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Editorial

Nutrition and Cardiovascular Diseases

Yoshihiro Fukumoto

Division of Cardiovascular Medicine, Department of Internal Medicine, Kurume University School of Medicine,
Kurume 830-0011, Japan; fukumoto_yoshihiro@med.kurume-u.ac.jp; Tel.: +81-942-31-7562; Fax: +81-942-33-6509

Unhealthy food intake and insufficient physical activities are related with obesity or
life-style diseases, which can cause cardiovascular diseases, finally leading to death [1,2].
First, to prevent the progression of obesity or life-style diseases, nutrition and exercise
are the most important issues. However, many people are not aware of their importance.
Second, after the development of obesity or life-style diseases, nutrition and exercise control
with appropriate medical therapies are required. Still, many patients do not recognize this.
Third, after the cardiovascular diseases, nutrition and exercise with optimal medical and/or
interventional therapies are required. However, some patients are not able to control their
food intake and physical activities. Finally, patients with end-stage cardiovascular diseases
need their end-of-life discussion. In the current Special Issue of Nutrients, the importance
of nutrition was reported before and after cardiovascular diseases development.

Regarding BEFORE cardiovascular diseases development, Wang et al. [3] have shown
the strong evidence that daily milk intake among Japanese men was associated with delayed
and lower risk of mortality from stroke (especially cerebral infarction, using data from the
JACC study) as a good eating habit. The time before an event of stroke mortality occurred
was slowed down among men who drank milk regularly. [3] Also in the aspect of healthy
food, Zhu et al. [4] have demonstrated that their secondary analysis showed that long-
term consumption of specific healthy plant foods including nuts, fruits, and vegetables
improved weight management and cardiometabolic health, whereas adherence to an
overall plant-based diets benefited weight management only, supporting the hypothesis
that specific components in plant-based diets are important as well. As a good habit in a
high-risk group, Alehagen et al. [5] have reported the relationship between D-dimer and a
dietary supplement consisting of selenium and coenzyme Q10 in an elderly community-
living population. They observed a significantly reduced cardiovascular mortality in
the population with a high D-dimer level when given selenium and coenzyme Q10, as
compared to those on placebo [5].

Conversely, unhealthy food issues were also reported. Ishida et al. [6] have revealed
dose-response-positive associations between the number of accumulated unhealthy eating
habits and the likelihood of obesity and central obesity in a general Japanese population,
suggesting that modifying individual unhealthy eating habits and avoiding their accu-
mulation might reduce the burden of obesity and central obesity [6]. As indicated in this
article, healthcare professionals need to encourage those who have unhealthy eating habits
to modify each of their habits individually, including avoidance of accumulating multiple
unhealthy habits, in order to prevent cardiovascular diseases [6]. Further longitudinal
studies should be performed to examine whether a causal relationship exists between the
accumulation of unhealthy eating habits and the incidence of obesity or central obesity [6].

Regarding AFTER cardiovascular diseases development, the importance of nutri-
tion in various types of cardiovascular diseases was reported. Matsuzaki et al. [7] have
demonstrated that acquisition of effective behaviour modifications by long-term nutrition
counselling, according to behavioural modification stages, was important for patients with
cardiovascular diseases.

In acute coronary syndrome (ACS), Okada et al. [8] have found a decreasing trend in
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) levels, and EPA to arachi-
donic acid ratio in men from 2011 to 2019 without significant changes in low-density
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lipoprotein and high-density lipoprotein cholesterol levels, in which decreasing trend in
EPA and DHA levels did not depend on age and was significant only in men in patients
with ACS. Administration of a sufficient dose of n-3 polyunsaturated fatty acids may be
effective in the secondary prevention of ACS, but further studies are needed to obtain
robust evidence. Next, Creco A, et al. [9] have indicated that patients with ACS experience
difficulties in achieving and mostly maintaining adequate levels of a healthy diet and phys-
ical activity over time, of which difficulties were modulated by environmental conditions,
and most importantly, by psychological characteristics, suggesting how to perform tailor
diet and physical activity interventions. They considered that tailoring should be aimed
at promoting cognitive awareness of the risks associated with cardiovascular diseases
recurrence. In fact, they showed that patients, who were more anxious, and therefore
more concerned and somehow aware of their health, were more able to maintain healthy
behaviour over time [9]. Cognitive awareness of the risks associated with cardiovascular
diseases recurrence may be a useful tool to sustain patients’ capabilities to self-regulate
their behaviours and to ameliorate lifestyle behaviour [9]. In atherosclerosis, blood glucose
fluctuations are also important. Eto et al. [10] have indicated that patients with severe inter-
nal carotid artery siphon stenosis had higher blood glucose fluctuations as assessed with
standard deviation, coefficient of variation, and mean amplitude of glycaemic excursions.
Meanwhile, there were no significant differences in other vascular risk factors, such as
hypertension, dyslipidaemia, mean blood glucose levels, haemoglobin A1c, and duration
in years of type 2 diabetes mellitus, suggesting that glucose fluctuation can be a target of
preventive therapies for intracranial artery stenosis and ischemic stroke [10].

In advanced cardiovascular diseases, low nutrition status is another problem. In this
special issue, the correlation between nutrition status and acute myocardial infarction (AMI)
with cancer was also reported. Itaya et al. [11] have indicated that the prevalence of cancer
in AMI was 13%, and that worse nutrition status and renal dysfunction were associated
with AMI with cancer, in which nutrition status was a major different characteristic from
non-cancer. Further, they have developed formulas to predict the presence of cancer in
AMI [11].

Next, in heart failure (HF), Kurunose et al. [12] have shown that patients with
vitamin D supplementation had a lower in-hospital mortality for HF than patients without
vitamin D supplementation in the propensity matched cohort. The causality should be
tested in the future RCTs in specific population based on their study [12]. As also reported
in ACS, Matsuo et al. [13] have found that low plasma DHA levels were significantly
associated with an increase in all-cause death in patients with acute decompensated heart
failure with preserved ejection fraction (HFpEF), independent of nutritional status, in
which measurement of plasma DHA levels may be useful in identifying high-risk patients
with HFpEF, and supplementation with DHA may be a potential therapeutic target in
these patients.

After HF development, adequate nutrition intake is important. Obata et al. [14]
indicated that inadequate dietary calorie intake was independently associated with an
increased risk of adverse clinical events including all-cause death and hospitalization due
to worsening HF in stable patients with chronic HF. To meet the humanly end of HF
life, nutritional care is quite important. Shibata et al. [15] have demonstrated that HF
palliative care team activities were able to provide an opportunity to discuss end-of-life
care with patients, reduce the burden of physical and mental symptoms, and shift the goals
of end-of-life nutritional care to ensuring comfort and quality of life.

In patients with end-stage kidney disease, HF is a serious condition characterized
by decreased myocardial contractility and abnormal hemodynamic state [16]. It has been
demonstrated that L-carnitine supplementation could improve clinical symptoms and
cardiac function and decrease serum levels of B-type natriuretic peptide (BNP) and NT-
proBNP in patients with chronic HF, [17] which might also improve cardiac function in
hemodialysis patients [18], suggesting that L-carnitine treatment may have protective
effects on HF in hemodialysis patients with carnitine deficiency. In the current issue,
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Sugiyama et al. [16] have reported that reducing L-carnitine administration for six months
significantly decreased both plasma and red blood cell carnitine levels. Moreover, stopping
L-carnitine increased plasma BNP levels. However, this stoppage did not influence cardiac
function in hemodialysis patients [16].

Nutrition should be considered before and after cardiovascular development. Accord-
ing to these findings, we should pay more attention to preventive and therapeutic strategies
for cardiovascular diseases.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Few studies have examined the association between the accumulation of unhealthy eating
habits and the likelihood of obesity or central obesity in a general Japanese population. We examined
this association in a sample of 1906 community-dwelling Japanese subjects (age: 40–74 years) who
participated in a health check-up in 2014. A face-to-face questionnaire interview was conducted to
collect information about three unhealthy eating habits, i.e., snacking, eating quickly, and eating
late-evening meals. Obesity was defined as body mass index ≥25 kg/m2 and central obesity was
defined as waist circumference ≥90 cm in men and ≥80 cm in women. The odds ratios (OR) were
estimated by using a logistic regression analysis. Subjects with any one of the three eating habits had a
significantly higher likelihood of obesity than those without that habit after adjusting for confounding
factors. The multivariable-adjusted OR for obesity increased linearly with an increase in the number
of accumulated unhealthy eating habits (p for trend <0.001). Similar associations were observed
for central obesity. Our findings suggest that modifying each unhealthy eating habit and avoiding
an accumulation of multiple unhealthy eating habits might be important to reduce the likelihood
of obesity.

Keywords: unhealthy eating habits; accumulation; obesity; central obesity; general Japanese population

1. Introduction

The number of people with obesity is increasing globally [1]. Obesity is a major risk factor for
chronic diseases, such as hypertension, diabetes, hyperlipidemia, cardiovascular disease, and cancer [2].
Central obesity, defined by an increased waist circumference, has also been reported to increase the
risk of cardiovascular disease and death [3,4]. In order to reduce the burden of obesity-related diseases,
the prevention of obesity must be a public health priority.

Among the various strategies for health promotion, one commonality is the importance of healthy
eating habits to prevent obesity [2]. Several epidemiologic studies have indicated that unhealthy
eating habits, such as snacking [5–8], eating quickly [7,9,10], and eating late-evening meals [11,12],

Nutrients 2020, 12, 3160; doi:10.3390/nu13113916 www.mdpi.com/journal/nutrients
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are significantly associated with an increased risk of obesity or central obesity. These previous studies
investigated the influence of each eating habit separately, but it is also important to consider the
influence of the accumulation of unhealthy eating habits on obesity and central obesity, since unhealthy
eating habits tend to overlap. However, there have been few population-based studies evaluating
the influence of the accumulation of multiple unhealthy eating habits on having obesity and central
obesity in Japanese.

Therefore, the aim of the present study was to examine the associations of both individual and
accumulated unhealthy eating habits with the likelihood of having obesity and central obesity in a
general Japanese population.

2. Materials and Methods

2.1. Study Population

The Hisayama Study is a population-based prospective cohort study of cardiovascular disease
and its risk factors, which was begun in 1961 in the town of Hisayama, a suburb of the Fukuoka
metropolitan area on Kyushu Island, Japan. According to the national census, the age and occupational
distributions in Hisayama have been almost identical to those of all of Japan since the 1960s [13,14].
The present cross-sectional study was based on a screening survey conducted in 2014. A total of 1930
residents aged 40–74 years (51.7% of the total population of this age group) underwent a health check-up
and completed an interviewer-administered questionnaire about eating habits. After excluding 4
individuals who did not provide consent to participate in the study and 20 without available data of
eating habits, the remaining 1906 subjects (835 men and 1071 women) were enrolled in this study.

2.2. Definition of Obesity and Central Obesity

Body height and weight were measured using an automated digital scale (DC-250, Tanita, Tokyo,
Japan) in light clothing without shoes, and body mass index (BMI) was calculated as weight (kg) divided
by height squared (m2). Obesity was defined as a BMI ≥25 kg/m2. Waist circumference at the umbilical
level was measured by trained nurses using a non-stretchable tape measure with the participant in the
standing position, and central obesity was defined as a waist circumference ≥90 cm in men and ≥80 cm in
women according to International Obesity Task Force central obesity criteria for Asia [15].

2.3. Definition of Unhealthy Eating Habits

A face-to-face interview by registered dietitians was conducted to collect the information on eating
habits using a questionnaire, which was modified from the questionnaire for the Standard Health
Check-up and Counseling Guidance to prevent metabolic syndrome proposed by the Japanese Ministry
of Health, Labour and Welfare [16]. The original questionnaire is widely used in the nationwide health
check-ups for residents aged 40 to 74 years in Japan.

Eating habits were determined by the following questions: “Do you eat snacks?” (snacking);
“Does your eating speed more quickly than other people?” (eating quickly); “Do you have late-evening
meals within two hours before bedtime?” (eating late-evening meals). The answer options were “yes”
or “no”. Those who answered yes to a question were defined as having that particular unhealthy
eating habit. The number of accumulated unhealthy eating habits was determined by summing up the
positive responses, ranging from 0 to 3.

2.4. Measurement of Other Risk Factors

Each participant completed a self-administered questionnaire including smoking habits,
drinking habits, regular exercise, marital status, living status, and employment status. Smoking habits
and drinking habits were classified into currently habitual or not. The subjects who reported engaging in
sports or other forms of exertion ≥3 times a week during their leisure time made up the regular exercise
group. Marital status was classified as currently “married” or “unmarried, divorced, or widowed”.
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Living status was categorized as “living alone” or “living with others”. Employment status was
categorized as currently “employed” or “unemployed”; housewives were classified as “unemployed”
in the present study. The questionnaire was checked by trained interviewers at the screening.

2.5. Statistical Analysis

Descriptive statistics according to the response to each unhealthy eating habit and the number of
accumulated eating habits were presented as age- and sex-adjusted means or frequencies. The group
differences were tested by analysis of covariance and a logistic regression model. The age- and
sex-adjusted mean values of BMI and waist circumference according to the status of each unhealthy
eating habit and the numbers of accumulated eating habits were estimated by using the analysis of
covariance. The means of BMI and waist circumference across the numbers of accumulated unhealthy
eating habits were tested by a linear regression model. The odds ratios (OR) and their 95% confidence
intervals (CIs) for the presence of obesity and central obesity according to each unhealthy eating habit
and the number of accumulated eating habits were computed with the use of the logistic regression
model. The trends in the estimates across the number of accumulated unhealthy eating habits were
tested by including the ordinal number (0, 1, 2, or 3) representing the number of the accumulated eating
habits in the relevant model. The heterogeneities in the association between subgroup covariates were
tested by adding the multiplicative interaction term to the relevant model. All statistical analyses were
performed using the SAS program package version 9.4 (SAS Institute Inc., Cary, NC, USA). Two-tailed
p-values of < 0.05 were considered significant.

2.6. Ethical Considerations

The study protocol was approved by the Kyushu University Institutional Review Board for Clinical
Research, and the procedures followed were in accordance with national guidelines. All participants
provided written informed consent.

3. Results

Table 1 shows the age- and sex-adjusted mean values or frequencies of covariates according to the status
of each of the unhealthy eating habits. Subjects who snacked were more likely to be women, and less likely
to be current smokers, current drinkers, living alone, and employed than those without. Subjects who ate
quickly were younger than those who were not. Subjects who ate late-evening meals were younger, and more
likely to be men, current smokers, current drinkers, living alone, and employed than those who did not.

Table 1. Age- and sex-adjusted participant characteristics according to the status of each unhealthy
eating habit.

Snacking Eating Quickly Eating Late-Evening Meals

No Yes p Value
No Yes p Value

No Yes p Value
(n = 832) (n = 1074) (n = 1037) (n = 869) (n = 1399) (n = 507)

Age, year 60.8 (0.3) 60.0 (0.3) 0.11 61.3 (0.3) 59.1 (0.3) <0.001 61.8 (0.3) 56.4 (0.4) <0.001
Women, % 40.5 68.3 <0.001 57.8 54.3 0.13 63.1 37.3 <0.001
Current smoking, % 15.9 11.5 0.005 14.3 12.2 0.16 12.2 16.9 0.006
Current drinking, % 64.6 50.0 <0.001 57.6 54.8 0.27 53.2 65.1 <0.001
Regular exercise, % 16.0 15.5 0.77 15.1 16.4 0.42 16.3 14.1 0.27
Married, % 80.2 83.7 0.06 80.9 83.7 0.11 82.7 80.8 0.38
Living alone, % 7.1 4.9 0.04 6.2 5.4 0.44 5.0 8.2 0.02
Current employment, % 52.2 45.9 0.03 47.3 50.2 0.29 44.8 60.0 <0.001

Values are expressed as adjusted mean (standard error), or frequency. Mean values of age were adjusted for sex.
Frequencies of women were adjusted for age.

Among the 1906 subjects, 504 (26.4%) had obesity and 860 (45.1%) had central obesity. As shown
in Table 2, the age- and sex-adjusted mean values of BMI and waist circumference were higher
in the subjects with any one of the unhealthy eating habits than in those without that habit (all
p values < 0.05; except for BMI in subjects who ate late-evening meals). Subjects with any one of the
unhealthy eating habits had a significantly greater likelihood of the presence of obesity (snacking:
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OR 1.49 [95% CI 1.19–1.86]; eating quickly: 2.11 [1.71–2.61]; eating late-evening meals: 1.39 [1.09–1.77])
and central obesity (snacking: 1.29 [1.05–1.58]; eating quickly: 1.89 [1.55–2.30]; eating late-evening
meals: 1.36 [1.08–1.72]) after adjusting for age, sex, current smoking, current drinking, regular exercise,
marital status, living status, and employment status.

Table 2. Multivariable-adjusted likelihood of the presence of obesity and central obesity according to
the status of each unhealthy eating habit.

Outcomes
Unhealthy Eating Habits

Age- and Sex-Adjusted Mean
(95% CI) of BMI or WC

No. of Obese or Central
Obese Subjects/Total Subjects

Model 1 a) Model 2 b)

OR (95% CI) p Value OR (95% CI) p Value

Obesity BMI (kg/m2)
Snacking

No 22.8 (22.5–23.0) c) 200/832 1.00 (reference) 1.00 (reference)
Yes 23.5 (23.2–23.7) c),** 304/1074 1.50 (1.20–1.86) <0.001 1.49 (1.19–1.86) <0.001

Eating quickly

No 22.6 (22.3–22.8) c) 207/1037 1.00 (reference) 1.00 (reference)
Yes 23.9 (23.7–24.1) c),** 297/869 2.12 (1.72–2.61) <0.001 2.11 (1.71–2.61) <0.001

Eating late-evening meals

No 23.1 (22.9–23.3) c) 342/1399 1.00 (reference) 1.00 (reference)
Yes 23.4 (23.1–23.7) c) 162/507 1.38 (1.09–1.74) 0.008 1.39 (1.09–1.77) 0.007

Central obesity WC (cm)
Snacking

No 82.9 (82.2–83.5) d) 315/832 1.00 (reference) 1.00 (reference)
Yes 84.7 (84.1–85.3) d),** 545/1074 1.30 (1.06–1.58) 0.01 1.29 (1.05–1.58) 0.01

Eating quickly

No 82.4 (81.9–83.0) d) 413/1037 1.00 (reference) 1.00 (reference)
Yes 85.7 (85.1–86.3) d),** 447/869 1.88 (1.55–2.29) <0.001 1.89 (1.55–2.30) <0.001

Eating late-evening meals

No 83.6 (83.1–84.1) d) 645/1399 1.00 (reference) 1.00 (reference)
Yes 84.7 (83.9–85.6) d),* 215/507 1.35 (1.07–1.70) 0.01 1.36 (1.08–1.72) 0.009

Abbreviations: BMI, body mass index; OR, odds ratio; CI, confidence interval; WC, waist circumference.
a) Adjusted for age and sex. b) Adjusted for age, sex, current smoking, current drinking, regular exercise,
marital status, living status, and employment status. c) The values are shown as the age- and sex-adjusted mean
values (95% CI) of BMI (unit: kg/m2). d) The values are shown as the age- and sex-adjusted mean values (95% CI) of
WC (unit: cm). * p < 0.05, ** p < 0.01 vs. “No”.

Next, we investigated the association between the number of accumulated unhealthy eating
habits and the likelihood of obesity and central obesity. Descriptive statistics according to the number
of accumulated unhealthy eating habits are shown in Table 3. Subjects with a higher number of
accumulated unhealthy eating habits were more likely to be younger. A higher number of accumulated
unhealthy eating habits were significantly associated with the age- and sex-adjusted mean values of
BMI and waist circumference (both p for trend <0.001; Figure 1). The multivariable-adjusted OR for
having obesity or central obesity increased linearly with a higher number of accumulated unhealthy
eating habits (obesity: OR 1.53 [95% CI 1.11–2.12], 2.62 [1.89–3.63], and 3.65 [2.36–5.63] for one, two,
and three unhealthy eating habits, respectively, p for trend <0.001; central obesity: 1.53 [1.16–2.01], 2.28
[1.71–3.05], and 2.87 [1.89–4.36], p for trend <0.001; Figure 2).

Table 3. Age- and sex-adjusted characteristics of the study participants according to the number of
accumulated unhealthy eating habits.

Number of Unhealthy Eating Habits

0 1 2 3 p for Trend
(n = 367) (n = 779) (n = 609) (n = 151)

Age, year 63.3 (0.5) 61.0 (0.3) 58.7 (0.4) 56.2 (0.8) <0.001
Women, % 45.6 61.7 57.2 49.5 0.20
Current smoking, % 14.1 14.3 11.5 13.9 0.36
Current drinking, % 60.6 57.2 52.6 56.0 0.06
Regular exercise, % 15.5 16.4 14.8 16.2 0.81
Married, % 76.9 83.0 85.6 76.9 0.12
Living alone, % 6.2 6.3 4.8 7.2 0.64
Current employment, % 46.4 46.7 51.1 54.4 0.08

Values are expressed as adjusted mean (standard error), or frequency. Mean values of age were adjusted for sex.
Frequencies of women were adjusted for age.
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(a) (b) 

Figure 1. Age- and sex-adjusted mean values of body mass index and waist circumference according
to the number of accumulated unhealthy eating habits: (a) Body mass index; (b) Waist circumference.
Solid circles and vertical bars represent the mean values and 95% confidence intervals of each parameter,
respectively. * p < 0.05, ** p < 0.01 vs. “0”, † p for trend <0.001.

 
(a) (b) 

Figure 2. Multivariable-adjusted odds ratio of obesity and central obesity according to the number
of accumulated unhealthy eating habits: (a) Obesity; (b) Central obesity. The values on the bars
show the odds ratios (95% confidence intervals), which were adjusted for age, sex, current smoking,
current drinking, regular exercise, marital status, living status, and employment status. * p < 0.05,
** p < 0.01 vs. “0”, † p for trend <0.001.

Finally, we compared the age- and sex-adjusted ORs of the presence of obesity and central
obesity per every one increment in the number of accumulated unhealthy eating habits between
the subgroups of covariates (Table 4). The magnitudes of the association between the number of
accumulated unhealthy eating habits and the likelihood of obesity and central obesity were stronger
in the subgroups of subjects aged 40–59 years, male subjects, and employed subjects than in subjects
aged 60–74 years, female subjects, and unemployed subjects (all p for heterogeneity <0.05). In addition,
the likelihood of obesity per the number of accumulated unhealthy eating habits was greater in subjects
with regular exercise than in those without it. Meanwhile, the association with central obesity tended
to be heterogeneous between the drinking habit subgroups (p for heterogeneity =0.09). No clear
heterogeneity was detected between the subgroups of smoking habits, marital status, and living status
(all p for heterogeneity >0.3).
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Table 4. Age- and sex-adjusted odds ratios and 95% confidence intervals of the presence of obesity and
central obesity per every one increment in the number of accumulated unhealthy eating habits in the
subgroups of covariates.

Subgroups

Obesity Central Obesity

No. of
Events

No. of
Subjects

OR (95% CI) per 1
Increment in the

Number of Unhealthy
Eating Habits

p for
Hetero.

No. of
Events

No. of
Subjects

OR (95% CI) per 1
Increment in the

Number of Unhealthy
Eating Habits

p for
Hetero.

Age
40–59 years 186 757 1.98 (1.60–2.45) 298 757 1.71 (1.42–2.05)
60–74 years 318 1149 1.40 (1.20–1.63) 0.01 562 1149 1.27 (1.10–1.47) 0.01

Sex
Men 267 835 1.75 (1.48–2.08) 243 835 1.63 (1.37–1.93)
Women 237 1071 1.41 (1.17–1.69) 0.02 617 1071 1.32 (1.13–1.54) 0.007

Current smoking
No 413 1576 1.55 (1.35–1.78) 760 1576 1.44 (1.27–1.64)
Yes 91 330 1.77 (1.33–2.35) 0.38 100 330 1.53 (1.16–2.01) 0.47

Current drinking
No 214 855 1.55 (1.27–1.88) 439 855 1.31 (1.11–1.56)
Yes 290 1051 1.62 (1.38–1.91) 0.66 421 1051 1.58 (1.36–1.85) 0.09

Regular exercise
No 422 1595 1.69 (1.47–1.93) 741 1595 1.51 (1.33–1.72)
Yes 82 309 1.20 (0.90–1.62) 0.046 119 309 1.21 (0.90–1.61) 0.22

Marital status
Unmarried, divorced,

and widowed 77 346 1.45 (1.94–1.92) 150 346 1.35 (1.05–1.74)

Married 427 1560 1.63 (1.42–1.87) 0.49 710 1560 1.48 (1.30–1.69) 0.47
Living status

Living with others 477 1790 1.62 (1.43–1.84) 807 1790 1.47 (1.30–1.65)
Living alone 27 116 1.23 (0.75–2.03) 0.34 53 116 1.35 (0.85–2.14) 0.66

Employment status
Unemployed 239 983 1.39 (1.16–1.66) 513 983 1.25 (1.07–1.47)
Employed 265 923 1.82 (1.53–2.17) 0.048 347 923 1.71 (1.45–2.02) 0.006

Abbreviations: OR, odds ratio; CI, confidence intervals; hetero., heterogeneity.

4. Discussion

In the present study, we clearly demonstrated that subjects with unhealthy eating habits—namely,
snacking, eating quickly, and eating late-evening meals—had a significantly greater likelihood of the
presence of obesity and central obesity. Notably, the accumulation of these unhealthy eating habits
was linearly associated with a higher likelihood of obesity and central obesity after adjusting for
demographic, socioeconomic, and lifestyle factors in a general Japanese adult population. These findings
highlight that unhealthy eating habits, and especially their accumulation, have a major influence on
obesity and central obesity, and may suggest that an improvement in these unhealthy eating habits
would help to prevent obesity or central obesity.

Epidemiological evidence from cross-sectional and longitudinal studies has shown that individual
unhealthy eating habits play a significant role in the development of obesity [5–12]. However, there have
been few studies addressing the influence of the accumulation of unhealthy eating habits on obesity or
central obesity. Three cross-sectional studies have shown that an accumulation of unhealthy eating
habits was positively associated with the prevalence of obesity or metabolic syndrome in adult Japanese
populations [12,17,18]. A community-based study conducted in northeast Japan showed that the
multivariate-adjusted OR for obesity increased with an increase in the number of unhealthy eating
habits, which in this case were skipping breakfast, eating quickly, and eating late-evening meals [18].
These findings were similar to our findings. In addition, one longitudinal study of working adults
revealed that individuals who had both of two unhealthy eating habits—namely, snacking after dinner
and eating late-evening meals—had an approximately twofold greater likelihood of having obesity
than those with only one or neither of these habits [11]. Therefore, it seems reasonable to speculate
that the accumulation of multiple unhealthy eating habits might increase the likelihood of obesity and
central obesity in Japanese adults.

There are several possible mechanisms underlying the significant association between individual
unhealthy eating habits and the greater likelihood of having obesity or central obesity. Subjects with
a snacking habit were shown to have a higher total energy intake than those without a snacking
habit [19,20]. In general, snacks tend to be high in calories, carbohydrates, and fats [21]. In the US

10



Nutrients 2020, 12, 3160

population, the number of individuals with a snacking habit has increased over the last 30 years,
and the energy intake from snacking has been estimated to be approximately 280 kcal/day, which is
equivalent to 15.4% of the average energy intake of US adults [22,23]. In addition, eating speed is
likely to influence the blood concentrations of appetite suppressant hormones. Subjects who eat
quickly have been reported to have lower blood concentrations of pancreatic or gut hormones that
are expected to suppress appetite (e.g., insulin, glucagon-like peptide 1, and peptide YY) than those
who do not [24]. A systematic review revealed that subjects who ate quickly had a higher energy
intake than those who ate slowly [25]. These results suggest that subjects with the unhealthy eating
habit of eating quickly are more likely to have a higher energy intake due to an increased appetite
than those without this habit. Meanwhile, eating late-evening meals has been considered to lead to
an energy surplus, because diet-induced thermogenesis is lower at night than in the daytime [26,27].
Moreover, the sympathetic nerve activation and subsequent sleep disturbance caused by increased
leptin secretion after a meal may be involved in the excess risk of obesity from eating late-evening
meals [28,29]. Insufficient sleep leads to elevated ghrelin, which is an orexigenic peptide that may
increase appetite [30]. As we noted above, several independent mechanisms, including behavioral,
endocrine, and energy metabolic mechanisms, may be at play in the relation between unhealthy eating
habits and obesity, and therefore the accumulation of unhealthy eating habits might additively increase
the likelihood of having obesity or central obesity.

In the present study, the subgroup analysis showed that the magnitude of the influence of the
accumulation of unhealthy eating habits on the excess likelihood of having obesity or central obesity
were stronger in the groups of middle-aged subjects, male subjects, current drinkers, subjects who did
not perform regular exercise, and subjects who currently engaged in work than in their counterpart
groups (non-middle-aged subjects, female subject, etc.). In general, middle-aged male subjects tend to
have a greater energy intake than older subjects and/or women [31,32]. The significant heterogeneity
in obesity and central obesity observed between subjects in the current drinking and non-current
drinking subgroups and subjects in the employed and unemployed subgroups may also reflect the
high energy consumption: Middle-aged men are more likely to have a drinking habit and to be
employed. In addition, the absence of a regular exercise habit could contribute to decreased energy
expenditure, resulting in a further energy surplus. Our findings suggest that middle-aged male subjects
and subjects who do not perform exercise regularly are more likely to be affected by the adverse effects
of accumulated unhealthy eating habits on obesity.

The present study has several limitations. First, because of the cross-sectional nature of this study,
we were not able to determine whether there was a causal association between unhealthy eating habits
and either obesity or central obesity. Second, the information about the unhealthy eating habits was
derived from questioning the participants rather than observing their actual behaviors. However,
a moderate-to-high level of concordance between the self-reported and friend-reported rate of eating
was shown in a previous study [33]. Finally, we did not have information on the energy intake and
nutrients. Further studies will be needed to assess these parameters carefully in order to clarify whether
unhealthy eating habits increase the likelihood of obesity and central obesity through excessive intake
of energy, fat, and carbohydrates.

5. Conclusions

The present study revealed dose–response-positive associations between the number of
accumulated unhealthy eating habits and the likelihood of obesity and central obesity in a
general Japanese population. Our findings suggest that modifying individual unhealthy eating
habits and avoiding their accumulation might reduce the burden of obesity and central obesity.
Healthcare professionals need to encourage those who have unhealthy eating habits to modify
each of their habits individually as well as to avoid accumulating multiple unhealthy habits.
Further longitudinal studies will be needed to elucidate whether a causal relationship exists between
the accumulation of unhealthy eating habits and the incidence of obesity or central obesity.
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Abstract: Plant-based diets are recommended by dietary guidelines. This secondary analysis aimed
to assess longitudinal associations of an overall plant-based diet and specific plant foods with weight-
loss maintenance and cardiometabolic risk factors. Longitudinal data on 710 participants (aged
26–70 years) with overweight or obesity and pre-diabetes from the 3-year weight-loss maintenance
phase of the PREVIEW intervention were analyzed. Adherence to an overall plant-based diet was
evaluated using a novel plant-based diet index, where all plant-based foods received positive scores
and all animal-based foods received negative scores. After adjustment for potential confounders,
linear mixed models with repeated measures showed that the plant-based diet index was inversely
associated with weight regain, but not with cardiometabolic risk factors. Nut intake was inversely
associated with regain of weight and fat mass and increments in total cholesterol and LDL cholesterol.
Fruit intake was inversely associated with increments in diastolic blood pressure, total cholesterol,
and LDL cholesterol. Vegetable intake was inversely associated with an increment in diastolic blood
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pressure and triglycerides and was positively associated with an increase in HDL cholesterol. All
reported associations with cardiometabolic risk factors were independent of weight change. Long-
term consumption of nuts, fruits, and vegetables may be beneficial for weight management and
cardiometabolic health, whereas an overall plant-based diet may improve weight management only.

Keywords: plant-based dietary patterns; grains; legumes; nuts; fruits; vegetables; obesity; cardiovas-
cular disease

1. Introduction

Cardiovascular diseases (CVDs) have placed a substantial healthcare and economic
burden on governments and individuals [1]. Obesity is a major risk factor for CVDs [1].
Plant-based diets (PBDs) recommended by European food-based dietary guidelines [2] and
the EAT-Lancet Commission [3] may be beneficial in terms of environmental sustainability,
particularly if plant-based proteins replace animal-based foods such as red meat [2]. PBDs
may also assist in weight management and prevention of CVDs [4–9] and improve multiple
cardiometabolic risk factors [5].

Many previous randomized controlled trials (RCTs) and observational studies have
explored the association of a vegetarian or a PBD with weight loss (WL) [8] or weight
gain [6] or BMI [5]. Some prospective cohort studies have explored the association of
PBDs with risk of CVDs [10], whereas previous evidence on PBDs and cardiometabolic
risk factors was mainly based on cross-sectional studies and small-scale, short- or medium-
term RCTs [11–17]. Long-term data on adherence to a PBD and weight regain and car-
diometabolic risk factors during weight-loss maintenance (WLM), particularly after diet-
induced rapid WL, are largely lacking.

Specific components of a PBD may also have an important role to play in weight
management and cardiometabolic health. Certain plant foods such as whole grains, veg-
etables, fruits, legumes, and nuts are rich in vitamins, minerals, antioxidants, unsaturated
fatty acids, and dietary fiber [7]. These plant foods are considered healthy, with improved
health outcomes [7]. Other plant foods such as sugar-sweetened beverages, cakes, and
cookies have lower nutrient density and higher energy density [7]. These plant foods are
regarded as unhealthy and may have negative effects on health [7]. To our knowledge, few
long-term studies have to date explored consumption of plant foods and weight regain
and cardiometabolic risk factors during WLM.

Therefore, the objective of the current study was to assess the longitudinal associations
of adherence to an overall PBD and specific plant foods with WLM and cardiometabolic
risk factors in adults with high risk of type 2 diabetes (T2D). Data from the PREVIEW study,
a 3-year randomized trial aimed at examining the effects of diet and physical activity (PA)
interventions on T2D prevention, were used. We hypothesized that consumption of an
overall PBD and healthy plant foods would be inversely associated with weight regain and
cardiometabolic risk factors.

2. Materials and Methods

2.1. Study Design

The PREVIEW study was a 3-year, large-scale, 2 × 2 factorial randomized trial. It was
conducted at 8 study centers including Denmark, Finland, The Netherlands, the UK,
Spain, Bulgaria, New Zealand, and Australia. The detailed information has been described
elsewhere [18], and the main results have been published [19,20]. Briefly, the PREVIEW
study was designed to examine the effect of a high protein-low glycemic index (GI) diet
vs a moderate protein–moderate GI diet (25 E% protein and GI < 50 vs. 15 E% protein
and GI > 56) combined with 2 PA programs (high intensity or moderate intensity) on T2D
incidence in adults with overweight or obesity and pre-diabetes. The primary endpoint
was T2D incidence. The participants underwent an 8-week weight loss (WL) period, and
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during this period, they were instructed to consume a low energy total meal replacement
diet containing 3.4 MJ·day−1. After this period, participants started a 148-week WLM
period and received 1 of the 4 diet–PA interventions. The intervention diets were consumed
ad libitum during WLM, and the participants were given examples of eating plans, cooking
books, and food-exchange lists. Both diet interventions included the recommendation of
whole grain cereals. A behavioral modification program (PREMIT) and 17 group visits were
conducted throughout the intervention to improve dietary and PA compliance [21]. Dietary
compliance was evaluated using 4-day food records. In addition, urinary nitrogen or urea
analyses were done on 24 h urine samples to assess compliance to the diets, i.e., protein
intake. PA compliance was evaluated using 7-day accelerometry.

The PREVIEW study was designed and conducted in line with the Declaration of
Helsinki and its latest amendments. The protocol of the PREVIEW study was reviewed
and approved by the following Human Ethics Committees at each intervention center.
Denmark: The Research Ethics Committees of the Capital Region, ethical approval code:
H-1-2013-052; Finland: Coordinating Ethical Committee of HUS (Helsinki and Uusimaa
Hospital District), ethical approval code: HUS/1733/2017; the UK: UK National Research
Ethics Service (NRES) and East Midlands (Leicester) Ethics Committee, ethical approval
code: 13/EM/0259; the Netherlands: Medical Ethics Committee of the Maastricht Uni-
versity Medical Centre, ethical approval code: NL43054.068.13/METC 13-3-008; Spain:
Research Ethics Committee of the University of Navarra, ethical approval code: 71/2013;
Bulgaria: Commission on Ethics in Scientific Research with the Medical University-Sofia
(KENIMUS), ethical approval code: 4303/13.06.2014; Australia: The University of Sydney,
Human Research Ethics Committee (HREC), ethical approval code: 2013/535; and New
Zealand: Health and Disability Ethics Committees (HDEC), ethical approval code: X14-0408.

The current analysis was an exploratory analysis based on the secondary outcomes
of the PREVIEW study. Given that only 5 study centers (Finland, the UK, Bulgaria, New
Zealand, and Australia) provided food intake data in g·day−1 or serving size·day−1 and
full plant food categories, only data from the WLM phase (8–156 weeks) from participants
at these 5 study centers were included.

2.2. Study Population

Participants aged 25–70 years with overweight (BMI 25–29.9 kg·m−2) or obesity
(BMI ≥ 30 kg·m−2) and pre-diabetes were recruited between June 2013 and April 2015.
Pre-diabetes was defined as impaired FPG (FPG of 5.6–6.9 mmol·L−1) or impaired glu-
cose tolerance (2-h plasma glucose of 7.8–11.0 mmol·L−1 and FPG < 7.0 mmol·L−1) after
an oral glucose tolerance test (oral ingestion of 75 g of glucose) [22]. Participants who
were diagnosed with diabetes (T2D or type 1 diabetes) prior to the study or who were
non-compliant with the intervention were excluded. Eligible participants were enrolled,
underwent randomization by gender and age, and started WL. Participants who lost ≥8%
of initial BW after the WL phase were eligible to continue, entering the 148-week WLM
period. In the current analysis, we included those with available plant food data (and
full plant food categories) at 26 weeks and plausible energy intake (2520–14700 kJ·day−1

for women and 3360–17640 kJ·day−1 for men) [23]. All participants provided written
informed consent.

2.3. Assessment of Dietary Intake and Adherence to an Overall Plant-Based Diet

Dietary intake was estimated using self-administered 4-day food records on 4 con-
secutive days, including 3 weekdays and 1 weekend day. The 4-day food records were
collected at 26, 52, 104, and 156 weeks. Participants were encouraged to record their diet
by weighing foods and drinks using a weigh scale or household measures in the absence
of a scale. Standard household measures such as cup, spoon, glass, and portions were
explained. Additionally, participants were asked to describe the food in detail (e.g., type
of foods, cooking methods, and ingredients). Food records were entered into the national
nutrient analysis software, i.e., AivoDiet (Finland), Nutritics (the UK), Nutrition Calcula-
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tion (Bulgaria), and Foodworks (Australia and New Zealand). Food intake at each time
point was calculated as the average of 4 days and expressed in g·day−1 or serving·day−1.
Serving sizes were converted to grams of food [23].

We created 11 food groups according to nutrients and culinary similarities within the
larger categories of plant foods and animal-based foods (Table 1). Plant food groups in-
cluded total grains and potatoes, legumes, nuts, vegetables, and fruits. Animal-based food
groups included dairy products, eggs, red meat, processed meat, poultry and fish/seafood.
Adherence to an overall PBD was evaluated using a plant-based diet index (PDI), modified
from Satija et al. [24]. As conversion from serving·day−1 to g·day−1 of high-sugar products
may introduce bias, they were not included in the PDI. In addition, in our dietary data,
there was not a specific potato group. Potatoes and potato products were considered as
1 group. For the PDI calculation, food groups were divided into quintiles of consumption
(g·day−1) and given positive (between 1 and 5) or negative (between –5 and –1) scores. For
positive scores, participants in the highest quintile were assigned a score of 5 and those in
the lowest quintile were assigned a score of 1. All plant food groups were given positive
scores and all animal food groups were given negative scores. Scores based on the 11 food
groups were summed to obtain the index. Higher PDI reflected lower consumption of
animal-based foods.

Table 1. Examples of food items in the 11 food groups.

Food Groups Foods Plant-Based Diet Index

Plant

Grains

Bread rolls/baps/bagels, breads, cereal
bars, cereal products, cereals,

crackers/crispbreads, flours, grains, pastas,
pastries/buns, rice, potatoes, potato

products, pastry, plain cake, biscuits, and
starch-based carbohydrate-rich snacks

Positive scores

Legumes Pulses, beans, peas, lentils, and soy foods Positive scores
Nuts Nuts and seeds Positive scores

Vegetables

leafy vegetables, dried vegetables,
mushrooms, pickles/chutney,

roots/tubers/bulbs, sea vegetables/algae,
vegetable dishes, and avocado

Positive scores

Fruits Fruits, canned fruit, and dried fruit Positive scores

Animal

Dairy

Milk products, cow’s milk, cream, creams,
drinking yogurts, milkshakes/smoothies,
processed milk/powders, yogurts, chilled

desserts, and cheeses

Negative scores

Eggs Eggs, egg products, and egg dishes Negative scores

Red meat Beef, pork, lamb, organ meats, meat dishes,
and meat products Negative scores

Processed meat
Frankfurters, bacon, corned beef, sausage,
cured ham, and luncheon meat made from

beef, pork, and poultry
Negative scores

Poultry Poultry and poultry products, chicken,
turkey Negative scores

Fish/seafood

Fatty fish, fish products, low-fat fish,
canned fatty fish, canned low-fat fish,
seafoods, and crustaceans, including

lobster and shrimps

Negative scores

2.4. Assessment of Outcomes

Outcomes including body weight (BW), fat mass (FM), waist circumference (WC),
fasting plasma glucose (FPG), fasting insulin, glycosylated hemoglobin A1c (HbA1c), home-
ostatic model assessment of insulin resistance (HOMA-IR), fasting triglycerides, total
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cholesterol, high-density lipoprotein cholesterol (HDL cholesterol), low-density lipoprotein
cholesterol (LDL cholesterol), systolic blood pressure (SBP), and diastolic blood pressure
(DBP) were measured at 8, 26, 52, 104, and 156 weeks. BW was measured in the fasting state
(>10 h), with participants wearing light clothing or underwear. FM was determined by dual
energy X-ray absorptiometry in the UK, Australia, and New Zealand and by bioelectrical
impedance in Finland and Bulgaria. Blood samples were drawn from fasting participants’
antecubital veins. FPG, HbA1c, fasting insulin, fasting triglycerides, total cholesterol, HDL
cholesterol, and LDL cholesterol were determined at the central laboratory of the Finnish
Institute for Health and Welfare, Helsinki, Finland. HOMA-IR was calculated with the
formula: fasting insulin (mU·L−1) × FPG (mmol·L−1)/22.5 [25]. SBP and DBP were deter-
mined using a validated automatic device on participants’ right arm after 5–10 min in a
resting position.

2.5. Assessment of Covariates

Self-reported questionnaires were used to collect sociodemographic information in-
cluding age, sex, ethnicity, and smoking status at baseline (0 weeks). PA was determined
using 7-day accelerometry (ActiSleep+, ActiGraph LLC, Pensacola, FL, USA) and was
expressed as counts·min−1, i.e., mean activity counts during valid wear time.

2.6. Statistical Analysis

For descriptive statistics, the normality of continuous variables was assessed by p–p
plots and histograms. Approximately normally distributed variables are presented as
means ± standard deviation (SD) and non-normal variables as medians (25th, 75th per-
centiles). Categorical variables are presented as absolute values and frequencies.

We conducted an available-case analysis and merged all participants into 1 group to
assess longitudinal associations of adherence to an overall PBD (evaluated by PDI) and
plant food intake with yearly changes in outcomes including BW and cardiometabolic risk
factors, using adjusted linear mixed models with repeated measures. Model 1 was adjusted
for fixed factors including age (continuous), sex (categorical; women and men), ethnicity
(categorical; Caucasian, Asian, Black, Arabic, or other), intervention group (categorical),
BMI at 8 weeks, weight or cardiometabolic risk factors at 8 weeks (continuous), and time
(categorical) and random factors including study center (categorical) and participant-ID.
For adherence to a PBD, model 2 was adjusted for covariates in model 1 plus fixed factors
including time-varying PA (continuous), energy intake (kJ·day−1; continuous), and alcohol
intake (g·day−1; continuous). For specific plant food intake, model 2 was additionally
adjusted for consumption of animal-based foods (g·day−1; continuous) and other plant
foods (g·day−1; continuous) as fixed factors. As dietary sodium intake may be associated
with blood pressure [26], model 2 was additionally adjusted for sodium intake (g·day−1;
continuous) when DBP or SBP was added as a dependent variable. Model 3 was adjusted
for covariates in model 2 plus time-varying yearly weight change (continuous) as a fixed
factor. Yearly changes were obtained by dividing changes in outcomes from 8 to 26, 52, 104,
and 156 weeks by changes in years. To best represent the long-term dietary and PA patterns
of participants during WLM, a cumulative average method [24,27] based on all available
measurements of self-reported diet and device-measured PA was used. In this calculation,
the 26-week diet was related to yearly changes in weight and cardiometabolic risk factors
from 8 to 26 weeks; the average of the 26- and 52-week diets was related to yearly changes
in weight and cardiometabolic risk factors from 8 to 52 weeks; the average of the 26-,
52-, and 104-week diets was related to yearly changes in weight and cardiometabolic
risk factors from 8 to 104 weeks; the average of the 26-, 52-,104-, and 156-week diets was
related to yearly changes in weight and cardiometabolic risk factors from 8 to 156 weeks.
Cumulative average PA was calculated using the same method. Detailed information is
included in Supplementary Materials Table S1. A sensitivity analysis was conducted by
adding smoking status (categorical; daily, less than weekly, or no smoking) at 0 weeks in
the abovementioned models. As the results were similar, they are not shown.
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The associations of adherence to PBD with outcomes of interest are expressed as
changes in outcomes per year induced by each 1 SD increment in PDI. To clarify the
associations of PDI with BW, we also divided the participants into 2 groups, i.e., higher
(n = 344 at 8 weeks) or lower (n = 344 at 8 weeks) adherence to PBD, at each time point
separately according to PDI. We examined the difference in change in BW between the
2 groups using linear mixed models adjusted for the covariates in model 2. As the 2 groups
were defined afresh at each time point, we compared the 2 groups at each time point
regardless of the significance of time and group interaction. The associations of plant
foods with outcomes of interest are expressed as changes in outcomes per year associated
with each 1-serving size increment in plant food intake. The serving sizes were defined
as follows: 75 g·day−1 for total grains and potatoes, 10 g·day−1 for legumes, 5 g·day−1

for nuts, 100 g·day−1 for vegetables, 50 g·day−1 for fruits, and 150 g·day−1 for combined
consumption of vegetables and fruit—all based on medians and 25th and 75th percentiles
of plant food intakes from dietary records over 3 years.

Missing data were not handled with multiple imputation because this method did not
increase precision [28,29]. Data were analyzed using IBM SPSS v26.0 (Chicago, IL, USA).
All P values were based on 2-sided tests and P < 0.05 was considered significant.

3. Results

In the present available-case analysis, we included 710 participants and 2144–2336 obser
vations of outcomes from available plant food data and full plant food categories at 26 weeks
and plausible energy intakes (Figure 1). Of these, 493 participants completed the study.
Participants who withdrew during WLM did so for personal reasons, including time
constraints, moving away, and illness. The median age of participants (69% women) at
the beginning of WLM was 57 years (range: 26–70 years) (Table 2). As there were no
poultry and processed meat data from participants in Bulgaria, PDI analysis was based on
688 participants with both complete plant food and animal food data.

Adherence to an overall PBD was inversely associated with weight regain and in-
crement in LDL cholesterol in model 2, whereas after adjustment for weight change, the
association of PBD with LDL cholesterol was lost (Figure 2). No associations were observed
between PBD and other cardiometabolic risk factors in models 2 and 3 (Table S2). In all
participants (n = 688), compared with those with lower adherence to PBD, participants
with higher adherence to PBD had less weight regain at 52 and 104 weeks (Figure S1A).
In completers (n = 493), compared with those with lower adherence to PBD, participants
with higher adherence to PBD had less weight regain at 26, 52, and 104 weeks (Figure S1B).

Total grains and potatoes were not associated with any health outcomes in models
2 and 3 (Table S3). Legumes were positively associated with an increase in HDL cholesterol,
whereas after adjustment for weight change, the association was lost (Figure 3). No associ-
ations were observed between legumes and weight regain or other cardiometabolic risk
factors in models 2 and 3 (Table S4). Nuts were inversely associated with increments in
BW, FM, HbA1c, total cholesterol, and LDL cholesterol in model 2. After adjustment for
weight change, the association of nuts with HbA1c was lost (Figure 3). No associations were
observed between nuts and other cardiometabolic risk factors in models 2 and 3 (Table S5).

In the available analysis, fruits were inversely associated with increments in DBP, total
cholesterol, and LDL cholesterol after adjustment for weight change in model 3 (Figure 4).
No associations were observed between fruits and weight regain or other cardiometabolic
risk factors in models 2 and 3 (Table S6). Vegetables were inversely associated with DBP and
triglycerides and were positively associated with HDL cholesterol, independent of weight
change in model 3 (Figure 4). No associations were observed between vegetables and
weight regain or other cardiometabolic risk factors in models 2 and 3 (Table S7). Combined
vegetable and fruit intake was inversely associated with an increment in SBP, and DBP
and was positively associated with an increase in HDL cholesterol in model 2, whereas
after adjustment for weight change, only the associations of DBP and HDL cholesterol
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with combined vegetable and fruit intake remained significant in model 3 (Figure 4 and
Table S8).

Figure 1. Participant flow diagram. 1 Individuals with missing plant food data at 26 weeks and/or
implausible energy intake data (<2520 or >14,700 kJ·day−1 for women and <3360 or >17,640 kJ·day−1

for men) were excluded.

21



Nutrients 2021, 13, 3916

Table 2. Characteristics of participants at baseline (0 weeks), the start of weight-loss maintenance
(8 weeks), or 26 weeks.

Characteristics

n 710

Socio-demographics 1

Female, n (%) 491 (69.2)
Age (years) 57 (46, 63)
Height (m) 1.66 (1.61, 1.73)

Ethnicity, n (%)
Caucasian 617 (86.9)

Asian 24 (3.4)
Black 19 (2.7)

Arabic 4 (0.6)
Other 46 (6.5)

Smoking, n (%)
No 659 (92.8)

Yes, but less than weekly 17 (2.4)
Yes, at least daily 30 (4.2)

Missing 4 (0.6)

Anthropometric outcomes and body composition 2

Body weight (kg) 86.1 ± 16.6
BMI (kg·m−2) 29.5 (26.7, 33.5)
Fat mass (kg) 33.5 ± 12.3

Waist circumference (cm) 100.2 ± 12.6

Cardiometabolic risk factors 2

Fasting plasma glucose (mmol·L−1) 5.7 ± 0.6
HbA1c (mmol·mol−1) 35.0 ± 3.1

HbA1c (%) 5.4 ± 0.3
Fasting insulin (mU·L−1) 7.3 (5.3, 9.9)

HOMA-IR 1.8 (1.3, 2.5)
Systolic blood pressure (mmHg) 121.6 ± 15.8
Diastolic blood pressure (mmHg) 72.1 ± 9.5

Triglycerides (mmol·L−1) 1.0 (0.8, 1.2)
Total cholesterol (mmol·L−1) 4.1 ± 0.9
HDL cholesterol (mmol·L−1) 1.1 ± 0.2
LDL cholesterol (mmol·L−1) 2.4 (1.9, 3.0)

Energy and food intake 3

Energy (kJ·day−1) 29,491 ± 7731
Grains (g·day−1) 206.1 (144.7, 276.6)

Legumes (g·day−1) 0.2 (0, 27.5)
Nuts (g·day−1) 3.2 (0, 10.8)
Fruits (g·day−1) 169.5 (83.8, 260.5)

Vegetables (g·day−1) 185.9 (97.1, 310.7)
Dairy (g·day−1) 361.0 (226.4, 501.0)
Eggs (g·day−1) 20.8 (5.1, 41.3)

Red meat (g·day−1) 35.9 (0, 71.9)
Processed meat (g·day−1) 12.0 (0, 29.7)

Poultry (g·day−1) 37.2 (9.6, 70.4)
Fish/seafood (g·day−1) 30.0 (3.6, 62.7)

Values represent mean ± standard deviation, median (25th, 75th percentiles), and the number of participants (%)
1 Data were collected at 0 weeks. 2 Data were collected at 8 weeks. 3 Data were collected at 26 weeks. BMI, body
mass index; HbA1c, glycosylated hemoglobin A1c; HDL cholesterol, high-density lipoprotein cholesterol; HOMA-
IR, homeostatic model assessment of insulin resistance; LDL cholesterol, low-density lipoprotein cholesterol.
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Figure 2. Longitudinal associations of adherence to a plant-based diet with yearly weight regain and
changes in cardiometabolic risk factors during weight-loss maintenance. Yearly mean change and
95% CI of main effects indicating changes in body weight or cardiometabolic risk factors per year
associated with a 1 standard deviation increment in plant-based diet index. Analyses were conducted
using a linear mixed model with repeated measures. Model 1 was adjusted for fixed factors including
age, sex, ethnicity, BMI at 8 weeks, body weight, or cardiometabolic risk factors at 8 weeks, and time
and random factors including study center and participant ID. Model 2 was adjusted for covariates in
model 1 plus fixed factors including time-varying physical activity, energy intake (kJ·day−1), alcohol
intake (g·day−1). Model 3 was adjusted for covariates in model 2 plus time-varying yearly changes
in body weight as a fixed factor. LDL cholesterol, low-density lipoprotein cholesterol.

 
Figure 3. Longitudinal associations of legume (10 g·day−1) or nut (5 g·day−1) intake with yearly
weight regain and changes in cardiometabolic risk factors during weight-loss maintenance. Yearly
mean change and 95% CI of main effects indicating changes in body weight or cardiometabolic risk
factors per year associated with 10 g increment in legume intake or 5 g increment in vegetable intake.
Analyses were conducted using a linear mixed model with repeated measures. Model 1 was adjusted
for fixed factors including age, sex, ethnicity, BMI at 8 weeks, body weight, or cardiometabolic risk
factors at 8 weeks and time and random factors including study center and participant ID. Model
2 was adjusted for covariates in model 1 plus fixed factors including time-varying physical activity,
energy intake (kJ·day−1), alcohol intake (g·day−1), animal-based food intake (g·day−1), and other
plant food intake (g·day−1). Model 3 was adjusted for covariates in model 2 plus time-varying yearly
changes in body weight as a fixed factor. HbA1c, glycosylated hemoglobin A1c; HDL cholesterol,
high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol.

23



Nutrients 2021, 13, 3916

 
Figure 4. Longitudinal associations of fruit (50 g·day−1) or vegetable (100 g·day−1) or fruit and
vegetable intake (150 g·day−1) with yearly changes in cardiometabolic risk factors during weight-loss
maintenance. Yearly mean change and 95% CI of main effects indicating changes in cardiometabolic
risk factors per year associated with 50 g increment in fruit intake or 100 g increment in vegetable
intake or 150 g increment in fruit and vegetable intake. Analyses were conducted using a linear mixed
model with repeated measures. Model 1 was adjusted for fixed factors including age, sex, ethnicity,
BMI at 8 weeks, cardiometabolic risk factors at 8 weeks, and time and random factors including study
center and participant ID. Model 2 was adjusted for covariates in model 1 plus fixed factors including
time-varying physical activity, energy intake (kJ·day−1), alcohol intake (g·day−1), animal-based food
intake (g·day−1), and other plant food intake (g·day−1); for systolic blood pressure and diastolic
blood pressure, model 2 was additionally adjusted for dietary sodium intake (g·day−1). Model
3 was adjusted for covariates in model 2 plus time-varying yearly changes in body weight as a
fixed factor. HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density
lipoprotein cholesterol.

4. Discussion

In this 3-year, multi-center study, we examined the longitudinal associations of an
overall PBD and specific plant foods with WLM and cardiometabolic risk factors in indi-
viduals with a high risk of developing T2D. We found that adherence to an overall PBD
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diet improved weight management. Consumption of nuts, fruits, and vegetables and fruits
and vegetables was inversely associated with weight regain or cardiometabolic risk factors.
Importantly, the reported associations with cardiometabolic risk factors were independent
of weight change.

In the present analysis, we found that an overall PBD was inversely associated with
weight regain, which is in agreement with findings from meta-analyses of RCTs [5,8,30] and
prospective studies. Satija et al. [31] and Choi et al. [6] found inverse associations between
adherence to a PBD and long-term weight gain. We did not find any associations between
an overall PBD and cardiometabolic risk factors including glycemic markers, lipids, and
blood pressure, after adjustment for weight change. On the contrary, Satija et al. [24,27,31]
and Chen et al. [32] showed that an overall PDI was associated with smaller weight change
or lower risk of T2D and coronary heart disease in three US prospective cohort studies.
In addition, Glenn et al. [33] found that a plant-based Portfolio Diet was associated with a
reduced CVD risk in the Women’s Health Initiative Prospective Cohort.

The mixed findings may be partly explained by differences in assessment of adherence
to a PBD. In observational studies, compliance to a PBD was commonly assessed by dietary
indices such as PDI (including 18 food groups) [24,27] and A Priori Diet Quality Score
(including 46 food groups) [6]. Specifically, the PDI created by Satija et al. [27] included
vegetable oils, tea, and coffee (as healthy plant foods) and sugar-sweetened beverages and
sweets and desserts (as unhealthy plant foods). However, in our PDI version, we did not
include these food groups. In addition, some prospective studies showed that compared
with overall PDI, healthy PDI emphasizing whole grains, fruits, vegetables, nuts, legumes,
and vegetable oils showed stronger associations with smaller weight change and lower risk
of T2D and coronary heart disease [24,27,31]. Furthermore, we did not calculate healthy
PDI by giving positive scores to whole grains, vegetable oils, and tea and coffee and giving
negative scores to refined grains, sugar sweetened beverages, and sweets and desserts.
Compared with healthy PBDs or vegetarian diets in the abovementioned studies, our PDI
captured a “less healthy” diet. PBDs rich in healthy components have higher dietary fiber
and micronutrients as well as lower energy, GI, and glycemic load [27]. In a previous
secondary analysis of the PREVIEW study, we found positive associations between GI,
glycemic load, and weight regain during WLM [34].

In terms of specific components of PBDs, we found that nuts were linked with im-
proved weight management and cardiometabolic risk factors during WLM. Similar to our
findings, meta-analyses of prospective studies and RCTs also showed that nuts improved
weight management [35–37] and cardiometabolic risk factors including HOMA-IR and
fasting insulin [38]. In a study based on a cross-sectional nutrition survey, compared with
non-nut consumers, nut consumers had lower BW, BMI, and WC, whereas there were
no differences in cardiometabolic risk factors including blood pressure, total cholesterol,
HDL cholesterol, and HbA1c [13]. The results, however, were limited by cross-sectional
design, and causal inferences could not be drawn. Our study stands out because it used
long-term, repeatedly measured, and updated dietary records and health outcomes, which
not only provided a large number of observations, but also deeper insights into the causally
relevant associations compared with cross-sectional studies and prospective studies with
diet measured at baseline only.

We also observed that fruits, vegetables, and combined consumption of vegetables
and fruits were associated with improved cardiometabolic risk factors. Similarly, in a
population-based cross-sectional study, Mirmiran et al. [39] showed that consumption of
fruits and vegetables was associated with lower concentrations of total cholesterol and LDL
cholesterol. However, in a 12-week RCT, McEvoy et al. [40] did not find dose–response
effects of fruit and vegetable intake on cardiometabolic risk factors including ambulatory
blood pressure and plasma lipids. For grains, several RCTs and observational studies
suggested that whole grains showed inverse effects on cardiometabolic risk factors [41–43],
whereas refined grains showed positive effects [44,45]. However, there are conflicting
reports of the associations of whole grains with obesity measures [46,47]. In the current
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study, total grains were not associated with any favorable change in health outcome.
This may be because the grain group in the PREVIEW dietary dataset was not strictly
based on whole grains, although whole grains were recommended to participants in each
intervention arms during WLM.

The strengths of the current study are that this is the first multi-center, international
study to explore associations of consumption of a PBD and specific plant foods with
weight gain and cardiometabolic risk factors during 3-year WLM after diet-induced WL.
Additionally, our study included individuals who met the pre-diabetes criteria (not just
overweight/obesity) at the start. Furthermore, long-term, repeated dietary records were
collected, which provided a large number of observations and a sufficient statistical power
to adjust for important and multiple confounding factors including animal-based food
intake and PA measured by accelerometry.

The current study also has some limitations. First, the attrition rate, especially at the
end of the study, was higher than expected, which may affect the generalization of our
findings. Second, the dietary data were obtained via 4-day food records, and misreporting,
overreporting, or underreporting were inevitable [48]. Third, specific food groups such
as refined grains, whole grains, and sugar sweetened beverages were not included in
PDI calculation, which made this index less accurate when describing adherence to an
overall PBD. It was not possible for us to investigate unhealthy PDI or specific unhealthy
plant foods because these foods were specifically excluded in the dietary instructions.
Furthermore, in order to make the results easy to understand, we divided the participants
into higher or lower plant-based diet adherence groups according to PDI at each time
point. Unlike RCTs, however, in the present analysis the participants were not randomly
allocated to one of the two groups, which means that their baseline characteristics may be
unbalanced. The statistical phenomenon “regression toward the mean” may have affected
the two groups differently, making the natural variation in BW appear as true change [49].
Finally, residual and unmeasured confounders are possible in any observational analysis,
which may create bias. Hyperuricemia, an independent risk factor for major CVD [50] and
an important confounding factor, was not included in the current analysis. As we collected
smoking status at baseline only (not at each time point), it was not possible to adjust for
smoking status as a time-varying variable in the models. Adjustment for baseline values
only may introduce bias because smokers may quit smoking during a long-term healthy
lifestyle intervention.

5. Conclusions

This secondary analysis showed that long-term consumption of specific healthy
plant foods including nuts, fruits, and vegetables improved weight management and car-
diometabolic health, whereas adherence to an overall PBD benefited weight management
only. Our findings support the hypothesis that specific components in a PBD are important
as well. Although healthy and high-quality plant foods are currently recommended to
individuals for reducing weight regain and the risk of developing CVDs, the observational
nature of our analysis cannot establish a cause-and-effect relationship. The findings should
be treated with caution because misreporting of food intake and unmeasured confounders
are common.
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associations of total grain and potato intake with yearly weight regain and changes in cardiometabolic
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Abstract: The aim of this study was to further examine the relationship between milk intake and
stroke mortality among the Japanese population. We used data from the Japan Collaborative Cohort
(JACC) Study (total number of participants = 110,585, age range: 40–79) to estimate the posterior
acceleration factors (AF) as well as the hazard ratios (HR) comparing individuals with different milk
intake frequencies against those who never consumed milk at the study baseline. These estimations
were computed through a series of Bayesian survival models that employed a Markov Chain Monte
Carlo simulation process. In total, 100,000 posterior samples were generated separately through four
independent chains after model convergency was confirmed. Posterior probabilites that daily milk
consumers had lower hazard or delayed mortality from strokes compared to non-consumers was
99.0% and 78.0% for men and women, respectively. Accordingly, the estimated posterior means of AF
and HR for daily milk consumers were 0.88 (95% Credible Interval, CrI: 0.81, 0.96) and 0.80 (95% CrI:
0.69, 0.93) for men and 0.97 (95% CrI: 0.88, 1.10) and 0.95 (95% CrI: 0.80, 1.17) for women. In conclusion,
data from the JACC study provided strong evidence that daily milk intake among Japanese men was
associated with delayed and lower risk of mortality from stroke especially cerebral infarction.

Keywords: milk intake; mortality; stroke; Bayesian survival anlysis; time-to-event data; JACC study

1. Introduction

Eastern Asian populations were reported to have a higher burden from both mortality and
morbidity from stroke than populations in European or American regions [1]. Dairy foods, especially
milk, have been suggested to relate with decreased stroke risk by nearly 7% for each 200 g increment
of daily consumption [2]. Although two daily servings of milk or dairy products is recommended in
Japan [3], the actual per capita intake (≈63 g/day) of these food groups is much lower and less frequent
than that in Western countries [4]. Given that previous reports have also indicated no significant [5–7]
or even positive associations [8], it would be of interest to provide information on the association
within a context where most individuals have much lower range of milk intake compared to most
of the previous studies. Whether people with such a low level intake of milk can still benefit against
stroke would requires elucidation.
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Moreover, a more intuitive or straightforward interpretation would be available if we were
able to show the probabilities and the certainty that the existing data can provide evidence about
whether drinking milk can delay or lower the hazard of dying from stroke. This would require the
transformation of the research question into “Do individuals with milk intake habit have lower hazard
of dying from a stroke event?” Another way of asking the same research question would be “Can an
event of dying from stroke be postponed by forming a milk intake habit?” The later question directly
compares the length of times before events or the speed from the same departure point (entry of the
study) to a fatal stroke event. Accelerated failure time (AFT) models under the Bayesian framework
are convenient tools that would help to avoid worrying about the assumptions of repeatability of a
large scale prospective study, and can calculate the exact proportion of posterior estimates (hazard
ratios, HR) that are lower than 1. AFT model is helpful in estimating acceleration factors (AF) which
can be interpreted as the velocity for developing an event of interest. This velocity parameter shows
how faster/slower individuals in one exposure group might have an event compared to others in
different exposure groups [9,10].

Our aim was to provide a more straightforward answer to the primary research question that,
whether someone answering that he/she drank milk at the baseline of study, had lower hazard of dying
from stroke compared with his/her counterparts who said they never consumed milk. If the answer
to the primary objective was yes, then the probabilities that individuals with different frequencies
of milk intake may have lower risk compared with those who never drank milk were calculated
through a Markov Chain Monte Carlo (MCMC) simulation process. A Bayesian survival analysis
method was applied on an existing database and through which we provided estimates about whether
drinking milk could delay a stroke mortality event from happening after controlling for the other
potential confounders.

2. Materials and Methods

2.1. The Database

We used data from the Japan Collaborative Cohort (JACC) study, which was sponsored by the
Ministry of Education, Sports, Science, and Technology of Japan. Sampling methods and details about
the JACC study have been described extensively in the literature [11–13]. Participants in the JACC
study completed self-administered questionnaires about their lifestyles, food intake (food frequency
questionnaire, FFQ), and medical histories of cardiovascular disease or cancer. In the final follow-up
of the JACC study, data from a total of 110,585 individuals (46,395 men and 64,190 women) who,
aged between 40–79 at the baseline, were successfully retained for the current analysis. We further
excluded samples if they met one of the following criteria: (1) with any disease history of stroke, cancer,
myocardial infarction, ischemic heart disease, or other types heart disease (n = 6655, 2931 men and
3724 women); (2) did not answer the question regarding their milk consumption in the baseline FFQ
survey (n = 9545, 3593 men and 5952 women). Finally, 94,385 (39,386 men and 54,999 women) were
left in the database. The study design and informed consent procedure were approved by the Ethics
Review Committee of Hokkaido University School of Medicine.

2.2. Exposure and the Outcome of Interest

Frequency of milk intake during the preceding year of the baseline was assessed by FFQ as
“never”, “1–2 times/month”, “1–2 times/week”, “3–4 times/week”, and “Almost daily”. The exact
amount of milk consumption was difficult to assess here. However, good reproducibility and validity
were confirmed previously (Spearman rank correlation coefficient between milk intake frequency and
weighed dietary record for 12 days was 0.65) [14]. From the same validation study [14] on the FFQ,
daily consumers of milk were found to have a median intake of 146 g. At the baseline of the JACC
study (between 1988 and 1990), most “milk and dairy product” consumption (92.1%) was in the form
of whole milk [15].
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In the study area, investigators conducted a systematic review of death certificates till the end
of 2009. Date and cause of death were confirmed with the permission of the Director-General of the
Prime Minister’s Office. The follow-up period was defined as from the time the baseline survey was
completed, which was between 1988–1990, until the end of 2009 (administrative censor), the date when
they moved out of the study area, or the date of death from stroke was recorded—whichever occurred
first. Other causes of death were treated as censored and assumed not informative. The causes of
death were coded by the 10th Revision of the International Statistical Classification of Diseases and
Related Health Problems (ICD-10); therefore, stroke was defined as I60–I69. We further classified these
deaths into hemorrhagic stroke (I60, I61 and I62) or cerebral infarction (I63) when subtypes of stroke in
their death certificates were available.

2.3. Statistical Approach

Analyses were stratified by sex as difference in milk consumption levels and mortality rate were
suggested previously [16,17]. We calculated sex-specific means (standard deviation, SD) and proportion
of selected baseline characteristics according to the frequency of milk intake. Age-adjusted stroke
mortality rate were expressed as per 1000 person-year, predicted through poisson regression models.

Full parametric proportional hazard models under Bayesian framework with Weibull distribution
were fitted using Just Another Gibbs Sampler (JAGS) program [18], version 4.3.0 in R, version 4.0.1 [19].
JAGS program is similar to the OpenBUGS [20] project that uses a Gibbs sampling engine for MCMC
simulation. In the current analysis, we specified non-informative prior distributions for each of the
parameters in our models (βn ∼ N(0, 1000), and κshape ∼ Γ(0.001, 0.001)). The Brooks–Gelman–Rubin
diagnostic [21] was used to refine the approximate point of convergence, the point when the ratio
of the chains is stable around 1 and the within and between chain variability start to reach stability,
was visually checked. The auto-correlation tool further identified if convergence has been achieved
or if a high degree of auto-correlation exists in the sample. Then, the number of iterations discarded
as “burn-in” was chosen. All models had a posterior sample size of 100,000 from four separated
chains with a “burn-in” of 2500 iterations. Posterior means (SD) and 95% Credible Intervals (CrI)
of the estimated hazard ratios (HRs), as well as acceleration factors (AFs), were presented for each
category of milk intake frequency taking the “never” category as the reference. Posterior probabilities
that the estimated hazard of dying from stroke for the milk intake for frequency that higher or equal
to “1–2 times/month” were smaller compared with those who chose “never” for their milk intake
frequency, and were calculated as Pr(HR < 1).

The parametric forms of the models fitted in the Bayesian survival analyses included three
models: (1) the crude model, (2) the age-centered adjusted model, (3) and a model further adjusted
for potential confounders which includes: age (centered, continuous), smoking habit (never, current,
former), alcohol intake (never or past, <4 times/week, Daily), body mass index (<18.5, ≥18.5 and <25,
≥25 and <30, ≥30 kg/m2), history of hypertension, diabetes, kidney/liver diseases (yes/no), exercise
(more than 1 h/week, yes/no), sleep duration (<7, ≥7 and <8, ≥8 and <9, ≥9, hours), quartiles
of total energy intake, coffee intake (never, <3–4 times/week, almost daily), and education level
(attended school till age 18, yes/no).

3. Results

The total follow-up was 1,555,073 person-year (median = 19.3 years), during which 2675 deaths
from stroke were confirmed (1352 men and 1323 women). Among these stroke mortalities, 952 were
hemorrhagic stroke (432 men and 520 women), and 957 were cerebral infarction (520 men and
437 women). The number of deaths from causes other than stroke was 18,868 (10,731 men and
8137 women); 5493 (2022 men and 3471 women) dropped out from the follow-up (5.8%); 67,349
(25,281 men and 42,068 women) were censored at the end of follow-up (71.4%). The medians
(interquartile range, IQR) of follow-up years for hemorrhagic stroke mortality were 9.9 (5.4, 12.3)
in men and 10.9 (5.9, 15.1) in women; the medians (IQR) of follow-up years for cerebral infarction
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mortality were 11.2 (7.1, 15.3) and 11.8 (7.9, 16.4) in men and women, respectively. Age-adjusted stroke
mortality rates for each category of milk intake frequency was estimated to be 1.8, 2.0, 1.7, 1.6, an 1.5
per 1000 person-year for men and 1.3, 1.4, 1.2, 1.1, and 1.2 per 1000 person-year for women.

As listed in Table 1, compared with those who chose “never” as their milk intake frequency at
baseline, milk drinkers were less likely to be a current smoker or a daily alcohol consumer in both men
and women. Furthermore, people who consumed milk more than 1–2 times/month were more likely
to be a daily consumers of vegetables and fruit, as well as coffee, and were more likely to perform
exercise more than 1 h/week among both sexes.

Table 1. Sex-specific baseline characteristics according to the frequency of milk intake (JACC study,
1988–2009).

Milk Drinkers

Never Drinkers 1–2 Times/ 1–2 Times/ 3–4 Times/ Almost
Month Week Week Daily

Men (n = 39,386)
Number of subjects 8508 30,878 3522 5928 5563 15,865
Age, year (mean (SD)) 56.8 (9.9) 56.8 (10.2) 55.2 (10.1) 55.4 (10.1) 55.4 (9.9) 58.1 (10.1)
Current smoker, % 58.7 49.8 57.4 55.9 51.1 45.4
Daily alcohol drinker, % 51.9 47.8 50.9 48.4 48.6 46.5
BMI, kg/m2 (mean (SD)) 22.6 (3.4) 22.7 (3.4) 22.8 (2.8) 22.8 (2.8) 22.9 (5.4) 22.6 (2.8)
Exercise (>1 h/week), % 19.0 27.6 26.5 25.0 25.5 29.5
Sleep duration, 8–9 h, % 35.6 35.9 34.6 36.2 35.1 36.3
Energy intake, kcal/day (mean (SD)) 1611 (505) 1764 (504) 1606 (496) 1679 (495) 1772 (509) 1830 (495)
Vegetable intake, daily, % 21.3 25.4 20.1 20.4 20.8 30.1
Fruit intake, daily, % 14.8 22.4 15.4 16.3 17.3 28.1
Green tea intake, daily, % 76.5 79.2 79.9 78.3 77.9 79.8
Coffee intake, daily, % 43.8 50.7 50.5 48.0 47.5 52.9
Educated over 18 years old, % 9.9 14.1 12.4 12.8 11.1 15.9
History of diabetes, % 5.0 6.3 4.5 4.2 5.5 7.7
History of hypertension, % 18.4 17.9 17.5 17.1 16.8 18.7
History of kidney diseases, % 3.0 3.4 3.8 3.0 3.0 3.5
History of liver diseases, % 5.8 6.5 6.3 6.0 5.4 7.2

Women (n = 54,999)
number of subjects 10,407 44,592 3640 7590 8108 25,254
Age, year (mean (SD)) 58.0 (10.2) 56.9 (9.9) 56.5 (10.2) 55.6 (10.1) 55.6 (9.9) 57.9 (9.9)
Current smoker, % 6.9 4.2 6.1 5.5 4.3 3.5
Daily alcohol drinker, % 4.3 4.5 5.5 4.3 4.2 4.6
BMI, kg/m2 (mean (SD)) 23.0 (3.4) 22.9 (3.7) 23.0 (3.8) 23.1 (4.4) 23.1 (3.1) 22.8 (3.6)
Exercise (>1 h/week), % 13.6 20.8 17.1 18.5 18.8 22.6
Sleep duration, 8–9 h, % 27.7 25.6 25.1 25.9 25.4 25.7
Energy intake, kcal/day (mean (SD)) 1519 (451) 1690 (449) 1522 (447) 1596 (443) 1661 (432) 1752 (443)
Vegetable intake, daily, % 24.7 30.4 25.0 24.6 24.2 34.8
Fruit intake, daily, % 25.0 35.7 26.6 29.2 29.2 41.1
Green tea intake, daily, % 73.8 76.8 77.0 76.4 75.8 77.3
Coffee intake, daily, % 39.6 48.2 46.2 46.4 44.4 50.2
Educated over 18 years old, % 4.8 8.3 6.7 7.2 6.5 9.4
History of diabetes, % 2.6 3.7 3.2 2.7 2.7 4.4
History of hypertension, % 21.5 19.7 20.5 19.1 18.9 20.0
History of kidney diseases, % 3.6 4.1 3.9 3.7 3.7 4.4
History of liver diseases, % 3.5 4.6 4.9 3.9 3.9 5.0

Note: Abbreviations: JACC: Japan Collaborative Cohort; SD: standard deviation; BMI: body mass index.

Detailed results from the Bayesian survival models (crude, age-adjusted and multivariable-
adjusted) according to the frequency of milk intake separated by sex are listed in Table 2 (men) and
Table 3 (women). Compared to those who never had milk, both men and women had slower speed
and lower hazard of dying from total stroke in crude models. Velocities that milk consumers dying
from stroke were slowed down by a crude acceleration factor (AF) between 0.79 (SD = 0.05; 95% CrI:
0.74, 0.90) and 0.93 (SD = 0.04; 95% CrI: 0.85, 1.02) compared with non-consumers. Chances that the
posterior crude HRs were estimated to be lower than 1 for those who had at least 1–2 times/month
was higher than 86.5% in men and greater than 94.6% in women. However, lower hazard and delayed
time-to-event was observed to remain after age or multivariable adjustment only among daily male

34



Nutrients 2020, 12, 2743

milk consumers. Specifically, the means (SD; 95% CrI) of posterior multivariable-adjusted AF and
HR for daily male consumers of milk were 0.88 (SD = 0.05; 95% CrI: 0.81, 0.96) and 0.80 (SD = 0.07;
95% CrI: 0.69, 0.93) with a probability of 99.0% to be smaller than the null value (=1). Daily female milk
consumers had posterior AFs and HRs that were distributed with means of 0.97 (SD = 0.09; 95% CrI:
0.88, 1.10) and 0.95 (SD = 0.12; 95% CrI: 0.80, 1.17) which had about a 78.0% chance that their HRs
could be smaller than 1.

Table 2. Summary of posterior Acceleration Factors (AF) and Hazard Ratios (HR) of mortality from
total stroke, stroke types according to the frequency of milk intake in men (JACC study, 1988–2009).

Never 1–2 Times/Month 1–2 Times/Week 3–4 Times/Week Almost Daily

Person-year 135,704 56,551 97,098 92,153 252,364
N 8508 3522 5928 5563 15,865
Total Stroke 326 122 181 177 546
Model 0

Mean AF (SD) 1 0.93 (0.07) 0.83 (0.05) 0.85 (0.05) 0.93 (0.04)
95% CrI - (0.81, 1.06) (0.73, 0.94) (0.74, 0.96) (0.85, 1.02)
Mean HR (SD) 1 0.89 (0.09) 0.77 (0.07) 0.79 (0.07) 0.90 (0.06)
95% CrI - (0.73, 1.08) (0.63, 0.91) (0.66, 0.94) (0.79, 1.03)
Pr(HR < 1) - 86.5% 99.9% 99.7% 93.5%

Model 1
Mean AF (SD) 1 0.99 (0.06) 0.90 (0.05) 0.91 (0.05) 0.85 (0.04)
95% CrI - (0.87, 1.11) (0.81, 1.00) (0.82, 1.01) (0.78, 0.92)
Mean HR (SD) 1 0.98 (0.11) 0.84 (0.08) 0.86 (0.08) 0.76 (0.05)
95% CrI - (0.79, 1.19) (0.70, 1.00) (0.71, 1.02) (0.66, 0.87)
Pr(HR < 1) - 58.7% 97.3% 96.1% 100.0%

Model 2
Mean AF (SD) 1 1.00 (0.07) 0.92 (0.06) 0.94 (0.06) 0.88 (0.05)
95% CrI - (0.88, 1.14) (0.82, 1.03) (0.84, 1.05) (0.81, 0.96)
Mean HR (SD) 1 1.01 (0.12) 0.87 (0.09) 0.90 (0.09) 0.80 (0.07)
95% CrI - (0.81, 1.24) (0.72, 1.05) (0.74, 1.08) (0.69, 0.93)
Pr(HR < 1) - 50.6% 93.7% 89.6% 99.0%

Hemorrhagic stroke 100 42 58 56 176
Model 0

Mean AF (SD) 1 1.03 (0.17) 0.85 (0.12) 0.87 (0.13) 0.98 (0.11)
95% CrI - (0.74, 1.38) (0.63, 1.12) (0.65, 1.14) (0.78, 1.22)
Mean HR (SD) 1 1.03 (0.19) 0.82 (0.14) 0.84 (0.15) 0.97 (0.13)
95% CrI - (0.70, 1.46) (0.56, 1.14) (0.60, 1.17) (0.75, 1.26)
Pr(HR < 1) - 47.2% 88.4% 86.3% 63.1%

Model 1
Mean AF (SD) 1 1.08 (0.17) 0.91 (0.13) 0.92 (0.13) 0.90 (0.10)
95% CrI - (0.80, 1.45) (0.70, 1.20) (0.71, 1.19) (0.74, 1.11)
Mean HR (SD) 1 1.11 (0.21) 0.88 (0.16) 0.90 (0.16) 0.88 (0.12)
95% CrI - (0.75, 1.58) (0.63, 1.25) (0.63, 1.24) (0.67, 1.14)
Pr(HR < 1) - 31.6% 79.7% 76.6% 87.6%

Model 2
Mean AF (SD) 1 1.11 (0.18) 0.93 (0.15) 0.96 (0.16) 0.96 (0.13)
95% CrI - (0.79, 1.58) (0.70, 1.25) (0.71, 1.34) (0.76, 1.25)
Mean HR (SD) 1 1.14 (0.22) 0.92 (0.17) 0.95 (0.18) 0.95 (0.14)
95% CrI - (0.75, 1.61) (0.63, 1.29) (0.65, 1.37) (0.71, 1.27)
Pr(HR < 1) - 28.8% 72.4% 64.4% 69.3%

Cerebral infarction 151 41 64 66 198
Model 0

Mean AF (SD) 1 0.76 (0.09) 0.71 (0.07) 0.74 (0.08) 0.79 (0.06)
95% CrI - (0.59, 0.94) (0.58, 0.86) (0.61, 0.89) (0.68, 0.93)
Mean HR (SD) 1 0.65 (0.12) 0.59 (0.09) 0.64 (0.09) 0.71 (0.09)
95% CrI - (0.46, 0.92) (0.43, 0.79) (0.47, 0.85) (0.56, 0.89)
Pr(HR < 1) - 99.1% 99.9% 99.7% 99.5%
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Table 2. Cont.

Never 1–2 Times/Month 1–2 Times/Week 3–4 Times/Week Almost Daily

Model 1
Mean AF (SD) 1 0.83 (0.08) 0.79 (0.07) 0.82 (0.07) 0.74 (0.05)
95% CrI - (0.68, 1.01) (0.67, 0.93) (0.69, 0.96) (0.66, 0.84)
Mean HR (SD) 1 0.73 (0.13) 0.65 (0.10) 0.70 (0.11) 0.58 (0.07)
95% CrI - (0.49, 1.02) (0.48, 0.88) (0.51, 0.94) (0.46, 0.72)
Pr(HR < 1) - 96.9% 99.8% 98.9% 100.0%

Model 2
Mean AF (SD) 1 0.84 (0.09) 0.80 (0.08) 0.83 (0.08) 0.75 (0.06)
95% CrI - (0.67, 1.02) (0.67, 0.95) (0.69, 0.99) (0.66, 0.85)
Mean HR (SD) 1 0.73 (0.14) 0.67 (0.11) 0.72 (0.12) 0.61 (0.08)
95% CrI - (0.50, 1.04) (0.48, 0.91) (0.52, 0.99) (0.48, 0.79)
Pr(HR < 1) - 96.1% 99.1% 97.5% 99.8%

Note: Abbreviations: N, number of subjects,; SD, standard deviation; CrI, credible interval. Pr(HR < 1)
indicates the probability for posterior HR to be smaller than 1. Model 0 = Crude model; Model 1 = age-adjusted
model; Model 2 = multivariable adjusted model. Covariates included in Model 2: age, smoking habit, alcohol
intake, body mass index, history of hypertension, diabetes, kidney/liver diseases, exercise, sleep duration,
quartiles of total energy intake, coffee intake, and education level.

Table 3. Summary of posterior Acceleration Factors (AF) and Hazard Ratios (HR) of mortality from total
stroke and stroke types according to the frequency of milk intake in women (JACC study, 1988–2009).

Never 1–2 Times/Month 1–2 Times/Week 3–4 Times/Week Almost Daily

Person-year 173,222 59,904 129,233 139,919 418,925
N 10,407 3640 7590 8108 25,254
Total Stroke 300 84 182 172 585
Model 0

Mean AF (SD) 1 0.88 (0.07) 0.87 (0.05) 0.79 (0.05) 0.88 (0.04)
95% CrI - (0.75, 1.03) (0.78, 0.98) (0.71, 0.90) (0.80, 0.96)
Mean HR (SD) 1 0.83 (0.10) 0.81 (0.08) 0.70 (0.07) 0.81 (0.07)
95% CrI - (0.64, 1.05) (0.68, 0.97) (0.58, 0.85) (0.71, 0.93)
Pr(HR < 1) - 94.6% 98.7% 99.9% 99.6%

Model 1
Mean AF (SD) 1 0.99 (0.09) 1.11 (0.08) 1.02 (0.08) 0.95 (0.06)
95% CrI - (0.85, 1.17) (0.97, 1.26) (0.89, 1.16) (0.86, 1.06)
Mean HR (SD) 1 1.00 (0.14) 1.18 (0.14) 1.03 (0.12) 0.92 (0.09)
95% CrI - (0.76, 1.31) (0.95, 1.47) (0.82, 1.28) (0.78, 1.09)
Pr(HR < 1) - 52.3% 6.3% 42.0% 86.8%

Model 2
Mean AF (SD) 1 1.01 (0.12) 1.11 (0.14) 1.02 (0.12) 0.97 (0.09)
95% CrI - (0.85, 1.20) (0.97, 1.30) (0.89, 1.19) (0.88, 1.10)
Mean HR (SD) 1 1.01 (0.17) 1.19 (0.15) 1.03 (0.15) 0.95 (0.12)
95% CrI - (0.75, 1.36) (0.96, 1.52) (0.81, 1.31) (0.80, 1.17)
Pr(HR < 1) - 52.8% 6.4% 44.4% 78.0%

Hemorrhagic stroke 108 27 78 76 231
Model 0

Mean AF (SD) 1 0.78 (0.13) 0.98 (0.12) 0.90 (0.11) 0.92 (0.09)
95% CrI - (0.55, 1.06) (0.76, 1.25) (0.70, 1.13) (0.76, 1.12)
Mean HR (SD) 1 0.73 (0.16) 0.98 (0.15) 0.87 (0.14) 0.89 (0.11)
95% CrI - (0.47, 1.08) (0.71, 1.31) (0.64, 1.16) (0.71, 1.15)
Pr(HR < 1) - 94.7% 58.1% 83.1% 83.0%

Model 1
Mean AF (SD) 1 0.88 (0.13) 1.12 (0.13) 1.04 (0.13) 0.95 (0.09)
95% CrI - (0.63, 1.17) (0.90, 1.41) (0.82, 1.32) (0.80, 1.14)
Mean HR (SD) 1 0.84 (0.18) 1.17 (0.18) 1.06 (0.17) 0.93 (0.12)
95% CrI - (0.54, 1.24) (0.86, 1.58) (0.76, 1.45) (0.73, 1.19)
Pr(HR < 1) - 81.6% 16.9% 38.9% 74.6%
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Table 3. Cont.

Never 1–2 Times/Month 1–2 Times/Week 3–4 Times/Week Almost Daily

Model 2
Mean AF (SD) 1 0.93 (0.24) 1.23 (0.38) 1.14 (0.33) 1.04 (0.25)
95% CrI - (0.64, 1.33) (0.93, 1.98) (0.87, 1.83) (0.83, 1.55)
Mean HR (SD) 1 0.89 (0.22) 1.26 (0.26) 1.15 (0.23) 1.02 (0.19)
95% CrI - (0.55, 1.39) (0.90, 1.90) (0.83, 1.74) (0.78, 1.51)
Pr(HR < 1) - 73.2% 9.5% 24.8% 53.3%

Cerebral infarction 102 35 63 50 187
Model 0

Mean AF (SD) 1 1.01 (0.13) 0.90 (0.09) 0.75 (0.08) 0.86 (0.06)
95% CrI - (0.79, 1.27) (0.75, 1.10) (0.60, 0.91) (0.75, 0.99)
Mean HR (SD) 1 1.03 (0.20) 0.85 (0.14) 0.61 (0.11) 0.78 (0.10)
95% CrI - (0.69, 1.48) (0.60, 1.13) (0.43, 0.84) (0.59, 0.99)
Pr(HR < 1) - 51.9% 75.6% 97.6% 96.1%

Model 1
Mean AF (SD) 1 1.21 (0.32) 1.16 (0.30) 0.98 (0.19) 0.97 (0.14)
95% CrI - (0.95, 2.08) (0.93, 1.95) (0.79, 1.48) (0.84, 1.43)
Mean HR (SD) 1 1.37 (0.33) 1.25 (0.28) 0.94 (0.22) 0.92 (0.17)
95% CrI - (0.89, 2.18) (0.87, 1.95) (0.63, 1.52) (0.69, 1.40)
Pr(HR < 1) - 8.5% 14.2% 70.1% 79.4%

Model 2
Mean AF (SD) 1 1.19 (0.19) 1.12 (0.15) 0.96 (0.12) 0.97 (0.09)
95% CrI - (0.94, 1.62) (0.92, 1.49) (0.78, 1.21) (0.83, 1.18)
Mean HR (SD) 1 1.38 (0.29) 1.21 (0.22) 0.91 (0.18) 0.94 (0.14)
95% CrI - (0.89, 2.02) (0.85, 1.70) (0.62, 1.34) (0.69, 1.25)
Pr(HR < 1) - 7.3% 15.6% 72.8% 70.0%

Note: Abbreviations: N, number of subjects; SD, standard deviation; CrI, credible interval. Pr(HR < 1) indicates
the probability for posterior HR to be smaller than 1. Model 0 = Crude model; Model 1 = age-adjusted model;
Model 2 = multivariable adjusted model. Covariates included in Model 2: age, smoking habit, alcohol intake,
body mass index, history of hypertension, diabetes, kidney/liver diseases, exercise, sleep duration, quartiles
of total energy intake, coffee intake, and education level.

Posterior distributions of AFs and HRs for mortality from hemorrhagic stroke were found to
contain the null value for either men or women among all fitted models. In contrast, men who a had
milk intake frequency higher than 1–2 times/week were found to be associated with an average of
17–20% slower velocity or 28–39% lower risk of dying from cerebral infarction compared to men who
never drank milk (Model 2 in Table 2). Probability that the posterior HRs distributed below the null
value was greater or equal to 97.5%. No evidence was found about the associations between milk
intake and risk of cerebral infarction mortality among women.

4. Discussion

In the JACC study cohort, our analyses showed that men in Japan who consumed milk almost
daily had lower hazard of dying from stroke especially from cerebral infarction. Our evidence also
suggested that stroke mortality events were delayed among Japanese male daily milk consumers
compared with non-consumers.

These findings showed similar negative effect estimates that were reported previously [16] using
data from the same cohort, in which the outcomes of interest were focused on cardiovascular diseases
and all-cause mortality. Moreover, we have further updated the results with more comprehensive and
straightforward evidence about whether and how certain the data shown about the daily consumption
of milk were contributing to a postponed stroke (mostly cerebral infarction) mortality event among
Japanese men. A recent dose-response meta-analysis of 18 prospective cohort studies showed a similar
negative association [2] between milk consumption and risk of stroke. The same meta-analysis also
reported a greater reduction in risk of stroke (18%) for East Asian populations in contrast with the 7%
less risk in the pooled overall finding for all populations combined. Benefits of increased milk intake
might be particularly noticeable in East Asian countries where strokes are relatively more common,
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and milk consumption is much lower than those studies conducted among European or American
populations [22]. However, the Life Span Study [6], which was conducted about 10 years earlier than
the JACC Study, reported a null association between milk intake and fatal stroke among men and
women combined who survived the Hiroshima and Nagasaki atomic bomb. The difference could
be largely explained by the different targeting populations between the two studies. Kondo et al. [23]
also reported a null association in both men or women from the NIPPON DATA80 study. In fact,
the exact number of stroke mortality events was about 85% less and the number of participants in
the NIPPON DATA80 study was about 90% less than those in the JACC study database—their null
association might likely due to its limited statistical power. Umesawa et al. [24] reported that dairy
calcium intake was inversely associated with ischemic stroke mortality risk, which could be considered
as one of the potential pieces of evidence that supported our findings. Furthermore, a stronger inverse
association between milk consumption and stroke mortality in men rather than in women was found
in the Singapore Chinese Health Study [17] as well. The reasons for this gender difference is currently
unknown. This might be due to generally better/healthier lifestyles (such as much less smokers and
alcohol drinkers) in women regardless of milk intake frequency, or maybe due to other factors that
were not available in/considered by our models, such as intake of calcium or other supplements.
The probably existing beneficial effect of milk intake might be less evident in women than in men.
Further investigation is needed.

Possible reasons for a protective effect of milk consumption against stroke could be interpreted,
as such an association might be mediated by its content in calcium, magnesium, potassium, and other
bioactive compounds, as recommended by Iacoviello et al. [25]. Apart from the inorganic minerals
in milk that would be helpful with health effects, recent studies on animal models also indicated
key evidence that stroke-associated morbidity was delayed in stroke-prone rats who were fed with
milk-protein enriched diets [26,27]. More precisely, Singh et al. [28] found that whey protein and its
components—lactalbumin and lactoferrin—improved energy balance and glycemic control against
the onset of neurological deficits associated with stroke. Bioactive peptides from milk proteins were
also responsible for the limitation of thrombosis [29] through their angiotensin convertase enzyme
inhibitory potential, which might partly explain why the effect was found mainly for mortality from
cerebral infarction in the current study.

Strength and Limitations

Some limitations are worth mentioning here. First, the milk intake frequency, as well as other
lifestyle information, was collected only once at the baseline and was self-reported. Apparently,
life habits are possible to alter over time and these would result in misclassification and residual
confounding. Second, despite the fact that the reasonable validity of FFQ in the JACC study cohort
was assessed and confirmed, measurement errors are inevitable. Therefore, we did not try to compute
the amount of consumption by multiplying an average volume per occasion with the frequency
of intake, since the random error might be exaggerated and the observed associations may have
attenuated. Third, the Bayesian way of conducting the survival analysis using a large sample size
is computationally expensive. However, the classic maximum likelihood estimations are based on
unrealistic assumptions, such as repeatability of the study, and fixed but unknown values of parameters,
which are unfulfilled in a large cohort study in the current setting. The strengths of our analyses
included that we transformed the research questions to more transparent ones that are easier for
interpretation. Direct probabilities that daily milk intake is associated with lower hazard or delayed
stroke mortality event were provided here after thorough computer simulations.
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5. Conclusions

In conclusion, the JACC study database provided evidence that Japanese men who consumed
milk daily had a lower risk of dying from stroke, particularly cerebral infarction, compared with their
counterparts who never consumed milk. The time before an event of stroke mortality occurred was
slowed down among men who drank milk regularly.

Author Contributions: Conceived and designed the JACC study (maintaining the database, organization of the
cohort project): H.I., A.T. and S.K. (Shogo Kikuchi); conceived and designed the current analysis: C.W. and H.Y.;
data analysis: C.W.; manuscript (including tables) preparation: C.W.; revised the manuscript critically: H.Y., Y.L.,
T.S., S.K. (Sayo Kawai), S.K. (Shogo Kikuchi), H.I., A.T. All authors have read and agreed to the published version
of the manuscript.

Funding: The funding sponsors had no role in the design of the study; in the collection, analyses, or interpretation
of data; in the writing of the manuscript, or in the decision to publish the results. This study has been
supported by Grants-in-Aid for Scientific Research from the Ministry of Education, Culture, Sports, Science
and Technology of Japan (MEXT) (MonbuKagaku-sho); Grants-in-Aid for Scientific Research on Priority Areas of
Cancer; Grants-in-Aid for Scientific Research on Priority Areas of Cancer Epidemiology from MEXT (nos. 61010076,
62010074, 63010074, 1010068, 2151065, 3151064, 4151063, 5151069, 6279102, 11181101, 17015022, 18014011, 20014026,
20390156, 26293138); and a JSPS KAKENHI (16H06277). This research was also supported by Grants-in-Aid from
the Ministry of Health, Labour and Welfare, Health and Labor sciences research grants, Japan (Comprehensive
Research on Cardiovas- cular Disease and Life-Style Related Diseases: H20– Junkankitou [Seishuu]–Ippan–013;
H23–Junkankitou [Seishuu]–Ippan–005); an Intramural Research Fund (22-4-5) for Cardiovascular Diseases of
the National Cerebral and Cardiovascular Center; Comprehensive Research on Cardiovascular Diseases and
Life-Style- Related Diseases (H26-Junkankitou [Seisaku]-Ippan-001) and H29–Junkankitou [Seishuu]–Ippan–003).

Acknowledgments: The authors would like to express their sincere appreciation to Kunio Aoki and
Yoshiyuki Ohno, Professors Emeritus at Nagoya University School of Medicine and former chairpersons of
the JACC Study. All members of JACC Study Group can be found at https://publichealth.med.hokudai.ac.jp/
jacc/index.html.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

The following abbreviations are used in this manuscript:

JACC Japan Collaborative Cohort
FFQ Food Frequency Questionnaire
MCMC Markov Chain Monte Carlo
JAGS Just Another Gibbs Samplers
AFT accelerated failure time
HR hazard ratio
AF acceleration factor
SD standard deviation
CrI credible interval

References

1. Kim, J.S. Stroke in Asia: A global disaster. Int. J. Stroke 2014, 9, 856–857. [CrossRef]
2. De Goede, J.; Soedamah-Muthu, S.S.; Pan, A.; Gijsbers, L.; Geleijnse, J.M. Dairy consumption and risk

of stroke: A systematic review and updated dose–response meta-analysis of prospective cohort studies.
J. Am. Heart Assoc. 2016, 5, e002787. [CrossRef] [PubMed]

3. Yoshiike, N.; Hayashi, F.; Takemi, Y.; Mizoguchi, K.; Seino, F. A new food guide in Japan: The Japanese food
guide Spinning Top. Nutr. Rev. 2007, 65, 149–154. [CrossRef] [PubMed]

4. Saito, A.; Okada, E.; Tarui, I.; Matsumoto, M.; Takimoto, H. The Association between Milk and Dairy Products
Consumption and Nutrient Intake Adequacy among Japanese Adults: Analysis of the 2016 National Health
and Nutrition Survey. Nutrients 2019, 11, 2361. [CrossRef]

5. Iso, H.; Stampfer, M.J.; Manson, J.E.; Rexrode, K.; Hennekens, C.H.; Colditz, G.A.; Speizer, F.E.; Willett, W.C.
Prospective study of calcium, potassium, and magnesium intake and risk of stroke in women. Stroke 1999,
30, 1772–1779. [CrossRef] [PubMed]

39



Nutrients 2020, 12, 2743

6. Sauvaget, C.; Nagano, J.; Allen, N.; Grant, E.J.; Beral, V. Intake of animal products and stroke mortality in
the Hiroshima/Nagasaki Life Span Study. Int. J. Epidemiol. 2003, 32, 536–543. [CrossRef] [PubMed]

7. Elwood, P.C.; Pickering, J.E.; Fehily, A.; Hughes, J.; Ness, A. Milk drinking, ischaemic heart disease and
ischaemic stroke I. Evidence from the Caerphilly cohort. Eur. J. Clin. Nutr. 2004, 58, 711–717. [CrossRef]
[PubMed]

8. Larsson, S.C.; Männistö, S.; Virtanen, M.J.; Kontto, J.; Albanes, D.; Virtamo, J. Dairy foods and risk of stroke.
Epidemiology 2009, 20, 355. [CrossRef]

9. Wei, L.J. The accelerated failure time model: A useful alternative to the Cox regression model in survival
analysis. Stat. Med. 1992, 11, 1871–1879. [CrossRef]

10. Ibrahim, J.G.; Chen, M.H.; Sinha, D. Bayesian Survival Analysis. In Wiley StatsRef: Statistics Reference Online;
John Wiley & Sons: Hoboken, NJ, USA, 2014.

11. Ohno, Y.; Tamakoshi, A.; JACC Study Group. Japan collaborative cohort study for evaluation of cancer risk
sponsored by monbusho (JACC study). J. Epidemiol. 2001, 11, 144–150. [CrossRef]

12. Tamakoshi, A.; Yoshimura, T.; Inaba, Y.; Ito, Y.; Watanabe, Y.; Fukuda, K.; Iso, H. Profile of the JACC study.
J. Epidemiol. 2005, 15, S4–S8. [CrossRef] [PubMed]

13. Tamakoshi, A.; Ozasa, K.; Fujino, Y.; Suzuki, K.; Sakata, K.; Mori, M.; Kikuchi, S.; Iso, H. Cohort profile of
the Japan Collaborative Cohort Study at final follow-up. J. Epidemiol. 2013. [CrossRef] [PubMed]

14. Date, C.; Fukui, M.; Yamamoto, A.; Wakai, K.; Ozeki, A.; Motohashi, Y.; Adachi, C.; Okamoto, N.;
Kurosawa, M.; Tokudome, Y.; et al. Reproducibility and validity of a self-administered food frequency
questionnaire used in the JACC study. J. Epidemiol. 2005, 15, S9–S23. [CrossRef] [PubMed]

15. Ministry of Health and Welfare. Kokumin Eiyo No Genjyo (The National Nutrition Survey in Japan, 1990); Daiichi
Shuppan: Tokyo, Japan, 1992.

16. Wang, C.; Yatsuya, H.; Tamakoshi, K.; Iso, H.; Tamakoshi, A. Milk drinking and mortality: Findings from the
Japan collaborative cohort study. J. Epidemiol. 2015, 25, 66–73. [CrossRef]

17. Talaei, M.; Koh, W.P.; Yuan, J.M.; Pan, A. The association between dairy product intake and cardiovascular
disease mortality in Chinese adults. Eur. J. Nutr. 2016, 56, 2343–2352. [CrossRef]

18. Plummer, M. JAGS: A program for analysis of Bayesian graphical models using Gibbs sampling.
In Proceedings of the 3rd international workshop on distributed statistical computing, Vienna, Austria,
20–22 March 2003.

19. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing:
Vienna, Austria, 2020.

20. Lunn, D.; Spiegelhalter, D.; Thomas, A.; Best, N. The BUGS project: Evolution, critique and future directions.
Stat. Med. 2009, 28, 3049–3067. [CrossRef]

21. Brooks, S.P.; Gelman, A. General methods for monitoring convergence of iterative simulations. J. Comput.
Graph. Stat. 1998, 7, 434–455.

22. Dehghan, M.; Mente, A.; Rangarajan, S.; Sheridan, P.; Mohan, V.; Iqbal, R.; Gupta, R.; Lear, S.;
Wentzel-Viljoen, E.; Avezum, A.; et al. Association of dairy intake with cardiovascular disease and mortality
in 21 countries from five continents (PURE): A prospective cohort study. Lancet 2018, 392, 2288–2297.
[CrossRef]

23. Kondo, I.; Ojima, T.; Nakamura, M.; Hayasaka, S.; Hozawa, A.; Saitoh, S.; Ohnishi, H.; Akasaka, H.;
Hayakawa, T.; Murakami, Y.; et al. Consumption of dairy products and death from cardiovascular disease
in the Japanese general population: The NIPPON DATA80. J. Epidemiol. 2013, 23, 47–54. [CrossRef]

24. Umesawa, M.; Iso, H.; Ishihara, J.; Saito, I.; Kokubo, Y.; Inoue, M.; Tsugane, S. Dietary calcium intake and
risks of stroke, its subtypes, and coronary heart disease in Japanese: The JPHC Study Cohort I. Stroke 2008,
39, 2449–2456. [CrossRef]

25. Iacoviello, L.; Bonaccio, M.; Cairella, G.; Catani, M.V.; Costanzo, S.; D’Elia, L.; Giacco, R.; Rendina, D.;
Sabino, P.; Savini, I.; et al. Diet and primary prevention of stroke: Systematic review and dietary
recommendations by the ad hoc Working Group of the Italian Society of Human Nutrition. Nutr. Metab.
Cardiovasc. Dis. 2018, 28, 309–334. [CrossRef] [PubMed]

26. Chiba, T.; Itoh, T.; Tabuchi, M.; Ooshima, K.; Satou, T.; Ezaki, O. Delay of stroke onset by milk proteins in
stroke-prone spontaneously hypertensive rats. Stroke 2012, 43, 470–477. [CrossRef] [PubMed]

40



Nutrients 2020, 12, 2743

27. Singh, A.; Pezeshki, A.; Zapata, R.C.; Yee, N.J.; Knight, C.G.; Tuor, U.I.; Chelikani, P.K. Diets enriched
in whey or casein improve energy balance and prevent morbidity and renal damage in salt-loaded and
high-fat-fed spontaneously hypertensive stroke-prone rats. J. Nutr. Biochem. 2016, 37, 47–59. [CrossRef]
[PubMed]

28. Singh, A.; Zapata, R.C.; Pezeshki, A.; Knight, C.G.; Tuor, U.I.; Chelikani, P.K. Whey Protein and Its
Components Lactalbumin and Lactoferrin Affect Energy Balance and Protect against Stroke Onset and Renal
Damage in Salt-Loaded, High-Fat Fed Male Spontaneously Hypertensive Stroke-Prone Rats. J. Nutr. 2020,
150, 763–774. [CrossRef] [PubMed]

29. Tokajuk, A.; Zakrzeska, A.; Chabielska, E.; Car, H. Whey protein concentrate limits venous thrombosis in
rats. Appl. Physiol. Nutr. Metab. 2019, 44, 907–910. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

41





nutrients

Article

Dietary Supplementation with Selenium and Coenzyme Q10
Prevents Increase in Plasma D-Dimer While Lowering
Cardiovascular Mortality in an Elderly Swedish Population

Urban Alehagen 1,*, Jan Aaseth 2, Tomas L. Lindahl 3, Anders Larsson 4 and Jan Alexander 5

Citation: Alehagen, U.; Aaseth, J.;

Lindahl, T.L.; Larsson, A.; Alexander,

J. Dietary Supplementation with

Selenium and Coenzyme Q10

Prevents Increase in Plasma D-Dimer

While Lowering Cardiovascular

Mortality in an Elderly Swedish

Population. Nutrients 2021, 13, 1344.

https://doi.org/10.3390/nu13041344

Academic Editor: Yoshihiro

Fukumoto

Received: 26 February 2021

Accepted: 13 April 2021

Published: 17 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Division of Cardiovascular Medicine, Department of Health, Medicine and Caring Sciences,
Linköping University, SE-581 85 Linköping, Sweden

2 Research Department, Innlandet Hospital Trust, N-2381 Brumunddal, Norway; jaol-aas@online.no
3 Division of Clinical Chemistry and Pharmacology, Department of Biomedical and Clinical Sciences,

Linköping University, SE-581 85 Linköping, Sweden; tomas.lindahl@liu.se
4 Department of Medical Sciences, Uppsala University, SE-751 85 Uppsala, Sweden;

anders.larsson@medsci.uu.se
5 Norwegian Institute of Public Health, N-0403 Oslo, Norway; Jan.Alexander@fhi.no
* Correspondence: Urban.Alehagen@liu.se; Tel.: +46-10-103-0000

Abstract: A low intake of selenium is associated with increased cardiovascular mortality. This could
be reduced by supplementation with selenium and coenzyme Q10. D-dimer, a fragment of fibrin
mirroring fibrinolysis, is a biomarker of thromboembolism, increased inflammation, endothelial
dysfunction and is associated with cardiovascular mortality in ischemic heart disease. The objec-
tive was to examine the impact of selenium and coenzyme Q10 on the level of D-dimer, and its
relationship to cardiovascular mortality. D-dimer was measured in 213 individuals at the start
and after 48 months of a randomised double-blind placebo-controlled trial with selenium yeast
(200 μg/day) and coenzyme Q10 (200 mg/day) (n = 106) or placebo (n = 107). The follow-up time was
4.9 years. All included individuals were low in selenium (mean 67 μg/L, SD 16.8). The differences
in D-dimer concentration were evaluated by the use of T-tests, repeated measures of variance and
ANCOVA analyses. At the end, a significantly lower D-dimer concentration was observed in the
active treatment group in comparison with those on placebo (p = 0.006). Although D-dimer values
at baseline were weakly associated with high-sensitive CRP, while being more strongly associated
with soluble tumour necrosis factor receptor 1 and sP-selectin, controlling for these in the analysis
there was an independent effect on D-dimer. In participants with a D-dimer level above median
at baseline, the supplementation resulted in significantly lower cardiovascular mortality compared
to those on placebo (p = 0.014). All results were validated with a persisting significant difference
between the two groups. Therefore, supplementation with selenium and coenzyme Q10 in a group of
elderly low in selenium and coenzyme Q10 prevented an increase in D-dimer and reduced the risk of
cardiovascular mortality in comparison with the placebo group. The obtained results also illustrate
important associations between inflammation, endothelial function and cardiovascular risk.

Keywords: D-dimer; intervention; elderly; cardiovascular mortality; selenium; coenzyme Q10

1. Introduction

D-dimer is a fragment of degraded fibrin and reflects the activation of fibrinolysis and
thrombosis, but also the activity of peripheral artery disease [1]. It is thus an indicator of the
fibrin turnover [2]. The most common indications for use of D-dimer are in the diagnosis
of venous thromboembolism [3–7], for the exclusion of pulmonary embolism [8] and in the
evaluation of recanalisation of pulmonary emboli after anticoagulation [9]. D-dimer is one
of the most commonly used biomarkers in clinical medicine [10]. The assay is mainly based
on antibodies against D-dimer [11], and as different antibodies are used in commercial kits,
there is some variability in the obtained measurements [12].

Nutrients 2021, 13, 1344. https://doi.org/10.3390/nu13041344 https://www.mdpi.com/journal/nutrients
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After successful electro-conversion, the level of D-dimer is reduced in patients with
atrial fibrillation; hence, it is believed that the velocity and turbulence of the blood flow
is important for the level of D-dimer as well [13–15]. However, the occurrence of emboli
in atrial fibrillation as a reason for the increased level of D-dimer cannot be ignored. An
increased level of D-dimer has also been associated with increased mortality in patients
with heart failure [16] and ischaemic heart disease [17,18]. In patients with myocardial
infarction, an association between an increased level of D-dimer and increased risk of
mortality after a percutaneous coronary intervention has been reported [19,20]. This
relation between D-dimer and mortality risk could be explained by the thrombus area
in patients with concomitant pulmonary emboli, but there is also a reported association
between the myocardial infarct area and level of D-dimer and mortality risk [21]. Hence,
D-dimer also could contribute to prognostic cardiovascular risk information, as has also
been reported by Bai et al. [22].

Clinical interpretation of D-dimer-values is complicated by the fact that D-dimer
increases with age for patients over 50 years [23]. Furthermore, elevated levels of D-dimer
could also be the result of inflammatory activity in the absence of thromboembolism [24].
It has been reported that D-dimer and C-reactive protein (CRP) both provide prognos-
tic information in patients with acute coronary syndromes [25], probably based on the
close relation between inflammation and ischaemic heart disease. Recently, a matter of
discussion has been the intimate relation between D-dimer and endothelial function, where
a dysfunction is an important step in the development of inflammation and structural
damage [26]. Therefore, it is of interest to more broadly investigate the inflammatory
response by examining the D-dimer response following supplementation with selenium
and coenzyme Q10. In this context, it is interesting to note that several reports have demon-
strated the prognostic properties of D-dimer in patients with COVID-19 disease [22–24]
emphasising the important association between D-dimer and inflammation and disease
prognosis [27–29].

Our group has previously reported that in an elderly population with symptoms that
could be interpreted as heart failure, D-dimer had prognostic information regarding risk
of cardiovascular mortality during a follow-up time of more than five years [30]. Even
if exclusion of those with atrial fibrillation or dilated atria as seen on echocardiography,
or development of malignant disease during the follow-up time [31,32], the prognostic
information remained. Therefore, we assume that an association between D-dimer concen-
tration and cardiovascular disease exists, due for example to increases in atherosclerosis
again resulting in a hypercoagulable state [33,34]

Selenium is an essential trace element needed for any human cell in order to fulfil nor-
mal cellular functions [35,36]. However, because of soil low in selenium, the dietary intake
of selenium is low in European regions, with an estimated intake in European countries
of <50 μg/day [37]. In order to obtain an optimal cellular function, the required intake of
selenium is at least 75 μg/day of selenium for adult Caucasians [38]. However, to obtain
an optimal expression of one of the important selenoproteins; for selenoprotein P, which
distributes selenium from the liver to peripheral tissues, a daily intake of 100–150 μg/day
of selenium is required [39]. Moreover, in conditions with increased oxidative stress and
during inflammation, the need for selenium is increased [40]. These requirements can be
met for persons living in regions with an adequate selenium content of the soil, as in the
USA. However, in healthy, elderly community-living persons in Sweden, our group has
previously reported increased cardiovascular mortality associated with a low intake of
selenium [41].

Coenzyme Q10 is present in all human cells, where it is active in the mitochondrial
respiratory chain, but it is also an important lipid soluble antioxidant. The endogenous
production of coenzyme Q10 declines with age, and at the age of 80, the endogenous
myocardial production of coenzyme Q10 is about half that at 20 years of age [42,43].

Cytosolic selenoenzyme thioreductase1 plays a major role in reducing ubiquinone (the
oxidised form of coenzyme Q10) to ubiquinol, the active, reduced form of coenzyme Q10.
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For an optimal functioning, the cell is both dependent on an adequate supply of coenzyme
Q10 and synthesis of selenoproteins. An insufficiency in selenium and reduced thioredoxin
reductase activity could therefore result in decreased concentrations of active coenzyme
Q10 (ubiquinol) in the cell. This important relationship between selenium and coenzyme
Q10 has been known about for a long time [44,45].

Our group has previously observed effects by combined intervention with selenium
and coenzyme Q10 on several biomarkers for inflammation in a randomised clinical trial
on an elderly Swedish population. Thus, the levels of sP-selectin, CRP, osteopontin,
osteoprotegerin, soluble tumour necrosis factor receptor 1 (TNFr1) and soluble tumour
necrosis factor receptor 2 (TNFr2) were significantly lowered in those receiving active
treatment, as compared with those in the placebo group [46,47]. We also observed effects
on the biomarker levels of the von Willebrand factor and plasminogen activator inhibitor-1
indicating improved endothelial function in the verum group [48]. With this in mind,
we wanted to evaluate if an association between D-dimer levels and supplementation of
selenium and coenzyme Q10 exists, as D-dimer has also been reported to be associated
with endothelial function [26].

Apart from a small study from the former Eastern Germany on 61 patients with
myocardial infarction [49], we did not find any other report in the literature using the
combined supplementation with selenium and coenzyme Q10, which is why the presented
results are novel and interesting.

The aim of the present sub-study was to investigate a possible influence of supple-
mentation for four years with selenium and coenzyme Q10 on the level of D-dimer, with
emphasis on its role in cardiovascular mortality during 4.9 years of follow-up, in an elderly
Swedish population.

2. Methods

2.1. Subjects

From a rural municipality, all individuals living in the age between 69 and 88 years
were invited to participate in a study on epidemiology in 1998 (n = 1320). Out of those
876 decided to participate in the main project. In 2003, those still alive (n = 675) were
invited to participate in an intervention project with selenium and coenzyme Q10 as a
dietary supplement. Due to the fact that some individuals regarded the transportation
distance to the Health Center for inclusion as being too long, the number who agreed to
participate were 589 individuals. Out of those, 443 individuals in the age 70–88 years agreed
to participate in the intervention project. The supplementation consisted of selenium and
coenzyme Q10, or placebo given over four years, and where blood samples were drawn
every 6 months [50]. All participants in the intervention study had a suboptimal pre-
intervention serum selenium level, mean 67 μg/L (SD 16.8) (equivalent to an estimated
daily intake of 35 μg/day), and this is below what is regarded as an adequate selenium
concentration of ≥100 μg/L [51].

In the present sub-analysis on impact on D-dimer, from the group of 443 participants
in the intervention, we excluded individuals with conditions known to influence the
concentration of D-dimer: atrial fibrillation and/or on treatment with anticoagulants
(n = 50), participants with malignancies (n = 17) or the dimension of the left atrium > 40
mm (n = 163). The final population consisted of 213 individuals. Of those, 106 individuals
were on active treatment, and 107 individuals were on placebos.

In the main project, the participants received supplementation of 200 mg/day of
coenzyme Q10 capsules (Bio-Quinon 100 mg B.I.D, Pharma Nord, Vejle, Denmark) and
200 μg/day of organic selenium yeast tablets (SelenoPrecise 100 μg B.I.D, Pharma Nord,
Vejle, Denmark) (n = 221), or a similar placebo (n = 222) over 48 months. After this time,
the intervention was finished. The study tablets were taken in addition to any regular
medication. All study medications (active drug and placebo) not consumed were returned
and counted. One of three experienced cardiologists examined all study participants at the
inclusion. Besides a new clinical history, a clinical examination was performed at inclusion
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and after the study period, including blood pressure, there was an assessment using the
New York Heart Association functional class (NYHA class) as well as an electrocardiogram
(ECG) and Doppler-echocardiography. Echocardiographic examinations were performed
with the participant in the left lateral position. The ejection fraction (EF) readings were
categorised into four classes: 30%, 40% and 50% [52,53]. Normal systolic function was
defined as EF ≥ 50%, while severely impaired systolic function was defined as EF < 30%.
Only the systolic function was evaluated. The inclusion started in January 2003 and finished
in February 2010.

The exclusion criteria for the main project were: recent myocardial infarction (within
four weeks); planned cardiovascular operative procedure within four weeks; hesitation
concerning whether the candidate could decide for him/herself to participate in the study
or not, or doubt about whether he/she understood the consequences of participation;
serious disease that substantially reduced survival or when it was not expected that the
participant could cooperate for the full four-year period; other factors making participation
unreasonable, or drug/alcohol abuse [50]. Cardiovascular mortality (CV mortality) was
registered for all study participants for a follow-up period of 4.9 years. Information
regarding mortality was obtained from the National Board of Health and Welfare in
Sweden. It registers all deaths of Swedish citizens based on death certificates or autopsy
reports. All patients obtained written informed consent.

Cardiovascular mortality was defined as mortality due to myocardial infarctions,
cerebrovascular lesions, fatal cardiac arrythmias, heart failure and aortic aneurysms.

The result of the main study was that the actively treated group showed a significantly
increased cardiac systolic function, a reduced concentration of the cardiac peptide N-
terminal fragment of B-type natriuretic peptide (NT-proBNP), and significantly reduced
cardiovascular mortality [50]. As the result of the main study was surprising, several sub
studies were performed. This sub study is one of the different steps in order to obtain
better understanding of the mechanisms between supplementation as clinical results.

2.2. Biochemical Analyses

All blood samples were collected at start of the study, and after 48 months, and were
drawn with the participants resting and in a supine position. Pre-chilled, EDTA vials for
plasma were used. The vials were centrifuged at 3000× g, +4 ◦C, and were then frozen at
−70 ◦C. No sample was thawed more than once.

2.3. Determination of D-Dimer

Blood was collected in Vacutainer tubes containing 1/10 volume sodium citrate
0.11 mol/L and stored at −70 ◦C until analysis. The samples were analysed utilising an
automated micro-latex D-dimer reagent, MRX-143, from Medirox (Nyköping, Sweden)
using ACL Top analyser (Instrumentation Laboratories, Milan, Italy). The precision was
good; for a low control at mean concentrations of 0.39 mg/L (n = 917) and a high control at
0.96 mg/L (n = 526), the total imprecision was 7.3% and 2.9%, respectively.

2.4. Statistical Methods

Descriptive data are presented as percentages or mean ± standard deviation (SD). A
Student’s unpaired two-sided T-test was used for continuous variables and the chi-square
test was used for analysis of one discrete variable. Kaplan–Meier evaluations of all-cause
and cardiovascular mortality were made for both the active treatment and placebo groups.
The term ‘censored participants’ refers to those still living at the end of the study, or who
had died for reasons other than cardiovascular disease. ‘Completed participants’ refers to
those who had died due to cardiovascular disease. Repeated measures of variance were
used in order to obtain better information on the individual changes in the concentration
of the biomarker analysed, compared to group mean values.

In the analysis of covariance (ANCOVA) evaluation, both transformed and non-
transformed data were applied, with no significant difference in the results.
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In the ANCOVA evaluation, the D-dimer concentration after 48 months was used as
an independent variable. In the model, adjustments were made for smoking, hypertension,
diabetes, ischaemic heart disease (IHD), NYHA class III, Hb < 120 g/L, statin treatment,
P-selectin at inclusion, endostatin at inclusion, soluble tumor necrosis factor receptor 1
(sTNF-r1) at inclusion, sTNF-r2 at inclusion, Growth differentiation factor 15 (GDF-15) at
inclusion, D-dimer at inclusion and supplementation with selenium and coenzyme Q10.

p-values < 0.05 were considered significant, based on a two-sided evaluation. All data
were analysed using standard software (Statistica v. 13.2, Dell Inc., Tulsa, OK, USA).

3. Results

In Table 1 the baseline characteristics for the active treatment and the placebo groups
are presented. It is seen that the two groups are reasonably well balanced with regard to
the co-variates analysed.

Table 1. Baseline characteristics of the study population receiving dietary supplementation of
selenium and coenzyme Q10 combined or placebo during four years.

Active Treatment Group
n = 106

Placebo Group
n = 107

p-Value

Age years, mean (SD) 77.0 (3.7) 77.0 (3.3) 0.36
Gender, Males/Females 43/64 46/61

History
Diabetes, n (%) 25 (23.6) 21 (19.6) 0.51
Smoking, n (%) 9 (8.5) 12 (11.2) 0.50
Hypertension, n (%) 75 (70.8) 75 (70.1) 0.92
IHD, n (%) 18 (17.0) 22 (20.6) 0.50
NYHA class I, n (%) 54 (50.9) 57 (53.3) 0.73
NYHA class II, n (%) 33 (31.1) 26 (24.3) 0.27
NYHA class III, n (%) 19 (17.9) 23 (21.5) 0.51
NYHA class IV, n (%) 0 0

Medications
ACEI/ARB, n (%) 18 (17.0) 20 (18.7) 0.74
Beta blockers, n (%) 32 (30.2) 24 (22.4) 0.20
Diuretics, n (%) 29 (27.4) 32 (29.9) 0.68
Statins, n (%) 20 (18.9) 20 (18.7) 0.97

Examinations
EF < 40%, n (%) 2 (1.9) 7 (6.5) 0.20
s-selenium pre-intervention μg/L,
mean (SD) 67.6 (14.8) 66.3 (15.8) 0.98

Note: ACEI: ACE- inhibitors; ARB: Angiotension receptor blockers; EF: Ejection fraction; IHD: Ischemic heart
disease; NYHA: New York Heart Association functional class; SD: Standard Deviation. Note: Values are means ±
SDs or frequency (percent). Note: Student’s unpaired two-sided t-test was used for continuous variables and the
chi-square test was used for analysis of one discrete variable.

From the evaluations, 46 out of 213 (22%) had diabetes, 150 out of 213 (70%) had
hypertension, 40 out of 213 (19%) had ischaemic heart disease and nine out of 213 (4%)
had impaired systolic cardiac function defined as an EF of less than 40%. The population
evaluated could be considered as representative for an elderly Swedish population. Upon
analysing the association between D-dimer and age at the study start, a significant asso-
ciation was noted (r = 0.20; p = 0.003). The mean concentration of D-dimer did not differ
between males and females (females: 0.32 mg/L (SD 0.31) vs. males: 0.32 mg/L (SD 0.58);
p = 0.98). The sub-population studied was followed for 4.9 years from 2003 regarding
mortality.

3.1. Relation between D-Dimer and Biomarkers for Inflammation at Study Start

As D-dimer has been reported to be associated with biomarkers of inflammation, we
examined whether D-dimer was associated with hs-CRP (high sensitive CRP). A weak
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non-significant association was seen (r = 0.10; p = 0.17). However, the size of the association
found is as reported by Folsom et al. (r = 0.13) [18]. Stronger associations were seen
between D-dimer and soluble tumour necrosis factor (TNF) receptor 1, (r = 0.35; p > 0.0001),
and soluble TNF receptor 2 (r = 0.24; p = 0.01). We also found a significant association with
sP-selectin (r = 0.17; p = 0.01), another biomarker for inflammation, which is also a marker
for platelet activation.

3.2. Effect of Supplementation on the Concentration of D-Dimer

At inclusion, there was no significant difference in the mean concentration of D-dimer
between the two groups (active: 0.29 mg/L vs. placebo: 0.36 mg/L; p = 0.27). However,
after 48 months, a significant difference in the concentration of D-dimer between the two
groups could be seen (active: 0.22 mg/L vs. 0.34 mg/L; T-value: 2.80; p = 0.006).

As a validation of the results obtained, we performed a repeated measures of variance
analysis (Figure 1). From this evaluation, the difference between the two groups, active vs.
placebo, was still significant (F (1, 111) = 5.11; p = 0.026).

As a second step in the validation of the obtained results, an ANCOVA analysis was
performed (Table 2).

Table 2. Analysis of covariance using D-dimer after 48 months as dependent variable.

Effects Mean Squares Degrees of Freedom F p

Intercept 0.24 1 6.35 0.01

Smoker 0.01 1 0.39 0.53

Hypertension 0.11 1 2.92 0.09

Diabetes 0.02 1 0.66 0.42

IHD 0.001 1 0.03 0.86

NYHA III 0.005 1 0.13 0.72

Hb < 120g/L 0.02 1 0.47 0.49

Statin treatment 0.08 1 2.16 0.15

p-selectin incl 0.002 1 0.04 0.84

hsCRP incl 0.0002 1 0.004 0.95

Endostatin incl 0.30 1 8.08 0.006

sTNF-r1 incl 0.009 1 0.23 0.63

sTNF-r2 incl 0.25 1 6.73 0.01

GDF-15 incl 0.12 1 3.14 0.08

D-dimer incl 0.95 1 25.6 0.000002

Active treatment 0.37 1 9.89 0.002

Error 0.04 1
Note: GDF-15: Growth/differentiation factor 15; HsCRP: High sensitivity assay of CRP; IHD: Ischemic heart
disease; NYHA: New York Heart Association functional class III; sTNF-r1: Tumor necrosis factor receptor 1;
sTNF-r2: Tumor necrosis factor receptor 2.

We found a significantly lower concentration of D-dimer (p = 0.002) in those supple-
mented with selenium and coenzyme Q10, also after adjusting for co-variates that might
influence the concentration of D-dimer, like the CRP, sP-selectin, TNF-r1, TNf-r2, endostatin
and GDF-15, all of which being biomarkers of inflammation.

3.3. Effect of Supplementation with Selenium and Coenzyme Q10 on Mortality

This sub-study population was followed during a median follow-up period of 4.9 years
from 2003. As the study population was relatively small, we chose to evaluate the groups
where the risk of mortality was highest. As it has been shown that an increased level of
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D-dimer increases this risk, we chose to include those with a concentration of D-dimer
above the median (0.21 mg/L) at baseline for an evaluation of CV mortality. A significantly
lower fraction suffering from CV mortality was seen in those on active treatment, compared
with those on placebo (active treatment: one out of 53 vs. placebo: eight out of 52; χ2:
6.10; p = 0.014). When comparing all-cause mortality in the two groups, the mortality in
the placebo group was twice that in the active treatment group, but this difference did
not reach statistical significance (active treatment: five out of 53 vs. placebo: 10 out of
52; χ2: 2.06; p = 0.15). Of note, the groups were small, which probably contributed to the
non-significance of the latter difference.

 

Figure 1. Concentration of D-dimer at the start of the project and after 48 months in the selenium and coenzyme Q10

treatment group compared to the placebo group in the study population. Evaluation performed by use of repeated measures
of variance methodology. Current effect: (F (1, 111) = 5.11; p = 0.026). Vertical bars denote 0.95 confidence intervals. Blue
curve: Placebo; Red curve: Active treatment group. Bars indicate ±95% CI.

In order to validate the obtained differences in CV mortality between those on active
treatment versus those on placebo, a Kaplan–Meier analysis was performed (Figure 2).
From that, it could be seen that significantly fewer participants suffered from CV mortality
among those who were given active treatment, as compared to those on placebo (z = 2.39;
p = 0.017).
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Figure 2. Kaplan–Meier graph illustrating cardiovascular mortality in participants with a D-dimer level above median
(0.21 mg/L) and given selenium and coenzyme Q10 treatment versus those on placebo during a follow-up period of 4.9 years.
Note: Censored participants were those still living at the end of the study period, or who had died for reasons other than
cardiovascular disease. Completed participants were those who had died due to cardiovascular disease.

3.4. Impact of Supplementation on D-Dimer Levels in Participants with Hypertension or Ischaemic
Heart Disease

We conducted a sub-group analysis on participants with hypertension, and/or with
ischaemic heart disease, diseases where inflammation is an inseparable part of the picture.
In this sub-population, we evaluated the group with a D-dimer concentration above the
median (>0.21 mg/L) at baseline. Also in this group, we found a significant difference in
impact of the treatment on D-dimer concentration between those on active treatment and
those on placebo, when applying the repeated measures of variance methodology (F (1, 75)
= 6.23; p = 0.015) (Figure 3).

Upon analysing mortality, we found that those on active treatment had a significantly
lower CV mortality, compared with those on placebo (active: one out of 46 vs. placebo:
six out of 41; χ2: 4.55; p = 0.033). There was no significant difference in all-cause mortality
(active: four out of 46 vs. placebo: eight out of 41: χ2: 2.13; p = 0.14). However, these groups
were small, and consequently the results should be interpreted with caution.
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Figure 3. Concentration of D-dimer at the start of the project and after 48 months in the selenium and coenzyme Q10

treatment group compared to the placebo group in a sub-group of the study population consisting of participants with
hypertension or ischaemic heart disease. Evaluation performed by use of repeated measures of variance methodology.
Current effect: (F (1, 75) = 6.23; p = 0.015). Vertical bars denote 0.95 confidence intervals. Blue curve: Placebo; Red curve:
Active treatment group. Bars indicate ±95% CI.

4. Discussion

The present evaluations of the effect of supplementation with selenium and coenzyme
Q10 on the level of D-dimer in an elderly community-living population in Sweden has
shown that this treatment prevented an increase in D-dimer levels, as compared with the
placebo group in which the levels appeared to increase. Also, in a sub-group analysis of
patients with hypertension or ischemic heart disease, a significantly lower concentration
of D-dimer as a result of the supplementation was observed. In those with a D-dimer
level above the median at baseline, the supplementation resulted in significantly lower
cardiovascular mortality compared with those on placebo. Although the studied subjects
had a low serum selenium at inclusion (mean 67 μg/L, SD 16.8), which is lower than
recommended [51], we consider the studied group to be representative for an elderly
Swedish population.

From the main study (referred to as the KiSel-10 project), we have previously disclosed
that intervention with selenium and coenzyme Q10 caused reduced levels of biomarkers of
inflammation [34,35]. As regards this elderly population with a suboptimal selenium status,
our group has also observed a significant reducing effect on von Willebrand factor, and
plasminogen activator inhibitor-1, by the supplementation with selenium and coenzyme
Q10 [48]. These latter biomarkers, which are indicators of endothelial function, suggest
development of dysfunction in non-supplemented elderly controls. In the present study,
we aimed at focusing on D-dimer as an additional biomarker for endothelial dysfunction.
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The sub-population included here was selected with the aim of eliminating clinical
conditions (atrial fibrillation, increased left atrium size, treatment with anticoagulants and
malignancies) known to increase the level of D-dimer. As a result, the sample size was
reduced by about 50%. To compensate for the increased uncertainty of the results based
on the small study samples, we performed a two-step validation process; first through
repeated measures of variance, and then through ANCOVA evaluation, and for mortality
through Kaplan–Meier survival analyses. From these analyses, it remained clear that in the
elderly Swedish population under investigation with supplementation of selenium and
coenzyme Q10 had a significantly lower D-dimer concentration than those on placebo by
preventing the increase in D-dimer concentration that seemed to take place among those
on placebo.

An important issue is whether the elevated level of D-dimer in the studied cohort is
a result of thromboembolism—which secondarily results in an increased level of inflam-
mation, or whether inflammation per se resulted in an increased level of D-dimer in the
absence of thrombus formation. Previous studies have indicated that an increased level of
D-dimer could result from an increased non-specific inflammation without any on-going
thromboembolism [54,55]. Our present results could thus be explained by the previously
reported increase in inflammatory activity in elderly populations [34,35]. However, it is
to be noted that even if adjusted for biomarkers of inflammation as co-variates, an inde-
pendent reduction in the level of D-dimer persisted as a result of the supplementation
with selenium and coenzyme Q10. This indicates an association between D-dimer and the
supplementation beyond the role of D-dimer as a biomarker solely of inflammation.

In accordance with previous observations [56,57], we found a significant positive
association between age and D-dimer in our population. Thus, the participants on placebo
showed a substantial increase in the D-dimer level. This association could be a result
of an increased level of inflammation as part of the normal ageing process in “healthy”
subjects or could be an indicator on pathological inflammatory activity in the apparently
selenium-deficient population evaluated [35]. It appears that an increase in D-dimer
besides a reported positive association with inflammation, also is positively associated with
endothelial dysfunction. Therefore, in those with a low baseline selenium concentration
supplementation with selenium and coenzyme Q10 could prevent the increase in D-dimer
observed in the placebo group and thereby inflammation and endothelial dysfunction, and
also decrease the cardiovascular risk.

5. Limitations

The population analysed in this study was of a relatively small size. This increases
therefore the uncertainty of the obtained results. However, as we used a two-step validation
process, we argue that the results are likely to be correct. Even if the size of the study
population is small, we regard the results as being interesting from a scientific point of
view, and for hypothesis-generating.

The included participants represented a relatively narrow age stratum, so it is not
possible to extrapolate the results to other age groups without uncertainty.

Finally, as the evaluated population consisted of Caucasians who were low in selenium
and coenzyme Q10, it is not necessarily true that the obtained results could be extrapolated
to another population.

6. Conclusions

D-dimer, a fragment of cleaved fibrin, reflects the fibrinolytic process, which is why
it is used in clinical routines to rule out a possible thromboembolic process. However, D-
dimer is also intimately related to inflammatory activity and also to endothelial dysfunction.
In this report, an elderly community-living population with a relative selenium deficiency
was given a dietary supplement consisting of selenium and coenzyme Q10. While the level
of D-dimer in the placebo group increased during the intervention period, it remained
unchanged or was slightly reduced in those on active treatment. After 48 months, D-
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dimer was significantly lower in the active treatment group in comparison with those on
placebo. The results were validated through repeated measures of variance methodology
and ANCOVA analyses.

We observed a significantly reduced CV mortality among those with a high D-dimer
level when given selenium and coenzyme Q10, as compared to those on placebo. In a sub-
group analysis of patients with hypertension or ischemic heart disease, the significantly
lower concentration of D-dimer as a result of the supplementation could be demonstrated.
High D-dimer levels in the present elderly population may reflect age-related inflammatory
activity, although D-dimer may impact cardiovascular pathology beyond its role as a
biomarker of inflammation.

The demonstrated results might be of interest for follow-up studies, although the
present sample size was small. The results should be regarded as hypothesis-generating
and it is hoped they will stimulate more research within the same area.
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Abstract: The impact of glucose fluctuation on intracranial artery stenosis remains to be elucidated.
This study aimed to investigate the association between glucose fluctuation and intracranial artery
stenosis. This was a cross-sectional study of type 2 diabetes mellitus (T2DM) patients equipped
with the FreeStyle Libre Pro continuous glucose monitoring system (Abbott Laboratories) between
February 2019 and June 2020. Glucose fluctuation was evaluated according to the standard deviation
(SD) of blood glucose, coefficient of variation (%CV), and mean amplitude of glycemic excursions
(MAGE). Magnetic resonance angiography was used to evaluate the degree of intracranial artery
stenosis. Of the 103 patients, 8 patients developed severe internal carotid artery (ICA) siphon stenosis
(≥70%). SD, %CV, and MAGE were significantly higher in the severe stenosis group than in the
non-severe stenosis group (<70%), whereas there was no significant intergroup difference in the
mean blood glucose and HbA1c. Multivariable logistic regression analysis adjusted for sex showed
that SD, %CV, and MAGE were independent factors associated with severe ICA siphon stenosis. In
conclusion, glucose fluctuation is significantly associated with severe ICA siphon stenosis in T2DM
patients. Thus, glucose fluctuation can be a target of preventive therapies for intracranial artery
stenosis and ischemic stroke.

Keywords: continuous glucose monitoring; glucose fluctuation; intracranial artery stenosis; mean
amplitude of glycemic excursions; standard deviation

1. Introduction

It was estimated that 451 million individuals globally have diabetes mellitus (DM) in
2017 [1]. DM is a major cause of blindness, kidney failure, heart attacks, stroke, and lower
limb amputation. Long-term management of DM can prevent atherosclerotic cardiovascu-
lar disease (ASCVD) such as ischemic stroke or acute coronary syndrome. Patients with
severe intracranial artery stenosis have the highest rate of recurrent stroke [2,3]. There have
been various reports on the relationship between DM and intracranial artery stenosis [4,5],
but the findings have been conflicting. Although some studies reported that elevated
hemoglobin A1c (HbA1c) and fasting blood glucose levels are associated with intracranial
artery stenosis [6], others showed no correlations [7]. Thus, the usefulness of HbA1c and
fasting blood glucose levels as predictors of intracranial artery stenosis remains unclear.

There are various indicators for blood glucose control in patients with DM; these
include hemoglobin A1c (HbA1c) and glycoalbumin. However, these indicators only reflect
the mean blood glucose level for a certain period and cannot reflect glucose fluctuation.
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Atherosclerotic stenosis such as intracranial artery stenosis and coronary artery stenosis
are major complications of DM. Glucose fluctuation can cause atherosclerosis because it
induces chronic inflammation and oxidative stress in the vasculature [8]. Thus, prevention
of atherosclerosis in patients with DM requires targeting glucose fluctuation. Continuous
glucose monitoring (CGM) systems, such as the FreeStyle Libre Pro, have been recently
approved for use in clinical practice. In contrast to self-monitoring of blood glucose (SMBG)
where up to 80% of hypoglycemia and hyperglycemia can be missed [9], CGM enables a
continuous monitoring of blood glucose levels and fluctuations.

Recent clinical studies have shown that blood glucose fluctuation is related to AS-
CVD [7,10–12]. Furthermore, glucose fluctuation could predict prognosis after acute coro-
nary syndrome [13]. However, although blood glucose fluctuation is associated with the
risk of many cardiovascular diseases, the relationship between blood glucose fluctuation
and intracranial artery stenosis remains unclear. Therefore, this study aimed to investigate
the relationship between glucose fluctuation and intracranial artery stenosis in type 2 DM
(T2DM) patients who are using the FreeStyle Libre Pro continuous glucose monitoring
system.

2. Materials and Methods

2.1. Study Design and Patients

This retrospective, observational, cross-sectional study was performed at the National
Cerebral and Cardiovascular Center (NCVC), Suita, Osaka, Japan. This study is part of an
ongoing prospective longitudinal study on the relationship between glucose fluctuation
and cognitive function in T2DM (PROPOSAL Study: Trial Registration, University Hospital
Medical Information Network Clinical Trial Registry (UMIN000038546)) [14].

T2DM patients with mild cognitive impairment (MCI) were enrolled in the registry
between February 2019 and June 2020. The PROPOSAL Study is aimed at evaluating
the relationships between glucose fluctuation indices assessed by CGM and cognitive
function among elderly patients with T2DM. Therefore, patients are limited to those aged
65–85 years. T2DM was diagnosed according to the Japan Diabetes Society criteria. MCI
was diagnosed based on the clinical course and a score of 17–25 on the Japanese version
of Montreal Cognitive Assessment scale [14–16]. Carotid artery stenosis was evaluated
according to the North American Symptomatic Carotid Endarterectomy Trial method [17].
Patients with ≥80% carotid artery stenosis [18] or those undergoing renal replacement
therapy [19] were excluded because these conditions could affect cognitive function. Ad-
ditionally, those taking antidementia drugs or having underlying comorbidities affecting
cognitive function (depression, thyroid dysfunction, and vitamin B1, vitamin B12, and
folate deficiency) were excluded. Sex, age, baseline patient characteristics including current
smoking status, medical history such as hypertension or active use of antihypertensive
medications, dyslipidemia or active use of lipid-lowering agents, T2DM or antidiabetic
treatment, atrial fibrillation or antidiabetic treatment, medical history of percutaneous coro-
nary intervention or coronary artery bypass grafting (PCI/CABG), and former ischemic
stroke episode, were collected from the registry.

All subjects gave their informed consent for inclusion before they participated in the
study. The study was conducted in accordance with the Declaration of Helsinki, and the
protocol was approved by the Ethics Committee of NCVC (Project identification code
M30-110-3).

2.2. Imaging Protocol

Magnetic resonance imaging (MRI) was performed with a 3-Tesla system. The vessels
constituting the intracranial artery were defined as shown in Figure 1: (i) the A1 or A2
segment of the anterior cerebral arteries (ACA), (ii) the C1 to C5 segment of the intracranial
internal carotid arteries (ICA) categorized according to Fischer’s classification [20], (iii) the
P1 or P2 segment of the posterior cerebral arteries (PCA), and (iv) the M1 or M2 segment
of the middle cerebral arteries (MCA).
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Figure 1. Evaluated vessels comprising the intracranial arteries. Schematic of the intracranial arteries evaluated in this study.
(A) (i) The A1 or A2 segment of the ACA, (ii) the C1 to C5 segment of intracranial ICA, (iii) the P1 or P2 segment of the PCA,
and (iv) the M1 or M2 segment of the MCA. (B) Classification of intracranial ICA according to Fischer’s classification: C1,
from the ACA branch to the PComA branch; C2, from the proximal PComA branch to the ophthalmic artery branch; C3,
from the ophthalmic artery branch to the genu of the internal carotid artery; C4, in the cavernous sinus; and C5, from the
proximal cavernous sinus to the orifice of the carotid canal. Abbreviations: ACA, anterior cerebral artery; ICA, internal
carotid artery; MCA, middle cerebral artery; Oph.A, ophthalmic artery; PCA, posterior cerebral artery; PComA, posterior
communicating artery.

Magnetic resonance angiography (MRA) findings of the vessels constituting the in-
tracranial artery were independently read by two stroke neurologists (F.E. and A.T.) blinded
to the clinical information, to determine the anatomical variations. Disagreements were re-
solved through a joint assessment until consensus was reached. The percentage of stenosis
for each vessel was listed in 5% increments.

Percent stenosis was measured using the Warfarin-Aspirin Symptomatic Intracranial
Disease (WASID) method [21]. The percentage was calculated by MRA using a previous
method as follows: (1) the most severe stenosis spot on the maximum-intensity projection or
axial source images was measured using the time-of-flight method; then, (2) we measured
at the widest, non-tortuous, normal portion of the petrous ICA parallel to the site of
stenosis [22]. Intracranial artery stenosis was evaluated on the side with the stronger
stenosis. The degree of stenosis was categorized into two categories as severe stenosis (i.e.,
≥70% stenosis [3] at specific segments of the intracranial artery: A1 or A2 segment of the
ACA, C1-C5 segment of the ICA, P1 or P2 segment of the PCA, and M1 or M2 segment of
the MCA) and non-severe stenosis (i.e., <70% stenosis), based on a previous report [23].

2.3. Continuous Glucose Monitoring

The FreeStyle Libre Pro continuous glucose monitoring (FLP-CGM) system (Abbott
Laboratories, Chicago, IL, USA) is an interstitial glucose monitoring device with an estab-
lished accuracy [24]. The FLP sensor is disposable and inserted on the back of an upper
extremity for up to 14 days. A unique feature of the sensor is that calibration is not re-
quired using SMBG, and after it is removed, data can be downloaded, and glucose profiles
evaluated. In this study, the mean glucose, standard deviation (SD), percent coefficient of
variation (%CV) [25], and the mean amplitude of glycemic excursions (MAGE) [26] were
calculated to evaluate glucose fluctuation. Considering the concerns about the lack of the
accuracy of the date at day 1 [24], we used the data from day 2 to the end of recording
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(maximally, day 14). Additionally, patients in whom blood glucose fluctuations were not
measured by CGM within 7 days were excluded according to former protocols [27].

2.4. Statistical Analyses

Continuous variables are shown as the mean ± standard deviation and compared
using a t-test if data were normally distributed. Meanwhile, categorical variables are
shown as frequencies and percentages and compared using Fisher’s exact test. Agreement
in stenosis assessments between the two physicians was assessed using weighted kappa
statistics. These statistics are appropriate when there are more than two ordered categories
and adjust for chance agreement and degree of disagreement between raters. Logistic
regression models were used to evaluate the associations of each glucose fluctuation factor
with severe and non-severe intracranial stenosis. Univariable logistic regression models
were used to calculate odds ratios (ORs) and 95% confidence intervals (CIs). Sex, age,
current smoking, duration years of T2DM, medical history of hypertension, dyslipidemia,
atrial fibrillation, former ischemic stroke episode, and PCI/CABG were entered in the
univariable models. Multivariable logistic regression analyses were performed using
covariates significantly associated with intracranial stenosis in univariable models.

All statistical analyses were conducted by two physicians (F.E. and Y.N.) using JMP
14.0.0 statistical software (SAS Institute Inc., Cary, NC, USA) and Stata 15.1 software
(StataCorp, College Station, TX, USA). A p value of <0.05 was considered statistically
significant.

3. Results

3.1. Baseline Patient Characteristics

The patient inclusion flow chart is shown in Figure 2. Of the 109 T2DM patients
enrolled in the registry, 103 patients with a mean age of 76 ± 5 years (females, 30%) were
included in the current analysis. Six patients were excluded due to missing baseline data
(n = 4), non-availability for MRI (n = 1), and evaluation with 1.5 Tesla system for MRI
(n = 1). CGM data of all 103 patients were obtained.

Figure 2. Patient inclusion flow chart. Blood glucose fluctuations were measured via CGM for at least 7 days in all patients.
Abbreviations: CGM, continuous glucose monitoring; MCI, mild cognitive impairment; MRI, magnetic resonance imaging;
T2DM, type 2 diabetes mellitus.

The patient’s baseline characteristics stratified according to the WASID method are
shown in Table 1.
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Table 1. Baseline patient characteristics by degree of internal carotid artery siphon stenosis.

Intracranial Internal Carotid Artery Siphon Stenosis

Variables Severe (n = 8) Non-Severe (n = 95) p Value

Baseline demographics
Female (%) 6 (75) 26 (27) 0.01
Age, years 76 ± 5 76 ± 5 0.63
Cerebrovascular risk factors
Hypertension (%) 6 (75) 88 (93) 0.14
Dyslipidemia (%) 8 (100) 83 (87) 0.59
Current or past smoking (%) 3 (38) 54 (57) 0.46
Atrial fibrillation (%) 1 (13) 16 (17) 1.00
Medical history of
percutaneous coronary
intervention or coronary
artery bypass grafting (%)

4 (50) 41 (44) 0.73

Ischemic stroke episode (%) 3 (38) 42 (45) 1.00
Diabetes mellitus
Duration, years 26 ± 10 23 ± 11 0.32
HbA1c at registration, % 7.8 ± 0.9 7.5 ± 0.9 0.47
Blood glucose at registration,
mg/dL 136 ± 42 150 ± 42 0.54

Blood glucose (CGM average),
mg/dL 148 ± 25 136 ± 28 0.19

SD, mg/dL 53 ± 12 39 ± 10 <0.01
%CV 36 ± 7 29 ± 6 <0.01
MAGE, mg/dL 114 ± 18 90 ± 23 <0.01

Continuous variables are shown as the mean (± SD), while categorical variables are shown as frequencies and percentages. Abbreviations:
HbA1c, hemoglobin A1c; CGM, continuous glucose monitoring; SD, standard deviation; %CV, coefficient of variation; MAGE, mean
amplitude of glycemic excursions.

3.2. Head Magnetic Resonance Angiography Findings

Of the 103 patients examined, 8 patients presented with severe (≥70%) ICA siphon
stenosis (severe stenosis group: 8%), while 95 patients presented non-severe (<70%) ICA
siphon stenosis (non-severe stenosis group: 92%). Among these 95 patients, 48 and 47
patients had moderate (50–70%) and mild (0–50%) ICA siphon stenosis, respectively. A
representative case of severe stenosis of the left ICA siphon on MRA is shown in Figure 3.

Except ICA siphon, severe stenoses (≥70%) were not observed in any other intracranial
arteries. In addition, moderate stenoses (50–70%) were only observed at the M1 portion of
the MCA in 3 of the 103 patients. Regarding the consistency of intracranial artery stenosis
evaluation, the inter-rater agreement of the quadratic weighted kappa statistic for the
evaluation of the vessels constituting the intracranial artery was 0.952, indicating high
consistency.
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Figure 3. A representative case of severe internal carotid artery siphon stenosis. (A) Magnetic resonance angiography
(MRA) showing the severe stenosis in the left internal carotid artery siphon (arrow). (B,C) MRA source images showing
74% stenosis of the internal carotid artery (ICA) siphon evaluated using the WASID method, with the narrowest portion (B,
between arrows; 1.0 mm) of the siphon ICA and the widest portion (C, between arrows; 3.8 mm) of the petrous ICA.

3.3. Association between Glucose Fluctuation and Intracranial Artery Stenosis

Compared with the non-severe stenosis group (n = 95), the severe stenosis group
(n = 8) showed significantly higher variability in the three indices of glucose fluctuation:
SD (53 mg/dL vs. 39 mg/dL, p < 0.01), %CV (36 vs. 29, p < 0.01), and MAGE (114 mg/dL
vs. 90 mg/dL, p < 0.01) (Table 1). Meanwhile, other vascular risk factors, such as smoking,
hypertension, dyslipidemia, mean blood glucose, HbA1c, and duration years of T2DM,
were not significantly different between the two groups (Table 1). Scatter plots showing the
relationships between glucose fluctuation and ICA siphon stenosis are shown in Figure 4.

In univariable analysis, the severe stenosis group showed significantly higher SD (OR,
3.60; 95% CI, 1.60–8.08; p < 0.01), %CV (OR, 7.85; 95% CI, 1.90–32.5; p < 0.01), and MAGE
(OR, 1.56; 95% CI, 1.11–2.20; p = 0.01). Multivariable logistic regression analysis showed
that these factors remained significantly associated with severe ICA siphon stenosis after
adjustment for sex (SD: OR, 3.00; 95% CI, 1.32–6.84; p < 0.01; %CV: OR, 5.55; 95% CI,
1.23–25.2; p = 0.03; and MAGE: OR, 1.52; 95% CI, 1.06–2.19; p = 0.02) (Table 2).
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Figure 4. Scatter plots showing relationships between glucose fluctuation and internal carotid artery siphon stenosis.
Glucose fluctuations assessed by standard deviation (SD) (A), coefficient of validation (%CV) (B), and mean amplitude of
glycemic excursions (MAGE) (C) are significantly higher in the severe stenosis group than in the non-severe stenosis group
(* p < 0.01).

Table 2. Multivariable analysis of influencing factors of stenosis adjusted for sex.

SD (10 mg/dL) %CV (/10) MAGE (10 mg/dL)

p Value p Value p Value

Crude OR
(95% CI)

3.60
(1.60–8.08) <0.01 7.85

(1.90–32.5) <0.01 1.56
(1.11–2.20) 0.01

Adjusted
OR

(95% CI)

3.00
(1.32–6.84) <0.01 5.55

(1.23–25.2) 0.03 1.52
(1.06–2.19) 0.02

Abbreviations: SD, standard deviation; CV, coefficient of variation; MAGE, mean amplitude of glycemic excur-
sions; OR, odds ratio; CI, confidence interval.

As for the cases with moderate (50–70%) and mild (0–50%) ICA siphon stenosis, there
was no significant intergroup difference in all variables including SD, %CV, and MAGE
(Table S1). There was also no significant intergroup difference in all variables including
SD, %CV, and MAGE for the cases with moderate (50–70%) and mild (0–50%) MCA M1
stenosis (Table S2).

4. Discussion

The relationship between blood glucose fluctuation and intracranial artery stenosis in
T2DM patients remains unclear. In this study, patients with severe ICA siphon stenosis
had higher blood glucose fluctuations as assessed with SD, %CV, and MAGE. Meanwhile,
there were no significant differences for other vascular risk factors, such as hypertension,
dyslipidemia, mean blood glucose levels, HbA1c, and duration in years of T2DM. To our
best knowledge, this is the first study to reveal the association between intracranial artery
stenosis and glucose fluctuation.
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There are several possible mechanisms by which blood glucose fluctuation causes
the atherosclerotic stenosis of the major intracranial arteries. Atherosclerosis is a complex
multifactorial disease and often causes diabetic macrovascular complications. Glucose
fluctuation plays a key role in the development of atherosclerosis. One of the most common
causative factors for atherosclerosis by glucose fluctuation is an increase in oxidative
stress due to a rapid blood glucose change that causes vascular endothelial damage.
Compared with chronic sustained hyperglycemia, glucose fluctuations induce a more
specific effect on oxidative stress [8]. Severe blood glucose fluctuation is known to lower
the number of vascular endothelial progenitor cells [28]. Blood glucose fluctuation is
also correlated with carotid intima media thickness (IMT) [29], which is an indicator of
subclinical atherosclerosis. Coronary plaque has been reported to be correlated with
glucose fluctuation [30].

Additionally, glucose fluctuation usually includes hyperglycemia and hypoglycemia,
and these are also associated with the presence and severity of cardiovascular disease in DM
patients [31]. Hyperglycemia increases the advanced glycation endproducts (AGEs), and
the binding of the AGEs to the receptor of AGEs induces oxidative stress and inflammation
via the NF-kappa B pathway, leading to atherosclerosis [32]. Furthermore, a meta-analysis
by Liang et al. showed that minimizing glucose fluctuation improved insulin resistance and
carotid IMT thickness, thus lowering the risk of cardiovascular disease [33]. Reductions in
glucose fluctuation by DPP-IV inhibitors can prevent atherosclerosis progression in T2DM
patients by lowering inflammation and oxidative stress [34].

However, there is still limited evidence on the association between glucose fluctuations and
cerebrovascular lesions. Glucose is the primary energy source for the brain, and severe glucose
fluctuations have been associated with numerous types of central nervous system damage [35].
Several studies demonstrated that oxidative stress and inflammation due to blood glucose
fluctuations impair the blood–brain barrier [36] or induce hypercoagulability and suppression
of the fibrinolytic system [37]. Blood glucose fluctuations also worsen the progression of
cerebral white matter lesions [38] and the prognosis of cerebral infarction [39,40]. Increasing
evidence shows that glucose fluctuation significantly increases oxidative stress, leading to
neuroinflammation and cognitive dysfunction [35]. However, the detailed mechanisms by
which glucose fluctuation causes cerebrovascular lesions remain to be elucidated, highlighting
the need for further studies.

With respect to the site of the intracranial artery stenosis, our study showed that
intracranial artery stenosis particularly occurred at the siphon portion of the ICA. Few
studies have examined the sites of intracranial artery stenosis. Atherosclerotic stenosis
often occurs at sites with complex hemodynamics, such as arteries with high curvature or
bifurcations. A study on fluid dynamics in morphology identified three preferred sites of
stenoses along the carotid siphon with low and highly oscillatory wall shear stress [41].
Another review showed that low and oscillatory shear stress is closely associated with
atherogenesis [42]. In our study, stenosis was also found along the carotid siphon area.
As for the degree of the intracranial artery stenosis, Mo et al. [7] assessed the relationship
between glucose fluctuation and degree of intracranial artery stenosis and found no sig-
nificant relationship. However, stenosis was defined as more than 50% thickening of the
arterial wall, and this could have affected the finding. A previous analysis of the predictors
of ischemic stroke in symptomatic intracranial arterial stenosis showed that patients with
≥70% intracranial stenosis have a ≥2 times higher risk of stroke than patients with <70%
stenosis [3]. In this context, we compared patients with severe intracranial stenosis (≥70%
stenosis) and non-severe intracranial stenosis (<70%), and found a significant difference in
glucose fluctuation between them.

In this study, the proportion of female patients was higher in the severe ICA siphon
stenosis group than in the non-severe group in the univariable analysis. A prospective
multicenter study of 2864 consecutive acute ischemic stroke patients in China reported
that women aged >63 years were more likely to have intracranial artery stenosis than
men [43]. This sex difference in the risk of intracranial artery stenosis is complex and
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not easily explained. However, elderly women have more vascular risk factors, such as
DM, hypertension and dyslipidemia, than elderly men [43]. Additionally, elderly females
are more likely to have hormone imbalance. Low sex hormone–binding globulin levels
and high free androgen index are strongly associated with cardiovascular risk factors
(DM, dyslipidemia and inflammation) in multiethnic premenopausal and perimenopausal
women [44]. This could explain the sex difference for intracranial artery stenosis. However,
in this study, multivariable logistic regression analysis adjusted for sex showed that SD,
%CV, and MAGE were independent factors associated with severe ICA siphon stenosis,
although there was a possibility that sex difference could have affected the tolerance of
vessel structural change.

Our findings support the idea that glucose fluctuation may help predict intracranial
artery stenosis and accordingly direct preventive measures against ischemic stroke in
T2DM patients. The rate of ischemic stroke episode was not significantly different between
severe and non-severe ICA siphon stenosis. This may be due to the relatively small sample
size of patients with severe stenosis or because patients with ≥80% carotid artery stenosis
were excluded from the current study. However, identifying factors associated with
severe intracranial artery stenosis is important because patients with severe intracranial
stenosis have the highest rate of recurrent stroke [2,3]. Furthermore, glucose fluctuation
is also associated with early neurological deterioration and poor functional outcome in
patients with acute ischemic stroke [45]. Interventions for glucose fluctuation can prevent
intracranial artery stenosis and ischemic stroke in T2DM patients.

This study has some limitations that need to be considered when interpreting the
results. First, this was a cross-sectional study, and thus the causal association between
glucose fluctuation and intracranial artery stenosis still needs to be clarified in studies with
longer follow-up. Second, this study was conducted at a single center that was specialized
for stroke and cardiovascular disease, and there was a relatively small number of patients
with severe intracranial stenosis. Multicenter studies with a larger sample size are needed
to further confirm the association between glucose fluctuation and ICA siphon stenosis.
Third, patients with ≥80% carotid artery stenosis were excluded in this study because
severe carotid artery stenosis is known to affect cognitive function [18]. This may lead to
difficulty in interpretation of the results due to poor diabetes control of dementia patients.
Glycemic variability is correlated with carotid IMT, which is an indicator of subclinical
atherosclerosis [29]. Additionally, patients with intracranial artery stenosis tend to have
carotid artery stenosis [46]. It is assumed that patients with ≥80% carotid artery stenosis
have greater glycemic variability. It is therefore necessary to conduct future studies that in-
clude patients with carotid artery stenosis ≥80% along with a detailed neuropsychological
assessment. Fourth, MRI may have lower accuracy than digital subtraction angiography
(DSA) or computed tomography angiography (CTA) for evaluating stenosis. ICA siphon,
where the stenosis was observed in this study, runs parallel to the axial images. Therefore,
saturation of the blood signal may result in poor vessel delineation. However, some dia-
betes patients have chronic renal failure, which sometimes makes it difficult to perform
DSA or CTA. Advances in vascular imaging technology are eagerly awaited.

5. Conclusions

Glucose fluctuation, as indicated by elevations in SD, %CV, and MAGE, is significantly
associated with severe ICA siphon stenosis. Thus, glucose fluctuation can be a target of
preventive therapies for intracranial artery stenosis and ischemic stroke.
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Abstract: L-carnitine (LC) supplementation improves cardiac function in hemodialysis (HD) patients.
However, whether reducing LC supplementation affects carnitine kinetics and cardiac function
in HD patients treated with LC remains unclear. Fifty-nine HD patients previously treated with
intravenous LC 1000 mg per HD session (three times weekly) were allocated to three groups: LC
injection three times weekly, once weekly, and placebo, and prospectively followed up for six months.
Carnitine fractions were assessed by enzyme cycling methods. Plasma and red blood cell (RBC)
acylcarnitines were profiled using tandem mass spectrometry. Cardiac function was evaluated using
echocardiography and plasma B-type natriuretic peptide (BNP) levels. Reducing LC administration
to once weekly significantly decreased plasma carnitine fractions and RBC-free carnitine levels
during the study period, which were further decreased in the placebo group (p < 0.001). Plasma
BNP levels were significantly elevated in the placebo group (p = 0.03). Furthermore, changes in RBC
(C16 + C18:1)/C2 acylcarnitine ratio were positively correlated with changes in plasma BNP levels
(β = 0.389, p = 0.005). Reducing LC administration for six months significantly decreased both plasma
and RBC carnitine levels, while the full termination of LC increased plasma BNP levels; however, it
did not influence cardiac function in HD patients.

Keywords: acylcarnitine; brain natriuretic peptide; cardiac function; cardiomyopathy; carnitine
deficiency; CPT2; end-stage kidney disease; free fatty acid; heart failure; hemodialysis

1. Introduction

Heart failure (HF), as well as some of its complications, such as pulmonary edema,
is a serious condition characterized by decreased myocardial contractility and abnormal
hemodynamic state in patients with end-stage kidney disease (ESKD). The United States
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Renal Data System revealed that an estimated 44% of patients on hemodialysis (HD) have
chronic HF (CHF), and 5.4% of HD patients die of chronic HF [1] (https://render.usrds.
org/2016/view/v2_09.aspx. Accessed date: 8 May 2021). The Japanese Society of Dialysis
Transplantation has reported that HF is the most common cause of death in patients
undergoing dialysis [2]. Furthermore, CHF is associated with impairments in activities of
daily living and quality of life in HD patients [3]. Taken together, the prevention of HF
development is a crucial therapeutic strategy for HD patients worldwide.

Carnitine is a natural substance that plays an important role in fatty acid β-oxidation
and energy production in mitochondria [4]. Organic cation/carnitine transporter 2 (OCTN2)
is capable of transporting free carnitine into the cytoplasm. In addition, carnitine palmitoyl-
transferase 1 (CPT1) and CPT2 are the mitochondrial outer and inner membrane enzymes,
respectively. These enzymes are responsible for delivering long-chain fatty acids into mito-
chondria, leading to β-oxidation and ATP synthesis. A lack of carnitine and dysfunction of
OCTN2 and/or CPT2 results in the inability to produce energy from long-chain fatty acids,
leading to the development of cardiomyopathy [5,6]. We, along with others, reported that
serum carnitine levels are significantly decreased in HD patients due to the elimination of
serum carnitine from the blood via HD [7,8]. Accordingly, HD-related carnitine deficiency
may be one of the causative factors for the progression of HF in patients with ESKD. A
meta-analysis demonstrated that L-carnitine (LC) supplementation may improve clinical
symptoms and cardiac function and decrease serum levels of B-type natriuretic peptide
(BNP) and NT-proBNP in patients with CHF [9]. Furthermore, LC supplementation for
a year might improve cardiac function in HD patients [10], suggesting that LC treatment
may have protective effects on HF in HD patients with carnitine deficiency.

In a recent study, we observed that plasma carnitine concentration is approximately
ten-fold higher in HD patients treated with intravenous LC administration at a dose of
1000 mg three times weekly than in those receiving no LC treatment. This finding could
be related to the fact that circulating carnitine cannot be excreted in urine and can only
be eliminated by dialysis [11]. Furthermore, six months of intravenous LC treatment at a
dose of 2000 mg per HD session increased muscle carnitine concentration by three-fold
in HD patients [12]. However, the kinetics of serum carnitine fractions and changes in
cardiac function after reducing or stopping LC treatment in HD patients remain unknown.
Therefore, we prospectively examined the effects of reducing or stopping LC therapy on
carnitine concentrations in plasma and red blood cells (RBCs) and cardiac function in HD
patients treated with LC.

2. Materials and Methods

2.1. Patients and Study Protocol

This multicenter, single-blind, placebo-controlled, randomized clinical trial was con-
ducted at Kurume University Hospital, Sugi Hospital, Wada Cardiovascular Clinic, Ku-
rume Ekimae Clinic, Shin Koga Clinic, and Koga 21 Hospital. We recruited a total of 64
HD patients from December 2018 to June 2020. Patients over 20 years of age with ESKD
undergoing HD who could provide written informed consent for study participation were
enrolled in this study. All patients had already been diagnosed with dialysis-associated
secondary carnitine deficiency and had been administered intravenous LC at a dose of
1000 mg per HD session three times weekly for at least three months. The exclusion
criteria were as follows: under 20 years of age, unstable lower limb cramps and general
fatigue, hemoglobin (Hb) levels below 10 g/dL, and patients deemed to have inadequate
information by a physician.

Six months after the registration period, seven patients were excluded before random-
ization. Among these seven patients, one had Hb levels below 10 g/dL, one did not receive
LC, one was referred to another clinic, and four had been administered LC once weekly
(Figure 1). The remaining 57 patients were finally included and randomly assigned using
simple randomization procedures (computer-generated list of random numbers) by the
clinical research coordinator (CRC). They were allocated to LC 1000 mg (5 mL) three times
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weekly (LC-3) (n = 19), LC 1000 mg once and placebo (saline 5 mL) twice weekly (LC-1)
(n = 18), or placebo three times weekly (LC-0) (n = 20) groups (Figure 1).

Figure 1. CONSORT flow diagram of this trial. Sixty-four hemodialysis patients were assessed for eligibility, and 57 were
randomized and allocated to LC 3/week, LC 1/week + placebo 2/week, and placebo 3/week groups and followed up for
six months. Hb: hemoglobin; LC: L-carnitine.

The participants were blinded to the intervention after the assignment. At baseline,
30 days, 90 days, and 176 days of the study period, patients provided a complete history and
underwent physical examination, including blood pressure (BP) and blood chemistry test,
just before HD sessions at two-day intervals. The study protocol is shown in Figure 2. All
data and samples were collected by the CRC at Kurume University Hospital. The patients
were dialyzed for 4–5 h with high-flux dialyzers three times weekly. All patients received
1000 mg of LC intravenously immediately after HD sessions. The primary endpoint was
the effects of dose reduction or discontinuation of LC on the kinetics of plasma and RBC
carnitine concentration and cardiac function. Additional analyses were performed to
evaluate changes in plasma BNP levels before and after the study period.

2.2. Clinical, Demographic, and Anthropometric Measurements

The patients’ medical histories were ascertained using a questionnaire. Vigorous
physical activity and smoking were avoided for at least 30 min before HD sessions. Blood
was drawn from an arteriovenous shunt just before starting the HD sessions to determine
Hb, total protein, serum albumin, total cholesterol, low-density lipoprotein cholesterol,
blood urea nitrogen, calcium, and phosphate levels. These parameters were analyzed by
commercially available laboratories (Daiichi Pure Chemicals, Tokyo, Japan, and Wako Pure
Chemical Industries, Osaka, Japan). Plasma BNP was measured using a chemilumines-
cent immunoassay (CRC Corporation, Fukuoka, Japan). Plasma carnitine fraction (total
carnitine, free carnitine, and acylcarnitine) levels were determined by an enzymatic cycling
method, as previously described [13]. Free carnitine and acylcarnitines in plasma and RBC
were profiled using tandem mass spectrometry at baseline, 30 days, 90 days, and 176 days
after beginning the study, according to a previously described method [14,15]. Changes in
plasma BNP and acylcarnitine ratio were defined as the differences between the baseline
values (pre-data) and those at 176 days (post-data). Changes in these data were calculated
using the following formula: (post-data–pre-data)/pre-data × 100 (%).
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Figure 2. Trial design. Patients were randomized to LC 1000 mg 3/week, LC 1000 mg 1/week + placebo 2/week, and
placebo 3/week groups and followed up for six months. Blood samples, including carnitine fractions and profiling, were
examined before the study period, day 30, day 60, and day 176 of the study period. Echocardiography was evaluated before
and on day 176 of the study period. LC: L-carnitine.

2.3. Evaluation of Cardiac Function

Systolic and diastolic cardiac functions were evaluated using transthoracic echocardio-
graphy by professional technicians at each hospital who were unaware of the participants’
clinical data. Left ventricular (LV) mass index (LVMI) was determined using the standard
formula as follows: Devereux formula = 1.04 × ((LV end-diastolic diameter + interven-
tricular septal thickness at end-diastole + posterior wall thickness at end-diastole)3 −
(LV end-diastolic diameter)3) − 13.6 [16]. LV ejection fraction (LVEF) was calculated to
determine systolic myocardial function using the standard biplane Simpson’s method
from the formula: LVEF = ((end-diastolic volume) − (end-systolic volume))/end-diastolic
volume. LV filling index (E/e’) was calculated as the ratio of the transmitral flow velocity
to the annular velocity as a marker of diastolic cardiac function.

2.4. Statistical Analysis

To compare clinical variables at baseline and on day 176 of the study period, the
paired t-test was used. Non-parametric analysis (Wilcoxon signed-rank test) was used to
determine differences between baseline plasma and RBC-free carnitine because the data
did not follow a normal distribution using the Shapiro–Wilk test. One-way ANOVA with
post-hoc Tukey HSD test was used to compare the data among the three groups. For
exploratory data analysis, univariate and multiple regression analyses were performed to
determine correlations between changes in BNP levels and clinical variables, including
acylcarnitine ratios. Natural logarithmic transformation was used due to the skewness
of the BNP distribution. Data are presented as mean ± standard deviation. Statistical
significance was set at p < 0.05, and all statistical analyses were performed using the JMP
Pro version.15 software (SAS Institute Inc., Cary, NC, USA).

3. Results

3.1. Demographic Data at Baseline

During the study period, two patients were referred to another clinic, one died due
to gastrointestinal bleeding, and one patient discontinued treatment due to restless legs
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syndrome. Two patients were excluded from the study because RBC acylcarnitine levels
were not measured. Finally, a total of 51 patients completed the treatment in the groups:
LC-3 group (n = 18), LC-1 group (n = 16), and LC-0 group (n = 17) (Figure 1). No significant
adverse events related to LC treatment stoppage were observed during the study period.
No significant differences in age, HD duration, duration of previous LC treatment, or other
clinical parameters, except for phosphate, were observed among the groups. The baseline
phosphate level was higher in the LC-0 group than in the LC-1 group (p = 0.038) (Table 1).
The baseline plasma total and free carnitines, acylcarnitine, and RBC-free carnitine levels
were extremely high in all groups and were not different among the groups. The baseline
free carnitine levels in RBCs were significantly higher than those in plasma in patients
assessed by tandem mass spectrometry (462 ± 215, 293 ± 66 μmol/L, p < 0.0001). The
baseline cardiac function and BNP levels were not different among the study groups.

Table 1. Clinical characteristics at baseline.

LC 3 Times/w
(LC-3)

LC 1 Time/w +
Placebo 2 Times/w

(LC-1)

Placebo 3
Times/w

(LC-0)

p
(LC-3 vs.

LC-1)

p
(LC-3 vs.

LC-0)

p
(LC-1 vs.

LC-0)

Number 18 16 17 N/A
Age

(years) 64.5 ± 13.3 69.4 ± 12.7 69.5 ± 9.8 0.471 0.438 0.999

Sex (no.)
(male/female) 12/6 10/6 10/7 N/A

HD duration (months) 178 ± 91 150 ± 95 164 ± 120 0.721 0.916 0.926
Duration of LC

treatment
(months)

40 ± 21 35 ± 21 44 ± 27 0.788 0.860 0.484

Body weight
(kg) 61.0 ± 13.2 57.4 ± 11.0 54.6 ± 10.7 0.656 0.249 0.765

Systolic BP
(mmHg) 151 ± 27 141 ± 31 145 ± 24 0.516 0.792 0.892

Hemoglobin
(g/dL) 11.2 ± 0.9 11.4 ± 0.7 11.7 ± 0.9 0.853 0.263 0.577

Total protein
(g/dL) 6.26 ± 0.46 6.30 ± 0.51 6.45 ± 0.39 0.967 0.427 0.598

Serum albumin
(g/dL) 3.57 ± 0.36 3.49 ± 0.27 3.54 ± 0.27 0.701 0.952 0.870

Total cholesterol
(mg/dL) 164 ± 31 155 ± 28 159 ± 29 0.699 0.901 0.925

LDL-cholesterol
(mg/dL) 89 ± 21 81 ± 20 88 ± 22 0.445 0.967 0.602

BUN
(mg/dL) 56.6 ± 11.8 52.2 ± 14.0 61.5 ± 16.1 0.633 0.554 0.145

Corrected Ca
(mg/dL) 8.73 ± 0.65 8.63 ± 0.39 8.49 ± 0.45 0.849 0.362 0.707

Phosphate
(mg/dL) 4.64 ± 0.86 4.05 ± 0.90 4.97 ± 1.30 0.236 0.616 0.038

Plasma total carnitine
(μmol/L) 454 ± 128 424 ± 119 466 ± 117 0.761 0.948 0.580

Plasma free carnitine
(μmol/L) 270 ± 44 264 ± 40 284 ± 43 0.901 0.601 0.365

Plasma acylcarnitine
(μmol/L) 183 ± 91 160 ± 83 182 ± 81 0.712 0.999 0.742

Acyl/free ratio 0.66 ± 0.24 0.59 ± 0.21 0.62 ± 0.21 0.633 0.909 0.872
RBC-free carnitine

(μmol/L) 407 ± 203 456 ± 215 525 ± 224 0.781 0.242 0.629
LVEF
(%) 65.3 ± 13.9 65.5 ± 10.1 65.8 ± 7.3 0.999 0.990 0.996
E/e’ 13.9 ± 6.0 14.2 ± 7.1 13.2 ± 5.7 0.990 0.942 0.894

LVMI
(g/m2) 122 ± 26 108 ± 23 115 ± 44 0.420 0.786 0.817

BNP †

(pg/mL) 317 (34–1150) 424 (15–1380) 460 (44–1440) 0.866 0.541 0.858

Acyl/free: acylcarnitine/free carnitine; BNP: B-type natriuretic peptide; BUN: blood urea nitrogen; Ca: calcium; E/e’: ratio of early
transmitral velocity E to mitral annular early diastolic velocity e′; HD: hemodialysis; LC: L-carnitine; LVMI: left ventricular mass index;
LDL: low-density lipoprotein; RBC: red blood cell. † Because of the skewness of the BNP distribution, a natural logarithmic transformation
was used for analysis.
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3.2. Effects of Reducing or Stopping LC Administration on Clinical Variables and
Carnitine Fractions

In Table 2, the comparison of clinical variables and carnitine fractions between baseline
and day 176 of the study period is represented by the p-value. After the study period,
body weight significantly decreased and the total protein, albumin, and total and LDL-
cholesterol levels in the serum increased in the LC-3 group rather than the LC-1 and LC-0
groups (Table 2).

Table 2. Clinical characteristics at baseline and day 176 of the study period.

LC 3 Times/w LC 1 Time/w + Placebo 2 Times/w Placebo 3 Times/w

Pre Day 176 p Pre Day 176 p Pre Day 176 p

Body weight
(kg) 61.0 ± 13.2 60.0 ± 13.0 0.036 57.4 ± 11.0 56.8 ± 10.4 0.063 54.6 ± 10.7 54.4 ± 11.2 0.555

Systolic BP
(mmHg) 151 ± 27 154 ± 25 0.613 141 ± 31 149 ± 30 0.149 145 ± 24 140 ± 24 0.416

Hemoglobin
(g/dL) 11.2 ± 0.9 11.0 ± 0.8 0.472 11.4 ± 0.7 11.2 ± 0.8 0.455 11.7 ± 0.9 11.4 ± 1.2 0.274

Total protein
(g/dL) 6.26 ± 0.46 6.38 ± 0.43 0.043 6.30 ± 0.51 6.40 ± 0.40 0.377 6.45 ± 0.39 6.31 ± 0.40 0.079

Serum albumin
(g/dL) 3.57 ± 0.36 3.67 ± 0.37 0.012 3.49 ± 0.27 3.50 ± 0.26 0.849 3.54 ± 0.27 3.50 ± 0.30 0.311

Total cholesterol
(mg/dL) 164 ± 31 169 ± 30 0.044 155 ± 28 157 ± 24 0.765 159 ± 29 157 ± 30 0.573

LDL-cholesterol
(mg/dL) 89 ± 21 96 ± 20 0.002 81 ± 20 83 ± 18 0.522 88 ± 22 87 ± 22 0.908

BUN
(mg/dL) 56.6 ± 11.8 60.1 ± 12.6 0.052 52.2 ± 14.0 57.8 ± 16.5 0.065 61.5 ± 16.1 65.4 ± 19.0 0.211

Corrected Ca
(mg/dL) 8.73 ± 0.65 8.78 ± 0.56 0.655 8.63 ± 0.39 8.73 ± 0.40 0.426 8.49 ± 0.45 8.48 ± 0.51 0.961

Phosphate
(mg/dL) 4.64 ± 0.86 4.99 ± 0.76 0.180 4.05 ± 0.90 4.32 ± 1.21 0.373 4.97 ± 1.30 4.93 ± 1.36 0.910

Plasma total
carnitine
(μmol/L)

454 ± 128 431 ± 117 0.318 424 ± 119 143 ± 37 <0.0001 466 ± 117 66 ± 20 <0.0001

Plasma free
carnitine
(μmol/L)

270 ± 44 260 ± 44 0.383 264 ± 40 93 ± 28 <0.0001 284 ± 43 41 ± 14 <0.0001

Plasma
acylcarnitine

(μmol/L)
183 ± 91 171 ± 87 0.348 160 ± 83 50 ± 12 <0.0001 182 ± 81 25 ± 8 <0.0001

Acyl/free ratio 0.66 ± 0.24 0.65 ± 0.26 0.955 0.59 ± 0.21 0.56 ± 0.15 0.631 0.62 ± 0.21 0.62 ± 0.14 0.963
RBC-free
carnitine
(μmol/L)

407 ± 203 418 ± 157 0.717 456 ± 215 179 ± 80 <0.0001 525 ± 224 50 ± 21 <0.0001

Acyl/free: acylcarnitine/free carnitine; BP: blood pressure; BUN: blood urea nitrogen; Ca: calcium; LC: L-carnitine; LDL: low-density
lipoprotein; RBC: red blood cell.

Significant decreases in the plasma total carnitine, free carnitine, and acylcarnitine
levels assessed by enzyme cycling methods were observed at 30 days after reducing or
stopping LC administration. In addition, all carnitine fraction levels were further reduced
at 90 and 176 days in the LC-1 and LC-0 groups (p < 0.0001) (Figure 3A–C). Significant
differences in plasma carnitine fraction levels between the LC-1 and LC-0 groups were
similarly observed in this study (Figure 3A–C). The acyl/free carnitine ratio was not
affected by the reduction or cessation of LC therapy during the study (Figure 3D).

In addition, we examined free carnitine levels in RBCs, reflecting tissue carnitine
levels. Free carnitine levels in RBCs were decreased in the LC-1 and LC-0 groups compared
with those in the LC-3 group during the study (p < 0.0001) (Figure 4). Similarly, there was a
significant difference in free carnitine levels in RBCs between the LC-1 and LC-0 groups
during the study (Figure 4).
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Figure 3. Kinetics of plasma total carnitine, free carnitine, acylcarnitine levels, and acyl/free carnitine ratio during the study.
(A) plasma total carnitine levels; (B) plasma free carnitine levels; (C) plasma acylcarnitine levels; (D) acyl/free carnitine
ratio. LC-3: LC 1000 mg three times weekly; LC-1: LC 1000 mg once and placebo (saline 5 mL) twice weekly; LC-0: placebo
three times weekly (LC-0). **** p < 0.0001 vs. LC-3; ## p < 0.01; ### p < 0.001; #### p < 0.0001 vs. LC-0.

Figure 4. Kinetics of RBC-free carnitine level during the study. LC-3: LC 1000 mg three times weekly; LC-1: LC 1000 mg
once and placebo (saline 5 mL) twice weekly; LC-0: placebo three times weekly (LC-0). **** p < 0.0001 vs. LC-3; # p < 0.05;
### p < 0.001; #### p < 0.0001 vs. LC-0.

3.3. Effects of Reducing or Stopping LC Administration on Cardiac Function and Plasma
BNP Levels

Reducing or stopping LC administration did not change systolic and diastolic cardiac
functions assessed by LVEF and E/e’, respectively. There was no difference in LVMI before
and after the study period in any of the groups. However, only stopping LC treatment for
six months significantly increased BNP levels (p = 0.03) (Table 3).
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Table 3. Effects of reducing or stopping LC treatment on LV function, LVMI, and BNP levels.

LC 3 Times/w LC 1 Time/w + Placebo 2 Times/w Placebo 3 Times/w

Pre Day 176 p Pre Day 176 p Pre Day 176 p

LVEF
(%) 65.3 ± 13.9 63.7 ± 10.8 0.446 65.5 ± 10.1 65.4 ± 7.6 0.967 65.8 ± 7.3 65.3 ± 7.4 0.774

E/e’ 13.9 ± 6.0 14.1 ± 7.0 0.737 14.2 ± 7.1 14.0 ± 6.2 0.893 13.2 ± 5.7 15.1 ± 8.9 0.224
LVMI

(g/m2) 122 ± 26 129 ± 33 0.330 108 ± 23 107 ± 39 0.873 115 ± 44 120 ± 44 0.207

BNP †

(pg/mL)
317

(34–1150)
396

(51–1270) 0.255 424
(15–1380)

433
(57–1580) 0.422 460

(44–1440)
631

(44–1450) 0.030

BNP: B-type natriuretic peptide; E/e’: ratio of early transmitral velocity E to mitral annular early diastolic velocity e′; LC: L-carnitine; LV:
left ventricular; LVMI: left ventricular mass index. † Because of the skewness of the BNP distribution, a natural logarithmic transformation
was used for analysis.

3.4. Correlations between Changes in BNP Levels and Clinical Variables and Acylcarnitine Ratios

To further explore which variables could be independently associated with BNP levels,
we assessed correlations between changes in BNP and clinical variables and acylcarnitine
ratios, such as (C16 + C18:1)/C2, a marker of CPT2 deficiency; C0/(C16 + C18), a marker of
CPT1 deficiency; C8/C10, a marker of medium-chain acyl-CoA dehydrogenase deficiency;
and C14/C3, another marker of CPT2 deficiency, by univariate and multiple regression
analyses in all HD patients. We speculated that independent determinants of the changes in
BNP might be involved in the pathogenesis of carnitine deficiency-associated HF. Changes
in systolic BP were positively associated with changes in BNP levels (β = 0.373, SE = 0.152,
p = 0.007) (Table 4). Changes in plasma (C16 + C18:1)/C2, C0/(C16 + C18), C8/C10, and
C14/C3 were not associated with changes in BNP levels (Table 4) (Figure 5A). Although
changes in RBC C0/(C16 + C18), C8/C10, and C14/C3 were not associated with BNP,
changes in RBC (C16 + C18:1)/C2 were positively correlated with changes in BNP levels
(β = 0.398, SE = 0.283, p = 0.005) (Table 4) (Figure 5B). Both changes in systolic BP and RBC
(C16 + C18:1)/C2 were the sole independent determinants of changes in BNP levels in
these patients (R2 = 0.259) (Table 4).

Table 4. Univariate and multiple regression analyses for the covariates of changes in BNP.

Univariate Regression Multiple Regression

β SE p β SE p

ΔBody weight 0.069 0.024 0.630
ΔSystolic blood pressure 0.373 0.152 0.007 0.331 0.109 0.011

ΔHemoglobin −0.077 0.097 0.590
ΔTotal protein −0.038 0.051 0.789

ΔAlbumin −0.032 0.052 0.826
ΔTotal cholesterol 0.000 0.095 0.999
ΔLDL-cholesterol −0.106 0.145 0.461

ΔBlood urea nitrogen −0.220 0.180 0.121
ΔCorrected Ca 0.011 0.051 0.441

ΔPhosphate −0.144 0.285 0.312
ΔPlasma total carnitine −0.114 0.349 0.427
ΔPlasma free carnitine −0.135 0.344 0.345
ΔPlasma acylcarnitine −0.063 0.352 0.661

ΔAcyl/Free ratio 0.229 0.233 0.110
ΔPlasma

(C16 + C18:1)/C2 0.219 1.191 0.123

ΔPlasma
C0/(C16 + C18) −0.156 1458.7 0.273

ΔPlasma C8/C10 −0.206 0.160 0.147
ΔPlasma C14/C3 0.016 2.451 0.912

ΔRBC
(C16 + C18:1)/C2 0.389 0.283 0.005 0.350 0.058 0.007

ΔRBC
C0/(C16 + C18) −0.131 0.282 0.359
ΔRBC C8/C10 −0.154 0.218 0.281
ΔRBC C14/C3 0.160 0.923 0.160

R2 = 0.259. Acyl/free: acylcarnitine/free carnitine; BNP: B-type natriuretic peptide; Ca: calcium; Δ: delta; LDL:
low-density lipoprotein; RBC: red blood cell.
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Figure 5. Correlation between changes in BNP with (C16 + C18:1)/C2 in (A) plasma; and (B) RBCs. BNP: B-type natriuretic
peptide; RBC: red blood cell.

4. Discussion

In this study, we demonstrated that reducing or stopping LC administration for six
months significantly decreased all plasma carnitine fractions and RBC-free carnitine levels.
In addition, stopping LC treatment significantly increased plasma BNP levels. Moreover,
changes in systolic BP and RBC (C16 + C18:1)/C2 values were the sole independent
determinants of changes in BNP levels. To the best of our knowledge, this is the first
report to demonstrate that stopping LC administration increased BNP levels in HD patients
treated with LC.

Translocation of long-chain free fatty acids into mitochondria by carnitine shuttle plays
a pivotal role in energy production via β-oxidation [17]. Therefore, carnitine deficiency
induces cardiac dysfunction and muscle atrophy in HD patients. We previously reported
a significant decrease in plasma carnitine fraction levels in HD patients [8]. Higuchi
et al. reported the beneficial effects of LC on cardiac function and LVMI assessed by
echocardiography and NT-proBNP in carnitine-deficient HD patients [10]. However, the
effects of reducing or stopping LC on cardiac function have not yet been reported. In
this study, we demonstrated that reducing or stopping LC administration for six months
significantly reduced plasma and RBC carnitine fraction levels. Furthermore, plasma BNP
levels significantly increased only in patients who stopped LC treatment, suggesting that
stopping LC for six months may contribute to the future progression of cardiac dysfunction
in HD patients. Indeed, suspension of LC therapy has been reported to result in signs and
symptoms of recurrence (muscular weakness, fatigue, cardiac enlargement, and low cardiac
function) in patients with primary carnitine deficiency treated with LC [18]. However,
regardless of the increase in BNP levels, LV function assessed by EF and E/e’, markers
of systolic and diastolic cardiac function, respectively, and LVMI did not change before
or after reduction or discontinuation of LC therapy. This result might be explained by
the concentration of carnitine fractions during the study. At the end of the study, free
carnitine levels in the plasma were still within the normal range, even after stopping the LC
therapy for six months. These findings suggest that the inadequate deficiency of carnitine
by stopping LC therapy might not have influenced cardiac function in these patients. Taken
together, long-term studies are needed to clarify the deleterious effects of stopping LC
administration on cardiac function in carnitine-deficient HD patients.
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In our study, changes in systolic BP and RBC (C16 + C18:1)/C2 ratio, a marker of
CPT2 deficiency, were only positively correlated with changes in plasma BNP levels. CPT2
deficiency in humans is diagnosed by abnormal acylcarnitine profile obtained from blood
spotted on filter paper with an increased (C16 + C18:1)/C2 ratio [19]. CPT2 plays a cen-
tral role in ATP synthesis in cardiomyocytes mitochondria. Genetic deletion of mouse
CPT2 induces cardiac hypertrophic remodeling, which activates the mammalian target
of the rapamycin complex, thereby reducing protein acetylation and accumulating lipid
droplets [20]. Furthermore, LC supplementation is effective in severe CPT2 deficiency [21],
indicating that stopping LC supplementation may influence the activity of CPT2 in car-
diomyocytes, leading to an increase in BNP levels in HD patients. Furthermore, we found
that changes in the (C16 + C18:1)/C2 ratio in RBC, not in plasma, were associated with
changes in plasma BNP levels. Acylcarnitine levels in RBCs are higher than those in
plasma [22]. In addition, elevated RBC carnitine levels by LC administration decreased
very slowly even after irrigation suggesting a low carnitine turnover in RBCs [22]. These
findings indicate that the acylcarnitine ratio in RBC, rather than that in plasma, appears to
be an accurate tissue acylcarnitine profile in HD patients.

This study has several limitations. First, the sample size of the patients was small;
thus, the statistical power was weak. Second, the short study duration might have affected
the efficacy of reducing or stopping LC in cardiac function. Therefore, further large and
long-term clinical studies are warranted to verify the effect of reduction in LC treatment on
the cardiac function of HD patients.

Carnitine deficiency induces mitochondrial damages through the impairment of β-
oxidation and ATP production. However, the exact mechanism underlying the exacerbation
of cardiomyocyte injury by hemodialysis-induced carnitine deficiency through the ma-
nipulation of carnitine-related mitochondrial enzymes, such as CPT1 and CPT2, is not
fully understood. Hence, future research using a carnitine-deficient experimental model
might be required to examine the mediating mechanism underlying carnitine deficiency-
associated myocardial injury.

5. Conclusions

In conclusion, reducing LC administration for six months significantly decreased both
plasma and RBC carnitine levels. Moreover, stopping LC increased plasma BNP levels;
however, this stoppage did not influence cardiac function in HD patients.
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Abstract: Background: the behavioral modification stages (BMS) are widely used; however, there are
no reports on long-term nutrition counseling for cardiovascular disease (CVD) according to BMS.
Aim: to study the effects of long-term nutrition counseling based on the BMS in patients with CVD.
Methods: fifteen patients with CVD who participated in nutrition counseling were enrolled between
June 2012 and December 2016. We provided BMS and dietary questionnaires to estimate the stage
score (SS), salt intake, and drinking habits (non-drinking group (n = 7)/drinking group (n = 8)),
and measured the blood pressure (BP), body mass index (BMI), and biochemical markers before
and after hospitalization at 6 months, 1 year, and 1.5 years after leaving the outpatient department
(OPD). Results: a significant decreased salt intake and increase in SS were found at 1.5 years. It
significantly decreased the BP and salt intake in the non-drinking group at 1.5 years. Conclusions:
long-term nutrition counseling according to BMS improved salt intake and BP in the non-drinking
group. However, in the drinking group, increased salt intake might weaken the BP improvement.
Temperance and low-sodium intake are essential factors that control BP, especially in drinkers.

Keywords: behavioral modification stages; nutrition counseling; patient education

1. Introduction

Currently, cardiovascular disease (CVD) is the second leading cause of death along
with malignant neoplasm in Japan [1]. In Japan, in particular, where the population aged
>65 years exceeds 27.3% of the total population [2], increased mortality from cardiovascular
disease has become a social problem. However, the implementation of guideline-based
medical therapy in elderly patients with CVD was insufficient to prevent the recurrence of
CVD [3].

Lifestyle-related diseases, such as hypertension, are strongly involved in the develop-
ment of CVD or congestive heart disease (CHF). Therefore, to prevent CVD, daily habits
should be improved from early in the day, such as implementing nutritional and exercise
therapies and quitting smoking [4,5]. Furthermore, it is reported that recurrence of CHF in
elderly patients is caused by their refusal to incorporate behavioral changes—and they con-
tinue to consume excessive amounts of salt [6]. Behavioral changes, such as decreased salt
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intake, are important factors in patients with CVD or CHF. Recently, the trans-theoretical
model (TTM) has been used to improve the lifestyle and provide specific guidance to
patients with type 2 diabetes [7–11]. TTM theorizes behavioral modification of dietary
habits; it suggests behavioral modification by estimating personal readiness to changes
and performs specific, individual intervention programs. Behavioral modification stages
(BMS) have been indicated in one of the concepts, as well as the preparatory state of psy-
chology, and its practice situations, of five stages: 1) precontemplation (participants have
no intention of changing their behavior within the next 6 months); 2) contemplation (they
are aware a problem exists and intend to change their behavior within the next 6 months,
but not within 1 month); 3) preparation (they are ready for the change within the next
1 month); 4) action (they actively modified their behavior within the last 6 months); and 5)
maintenance (they sustained their behavioral changes for >6 months) [12,13].

However, no reports on nutrition counseling using the TTM and long-term follow-up
in patients with CVD have been described. We evaluated the effects of long-term nutrition
counseling based on the BMS in patients with CVD. Therefore, we hypothesized that
long-term nutrition counseling, according to the BMS, should induce lifestyle modification,
in particular improvement of high blood pressure and decreased salt intake.

2. Materials and Methods

2.1. Investigation Period

This study was conducted from June 2012 to December 2016.

2.2. Inclusion Criteria

The participants were patients who had no coronary restenosis after percutaneous
coronary intervention at Fukuoka University Nishijin Hospital. The study protocol is
indicated in Figure 1. Finally, 15 patients with CVD participated in nutrition counseling.
We provided BMS and dietary questionnaires to estimate the stage score (SS), salt intake,
and drinking habits, and measured the BP, body mass index (BMI), and biochemical
markers at hospitalization to 6 months, 1 year, and 1.5 years after leaving the outpatient
department (OPD). Nine, four, and two patients had angina, heart failure (with ischemic
heart disease history), and acute myocardial infarction, respectively.

Figure 1. Study protocol.
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2.3. Methods
2.3.1. Research Ethics and Patient Consent

Informed consent was obtained from all patients via consent confirm. The investi-
gation conforms to the principles outlined in the Declaration of Helsinki. The present
study was approved by the ethics committee of Fukuoka Medical Association Hospital
(Fukuoka University Nishijin Hospital at present) (approval number: N19-03-001) and was
prospectively performed form June 2012 to December 2016.

2.3.2. BMS Questionnaire

Prior to individual nutrition counseling, patients were provided with self-administered
BMS questionnaires about dietary intake [8]. Dietary intake in BMS was assessed using
five stages of the first described BMS. Furthermore, we performed the scores as follows:
precontemplation, 0; contemplation, 1; preparation, 2; action, 3; and maintenance, 4.

2.3.3. Dietary Survey Questionnaire

Patients were provided with three-day food record questionnaires [14], with self-
reports regarding their standard dietary intakes (in OPD, 3 days before nutrition counseling)
for 3 days before hospitalization. An interview survey on dietary intake was conducted by
a managerial dietician during nutrition counseling. To investigate the amount of drinking
per day, and the drinking frequency for 1 week, we conducted interview surveys. The
calculation of alcohol intake was based on the Standard Tables of Food Composition in
Japan, 2015 (Seventh Revised Version) [15]. Furthermore, we calculated the alcohol intake
on an average day.

2.3.4. Nutrition Counseling

Nutrition counseling involved making appropriate improvement suggestions in di-
etary habits and behavior. Cardiologists provided counseling and nutritional intake di-
rections (energy, protein, fat, and salt intake). Counseling to promote a diet focused on
increased consumption of, vegetables, mushrooms, seaweed, and fish and decreased con-
sumption of foods that are high in salt (sodium), deep-fried food, and food with added
sugar. Recommendations applied to risk factors for CVD, such as high blood pressure and
high cholesterol [4,5]. Long-term nutrition counseling included counseling done during
hospitalization, and 6 months, 1 year, and then 1.5 years after leaving the OPD. We deter-
mined BMS on dietary intake and dietary survey contents, and then nutrition counseling
(30-min individual interview) was performed according to the preparatory state (BMS)
at each time. The same managerial dietician set a target along BMS with patients at each
time point.

Counseling was guided by referring to the Ministry of Health, Labor, and Welfare,
Japan Safety, and Health Council (2018): the standard medical checkup and health guidance
program (definitive) [10]. There are five stages, as follows.

The precontemplation stage: the managerial dietician confirmed the many benefits of
changing dietary habits. We explained that, without changing dietary habits, it is much
easier for the recrudescence of CVD.

The contemplation stage: the managerial dietician proposed a behavior change on the
dietary habits. High blood pressure and high cholesterol can be improved by increasing
consumption of vegetables, mushrooms, seaweed, and fish, while reducing the consump-
tion of food high in salt (sodium), deep-fried food, and added sugars. We explained that
such behavior changes could assist in reducing the risk of CVD.

The preparation stage: when patients seemed to have a problem regarding dietary
intake, the managerial dietician could assist to establish some behavioral objectives on how
to improve. We proposed increasing the consumption of vegetables, mushrooms, seaweed,
and fish while reducing consumption of high salt (sodium), deep-fried food, and food with
added sugar.
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The action stage: the managerial dietician identified the behavior problem then pro-
vided appropriate correction actions. We suggested continuing consumption of vegetables,
mushrooms, seaweed, and fish, while decreasing consumption of food high in salt (sodium),
deep-fried food, and food with added sugar.

The maintenance stage: the managerial dietician identified the plan that prevented
interruptions in behavioral modifications, concerning dietary habits with patients. We
insisted on the continued increase of consumption of vegetables, mushrooms, seaweed,
and fish, and reduced consumption of food high in salt (sodium), deep-fried foods, and
food with added sugar. We asked patients with concerns about dietary habits.

We assumed a deviation from and retractability in BMS beforehand and established
a target [10,11]. Moreover, we investigated factors such as dining out, usage of prepared
food, snacking, and exercise habits.

2.3.5. Dietary Intake

Dietary intake investigated energy, carbohydrate, protein, fat, dietary fiber, potassium,
and sodium from a three-day food record questionnaire. The calculation of the salt intake
was based on the Microsoft Excel software—Excel Eiyoukun version 8.0 (kenpakusha,
Tokyo, Japan) [16] from “Sodium (mg)/1000 × 2.54” [15].

2.4. Investigation Item

The data from the medical records were collected—that is, age, weight, BMI (weight
(kg)/height (m) × height (m)), total cholesterol (T-Cho), high-density lipoprotein choles-
terol (HDL-Cho), low-density lipoprotein cholesterol (LDL-Cho), hemoglobin A1c (HbA1c),
uric acid (UA), estimated glomerular filtration rate (eGFR), BP. Regarding alcohol con-
sumption, the patients were divided into the drinking (n = 8) and non-drinking groups
(n = 7). The data on SS, salt intake, and alcohol intake at hospitalization, 6 months, 1 year,
and 1.5 years after leaving the OPD, were compared.

The relation between salt intake and each factor (sex, age, snacking, drinking habit)
after 1.5 years of leaving was also determined. Regarding alcohol consumption (1.5 years
after leaving, the non-drinking group (n = 7), the drinking group < thrice a week (n = 3),
the drinking group > four times a week (n = 5)) and salt intake, the drinking habit and the
respective compared with salt intake and BP were considered.

2.5. Measuring Method of Blood Pressure

We normally inform our patients to come to the hospital at 11:00 a.m., and a clinical
nurse measures the patient’s BP. BP was collected using a double cuff electronic sphygmo-
manometer (Terumo ES-H55).

2.6. Calculating Dietary Intake

The calculation of the dietary intake was based on the Microsoft Excel software—Excel
Eiyoukun version 8.0 (kenpakusha, Tokyo, Japan) [16], from the standard table of food
composition in Japan 2015 (Seventh Revised Version) [15].

2.7. Statistical Analysis

All analyses were performed using SPSS Statistics Version 22 (IBM, Tokyo, Japan).
The weight, BMI, T-Cho, HDL-Cho, LDL-Cho, neutral lipid, HbA1c, UA, eGFR, energy,
carbohydrate, protein, fat, dietary fiber, and potassium, with their means expressed as
mean (standard deviation), were compared with salt intake, alcohol intake, BP, SS about
dietary intake, drinking habits (the non-drinking group (n = 7)/the drinking group (n = 8)),
and the respective SS and salt intake, BP were performed by statistical analysis of one-way
analysis of variance, subjected to the general linear model with replicate.

Using the multiple regression analysis, the relation between salt intake (dependent
variable) and each factor (sex, age, snacking, the drinking habit; independent variable)
1.5 years after leaving was identified. Then, a stepwise method was used. Furthermore,
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multiple comparisons regarding the drinking habits (after 1.5 years, non-drinking group
(n = 7), drinking group < thrice a week (n = 3), drinking group > four times a week (n = 5))
and salt intake were done using the Bonferroni correction. The correlation between alcohol
intake and salt intake were calculated using the Spearman’s rank correlation coefficient.
Student’s t-test was used to between the non-drinking and drinking groups (The weight,
BMI, T-Cho, HDL-Cho, LDL-Cho, neutral lipid, HbA1c, UA, and eGFR). Chi-squared
test was used for the daily habits, and the medications between the non-drinking and
drinking groups. Student’s t-test was used to compare SS and salt intake, BP between
the non-drinking and drinking groups, with the two-way analysis of variance (without
repetitions). p values < 0.05 were considered statistically significant (two-tailed test).

3. Results

3.1. Changes in Anthropometry and Blood Biochemical Examination

Table 1 presents the changes in patients’ body. The patients’ respective BMIs shows
(mean (SD)): 26.1 (3.2), 25.7 (3.3), 25.7 (3.3), and 26.2 (3.8) kg/m2. BMI was significantly
lower at 6 months after leaving than that at hospitalization (p < 0.05).

Table 1. Changes in anthropometry and blood biochemical examination (n = 15).

Hospitalization 6 Months 1 Year 1.5 Years p Value

Male n = 11 Hospitalization
vsFemale n = 4

Age (years old) 71.3 (8.4)

6 months 1 year 1.5 yearsHT (%) 93.3

DM (%) 53.3

HL (%) 80.0

Weight (kg) 69.8 (14.9) 68.7 (14.8) 68.8 (14.8) 70.0 (15.9) n.s. n.s. n.s.

BMI (kg/m2) 26.1 (3.2) 25.7 (3.3) 25.7 (3.3) 26.2 (3.8) 0.040 * n.s. n.s.

T-Cho (mg/dl) 169.8 (37.0) 174.3 (32.2) 171.8 (31.6) 160.4 (30.2) n.s. n.s. n.s.

HDL-Cho (mg/dl) 50.0 (11.1) 50.6 (13.2) 47.6 (10.3) 47.3 (10.5) n.s. n.s. n.s.

LDL-Cho (mg/dl) 93.1 (34.1) 95.7 (29.6) 94.6 (29.3) 85.3 (29.1) n.s. n.s. n.s.

Neutral lipid
(mg/dl) 133.8 (65.4) 140.3 (54.8) 148.1 (71.3) 139.1 (53.2) n.s. n.s. n.s.

HbA1c (%) 6.6 (1.1) 6.5 (0.7) 6.5 (0.7) 6.5 (0.7) n.s. n.s. n.s.

UA (mg/dl) 6.6 (1.0) 6.7 (1.1) 6.6 (0.9) 6.6 (0.8) n.s. n.s. n.s.

eGFR
(ml/min/1.73m2) 55.8 (17.6) 56.2 (18.8) 53.7 (20.8) 53.8 (21.5) n.s. n.s. n.s.

Mean (SD) * p < 0. Abbreviations: HT, hypertension; DM, diabetes mellitus; HL, hyperlipidemia; BMI, body mass index; T-Cho, total
cholesterol; HDL-Cho, high-density lipoprotein cholesterol; LDL-Cho, low-density lipoprotein cholesterol; HbA1c, hemoglobin Alc; UA,
uric acid; eGFR, estimated glomerular filtration rate; n.s., not significant. BMI was significantly lower at 6 months after leaving than that at
hospitalization (p < 0.05).

3.2. Changes in Daily Habits

Changes in daily habits are indicated in Table 2. Dining out, snacking, prepared food,
and exercise habits almost remained unchanged.

85



Nutrients 2021, 13, 414

Table 2. Changes in the daily (n = 15).

Admission Time 1 1
2 Years after Leaving p Value

Dining out habits Yes 11 12
0.307

No 4 3

Usage of prepared food Yes 12 10
0.494

No 3 5

Snacking Yes 14 13
1.000

No 1 2

Exercise habits
Yes 10 13

1.000
No 5 2

3.3. Cardiovascular Disease and Medications

Table 3 presents cardiovascular disease and medication information. Medications for
the treatment of diabetes accounted for 11.4%. Alpha-blocker was addition one patient
1 year later about antihypertensive drug. Calcium channel blocker was addition one patient
1.5 years later, and Angiotensin II receptor blocker dose reduction one patient. Antiplatelet
aggregation drug come off three patients 1.5 years later. HMG-CoA reductase inhibitor
and anticlotting drug were addition respectively one patient 1.5 years later.

Table 3. Cardiovascular disease and medications (at the time of hospitalization) (n = 15).

Drug Number (%)

Antiplatelet aggregation drug 23 21.9
HMG-CoA reductase inhibitor 10 9.5

Beta-blocking drug 9 8.6
Vasodilating drug 9 8.6

Calcium channel blocker 9 8.6
Angiotensin IIreceptor blocker 7 6.7

Diuretic drug 6 5.7
DPP-4 inhibitor 6 5.7

Diuretic antihypertensive drug 5 4.8
Environmental Protection Agency drug 4 3.8

Angiotensin-converting enzyme inhibitor 3 2.9
Non-pudding type selective xanthine

oxidase inhibitor 3 2.9

Anticlotting drug 3 2.9
Anti-arrhythmic drug 2 1.9
Sulphonyl urea drug 2 1.9

α—glucosidase inhibitor 1 1.0
Biguanide 1 1.0

Long acting insulin 1 1.0
Fast acting insulin 1 1.0

3.4. Changes in SS Regarding Dietary Intake

Score results of the BMS questionnaire were indicated. Changes in SS regarding dietary
intake are indicated in Figure 2a. SS after nutrition counseling were significantly higher
than those at hospitalization and 1.5 years after leaving (p < 0.01); SS at hospitalization,
6 months, 1 year, and 1.5 years after leaving were 2.7 (0.9), 3.3 (0.7), 3.8 (0.4), and 3.9 (0.3)
points, respectively.
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Figure 2. Change in SS regarding dietary intake, salt intake, and BP. Mean (SD). * p < 0.05, ** p < 0.01, n = 15. Abbreviations:
SS, stage scores; SBP, systolic blood pressure; n.s., not significant. (a) A significant increase in SS was found 1.5 years after
leaving compared with that at hospitalization (p < 0.01). (b) ESI decreased in 1.5 years after leaving compared with that at
hospitalization (p < 0.05). (c) SBPs significantly decreased at 6 months and 1 year compared with hospitalization (p < 0.05),
however an upward trend in 1.5 years from 1 year after leaving.

3.5. Changes in the Salt Intake

The salt intake in patients at the time of hospitalization and 6 months, 1 year, and
1.5 years after leaving were 10.7 (3.2), 8.7 (1.4), 8.2 (1.4), and 8.3 (1.5) g/day, respectively. It
decreased in 1 year as well as 1.5 years after leaving, compared with that at hospitalization
(at 1 year p = 0.0043, at 1.5 years p = 0.032) (Figure 2b).

3.6. Changes in the Nutrient Intake

Changes in the nutrient intake are indicated in Table 4. Energy, carbohydrate, protein,
fat, dietary fiber, and potassium were almost unchanged. Dietary fiber was of low value
over this time period.
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Table 4. Changes in the nutrient intake (n = 15).

Hospitalization 6 Months 1 Year 1.5 Years

p Value

Hospitalization
vs

6 Months 1 Year 1.5 years

Energy (kcal) 2042.0 (376.9) 1823.2 (284.3) 1789.7 (285.2) 1828.9 (362.4) n.s. n.s. n.s.

Carbohydrate (g) 315.7 (64.2) 283.4 (52.6) 277.8 (51.1) 277.1 (56.7) n.s. n.s. n.s.

Protein (g) 80.3 (13.3) 72.4 (10.5) 72.0 (10.9) 79.3 (25.2) n.s. n.s. n.s.

Fat (g) 50.9 (17.5) 44.5 (13.4) 43.4 (13.4) 44.8 (17.3) n.s. n.s. n.s.

Dietary fiber (g) 16.7 (3.4) 17.0 (2.7) 17.0 (4.7) 15.2 (4.3) n.s. n.s. n.s.

Potassium (mg) 3094.5 (567.7) 2969.3 (553.7) 2976.8 (756.3) 2914.9 (606.5) n.s. n.s. n.s.

3.7. Changes in the BP

Systolic BPs (SBPs) of patients at hospitalization and 6 months, 1 year, and 1.5 years
after leaving were 134.1 (15.0), 124.9 (17.5), 122.9 (15.3), and 127.0 (19.7) mmHg, respectively
(Figure 2c). SBPs significantly decreased at 6 months and 1 year compared with that at
hospitalization (at 6 months p = 0.013, at 1 year p = 0.002); however, an upward trend was
seen in 1.5 years from 1 year after leaving.

3.8. Relation between the Salt Intake of Patients 1.5 Years after Leaving and Each Factor

Concerning the relation with salt intake at 1.5 years after leaving, each factor (sex, age,
snacking, the drinking habit) was compared. A significant positive correlation coefficient
of 0.515 was noted between the salt intake and drinking habit (p = 0.049).

3.9. Changes in Anthropometry and Blood Biochemical Examination (the Drinking Group and
Non-Drinking Group)

Changes in the patient bodies in the non-drinking group were compared with the
drinking group, as seen in Table 5. The eGFR of the non-drinking group was significantly
lower than that of the drinking group at 1 year and 1.5 years after leaving (at 1 year
p = 0.023, at 1.5 years p = 0.045).

Table 5. Changes in anthropometry and blood biochemical examination (the drinking group and non-drinking group).

The Drinking Group (n = 8) The Non-Drinking Group (n = 7)

The Drinking Group
vs

The Non-Drinking Group

Hospitalization
6

Months
1 Year

1.5
Years

Hospitalization
6

Months
1 Year

1.5
Years

Hospitalization
6

Months
1 Year

1.5
Years

p Value

Weight (kg) 72.4 (18.9) 70.8
(18.5)

70.8
(18.5)

72.1
(20.0) 66.9 (9.0) 66.3

(10.0)
66.6
(9.9)

67.6
(10.5) n.s. n.s. n.s. n.s.

BMI (kg/m2) 26.4 (3.6) 25.9
(3.6)

25.9
(3.7)

26.3
(4.3) 25.7 (2.8) 25.5

(3.1)
25.6
(3.1)

26.0
(3.5) n.s. n.s. n.s. n.s.

T-Cho (mg/dl) 174.8 (38.1) 173.6
(39.7)

169.8
(41.6)

149.1
(34.7) 164.1 (37.9) 175.1

(24.0)
174.1
(17.1)

173.3
(19.2) n.s. n.s. n.s. n.s.

HDL-Cho
(mg/dl) 52.0 (10.3) 50.9

(13.2)
46.9
(8.4)

49.0
(8.4) 47.6 (12.4) 50.3

(14.3)
48.3

(12.8)
45.3
(12.9) n.s. n.s. n.s. n.s.

LDL-Cho
(mg/dl) 98.7 (41.0) 95.6

(39.4)
95.1

(40.2)
75.3
(36.6) 86.7 (26.3) 95.7

(15.2)
94.0

(11.0)
96.7
(11.2) n.s. n.s. n.s. n.s.

Neutral lipid
(mg/dl) 120.3 (23.5) 135.5

(48.3)
138.8
(63.2)

123.9
(33.8) 149.3 (93.9) 145.7

(65.1)
158.9
(83.4)

156.4
(68.0) n.s. n.s. n.s. n.s.

HbA1c (%) 6.5 (0.8) 6.5
(0.8)

6.5
(0.8)

6.4
(0.5) 6.7 (1.5) 6.5

(0.7)
6.5

(0.7)
6.6

(0.8) n.s. n.s. n.s. n.s.

UA (mg/dl) 6.5 (1.1) 6.3
(0.9)

6.4
(1.1)

6.7
(0.9) 6.7 (0.9) 7.2

(1.1)
6.8

(0.4)
6.5

(0.7) n.s. n.s. n.s. n.s.

eGFR
(ml/min/1.73 m2) 62.8 (13.9) 63.3

(13.6)
64.6

(19.9)
63.9
(20.7) 48.0 (19.1) 48.2

(21.6)
41.2

(14.3)
42.1
(16.8) n.s. n.s. 0.023 * 0.045 *

Mean (SD) * p < 0.05 Abbreviations: BMI, body mass index; T-Cho, total cholesterol; HDL-Cho, high-density lipoprotein cholesterol;
LDL-Cho, low-density lipoprotein cholesterol; HbA1c, hemoglobin Alc; UA, uric acid; eGFR, estimated glomerular filtration rate; n.s.,
not significant.
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3.10. Cardiovascular Disease and Medications (the Drinking Group and Non-Drinking Group)

There was no significant difference between the drinking and non-drinking groups at
the time of hospitalization.

3.11. Drinking Habit and SS

SS in the non-drinking (n = 7) and drinking (n = 8) groups were compared (Figure 3a).
In both groups, SS at hospitalization and 6 months, 1 year, and 1.5 years after leaving had
significantly increased (the non-drinking group: 2.9 (0.9), 3.4 (0.5), 3.9 (0.4), and 4.0 (0.0)
points, respectively; all, p < 0.05, the drinking group: 2.6 (0.9), 3.1 (0.8), 3.8 (0.5), and 3.8
(0.5) points, respectively; all, p < 0.05). SS of the drinking group tended to be lower than
that of the non-drinking group.

 
(a) 

(b) 

 
(c) 

Figure 3. Cont.
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Figure 3. Change in the drinking habit and SS, salt intake and BP. (a) In both groups, SS at hospitalization and 1.5 years after
leaving had significantly increased (p < 0.05). SS of the drinking group tended to be lower than that of the non-drinking
group. (b) The salt intake in the non-drinking group, 1 year, and 1.5 years after leaving were lower than hospitalization
(p < 0.05). From hospitalization to 1.5 years after leaving, salt intake was lower in the non-drinking group than that in the
drinking group (p < 0.01). (c) In the non-drinking group, SBPs at hospitalization and 1.5 years after leaving, which showed a
decrease (p < 0.05).

3.12. Drinking Habit and Salt Intake

Alcohol intake showed an upward trend in the drinking group at the time of hospital-
ization and 6 months, 1 year, and 1.5 years after leaving were 20.3 (26.7), 19.6 (27.1), 14.9
(20.3), and 24.6 (31.1) g/day, respectively (p = 0.254). At 1.5 years after leaving, salt intake
in the non-drinking group (n = 7), drinking group < thrice a week (n = 3), and drinking
group > four times a week (n = 5) were 7.5 (0.7), 8.0 (0.6), and 9.7 (1.8) g/day, respectively.
The non-drinking group had significantly lower salt intake than the drinking group >four
times a week (p = 0.041). A significant positive correlation coefficient of 0.628 was noted
between alcohol intake and salt intake (p = 0.012). Salt intake in the non-drinking (n = 7)
and drinking (n = 8) groups were compared (Figure 3b). At hospitalization and 6 months
and 1 year after leaving, in the drinking group, it tended to decrease (11.4 (0.2), 9.2 (0.1), and
8.9 (0.1) g/day, respectively). However, 1.5 years after leaving, it was 9.1 (0.1) g/day, which
notably increased (not significant). Salt intake in the non-drinking group, at hospitalization
and 6 months, 1 year, and 1.5 years after leaving, were 10.0 (0.2), 8.1 (0.1), 7.4 (0.1), and 7.5
(0.0) g/day, respectively. Furthermore, it significantly decreased at 1 year and 1.5 years
compared with hospitalization (p < 0.05). From hospitalization to 1.5 years after leaving,
salt intake was lower in the non-drinking group than that in the drinking group (p < 0.01).

3.13. Changes in the Drinking Habit and BP

Changes in the drinking habit and BP are indicated in Figure 3c. A comparison of
these between the non-drinking (n = 7) and drinking (n = 8) groups was determined. In
the drinking group, SBPs tended to decrease at hospitalization, 6 months, and 1 year after
leaving: 134.1 (11.6), 131.6 (17.0), and 124.4 (11.2) mmHg, respectively (hospitalization vs.
1 year after leaving, p < 0.05). However, 1.5 years after, it was 133.8 (17.4) mmHg, which
was higher than that in 1 year after leaving (p < 0.05).

In the non-drinking group, SBPs significantly decreased at hospitalization and
6 months, 1 year, and 1.5 years after leaving: 134.1 (17.3), 117.1 (13.0), 121.3 (17.9), and
119.3 (17.9) mmHg, respectively (p < 0.05). In the non-drinking group, DBPs at hospital-
ization and 6 months, 1 year, and 1.5 years after leaving had significantly decreased (81.0
(18.0), 65.0 (9.2), 65.4 (13.3), and 62.7 (17.2) mmHg, respectively; all, p < 0.05).

4. Discussion

This is the first report assessing the effects of long-term nutrition counseling according
to behavioral modification stages for patients with CVD. We discussed on what kind of
help we can assist. The decision-making and execution power are all left to the patient’s
own initiative, and medical staff have no way to interfere. However, diet therapy can allow
patients to be treated in their daily lives. In conjunction with changes in behavior, the long-
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term nutrition counseling is reflected in the reduction of salt intake and the improvement
of blood pressure.

This strategy improved long-term behavioral modification, salt intake, and hyperten-
sion, and its effectiveness was significant in non-drinking patients with CVD. It is well
known that excessive salt intake increases BP [17–20]. In this study, a significant long-term
decrease in salt intake and SBP was observed in the non-drinking group, but not in the
drinking-group. Thus, long-term decreased salt intake might have resulted in decreased
BP in the non-drinking group. Studies have shown that single or repetitive nutrition
counseling alone could lead to decreased salt intake and BP, but the long-term effects were
unknown [21,22]. In this study, effective behavioral changed and long-term BP reduction
could be obtained by repeating nutrition counseling based on TTM. Thus, it was suggested
that behavioral change was an important factor to keep long-term BP reduction.

In the drinking group, SBPs had significantly decreased in the short term, but the
effects of BP disappeared after 1.5 years. Long-term nutrition counseling with behavioral
modification stages went wrong in the drinking group. It is necessary to grope the planning
of temperance and abstinence as a target of behavioral modification in social concerns.
Yoshimura et al. reported that alcohol consumption is associated with salt intake and
BP, and salt sensitivity improved by reducing alcohol intake [23]. Salt intake was also
excessive for the drinking group at hospitalization in this study. Salt intake and SBPs had
significantly decreased after 1 year in the drinking group. However, the salt intake and
BP tended to increase 1.5 years after hospitalization in the drinking group. Moreover, in
this study, 1.5 years after hospitalization, due to intake, beef jerky, salted nuts, and pickle
(salt intake >2 g) consumption increased in the drinking group (data not shown) [15].
These were regarded as factors of the salt intake and BP tended to increase. Thus, in the
long-term drinkers, increased salt intake during alcohol intake might weaken the effect
for BP. Therefore, temperance and stricter sodium reduction [24,25] in drinkers [20,26,27]
are essential.

Most of the patients in this study were elderly with an average age of 71 years old.
Akita et al. reported that guideline-based drug therapy alone for elderly cardiovascular
patients was insufficient to prevent recurrence of CHF [3], and Tsuchihashi et al. also
reported that one-third of the triggers for relapse of CHF in elderly patients are because of
excess salt intake [6]. Therefore, repetitive nutrition counseling based on TTM was effective
in preventing recurrence in elderly patients with CVD. Furthermore, there is no significant
improvement about lipid profile and dietary fiber intake. It will be problematic in target
setting of nutrition counseling in the future. In this study, target setting to the drinkers
of temperance, and stricter sodium reduction, with behavioral modification stages are
important. To prevent the development or recurrence of CVD, we should also support the
acquisition of self-management skills [28], as well as long-term improvement of dietary
intake and daily lifestyle habits. This is crucial because absence of effective behavior
changes may exacerbate the symptoms, resulting in long-term consequences.

The findings of this study have to be seen in light of some limitations. The small
sample of patients with CVD. Since this study is small, a large-scale, prospective study is
necessary to obtain a final conclusion. Moreover, we were not considering the change of
medication in this study, but that was a number of minor changes.

In conclusion, this study suggests that acquisition of effective behavior modifications
by long-term nutrition counseling, according to behavioral modification stages, is important
for patients with CVD.
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Abstract: Despite intensive lipid-lowering interventions, patients treated with statins develop
atherosclerotic cardiovascular disease (ASCVD), and these patients have an increased risk of de-
veloping recurrent cardiovascular events during follow-up. Therefore, there is a need to focus on
the residual risks in patients in statin therapy to further reduce ASCVD. The aim of this study was
to retrospectively investigate the 10-year trend (2011–2019) regarding changes in polyunsaturated
fatty acids (PUFAs) in patients with acute coronary syndrome (ACS) in a single center. We included
686 men and 203 women with ACS admitted to Kagawa Prefectural Central Hospital. Plasma PU-
FAs, including eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), arachidonic acid (AA),
and dihomo-γ-linolenic acid (DGLA), were measured at admission for suspected ACS. A secular
decreasing trend in the levels of EPA and DHA and the EPA/AA ratio, but not of AA and DGLA,
was observed. The analyses based on age (>70 or <70 years) and sex showed that the decreasing
trend in the levels of EPA and DHA did not depend on age and remained significant only in men.
Further studies are needed to obtain robust evidence to justify that the administration of n-3 PUFA
contributes to the secondary prevention of ACS.

Keywords: atherosclerotic cardiovascular disease; polyunsaturated fatty acids; eicosapentaenoic
acid; docosahexaenoic acid; arachidonic acid; descriptive study

1. Introduction

Atherosclerotic cardiovascular disease (ASCVD) is the leading cause of mortality,
accounting for 30% of all global deaths [1]. There are several methods to prevent ASCVD,
including smoking cessation, increased physical activity, and weight loss [2]. The recent
guidelines for the prevention of ASCVD recommend lipid-lowering agents, particularly
statins, as the essence of primary and secondary prevention of ASCVD [3–5]. However,
despite intensive lipid-lowering interventions, patients treated with statins develop ASCVD,
and these patients have an increased recurrent risk of cardiovascular events [6–8]. Therefore,
the residual risks in patients on statin therapy need to be the focus to further reduce
ASCVD. An observational study showed that lower n-3 polyunsaturated fatty acids (PUFAs),
especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), were associated
with the incidence of ASCVD [9]. Other studies have demonstrated that a low ratio of EPA
to arachidonic acid (AA) is associated with a greater risk of cardiovascular disease [10–12].
Therefore, active screening of PUFAs is beneficial in identifying patients at high risk for
ASCVD. A survey of a community-dwelling middle-aged and elderly Japanese population
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over 13 years from 1997 to 2012 showed that EPA and DHA concentrations increased in
those aged over 60 years [13]. However, there is no data on the secular trend of PUFAs in
patients with ASCVD. To establish appropriate intervention for secondary prevention, more
recent data, especially in patients with ASCVD, is needed.

Therefore, we investigated the 10-year trend regarding changes in PUFAs in patients
with acute coronary syndrome (ACS) based on data from a single center.

2. Materials and Methods

This was a single-center, retrospective, observational study. We enrolled 889 patients
who were treated for ACS at the Kagawa Prefectural Central Hospital between January
2011 and December 2019. All these patients were evaluated for plasma EPA, DHA, AA,
and dihomo-γ-linolenic acid (DGLA) on the day of admission for suspected ACS. ACS was
diagnosed according to the American College of Cardiology/American Heart Association
2007 guideline; recent-onset chest pain, associated with ST segment and/or negative T
wave electrocardiogram (ECG) changes and/or positive cardiac enzymes (creatine kinase or
troponin T) [14]. Patients were excluded if they were administered pure EPA formulations.

This study was approved by the ethics committee of Kagawa Prefectural Central
Hospital. The requirement for informed consent was waived because of the low-risk nature
of the study and the inability to obtain consent directly from all the study subjects. Instead,
we announced this study protocol extensively at Kagawa Prefectural Central Hospital and
on the hospital website (http://www.chp-kagawa.jp/) and provided patients with the
opportunity to withdraw from the study. The study was conducted in accordance with the
principles of the Declaration of Helsinki.

2.1. Blood Sampling

Blood samples were obtained in the emergency room, and plasma levels of EPA, DHA,
AA, and DGLA were measured at an external laboratory (SRL Inc., Tokyo, Japan). Routine
laboratory tests, including total cholesterol, fasting triglycerides, low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), hemoglobin A1c, and
serum creatinine, were performed using an automated analyzer at Kagawa Prefectural
Central Hospital. LDL concentration was assayed directly.

2.2. Assessment of Additional Risk Factors

Hypertension was confirmed according to the Japanese Society of Hypertension Guide-
lines for the Management of Hypertension 2014 [15]. Diabetes mellitus was defined as hav-
ing a previous diagnosis of diabetes mellitus in the medical records, having a hemoglobin
A1c (national glycohemoglobin standardization program calculation) level ≥ 6.5%, or
receiving treatment with oral antidiabetic agents or insulin. Dyslipidemia was defined
according to the Japan Atherosclerosis Society Guidelines for Prevention of Atherosclerotic
Cardiovascular Diseases 2017 [16]. Smoking status was defined as currently smoking.

2.3. Statistical Analysis

Continuous variables are presented as mean ± standard deviation or mean ± 95%
confidence interval (CI). Categorical variables are presented as frequency and proportion
(%). The observation period was divided into three terms: the first term (2011–2013), second
term (2014–2016), and third term (2017–2019). Differences among groups were evaluated
using the chi-square test for categorical variables, and differences in continuous variables
were compared by analysis of variance. Analysis of covariance allowed the comparison of
PUFAs among groups while taking into account age and sex. For multiple comparisons, the
Bonferroni post-hoc test was applied. A 2-tailed p-value of <0.05 was considered statistically
significant. All statistical analyses were performed using SPSS 27.0 for Windows (IBM,
Armonk, NY, USA).
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3. Results

Analysis of the patient characteristics and lipid profile of the study population accord-
ing to the terms as shown in Table 1, patients in the third term were significantly older than
those in the second term. The prevalence of dyslipidemia in the third term was significantly
lower than that in the second term. There was a higher prevalence of patients with current
smoking habit and statin use in the second term than in the first and third terms, respectively.
The level of hemoglobin A1c in the second term was significantly lower than that in the first
term. The level of triglyceride in the third term was significantly lower than that in the first
term, whereas the levels of LDL-C and HDL-C did not differ among the three terms.

Table 1. Patient characteristics in the first, second and third terms.

First Term
(2011–2013),

n = 238

Second Term
(2014–2016),

n = 285

Third Term
(2017–2019),

n = 366
p Value

Age, years 70.3 ± 11.4 68.5 ± 12.1 71.7 ± 12.7 # 0.003
Male/female 181 (76)/57 (24) 227 (80)/58 (20) 278 (76)/88 (24) 0.480

Body mass index, kg/m2 23.7 ± 3.8 23.9 ± 3.4 23.8 ± 3.8 0.765
Hypertension 165 (69) 211 (74) 264 (72) 0.489

Diabetes mellitus 92 (39) 95 (33) 140 (38) 0.340
Dyslipidemia 159 (67) 199 (70) 219 (60) # 0.023

Current smoker 69 (29) 124 (43.8) * 107 (29) # <0.001
AMI/UAP 160 (67)/78 (33) 194 (68)/91 (32) 245 (67)/121 (33) 0.097

History of CAD 37 (16) 32 (11) 47 (13) 0.34
Statin 39 (16) 74 (26) * 67 (18) # 0.012

Ezetimibe N/A 5 (2) 7 (2) 0.710
ACEI/ARB 65 (28) 108 (37) 106 (28) 0.770
β-blocker 22 (9) 28 (10) 31 (8) 0.995

Serum creatinine, mg/dL 1.00 ± 0.91 0.98 ± 0.88 1.18 ± 1.49 0.057
Hemoglobin A1c, % 6.4 ± 1.3 6.0 ± 0.9 * 6.2 ± 1.1 0.005

Total cholesterol, mg/dL 181 ± 39 185 ± 44 180 ± 40 0.223
LDL-C, mg/dL 114 ± 33 116 ± 36 113 ± 34 0.692

Triglyceride, mg/dL 110 ± 131 114 ± 99 94 ± 77 # 0.037
HDL-C, mg/dL 42 ± 10 44 ± 12 44 ± 12 0.257

EPA, μg/mL 63.0 ± 42.2 60.2 ± 38.3 51.6 ± 33.2 *# <0.001
DHA, μg/mL 138.1 ± 51.7 130.2 ± 51.0 116.0 ± 43.8 *# <0.001
AA, μg/mL 169.6 ± 45.6 178.3 ± 53.2 180.8 ± 55.7 * 0.032

DGLA, μg/mL 36.0 ± 14.7 39.3 ± 15.2 * 36.0 ± 14.8 # 0.010
EPA/AA 0.37 ± 0.22 0.35 ± 0.22 0.29 ± 0.18 *# <0.001

Categorical variables are presented as number of patients (%). Continuous variables are presented as mean ± standard deviation. AMI,
acute myocardial infarction; UAP, unstable angina pectoris; CAD, coronary artery disease; N/A, not available; ACEI/ARB, angiotensin-
converting-enzyme inhibitor/angiotensin II Receptor Blocker; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; DGLA, dihomo-γ-linolenic acid; AA, arachidonic acid. * p < 0.05
versus first term and # p < 0.05 versus second term. For multiple comparisons, the Bonferroni post-hoc test was applied.

On analyzing the secular trend of EPA, AA, DGLA, AA, and EPA/AA levels in all
patients, and according to age (>70 or < 70years) and sex (Table 2), the levels of EPA and
DHA in the third term were significantly lower than those in the first and second terms,
respectively. The AA level in the third term was significantly higher than that in the first
term. The DGLA level in the second term was significantly higher than that in the first and
third terms. Regarding the influence of age on the trend, the levels of EPA and DHA in the
third term remained significantly lower than those in the first term in both patients aged
<70 years and >70 years. Regarding the influence of sex on the trend, the levels of EPA and
DHA in the third term remained significantly lower than those in the first term in men, but
not in women. The levels of AA and DGLA did not differ among the three terms regardless
of age and sex. The EPA/AA ratio in the third term was significantly lower than that in
the first term regardless of age, and this difference remained significant in men, but not
in women.
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Table 2. Secular trend in polyunsaturated fatty acids in all patients.

First Term
(2011–2013)

Second Term
(2014–2016)

Third Term
(2017–2019)

p Value

EPA, μg/mL
All patients 63.0 ± 42.2 60.2 ± 38.3 51.6 ± 33.2 *# <0.001

Age ≤ 70 years 62.8 ± 40.1 57.9 ± 37.4 49.5 ± 31.2 * 0.010
Age > 70 years 65.9 ± 50.4 62.6 ± 36.6 53.4 ± 34.9 * 0.018

Men 64.5 ± 43.9 58.8 ± 36.7 51.7 ± 31.7 * 0.002
Women 63.8 ± 50.3 64.8 ± 38.3 51.3 ± 37.8 0.080

DHA, μg/mL
All patients 138.1 ± 51.7 130.2 ± 51.0 116.0 ± 43.8 *# <0.001

Age ≤ 70 years 142.9 ± 62.5 128.6 ± 49.0 110.9 ± 41.9 * <0.001
Age > 70 years 139.0 ± 48.1 131.6 ± 48.4 120.2 ± 45.1 * 0.004

Men 140.5 ± 59.1 126.3 ± 46.0 * 111.7 ± 38.9 *,# <0.001
Women 142.2 ± 44.4 143.9 ± 56.0 129.4 ± 54.7 0.183

AA, μg/mL
All patients 169.6 ± 45.6 178.3 ± 53.2 180.8 ± 55.7 * 0.032

Age ≤ 70 years 179.4 ± 53.1 185.7 ± 53.2 192.0 ± 61.7 0.225
Age > 70 years 161.9 ± 39.4 164.7 ± 46.4 171.5 ± 48.4 0.186

Men 169.7 ± 48.1 171.3 ± 50.5 179.4 ± 53.3 0.093
Women 174.1 ± 45.8 194.8 ± 50.3 185.5 ± 63.1 0.150

DGLA, μg/mL
All patients 36.0 ± 14.7 39.3 ± 15.2 * 36.0 ± 14.8 # 0.010

Age ≤ 70 years 40.1 ± 17.2 42.8 ± 16.0 39.6 ± 14.3 0.124
Age > 70 years 32.4 ±12.7 33.5 ± 11.1 33.1 ± 14.6 0.813

Men 36.6 ± 15.6 38.2 ± 15.0 36.2 ± 15.6 0.298
Women 35.2 ± 15.5 40.1 ± 13.4 35.6 ± 12.2 0.066

EPA/AA
All patients 0.37 ± 0.22 0.35 ± 0.22 0.29 ± 0.18 *,# <0.001

Age ≤ 70 years 0.35 ± 0.19 0.32 ± 0.20 0.27 ± 0.17 * 0.002
Age > 70 years 0.40 ± 0.28 0.439 ± 0.23 0.31 ± 0.19 * 0.001

Men 0.38 ± 0.24 0.36 ± 0.21 0.30 ± 0.21 * <0.001
Women 0.35 ± 0.22 0.35 ± 0.23 0.27 ± 0.17 0.035

Continuous variables are presented as mean ± standard deviation. EPA, eicosapentaenoic acid; DHA, docosa-
hexaenoic acid; DGLA, dihomo-γ-linolenic acid; AA, arachidonic acid. * p < 0.05 versus first term and # p < 0.05
versus second term. For multiple comparisons, the Bonferroni post-hoc test was applied.

Next, the secular trends of EPA, AA, DGLA, and EPA/AA levels in patients with and
without diabetes were analyzed separately (Tables 3 and 4). The trend in patients with
diabetes was similar to that in all patients. However, in patients without diabetes, the
levels of EPA in the third term were significantly lower than those in the second term in
women >70 years; the levels of DHA in the third term were significantly lower than those
in the second term regardless age and sex; and the EPA/AA ratio in the third term was
significantly lower than that in the first and the second terms in women >70 years.

Based on Figure 1, which shows the secular trend in the age- and sex-adjusted EPA,
AA, DGLA, and EPA/AA levels, the adjusted levels of PUFAs [mean (95% CI)] in the
first, second, and third terms were 62.4 (55.5–69.2), 57.6 (52.4–62.8), and 47.7 (42.6–52.8) of
EPA (μg/mL, p = 0.001); 142.4 (133.9–150.6), 128.7 (122.3–13.5.1), and 116.6 (110.3–122.9)
of DHA (μg/mL, p < 0.001); 174.9 (165.7–14.0), 182.7 (175.8–189.6), 186.8 (180.1–193.6) of
AA (p = 0.102); 39.2 (36.8–41.7), 40.2 (38.4–42.0), and 37.0 (35.2–38.8) of DGLA (μg/mL,
p = 0.045), 0.63 (0.32–0.40), 0.33 (0.30–0.36), and 0.26 (0.23–0.29) of EPA/AA (p < 0.001),
respectively.
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Table 3. Secular trend in polyunsaturated fatty acids in patients with diabetes.

First Term
(2011–2013),

n = 92

Second Term
(2014–2016),

n = 95

Third Term
(2017–2019),

n = 139
p Value

EPA, μg/mL
Age ≤ 70 years 71.2 ± 44.3 58.1 ± 32.2 46.3 ± 28.2 *,# 0.001
Age > 70 years 71.4 ± 50.5 62.5 ± 40.8 54.3 ± 41.4 * 0.125

Men 71.6 ± 49.3 59.9 ± 37.8 48.2 ± 28.5 *,# <0.001
Women 70.2 ± 37.1 61.4 ± 31.8 60.0 ± 56.1 0.732

DHA, μg/mL
Age ≤ 70 years 145.4 ± 67.4 127.7 ± 46.8 106.2 ± 43.7 *,# 0.001
Age > 70 years 146.3 ± 51.1 131.4 ± 58.3 120.6 ± 54.7 * 0.055

Men 144.6 ± 65.0 125.9 ± 47.8 * 106.6 ± 37.1 *,# <0.001
Women 150.4 ± 38.8 142.9 ± 66.4 142.1 ± 77.6 0.903

AA, μg/mL
Age ≤ 70 years 183.0 ± 58.8 239.4 ± 331.6 194.8 ± 70.9 0.297
Age > 70 years 162.6 ± 36.6 173.0 ± 38.6 170.4 ± 42.5 0.455

Men 173.0 ± 52.6 210.2 ± 272.1 178.3 ± 50.9 0.266
Women 177.1 ± 45.1 199.6 ± 64.4 191.2 ± 78.1 0.569

DGLA, μg/mL
Age ≤ 70 years 42.6 ± 19.2 44.5 ± 16.4 39.9 ± 14.4 0.348
Age > 70 years 32.5 ± 12.2 34.7 ± 12.8 31.2 ± 11.0 0.280

Men 38.2 ± 17.7 39.8 ± 15.1 34.7 ± 13.1 # 0.063
Women 37.8 ± 15.3 40.1 ± 17.5 36.2 ± 13.9 0.694

EPA/AA
Age ≤ 70 years 0.38 ± 0.20 0.31 ± 0.19 0.25 ± 0.14 *,# <0.001
Age > 70 years 0.45 ± 0.33 0.36 ± 0.24 0.31 ± 0.19 * 0.016

Men 0.42 ± 0.27 0.34 ± 0.23 0.28 ± 0.16 *,# <0.001
Women 0.40 ± 0.23 0.31 ± 0.14 0.30 ± 0.23 0.220

Continuous variables are presented as mean ± standard deviation. EPA, eicosapentaenoic acid; DHA, docosa-
hexaenoic acid; DGLA, dihomo-γ-linolenic acid; AA, arachidonic acid. * p < 0.05 versus first term and # p < 0.05
versus second term. For multiple comparisons, the Bonferroni post-hoc test was applied.

Table 4. Secular trend in polyunsaturated fatty acids in patients without diabetes.

First Term
(2011–2013),

n = 146

Second Term
(2014–2016),

n = 190

Third Term
(2017–2019),

n = 227
p Value

EPA, μg/mL
Age ≤ 70 years 54.9 ± 29.5 57.7 ± 42.6 51.3 ± 32.8 0.434
Age > 70 years 60.9 ± 45.4 63.2 ± 35.2 52.8 ± 30.0 # 0.096

Men 56.8 ± 32.1 58.6 ± 38.6 53.9 ± 33.6 0.491
Women 60.7 ± 52.0 66.7 ± 42.2 46.8 ± 22.7 # 0.036

DHA, μg/mL
Age ≤ 70 years 134.7 ± 47.5 129.0 ± 54.2 113.7 ± 40.8 *,# 0.009
Age > 70 years 131.7 ± 42.3 132.3 ± 46.0 119.9 ± 37.8 *,# 0.057

Men 131.1 ± 45.1 127.1 ± 48.4 115.0 ± 39.9 *,# 0.006
Women 139.1 ± 44.3 144.3 ± 56.8 122.9 ± 37.1 # 0.057

AA, μg/mL
Age ≤ 70 years 175.0 ± 41.2 185.0 ± 53.1 190.3 ± 56.1 * 0.146
Age > 70 years 158.5 ± 41.0 163.7 ± 51.3 172.2 ± 52.0 0.151

Men 164.0 ± 40.1 169.8 ± 54.1 180.1 ± 54.8 * 0.031
Women 174.9 ± 45.9 197.1 ± 43.8 * 182.5 ± 54.3 0.137

DGLA, μg/mL
Age ≤ 70 years 37.6 ± 13.1 43.4 ± 16.7 * 39.4 ± 14.3 0.027
Age > 70 years 31.6 ± 11.9 33.7 ± 10.7 34.3 ± 16.5 0.420

Men 34.7 ± 12.4 38.4 ± 15.7 * 37.2 ± 16.9 0.177
Women 34.4 ± 14.1 41.4 ± 11.8 * 35.3 ± 11.4 # 0.024
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Table 4. Cont.

First Term
(2011–2013),

n = 146

Second Term
(2014–2016),

n = 190

Third Term
(2017–2019),

n = 227
p Value

EPA/AA
Age ≤ 70 years 0.31 ±0.16 0.32 ± 0.22 0.28 ± 0.18 0.312
Age > 70 years 0.37 ± 0.22 0.40 ± 0.22 0.31± 0.18 *,# 0.006

Men 0.35 ± 0.18 0.35 ± 0.22 0.31 ± 0.20 0.101
Women 0.33 ± 0.22 0.36 ± 0.26 0.26 ± 0.12 # 0.038

Continuous variables are presented as mean ± standard deviation. EPA, eicosapentaenoic acid; DHA, docosa-
hexaenoic acid; DGLA, dihomo-γ-linolenic acid; AA, arachidonic acid. * p < 0.05 versus first term and # p < 0.05
versus second term. For multiple comparisons, the Bonferroni post-hoc test was applied.

Figure 1. Secular trend in age- and sex- adjusted polyunsaturated fatty acids and EPA/AA. (A)
EPA, (B) DHA, (C) AA, (D) DGLA, and (E) EPA/AA Data are presented as mean ± 95% confidence
interval. EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; DGLA, dihomo-γ-linolenic acid;
AA, arachidonic acid. * p < 0.05 versus first term and # p < 0.05 versus second term. Analysis of
covariance allowed the comparison of PUFAs among groups while taking into account age and sex.
For multiple comparisons, the Bonferroni post-hoc test was applied.

4. Discussion

This study demonstrated a decreasing trend in the levels of EPA, DHA, and EPA/AA,
but not of AA and DGLA. Analyses based on age (<70 and >70 years) and sex showed
that this decreasing trend in the levels of EPA and DHA did not depend on age and was
significant only in men. To our knowledge, this is the first study to describe changes in
PUFAs over a decade in patients with ACS.
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A previous study from 1997 to 2012 in a contemporary healthy Japanese population
living in an urban area showed a secular increasing trend in the serum levels of EPA and
DHA in the population aged over 60 years [17]. The present study evaluated subsequent
changes in PUFAs from 2011 to 2019 in patients with ACS and demonstrated a decreasing
trend in plasma EPA and DHA. After 2010, a substantial reduction in the fish intake in
the Japanese elderly population was reported [18], which could be an explanation of this
decreasing trend of n-3 PUFAs in the present study, as fish intake is closely correlated
with circulating n-3 PUFAs level [19]. Another explanation is the difference in participant
characteristics between the general population and patients with ACS. A previous study
in patients with ACS showed that the mean levels of EPA and DHA during 2004 and 2011
were 73.4 μg/mL and 146.9 μg/mL, respectively, which were slightly higher than those
in the first term (2011–2013) in our study (63.0 μg/mL and 138.1 μg/mL, respectively).
Furthermore, the level of AA during 2004 and 2011 in patients with ACS was reported to be
159.9 μg/mL, which was moderately lower than that in the first term in the present study
of 169.6 μg/mL. Thus, in patients with ACS, a decreasing trend in the levels of EPA, DHA,
and EPA/AA may have continued before 2011. However, further larger studies are needed
to confirm this decreasing trend in patients with ACS.

The mechanisms underlying the favorable effects of n-3 PUFAs remain partly un-
known [20], whereas previous experimental studies showed that n-3 PUFAs have multiple
actions towards prevention of ASCVD, including anti-inflammatory effect [21], inhibition
of platelet aggregation [22], and improvement of endothelial function [23]. Several studies
using intra-coronary imaging showed that circulating EPA levels were associated with
lipid plaque volume, [24] and fibrous-cap thickness of the plaque [25]. A randomized
control study evaluating coronary plaque change by multidetector computed tomography
showed that treatment with n-3 PUFA formulation for 18 months significantly reduced the
accumulation of low-attenuation plaque, which is a component of vulnerable plaque, com-
pared to placebo [26]. Furthermore, a recent study showed that the proportion of EPA in
serum phosphatidylcholine at the time of ACS was associated with further clinical adverse
events [27]. Thus, clinical trials and basic experiments suggest an important association
between n-3 PUFAs and the development of ASCVD.

The Japanese Registry of All Cardiac and Vascular Disease showed that the number of
patients with ACS is slightly increasing in Japan (http://www.j-circ.or.jp/jittai_chosa/).
Furthermore, despite significant improvement in cardiovascular events by intensive statin
treatment, up to 40% of statin-treated patients continue to experience recurrent cardiovas-
cular events [8]. Thus, the control of risk factors beyond LDL-C and residual risk is an
emerging problem for preventing ASCVD. In this context, n-3 PUFA has been evaluated as
a residual cardiovascular risk factor. Our study demonstrated the secular decreasing trend
in the levels of EPA, DHA, and EPA/AA without significant changes in LDL-C and HDL-C.
Although our study did not evaluate the association between the secular decreasing trend
and the incidence of ASCVD, it highlights the importance of n-3 PUFAs in the development
of ACS.

Previous studies have shown that triglyceride-rich lipoproteins, the main carriers of
triglycerides, are associated with foam cell formation via macrophage uptake directly at the
arterial wall, which results in the development of atherosclerosis [28]. In addition, recent
genetic studies have provided robust evidence of the role of triglycerides in the causal
pathway for ASCVD [29]. Thus, supplemental n-3 PUFA lower triglyceride can be used
as a treatment in patients with hypertriglyceridemia. However, the clinical benefit of the
treatment of hypertriglyceridemia for the prevention of ASCVD has not been established.
Future clinical trials are needed to determine whether triglyceride-lowering therapies
reduce the risk of ASCVD in patients with hypertriglyceridemia. In addition, lipoprotein(a),
which is composed of an LDL-like particle and characteristic glycoprotein apolipoprotein(a)
connected by a disulfide bond, has been recognized as a residual risk of ASCVD [30]. Thus,
the control of residual risks is an emerging issue to prevent ASCVD after the achievement
of substantial reduction of LDL-C.
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Although a few clinical studies have shown the effectiveness of n-3 PUFAs in high-risk
patients, the benefit of n-3 PUFAs in the prevention of ASCVD remains controversial [31–42].
For primary prevention, a study of cardiovascular events in diabetes (ASCEND) [43] and a
long-term outcomes study to assess STatin Residual Risk Reduction With EpaNova in HiGh
Cardiovascular Risk PatienTs With Hypertriglyceridemia (STRENGTH) [44] failed to show a
significant reduction in ASCVD by n-3 PUFA formulation in high risk patients. The Vitamin
D and Omega-3 Trial (VITAL) showed that supplemental n-3 PUFAs did not significantly
reduce the primary cardiovascular end point of major cardiovascular events (composite
of myocardial infarction, stroke, and cardiovascular mortality), but were associated with
significant reductions in total myocardial infarction, percutaneous coronary intervention, and
fatal myocardial infarction [45]. On the other hand, for secondary prevention, Reduction of
Cardiovascular Events With EPA—Intervention Trial (REDUCE-IT) [46] showed a significant
reduction in ASCVD. There were several differences among the studies. One issue is the
formulation of n-3 PUFAs. The ASCEND, the VITAL, and the STRENGTH tested mixed
formulations of EPA and DHA, whereas the REDUCE-IT evaluated pure EPA formulation.
Another issue is the dose of n-3 PUFA. Participants in the ASCEND and the VITAL received
1 g/day of n-3 PUFA, whereas participants in the STRENGTH and the REDUCE-IT received
4 g/day. A high dose of n-3 PUFA formulation may be preferable because circulating EPA
levels were shown to be tightly linked with ASCVD outcomes in the REDUCE-IT trial [46].
Furthermore, it is possible that the specific formulation of n-3 PUFAs makes a difference
because the biological roles of EPA and DHA in tissue are different [18]. Further large-scale,
carefully planned, and controlled clinical studies are needed to provide solid evidence that
n-3 PUFAs can prevent ASCVD.

There are several limitations in this study. This study was retrospectively performed
at a single center located in a costal provincial city. Therefore, the study results cannot be
applied directly to patients living in urban areas. Second, this study did not aim to analyze
the causal relationship between the decrease in the levels of EPA and DHA, EPA/AA, and
the incidence of ACS. Further investigation is needed to achieve robust evidence on the
role of n-3 PUFAs in preventing ASCVD.

5. Conclusions

This study demonstrated a decreasing trend in the levels of EPA and DHA, and
EPA/AA in men from 2011 to 2019 without significant changes in the levels of LDL-C and
HDL-C. This decreasing trend in the levels of EPA and DHA did not depend on age and was
significant only in men. Considering the results of recent large-scale trials, administration
of a sufficient dose of n-3 PUFAs may contribute to the secondary prevention of ACS, but
further studies are needed to obtain robust evidence.
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Abstract: Cardiovascular disease is one of the most common causes of hospitalization and is associ-
ated with high morbidity and mortality rates. Among the most important modifiable and well-known
risk factors are an unhealthy diet and sedentary lifestyle. Nevertheless, adherence to healthy lifestyle
regimes is poor. The present study examined longitudinal trajectories (pre-event, 6-, 12-, 24-, 36-, and
60-month follow-ups) of protein intake (fish, legumes, red/processed meat) and physical activity
in 275 newly-diagnosed patients with acute coronary syndrome. Hierarchical Generalized Linear
Models were performed, controlling for demographic and clinical variables, the season in which each
assessment was made, and the presence of anxiety and depressive symptoms. Significant changes
in protein intake and physical activity were found from pre-event to the six-month follow-up, sug-
gesting the adoption of healthier behaviors. However, soon after the six-month follow-up, patients
experienced significant declines in their healthy behaviors. Both physical activity and red/processed
meat intake were modulated by the season in which the assessments took place and by anxiety
symptoms over time. The negative long-term trajectory of healthy behaviors suggests that tailored
interventions are needed that sustain patients’ capabilities to self-regulate their behaviors over time
and consider patient preference in function of season.

Keywords: acute coronary syndrome; healthy behaviors; diet; legumes; fish; red/processed meat;
physical activity; anxiety; depression; season

1. Introduction

Cardiovascular disease (CVD) is one of the most common causes of hospitalization
in Western countries and is associated with high morbidity and mortality rates. CVD’s
burden is not only a health issue, but also a growing economic and societal challenge [1,2].
INTERHEART [3], a case-control study conducted in 52 countries, has identified nine
risk factors and health behaviors (namely, hypertension, dyslipidemia, diabetes, obesity,
smoking, alcohol, unhealthy diet, sedentary lifestyle, and psychosocial factors) that account
for more than 90% of the population attributable risk of CVD. Based on scientific evidence
that the virtuous management of these risk factors may reduce the incidence of CVD at
the population level, eight of them (all except psychosocial factors) are the World Health
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Organization targets for reduction by 2025 [4]. Nevertheless, according to a recent report
from the European Society of Cardiology [2], based on current trends, only the reduction
in smoking from 28% to 21% over the last 20 years appears to be able to meet the WHO
target. This goal may be achieved for smoking, but other behaviors like unhealthy diet and
sedentary lifestyle still need strong attention.

Regarding physical activity, international guidelines recommend that adults engage
in at least 150 minutes per week of accumulated moderate-intensity or 75 minutes per
week of vigorous-intensity aerobic physical activity to reduce CVD risk [1,2]. Encouraging
leisure-time exercise has consistently been shown to promote cardiovascular health [5].
International guidelines recommend a diet emphasizing the intake of fruits and vegetables,
whole grains, fish, and legumes, and minimizing the intake of processed meats and fats to
decrease CVD risk factors [1]. The widespread popularity of high-protein diets has drawn
controversy as well as scientific interest [6]. Many meta-analyses have shown a potential
CVD benefit for mainly secondary prevention with increased fish intake [7] and decreased
red/processed meat intake [8]. Data about the intake of legumes are less consistent but go
in the same direction [9,10].

Despite the large amount of scientific evidence and recommendations described in the
international guidelines, both in terms of primary and secondary prevention, there is poor
compliance with regimens of a healthy diet and physical activity [5]. Studies focused on
the longitudinal trajectories of healthy lifestyle highlighted that patients with established
CVD after the initial adoption of healthier lifestyles tend to drop out within six months of
hospital discharge [11–13].

The role of psychological factors is largely underestimated. Indeed, these risk factors
are not currently recorded in the ESC Atlas [2], nor are they among the WHO’s targets
for management for 2025 [4], although they are well established as contributors to CVD
risk [14–16]. In a previous study by the present research group, an association between
lifestyle profiles and psychological factors of depression and anxiety was found [17], consis-
tent with other empirical evidence showing a deleterious effect of depression and anxiety
on changing unhealthy lifestyles [18]. In another study [19], we found that higher levels
of depression six months after an acute coronary event were associated with subsequent
unhealthy lifestyle six months later. However, higher levels of depression at baseline
were not associated with subsequent unhealthy lifestyle six or twelve months later. These
findings underscore the importance of investigating the long-term role of psychological
factors in predicting healthy behavior trajectories that to date remain almost unknown.

Compliance with regimens of a healthy lifestyle may also be influenced, at least par-
tially, by the seasons [20]. Indeed, bad weather can represent a barrier to carrying out
physical activity, especially outdoors. Again, eating habits change considerably accord-
ing to the season [21,22]. All these changes, by modifying physiological responses and
metabolism, could affect cardiovascular function and disease [23]. These changes may
be particularly pronounced in countries subject to four distinct seasons and with very
different winter-to-summer weather conditions, like countries in the Mediterranean area.
Nevertheless, seasonal variations have seldom been considered a factor that modulates
compliance with healthy regimens in patients with established CVD [24,25].

The present study explores the longitudinal trajectories and underlying predictors
associated with protein consumption and physical activity in a cohort of 275 consecutive
patients with acute coronary syndrome (ACS) at their first coronary event. The aim was
to assess whether these factors could play a significant role in predicting adherence to
physicians’ prescriptions to achieve and maintain a sufficient level of physical activity and
a balanced protein intake. In addition to the most well-known demographic and clinical
predictors, for the first time, this study has investigated the role played by both psycho-
logical factors, namely anxiety and depressive symptoms, and environmental factors, i.e.,
seasonal variation. Patients were assessed at six time points, i.e., at baseline, at six months,
and at one, two, three, and five years after the first cardiovascular event. An advanced
statistical technique, namely hierarchical linear models (HLMs) with a piecewise regression
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approach, was used to model the individual change rate from pre-event to five-year post-
cardiovascular event. This technique allowed us to test the hypotheses that (1) patients
experienced increases in healthy protein consumption and physical activity from pre- to
six-months post-cardiovascular event; (2) patients decreased their healthy behaviors from
six-months to five-years post-cardiovascular event. We trust that investigating the predic-
tors of lifestyle changes in patients affected by CVD can be a useful tool for developing
tailored cardiovascular rehabilitation programs to increase and stabilize healthy behaviors.
This may have a great impact on the effectiveness of healthcare practices.

2. Materials and Methods

2.1. Study Design and Participants

A total of 275 consecutive patients affected by ACS at their first coronary event were
recruited from February 2011 to October 2013, in three large public hospitals in Italy.
Eligible patients were between 30 and 80 years of age, had sufficient Italian language
skills, and had neither cognitive deficits nor comorbidity with other major pathologies
such as cancer. Physicians recruited patients who met the eligibility criteria during their
cardiovascular rehabilitation (CR) at the hospital, which took place between two and eight
weeks after their first acute coronary event. Information on lifestyle before the onset of
ACS was retrospectively collected during the first assessment (baseline). After the first data
collection, patients were re-evaluated at five subsequent follow-ups (after six months, one,
two, three, and five years). At each time-point, sociodemographic, clinical, psychological,
and behavioral data were collected. The date of each of the six assessments was used to
define the variable “season” at each time-point.

This study is part of a larger longitudinal study aimed at profiling patients with
ACS and hypertension in terms of a series of behavioral, clinical, and psychological
variables [13,17,19,26]. For the first time, this study has focused on a five-year period
after the first cardiovascular event and has considered the role of both psychological
(anxiety and depressive symptoms) and environmental (seasonal variations) factors as
predictors of the longitudinal trajectories of healthy behaviors in terms of diet and physical
activity.

The Bio-Ethics Committee of all the institutions involved in the research project ap-
proved the study. Each participant provided written informed consent before their enrollment.

2.2. Measures
2.2.1. Protein Consumption

Protein consumption was measured using three items (pertinent to fish, legumes,
and red/processed meat intake) from the Italian version of the Mediterranean Diet Scale
(MDS) [26,27]. The MDS is a nine-item self-report questionnaire that measures the weekly
consumption of nine foods using a six-point Likert scale (from 1 = Never to 6 = More
than three times per day). Each response was coded as a dichotomous variable following
Trichopoulou and collaborators [27]; 1 indicates healthy (two or more servings of fish per
week; two or more servings of legumes per week; two or fewer servings of red/processed
meat per week) and 0 indicates unhealthy consumption.

2.2.2. Physical Activity

Physical activity was measured using the Italian version of the Rapid Assessment of
Physical Activity Questionnaire (RAPA-Q) [28], a seven-item measure of the frequency
and intensity of the participants’ physical activity. The questionnaire uses a yes/no scale.
The total score ranges from 1 (i.e., sedentary) to 7 (i.e., regular and vigorous activity), with
higher scores indicating a healthier amount of physical activity. Scores of 6 or 7 (i.e., at
least 30 min of moderate to vigorous aerobic exercise five times a week) indicate the target
amount of physical activity for cardiovascular prevention.
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2.2.3. Anxious and Depressive Symptoms

Anxious and depressive symptoms were measured using the Italian version of the
Hospital Anxiety and Depression Scale (HADS) [29,30], a 14-item self-report question-
naire developed to screen for generalized symptoms of psychological distress in medical
patients. Participants reported their feelings and mood on a four-point Likert scale (for ex-
ample, “I’ve lost interest in my appearance”, and the possible answers are 3 = “definitely”,
2 = “I don’t take as much care as I should”, 1 = “I may not take quite as much care”,
and 0 = “I take just as much care as ever”). Two sum scores were calculated for anxiety
and depressive symptoms; the total score ranges from 0 to 21, in which higher scores
indicate a greater presence of symptoms. The scale showed adequate internal consistency
(Cronbach’s alphas: anxiety = 0.81, depression = 0.73).

2.3. Data Analysis

Levels of physical activity from pre-event to the five-year follow-up were evaluated
using two-level Hierarchical Linear Models (HLMs), whilst changes in fish, legume, and
red/processed meat consumption (three dichotomous variables) were analyzed using
hierarchical generalized linear models (H(G)LMs). H(G)LMs are the best statistical methods
to examine longitudinal changes in nested data [31]. Their main advantage is their flexibility
in handling missing data [32], a common occurrence in longitudinal studies.

We tested the hypotheses on lifestyle behaviors using piecewise regression models
in H(G)LM, in which two level-1 “time” parameters were included to model the slope
discontinuity from pre- to six-months post-cardiovascular event (Time.D1), and from
six-months to five-year post-cardiovascular event (Time.D2) [33].

H(G)LM analyses were adjusted for several confounding demographic and clinical
variables, namely age, sex, working status (not working vs. working), educational level
(less than high school vs. high school or higher), marital status (single/widowed/divorced
vs. married), presence of hypertension, diabetes, dyslipidemia, obesity, and family history
of CVD (not present vs. present). Additionally, both anxious and depressive symptoms
and the season during which data were collected for each participant were added as time-
varying covariates at level 1 of the H(G)LM models. We further assessed and reported
pseudo-R2, a measure of HLMs’ effect sizes indicating the proportion of within-person
variance accounted for by adding the linear parameters [31]. All multilevel models and
further information on piecewise regressions are reported in the Appendix A.

Analyses were performed using the Statistical Package for Social Sciences (SPSS)
version 26.0 and Hierarchical Linear Models (HLM) Professional version 8.0. All statistical
tests were two-tailed, and a p ≤ 0.05 was considered statistically significant.

3. Results

3.1. Study Population

The study population included 275 consecutive ACS patients at their first coronary
event, aged 57.1± 7.87 years; 84% were men and 16% women. The proportion of men
in the sample was a direct consequence of the incidence of ACS, which is more common
among men than women [34]. The patients’ mean BMI was 27.2± 4.1 kg/m2; their mean
waist circumference [WC] was 96.5± 11.1 cm. All of them were Caucasian. Almost all
patients were prescribed pharmacological treatment for ACS, consisting of antiplatelet
drugs (99% of patients), beta-blockers (89%), statins (97%), sartans, or ace-inhibitors (99%).
Further demographic and clinical variables are reported in Tables 1 and 2.
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Table 1. Sociodemographic characteristics of the sample (N = 275). Means and standard deviations
(SD) are reported for age. Frequencies (n) and percentages are reported for gender, working status,
educational level, and marital status.

Sociodemographic Variables ACS Patients

Age, mean (SD) 57.1 (7.87)
Gender, n (%)

Male 231 (84%)
Female 44 (16%)

Working status, n (%)
working 111 (40.4%)

not working 163 (59.3%)
Educational level, n (%)

less than high school 141 (51.3%)
high school or higher 134 (48.7%)
Marital status, n (%)

single\widowed\divorced 78 (28.4%)
married 197 (71.6%)

Table 2. Clinical characteristics of the sample (N = 275). Frequencies (n) and percentages are reported
for clinical presentation, percutaneous coronary intervention, patients with at least one stent, and
risk factors. Means and standard deviations (SD) are reported for body mass index, systolic blood
pressure, and diastolic blood pressure.

Clinical Variables ACS Patients

Clinical Presentation, n (%)
Non-ST elevation myocardial infarction

(NSTEMI) 54 (19.8)

ST-elevation myocardial infarction (STEMI) 196 (71.8)
Unstable Angina 23 (8.5)

Percutaneous coronary intervention, n (%) 258 (94.5)
Patients with at least one stent, n (%) 263 (96)

Risk factors, n (%)
Hypertension 127 (46.5)
Dyslipidemia 143 (52.4)

Smoking History 180 (66.4)
Diabetes 47 (17.2)
Obesity 43 (15.8)

Family History of CVD 108 (39.3)
Physical Inactivity 20 (7.3)

Body Mass Index, mean (SD) 27.2 (4.1)
Systolic Blood Pressure (SBP), mean (SD) 115.9 (13.9)

Diastolic Blood Pressure (DBP), mean (SD) 72.9 (8.5)

Regarding the psychological assessment, the results showed that, on average, patients
were not affected by clinically significant anxiety (the mean score overtime was 5.78, with a
cut-off of 7), or clinically significant depression (the mean score overtime was 3.16, with a
cut-off of 7). Table 3 reports a detailed description of anxiety and depression scores across
all time points.
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Table 3. Sample size (N) and percentages of patients with a mean score above the cut-off of 7 for anxiety and depression
during all time points (baseline, six-month, one-, two-, three- and five-year follow-up). The cut-off of 7 defines the presence
of clinically significant symptoms of anxiety and depression. Means and standard deviations (SD) of the sample for each
time point are also reported.

Baseline 6 Months 1 Year 2 Years 3 Years 5 Years

N (%) Mean
(SD) N (%) Mean

(SD) N (%) Mean
(SD) N (%) Mean

(SD) N (%) Mean
(SD) N (%) Mean

(SD)

Anxiety 274
39%

6.85
(3.88)

241
33%

6.23
(3.35)

233
26%

5.70
(3.45)

218
28%

5.99
(3.37)

183
26%

5.68
(3.34)

175
14%

4.21
(3.19)

Depression 274
21%

4.73
(3.42)

241
19%

4.45
(3.18)

233
11%

3.84
(2.98)

218
17%

4.45
(3.14)

183
15%

4.25
(3.29)

175
14%

2.90
(2.94)

Regarding drop-outs, 12.7% of patients were absent at the six-month follow-up, 14.9%
at the one-year, 20.7% at the two-year, 33.1% at the three-year, and 35.3% at the five-year.
In comparison, percentages of drop-outs at the one-year follow-up were similar to those
reported in other European studies on ACS patients [35]. Causes of drop-out included: loss
to follow-up, relocation, refusal, and, in a small minority of cases, inability to track down
the patient. It is worth noting that this study’s statistical techniques enabled us to use all
the data available and not only those provided by completers. Therefore, the final number
of participants remained 275.

3.2. Longitudinal Changes in Protein Intake

Preliminary analyses showed that both the time slopes (Time.D1 and Time.D2; see
Appendix A for the multilevel model) for the variables Fish and Legume intake were non-
significant and were therefore fixed in subsequent analyses. Similarly, the pre-to-post event
time slope for the variable red/processed meat intake was non-significant, and its effect
was treated as fixed. In both cases, this suggested that participants had similar changes
over time in the aforementioned eating behaviors (i.e., the slopes were not significantly
different between participants).

As regards fish intake, results showed that before the onset of cardiovascular disease
(i.e., at the intercept), 66.4% of patients consumed two or more servings of fish per week.
From pre-event to six months later (i.e., the “Time.D1” slope β1), patients increased their
fish intake. Those who had a family history of CVD had a greater increase in fish intake
(β = 1.31; p = 0.043) than those without a family history of CVD. A significant longitudinal
decrease in fish intake was found from the six-month to the five-year follow-up (i.e., the
“Time.D2” slope β2). Anxiety, depression, and seasonal variations were not significant
predictors.

As regards legume intake, results showed that before the onset of CVD (i.e., at the
intercept), a high percentage (79.1%) of patients consumed two or more servings of legumes
per week. Older patients reported higher levels of legume intake (β = 0.07; p = 0.007).
From pre-event to six months after (i.e., the “Time.D1” slope β1), patients maintained
stable levels of legume intake, except older patients, who decreased their consumption of
legumes (β = −0.13; p = 0.009). A significant longitudinal decrease in legume intake was
found from the six-month to the five-year follow-up (i.e., the “Time.D2” slope β2). This
decrease was smaller among patients affected by hypertension (β = 0.15; p = 0.035), and
dyslipidemia (β = 0.15; p = 0.041). Anxiety, depression, and seasonal variations were not
significant predictors.

Regarding the consumption of red/processed meat, results showed that before the
onset of cardiovascular disease (i.e., at the intercept), only 8.4% of patients consumed
two or fewer servings of red/processed meat per week. From pre-event to six months
after (i.e., the “Time.D1” slope β1), red meat consumption significantly declined; indeed,
33.5% of patients consumed two or fewer servings of red/processed meat per week.
This decrease was greater among patients affected by hypertension (β = 1.87; p = 0.031).
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From the six-month to the five-year follow-up (i.e., the “Time.D2” slope β2), a significant
longitudinal decrease in red/processed meat consumption was found. Patients who were
married decreased their consumption of red/processed meat more than patients who
were single, widowed, or divorced (β = 0.20; p = 0.041). Patients affected by hypertension
decreased their consumption of red/processed meat less than patients not affected by
hypertension (β = −0.24; p = 0.004). Patients with higher levels of anxiety decreased their
consumption of red/processed meat more than patients with lower anxiety levels (β = 0.09;
p = 0.025). There was no statistically significant effect of depression on red/processed
meat consumption. The decrease in red/processed meat consumption was significantly
higher in spring (β = 0.47; p = 0.016) and in autumn (β = 0.43; p = 0.041) than in winter.
Further, the consumption of red/processed meat was significantly lower in spring than in
summer (β = 0.48; p = 0.027). The lowest consumption of red/processed meat was recorded
in spring (frequency = 165, 39.3% of patients ate a healthy amount of meat); it increased
in summer (frequency = 75, 28.8%), decreased in autumn (frequency = 120, 39.2%), and
increased again in winter (frequency = 115, 34%).

3.3. Longitudinal Changes in Physical Activity

Regarding physical activity, results showed that before the onset of cardiovascular
disease (i.e., at the intercept), patients affected by hypertension performed less physical
activity (β = −0.63; p = 0.011) compared to patients not affected by hypertension. From
pre-event to six months after (i.e., the “Time.D1” slope β1), patients increased their physical
activity. Patients with higher educational levels had steeper increases (β = 0.99; p = 0.036)
than those with less education. Patients affected by hypertension increased their levels
of physical activity (β = 1.08; p = 0.025). A significant longitudinal decrease in levels
of physical activity was found from the six-month to the five-year follow-up (i.e., the
“Time.D2” slope β2). Patients who were married decreased their physical activity levels
more than patients who were single, widowed, or divorced (β = −0.12; p = 0.048). Anxiety
and depression were not significant predictors. Physical activity was significantly higher in
autumn than in winter (β = 0.31; p = 0.015). The difference between the amount of physical
activity in summer and winter approached significance (β = 0.28; p = 0.048). The highest
amount of physical activity was recorded in autumn (mean = 5.11 ± 1.88); it decreased
significantly in winter (mean = 4.65 ± 2.09), then rose in a variable manner in spring
(mean = 4.92 ± 1.93) and summer (mean = 4.83 ± 2.06).

Frequencies, percentages, means, and standard deviations for all outcome variables
across all time points are reported in Table 4. All regression coefficients, standard errors, t
and p values for β1 and β2 slope parameters are reported in Table 5. All fixed effects are
reported in the Supplementary Materials. Figure 1 illustrates the longitudinal trajectory of
healthy protein consumption and the amount of physical activity.

Table 4. Descriptive statistics of the outcome measures at all time points (pre-event, six-month, one-, two-, three- and
five-year follow-up). Frequencies (n) and percentages are reported for the protein consumption outcomes (fish, legumes,
and healthy consumption of red/processed meat). Means and standard deviations (SD) are reported for physical activity.

Pre 6 Months 1 Year 2 Years 3 Years 5 Years

N n (%) N n (%) N n (%) N n (%) N n (%) N n (%)

Fish 274 182
(66.4) 239 185

(77.4) 233 186
(67.6) 216 124

(57.4) 183 105
(57.4) 176 109

(61.9)

Legumes 273 216
(79.1) 238 195

(81.9) 231 190
(82.3) 218 151

(69.3) 183 124
(67.8) 175 131

(74.9)
Red/processed
meat 274 23 (8.4) 239 80

(33.5) 233 75
(32.2) 218 105

(48.2) 184 85
(46.2) 176 107

(60.8)

N
Mean
(SD)

N
Mean
(SD)

N
Mean
(SD)

N
Mean
(SD)

N
Mean
(SD)

N
Mean
(SD)

Physical
Activity 275 4.20

(2.02) 240 5.48
(1.79) 234 5.36

(1.80) 217 5.17
(1.89) 183 5.12

(1.94) 176 3.86
(1.96)

Data on lifestyle behaviors at pre-event were collected retrospectively once patients were hospitalized.
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Table 5. Fixed effects for the longitudinal changes in behavioral outcomes (fish intake, legume intake, red/processed meat
intake, physical activity).

Variables Fixed Effects

β1 SE t Values DF p β2 SE t Values DF p R2

Fish intake 0.902 0.324 2.783 1006 0.005 −0.213 0.040 −5.341 1006 <0.001 \
Legume intake −0.035 0.339 −0.103 1003 0.918 −0.085 0.038 −2.240 1003 0.025 \
Red/processed
meat intake 4.011 0.508 7.895 749 <0.001 0.276 0.044 6.351 260 <0.001 \
Physical
Activity 2.334 0.229 10.217 260 <0.001 −0.240 0.025 −9.623 260 <0.001 34.4%

β1 = unstandardized regression coefficient for the average growth rate from pre-event to six months after. β2 = unstandardized regression
coefficient for the average growth rate from the six-month follow-up to the five-year follow-up. SE = standard error of the regression
coefficient; DF = degrees of freedom (df changes due to missing values or to the presence of fixed\random time slopes). R2 refers to
pseudo-R2, indicating the proportion of within-person variance accounted for by adding the “Time.1” and “Time.2” parameter to the
model; it cannot be analyzed for dichotomous variables.

Figure 1. (a) The graph shows the longitudinal trajectory of healthy protein consumption (i.e., two or more portions of
fish per week—grey line, two or more portions of legumes per week—dashed line, two or fewer portions of red meat per
week/processed—black line). The time is represented on the horizontal axis, the percentage of patients showing healthy
behavior is represented on the vertical axis; (b) the graph shows the longitudinal trajectory of the amount of physical activity.
The time is represented on the horizontal axis; the average physical activity score is represented on the vertical axis. The
total score ranges from 1 to 7, with higher scores indicating a healthier amount of physical activity. Scores higher than 6
indicate the target amount of physical activity for cardiovascular prevention.

4. Discussion

The present study explored the longitudinal trajectories of physical activity and
protein consumption in a cohort of patients with ACS at their first event. The aim was
to assess whether and which factors could play a significant role in predicting healthier
behavior. For the first time, this study has investigated the role played by anxiety and
depressive symptoms, and the change of seasons.

Our results are in agreement with previous studies showing that most patients affected
by CVD fail to achieve healthy lifestyle targets [11,13,36,37]. They showed that, on average,
patients experienced significant increases in the levels of healthy behaviors from pre- to
post-cardiovascular event. However, from post-event to the five-year follow-up, patients
showed a significant decline in their levels of healthy behaviors. This demonstrates the
difficulty of patients not so much in assuming but maintaining the recommended healthy
behaviors in the long term. In particular, as regards fish intake, results showed that a good
percentage of patients consumed two or more servings of fish per week before the onset
of the ACS, which has been related to positive health outcomes [27]. Immediately after
the cardiovascular event, fish consumption increased, especially among patients with a
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family history of CVD. We could argue that patients with this risk factor received more
health-related suggestions or were more sensitive to prescriptions received regarding fish
intake, possibly due to a greater risk perception than patients with no family history of
CVD. In support of this hypothesis, a cross-sectional study showed that a family history
of CVD was associated with both higher risk perception and the adoption of a healthier
lifestyle in people diagnosed with familial hypercholesterolemia [38]. Overall, the findings
therefore suggest that healthcare professionals should be aware that some people may
underestimate the risk of CVD and emphasize how behavior change can reduce risk [38].
This consideration is reinforced by the evidence that adherence declined over time in our
sample, highlighting a great difficulty in maintaining positive behavior.

Similar results were obtained in the case of legume intake. Indeed, before the onset
of the ACS, many patients consumed the recommended two or more servings of legumes
per week [27], especially older adults. Immediately after the cardiovascular event, patients
maintained stable levels of legume intake. Considering the high percentage of patients who
consumed a quantity of legumes in line with recommendations before the cardiac event,
it is not surprising that the behavior was maintained and did not increase further. This
observation is reinforced by the fact that older patients decreased legume intake, regressing
towards the mean. Over the five-year follow-up, legume consumption decreased, except
for patients affected by hypertension and dyslipidemia. Again, the presence of multiple risk
factors could be associated with higher risk perception. Previous studies have shown that
reporting a high perceived CVD risk in the general population was strongly associated with
treatment for hypertension, diabetes, or dyslipidemia [39]. This could make patients more
alert and receptive to physicians’ prescriptions during cardiovascular rehabilitation and
have an effect, albeit weak, in the long term. Again, this finding underlines that healthcare
professionals should be aware that some patients underestimate the risks associated with
CVD and are therefore less likely to change their health-related behavior stably.

As regards the consumption of red and processed meat, results showed that a small
percentage of patients consumed the recommended two or fewer servings of red and
processed meat per week before the cardiovascular event [27]. Immediately after the
cardiovascular event, patients significantly decreased red and processed meat intake. Con-
sumption continued to decrease over time, especially among patients who were married.
This result goes in the same direction as studies that showed this demographic variable’s
protective role in fostering a healthier diet [13,40], and it emphasizes the importance that
the partner can have in motivating and supporting the patient to adopt a healthy diet. A
second relevant observation is that immediately after the cardiovascular event, patients
with hypertension adopted healthier behavior than patients without this risk factor. How-
ever, after the first follow-up, they decreased their red and processed meat intake less than
patients without this risk factor, regressing towards the mean. This result underlines once
again how the presence of multiple risk factors can make patients more alert and willing to
follow medical indications to adopt a healthier lifestyle, although there is a difficulty in
maintaining healthy behavior stably.

Interestingly, patients with higher anxiety levels decreased red and processed meat
intake more than patients with lower levels of anxiety over the five-year follow-up. Among
psychological disorders, anxiety, together with depression, is the most widely and fre-
quently studied condition. Anxiety has been linked to health status and several risk factors
predisposing CVD [41]. Previous studies have reported contrasting results of the impact of
anxiety on manifold health-related outcomes [42,43]. In line with our findings, Grace and
colleagues [14] found that patients with anxiety symptoms were more likely to participate
in cardiovascular rehabilitation. Moreover, Parker and colleagues [44] found that patients
who had been hospitalized for an ACS and suffered from generalized anxiety disorder
had a superior five-year outcome than patients with different psychological symptoms.
The group discussed the positive contribution of worry in medication adherence and a
proactive approach to health practitioners. However, to the best of our knowledge, no
studies have explored if a relatively high level of anxiety could play a role in promoting a
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positive long-term lifestyle change, specifically in adopting a healthier diet. Feeling “tense
or wound up”, getting “a sort of frightened feeling as if something awful were about to
happen”, experiencing “worrying thoughts” about one’s health can somehow promote
awareness of the risks to one’s health and consequently motivate one to change one’s
behavior. Consistently, a study focused on sedentary young adults [45] found that the
exposure to web-based images and information about cardiovascular risk could lead to
higher levels of worry and risk perception, contributing to increase motivation in adopting
a healthier behavior. Our findings suggest that cardiovascular rehabilitation programs
would benefit from the introduction of psychological interventions aimed, on the one hand,
at treating the emotional aspects related to anxiety, providing psychological support, and
promoting coping [14,41], and on the other hand, at exploiting the concern patients express
about their health to promote cognitive awareness of the risks associated to CVD recurrence.
This awareness could sustain patients’ abilities to self-regulate their behaviors and increase
their beliefs about their self-efficacy [46–48]. Self-efficacy refers to the belief in one’s ca-
pabilities to organize and execute the actions required to produce given attainments [49].
Such beliefs are particularly relevant with regard to health-related behaviors [50]. In the
context of CVD, it has been shown that self-efficacy plays a crucial role in adopting and
maintaining a healthy diet [26,51] and a physically active lifestyle [51,52]. Especially for
maintenance, the confidence in one’s abilities to preserve the newly developed behavior
in spite of the possible barriers is pivotal. Indeed, as already suggested: “once an action
has been taken, individuals with high maintenance self-efficacy invest more effort and
persist longer than those who are less self-efficacious” [53]. Regarding depression, our
results go in the same direction as a previous study in which we found that higher levels
of depression at baseline were not associated with a subsequent unhealthy lifestyle six or
twelve months later [19]. It should be noted that only a very small percentage of patients
experienced anxiety and depressive symptoms, so it was probably not possible to capture
any effects of this psychological variable.

The last observation regarding the longitudinal trajectory in red and processed meat
consumption is that it was affected by seasonal variations. Red and processed meat intake
was significantly lower in spring and autumn than in winter and summer. This result is not
surprising if we consider the seasonal cultural habits of the Mediterranean area, where the
patients of this study come from. Indeed, winter, especially Christmastime, and summer are
the times when the longest holidays are taken in Italy. It is possible that it is more difficult
to follow a healthy diet, particularly at these times. Similar trends have been described in
a recent meta-analysis [21], suggesting a significant decrease of meat consumption from
summer to autumn across different European countries. Interestingly, those food groups
characterized by less healthy consumption (high consumption of unhealthy foods, or low
consumption of healthy foods) were also characterized by consumption that varied with the
season [22]. Consistent with this observation, in the present study, the role of seasonality
emerged on the consumption of red and processed meat, whose intake was on average
less healthy than the fish and legume intake. Maintaining a low consumption of red and
processed meat was the eating behavior that saw the greatest effort, and in which the
greatest change was observed. Perhaps for this reason, it is the behavior where a greater
sensitivity to exceptions emerges. It is possible that patients were led to allow themselves
exceptions, being more sensitive to contextual factors linked to the change in seasons in the
case of red and processed meat consumption than in fish and legume consumption. This
trend highlights, once again, the need for tailored cardiovascular rehabilitation programs.
Patients’ preference for red/processed meat intake may differ between seasons, and this
variation may impact adherence to a healthy lifestyle. Patients should be aware that the
incidence of CVDs has seasonal peaks [23], and the incidence of cardiovascular events
could be, at least in part, associated with the difficulties they may encounter at different
seasons of the year in adopting a healthy lifestyle. Patients should be supported in finding
strategies that can compensate for variations in healthy behavior linked to contextual
factors and seasonal variations (i.e., weather, holiday periods, or vice versa of greater
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workload). It is useful to underline once again that red/processed meat is the protein
source for which the unhealthier behavior was recorded before the cardiovascular event
and for which the most significant changes in consumption were observed over time;
perhaps for this reason, among the protein sources examined in the present study, it is also
the one in which the role of several predictors emerged.

Finally, as regards physical activity, the results of the present study showed that
patients reported sub-optimal amounts of physical activity at each time-point. Accordingly,
previous studies showed that adherence to good physical activity levels is one of the most
difficult goals to reach and maintain among patients with CVDs [11,12,46]. Before the onset
of cardiovascular disease, patients with hypertension were less physically active than those
without hypertension. This observation is consistent with previous studies [54], and it is
relevant considering that regular exercise is one of the most important activities for primary
prevention of hypertension and improving long-term survival [54]. Immediately after the
cardiovascular event, patients significantly increased their physical activity. This increase
was higher among patients with hypertension, and those with higher educational levels.
This last result goes in the same direction as studies that have shown that this demographic
variable plays a protective role [55,56]. Low levels of education have been associated
with low levels of health literacy [55]. Health literacy is defined as the set of skills to
access, understand, and evaluate information to make health related decisions in everyday
life. Poor health literacy has been linked to less healthy behaviors. Our results support,
albeit indirectly, studies that emphasize the crucial role of health literacy in the success
of cardiovascular rehabilitation programs [55]. After the first time-point, a significant
longitudinal decrease in physical activity levels was found, decreeing a failure to adopt
a healthier behavior stably. Patients who were married decreased their physical activity
levels more than patients who were single, widowed, or divorced. This result may seem
surprising when we generally consider being married as an indicator of social support.
For red and processed meat consumption, we found the opposite pattern. This difference
could lie in the fact that in the sample of the present study, made up mostly of men in
their 60s, the wife represents the partner. In this generation and the Mediterranean area
culture, it is common for women to cook, so we may infer that somehow their presence
promotes a healthier diet [13,40]. In the case of physical activity, patients must actively
engage themselves in doing more physical activity. It is also possible that partners hinder
rather than encourage this behavior, which leads patients to choose between exercise time
and family time. Indeed, our results may suggest that patient caregivers should also be
included in the physical activity education programs. It is also important to underline that
it is not so much being married (an indicator of structural social support), but rather the
quality of the relationship (the so-called functional social support) that plays a protective
role in the behavior of adherence to the prescriptions for one’s health [57]. Therefore the
“marital status” variable can only capture part of the phenomenon linked to social support.

The highest amount of physical activity was recorded in autumn; it decreased signifi-
cantly in winter, and rose variably in spring and summer. These results show that patients
tend to be more active after the summer; in winter, perhaps due to the cold, they have
more difficulty maintaining a sufficient physical activity level. In spring, probably being
able to resume physical activity outdoors, they become more active again, but with the
heat of summer, the trend goes down once more. The seasonal variation of recreational
physical activity has been reported in several studies [20]. In the CVD population, it has
been argued that the decrease in physical activity from summer to winter was mainly due
to an increase in symptom severity in winter, making exercise difficult to maintain over all
the seasons [25]. Nevertheless, seasonal variations have seldom been considered a factor
that modulates compliance with healthy regimens in this population [24,25]. Indeed, prior
literature has also suggested taking seasonal differences in physical activity levels into
consideration in future research, in order to better understand their influence on long-term
adherence [58]. As discussed above, our findings suggest the need to pay attention to the
role of environmental variations in CVD patients’ adherence to healthy lifestyles, and they
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confirm the need for tailored cardiovascular rehabilitation programs that help patients
overcome the difficulties they may face in adopting a healthy lifestyle in different seasons of
the year. For example, at specific times of the year, it would be useful to suggest alternative
activities, if those preferred by patients are outdoors (walking).

The present study has a series of limitations. First, despite using the piecewise re-
gression approach, which allows for modeling the slope discontinuity from pre-event to
six months after, information about diet and physical activity before the onset of the ACS
was measured retrospectively by asking patients to report their habits before the acute
event. This approach may limit the results’ reliability, because patients may have over- or
underestimated their real past healthy lifestyle. Second, both diet and physical activity
were evaluated through self-report measures and not through an objective behavioral mea-
sure. Nevertheless, this methodology is widely adopted in the medical and psychological
literature [26–28], and it has been proven to correlate with more objective measurement
methods [59].

Despite these limitations, the present study reports several original findings and has
important implications for behavioral intervention in cardiovascular disease patients. First,
patients’ protein consumption and physical activity were evaluated over a long period
of time. Second, an advanced statistical technique (HLMs) with a piecewise regression
approach was used to model the individual change rate from pre-event to five-year post-
cardiovascular event. This technique allowed us to test the hypotheses that patients
experienced both increases and decreases in healthy protein consumption and physical
activity in subsequent periods of time. Overall, this approach allowed us to demonstrate
that patients’ main difficulty was not in assuming but in maintaining the recommended
healthy behaviors in the long term. Third, the study focused on a homogeneous sample
of patients at their first cardiovascular event. While the homogeneity of the sample may
limit the generalizability of the results, it ensures that the inferences drawn from the study
apply effectively to the population of ACS patients at their first cardiac event. Therefore,
they assume an important significance for secondary cardiovascular prevention. Finally, by
simultaneously considering several predictors of healthy behavior, our results confirmed
the protective role of specific sociodemographic and clinical characteristics. For the first
time, the roles of both environmental and psychological factors have been considered.

5. Conclusions

In summary, the present study shows that patients with ACS experience difficulties in
achieving and mostly maintaining adequate levels of a healthy diet and physical activity
over time. These difficulties are modulated by environmental conditions, and most im-
portantly, by psychological characteristics. These findings suggest how to tailor diet and
physical activity interventions. Tailoring should consider that patients’ preference for diet
and physical activity could differ between seasons, which could impact their adherence
to a healthy lifestyle. Tailoring should also be aimed at promoting cognitive awareness of
the risks associated with CVD recurrence. In fact, our study results showed that patients
who were more anxious, therefore more concerned and somehow aware of their health,
were more able to maintain healthy behavior over time. Cognitive awareness of the risks
associated with CVD recurrence may be a useful tool to sustain patients’ capabilities to
self-regulate their behaviors and to ameliorate lifestyle behavior.
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Appendix A

HGLM 2-level models 1

Level-1 Model
Prob(Yti = 1|πi) = φti
log[φti/(1 − φti)] = ηti
ηti = π0i + π1i * (TIME.1ti) + π2i * (TIME.2ti) + π3i * (HADS.Anxietyti) +

π4i * (HADS.Depressionti) + π5i * (Season.Springti) + π6i * (Season.Summerti) +
π7i * (Season.Autumnti) + eti

Level-2 Model
π0i = β00 + β01 * (AGEi) + β02 * (SEXi) + β03 * (WORKING_STATUSi) +

β04 * (MARITAL_STATUSi) + β05 * (EDUCATIONi) + β06 * (LIVING_STATUSi) +
β07 * (FAMILY_HISTORYi) + β08 * (HYPERTENSIONi) + β09 * (DIABETESi) +
β010 * (DYSLIPIDEMIAi) + β011 * (OBESITYi) + r0i

π1i = β10 + β11 * (AGEi) + β12 * (SEXi) + β13 * (WORKING_STATUSi) +
β14 * (MARITAL_STATUSi) + β15 * (EDUCATIONi) + β16 * (LIVING_STATUSi) + β17 *
(FAMILY_HISTORYi) + β18 * (HYPERTENSIONi) + β19 * (DIABETESi) +
β110 * (DYSLIPIDEMIAi) + β111 * (OBESITYi) + r1i

π2i = β20 + β21 * (AGEi) + β22 * (SEXi) + β23 * (WORKING_STATUSi) +
β24 * (MARITAL_STATUSi) + β25 * (EDUCATIONi) + β26 * (LIVING_STATUSi) + β27 *
(FAMILY_HISTORYi) + β28 * (HYPERTENSIONi) + β29 * (DIABETESi) +
β210 * (DYSLIPIDEMIAi) + β211 * (OBESITYi) + r2i

π3i = β30
π4i = β40
π5i = β50
π6i = β60
π7i = β70
Note. Y = Dependent Variable (Fish intake, Legume intake, and Red/processed meat

intake, dichotomized); The level-1 dummy-coded variable “Season” was uncentered, while
HADS Anxiety and Depression were group-mean centered. All level-2 variables were
centered around the grand mean.

HLM 2-level models 2

Level-1 Model
Yti = π0i + π1i * (TIME.1ti) + π2i * (TIME.2ti) + π3i * (HADS.Anxietyti) +

π4i * (HADS.Depressionti) + π5i * (Season.Springti) + π6i * (Season.Summerti) +
π7i * (Season.Autumnti) + eti
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Level-2 Model
π0i = β00 + β01 * (AGEi) + β02 * (SEXi) + β03 * (WORKING_STATUSi) +

β04 * (MARITAL_STATUSi) + β05 * (EDUCATIONi) + β06 * (LIVING_STATUSi) +
β07 * (FAMILY_HISTORYi) + β08 * (HYPERTENSIONi) + β09 * (DIABETESi) +
β010 * (DYSLIPIDEMIAi) + β011 * (OBESITYi) + r0i

π1i = β10 + β11 * (AGEi) + β12 * (SEXi) + β13 * (WORKING_STATUSi) +
β14 * (MARITAL_STATUSi) + β15 * (EDUCATIONi) + β16 * (LIVING_STATUSi) +
β17 * (FAMILY_HISTORYi) + β18 * (HYPERTENSIONi) + β19 * (DIABETESi) +
β110 * (DYSLIPIDEMIAi) + β111 * (OBESITYi) + r1i

π2i = β20 + β21 * (AGEi) + β22 * (SEXi) + β23 * (WORKING_STATUSi) +
β24 * (MARITAL_STATUSi) + β25 * (EDUCATIONi) + β26 * (LIVING_STATUSi) +
β27 * (FAMILY_HISTORYi) + β28 * (HYPERTENSIONi) + β29 * (DIABETESi) +
β210 * (DYSLIPIDEMIAi) + β211 * (OBESITYi) + r2i

π3i = β30
π4i = β40
π5i = β50
π6i = β60
π7i = β70
Note. Y = Dependent Variable (Physical Activity, continuous); The level-1 dummy-

coded variable “Season” was uncentered, while HADS Anxiety and Depression were
group-mean centered. All level-2 variables were centered around the grand mean.
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Abstract: Background: Clinical characteristics of nutrition status in acute myocardial infarction (AMI)
patients with cancer remains unknown. Therefore, this study aimed to clarify the differences of
clinical parameters, including nutrition status, between AMI patients with and without history of
cancer. Methods and Results: This retrospective cohort study, using the database of AMI between
2014 and 2019 in Kurume University Hospital, enrolled 411 patients; AMI patients without cancer
(n = 358, 87.1%) and with cancer (n = 53, 12.9%). AMI patients with cancer were significantly older
with lower body weight, worse renal function, and worse nutrition status. Next, we divided the
patients into 4 groups by cancer, age, and plaque area, detected by coronary image devices. The
prediction model indicated that nutrition, lipid, and renal functions were significant predictors of
AMI with cancer. The ordinal logistic regression model revealed that worse nutrition status, renal
dysfunction, lower uric acid, and elevated blood pressure were significant predictors. Finally, we
were able to calculate the probability of the presence of cancer, by combining each factor and scoring.
Conclusions: Worse nutrition status and renal dysfunction were associated with AMI with cancer, in
which nutrition status was a major different characteristic from those without cancer.

Keywords: onco-cardiology; nutrition status; cancer; acute myocardial infarction

1. Introduction

Acute myocardial infarction (AMI) is mainly caused by coronary arteries thrombus
due to atherosclerotic plaque rupture or endothelial erosion, and sometimes coronary
artery spasm, microvascular thrombus, or others [1]. The formation of fibrofatty lesions in
the atherosclerotic vulnerable plaques occurs during the atherosclerosis progression [2],
which have been treated by lipid-lowering therapy to stabilize during these 2 decades [3,4].
Further, it has been reported that rapid plaque progression of moderately severe vulnerable
plaques is the critical step prior to AMI in most patients [5–7]. Actually, accumulating
evidence demonstrates that atherosclerotic risk factors, including hypertension, dyslipi-
demia, diabetes mellitus, and cigarette smoking, develop atherosclerotic lesions through
immune system [2]. The atherosclerotic plaques often contain lipid core and fibrous cap,
which consist of smooth muscle cells, macrophages, angiogenesis, and adventitial inflam-
mation [8]. Taken together, when focused on vulnerable coronary atherosclerosis, not
stable atheroma, it is considered that AMI most likely occurs due to rapidly progressed
coronary atherosclerosis, caused by traditional atherosclerotic risk factors, including age;
however, even small atherosclerotic plaques can cause AMI in some patients, which might
be associated with some other risk factors.

In cancer patients, the mechanisms of atherosclerosis progression might be different.
Especially, clonal hematopoiesis with indeterminate potential (CHIP) has been reported to
increase the risk of AMI [9]. CHIP carriers had a 4.0-fold (95% confidence interval 2.4–6.7)
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higher risk of myocardial infarction than non-carriers [9]. It has been also reported that each
of DNA methyltransferase 3A (DNMT3A), ten-eleven translocation-2 (TET2), additional sex
combs-like 1 (ASXL1), and Janus kinase 2 (JAK2) mutation was associated with coronary
artery disease, and that CHIP carriers with these mutations also had high levels of coronary
artery calcification [9]. Further, TET2-deficient bone marrow cells enlarge atherosclerotic
plaques by infiltrating macrophages, and TET2-deficiency increases cytokines/chemokines
such as C-X-C motif ligand (CXCL)-1, CXCL 2, CXCL 3, interleukin (IL)-6 and IL-1β [10].
Also, Heyde et al., have reported that CHIP causes hematopoietic stem cell proliferation,
promotes arteriosclerosis, and leads to a vicious cycle of proliferation of hematopoietic
stem cells [11]. Above all, CHIP is an independent coronary risk factor in patients with
premature menopause, especially in patients with spontaneous premature menopause [12].
Thus, coronary risk factors in the clinical settings might be different between cancer and
non-cancer patients.

During these 4 decades, cancer is the first cause of death in Japan, and cardiovascular
diseases (CVDs) are the second [13]. Because of recent improvement of cancer prognosis
due to the advancement of cancer early detection, surgery, and anticancer drug treatment,
the number of cancer survivors has increased [6,7]. Cancer and CVDs have common risks
of lifestyle factors, such as smoking, obesity, and unhealthy food intake, in which healthy
lifestyle is oppositely associated with a longer life expectancy free from major chronic
diseases, including cancer and CVDs [14]. However, the clinical characteristics, especially
in the aspects of nutrition status, remains scant in AMI patients with cancer.

Therefore, the purpose of the present study was to clarify the differences of clinical
parameters in AMI with and without history of cancer, focusing on traditional coronary
risk factors and nutrition status, and to develop a statistical model to evaluate the presence
of cancer in patients with AMI, using database of AMI in Kurume University Hospital.

2. Materials and Methods

2.1. Study Design

This study was retrospective cohort study using the database of AMI in Cardiovascular
Medicine, Kurume University Hospital. We enrolled 437 patients, who were treated by
primary percutaneous coronary intervention (PCI) due to AMI in Cardiovascular Medicine,
Kurume University Hospital from January 2014 to December 2019. We excluded patients if
the patients had following reasons; (1) AMI occurred due to PCI complication, (2) PCI due
to acute stent thrombosis, (3) unsuccessful PCI, and (4) coronary bypass surgery due to
multi-vessel coronary artery disease.

2.2. Data Collection

Baseline demographic data were collected based on the medical records, including age,
sex, height, body weight, waist, medications, traditional risk factors (hypertension, glucose
intolerance/diabetes mellitus and dyslipidemia), blood pressure (BP), pulse rate, heart rate,
and comorbidities (coronary artery disease, hypertensive heart disease, cardiomyopathy,
valvular heart diseases, and congenital heart diseases). All cardiovascular diseases were
diagnosed by expert cardiologists. AMI was diagnosed according to fourth universal
definition of myocardial infarction [15].

All patients were treated by PCI combined with the use of image devices, such as in-
travascular ultrasound (IVUS) or optical coherence tomography (OCT). We retrospectively
measured the coronary atherosclerotic plaque area by image devices at the culprit lesions.

2.3. Blood Sampling

Peripheral blood was drawn from the antecubital vein for measurements of blood cell
counts, lipid profiles including total cholesterol (T.chol), low-density lipoprotein choles-
terol (LDL-c), high-density lipoprotein cholesterol (HDL-c), and triglyceride, liver and
renal function markers including creatinine (Cr) and estimated glomerular filtration rate
(eGFR), glycemic parameters of fasting plasma glucose (FPG) and hemoglobin A1c (HbA1c),
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uric acid, troponin, and N-terminal pro-brain natriuretic peptide (NT-pro-BNP). These
chemistries were measured at a commercially available laboratory in Kurume Univer-
sity Hospital.

2.4. Definition of Comorbidities

Hypertension was defined as the use of antihypertensive drugs and/or systolic blood
pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg. Dyslipidemia was defined
as the use of lipid-lowering drugs and/or plasma LDL-c ≥ 140 mg/dL and/or triglyc-
erides ≥ 150 mg/dL, and/or HDL-c < 40 mg/dL. Diabetes mellitus was diagnosed using
antidiabetic drugs and/or fasting plasma glucose ≥ 110 mg/dL or HbA1c ≥ 6.5%.

2.5. Evaluation of Nutrition Status

The nutrition status was evaluated using the Glasgow Prognostic Score (GPS) [16],
modified GPS (mGPS) [17,18] and Controlling Nutritional Status (CONUT) [19].

2.6. Statistical Analysis

All continuous variables were given as the mean ± standard deviations (SDs) or me-
dian with interquartile range. Categorical data were presented as number (n) or percentage
(%). For intergroup univariate comparisons, an unpaired t test was applied in continuous
variables and chi-square test in categorical variables.

The mean ± SDs and frequencies were presented by the two groups with and without
cancer (Tables 1 and 2).

Table 1. Clinical characteristics of acute myocardial infarction patients with and without cancer.

Non-Cancer
(N = 358)

Cancer
(N = 53)

p Value

Age, y 67.6 ± 12.3 74.0 ± 7.6 <0.0001
Male sex (n,%) 273.0 (80.0) 38.0 (70.0) 0.47
Height, cm 161.7 ± 9.4 157.9 ± 8.9 0.006
Body mass index 23.8 ± 3.6 22.8 ± 2.8 0.03
Weight, kg 62.8 ± 13.2 57.2 ± 9.4 0.0002
Systolic BP, mmHg 131.2 ± 26.6 131.5 ± 25.2 0.95
Diastolic BP, mmHg 78.2 ± 18.3 71.5 ± 15.5 0.01
Heart rate, bpm 80.5 ± 21.9 83.6 ± 20.0 0.34
Blood test

Red blood cell count, ×104/mm3 7.1 ± 35.8 3.9 ± 0.8 0.1
Hemoglobin, g/dL 13.6 ± 2.0 12.2 ± 2.2 <0.0001
Hematocrit, % 40.0 ± 5.5 36.0 ± 6.2 <0.0001
Platelet count, ×104/mm3 218.7 ± 68.7 227.9 ± 110.3 0.56
White blood cell count, /mm3 10.6 ± 4.3 9.2 ± 4.3 0.04
Lymphocytes, /mm3 2126.7 ± 1470.1 1708.0 ± 1248.1 0.05
Total bilirubin, mg/dL 0.7 ± 0.3 0.8 ± 0.5 0.22
AST, U/L 133.0 (25–72.3) 62.8 (25.5–54) 0.21
ALT, U/L 56.3 (17–42) 31.4 (15–29.5) 0.05
LDH, U/L 355.9 (199.8–347.5) 297.7 (202–335.5) 0.17
ALP, U/L 234.3 ±79.9 316.8 ± 250.7 0.03
γ-GTP, U/L 41.7 (18.3–47.8) 45.8 (17–46) 0.66
C-reactive protein, mg/dL 0.8 ±2.0 1.9 ± 4.9 0.1
Creatinine kinase, U/L 492.6 (104.8–421.3) 319.6 (81.5–356) 0.03
Creatinine kinase -MB, U/L 45.1 (6–44) 31.9 (7–33.5) 0.1
NT-pro BNP, pg/mL 402.1 (75.3–2013.7) 5993.1 (212–3720) 0.54
Blood urea nitrogen, mg/dL 18.5 ± 9.5 21.7 ± 15.8 0.16
Creatinine, mg/dL 1.1 (0.64–1.01) 1.6 (0.69–1.11) 0.14
eGFR, mL/min/1.73 m2 71.0 (54.3–88.5) 59.2 (46.8–74.7) 0.005
Sodium, mEq/L 139.3 ± 3.2 137.8 ± 4.0 0.01
Potassium, mEq/L 4.0 ± 0.6 4.2 ± 0.6 0.11
Chloride, mEq/L 104.0 ± 3.5 102.9 ± 3.8 0.03
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Table 1. Cont.

Non-Cancer
(N = 358)

Cancer
(N = 53)

p Value

Uric acid, mg/dL 5.9 ± 1.8 5.7 ± 1.8 0.37
Fasting plasma glucose, mg/dL 176.8 ± 79.1 164.6 ± 53.9 0.29
Hemoglobin A1C, % 6.3 ± 1.2 6.4 ± 0.9 0.76
Total protein, g/dL 6.6 ± 0.6 6.4 ± 0.9 0.12
Albumin, g/dL 3.7 ± 0.5 3.5 ± 0.6 0.005
Total cholesterol, mg/dL 187.1 ± 44.5 169.5 ± 58.7 0.04
Triglyceride, mg/dL 131.8 (67.3–160.8) 123.0 (65.3–146.8) 0.62
HDL-cholesterol, mg/dL 48.2 ± 11.7 47.6 ± 13.6 0.72
LDL-cholesterol, mg/dL 121.2 ± 37.6 104.7 ± 45.8 0.02
PT-INR 1.1 ± 0.4 1.1 ± 0.3 0.92
APTT, sec 55.7 (26.2–50.2) 51.8 (27.7–39.2) 0.63
D-dimer, μg/mL 3.9 (0.6–1.8) 4.8 (0.9–2.1) 0.69
FDP, μg/mL 10.2 (2.5–5.6) 12.1 (2.9–7.6) 0.66

Cardiac ultrasonography
AOD, mm 30.1 ± 4.2 29.1 ± 4.3 0.18
LAD, mm 33.7 ± 6.1 33.5 ± 6.0 0.87
IVST, mm 9.8 ± 2.1 9.5 ± 1.9 0.39
PWT, mm 10.3 ± 5.9 9.9 ± 1.7 0.32
LVDd, mm 45.1 ± 6.9 44.2 ± 5.8 0.39
LVDs, mm 32.9 ± 7.2 32.2 ± 7.5 0.54
EF, % 50.6 ± 14.2 52.6 ± 14.2 0.33

Nutrition status
CONUT score 1.9 ± 2.0 3.2 ± 2.6 0.002
mGPS

score 0, n (%) 233 (57.3) 21 (5.2)
0.0002score 1, n (%) 83 (20.4) 18 (4.4)

score 2, n (%) 38 (9.3) 13 (3.2)
GPS

score 0, n (%) 249 (61.3) 28 (6.8)
0.003score 1, n (%) 75 (18.5) 13 (3.2)

score 2, n (%) 30 (7.3) 11 (2.7)
Intravascular ultrasound

CSA, mm2 14.7 ± 4.6 12.1 ± 2.9 <0.0001
MLA, mm2 4.1 ± 1.3 3.5 ± 1.3 0.04
PA (CSA-MLA), mm2 10.6 ± 4.2 8.6 ± 2.8 0.0001
Percentages of PA, % (%PA = (CSA-MLA)/CSA) 70.9 ± 9.7 69.7 ± 9.6 0.47

Data are mean ± SD or median (interquartile rage).Abbreviations: BP: blood pressure, AST: aspartate aminotransferase, ALT: alanine
aminotransferase, LDH: Lactate dehydrogenase, γGTP:γ-Glutamyl transpeptidase, ALP: alkaline phosphatase, NT-pro BNP: N-terminal
pro-brain natriuretic peptide, eGFR: estimated glomerular filtration rate, HDL: high-density lipoprotein, LDL: low-density lipoprotein,
PT-INR: Prothrombin time-international normalized ratio, APTT: activated partial thromboplastin time, FDP: fibrin/fibrinogen degradation
products, AOD: aortic dimension, LAD: left atrial dimension, IVST: interventricular septum thickness, PWT: posterior wall thickness, LVDd:
left ventricular diameter at end diastole LVDs: left ventricular diameter at end systole, EF: ejection fraction, CONUT: Controlling Nutrition
Status, mGPS: modified Glasgow Prognostic Score, GPS: Glasgow Prognostic Score, CSA: average reference lumen cross-sectional area,
MLA: minimal lumen area, PA: plaque area.

Table 2. Comorbidities and medicine of acute myocardial infarction patients with and without cancer.

Non-Cancer
(N = 358)

Cancer
(N = 53)

p Value

Yes, n % Yes, n %

Acute myocardial infarction 319 89.1 45 84.9 0.37
Unstable angina pectoris 39 10.9 8 15.1 0.37
Responsible lesion

Left anterior descending artery 190 53.1 30 56.6 0.63
Left circumflex artery 36 10.1 8 15.1 0.27
Multivessel disease 174 48.6 32 60.3 0.23

Right coronary artery 125 34.9 15 28.3 0.34
Smoking (Current and former) 229 64.0 35 66.0 0.76
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Table 2. Cont.

Non-Cancer
(N = 358)

Cancer
(N = 53)

p Value

Yes, n % Yes, n %

Comorbidities
Hypertension 265 74.0 41 77.4 0.60
Dyslipidemia 263 73.5 33 62.3 0.09
Diabetes mellitus 155 43.3 32 60.4 0.02
Hyperuricemia 91 25.4 13 24.5 0.89
Chronic kidney disease 117 32.7 25 47.2 0.04
Hemodialysis 13 3.6 4 7.5 0.18
Percutaneous coronary intervention 48 13.4 9 17.0 0.48
Coronary artery bypass graft 5 1.4 3 5.7 0.03
Aortic disease 10 2.8 3 5.7 0.26
Collagen disease 11 3.1 4 7.5 0.11
Peripheral artery disease 16 4.5 6 11.3 0.04
Cerebrovascular disease 45 12.6 10 18.9 0.21
Medication
Angiotensin-converting enzyme inhibitor 25 7.0 5 9.4 0.52
Angiotensin II receptor blocker 102 28.5 15 28.3 0.97
Aspirin 65 18.2 15 28.3 0.08
Beta blocker 43 12.0 9 17.0 0.31
Antihyperuricemic 19 5.3 4 7.5 0.51
Calcium channel blocker 116 32.4 19 35.8 0.62
Diuretic 37 10.3 8 15.1 0.30
Clopidogrel 34 9.5 10 18.9 0.04
Prasugrel 3 0.8 0 0.0 0.50
Ticlopidine 1 0.3 2 3.8 0.01
Warfarin 9 2.5 3 5.7 0.20
Direct oral anticoagulants 5 1.4 0 0.0 0.39
Other antiplatelet agents 10 2.8 5 9.4 0.02
Dipeptidyl-peptidase IV inhibitor 54 15.1 13 24.5 0.08
Sodium glucose cotransporter II inhibitor 6 1.7 1 1.9 0.91
Insulin 20 5.6 4 7.5 0.57
Other oral hypoglycemic agent 59 16.5 12 22.6 0.26
Statin 83 23.2 16 30.2 0.27
Omega-3 fatty acid ethyl esters 4 1.1 1 1.9 0.63
Eicosapentaenoic acid 12 3.4 3 5.7 0.40
Ezetimibe 7 2.0 2 3.8 0.40
Anti-cancer agent 0 0.0 8 15.1 <0.0001
Immunosuppressant 6 1.7 2 3.8 0.30
Steroid 11 3.1 5 9.4 0.03
In-hospital mortality 17 4.7 4 7.5 0.38
Intravascular ultrasound 304 84.9 47 88.7 0.47

To evaluate the impact of various risk factors of myocardial infarction on cancer and
non-cancer patients, following three analytical steps were taken. First, the classification and
regression tree (CART) model was employed to define risk groups (Table 3). Cancer status
(yes or no) was used as the response variable and plaque area, age and sex were used as
predictors. The fitted probability for the levels of the response was calculated, and the split
is chosen to minimize the residual log-likelihood chi-square. Second, principal component
analyses were performed to derive synthetic variables based on five sets of risk factors.
Specifically, three measurements of nutrition, two measurements for lipid, glucose, blood
pressure and renal function were subjected in the principal component analyses which
render a way to avoid collinearity problems among highly correlated measurements within
each set of risk factor (Tables 4 and 5). Finally, ordinal logistic regression was employed to
evaluate effect of each synthetic variables on the risk groups derived from the CART. Effect
of each synthetic variable was interpreted based on the odds ratio (Tables 6 and 7), and the
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predicted probability of the risk groups were calculated (Figure 5). To compare the results
with logistic regressing model with cancer/non-cancer as response variable, an additional
table was added (Table 8).

Table 3. Divided groups by age and atherosclerotic plaque area.

Group N Cancer Age Plaque Area Group Definition

G1 90 No <60 years old N/A Non-cancer/Low risk
G2 122 No ≥60 years old ≥9.39 mm2 Non-cancer/Middle risk
G3 146 No ≥60 years old <9.39 mm2 Non-cancer/High risk
G4 53 Yes ≥60 years old N/A Cancer

Table 4. Comportments of Synthetic variable with weights.

Synthetic Variable Original Variables with Its Weight

Nutrition CONUT (0.243) GPS (0.898) mGPS (0.846) cons * (−1.307)
Lipid T.chol (0.015) LDL-c (0.018) - cons * (−4.947)
Glucose FPG (0.009) HbA1c (0.594) - cons * (−4.45)
Blood pressure sBP (0.027) Pulse pressure (0.038) - cons * (−5.559)
Renal function Cr (0.469) eGFR (0.025) - cons * (1.151)

Abbreviations: CONUT; Controlling Nutrition Status, GPS; Glasgow Prognostic Score, mGPS; modified Glasgow Prognostic Score, T.chol;
total cholesterol, LDL-c; low-density lipoprotein cholesterol, FPG; Fasting plasma glucose, HbA1c; hemoglobin A1c, sBP; systolic blood
pressure, Cr; Creatinine, eGFR; estimated glomerular filtration rate, cons *; constant term used to calculate principal component score along
with weight of each variable.

Table 5. Mean and SD of six risk variables by Four Groups.

G1 G2 G3 G4 p Value *

Nutrition −0.65 (1.13) −0.15(1.43) 0.26(1.68) 0.76(1.85) <0.0001
Lipid 0.44 (1.33) 0.001(1.19) −0.09(1.39) −0.50(1.69) 0.001
Glucose −0.06 (1.15) −0.09(0.95) 0.15(1.30) −0.11(0.81) 0.27
Uric acid 6.33 (1.55) 5.86(1.76) 5.75(1.91) 5.70(1.82) 0.13
Blood
pressure −0.14 (1.23) −0.01(1.38) 0.01(1.24) 0.22(1.49) 0.47

Renal
function −0.60 (0.83) 0.01(1.07) 0.19(1.36) 0.47(1.72) <0.0001

p value * based on One-Way Analysis of Variance (ANOVA). Data are means (SD). The equation of nutrition was
expressed as “Nutrition = (−1.307) + 0.243 * CONUT + 0.898 * GPS + 0.846 * mGPS”. Similarly, other equations
were expressed as “Lipid = (−4.947) + 0.018 * LDL-c + 0.015 * T.chol”, “Glucose = (−5.448) + 0.594 * HbA1c +
0.0092 * FPG”, “Blood pressure = (−5.559) + 0.038 * Pulse pressure + 0.027 * systolic BP”, “Renal function = (1.151)
+ 0.469 * Cr + (−0.025) * eGFR”. Nutrition, lipid, and renal functions were significant predictors of risk grouping.

Table 6. Estimate of the ordinal logistic regression model.

Parameter Estimate SE Wald χ2 p Value

G4 (α1) −0.985 0.362 7.39 0.01
G3 (α2) 1.157 0.359 10.39 0.00
G2 (α3) 2.658 0.376 50.00 <0.0001
Nutrition 0.232 0.071 10.64 0.00
Lipid −0.134 0.080 2.80 0.09
Glucose 0.032 0.087 0.14 0.71
Blood pressure 0.157 0.074 4.53 0.03
Renal 0.363 0.091 16.00 <0.0001
Uric acid −0.209 0.059 12.59 0.00
smoking (Yes) −0.081 0.100 0.65 0.42
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Table 7. Estimates of odds ratio from ordinal logistic regression model.

Variable Odds Ratio * 95% CI p Value

Nutrition 1.26 1.10–1.45 0.001
Lipid 0.88 0.75–1.02 0.09
Glucose 1.03 0.87–1.23 0.71
Uric acid 0.81 0.72–091 0.0004
Blood pressure 1.17 1.01–1.35 0.03
Renal function 1.44 1.20–1.72 <0.0001
Smoking (Yes vs. No) 0.85 0.58–1.26 0.42

Odds ratio *: G1 is used as reference group.

Table 8. Estimates of odds ratio from ordinal logistic regression model.

Variable Odds Ratio * 95% CI p Value

Nutrition 0.927 0.709–1.211 0.578
Lipid 0.700 0.477–1.026 0.068
Glucose 0.860 0.573–1.291 0.467
Blood pressure 1.002 0.753–1.334 0.987
Renal function 1.316 0.976–1.775 0.072
Uric acid 0.972 0.782–1.209 0.800
Smoking (Yes vs. No) 1.419 0.626–3.217 0.403
Age 1.036 0.996–1.079 0.079
Plaque area 0.855 0.759–0.964 0.011

Statistical significance was defined as p value < 0.05. All statistical analyses were
performed using JMP Pro 13.0 and SAS software (Release 9.3; SAS Institute, Cary, NC, USA).

2.7. Description of Ordinal Logistic Regression Model

Each subject denoted by i (i = 1, . . . , N) is classified into risk group denoted as “G1”,
“G2”, “G3” or “G4”, and group membership is represented by random variable Y. Y takes
value = 1 if G1, Y = 2 if G2, Y = 3 if G3 and Y = 3 if G4. Ordinal logistic regression is used to
model Yi. Let X be a vector of covariate defined as X = (X1, · · · , X6, W)′ where X1, · · · , X6
are 6 risk variables. W is a dummy variable, which takes value 0 or 1 for non-smoker and
smoker respectively. Given covariate vector X, cumulative probability of Y is written as
P(Y ≤ k|X), and ordinal logistic regression model is defined as

logit(P(Y ≤ k|X)) = log
{

P(Y ≤ k|X)

1 − P(Y ≤ k|X)

}
= αk − X′β (1)

where αk is an intercept with α4 = 0, and β is 7 × 1 parameter vector. From definition of
the model, the expected predicted probabilities for G1, G2, G3 and G4 are given by

P1 = P(Y = 1|X) =
exp(α1−X′β)

1−exp(α1−X′β) ,

P2 = P(Y = 2|X) =
exp(α2−X′β)

1−exp(α2−X′β) −
exp(α1−X′β)

1−exp(α1−X′β) ,

P3 = P(Y = 3|X) =
exp(α3−X′β)

1−exp(α3−X′β) −
exp(α2−X′β)

1−exp(α2−X′β) ,

P4 = P(Y = 4|X) = 1 − exp(α3−X′β)
1−exp(α3−X′β)

(2)

Finally, the predicted probabilities
(

P̂1, P̂2, P̂3, P̂4
)

were obtained by plugging in pa-
rameter estimates

(
α̂k, β̂

)
into the expected predicted probabilities, and α̂k − X′ β̂ is referred

to as the linear predicted score in the Figure 5.
Since our model is defined as logit(P(Y ≤ k|X)) = αk − X′β, log odds ratio of belong-

ing lower risk group when Nutrition score increase one unit is given by

logit(P(Y ≤ k|X1 = a + 1))− logit(P(Y ≤ k|X1 = a)) = −β1 (3)
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where β1 is the parameter estimate of “Nutrition”, thus, odds ratio is given by exp (−β1).
However, interpretation of odds ratio for a risk variable is easier for a subject being
classified into higher risk group. To this end, we reversed the order of group membership
(i.e., Y * = 5 − Y) and model Y * instead of Y where G1 was set as a reference group. Table 6
shown parameter estimates for modeling Y * where OR for nutrition is calculated as exp
(0.232) = 1.26.

3. Results

3.1. Clinical Differences of Traditional Coronary Risk Factors and Nutrition Status with and
without Cancer

Among 437 enrolled patients in the present study, 26 patients were excluded (Figure 1).

Figure 1. Enrollment of patients.

In the remaining 411 patients, there were 358 AMI patients without cancer (87.1%)
and 53 with cancer (12.9%). To compare with AMI patients without cancer, those with
cancer were significantly older with significantly lower body weight, lower diastolic blood
pressure, anemia, worse renal function, lower albumin and cholesterol levels, and worse
nutrition status, evaluated by CONUT score, GPS, and mGPS (Table 1).

Next in comorbidities, those with cancer had significantly higher prevalence of dia-
betes mellitus, chronic kidney disease, history of coronary artery bypass surgery treatment,
and peripheral artery disease, who also had more frequent drug interventions by clopido-
grel, ticlopidine, other antiplatelet agents, anti-cancer agents, and steroid (Table 2).

3.2. Risk Model of Cancer

To divide the patients into some groups to evaluate the presence of cancer, we first
examined the association between age and coronary atherosclerotic plaque area (Figure 2).

Obviously, there was no cancer patient in Age < 60 years-old group. Then, the CART
divided the patients by plaque area < 9.39 mm2 and those ≥9.39 mm2, which was the
cut-off value of the presence and absence of cancer. According to this grouping process, we
divided the whole patients into 4 groups to develop a new response variable to evaluate
the presence of cancer (Figure 3 and Table 3). As we considered that if AMI occurred in
patients with smaller coronary atherosclerotic plaques, the patients had higher risks, we
defined the 4 groups as described in Figure 3 and Table 3.
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Figure 2. Association between age and coronary atherosclerotic plaque area. There was no significant association between
age and coronary plaque area.

Figure 3. Disposition of patients. As there was no cancer patient in age < 60 years old, we first
divided the patients into 2 groups according to age of 60 years old. Next, the CART defined that
the cut-off value of coronary atherosclerotic plaque area (PA) to divide the patients into with and
without cancer was 9.39 mm2. Then, we divided the patients ≥ 60 years old into 2 groups according
to plaque area of 9.39 mm2, with and without cancer. Due to the small number of cancer patients, we
made 4 groups as shown above. Group 1; non-cancer, age < 60 years old, Group 2; non-cancer, age ≥
60 years old, plaque area ≥ 9.39 mm2, Group 3; non-cancer, age ≥ 60 years old, plaque area < 9.39
mm2, Group 4; cancer, age ≥ 60 years old.
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Next, we have developed the prediction model, which consisted of nutrition, lipid,
glucose, blood pressure, and renal function (Table 4).

The equation of nutrition was expressed as “Nutrition = (−1.307) + 0.243 * CONUT +
0.898 * GPS + 0.846 * mGPS”. Similarly, other equations were expressed as “Lipid = (−4.947)
+ 0.018 * LDL-c + 0.015 * T.chol”, “Glucose = (−5.448) + 0.594 * HbA1c + 0.0092 * FPG”,
“Blood pressure = (−5.559) + 0.038 * Pulse pressure + 0.027 * systolic BP”, “Renal function
= (1.151) + 0.469 * Cr + (−0.025) * eGFR”. Using these equations, we performed analysis
of variance, which indicated that nutrition, lipid, and renal functions were significant
predictors of risk grouping (Table 5, Figure 4).

Figure 4. Mean of synthetic variable by Four Groups.

The odds of a subject being classified into higher risk group (i.e., group membership
j (=1,2,3,4) increase) were 1.26 times when value of the synthetic variable “Nutrition”
increased 1 point (Table 7).

Variables with odds ratio greater than 1 had similar interpretation. On the other
hand, variables with odds ratio less than 1 had reverse effects. For example, when value
of the synthetic variable “Lipid” increased 1 point, the odds of a subject being classified
into higher risk group were 0.88 times compared with odds of being classified into lower
risk group (Table 7). The additional logistic regression model, where cancer/non-cancer
was used a response factor with age and plaque area as adjusting variables, showed the
insignificant increase in nutrition (Table 8). Direction of effect of each synthetic variable
could be also seen in the Table 5. Finally, we were able to calculate the probability of the
presence of cancer, by combining each factor and scoring (Figure 5).

132



Nutrients 2021, 13, 2663

Figure 5. Predicted probabilities of classification to 4 risk groups. Linear predicted Score is referred to as linear combination
of parameter estimates with its corresponding variable scores in the ordinal logistic regression model.

4. Discussion

The major findings of the present study were that (a) the prevalence of cancer in AMI
patients was 13%, (b) AMI patients with cancer were older with worse nutrition status and
renal dysfunction, (c) nutrition status and renal function were consistent predictors for
obtaining cancer in AMI, and (d) we were able to calculate the probability of the presence
of cancer, by combining each factor and scoring. To the best of our knowledge, this is the
first study that provides the evidence of differential risk factors including nutrition status
in AMI patients between with and without cancer in details.

4.1. Prevalence of Cancer in AMI

In the US National Inpatient Sample database between 2004 and 2014 report, among
6,563,255 AMI patients, there were 5,966,955 with no cancer, 186,604 with current cancer
(2.8%), and 409,697 with a historical diagnosis of cancer (6.2%) [20]. Among 175,146 patients
in Swedish registries of first AMI between 2001 and 2014, there were 16,237 patients (9.3%),
who had received care for cancer in the 5 years before AMI [21]. The prevalence of
cancer in AMI patients was 13% in the present study, which was relatively higher that
these nationwide data, probably because the enrolled patients in the study might have
complicated conditions such as being hospitalized in our University Hospital.

4.2. Differences of Traditional Risk Factors and Nutrition Status in AMI between with and
without Cancer

Hypertension, diabetes, current smoking, family history, and dyslipidemia are well
known as traditional risk factors in AMI [22], and it has been recently reported that aging,
higher prevalence of dyslipidemia and hypertension, and lower prevalence of obesity,
diabetes mellitus, and smoking were risk factors in breast cancer survivors compared with
general female population [23]. However, the differential risk factors for AMI with cancer
compared with non-cancer remains scant. The present study indicated for the first time
that renal dysfunction and worse nutrition status were the strongest risk factors in AMI
patients with cancer. Besides these factors, univariate analyses (Table 1) showed that AMI

133



Nutrients 2021, 13, 2663

with cancer patients had significantly lower levels of albumin, T.chol, and LDL-c than those
without cancer, which seemed to be caused by deterioration of nutrition status, which were
different from traditional coronary risk factors.

4.3. Prediction and Scoring of Cancer in AMI

In the present study, we have developed formulas regarding nutrition status, lipid,
glucose blood pressure, and renal function (Table 4). Using these formulas, we are able to
avoid to evaluate several data separately, such as T.chol and LDL-c, or Cr and eGFR, and to
consider these factors as whole. Further, we have established the predicted scoring system
for AMI with cancer (Figure 5), which means that we are able to predict if the patients
with AMI have cancer, by calculating this score. This might be useful in clinical settings to
recognize the presence of cancer.

4.4. Limitations

Several limitations should be acknowledged in the present study. First, the present
study was an observational retrospective cohort study from a single center. Thus, there
might be some bias. Second, we were not able to divide cancer patients into active cancer
and history of cancer, due to the limited number of patients with cancer. Also, we were not
able to evaluate cancer stage in this study. Third, we were not able to distinguish coronary
plaque rupture from coronary artery erosion as causes of AMI. Fourth, the enrolled patients
in the present study were hospitalized in University Hospital, which may also cause some
bias. Fifth, due to the limited number of enrolled patients, we were not able to examine sex-
difference in the present study. Taken together, further investigations should be necessary
in larger multi-center cohort studies.

5. Conclusions

The present study demonstrates that the prevalence of cancer in AMI was 13%, and
that worse nutrition status and renal dysfunction were associated with AMI with cancer, in
which nutrition status was a major different characteristic from non-cancer. Further, we
have developed formulas to predict the presence of cancer in AMI.
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Abstract: The clinical relevance of polyunsaturated fatty acids (PUFAs) in heart failure remains
unclear. The aim of this study was to investigate the association between PUFA levels and the
prognosis of patients with heart failure with preserved ejection fraction (HFpEF). This retrospective
study included 140 hospitalized patients with acute decompensated HFpEF (median age 84.0 years,
42.9% men). The patients’ nutritional status was assessed, using the geriatric nutritional risk index
(GNRI), and their plasma levels of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA),
arachidonic acid (AA), and dihomo-gamma-linolenic acid (DGLA) were measured before discharge.
The primary outcome was all-cause mortality. During a median follow-up of 23.3 months, the primary
outcome occurred in 37 patients (26.4%). A Kaplan–Meier analysis showed that lower DHA and
DGLA levels, but not EPA or AA levels, were significantly associated with an increase in all-cause
death (log-rank; p < 0.001 and p = 0.040, respectively). A multivariate Cox regression analysis also
revealed that DHA levels were significantly associated with the incidence of all-cause death (HR: 0.16,
95% CI: 0.06–0.44, p = 0.001), independent of the GNRI. Our results suggest that low plasma DHA
levels may be a useful predictor of all-cause mortality and potential therapeutic target in patients
with acute decompensated HFpEF.

Keywords: heart failure with preserved ejection fraction; docosahexaenoic acid; geriatric nutritional
risk index

1. Introduction

Heart failure (HF) is a common and growing public health problem with an estimated
prevalence of over 37.7 million cases worldwide [1]. Despite recent developments of HF
treatments, including pharmacological and device therapy, HF still results in high mortality
and re-hospitalization rates [2]. HF clinically manifests in two modes, which are defined
by ventricular function: HF with reduced ejection fraction (HFrEF) and HF with preserved
ejection fraction (HFpEF) [3]. Unfortunately, standard pharmacological therapies for HFrEF
such as angiotensin-converting enzyme inhibitors and β-blockers show a lack of efficacy in
the treatment of HFpEF [4]. Patients with HFpEF are more likely to be older, female, and
have hypertension, renal disease, atrial fibrillation, and malnutrition [5]. Malnutrition, in
particular, is a common problem in elderly patients with HFpEF and is a known risk factor
for a poor prognosis [6].
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Polyunsaturated fatty acids (PUFAs) play structural and functional roles as membrane
components and precursors of physiologically active substances involved in inflamma-
tion [7]. Fish oils, sunflower, safflower, and corn oils are rich in omega-3 PUFAs, while meat
from farm animals are rich in omega-6 PUFAs [8]. Omega-3 PUFAs, such as eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA), and oemga-6 PUFAs, such as arachi-
donic acid (AA) and dihomo-gamma-linolenic acid (DGLA), have been shown to have
opposite effect [9]. It has been reported that AA-derived metabolites are pro-inflammatory,
while EPA- and DHA-derived metabolites are pro-resolution/anti-inflammatory [10–12].
Some metabolites have been reported to play a critical role in the development of cardiac
hypertrophy and heart failure by regulating inflammatory reactions [12–14]. However,
omega-7 and omega-9 monounsaturated fatty acids, such as palmitoleic acid and oleic acid,
are components of complex lipids, such as sphingosines and phospholipids, and could
interfere with cellular injury [15–17].

Several clinical trials and meta-analysis have demonstrated that omega-3 PUFAs are
beneficial for patients with cardiovascular events [18–20]. Regarding the association be-
tween omega-3 PUFAs and heart failure, a meta-analysis of seven prospective studies with
176,441 subjects and 5480 cases of HF found a lower risk of HF in patients that took high
amounts of marine omega-3 PUFAs [21]. Another study including 6562 patients, in over
13 years, found that plasma EPA levels were significantly lower in HF patients, compared
to HF-free patients [22]. Small-scale clinical trials have indicated that omega-3 PUFAs may
improve the outcomes of patients with HF [23–26]. However, recent large-scale random-
ized controlled studies investigating cardiovascular benefit of omega-3 supplementation
showed conflicting findings [27,28].

The aim of this study was to investigate the role of PUFAs in the prognosis of patients
with acute decompensated HFpEF. In addition, the impact of the patients’ nutritional status
on the association between PUFAs and their prognosis was evaluated.

2. Materials and Methods

2.1. Study Design and Participants

This study was a retrospective single-center cohort study. The study protocol was
approved by the Institutional Review Board of Mitoyo General Hospital (19CR01-122)
and conducted in accordance with the principles of the Declaration of Helsinki. The
requirement for informed consent was waived because of the low-risk nature of the study
and inability to obtain consent directly from all the study subjects. Instead, we announced
this study protocol extensively at Mitoyo General Hospital and on the hospital website
(http://mitoyo-hosp.jp) and provided patients with the opportunity to withdraw from the
study. We initially enrolled 301 consecutive patients with acute decompensated HFpEF
that were not receiving hemodialysis and who were admitted to Mitoyo General Hospital
between August 2015 and January 2019. Acute decompensated HF was diagnosed based
on the Framingham’s criteria. [29]. A diagnosis of HF was made if a patient had at
least two major criteria or one major criterion and two minor criteria. The major criteria
are acute pulmonary edema, cardiomegaly, hepatojugular reflex, distended neck veins,
paroxysmal nocturnal dyspnea, pulmonary rales, and third heart sound. The minor
criteria are ankle edema, dyspnea on exertion, hepatomegaly, nocturnal cough, pleural
effusion, and tachycardia [29]. HFpEF was defined as HF with a left ventricular ejection
fraction ≥50%. Patients with HFrEF and those receiving omega-3 PUFA therapy were
excluded. Figure 1 shows the flow diagram of this study. Follow-ups were performed by
referring to patient electronic medical records, direct contact with the patients’ physicians
in the outpatient clinic, and telephone interviews with patients or family members. A total
of 140 patients were ultimately included in the final analysis.
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Figure 1. Flowchart of study population. Heart failure (HF) was defined based on the Framingham
criteria. Heart failure with reduced ejection fraction (HFrEF); Heart failure with preserved ejection
fraction (HFpEF) was defined as HF with a left ventricular ejection fraction ≥50%. PUFAs, polyunsatu-
rated fatty acids.

2.2. Blood Sampling and Equations

Whole blood samples were collected within 24 h of admission. Approximately 20 mL
of blood was collected by venipuncture and separated into tubes containing clot activator,
gel serum separator, ethylenediaminetetraacetic acid dipotassium, and heparin sodium.
Plasma levels of EPA, DHA, AA, and DGLA were measured by using gas chromatog-
raphy (SRL Inc., Tokyo, Japan) [30]. Routine laboratory tests were performed, using an
automated analyzer, at Mitoyo General Hospital. The estimated glomerular filtration rate
(eGFR) was calculated based on the Japanese equation that uses serum creatinine level, age,
and sex as follows: eGFR (mL/min/1.73 m2) = 194 × serum creatinine−1.094 × age−0.287

(for females = ×0.739) [31]. The geriatric nutritional risk index (GNRI) was calculated as
follows, using the serum albumin level, body weight, and height obtained on admission:
GNRI = 14.89 × serum albumin (g/dL) + 41.7 × (actual body weight/ideal body weight).
GNRI is a nutrition-related risk index that makes it possible to classify patients according to
a risk of morbidity and mortality, and the GNRI ≥98 means no nutritional-related risk [32].
The ideal body weight in the present study was calculated by using a body mass index of
22 kg/m2.

2.3. Assessment of Additional Risk Factors

Hypertension was defined as having a seated blood pressure >140/90 mmHg or under-
going current treatment with antihypertensive medications. Diabetes mellitus was defined
as having a previous diagnosis of diabetes mellitus in the medical records, a hemoglobin
A1C (national glycohemoglobin standardization program calculation) level ≥6.5%, or re-
ceiving treatment with oral antidiabetic agents or insulin. Dyslipidemia was defined as one
or more of the following characteristics: ≥150 mg/dL serum triglyceride, <40 mg/dL high-
density lipoprotein cholesterol (HDL-cholesterol), ≥140 mg/dL low-density lipoprotein
cholesterol (LDL-cholesterol), or current treatment with a lipid-lowering drug. Smoking
status was defined as “currently smoking”.

2.4. Study Outcomes

The primary endpoint was all-cause mortality. Furthermore, as an ad hoc analysis,
patients were divided into four groups, based on the median DHA level and median GNRI,
so that the association between the primary endpoint and each group could be evaluated.
The secondary endpoints were cardiac death and re-hospitalization for HF.

2.5. Statistical Analyses

The results are presented as the mean ± standard deviation when they are normally
distributed, and as the median and interquartile range (IQR) when they are non-normally
distributed. The normality of distribution was determined by the Kolmogorov–Smirnov
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test. Differences between the groups were analyzed by using the unpaired Student’s t-test
or Mann–Whitney U test for continuous variables, and the chi-squared test or Fisher’s
exact test for dichotomous variables, as appropriate. For the survival analyses, Kaplan–
Meier survival plots were constructed by dividing the patients’ PUFA levels on admission
into two groups, according to the median values, and log-rank testing was performed to
study the influence of PUFA levels on primary and secondary endpoints. To evaluate the
influence of PUFA levels on the primary endpoint, Cox proportional-hazards regression
models were used to estimate the hazard ratio (HR) and 95% confidence interval (CI). To
avoid overfitting, variables that were included in the principal multivariate models were
adjusted for age, sex, hypertension, dyslipidemia, diabetes mellitus, and GNRI. All the
tests were two-tailed, and a value of p < 0.05 was considered statistically significant. All the
analyses were performed by using IBM SPSS statistics version 24.0 (IBM Corp., Armonk,
NY, USA).

3. Results

3.1. Baseline Characteristics

Table 1 shows the baseline characteristics of the patients in this study and a comparison
of those characteristics between the patients with and without primary endpoints. The
median age of all the patients was 84.0 years, 42.9% were male, and 56.4% had atrial
fibrillation. The prevalence of hypertension and diabetes mellitus within the group of
patients was 90.0% and 22.9%, respectively.

During the median follow-up of 23.3 months, 37 (26.4%) of the patients exhibited the
primary endpoint. Patients experiencing the primary endpoint were older; had lower BMI
and GNRI values; had a lower prevalence of hypertension and dyslipidemia; had lower
statin use; and had lower hemoglobin, albumin, HDL-cholesterol, and LDL-cholesterol
levels than those who did not experience the primary endpoint. No significant differences
in the prevalence of atrial fibrillation, prior hospitalization for HF, or medication use,
except for statins, were observed between the two groups. The median levels of EPA, DHA,
DGLA, and AA, as well as the ratio of EPA to AA (EPA/AA), DHA to AA (DHA/AA), and
AA + DGLA to EPA + DHA (AA + DGLA/EPA + DHA), on admission were 46.6 μg/mL,
116.1 μg/mL, 23.6 μg/mL, 159.8 μg/mL, 0.26, 0.74, and 1.15, respectively. The levels of
DHA, DGLA, and AA for the patients with adverse events were significantly lower than
for those patients without adverse events. The levels of EPA, EPA/AA, DHA/AA, and
AA+DGLA/EPA+DHA did not differ between the two groups.

3.2. Cumulative Event Rates Based on PUFA Levels

The Kaplan–Meier analyses showed that lower levels of DHA and DGLA on admission
were significantly associated with the incidence of adverse events (log-rank; p < 0.001 and
p = 0.040, respectively) (Figure 2B,D). However, the EPA and AA levels and the EPA/AA,
DHA/AA, and AA + DGLA/ EPA + DHA were not associated (log-rank; p = 0.051,
p = 0.154, p = 0.649, p = 0.887, p = 0.712, respectively) (Figure 2A,C,E–G).

3.3. Univariate and Multivariate Analyses of Parameters Contributing to the Primary and
Secondary Endpoints

The univariate Cox regression analyses showed that age, body mass index, statin use,
hemoglobin, albumin, LDL-cholesterol, GNRI, DGLA level, and DHA level were associated
with the incidence of the primary endpoint (Table 2). The multivariate Cox regression
analyses revealed that patients with high DHA levels was significantly associated with
a low incidence of the primary endpoint after an adjustment for age, sex, hypertension,
dyslipidemia, diabetes mellitus, and GNRI (HR: 0.16, 95% CI: 0.06–0.44, p = 0.001). How-
ever, the DGLA level was not significantly associated with the primary endpoint after an
adjustment for confounding variables.
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Table 1. Baseline characteristics according to the presence or absence of the primary endpoint.

Primary Endpoint

Variables All (n = 140) Absent (n = 103) Present (n = 37) p

Men 60 (42.9) 40 (38.8) 20 (54.1) 0.110
Age, years 84.0 (77.0, 88.0) 82.0 (76.0, 88.0) 86.0 (83.0, 89.0) 0.018

Body mass index, kg/m2 23.3 (20.4, 26.6) 22.4 (20.8, 27.5) 22.1 (19.9, 24.1) 0.008
Hypertension 126 (90.0) 96 (93.2) 30 (81.1) 0.035

Diabetes Mellitus 32 (22.9) 22 (21.4) 10 (27.0) 0.485
Dyslipidemia 45 (32.1) 38 (36.9) 7 (18.9) 0.045

Current smoker 49 (35.0) 33 (32.0) 16 (43.2) 0.223
Prior hospitalization for heart failure 19 (13.6) 13 (12.6) 6 (16.2) 0.587

Ischemic heart disease 18 (12.9) 15 (14.6) 3 (8.1) 0.318
Atrial fibrillation 79 (56.4) 59 (57.3) 20 (54.1) 0.736

Prior PCI 14 (10.0) 12 (11.7) 2 (5.4) 0.281
Prior CABG 5 (3.6) 5 (4.9) 0 (0) 0.175

Valve repair/placement 14 (10.0) 12 (11.7) 2 (5.4) 0.281
Pacemaker implantation 14 (10.0) 7 (6.8) 7 (18.9) 0.035

Medications
ACEIs/ARBs 55 (39.3) 43 (41.7) 12 (32.4) 0.323
β-blockers 48 (34.3) 39 (37.9) 9 (24.3) 0.139

CCBs 72 (51.4) 55 (53.4) 17 (45.9) 0.440
Loop diuretics 79 (56.4) 54 (52.4) 25 (67.6) 0.113

MRAs 26 (18.6) 16 (15.5) 10 (27.0) 0.125
Antiplatelets 31 (22.1) 27 (26.2) 4 (10.8) 0.053

Oral antidiabetic agents 22 (15.7) 17 (16.5) 5 (13.5) 0.671
Statins 35 (25.0) 31 (30.1) 4 (10.8) 0.020

Anticoagulants 22 (15.7) 46 (44.7) 17 (45.9) 0.894
Laboratory findings
Hemoglobin (g/dL) 11.0 ± 2.09 11.2 ± 2.10 10.3 ± 1.94 0.017
Creatinine (mg/dL) 1.08 (0.82, 1.62) 1.03 (0.83, 1.56) 1.27 (0.79, 1.75) 0.364

eGFR (ml/min/1.73 m2) 42.2 (29.0, 56.0) 43.0 (29.0, 55.0) 41.0 (26.2, 59.6) 0.530
Albumin (g/dL) 3.6 (3.2, 3.9) 3.6 (3.4, 3.9) 3.4 (2.9, 3.7) 0.001
hsCRP (mg/dL) 0.43 (0.17, 1.45) 0.36 (0.15, 1.08) 0.86 (0.24, 1.59) 0.581
BNP (pg/mL) 453.0 (260.4, 699.0) 464.0 (246.8, 739.4) 411.0 (269.9, 659.5) 0.107

Troponin I (pg/mL) 32.7 (15.2, 84.7) 33.0 (14.3, 84.7) 28.9 (16.3, 70.8) 0.520
Hemoglobin A1C (%) 5.9 (5.6, 6.5) 5.9 (5.6, 6.5) 5.9 (5.6, 6.6) 0.871
Triglycerides (mg/dL) 76 (57, 98) 78 (62, 98) 67 (50, 94) 0.110

HDL-C (mg/dL) 46 ± 14.4 48 ± 13.8 41 ± 15.5 0.047
LDL-C (mg/dL) 97 ± 36.7 102 ± 37.1 81 ± 30.8 0.014

EPA (μg/mL) 46.6 (30.7, 64.2) 48.0 (31.9, 67.8) 39.6 (28.0, 55.0) 0.076
DHA (μg/mL) 116.1 (96.7, 144.9) 126.7 (99.1, 149.8) 102.8 (94.3, 119.5) 0.009
AA (μg/mL) 159.8 (133.8, 194.5) 167.1 (144.2, 195.0) 139.1 (110.5, 180.7) 0.001

DGLA (μg/mL) 23.6 (19.6, 30.5) 24.2 (20.1, 32.5) 22.2 (18.4, 27.1) 0.019
EPA/AA 0.26 (0.20, 0.40) 0.27 (0.20, 0.40) 0.26 (0.21, 0.39) 0.812
DHA/AA 0.74 (0.62, 0.89) 0.74 (0.60, 0.90) 0.78 (0.63, 0.88) 0.287

AA + DGLA/EPA + DHA 1.15 (0.90, 1.38) 1.15 (0.90, 1.42) 1.14 (0.95, 1.32) 0.481
GNRI 97.7 ± 12.03 99.9 ± 11.59 90.8 ± 10.84 < 0.001

Categorical variables are presented as number of patients (%). Continuous variables are presented as the mean ± standard deviation
or median (interquartile range). PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; ACEs, angiotensin-
converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; CCBs, calcium channel blockers; MRAs, mineralocorticoid receptor
antagonists; eGFR, estimated glomerular filtration rate; hsCRP, high-sensitivity C-reactive protein; BNP, brain natriuretic peptide; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid;
DGLA, dihomo-gamma-linolenic acid; AA, arachidonic acid; DHA/AA, ratio of DHA to AA; AA+DGLA/EPA+DHA, ratio of AA+DGLA
to EPA+DHA; GNRI, geriatric nutritional risk index.
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Figure 2. Cont.
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Figure 2. The associations between the primary outcomes and PUFA levels. The cumulative incidences of the primary
endpoint (all-cause death) were estimated by using the Kaplan–Meier method. The patients were divided into two
groups, based on the median levels of (A) EPA, (B) DHA, (C) AA, (D) DGLA, (E) EPA/AA, (F) DHA/AA, and (G)
AA + DGLA/ EPA + DHA. Log-rank testing was performed to study the influence of PUFA levels on primary endpoint.
EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; DGLA, dihomo-gamma-linolenic acid; AA, arachidonic acid;
EPA/AA, ratio of EPA to AA; DHA/AA, ratio of DHA to AA; AA + DGLA/EPA + DHA; ratio of AA + DGLA to
EPA + DHA.

Table 2. The association between PUFAs and the primary endpoint analyzed with Cox proportional hazards models.

Univariate Multivariate-1 Multivariate-2

HR 95% CI p HR 95% CI p HR 95% CI p

Age,
per 1 year 1.06 1.01–1.11 0.009 1.05 0.99–1.10 1.102 1.06 1.00–1.13 0.042

Male 1.76 0.92–3.37 0.087 1.76 0.81–3.83 0.155 1.98 0.91–4.29 0.083
Body mass index,

per 1.0 kg/m2 0.90 0.82–0.98 0.017 - - - - - -

Hypertension 0.52 0.26–1.06 0.071 0.65 0.26–1.59 0.342 1.13 0.45–2.82 0.793
Dyslipidemia 0.45 0.20–1.03 0.060 0.72 0.25–2.12 0.549 0.66 0.23–1.91 0.441

Diabetes mellitus 1.54 0.74–3.21 0.249 1.99 0.87–4.58 0.104 1.86 0.78–4.46 0.164
Statin use 0.34 0.12–0.95 0.040 - - - - - -

Hemoglobin,
per 1.0 mg/dL 0.82 0.70–0.96 0.013 - - - - - -

Albumin,
per 1.0 g/dL 0.34 0.18–0.63 0.001 - - - - - -

HDL-C,
per 1 mg/dL 0.96 0.93–1.00 0.054 - - - - - -

LDL-C,
per 1 mg/dL 0.98 0.96–0.99 0.004 - - - - - -

GNRI,
per 1 index 0.94 0.91–0.97 <0.001 0.95 0.91–0.99 0.010 0.95 0.91–0.98 0.002

High DGLA 0.50 0.26–0.98 0.044 1.02 0.47–2.19 0.969 - - -
High AA 0.61 0.31–1.21 0.158 - - - - - -
High EPA 0.52 0.27–1.01 0.055 - - - - - -
High DHA 0.25 0.12–0.53 <0.001 - - - 0.16 0.06–0.44 <0.001

High EPA/AA 0.86 0.45–1.65 0.650 - - - -
High DHA/AA 1.05 0.54–2.02 0.887 - - - -

High AA +
DGLA/

EPA + DHA
1.13 0.59–2.17 0.712 - - - -

The multivariate model-1 and model-2 were adjusted for age, sex, hypertension, dyslipidemia, diabetes mellitus, and GNRI. HR, hazard ra-
tio; CI, confidence interval; GNRI, geriatric nutritional risk index; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; DGLA, dihomo-
gamma-linolenic acid; AA, arachidonic acid. EPA/AA, ratio of EPA to AA; DHA/AA, ratio of DHA to AA; AA + DGLA/EPA + DHA;
ratio of AA + DGLA to EPA + DHA.
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As an ad hoc analysis, the patients were divided into four groups, based on the
median DHA and GNRI values. As shown in Figure 3, the low-GNRI and low-DHA
groups showed the greatest incidence of the primary endpoint, compared to the other
groups (log-rank; p < 0.001). In the multivariate Cox regression analyses, the low-GNRI
and low-DHA groups had a significantly higher risk of the primary endpoint, compared
with the high-GNRI and high-DHA groups, after an adjustment of age and sex (HR: 8.48,
95% CI: 2.47–29.07, p = 0.001) (Table 3).

The secondary endpoints occurred in 63 patients (cardiac death (n = 15) and re-
hospitalization for HF (n = 480)). As shown in Figure 4, none of the PUFA levels was
associated with the secondary endpoints.

Figure 3. The associations between the primary outcomes and the DHA and GNRI values. The
cumulative incidences of the primary endpoint (all-cause death) were estimated by using the Kaplan–
Meier method. Log-rank testing was performed to study the influence of PUFA levels on primary
endpoint. The patients were divided into four groups, based on the median DHA and GNRI values.
DHA, docosahexaenoic acid; GNRI, geriatric nutritional risk index.

Table 3. The association between the DHA and GNRI values and primary endpoints analyzed with
Cox proportional hazards models.

Multivariate Analysis

Variables HR 95% CI P

Age, per 1-year 1.07 1.02–1.13 0.006
Male 1.67 0.87–3.22 0.123

High DHA and high
GNRI Reference

High DHA and low
GNRI 1.14 0.28–4.64 0.858

Low DHA and high
GNRI 3.03 0.80–11.48 0.104

Low DHA and low
GNRI 8.48 2.47–29.07 0.001

Multivariate analysis was adjusted by age, sex, hemoglobin, and GNRI. HR, hazard ratio; CI, confidence interval;
DHA, docosahexaenoic acid; GNRI, geriatric nutritional risk index.
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Figure 4. Cont.
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Figure 4. The associations between the secondary outcomes and PUFA levels. The cumulative incidences of the secondary
endpoints (cardiac death and re-hospitalization for heart failure) were estimated by using the Kaplan–Meier method.
Log-rank testing was performed to study the influence of PUFA levels on primary endpoint. The patients were divided into
two groups, based on the median levels of (A) EPA, (B) DHA, (C) AA, (D) DGLA, and (E) EPA/AA, (F) DHA/AA, and (G)
AA + DGLA/EPA + DHA. PUFA, polyunsaturated fatty acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; AA,
arachidonic acid; DGLA, dihomo-gamma-linolenic acid; EPA/AA, ratio of EPA to AA; DHA/AA, ratio of DHA to AA;
AA + DGLA/EPA + DHA; ratio of AA + DGLA to EPA + DHA.

4. Discussion

The data from the present study showed that the acute decompensated HFpEF patients
with lower plasma DHA levels had a significantly higher incidence of all-cause death,
independent of GNRI. These findings suggest that plasma DHA levels are an important
factor associated with prognosis, regardless of the nutritional status of patients with acute
decompensated HFpEF. This suggests that measuring plasma DHA levels may be useful
for the detection of high-risk patients hospitalized with HFpEF.

Several studies have shown the association between circulating concentrations of
PUFAs and the incidence of HF. A previous cohort study, which included 2735 adults in
the Cardiovascular Health Study from 1992 to 2006, reported that the total concentrations
of omega-3 fatty acid were associated with the incidence of primary congestive HF [19]. A
recent report from the Multi-Ethnic Study of Atherosclerosis (MESA) trial indicated that
higher plasma EPA levels were significantly associated with a reduced risk of HF (for both
reduced and preserved EF) [22]. In addition, regarding the association between PUFAs and
the prognosis of patients with acute decompensated HF, a study showed that decreased
plasma levels of DHA, DGLA, and AA were independently associated with long-term
mortality in patients with acute decompensated HF [33]. Other studies have shown that
lower omega-6 PUFAs levels were related to worse clinical outcomes in patients with acute
decompensated HF [34,35]. However, most of the patients included in these studies had
HFrEF. Thus, to the best of our knowledge, this is the first study to evaluate the correlation
between PUFA levels and the prognosis of patients with HFpEF.

This study showed that lower DHA levels, but not EPA levels, were independently
associated with all-cause mortality in patients with acute decompensated HFpEF. PUFAs
play an important role in cellular membrane function [36]. While DHA is abundant in the
cell membranes of cardiomyocytes [25], EPA is scarce. This difference may contribute to
the distinct effects that DHA and EPA have on cardiac health. It should be noted, however,
that while DHA can be obtained from the diet, it can also be synthesized from EPA [37]. In
fact, the data from MESA suggested that EPA was more important than DHA for HF [19].
Therefore, any interpretation of the differences between the effects of DHA and EPA on the
prognosis of HFpEF patients should be made with caution.
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Although the present study showed a relationship between lower plasma DHA levels
and a higher incidence of all-cause death, there was no significant association between
DHA levels and composite events of cardiac death and re-hospitalization for HF. According
to a Japanese cohort study called the Chronic Heart Failure Analysis and Registry in the
Tohoku (CHART), the temporal trend in the mode of death in symptomatic HF has changed.
As the prevalence of HFpEF in symptomatic HF increased from CHART-1 (2000–2005)
to CHART-2 (2006–2010), the proportion of non-cardiac deaths increased from 23% in
CHART-1 to 40% in CHART-2 [5]. In this study [5], those factors that were significantly
associated with all-cause death were reported to be advanced age, low BMI, high systolic
blood pressure, and absence of dyslipidemia. This is in line with our data shown in Table 1.
Patients with HFpEF had more comorbidities than HFrEF patients, and noncardiac deaths
occurred more frequently in HFpEF patients than in HFrEF patients [38].

Thus, the characteristics inherent to HFpEF patients specifically may be involved in
the significant impact that DHA levels have on all-cause death, as opposed to cardiac death
or re-hospitalization for HF.

Malnutrition is frequently observed and an important risk factor for poor outcomes in
patients with HF. The GNRI is a simple and objective nutritional index, and a GNRI < 92 is
generally used to evaluate the increased risk of morbidity and mortality in hospitalized
elderly patients [21]. In our study, patients with the primary endpoint had an average
GNRI of 90.8, suggesting a poor nutritional status. Although the patients with the primary
endpoint also showed lower omega-3 PUFA levels, which were affected by oral intake,
the Cox regression analyses revealed that the impact of the DHA levels on the patients’
prognoses was independent of the GNRI. Even in the patients with a poor nutritional
status, lower DHA levels were shown to be an independent predictor of all-cause mortality
in HFpEF patients.

Inflammation is a normal process that is part of the body’s defense and tissue-healing
mechanism. However, excessive or unresolved inflammation can lead to uncontrolled
tissue injury, and disease. Omega-6-derived metabolites, such as prostaglandins and
leukotrienes, have pro-inflammatory effects, while omega-3-derived metabolites, such as
resolvins and protectins, have anti-inflammatory and pro-resolving effects [10,11]. In this
context, several clinical studies showed that the ratio of omega-3 to omega-6 PUFAs is a
powerful predictor of heart disease [39–41]. Therefore, active screening of PUFAs would be
beneficial in identifying patients at high risk of cardiovascular disease.

The GISSI-HF (Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Mio-
cardico Heart Failure) trial was a large-scale, placebo-controlled, randomized study that
showed that 1 g daily of omega-3 fatty acid administration reduced the risk of all-cause
death by 9% and the risk of hospitalization due to cardiovascular reasons by 8% in patients
with chronic heart failure [42]. Other clinical trials have indicated that omega-3 fatty acids
might improve outcomes in patients with HF [23–26]. In addition, animal studies have
shown that omega-3 fatty acids, including EPA and DHA, at supraphysiological levels,
preserve left ventricular function and prevent interstitial fibrosis in a mouse model of pres-
sure overload-induced HF [39,43,44]. Despite these potential benefits, the use of omega-3
fatty acids in patients with HF remains controversial. Future large-scale randomized clin-
ical trials to investigate the benefit of high dosages of omega-3 fatty acids, on top of the
guideline-directed medical therapy for patients with documented overt HF, will be needed.

This study had several limitations. First, the study was conducted in a single center,
the sample size was small, and the follow-up period was short. Therefore, it may be difficult
to generalize these results. Second, the PUFAs were not measured in the cell membrane.
PUFAs in the cell membrane have been reported to be direct precursors of pro- and anti-
inflammatory eicosanoids. However, it has also been reported that cell-membrane PUFAs
are significantly correlated with serum PUFAs in the Japanese population [30]. Third, food
intake is associated with blood levels of PUFAs; however, measurement of dietary intake
by using a frequency food questionnaire was not performed in this study. Moreover, the
multivariate cox regression model included a limited number of variates to avoid statistical
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overfitting, because of the small number of the primary outcome. Therefore, large-scale
studies will be needed to confirm our findings. Finally, the study was an observational
study, so the causal relationship between DHA levels and prognosis is uncertain.

5. Conclusions

Lower levels of DHA are significantly associated with an increase in all-cause death
in patients with acute decompensated HFpEF, independent of nutritional status. Measure-
ment of plasma DHA levels may be useful in identifying high-risk patients with HFpEF,
and supplementation with DHA may be a potential therapeutic target in these patients.
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Abstract: Malnutrition is highly prevalent in patients with heart failure (HF), but the precise impact
of dietary energy deficiency on HF patients’ clinical outcomes is not known. We investigated the
associations between inadequate calorie intake and adverse clinical events in 145 stable outpatients
with chronic HF who had a history of hospitalization due to worsening HF. To assess the patients’
dietary pattern, we used a brief self-administered diet-history questionnaire (BDHQ). Inadequate
calorie intake was defined as <60% of the estimated energy requirement. In the total chronic HF
cohort, the median calorie intake was 1628 kcal/day. Forty-four patients (30%) were identified
as having an inadequate calorie intake. A Kaplan–Meier analysis revealed that the patients with
inadequate calorie intake had significantly worse clinical outcomes including all-cause death and
HF-related hospitalization during the 1-year follow-up period versus those with adequate calorie
intake (20% vs. 5%, p < 0.01). A multivariate logistic regression analysis showed that inadequate
calorie intake was an independent predictor of adverse clinical events after adjustment for various
factors that may influence patients’ calorie intake. Among patients with chronic HF, inadequate
calorie intake was associated with an increased risk of all-cause mortality and rehospitalization due
to worsening HF. However, our results are preliminary and larger studies with direct measurements
of dietary calorie intake and total energy expenditure are needed to clarify the intrinsic nature of
this relationship.
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1. Introduction

Heart failure (HF) is common in adults and is associated with increased morbidity
and mortality. Its prevalence is increasing due to the aging of the population in many
countries [1]. Despite recent advances in pharmacological and non-pharmacological treat-
ments for HF, the prognosis of individuals with chronic HF remains poor, and diet and
exercise interventions are thus recognized as essential treatments for the prevention of
HF progression.

Although obesity is a risk of incident HF, a low body mass index (BMI) is more
closely associated with poor clinical outcomes in chronic HF patients, in a phenomenon
known as the obesity paradox [2,3]. As one of the possible mechanisms of this paradox,
malnutrition is a recent focus of attention among healthcare providers who are engaged
in HF management. Malnutrition is highly prevalent in patients with chronic HF, and it
increases their risk of death and hospitalization [4]. Patients with chronic HF have been
demonstrated to have an increased energy expenditure compared to healthy sedentary
subjects, but HF patients’ dietary energy intake is often insufficient to meet their energy
requirements for daily activities, even in a stable condition [5]. The negative energy balance
leads to a catabolic state and causes protein–energy malnutrition, which results in muscle
wasting and sarcopenia [6,7]. In addition, dietary guidance for HF patients has traditionally
focused on reducing their salt and fluid intake; the patients’ intake of dietary nutrients
has tended to be less of a concern [8]. Restrictive diets for HF patients may cause a
reduced intake of macronutrients and micronutrients, leading to increased morbidity and
mortality [8].

We conducted the present study to determine whether calorie intake that is inade-
quate for the energy needed for daily activities is associated with adverse clinical events
including all-cause death and HF-related hospitalization in stable patients with chronic HF.
The patients’ daily calorie intake was calculated by a brief self-administered diet-history
questionnaire (BDHQ), which is a well-validated questionnaire for determining a patient’s
dietary pattern.

2. Materials and Methods

2.1. Study Design

This study was part of a multicenter, prospective observational investigation of the
effects of dietary patterns on clinical outcomes in patients with chronic HF, and thus some
of the data used herein were obtained from the same patients whose data were published
previously but in a different context [9]. The study was approved by the ethics committees
of Hokkaido University Hospital (approval no. 012-0224) and the other nine participating
research institutes—Hakodate National Hospital, Hikone Municipal Hospital, Kitami
Red Cross Hospital, Keiwakai Ebetsu Hospital, Kushiro City General Hospital, Obihiro
Kyokai Hospital, Otaru Kyokai Hospital, Saiseikai Fukuoka General Hospital, and Tottori
University Hospital. The study was conducted in accordance with the ethical principles
described in the Declaration of Helsinki. Written informed consent was obtained from each
patient before his or her participation in the study.

2.2. Patients

A total of 145 stable patients with chronic HF who were regularly visiting an outpatient
ward for >1 month were enrolled between December 2012 and September 2014. These
patients had a history of hospitalization due to worsening HF at least once within the 5 years
before enrollment. The exclusion criteria included nephrotic syndrome, liver cirrhosis,
cancer, a history of gastrointestinal surgery within the prior 3 months, or poorly controlled
diabetes, i.e., glycosylated hemoglobin (HbA1c) >7.0%. We also excluded patients who
were taking steroids or antidepressants, which could influence their appetite.
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2.3. Study Protocol

At baseline, the patients underwent clinical and anthropometric measurements, blood
testing, echocardiography, a 6-min walk test to assess exercise capacity, and the evaluation
of their dietary pattern and calorie intake. The patients were then followed up for 1 year
to evaluate adverse clinical events including all-cause death and hospitalization due to
worsening HF.

2.4. Anthropometric Measurements

To assess the patients’ muscle mass, we measured the circumferences of the upper
arm and the thigh at the level of the muscle belly.

2.5. Laboratory Measurements

After blood collection, the patients’ hemoglobin, serum albumin, HbA1c, and plasma
levels of B-type natriuretic peptide (BNP) were determined by routine in-house analyses.
The estimated glomerular filtration rate (eGFR) was calculated from the serum creatinine
values and the patient’s age with the use of the Japanese equation [10]:
eGFR = 194 × (serum creatinine, mg/dL)−1.094 × (age, years)−0.287 × (0.739 if female).

2.6. Assessment of Dietary Calorie Intake

Each patient’s dietary pattern was evaluated using a BDHQ adjusted to typical
Japanese diets. The BDHQ is a four-page fixed-portion questionnaire that calculates
the frequency of the consumption of selected foods to estimate the intake of 58 food and
beverage items during the preceding month, as described [11,12]. The BDHQ consists of
five sections—(1) the intake frequency of food and nonalcoholic beverage items, (2) the
daily intake of rice and miso soup, (3) the frequency of alcoholic beverage consumption
and the amount per drink, (4) usual cooking methods, and (5) general dietary behavior.
The dietary calorie intake was calculated as the sum of each energy conversion factor
from the fats, proteins, and carbohydrates whose amount is estimated using the BDHQ,
as described previously [13,14]. Dietary salt intake was estimated according to the diet
history method using the quantitative information. In this estimation, intakes of table salt
and salt-containing seasoning at the table, calculated using the qualitative information of
general dietary behavior, were also considered, as described [12].

2.7. Estimation of the Dietary Calorie Requirement

The dietary calorie requirement was estimated using the Japanese Dietary Reference
Intakes published by the Ministry of Health, Labour and Welfare (Japan) in 2015, as
described previously [15,16]. Briefly, each patient’s estimated dietary calorie requirement
was determined in consideration of his or her age, gender, and physical activity level (low,
moderate, or high). Since most of the patients were in a stable condition with New York
Heart Association (NYHA) functional class I or II (normal or mild HF) and all the patients
were ambulant and regularly visited an outpatient ward, the daily calorie requirement was
estimated with the assumption that all of the patients were engaged in moderate physical
activity (categorized as level II). This level requires the ability to do self-care activities (e.g.,
washing and dressing) and walk outside without any support. We then calculated the
dietary energy adequacy (%) as the ratio of the individual patient’s daily calorie intake to
the estimated daily calorie requirement.

2.8. Assessment of Nutritional Status

Each patient’s nutritional status was assessed by determining his or her control-
ling nutritional status (CONUT) score [17] and score on a geriatric nutritional risk index
(GNRI) [18]. Briefly, the CONUT score was calculated based on the serum albumin level, to-
tal peripheral lymphocyte count, and total cholesterol level, and the scores are classified into
normal (0–1 points), mild risk (2–4), moderate risk (5–8), and severe risk (9–12) of malnutri-
tion. The GNRI was calculated from the patient’s BMI and albumin concentration according
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to the modified version—GNRI = 14.89× serum albumin (g/dL) + 41.7 × BMI/22. The
GNRI values are classified into four grades of malnutrition-related risk—major risk
(GNRI < 82), moderate risk (GNRI 82–91), low risk (GNRI 92–98), and no risk (GNRI > 98).

2.9. Statistical Analyses

Continuous variables are expressed as medians (interquartile range), and categori-
cal variables are expressed as numbers (percentages). We divided the 145 patients into
two groups based on their dietary calorie intake adequacy—the adequate calorie intake
group (dietary calorie intake adequacy ≥60%; N = 101) and the inadequate calorie intake
group (dietary calorie intake adequacy <60%; N = 44). The cut-off value of dietary calorie
intake adequacy rate (60%) was predetermined by the results of the multivariate analysis.
Continuous variables were compared between these groups with a Mann–Whitney U-test,
and the χ2-test was used for group comparisons of categorical variables. We performed a
multivariate analysis to identify the decrease in dietary calorie intake adequacy that inde-
pendently predicts adverse clinical events in chronic HF patients with other confounding
factors that may influence dietary calorie intake, including age, BMI, NYHA functional
class III, diabetes, left ventricular ejection fraction (LVEF), serum albumin, eGFR, and log
BNP. The odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for each
variable from the logistic regression model. A Kaplan–Meier analysis with log-rank test
was performed to assess the rates of all-cause death and rehospitalization due to worsening
HF for 1 year. All analyses were performed using JMP Pro 13.1.0 software (SAS Institute,
Cary, NC, USA). Probability (p)-values < 0.05 were considered significant.

3. Results

3.1. Characteristics of the Total Chronic HF Cohort

The characteristics of the total chronic HF cohort (N = 145) are summarized in Table 1.
The median age of the patients with chronic HF was 67 years, and the median BMI was
22.9 kg/m2. We recruited stable outpatients with chronic HF, and 90% of the patients had
an NYHA functional class I or II. The median LVEF was 45%, and both HF patients with a
reduced LVEF and those with a preserved LVEF were included in this cohort. The majority
of the chronic HF patients were being treated with an angiotensin-converting enzyme
(ACE) inhibitor or an angiotensin II receptor blocker (ARB) and a β-blocker. For the total
chronic HF cohort, the median value of dietary calorie intake was 1628 kcal/day and the
dietary calorie intake adequacy rate was 75%. The distribution of the dietary calorie intake
adequacy rates of the patients is shown in Figure 1.

 
Figure 1. Distribution of dietary calorie intake adequacy rate of the female and male patients with
chronic HF.
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Table 1. Characteristics of total chronic heart failure (HF) cohort (N = 145).

Demographic Findings:
Age, year 67 (60–77)

Female 45 (31%)
BMI, kg/m2 22.9 (20.5–25.7)

Upper arm circumference, cm 27.5 (24.9–29.7)
Thigh circumference, cm 44.4 (40.8–47.0)
NYHA functional class:

I–II 130 (90%)
III 15 (10%)

Primary cause of HF:
Ischemic cause 46 (32%)

Dilated cardiomyopathy 45 (31%)
Others 54 (37%)

Hypertension 80 (55%)
Diabetes 38 (26%)

Dyslipidemia 100 (69%)
Echocardiographic findings:

LVEF, % 45 (30–56)
Laboratory measurements:

Hemoglobin, g/dL 13.3 (11.9–14.3)
Serum albumin, g/dL 4.2 (3.9–4.4)

eGFR, mL/min/1.73 m2 54.2 (40.3–67.7)
HbA1c, % 5.8 (5.6–6.2)

Plasma BNP, pg/mL 154 (76–368)
Medications:

ACE inhibitor or ARB 110 (76%)
β-blocker 128 (88%)

MRA 83 (57%)
Statin 69 (48%)

6-min walk test, m 433 (349–499)
Nutritional assessments:

CONUT score 2 (1–2)
GNRI 106 (100–113)

Dietary calorie intake, kcal/day 1628 (1274–1996)
Estimated calorie requirement, kcal/day 2300 (1956–2425)

Dietary calorie intake adequacy, % 75 (58–91)
Data are median (1st–3rd quartile) or n (%). ACE: angiotensin-converting enzyme; ARB: angiotensin II receptor
blocker; BMI: body mass index; BNP: B-type natriuretic peptide; CONUT: controlling nutritional status; eGFR:
estimated glomerular filtration rate; GNRI: geriatric nutritional risk index; LVEF: left ventricular ejection fraction;
MRA: mineralocorticoid receptor antagonist; NYHA: New York Heart Association.

3.2. Characteristics of the Chronic HF Patients with and without Adequate Calorie Intake

We divided the total chronic HF cohort into two groups—the adequate calorie intake
group (N = 101) and the inadequate calorie intake group (N = 44). Inadequate calorie intake
was defined as <60% of the estimated calorie requirement according to the results of the
multivariate analysis. The baseline data of each group are summarized in Table 2. The
median age of the chronic HF patients with inadequate calorie intake was younger than
that of the patients with adequate calorie intake, but there was no significant difference
in BMI or muscle mass (i.e., upper arm and thigh circumferences) between the groups.
The percentage of diabetes was greater in the inadequate calorie intake group compared
to the adequate calorie intake group. The LVEF, a parameter of LV systolic function, was
significantly lower in the chronic HF patients with inadequate calorie intake. Renal function
(i.e., eGFR) was more often impaired in the patients with inadequate calorie intake.
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Table 2. Characteristics of chronic HF patients with adequate calorie intake and those with inadequate calorie intake.

Adequate Calorie Intake
(N = 101)

Inadequate Calorie Intake
(N = 44)

p-Value

Demographic findings:
Age, yrs 68 (61–78) 65 (55–73) 0.04
Female 35 (35%) 9 (20%) 0.07

BMI, kg/m2 22.8 (20.3–26.1) 23.4 (20.7–25.4) 0.74
Upper arm circumference, cm 27.8 (24.7–30.0) 26.8 (24.9–29.4) 0.61

Thigh circumference, cm 44.4 (40.4–47.2) 43.9 (41.5–46.9) 0.99
NYHA functional class: 0.07

I–II 94 (93%) 36 (82%)
III 7 (7%) 8 (18%)

Primary cause of HF:
Ischemic cause 33 (33%) 13 (30%) 0.71

Dilated cardiomyopathy 28 (28%) 17 (39%) 0.19
Others 40 (40%) 14 (32%) 0.37

Hypertension 55 (54%) 25 (57%) 0.79
Diabetes 21 (21%) 17 (39%) 0.02

Dyslipidemia 68 (67%) 32 (73%) 0.52
Echocardiographic findings:

LVEF, % 49 (37–59) 34 (25–48) <0.01
Laboratory measurements:

Hemoglobin, g/dL 12.9 (11.7–14.2) 13.6 (12.4–14.4) 0.09
Serum albumin, g/dL 4.1(4.0–4.3) 4.3 (3.9–4.5) 0.39

eGFR, mL/min/1.73 m2 57.5 (42.9–71.1) 45.7 (34.5–56.5) <0.01
HbA1c, % 5.8 (5.5–6.2) 5.9 (5.7–6.5) 0.17

Plasma BNP, pg/mL 153 (78–346) 156 (57–431) 0.88
Medications:

ACE inhibitor or ARB 75 (74%) 35 (80%) 0.49
β-blocker 87 (86%) 41 (93%) 0.23

MRA 53 (52%) 30 (68%) 0.08
Statin 47 (47%) 22 (50%) 0.7

6-min walk test, m 435 (364–502) 424 (335–456) 0.15
Nutritional assessments:

CONUT score 2 (1–2) 2 (1–3) 0.86
GNRI 106 (99–113) 107 (102–111) 0.54

Dietary calorie intake, kcal/day 1824 (1566–2276) 1145 (950–1308) <0.01
Estimated calorie requirement, kcal/day 2238 (1913–2419) 2350 (2200–2469) 0.02

Dietary calorie intake adequacy, % 83 (73–99) 51 (42–57) <0.01

Data are median (1st–3rd quartile) or n (%). Inadequate calorie intake was defined as <60% of estimated calorie requirement. ACE:
angiotensin-converting enzyme; ARB: angiotensin II receptor blocker; BMI: body mass index; BNP: B-type natriuretic peptide; CONUT:
controlling nutritional status; eGFR: estimated glomerular filtration rate; GNRI: geriatric nutritional risk index; LVEF: left ventricular
ejection fraction; MRA: mineralocorticoid receptor antagonist; NYHA: New York Heart Association.

The nutritional parameters including the CONUT score and GNRI value were similar
between the two groups. As expected, the chronic HF patients with inadequate calorie
intake had a reduced daily calorie intake compared to those with an adequate calorie intake.
In addition, most of foods and nutrients were less frequently consumed by the patient
with inadequate calorie intake (Supplementary Tables S1 and S2). The daily salt intake
was significantly reduced in the inadequate calorie intake group compared to the adequate
calorie intake group (median (1st–3rd quartile range) 6.6 (5.4–8.3) vs. 10.2 (8.8–13.3) g/day,
p<0.01) (Supplementary Table S2).

3.3. Adverse Clinical Events

During the 1-year follow-up period, the combined clinical events of all-cause death
and HF-related hospitalization occurred in 14 patients (10%) (four deaths and 10 hospital-
izations). The Kaplan–Meier analysis revealed that the patients with an inadequate calorie
intake had a significantly higher risk of adverse clinical events than those with an adequate
calorie intake (20% vs. 5%, respectively; p < 0.01) (Figure 2).
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Figure 2. Kaplan–Meier curves for the cumulative event (all-cause death and HF-related
hospitalization)-free ratio in the chronic HF patients with an adequate calorie intake (dietary calo-
rie intake adequacy ≥60%) and those with an inadequate calorie intake (dietary calorie intake
adequacy <60%).

3.4. Predictors of Adverse Clinical Events in Patients with Chronic HF

The results of the multivariate analysis revealed that after the adjustment for age,
BMI, NYHA functional class III, LVEF, serum albumin, eGFR, and log BNP, inadequate
calorie intake defined as <60% of the estimated calorie requirement was a significantly
independent predictor of adverse clinical events including all-cause death and HF-related
hospitalization over 1 year in the patients with chronic HF (Table 3).

Table 3. Multivariate analysis of predictors of adverse clinical events including all-cause death and
HF-related hospitalization in patients with chronic HF.

Dietary Calorie IntakeAdequacy OR 95% CI p-Value

Inadequate
calorie intake

<80% 2.16 0.33–14.2 0.42
<70% 4.89 0.68–35.1 0.11
<60% 7.39 1.02–53.5 0.04

As confounding factors that may influence patient’s dietary calorie intake, age, BMI, NYHA functional class
III, diabetes, LVEF, serum albumin, eGFR, and log BNP were included in each analysis. OR: odds ratio; CI:
confidence interval.

4. Discussion

In the present cohort of 145 patients with chronic HF, the inadequate calorie intake
group had a significantly higher risk of adverse clinical events including all-cause death
and hospitalization due to worsening HF for the 1-year follow-up period compared to
the adequate calorie intake group, when we defined inadequate calorie intake as <60%
of estimated calorie requirement. The multivariate logistic regression analysis showed
that dietary calorie intake adequacy <60% was an independent predictor of worse clinical
outcomes after adjustment for age, BMI, NYHA functional class III, diabetes, LVEF, serum
albumin, eGFR, and log BNP in chronic HF patients. To the best of our knowledge, this
is the first study that revealed the impact of dietary energy deficiency on mortality and
hospitalization in stable outpatients with chronic HF.

Although several nutritional assessment tools such as the CONUT score and the
GNRI are used in clinical practice, we here focused on a questionnaire-based assessment
of the daily calorie intake in patients with chronic HF. All of the patients were in stable
condition at baseline, and most of them were categorized as having no risk or only a mild
risk of malnutrition when they were evaluated using the CONUT score or the GNRI. The
malnutrition risk scores calculated by these nutritional assessment tools did not differ
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between the patients with inadequate calorie intake and those with adequate calorie intake.
Accordingly, our present finding that the lowered dietary calorie intake adequacy was
associated with increased risks of death and hospitalization in chronic HF patients indicates
that the dietary calorie intake can be a useful nutritional assessment tool to detect the early
stage of malnutrition in stable patients with chronic HF.

Cardiac cachexia, characterized by weight loss, is a major contributor to a poor
prognosis in chronic HF patients [19]. The negative energy balance caused by an inadequate
dietary calorie intake that does not support energy needs may lead to protein breakdown,
which results in muscle wasting and sarcopenia [6,7]. Although in the present investigation,
the BMI and muscle mass measured at baseline were not reduced in the patients with
inadequate calorie intake, a sustained dietary energy deficiency may contribute to the
future onset of cardiac cachexia and sarcopenia.

Our analyses revealed that the daily intakes of macronutrients and micronutrients
were significantly decreased in the chronic HF patients with inadequate calorie intake, and
this pattern might lead to worse clinical outcomes. Deficiencies of micronutrients such
as minerals and vitamins have been reported to potentially impair cardiac and systemic
functional capacity, which results in reduced quality of life and poor prognosis [20,21].
Oxidative stress also plays a crucial role in the progression of HF [22–25], and in the
present cohort, the patients with inadequate calorie intakes had lowered consumptions of
antioxidative nutrients such as vitamin C, vitamin E, and carotenoids, which might also
affect the increased rate of adverse clinical events.

Although we could not quantify the patient’s appetite, intestinal congestion may cause
appetite loss, which results in inadequate calorie intake in chronic HF patients. It is reported
that cachectic patients with chronic HF had a larger bowel wall thickness (i.e., intestinal
congestion) in the entire colon [26]. In addition, decreased hunger sensation and HF-related
symptoms (such as fatigue, nausea, and anxiety) may be related to reduced calorie intake in
chronic HF patients [27]. Taken together, digestive disturbance and HF-related symptoms
may affect inadequate calorie intake in these patients.

Dietary salt restriction is widely recommended to HF patients as a dietary intervention.
Unexpectedly, we observed that the daily salt intake was significantly lower in the patients
with an inadequate calorie intake, who had a higher risk of adverse clinical events. It has
been reported that strict adherence to salt restriction may lead to appetite loss and reduced
calorie intake, which results in a dietary nutritional deficiency in chronic HF patients [28].
Accordingly, more comprehensive dietary interventions in consideration of dietary calorie
intake adequacy and nutritional balance as well as salt restriction are necessary for the
prevention of HF progression.

There are some study limitations to consider. First, the number of patients with
inadequate calorie intake was small (N = 44). Second, the dietary calorie and nutritional
intake were evaluated on the basis of the patient’s self-reported information about dietary
patterns, and we thus could not directly measure their dietary calorie intake. In addition,
each patient’s calorie requirement was estimated using the Japanese Dietary Reference
Intakes for the general population. Because HF patients’ energy expenditure is likely to
be higher than that of healthy subjects, we cannot completely exclude the possibility that
our patients’ calorie requirement might be underestimated. Direct measurements of calorie
intake and energy expenditure considering the patients’ daily physical activity level might
increase the accuracy of the estimations of dietary calorie intake adequacy. Finally, we did
not evaluate the social, economic, or environmental conditions of patients, although these
factors may also affect dietary calorie intake.

5. Conclusions

In stable patients with chronic HF, inadequate dietary calorie intake was independently
associated with an increased risk of adverse clinical events including all-cause death and
hospitalization due to worsening HF.
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3/13/3/874/s1. Table S1: Daily intakes of foods and beverages estimated using a BDHQ, Table S2:
Daily intakes of nutrients estimated using a BDHQ.
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Abstract: A broad range of chronic conditions, including heart failure (HF), have been associated
with vitamin D deficiency. Existing clinical trials involving vitamin D supplementation in chronic
HF patients have been inconclusive. We sought to evaluate the outcomes of patients with vitamin D
supplementation, compared with a matched cohort using real-world big data of HF hospitalization.
This study was based on the Diagnosis Procedure Combination database in the Japanese Registry of
All Cardiac and Vascular Datasets (JROAD-DPC). After exclusion criteria, we identified 93,692 pa-
tients who were first hospitalized with HF between April 2012 and March 2017 (mean age was
79 ± 12 years, and 52.2% were male). Propensity score (PS) was estimated with logistic regression
model, with vitamin D supplementation as the dependent variable and clinically relevant covariates.
On PS-matched analysis with 10,974 patients, patients with vitamin D supplementation had lower
total in-hospital mortality (6.5 vs. 9.4%, odds ratio: 0.67, p < 0.001) and in-hospital mortality within
7 days and 30 days (0.9 vs. 2.5%, OR, 0.34, and 3.8 vs. 6.5%, OR: 0.56, both p < 0.001). In the sub-group
analysis, mortalities in patients with age < 75, diabetes, dyslipidemia, atrial arrhythmia, cancer,
renin-angiotensin system blocker, and β-blocker were not affected by vitamin D supplementation.
Patients with vitamin D supplementation had a lower in-hospital mortality for HF than patients
without vitamin D supplementation in the propensity matched cohort. The identification of specific
clinical characteristics in patients benefitting from vitamin D may be useful for determining targets
of future randomized control trials.

Keywords: heart failure; vitamin D; mortality; big data

1. Introduction

The main treatment medications for heart failure (HF) remains to be β-blockers,
angiotensin converting enzyme inhibitors, angiotensin receptor blockers, and aldosterone
receptor antagonists in the guidelines [1]. Although it is well known that these medications
can reduce the incidence of adverse cardiac events and improve cardiac function, HF is still
a main cause of death worldwide [2]. Thus, supplementary treatment methods continue to
be explored for improving the outcome of HF.
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Vitamin D is a steroid hormone belonging to a group of lipid-soluble vitamins. Re-
cently, many papers showed that a broad range of chronic conditions have been associated
with vitamin D deficiency [3–5]. Around 90% of chronic HF patients have insufficient
vitamin D levels, even in sunny climates [6,7]. Vitamin D has pleiotropic effects in the
pathology of chronic HF [8]. Despite current evidence regarding the association of vitamin
D with HF, there are many controversial results in previous clinical trials [9–11]. In these
trials, lack of a large sample size and the small number of high-risk patients are major
limitations. Our hypothesis was that vitamin D supplementation was associated with
a decreased risk of in-hospital death in HF patients with specific clinical characteristics.
Therefore, we sought to evaluate the outcomes of patients with vitamin D supplementation
compared with a matched cohort using real-world big data based on HF hospitalizations.

2. Materials and Methods

2.1. Study Population

The study population was composed of hospitalized patients between April 2012 and
March 2017 in The Japanese Registry of All Cardiac and Vascular Diseases and the Diagnosis
Procedure Combination (JROAD-DPC) database. JROAD-DPC is a nationwide registry, a
medical database with information of admission and discharge for cardiovascular diseases,
clinical examinations and treatment status, patient status and hospital overview. JROAD-
DPC database integrates the information composed by JROAD-DPC data, with analysis
data sets covering 5.1 million cases in 1022 hospitals between April 2012 and March 2017.
The identification of HF (I50.0, I50.1, I50.9) hospitalization was based on the International
Classification of Diseases (ICD)-10 diagnosis codes. Data regarding patient age and sex,
main diagnosis, comorbidity at admission, length of hospitalization and treatment content
were extracted from the database. We recruited 654,737 patients hospitalized with HF.
Diagnosis of HF was defined as the main diagnosis, admission-precipitating diagnosis or
most resource-consuming diagnosis. We excluded patients of unknown age (n = 1073),
readmission cases (n = 172,805), age < 20 years (n = 1477), death in 24 h after admission
(n = 10,298), planned hospitalization (n = 54,713), and incomplete data (n = 320,679). As
a result, total 93,692 (88,205 patients without vitamin D and 5487 patients with vitamin
D) were recruited to assess hospital mortality (Figure 1). For vitamin D supplementation,
oral 25(OH)D 3 (Calcifediol, Dedrogyl®) was prescribed at a daily dose of 0.5–1.0 μg/day
based on the attending physician’s discretion.

Figure 1. Flowchart of this study. HF, heart failure; Vit D, vitamin D supplementation.

2.2. Clinical Outcomes

The main outcome was in-hospital mortality (total number of deaths during hospital-
ization). Death ≤ 7 and 30 days after admission was assessed as secondary outcomes.
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2.3. Sample Matching

Propensity score (PS) matching was used to reduce confounding effects related to
differences in patient background. PS was estimated with a logistic regression model,
with vitamin D supplementation as the dependent variable and the following clinically
relevant covariates; age, sex, body mass index (BMI), smoking, New York Heart Associ-
ation functional classification (NYHA), comorbidities (hypertension: HT, diabetes: DM,
dyslipidemia: DL, osteoporosis, atrial fibrillation/atrial flutter: Af/AFL, stroke, myocar-
dial infarction: MI, peripheral vascular disease: PVD, renal disease, liver failure, chronic
obstructive pulmonary disease: COPD, rheumatoid arthritis: RA, dementia, cancer), treat-
ment (catecholamine, intra-aortic balloon pumping: IABP, percutaneous cardiopulmonary
support: PCPS, ventilation, hemodialysis: HD, percutaneous coronary intervention: PCI).
These covariates were chosen for their potential association with reference to risk factor
of heart failure and in-hospital mortality [12–14]. Matching was performed with greedy-
matching algorithm (ratio = 1:1 without replacement), with a caliper of width 0.2 standard
deviations of the logistic of the estimated propensity score. After matching, vitamin D and
non-vitamin D groups of 5487 patients each were included in the final analysis. The area
under the curve was 0.785 and the consistency of PS densities was matched after matching
(Supplemental Figure S1). The balance of each covariate before and after matching between
the 2 groups was evaluated by standardized differences. Absolute value of standardized
differences less than 10% was considered to be a relatively small imbalance. Because
the propensity score included cases in which vitamin D was used under the insurance
of Japan (renal disease, osteoporosis, and dialysis), we believed the propensity score ac-
counted for the factors that influence the prescription of vitamin D by general physicians
in this analysis.

2.4. Statistical Analysis

Continuous variables are expressed as mean ± SD for parameters with normal dis-
tribution, as median (interquartile range; IQR) for parameters with skewed distribution,
and categorical variables as proportion (%). We checked characteristics between groups
with and without vitamin D supplementation using standardized difference. After match-
ing, we estimated the OR for in-hospital mortality (total, within 7 days, 30 days) using
mixed-effects logistic regression model with each institute as a random effect. We also
analyzed subgroups in the PS-matched cohort. In-hospital mortality was assessed using
Kaplan–Meier curves and log-rank test to compare the two groups. To clarify the beneficial
group of vitamin D supplementation, odds ratios (ORs) and their 95% confidence interval
(CI) for in-hospital mortality were calculated using multivariate models of multinomial
logistic regression analysis in vitamin D (+) and vitamin D (−) groups. All statistical tests
were 2-sided and p values less than 0.05 were considered statistically significant. Statistical
analysis was performed using SAS version 9.4 and JMP version 14.0.

3. Results

3.1. Patient Characteristics

A total of 52.2% of patients in this study were male. Mean age was 79 ± 12 years, and
half of all patients had hypertension (52.9%). Over 60% of the patients were NYHA class III
or IV. Patients with vitamin D supplementation were more likely to have a history of chronic
kidney disease, osteoporosis, hypoparathyroidism, or hemodialysis. There are differences
for age, gender, BMI, smoking, hypertrophic cardiomyopathy, atrial fibrillation/atrial
flutter, and rheumatoid arthritis between two groups. Around 19.7% took angiotensin
converting enzyme inhibitors (ACE-I) or angiotensin-receptor blocker (ARB) and 9.1% took
beta-blockers. About 19.4% of the patients took loop diuretic and 10.1% took K-sparing
diuretics.

After propensity score matching, 10,974 patients were included in the survival analysis.
In the matched cohort, there were no significant differences between groups for age, gender,
comorbidities, and treatments (Table 1).
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Table 1. Baseline characteristics before and after propensity score matching.

Non Matching Matching

All Vit.D (+) Vit.D (−) std.diff (%) Vit.D (+) Vit.D (−) std.diff (%)

Number (n = 93,692) (n = 5487) (n = 88,205) (n = 5487) (n = 5487)

Age average(years) 79 ± 12 80 ± 11 79 ± 13 10.6 80 ± 11 81 ± 11 8.4
Age(%) 20–30 0.2 0.1 0.2 −1.7 0.1 0.1 2.7

30–40 0.8 0.4 0.8 −6.2 0.4 0.4 −0.2
40–50 2.4 1.4 2.4 −7.8 1.4 1.1 2.5
50–60 4.8 3.6 4.8 −6.3 3.6 3.1 2.6
60–70 12.1 10.8 12.2 −4.4 10.8 9.8 3.3
70–80 23.0 23.8 22.9 2.0 23.8 22.1 3.9
80–90 39.8 42.4 39.7 5.5 42.4 44.2 −3.8

>90 17.0 17.6 17.0 1.7 17.6 19.3 −4.2
Male (%) 52.2 33.9 53.4 −40.1 33.9 31.4 5.3

BMI 22.7 ± 5.0 21.8 ± 4.1 22.7 ± 5.0 −20.8 21.8 ± 4.1 21.7 ± 4.1 1.9
Smoking 30.2 21.1 30.8 −22.1 21.1 18.9 5.7

NYHA 1 12.2 12.8 12.2 1.9 12.8 13.2 −1.0
2 24.4 24.5 24.3 0.3 24.5 25.0 −1.2
3 32.2 32.1 32.2 −0.2 32.1 31.8 0.8
4 31.2 30.5 31.2 −1.5 30.5 30.0 1.1

Comorbidities (%)
Hypertension 52.9 48.8 53.2 −8.8 48.8 47.8 2.0

Diabetes mellitus 26.8 26.1 26.8 −1.7 26.1 25.1 2.2
Dyslipidemia 18.6 16.2 18.8 −6.7 16.2 14.9 3.7
Osteoporosis 3.0 24.5 1.7 72.1 24.5 21.2 7.1

Hypoparathyroidism <0.1 0.2 <0.1 5.0 0.2 <0.1 4.5
HCM 3.4 1.4 3.5 −14.1 1.4 1.6 −2.0
DCM 1.2 1.0 1.3 −2.9 1.0 1.2 −2.8

Cardiac Amyloidosis 0.1 0.1 0.1 −0.8 0.1 0.1 <0.1
Cardiac Sarcoidosis 0.3 0.5 0.3 3.0 0.5 0.2 4.5

Af/AFL 35.5 27.5 36.0 −18.3 27.5 27.2 0.8
AT 0.9 0.6 0.9 −2.9 0.6 0.7 −0.9

Stroke 8.3 7.5 8.3 −3.3 7.5 7.2 1.1
MI 10.3 7.9 10.5 −9.1 7.9 7.2 2.6

PVD 3.8 4.8 3.7 5.1 4.8 3.9 4.3
CKD 14.1 38.6 12.6 62.5 38.6 35.3 6.9

Liver failure 0.1 0.1 0.1 −0.8 0.1 0.2 −2.7
COPD 7.4 6.1 7.5 −5.6 6.1 5.3 3.6

RA 1.3 4.2 1.2 19.0 4.2 4.9 −3.2
Dementia 6.2 6.9 6.2 3.1 6.9 7.0 −0.4

Cancer 11.0 11.0 11.0 0.1 11.0 10.6 1.3
Treatment (%)
Catecholamine 12.4 11.3 12.5 −3.8 11.3 10.6 2.1

IABP 1.0 0.9 1.0 −1.1 0.9 1.1 −1.7
PCPS 0.1 0.0 0.2 −3.6 0.0 0.1 −0.5

Artificial Ventilation 21.3 21.1 21.3 −0.5 21.1 20.8 0.7
Hemodialysis 4.6 29.5 3.1 76.8 29.5 28.3 2.6

PCI 4.9 5.2 4.9 1.6 5.2 5.1 0.7
Drug (%)

ACE-i/ARB 19.7 19.4 19.8 −0.8 19.4 21.0 −3.9
βblocker 9.1 8.0 9.2 −4.1 8.0 8.6 −1.9

Loop diuretic 19.4 18.4 19.4 −2.6 18.4 20.3 −4.8
K-sparing diuretic 10.1 7.4 10.3 −10.3 7.4 8.4 −3.7

Statin 13.1 13.5 13.0 1.2 13.5 13.7 −0.7
Hospital length (days) 18 (12–28) 19 (12–31) 17 (12–27) 13.1 19 (12–31) 18 (11–30) 14.9

Data are presented as percentage of patients or median (interquartile range). A standardized difference of < 10% suggests adequate
balance. Abbreviations: Vit.D, vitamin D supplementation; std.diff, standardization difference; BMI, body mass index; NYHA, New York
heart association functional class; HCM, hypertrophic cardiomyopathy; DCM, dilated cardiomyopathy; Af, atrial fibrillation; AFL, atrial
flatter; AT, atrial tachycardia, MI, myocardial infarction; PVD, peripheral vascular disease; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; RA, rheumatoid arthritis, IABP, intra-aortic balloon pumping; PCPS, percutaneous cardiopulmonary
system; PCI, percutaneous coronary intervention; ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker.
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3.2. Outcomes

In-hospital mortality, mortality within 7 days and within 30 days of hospitalization
are summarized in Table 2. Even after matching, patients with vitamin D supplementation
had significantly lower in-hospital mortality (6.5 vs. 9.4%, p < 0.001; OR, 0.67, 95% CI:
0.58–0.77), mortality within 7 days of hospitalization (0.9 vs. 2.5%, p < 0.001; OR, 0.34, 95%
CI: 0.25–0.48), and mortality within 30 days of hospitalization (3.8 vs. 6.5%, p < 0.001; OR,
0.56, 95% CI: 0.47–0.67).

Table 2. In-hospital mortality before and after propensity score matching.

Non Matching Matching

In-Hospital
Mortality

Vit.D (+) Vit.D (−) OR (95%CI) p-Value Vit.D (+) Vit.D (−) OR (95%CI) p-Value

Total (%) 357 (6.5) 7256 (8.2) 0.79 (0.71–0.88) <0.0001 357 (6.5) 515 (9.4) 0.67 (0.58–0.77) <0.0001
7 days (%) 48 (0.9) 1761 (2.0) 0.44 (0.33–0.58) <0.0001 48 (0.9) 138 (2.5) 0.34 (0.25–0.48) <0.0001

30 days (%) 207 (3.8) 5171 (5.9) 0.64 (0.55–0.73) <0.0001 207 (3.8) 358 (6.5) 0.56 (0.47–0.67) <0.0001

Data given as proportion. Abbreviations: OR, odds ratio.

Kaplan–Meier curves of in-hospital mortality were shown in Figure 2. Vitamin D
supplementation was strongly associated with survival rate (p < 0.001).

Figure 2. Kaplan Meier curves of in-hospital mortality and hospitalization days. Compar-
ison between with and without vitamin D (Vit.D) supplementation.

Multivariate analysis was performed with covariates that were significant in the
univariate analysis to assess the association with in-hospital mortality for all patients. Major
contributors were age, BMI, NYHA, hypertension, peripheral vascular disease, chronic
kidney disease, artificial ventilation, PCI, catecholamine, and atrial fibrillation/flutter in
this cohort. After adjustment of clinical backgrounds, vitamin D supplementation was
associated with low in-hospital mortality (OR, 0.63, 95% CI: 0.49–0.81, p < 0.001) (Table 3A).
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Table 3. Multivariate analysis of covariates for in-hospital mortality.

A: In all patients. See abbreviations in Table 1.

All
OR Lower Higher p

Vit.D 0.63 0.49 0.81 0.0003
Age 1.06 1.05 1.08 <0.0001
BMI 0.93 0.90 0.96 <0.0001

NYHA 1.18 1.04 1.33 0.0070
Male 1.00 0.74 1.35 0.9884

Smoking 0.93 0.67 1.31 0.6867
HT 0.39 0.30 0.51 <0.0001
DM 0.80 0.60 1.07 0.1398
DL 0.83 0.57 1.22 0.3445
MI 1.17 0.76 1.80 0.4721

PVD 1.88 1.19 2.96 0.0064
Stroke 0.96 0.62 1.50 0.8659

Dementia 1.21 0.78 1.87 0.4000
COPD 0.95 0.56 1.59 0.8370

RA 1.10 0.65 1.89 0.7187
CKD 1.65 1.19 2.30 0.0030

Cancer 0.84 0.57 1.24 0.3764
Hemodialysis 0.84 0.58 1.22 0.3669

Artificial Ventilation 2.55 1.95 3.33 <0.0001
PCI 0.22 0.10 0.47 <0.0001

IABP 1.04 0.44 2.43 0.9355
Catecholamines 4.59 3.50 6.02 <0.0001

Osteoporosis 0.76 0.48 1.19 0.2331
HCM 0.61 0.18 2.09 0.4338

Sarcoidosis 2.60 0.55 12.18 0.2253
Af/AFL 0.68 0.51 0.92 0.0107

B: In patients with vitamin D supplementation. See abbreviations in Table 1.

Vitamin D (+)
OR Lower Higher p

Age 1.07 1.04 1.09 <0.0001
BMI 0.97 0.92 1.02 0.2186

NYHA 1.22 1.01 1.48 0.0379
Male 0.62 0.37 1.02 0.0589

Smoking 1.10 0.64 1.87 0.7396
HT 0.33 0.22 0.52 <0.0001
DM 0.70 0.44 1.11 0.1257
DL 1.11 0.64 1.90 0.7187
MI 1.36 0.71 2.59 0.3519

PVD 2.24 1.18 4.27 0.0138
Stroke 1.25 0.66 2.37 0.4844

Dementia 1.17 0.59 2.31 0.6536
COPD 0.86 0.38 1.94 0.7122

RA 0.80 0.30 2.12 0.6558
CKD 1.68 0.95 2.99 0.0746

Cancer 1.09 0.60 1.98 0.7663
Hemodialysis 0.98 0.52 1.85 0.9510

Artificial Ventilation 2.18 1.44 3.31 0.0003
PCI 0.19 0.06 0.64 0.0075

IABP 1.34 0.40 4.49 0.6352
Catecholamines 4.91 3.24 7.43 <0.0001

Osteoporosis 0.61 0.36 1.04 0.0707
HCM 1.57 0.34 7.23 0.5659

Sarcoidosis 2.14 0.26 17.31 0.4763
Af/AFL 0.66 0.41 1.06 0.0822
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Table 3. Cont.

C: In patients without vitamin D supplementation. See abbreviations in Table 1.

Vitamin D (−)
OR Lower Higher p

Age 1.07 1.04 1.09 <0.0001
BMI 0.91 0.87 0.95 <0.0001

NYHA 1.14 0.97 1.33 0.1111
Male 1.36 0.93 2.01 0.1153

Smoking 0.83 0.54 1.30 0.4209
HT 0.43 0.30 0.60 <0.0001
DM 0.87 0.59 1.28 0.4857
DL 0.64 0.37 1.10 0.1087
MI 1.06 0.59 1.90 0.8573

PVD 1.53 0.79 2.95 0.2038
Stroke 0.77 0.40 1.45 0.4106

Dementia 1.20 0.67 2.15 0.5442
COPD 1.01 0.51 1.99 0.9816

RA 1.19 0.61 2.31 0.6059
CKD 1.55 1.02 2.36 0.0386

Cancer 0.75 0.45 1.26 0.2757
Hemodialysis 0.78 0.48 1.26 0.3036

Artificial Ventilation 3.03 2.12 4.32 <0.0001
PCI 0.25 0.09 0.65 0.0048

IABP 0.74 0.21 2.59 0.6374
Catecholamines 4.72 3.26 6.82 <0.0001

Osteoporosis 1.85 0.76 4.50 0.1746
HCM 0.24 0.03 2.05 0.1939

Sarcoidosis 3.58 0.35 36.60 0.2815
Af/AFL 0.70 0.48 1.02 0.0632

In multivariate analysis, there were many same risks (Table 3B,C: age, hypertension,
artificial ventilator, PCI, catecholamine) for in-hospital mortality in vitamin D (+) and
vitamin D (−). We have checked the difference of ORs between two groups for the
risk distribution. Osteoporosis patients seemed to be protected in vitamin D (+) group,
however, to be at increased risk in vitamin D (−) group. Based on this result, especially
osteoporosis patients may have benefits from vitamin D supplementation during heart
failure admissions. For hemodialysis and chronic kidney disease, there seemed to be
small benefit in using vitamin D from ORs. BMI was associated with death in patients
taking vitamin D (OR, 0.91, 95% CI: 0.87–0.95, p < 0.001), however, BMI was not associated
with mortality in patients with vitamin D supplementation (OR, 0.97, 95% CI: 0.92–1.02,
p = 0.22). The BMI may be an extra risk beyond the selection of patients with kidney disease
or osteoporosis.

Predictive values using ROC analysis for in-hospital morality were good (Supplemen-
tal Figure S2: C-statistics: 0.85 for vitamin D (+) and 0.84 for vitamin D (−)) compared with
the previous prediction models [15]. Thus, we thought that risk prediction performance
was not different in both populations.

3.3. Subgroup-Analysis

Mortality in each sub-group, forest plots of OR are shown in Figure 3. Regardless
of gender, BMI, NYHA, hypertension, and chronic kidney disease, patients with vitamin
D supplementation had significantly lower in-hospital mortality than matched patients.
Mortalities in patients with age < 75 (OR, 0.84, 95% CI: 0.59–1.24, p = 0.54), diabetes (OR,
0.75, 95% CI: 0.56–1.02, p =0.06), dyslipidemia (OR, 0.67, 95% CI: 0.42–1.07, p = 0.09),
Af/AFL (OR, 0.79, 95% CI: 0.58–1.07, p = 0.13), cancer (OR, 0.71, 95% CI: 0.47–1.07, p = 0.10),
ACEi/ARB medication (OR, 0.72, 95% CI: 0.47–1.10, p = 0.13), and β-blocker usage (OR,
0.80, 95% CI: 0.41–1.57, p = 0.51) were not affected by vitamin D supplementation. Thus,
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this analysis suggested that there were specific clinical characteristics in patients benefitting
from vitamin D supplementation.

Figure 3. Odds ratio of in-hospital mortality. Patients with vitamin D compared with matched
patients without vitamin D. Dots and lines mean OR and 95% CI, respectively.

4. Discussion

The main findings of the present study were (1) HF patients with vitamin D sup-
plementation had significantly lower in-hospital mortality and mortality within 7 and
30 days of hospitalization in the propensity matched cohort; (2) mortalities in patients
with age < 75, diabetes, dyslipidemia, atrial arrhythmia, cancer, renin-angiotensin system
blocker medication, and β-blocker were not affected by vitamin D supplementation; (3) by
multivariate analysis we identified that it was mainly osteoporosis patients that benefit
from being treated with vitamin D supplementation when they were admitted for HF. Mor-
tality was consistently low in patients with vitamin D supplementation at 7 days, 30 days,
and during hospitalization. On the other hand, there are specific clinical characteristics in
HF patients who do not benefit much from vitamin D. The identification of specific clinical
characteristics in patients benefitting from vitamin D may be useful in determining targets
of future studies.
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4.1. Impact of Vitamin D on HF Mortality

Although there is much evidence showing that a lack of vitamin D could result in
poor prognosis among patients with HF, different studies have reported controversial
results about the benefit of vitamin D supplementation in patients with HF. In recent years,
there were some randomized control trials for the effects of vitamin D on patients with
HF. For example, the Vitamin D treating patients with chronic heart failure (VINDICATE)
study showed that vitamin D supplementation has beneficial effect on left ventricular (LV)
structure and function [11]. An individual participant data meta-analysis observed an
association between low vitamin D level and increased risk of all-cause mortality [16]. On
the other hand, another meta-analysis reported that vitamin D supplementation did not
improve LV ejection fraction and 6-min walk distance in the treatment of chronic HF [17].
A recent updated meta-analysis also reported that vitamin D supplementation was not
significantly associated with reduced major adverse cardiovascular events [18].

While randomized clinical trials (RCT) provide a foundation for clinical evidence, trials
are often performed in highly controlled environments with narrow inclusion and exclusion
criteria, which reduces their generalizability and external validity. Highly protocolled
care in an RCT may differ substantially from interventions in routine settings [19]. The
Mendelian Randomization study is a new concept of analysis, however, the genetic variants
are unclear in the vitamin D3 levels [20]. A notably limitation of these trials is that none
were focused on vitamin D supplementation in patients with high-risk cohort including
NYHA 3 and 4. From our subgroup analysis, patients, the effect of vitamin D on in-hospital
mortality was seemed to be greater in NYHA III-IV patients compared with NYHA I-II
(NYHA III-IV: OR: 0.63, p < 0.001 and NYHA I-II: OR: 0.72, p = 0.014). We believe that the
key to proving the worth of vitamin D supplementation is to create clinical studies that
also involve a significant number of decompensated HF patients.

4.2. Mechanisms of Vitamin D for HF

There are some theories for the association between vitamin D and HF prognosis. In
HF, cardiac contraction and relaxation are affected due to overload of Ca2+ ions in myocar-
dial cells. Lack of vitamin D may intervene with the functions of Ca2+ in myocardial cells,
resulting in cardiomyocyte hypertrophy, intra-organisational inflammatory reaction and
fibrosis [21,22]. Low vitamin D levels may activate the renin–angiotensin system [23], give
rise to inflammatory reactions [24] and result in endothelial dysfunction [25]. Interestingly,
our subgroup analysis suggested that patients without ACEi/ARB had received more
beneficial effects from vitamin D in regards to in-hospital mortality. The effect of vitamin D
was more pronounced in patients without ACEi/ARB usage, hence suggesting an activated
renin–angiotensin system in these patients.

The effects of vitamin D on the cardiovascular system are additionally mediated
through elevated parathyroid hormone levels [26]. An age-related increase in parathyroid
hormone levels has been demonstrated in several studies [27]. In our cohort, elderly pa-
tients (with suspected elevation of parathyroid hormone) with vitamin D supplementation
were associated with lower in-hospital mortality (age < 75: OR: 0.84, p = 0.40 and age ≥ 75:
OR: 0.66, p < 0.001). This result may suggest a link between vitamin D and elevated
parathyroid hormone levels in the cardiovascular system. Based on the basic knowledge of
these mechanisms, the link between vitamin D and prognosis in HF may be explained.

4.3. Clinical Implication

Even with the current wealth of guidelines and recommendations about HF and
development of many new treatment methods, HF is associated with a high in-hospital
mortality [1]. For patients with HF, vitamin D supplementation is a low-cost low-risk
choice, and certain patients may benefit greatly from this therapy. According to our data
from the large high-risk HF cohort, patients with vitamin D supplementation had lower
mortality, and specific clinical characteristics were linked to better in-hospital mortality.
The identified specific clinical characteristics that might be useful for future RCT studies.
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4.4. Limitations

The study based on ICD codes has several limitations. First, we analyzed only patients
with HF hospitalized in facilities contributing to the database, which may lead to selection
bias. Second, the database has no information on echocardiography or laboratory data to
assess the prognosis of HF. Third, the database lacked information on the specific doses of
vitamin D supplementation in each patient. Dose dependency was unable to be examined.
Forth, propensity score-matching reports the potential differences between groups, with
only a certain degree of accuracy. Despite the application of propensity matching to the
comparator group of patients, this non-randomized observational study could still be
subject to hidden biases related to patient selection, because of unknown unadjusted differ-
ences. To overcome this issue, we used treatment devices and catecholamine medication
as markers of HF severity. All-cause mortality was used as the primary end point in our
patient population. The most likely cause of death in our patient population is HF, given
the known high-risk nature of our patient population. The patients in this study are mostly
Japanese. Results may differ due to racial or cultural differences in other countries. The
JROAD-DPC dataset extracts only a record which contains all types of cardiovascular dis-
eases in any categories of diagnosis based on the DPC dataset in Ministry of Health, Labor
and Welfare in Japan. The DPC dataset has already been validated in past studies [28].
However, we were unable to check the undefined diseases by the coding system in our final
dataset. This registry data does not include laboratory data. However, there would be no
difference in background between the two groups as we corrected for many confounding
factors. Finally, the results cannot be applied to all heart failure admissions. The results can
be applied to the group of patients who should receive vitamin D supplementation but did
not get it. The reason is that there were many osteoporosis and hemodialysis patients in
both groups. Thus, the vitamin D group was suspected to have higher serum 25(OH)D
compared with the non-vitamin D group. Considering these limitations, the present study
should be considered as a hypothesis generating study for future RCT studies.

5. Conclusions

Patients with vitamin D supplementation had a lower in-hospital mortality for HF
than patients without vitamin D supplementation in this propensity matched cohort. The
causality should be tested in the future RCTs in specific population based on our study.
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Abstract: Traditionally, patients with end-stage heart failure (HF) have rarely been involved in
end-of-life care (EOLC) discussions in Japan. The purpose of this study was to examine the impact of
HF-specific palliative care team (HF-PCT) activities on EOLC discussions with patients, HF therapy
and care, and food intake at the end of life. We retrospectively analyzed 52 consecutive patients with
HF (mean age, 70 ± 15 years; 42% female) who died at our hospital between May 2013 and July 2020
and divided them into two groups: before (Era 1, n = 19) and after (Era 2, n = 33) the initiation of
HF-PCT activities in June 2015. Compared to Era 1, Era 2 showed a decrease in invasive procedures,
an increase in opioid and non-intubating sedative use for symptom relief, improved quality of
meals at the end of life, and an increase in participation in EOLC discussions. The administration of
artificial nutrition in the final three days was associated with non-ischemic cardiomyopathy etiology,
the number of previous hospitalizations for HF, and multidisciplinary EOLC discussion support.
HF-PCT activities may provide an opportunity to discuss EOLC with patients, reduce the burden of
physical and psychological symptoms, and shift the goals of end-of-life nutritional intake to ensure
comfort and quality of life.

Keywords: heart failure; palliative care; end-of-life care discussion; advance care planning; food
intake; artificial nutrition

1. Introduction

Recent developments in new drugs, monitoring systems, and device therapies have
evolved heart failure (HF) therapy; however, these developments may stabilize HF but
rarely cure it. Furthermore, these advances are often only available for a limited number of
patients. During HF progression, patients experience a high symptom burden and poor
quality of life similar to that reported by patients with cancer [1,2]. HF often follows an
unpredictable illness trajectory, with stable periods interrupted by exacerbations and some-
times resulting in sudden cardiac death, leading to difficulties in estimating survival [3].
When focusing on end-of-life decision making, such prognostic uncertainty complicates
the patients’ plans concerning their end-of-life wishes and sometimes leads to an overesti-
mation of survival [4]. Furthermore, traditionally in Japan, patients rarely participate in
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discussions about their own goals and preferences for end-of-life care (EOLC), because their
families may hesitate to bring bad news. As patients tend to lose their decision-making
ability toward the end of life [5], they sometimes have no opportunity to express their
wishes and preferences regarding their EOLC. Until recently in Japan, these situations often
led to providing life-prolonging treatment to critically ill patients, regardless of the medical
futility [6]. In addition, at the end-stage of HF, associated symptoms such as anorexia,
nausea, vomiting, and dyspnea are observed, and food intake decreases [7]. In patients
with end-stage HF, the goal of nutritional care is to optimize quality of life and comfort.
Even though patients eventually lose their appetite spontaneously, artificial nutrition has
often been attempted in the past.

Palliative care comprises a multidisciplinary team approach for patients and their fam-
ilies facing serious illnesses that focuses on improving quality of life and death. Recently,
palliative care has been recommended by the Japanese Circulation Society (JCS)/Japanese
Heart Failure Society (JHFS) and American College of Cardiology (ACC)/American Heart
Association (AHA) HF guidelines [8,9]. The core elements of a multidisciplinary palliative
care team (PCT) include not only expert assessment of physical and psychosocial distress
but also the establishment of care goals and support for advance care planning (ACP) and
complex decision-making, including EOLC discussion. In Japan, a multidisciplinary PCT
is available in most of the regional cancer centers; however, it is only available in 9% of
JCS-authorized cardiology training hospitals [10]. One of the major reasons is that PCT
intervention had not been reimbursed for patients with HF by April 2018. Given that these
services are not yet widely available, there has been insufficient clinical data regarding
PCTs in patients with HF in Japan. Moreover, even in Western countries, only limited
evidence is available regarding the patient-centered EOLC discussions of inpatient PCTs
with patients with HF [11,12].

Therefore, the main purpose of this study was to compare changes in HF therapies in
terms of palliative care and EOLC discussions, with a focus on food intake at the end of life
in HF, before and after the initiation of HF-specific PCT (HF-PCT) activities at our institute.

2. Materials and Methods

2.1. Study Design and Population

The study was performed at Kurume University Hospital, a 1000-bed tertiary medical
center located in the southern part of Fukuoka Prefecture, Japan. We retrospectively
analyzed the medical records of 215 consecutive patients who died at the Division of
Cardiology of our hospital between May 2013 and July 2020. Among these, we excluded
163 cases of non-HF deaths, including acute myocardial infarction, and patients treated only
in the intensive care unit. HF was diagnosed by at least two specialist cardiologists based
on the Framingham criteria [13]. Thus, we conducted a final analysis of 52 patients with
HF who died in our department. These patients were divided into two groups according
to their time of death before (Era 1; May 2013 to May 2015) and after (Era 2; June 2015
to July 2020) the HF-PCT activity started in June 2015. In this study, a multidisciplinary
palliative approach for patients and their families was provided by an HF-PCT, which
consisted of cardiologists, palliative care physicians, nurses (inpatient, outpatient, and a
certified palliative care nurse), pharmacists, a psychologist, a medical social worker, and
a managerial dietitian. The HF-PCT was available for all HF patients and assisted the
treatment of patients with HF through refractory symptom relief, the establishment of
care goals, psychosocial support, support of ACP and EOLC discussions, and provision of
nutritional support for EOLC.

The demographic and clinical information of each patient was extracted from the
electronic medical records of Kurume University Hospital. We obtained data on the
patients’ background, etiology of HF, duration of HF, comorbidities, echocardiographic
findings, HF treatments, sedative medications, laboratory data, location of death, invasive
procedures undergone before death (cardiopulmonary resuscitation, intubation, direct
current shocks, and mechanical circulatory support) and length of hospital stay. We also
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assessed differences in the palliative care intervention, such as the use of opioids and
sedative medications for refractory symptoms, psychiatric support, and multidisciplinary
support for EOLC discussions, between the patients who died in Era 1 and those who
died in Era 2. To assess the nutritional status of patients with end-stage HF, we examined
the method of receiving nutrition three days prior to death and nutritional interventions
(discontinuation of salt reduction, allowing non-hospital meals, and use of oral nutritional
supplements) for patients who were maintaining oral intake at the time. We also examined
factors associated with the use of artificial nutrition (total parenteral nutrition and tube
feeding) three days prior to death.

2.2. Statistical Analysis

Continuous variables are presented as mean ± standard deviation (SD) or median
(interquartile range (IQR)), as appropriate; they were compared using Student’s t-test.
Categorical baseline variables are presented as numbers (percentage) and compared using
the chi-square or Fisher’s exact test. Univariate associations between baseline characteristics
and multidisciplinary support for end-of-life discussions were performed using univariate
logistic regression. Variables relevant to the model were selected based on a univariate
threshold p-value (≤0.05) and included in a multivariate logistic model to predict the odds
of receiving artificial nutrition in the final three days prior to death. Adjusted odds ratios
(ORs) and 95% confidence intervals (CIs) were calculated. Statistical significance was set
at p < 0.05. All statistical analyses were performed using EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria). More precisely, it is a modified
version of R Commander designed to add statistical functions that are frequently used in
biostatistics.

3. Results

3.1. Patient Characteristics

Patient characteristics are shown in Table 1. Among the 52 patients, 22 (42%) were
female, with an age of 70.0 ± 15.1 years. The median number of HF hospitalizations
prior to death was 3 (IQR 1–5, and 42% of patients had non-ischemic cardiomyopathy
(NICM) etiology. The median left ventricular ejection fraction was 35% (IQR 20–56%),
and the median N-terminal B-type natriuretic peptide (NT-proBNP) was 12,683 pg/mL
(IQR 5181–31,264 pg/mL). Nineteen patients who died during Era 1 and 33 patients who
died during Era 2 were included in the analyses. There were no significant differences in
demographics or clinical characteristics between the two groups, except for the etiology of
“Others”.

Table 1. Baseline characteristics of patients.

Total
(n = 52)

Era 1
(n = 19)

Era 2
(n = 33)

p Value

Age, year 70.0 ± 15.1 69.5 ± 18.1 70.3 ± 13.4 0.861
Female, n (%) 22 (42) 8 (42) 14 (42) 0.982
Duration of HF, months 58.4 (10.9–173.2) 80.7 (2.0–207.8) 56.5 (11.8–158.4) 0.643
No. of previous HF hospitalization, n 3 (1–5) 3.0 (1.0–5.0) 3.0 (1.0–4.5) 0.992
Left ventricular ejection fraction, % 35 (20–56) 30 (16–52) 37 (20–63) 0.666
Intensive care unit hospitalization, n (%) 6 (12) 1 (5) 5 (15) 0.283
Etiology

Ischemic, n (%) 7 (13) 4 (21) 3 (9) 0.223
Valvular, n (%) 12 (23) 5 (26) 7 (21) 0.674
Non-ischemic cardiomyopathy, n (%) 22 (42) 6 (32) 16 (48) 0.235
Pulmonary arterial hypertension, n (%) 8 (15) 1 (5) 7 (21) 0.125
Others, n (%) 3 (6) 3 (14) 0 (0) 0.019 *
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Table 1. Cont.

Total
(n = 52)

Era 1
(n = 19)

Era 2
(n = 33)

p Value

Comorbidities
Cerebrovascular disease, n (%) 9 (17) 5 (26) 4 (12) 0.193
Hypertension, n (%) 12 (23) 6 (32) 6 (18) 0.270
Diabetes, n (%) 21 (40) 7 (37) 14 (42) 0.693
Atrial fibrilation, n (%) 27 (52) 9 (47) 18 (55) 0.618
Malignancies, n (%) 5 (10) 1 (5) 4 (12) 0.419

Cardiac resynchronization therapy, n (%) 19 (37) 8 (42) 11 (33) 0.527
Implantable cardioverter defibrillator, n (%) 19 (37) 7 (37) 12 (36) 0.973
Systolic blood pressure, mmHg 104.0 ± 26.5 113.2 ± 29.0 98.7 ± 23.7 0.056
NYHA class III or IV, n (%) 43 (83) 15 (79) 28 (85) 0.592
Medication on admission

ACE-I/ARB, n (%) 29 (56) 13 (68) 16 (48) 0.163
β-blocker, n (%) 31 (60) 11 (58) 20 (61) 0.848
Mineralocorticoid receptor antagonist, n (%) 25 (48) 7 (37) 18 (55) 0.219
Loop diuretic, n (%) 44 (85) 15 (79) 29 (88) 0.390

Laboratory data
NT-proBNP, pg/mL 12,683 (5181–31,264) 12,684 (4512–38,571) 13,728 (5526–31,109) 0.770
Blood urea nitrogen, mg/dL 46.0 ± 24.9 52.1 ± 25.6 42.5 ± 24.2 0.180
Creatinine, mg/dL 1.8 ± 1.2 2.1 ± 1.4 1.6 ± 1.0 0.148
Sodium, mEq/L 135.0 ± 7.4 133.6 ± 8.1 135.8 ± 7.0 0.310

Data are presented as mean ± SD, median (IQR) and n (%); HF = heart failure; HFrEF = HF with reduced ejection fraction; NYHA = New
York Heart Association functional classification; ACE-I = angiotensin-converting-enzyme inhibitor; ARB = angiotensin II receptor blocker;
NT-proBNP = n-terminal b-type natriuretic peptide. * p < 0.05.

3.2. Palliative and End-of-Life Care

Table 2 presents an overview of the palliative care and EOLC provided prior to death.
In patients who died during Era 2, the rates of attempted cardiopulmonary resuscitation,
intubation, and direct current shock at the end of life were significantly lower than in those
who died in Era 1 (53% vs. 6%; p < 0.001, 47% vs. 0%; p < 0.001, 37% vs. 6%; p = 0.005,
respectively). Compared to Era 1, a greater proportion of patients who died in Era 2 received
opioids (11% vs. 70%). All the patients who received opioids were non-intubated and the
administration was indicated to relieve dyspnea resistant to hemodynamic interventions
(afterload reduction, diuretics, and inotropes). Sedative medications were significantly
more commonly used in intubated patients who died in Era 1 and non-intubated patients
who died in Era 2 (p < 0.05). Sedative medications without intubation were used for
refractory symptoms, such as dyspnea, malaise, and delirium. Patients who died in Era 2
received more psychiatric consultations, although the difference was not significant. In
Era 2, 70% of patients received multidisciplinary EOLC discussion support, a significant
increase from 5% in Era 1 (p < 0.001).

Table 2. Palliative and end-of-life care.

Era 1
(n = 19)

Era 2
(n = 33)

p Value

Length of hospital stay until death, days 20 (9–59) 24 (14–91) 0.448
Transfer to intensive care unit prior to death, n (%) 2 (11) 0 (0) 0.057
Invasive treatment at the time of death

Cardiopulmonary resuscitation, n (%) 10 (53) 2 (6) <0.001 *
Intubation, n (%) 9 (47) 0 (0) <0.001 *
Direct current shocks, n (%) 7 (37) 2 (6) 0.005 *
Mechanical circulatory support, n (%) 1 (5) 0 (0) 0.183

Palliative care intervention
Use of opioid, n (%) 2 (11) 23 (70) <0.001 *
Use of sedative medication, n (%) 6 (32) 13 (39) 0.573
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Table 2. Cont.

Era 1
(n = 19)

Era 2
(n = 33)

p Value

For intubated patients, n (%) 5 (26) 1 (3) 0.020 *
For non-intubated patients, n (%) 1 (5) 12 (36) 0.018 *

Specialized psychiatric care, n (%) 4 (21) 15 (45) 0.078
Multidisciplinary support for EOLC discussions, n (%) 1 (5) 23 (70) <0.001 *

Data are presented as median (IQR) and n (%); EOLC = end-of-life care. * p < 0.05.

3.3. Nutrition in the Three Days Prior to Death

Among the patients who died in Era 1 and Era 2, total parenteral nutrition was
provided to 7 (37%) and 11 (33%), tube feeding to 1 (5%) and 5 (15%), and 9 (47%) and
12 (36%) patients fasted, respectively. There were no significant differences in nutrition
administration methods between the two groups. Food intake three days before death
was maintained in 9 out of 19 patients (47%) in Era 1 and 16 out of 33 patients (48%) in
Era 2. The characteristics of the patients who maintained food intake three days prior to
death are summarized in Table 3. Compared to the patients who died in Era 1 (n = 9),
significantly more patients who died in Era 2 (n = 16) maintained food intake during opioid
administration (11% vs. 63%, respectively, p = 0.013). In addition, food intake during
sedation was not observed in Era 1 but was observed in 19% of patients who died in Era 2
(p = 0.166). Nutritional counseling was more frequently provided to patients who died in
Era 2 than to those who died in Era 1 (33% vs. 81%, respectively, p = 0.017), and the change
from a low-sodium diet to a regular-sodium diet was also significantly more frequent (59%
vs. 22%, respectively, p = 0.025). Permission for non-hospital foods, such as bringing a
patient’s favorite meal cooked by their family, also tended to be more frequently granted to
patients who died in Era 2 as compared to those who died in Era 1 (p = 0.053).

Table 3. Characteristics of patients who maintained oral intake in the three days prior to death.

Era 1
(n = 9)

Era 2
(n = 16)

p Value

Use of artificial nutrition, n (%) 0 (0) 3 (19) 0.166
Food intake under opioid administration, n (%) 1 (11) 10 (63) 0.013 *
Food intake under sedative medication administration, n (%) 0 (0) 3 (19) 0.166
Nutritional Counselling, n (%) 3 (33) 13 (81) 0.017 *

Change from low-sodium to regular-sodium diets, n (%) 2 (22) 11 (59) 0.025 *
Permission for non-hospital meals, n (%) 2 (22) 10 (63) 0.053
Use of oral nutritional supplements, n (%) 3 (33) 10 (63) 0.161

Data are presented as n (%). * p < 0.05.

Logistic regression analysis of factors associated with the administration of artificial
nutrition three days prior to death was performed (Table 4). In the univariate regres-
sion analysis, the number of previous hospitalizations for HF (OR 0.69; 95% CI 0.51–0.93;
p = 0.014) and HF due to NICM (OR 3.30; 95% CI 1.03–10.60; p = 0.045) were significantly
associated with the administration of artificial nutrition in the final three days of life. Mul-
tivariate analysis demonstrated that the number of previous HF hospitalizations (OR 0.63;
95% CI 0.44–0.91; p = 0.014), NICM-caused HF (OR 15.8; 95% CI 2.42–103.00; p = 0.004), and
multidisciplinary support for EOLC discussions (OR 0.15; 95% CI 0.03–0.91; p = 0.039) were
independent factors related to the administration of artificial nutrition three days prior to
death.
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Table 4. Results of univariate and multivariate analysis associated with the administration of artificial nutrition three days
prior to death.

Univariate Analysis Multivariate Analysis

OR 95% CI p Value OR 95% CI p Value

Age 1.01 0.97–1.05 0.74 1.00 0.95–1.06 0.86
Female 1.20 0.39–3.70 0.76 1.22 0.27–5.58 0.80

ICM 0.60 0.11–3.44 0.57
NICM 3.30 1.03–10.60 0.045 * 15.80 2.42–103.00 0.004 *
VHD 0.75 0.19–2.91 0.68

NYHA class III or IV on admission 0.43 0.10–1.84 0.25
Number of previous hospitalizations for HF 0.69 0.51–0.93 0.014 * 0.63 0.44–0.91 0.014 *

Multidisciplinary support for EOLC discussions 0.29 0.09–1.00 0.05 0.15 0.03–0.91 0.039 *

OR = odds ratio; CI = confidence interval; ICM = ischemic cardiomyopathy; NICM = non-ischemic cardio myopathy; VHD = valvular heart
disease; HF = heart failure; EOLC = end-of-life care. * p < 0.05.

4. Discussion

In this study, we compared the changes in HF therapies in terms of palliative care
and EOLC discussions before and after the initiation of HF-PCT activities at our institute,
with a focus on food intake at the end of life. The major findings were that after HF-PCT
activities, (a) fewer invasive procedures were performed, (b) the use of opioids and non-
intubated sedatives for symptom relief increased, (c) support from the multidisciplinary
team in EOLC discussions increased, and (d) quality of meals was improved at the end
of life in patients (from low-sodium diet to regular diet, adequate symptom relief with
opioids, provision of non-hospital meals such as patients’ favorite meals mainly by family
members). Furthermore, the administration of artificial nutrition in the final three days
prior to death was associated with NICM etiology, number of previous hospitalizations
for HF, and multidisciplinary EOLC discussion support. To the best of our knowledge,
this is the first report on changes in HF palliative care and end-of-life food intake after the
initiation of HF-PCT activities.

4.1. End-of-Life Discussion with Patients with HF

Considering the plateau in diagnostic capacity and treatment efficacy for HF, new
problems have arisen related to difficult EOLC decision-making under uncertain disease
trajectories [14]. In addition, physicians often discuss EOLC with the families rather than
the patients in Far East Asian countries such as China, South Korea, and Japan [15–17],
where physicians and patients’ families traditionally tend to avoid giving unfavorable
information to patients. However, Matsushima et al. showed that 85% of English-speaking
Japanese Americans desired to make treatment decisions on their own, as compared to
only 36% of Japanese individuals living in Japan [18]. Another Japanese study had shown
that only 4.7% of patients with end-stage HF participated in EOLC discussions [19]. In
the present study, EOLC discussions were more frequent in patients who died in Era 2.
Moreover, the number of patients who underwent invasive procedures prior to death was
significantly lower among patients who died in Era 2. Our findings suggest that HF-PCT
activities might facilitate EOLC discussions based on patient values and preferences and
could avoid unnecessary invasive treatment prior to death.

The current study did not confirm the existence of the ACP process. However, EOLC
discussions with patients are an extension of the ACP process. The latest survey, conducted
by the Japanese Ministry of Health, Labour and Welfare in 2017, indicated that 64.9% of
Japanese individuals approved ACP and that 66% of them agreed to make an advance
directive [20]. Furthermore, the newly revised Japanese Guidelines on the Diagnosis and
Treatment of Acute and Chronic Heart Failure consider ACP as a class I recommendation
for the management of HF [9]. Reflecting such situations, ACP and patient-centered
decision-making processes have become an increased focus in Japan.
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4.2. Symptom Management

In this study, many patients who died in Era 2 received opioids for refractory dyspnea.
Kuragaichi et al. reported in a nationwide survey that dyspnea is the most common symp-
tom requiring palliative care in patients with HF [10]. Some small studies have shown
that low-dose opioids, especially morphine, relieve breathlessness in these patients [21,22],
although another study does not support this finding [23]. Further studies are required to
investigate appropriate opioid use in patients with HF and refractory dyspnea. Further-
more, there has been little evidence for palliative sedation in non-cancer patients, including
HF [24]; however, in this study, 36% of non-intubated patients with HF who died in Era
2 received palliative sedation. Palliative sedation is only performed to relieve intractable
distress at the end of life, but not to hasten death [25]. Clinicians should discuss the indi-
cation of palliative sedation with a multidisciplinary team such as an HF-PCT in terms
of the patients’ benefits, goals, and risks, as well as the limited prognosis and presence of
treatable factors. Psychological issues are also important problems in patients with HF. In
particular, depression has an independent impact on morbidity and mortality in HF [26,27].
It is important to recognize psychological problems that may occur in the complex disease
trajectory of HF. In this study, specialized psychiatric care was more often performed in
patients with HF who died in Era 2; therefore, the HF-PCT may promote psychological
support.

4.3. Diet in Palliative Care of Patients with HF

Food intake is extremely important in human life. Clinical evidence on the adminis-
tration of artificial nutrition at the end of life is limited, even in oncology, and even more in
HF. However, the goal of nutritional care at the end of life may be the same in both cancer
and HF, in which it needs to change from maintaining nutritional status and function to
ensure the patient’s well-being and quality of life [7]. In addition, the enjoyment of food
may increase when restrictions are lifted. In Era 2 of this study, patients with HF, who
had maintained food intake until three days prior to death, were provided symptomatic
relief using opioids and dietary modification—providing a normal diet, not a low-sodium
diet. Extensive communication and psychosocial support between the healthcare team
and patients and/or families are important to alleviate distress related to food intake
and weight loss, eliminate false expectations about nutrition, and set goals for nutritional
care [28]. In this study, discussing EOLC with multidisciplinary support was associated
with a decrease in the use of artificial nutrition in the last three days of life. If HF-PCT
activities provide more opportunities to discuss EOLC in the future, the administration of
unnecessary artificial nutrition may be avoided, and patients may be able to enjoy their
meals at the end of life.

4.4. Limitations

The present study has several limitations. First, the retrospective and single-center
nature of this study, including the small number of study patients, might have resulted in a
certain extent of bias. Second, patients who die at a university hospital may be a selected
group, incorporating bias. Thus, future studies should include a larger population and
more hospitals. Third, although palliative care should be provided at the early stage of a
life-threatening illness, only patients with HF who died at our hospital were included in
this study. Further research is required to confirm whether palliative care would benefit
patients from an earlier stage of HF. Fourth, since this study focuses on correlations between
eras, reverse causality and hidden causal relationships may exist. Fifth, Era 1 and Era 2
differ not only in the existence of HF-PCT but also in the time background of HF palliative
care awareness. The time background may be responsible for the differences found between
the two eras. Sixth, because of the retrospective nature of the study, we could not evaluate
objective health-related quality of life indicators in determining the effectiveness of HF-PCT
consultation. Seventh, we will examine a longer period before death in the next study in
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near future. Finally, further research is required to examine how to provide HF palliative
care that is adapted to the healthcare system in Japan.

5. Conclusions

Despite increasing attention on palliative care in HF, providing optimal palliative care
at the end of life presents many challenges and complexities. The present study indicated
that HF-PCT activities provide an opportunity to discuss EOLC with patients, reduce the
burden of physical and mental symptoms, and may shift the goals of end-of-life nutritional
care to ensuring comfort and quality of life.
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