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Introduction

Creating partnerships is a cross-cutting goal that can 
accelerate the implementation of the Sustainable 
Development Goals (SDGs) (1,2). Particularly, the 
importance of South-South and Triangular Cooperation 
has been growing as a key modality to strengthen 
ownership by Southern countries and enhance their 
capacity to tackle national and global challenges more 
strategically in sustainable horizontal partnerships (3,4).
	 The world is witnessing globalization of health 
issues. A wide range of health agendas, including 
COVID-19, stretches across borders and requires global 
partnerships, commitments and solutions. Universal 
Health Coverage (UHC) is a concept whereby all 
people have access to the health services they need 
without incurring financial hardship (5). Achieving 
UHC for all by 2030 is one of the key targets of the 
SDGs. It can enhance a global momentum for health 
system strengthening as a comprehensive and coherent 

approach (6).
	 The Partnership Project for Global Health and 
Universal Health Coverage (The Project) between 
Thailand and Japan is a good example of Triangular 
Cooperation in health system strengthening. The 
expectation of the Project has grown during the 
COVID-19 pandemic as the world has become more 
aware that UHC is essential for improving health 
emergency responsiveness and preparedness. On the 
other hand, negative impacts of COVID-19, such as 
travel restrictions and public health agencies being 
swamped with COVID-19 responses, have limited 
project activities. Nevertheless, the Project has been 
moving forward with Thai and international partners. 
This paper aims to share our "new normal" approach to 
maintain our work and network during the crisis.

Outline of the Project

Thailand's Ministry of Public Health (MOPH) and 

(1)
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Abstract: Partnerships, particularly, South-South and Triangular Cooperation play an important role in the 2030 
Agenda for Sustainable Development. The Partnership Project for Global Health and Universal Health Coverage 
(UHC) between Japan and Thailand (the Project) was launched in 2016 as a four-year flagship project for Triangular 
Cooperation and continued to the second phase in 2020. Participating countries include Asian and African countries 
who are striving to drive global health and to move towards UHC. However, the COVID-19 pandemic has made 
coordination of partnerships more difficult. The Project needed to find a "new normal" approach to conduct our 
collaborative work. Struggling with public health and social measures for COVID-19 has made us more resilient and 
has increased opportunities to collaborate more closely. In the past year and a half, during the COVID-19 pandemic, 
the Project successfully conducted a number of online activities between Thailand and Japan and with other countries 
on global health and UHC. Our "new normal" approach led continuing dialogue of networking both at the project 
implementation and policy levels, focusing on desk-based activities regarding the targets and the objectives of the 
project and creating a golden opportunity for pursuing a timely second phase. Our lessons learned include as follows: i) 
Closer prior consultation is required to hold satisfactory online meetings; ii) Effective "new normal" approaches include 
emphasizing practical and interactive discussions on each country’s priority issues and expanding target participants; 
iii) Commitment, trust, teamwork, and sharing common goals can enhance and sustain partnerships, especially amid the 
pandemic.

Keywords: triangular cooperation, new normal, networking
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National Health Security Office (NHSO) and the Japan 
International Cooperation Agency (JICA) launched 
the Project in 2016 as a four-year flagship project for 
Triangular Cooperation. Thailand achieved UHC in 
2002 ahead of other low- and middle-income countries 
after Japan did so in 1961. The Project aims to improve 
UHC operation of Thailand and Japan (Output 1); 
support other developing countries to achieve UHC 
(Output 2); and promote strong implementation of UHC 
globally (Output 3).
	 In the first phase, areas of collaboration included 
health finance, health workforce, health information, 
maternal and child health, and global health. Knowledge 
sharing through a number of activities led to many 
successes: for example, a model for developing and 
managing fee schedules was piloted in Bangkok, which 
has currently been applied nationwide (Output 1); the 
first of international training courses on UHC was held, 
which contributed to networking with 9 participating 
countries in Asia, the Middle East, and Africa (Output 
2); and experience sharing through various international 
platforms including the Prince Mahidol Award 
Conference, PMAC, in Thailand, which attracts more 
than 1,000 health concerned parties from all around the 
world annually (Output 3) (7).
	 Both Thailand and Japan reaffirmed the critical 
importance of the collaboration of the two countries and 
expanding networks. They both agreed to continue to 
the three-year Phase 2 Project. The outline of the Phase 
2 Project was drafted at a working-level meeting in 
March 2020, around when WHO declared COVID-19 a 
pandemic, amid growing need for a strong health system 
to cope with health emergencies. After a thorough process 
of reviewing the first phase and impact-oriented planning 
of the second phase, to implement activities more 
effectively within the limited time under the pandemic 
and the Project decided to place more focus on health 
finance and health workforce and to target countries.

"New normal" approach

Almost all of the Project activities were held online 
because of domestic and international travel restrictions 
due to COVID-19. In addition to a secure telework 
environment and digital literature, the following key 
factors (Figure 1) contributed to successful outcomes.

Focusing on each country's needs

To maximize learning within the limited time available 
(avoiding the so-called "virtual meeting fatigue" (8,9)), 
we focused on the priority issues and had more practical 
and interactive discussions rather than teaching theory 
which can be learned from textbooks. In a workshop 
with the Ministry of Health (MOH), Lao PDR on their 
health finance reform, we took a problem-oriented 
approach, in which a Thai expert gave his ideas about 

possible solutions based on the situation of Lao PDR, 
avoiding giving a lecture on how Thailand implemented 
UHC. Although each session was short, frequent online 
meetings and proper follow-up could enhance the 
effectiveness of learning as a whole.
	 The Project served as matchmaker to connect 
demand and supply sides. Closer prior discussion is 
critical to identify priority issues from the demand side. 
Later, the Project can find suitable experts who can 
impart their knowledge and skill in order to satisfy the 
practical needs of the collaborating countries.

Expanding targeted participants

The biggest advantage of a virtual meeting is the 
increased accessibility (no geographical or financial 
barriers) and unlimited capacity. In the above workshop 
with the Lao MOH, we could invite officials not only 
from the headquarters, but also from provincial and 
local offices. From Thailand, there were also many 
attendants who could learn from interactive dialogue 
among the two countries and development partners. 
The direct involvement of a wide range of concerned 
people deepened practical discussion and enhanced 
the effect of mutual learning. In addition, virtual 
meetings can also facilitate participation of higher-level 
officials, who are often too busy to travel. Involvement 
of decision-makers can catalyze actions and facilitate 
political commitment.

Optimizing existing networks

A difficult part of networking is the initial contact 
with the counterparts. Building relationships from 
scratch is hard without in-person communication. The 
maximum use of the network of Project members and 
organizations is critical. To realize the above workshop 
with Lao PDR, a good relationship between the 

(2)
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Figure 1. The 4 key factors of the effective "new normal" 
approach during the COVID-19 pandemic.
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Achievements

In the past year and a half (2020-2022) amid the 
COVID-19 pandemic, the regular (at least four times a 
year) meetings of JPMT and the annual JCC meetings 
were the main drivers of the Project, keeping it alive 
and productive. The Project successfully conducted a 
number of online activities, including twelve technical 
workshops on health financing, strategic purchasing, 
health workforce, maternal and child health and UHC 
Policy Dialogue using Japan and Thailand's experience 
for other countries in Asia and Africa. Notably, most of 
these activities were not single events as often seen in the 
first phase of the Project. Our "new normal" approach 
led to continuing dialogue between the two countries as 
well as with participating countries. More importantly, 
Global Health and UHC Resource Centers have been 
institutionalized as the asset of the Project (11,12). 
Fruitful learning materials including articles, books, and 
videos, are readily available to anyone from all over the 
world.

Conclusion

During the COVID-19 pandemic, driving global health 
and continuing the UHC momentum at the national level 
remain important issues. Within the physical constraints 
borne by COVID-19, the project discovered effective 
"new normal" approaches especially with coordination 
of virtual meetings. First, a problem-oriented approach 
emphasizing practical and interactive discussions on each 
country's priority issues effectively enhanced mutual 
learning in South-South and Triangular Cooperation. 
Second, taking advantage of virtual meetings was 
useful for maintaining and expanding networks as well 
as strategically expanding target participants to either 
side of decision-makers and/or local officers to deepen 
discussion and facilitate decision-making. Hereon, 
the maximum use of the existing network is critical. 
Lastly, our experience also highlighted the significance 
of commitment, trust, teamwork, and sharing common 
goals in terms of enhancing partnerships, especially amid 
the COVID-19 pandemic.
	 By comparing the above experience with that of other 
projects between Thailand and Japan, we can identify 
advantages and disadvantages with each other and 
work for better management. Our lesson learned is also 
applicable to other bilateral and multilateral projects in 
other countries. We believe our experiences and practices 
will serve as a useful reference to further promote South-
South and Triangular cooperation in order to move UHC 
forward globally.
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Introduction

Since the World Health Organization declared the 

coronavirus disease 2019 (COVID-19) pandemic in 
March 2020, data on disease control measures have 
accumulated (1-3) and vaccines have been made 

(5)
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Abstract: As coronavirus disease 2019 (COVID-19) outbreaks in healthcare facilities are a serious public health 
concern, we performed a case-control study to investigate the risk of COVID-19 infection in healthcare workers. We 
collected data on participants' sociodemographic characteristics, contact behaviors, installation status of personal 
protective equipment, and polymerase chain reaction testing results. We also collected whole blood and assessed 
seropositivity using the electrochemiluminescence immunoassay and microneutralization assay. In total, 161 (8.5%) of 
1,899 participants were seropositive between August 3 and November 13, 2020. Physical contact (adjusted odds ratio 2.4, 
95% confidence interval 1.1-5.6) and aerosol-generating procedures (1.9, 1.1-3.2) were associated with seropositivity. 
Using goggles (0.2, 0.1-0.5) and N95 masks (0.3, 0.1-0.8) had a preventive effect. Seroprevalence was higher in the 
outbreak ward (18.6%) than in the COVID-19 dedicated ward (1.4%). Results showed certain specific risk behaviors of 
COVID-19; proper infection prevention practices reduced these risks.
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available. However, owing to the emergence of severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) variants and breakthrough infections, COVID-19 
is still spreading worldwide in 2022 (4). In particular, 
SARS-CoV-2 infection in nosocomial settings remains 
a public health concern (5). Although guidance on 
infection prevention strategies for healthcare practices 
is provided by the state or agency (6,7), COVID-19 
outbreaks in healthcare facilities continue to occur (8). 
Even after more than two years after the beginning of 
the pandemic, the spread of the SARS-CoV-2 infection 
in healthcare facilities is an important issue as it can 
lead to a shortage of healthcare workers and restrictions 
on medical care in hospitals. The risk of SARS-CoV-2 
infection in healthcare workers needs to be clarified 
to protect healthcare workers and preserve medical 
resources.
	 In Japan, approximately 22 million COVID-19 cases 
were reported by October 2022 (9). Analyzing the data 
of the early pandemic period, i.e., the period before the 
spread of COVID-19 in the community, would be useful 
for assessing the risk of SARS-CoV-2 infection limited 
to healthcare facilities.
	 Front-line healthcare workers are highly exposed to 
infection through contact with patients with COVID-19; 
and, they are at an increased risk of infection compared 
with the general public (2,3,10). Previous studies 
have reported a high seroprevalence of COVID-19 
among healthcare workers having direct contact with 
patients with COVID-19 (3,11). Two cohort studies 
demonstrated that the improper use or lack of personal 
protective equipment (PPE) was associated with a higher 
prevalence of COVID-19 (10,12). Although face masks 
reduce the risk of infection (11,13,14), evidence on the 
efficacy of other PPEs and quantitative assessments are 
limited. Overall, specific risk behaviors for SARS-CoV-2 
infection during hospital work are not fully understood.
	 We conducted this study to investigate COVID-19 
risk among healthcare workers in Japan. Additionally, 
we also explored the differences in seropositivity across 
diverse occupations not limited to front-line healthcare 
workers.

Materials and Methods

Study design and participants

We performed a case-control study to evaluate the 
association between SARS-CoV-2 infection and 
possible risk factors in nosocomial outbreak settings. We 
assessed sociodemographic factors, contact history with 
patients with COVID-19, and PPE use as possible risk 
factors among staff in seven facilities (Supplementary 
Table S1, https://www.globalhealthmedicine.com/
site/supplementaldata.html?ID=63). SARS-CoV-2 
infection was defined by a positive result of a serologic 
test performed using the methods described here. Only 

participants with both epidemiological information and 
antibody results available were included. As we focused 
on the risk in nosocomial settings, participants with 
contact histories outside their facilities were excluded 
from the analyses.
	 Participants were recruited from hospitals where 
COVID-19 outbreaks occurred between March and 
August 2020 in Japan (15). Not only front-line healthcare 
workers but also affiliated workers such as cleaning staff 
were included.
	 We appointed a representative for each participating 
hospital, who explained the study outline, benefits, and 
risks to all staff members. Participation in the study 
was voluntary and all the participants provided written 
informed consent. This study was approved by the 
ethics committee of the National Institute of Infectious 
Diseases (NIID) (No. 1177) and conducted according to 
the principles in the Declaration of Helsinki.

Procedures

An identification code was created for each participant, 
and only anonymized information was shared with 
the analysis team. The link between the participant's 
identification code and personal data was managed by 
the respective hospital representatives.
	 Blood sampling and questionnaire survey were 
conducted from August to November 2020 (Supplementary 
Figure S1, https://www.globalhealthmedicine.com/site/
supplementaldata.html?ID=63). The participants were 
required to provide their epidemiological information 
on a web-based questionnaire system using their 
smartphone or computer; the questionnaire comprised the 
following information: sociodemographic characteristics, 
underlying medical conditions, occupation, career, 
details and frequency of contact history with patients 
with COVID-19, PPE use, and polymerase chain 
reaction (PCR) results. Information on behavior of each 
participant during the outbreak period was obtained 
for data on contact history and PPE use. Data of PCR 
tests performed at each hospital prior to the serologic 
test in this study was obtained. The response status was 
regularly checked, and non-responders were alerted to 
answer the questions. Each participant was informed 
of the serologic test result through their personal page 
in the system. The page was set to be displayed only to 
the participants who answered the questionnaire so as to 
improve the completion rate.
	 The participants were divided into six age groups, 
each comprising 10 years, ranging from 20s to 70s 
and over. Their underlying disorders were grouped 
as immunodeficiency/malignancy and others. Career, 
defined as the number of years in their occupation, was 
classified into five groups, in multiples of five. Data 
on the type of ward was sought for participants whose 
facilities provided medical treatment for patients with 
COVID-19, and type of ward was classified as dedicated 

(6)
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after formalin fixation and crystal violet staining. The 
highest dilution of wells without CPE was defined as the 
microneutralization titer.

Statistical analyses

The characteristics of participants with seropositivity 
were compared using Pearson chi-squared test or Fisher 
exact test, as appropriate. The outcome of interest was 
a positive serologic test for SARS-CoV-2, and the 
possible risk factors were sociodemographic factors, 
contact history with patients with COVID-19, and PPE 
use. The risk factors were evaluated using adjusted odds 
ratios (OR) with 95% CIs using multivariable logistic 
regression models. Of the significant factors explored 
using univariable analyses, those affecting the adjusted 
ORs were included in the final models as possible 
confounding factors (Supplementary Table S2, https://
www.globalhealthmedicine.com/site/supplementaldata.
html?ID=63). The missing values were coded as "no 
record" and included in the analyses. All analyses were 
performed using STATA version 15 (StataCorp, College 
Station, Texas).

Results

A total of 2,059 employees were enrolled in this 
study (Figure 1). Of these, 124 did not answer the 
questionnaire, two did not undergo the serologic test, and 
34 had contact history with COVID-19-infected persons 
outside their facility. After excluding these cases, 1,899 
participants were included in the analyses.
	 Participating facilities were distributed in four 
out of eight regions in Japan (Supplementary Table 

COVID-19 ward (ward for the treatment of patients with 
COVID-19), outbreak ward (non-COVID-19 ward where 
an outbreak was detected among staff or in-patients), 
and non-outbreak ward (non-COVID-19 ward where 
no outbreak was detected among staff or in-patients). 
Participants who had contact history with patients with 
COVID-19 were required to provide the details and 
frequency of their contact (with or without the following 
actions: entering the room, contact with the surrounding 
environment, approach within 1 m, conversation, and 
physical contact). PPE use during treatment of patients 
with COVID-19 was evaluated as follows: used always, 
used sometimes, and not used. PPE included surgical 
masks, gloves, goggles, gowns or aprons, and N95 
masks. As the situations where the use of N95 masks 
was recommended varied by facility, N95 mask use 
during aerosol-generating procedures was assessed as all 
participating facilities recommended its use.
	 Blood samples were collected at each hospital 
and transported to the NIID in cold chain. We 
tested for the anti-SARS-CoV-2 antibody using 
electrochemiluminescence immunoassay (ECLIA, 
Elecsys® Anti-SARS-CoV-2; Roche Diagnostics K.K., 
Basel, Switzerland) and microneutralization assay (NIID, 
Tokyo, Japan). Seropositivity was defined as a positive 
result for any of these tests, with a cut-off titer of 1.0 for 
the ECLIA and 1:5 for the microneutralization assay.
	 The ECLIA was performed on all the samples 
according to the manufacturer's instructions (16). The 
assay detects antibodies to SARS-CoV-2 nucleocapsid 
protein, including immunoglobulin G (IgG), using serum 
or plasma. The test for antibodies to nucleocapsid protein 
returns positive results in case of the SARS-CoV-2 
infection, not the vaccination. The manufacturer has 
claimed a sensitivity of 99.5% (95% confidence interval 
[CI]: 88.1-100) based on the test results in symptomatic 
patients within 14 days post PCR diagnoses. The 
specificity was evaluated as 99.8% (95% CI: 99.7-
99.9) from test results of samples collected before the 
emergence of SARS-CoV-2 (16). The cut-off index of the 
assay was defined as 1.0 by the manufacturer. The assay 
was performed as a screening test, and the screening-
positivity criterion was set as 0.1 or higher in this study 
(17). Screening-positive cases were evaluated for SARS-
CoV-2 microneutralizing antibody using the following 
method.
	 The microneutralization assay was developed at 
the NIID (18). Vero E6/TMPRSS2 cells and SARS-
CoV-2 JPN/TY/WK-521 strain were used for the assay 
(18). The test serum was diluted in serial two-fold 
steps from 1:5 to 1:160 and the challenge virus (100 
Tissue Culture Infectious Dose 50/50µl) was allowed 
to react at 37oC for 1 hour. Next, VeroE6/TMPRSS 
cells were added to the mixture and incubated at 37 oC 
for 5 days. After the incubation, the cytopathic effect 
(CPE) of each well was observed under an inverted 
microscope. The microneutralization titer was evaluated 
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Figure 1. Study flow diagram. We recruited the study 
participants voluntarily among healthcare workers working at 
seven hospitals where outbreaks of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) occurred between 
March and August 2020 in Japan. A total of 1,899 participants 
were included in the analyses, excluding those who were 
unavailable for epidemiological information or the result of 
serologic test and those who had contact with SARS-CoV-2 
infected persons outside their hospitals.
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S1, https://www.globalhealthmedicine.com/site/
supplementaldata.html?ID=63). Three of these 
facilities had provided medical treatment to COVID-19 
patients during each outbreak period. The outbreaks 
were detected from March to August 2020 and lasted 
weeks to months (Supplementary Figure S1, https://
www.globalhealthmedicine.com/site/supplementaldata.
html?ID=63).
	 Blood collection was conducted from August 
3 to November 13, 2020, and the period from 
outbreak to blood sampling was about 2 weeks to 
4 months (Supplementary Figure S1, https://www.

globalhealthmedicine.com/site/supplementaldata.
html?ID=63). The microneutralization assay was 
performed on 205 samples that screened positive (Table 
1). Of these, 140 samples had a microneutralization 
titer of 1:5 or more, and 21 had an antibody titer of 1 or 
more on the ECLIA and a microneutralization titer of 
less than 1:5. A total of 161 samples (8.5%, 95% CI 7.3-
9.8) were seropositive. We classified 161 seropositive 
participants as cases and 1738 seronegative participants 
as controls. Seropositivity proportion varied by facility, 
ranging from 24.4% (33 of 135, 95% CI 17.5-32.6) 
to 1.0% (2 of 196, 95% CI 0.1-3.6; Supplementary 
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Table 1. Results of the serologic test for severe acute respiratory syndrome coronavirus 2 among healthcare workers in 
Japan between August and November, 2020

Antibody titer
(ECLIA)

< 0.1
≥ 0.1, < 1

≥ 1

ECLIA: electrochemiluminescence immunoassay; NA: not applicable; aCases that showed < 0.1 on the ECLIA and were not tested on the 
microneutralization assay.

Total, n

1,694
     46
   159

< 1:5

NAa

44
21

1:5

NA
  0
40

1:10

NA
  2
47

1:20

NA
  0
36

1:40

NA
  0
10

1:80

NA
0
5

Microneutralization titer, n

Table 2. Sociodemographic characteristics of participants by seropositivity

Variables

Sex
     Male
     Female
     Unknown
Age group (years)
     ≤ 30
     31-40
     41-50
     51-60
     61-70
     ≥ 71
Underlying disorder
     Immunodeficiency or malignancy
     Others
     No underlying disorders
     Unknown
Occupation
     Office worker
     Doctor
     Nurse
     Nursing assistant
     Rehabilitation staff
     Radiologist
     Pharmacist
     Nutritionist
     Laboratory technician
     Social worker
     Psychologist
     Caregiver
     Cleaning staff
     Others
Career (years)
     ≤ 5
     6-10
     11-20
     21-30
     ≥ 31

All participants, n (%)

   583 (31)
1,315 (69)
     1 (0)

   609 (32)
   473 (25)
   415 (22)
   270 (14)
 107 (6)
   25 (1)

   33 (2)
   564 (30)
1,260 (66)
   42 (2)

165 (9)
  248 (13)
  836 (44)
103 (5)
105 (6)
  99 (5)
  39 (2)
  34 (2)
  89 (5)
  23 (1)
    3 (0)
  25 (1)
  17 (1)
113 (6)

  704 (37)
  412 (22)
  440 (23)
  218 (11)
125 (7)

NA: not applicable; aSeropositive: Microneutralization titer ≥ 5 or antibody titer by ECLIA ≥ 1; bThe data were too sparse for analysis.

Seropositivea, n (%)

   32 (20)
 129 (80)
   0 (0)

   72 (45)
   41 (25)
   21 (13)
 14 (9)
 10 (6)
   3 (2)

   3 (2)
   48 (30)
 103 (64)

  7 (4)

  5 (3)
  16 (10)
102 (63)
  16 (10)
  7 (4)
  2 (1)
  1 (1)
  0 (0)
  0 (0)
  0 (0)
  0 (0)
  1 (1)
  4 (2)
  7 (4)

  74 (46)
  38 (24)
  27 (17)
13 (8)
  9 (6)

Seronegative, n (%)

   551 (32)
1,186 (68)
     1 (0)

537 (31)
432 (25)
394 (23)
256 (15)
97 (6)
22 (1)

   30 (2)
   516 (30)
1,157 (67)
   35 (2)

160 (9)
  232 (13)
  734 (42)
  87 (5)
  98 (6)
  97 (6)
  38 (2)
  34 (2)
  89 (5)
  23 (1)
    3 (0)
  24 (1)
  13 (1)
106 (6)

  630 (36)
  374 (22)
  413 (24)
  205 (12)

116 (7)

p value

0.003

0.001

0.284

NAb

0.056
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Table S1, https://www.globalhealthmedicine.com/site/
supplementaldata.html?ID=63).
	 Women accounted for 69.3% (1,315 of 1,899) of 
the participants and most seropositive cases were also 
women (80.1%, 129 of 161; Table 2). The number of 
seropositive participants was the highest for the age 
group of 20s (44.7%, 72 of 161) and decreased with 
age. The largest number of participants were nurses 
(44.0%, 836 of 1,899), followed by doctors (13.1%, 
248 of 1,899) and office workers (8.7%, 165 of 1,899). 
About two-thirds of seropositive participants were 
nurses (102 of 161, 63.4%), and 9.9% each were 
doctors (16 of 161) and nursing assistants (16 of 161). 
None of the nutritionists, laboratory technicians, 
or social workers had positive serologic tests. The 
characteristics of underlying disorders and career 
were similar between seropositive and seronegative 
participants.
	 Participants in their 20s had increased odds of 
seropositivity compared with those in their 40s 
(aOR 2.2, 95% CI 1.2-3.9: Table 3). The odds of 
seropositivity in doctors (aOR 5.1, 95% CI 1.6-15.9), 
nurses (aOR 5.4, 95% CI 2.0-14.6), nursing assistants 
(aOR 9.0, 95% CI 2.9-28.1), and cleaning staff (aOR 
22.7, 95% CI 3.9-132.0) were higher than those among 

office workers. Seropositivity odds were not higher in 
women than in men. We could not find any association 
between career and seropositivity after controlling for 
confounders.
	 Having contact history with COVID-19 patients 
was associated with seropositivity (aOR 4.8, 95% CI 
2.8-8.1; Table 4). The group with physical contact with 
COVID-19 patients had a higher seropositive proportion 
than the group without it (aOR 2.4, 95% CI 1.1-5.6). 
The seropositivity of the participants who performed 
aerosol-generating procedures for COVID-19 patients 
was higher than those who did not (aOR 1.9, 95% CI 
1.1-3.2; Table 5). No association was found between 
other contact histories and seropositivity (Table 4). 
Total number of contact days and average contact 
time per day were analyzed for contact frequency with 
COVID-19 patients, but we did not find any association 
between these factors and COVID-19 infection.
	 Participants who used goggles all the time during 
medical procedures (aOR 0.2, 95% CI 0.1-0.5; Table 5), 
and those who used them occasionally (aOR 0.5, 95% 
CI 0.2-1.0), were less infected than those who did not. 
No association was found between infection and the 
use of surgical masks, gloves, and gowns, regardless of 
their frequency of use. The group who always used N95 
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Table 3. Seropositive proportion for severe acute respiratory syndrome coronavirus 2 by sociodemographic factors among 
healthcare workers in Japan between August and November, 2020

Variables

Sex
     Male
     Female
Age group (years)
     ≤ 30
     31-40
     41-50
     51-60
     61-70
     ≥ 71
Occupation
     Office worker
     Doctor
     Nurse
     Nursing assistant
     Rehabilitation staff
     Radiologist
     Pharmacist
     Nutritionist
     Laboratory technician
     Social worker
     Psychologist
     Caregiver
     Cleaning staff
Career (years)
     ≤ 5
     6-10
     11-20
     21-30
     ≥ 31

Seropositive proportion (%, 95% CI)

 5.5 (3.8-7.7)
   9.8 (8.3-11.5)

 11.8 (9.4-14.7)
  8.7 (6.3-11.6)
5.1 (3.2-7.6)
5.2 (2.9-8.5)

  9.3 (4.6-16.5)
12.0 (2.5-31.2)

3.0 (1.0-6.9)
  6.5 (3.7-10.3)

  12.2 (10.1-14.6)
15.5 (9.1-24.0)
  6.7 (2.7-13.3)
2.0 (0.2-7.1)

  2.6 (0.1-13.5)
  0 (0-10.3)
0 (0-4.1)

  0 (0-14.8)
  0 (0-70.8)

  4.0 (0.1-20.4)
23.5 (6.8-49.9)

10.5 (8.3-13.0)
  9.2 (6.6-12.4)
6.1 (4.1-8.8)

  6.0 (3.2-10.0)
  7.2 (3.3-13.2)

CI: confidence interval; OR: odds ratio; NA: not applicable; aAdjusted by sex, age, hospital, occupation, and contact history with coronavirus 
disease 2019 patients.

OR

1 (ref)
    1.9 (1.3-2.8)

    2.5 (1.5-4.2)
    1.8 (1.0-3.1)

1 (ref)
    1.0 (0.5-2.1)
    1.9 (0.9-4.2)
    2.6 (0.7-9.2)

1 (ref)
    2.2 (0.8-6.1)

      4.4 (1.8-11.1)
      5.9 (2.1-16.6)
    2.3 (0.7-7.4)
    0.7 (0.1-3.5)
    0.8 (0.1-7.4)

NA
NA
NA
NA

       1.3 (0.1-11.9)
       9.8 (2.4-41.2)

1 (ref)
     0.9 (0.6-1.3)
     0.6 (0.4-0.9)
     0.5 (0.3-1.0)
     0.7 (0.3-1.4)

p value

0.002

0.000
0.037

0.942
0.100
0.151

0.130
0.001
0.001
0.168
0.623
0.877
NA
NA
NA
NA

0.797
0.002

0.490
0.012
0.048
0.259

Adjusted ORa

1 (ref)
    1.3 (0.8-2.1)

    2.2 (1.2-3.9)
    1.6 (0.8-2.8)

1 (ref)
    1.0 (0.5-2.2)
    2.3 (0.9-6.0)
    1.4 (0.3-6.5)

1 (ref)
      5.1 (1.6-15.9)
      5.4 (2.0-14.6)
      9.0 (2.9-28.1)
    1.8 (0.5-6.6)
    0.8 (0.1-4.3)
    0.7 (0.1-6.9)

NA
NA
NA
NA

      1.9 (0.2-19.1)
      22.7 (3.9-132.0)

1 (ref)
    0.7 (0.5-1.2)
    0.8 (0.4-1.4)
    0.9 (0.4-2.0)
    1.2 (0.4-3.8)

p value

0.352

0.011
0.156

0.970
0.095
0.684

0.005
0.001
0.000
0.346
0.749
0.780
NA
NA
NA
NA

0.568
0.001

0.242
0.376
0.781
0.696
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masks during the aerosol-generating procedure had a 
lower seropositive proportion than the group who did 
not use them (aOR 0.3, 95% CI 0.1-0.8). No association 
was found between the group who used N95 masks 
occasionally and SARS-CoV-2 infection.
	 Only one of 71 workers in the COVID-19 ward 
was seropositive (seropositivity proportion 1.4%, 
95% CI 0.04-7.6), while 35 of 188 were positive in 
the outbreak ward (18.6%, 95% CI 13.3-24.9; Figure 
2). The seropositivity proportion in the non-outbreak 
ward (1.4%, 95% CI 0.6-2.9) was similar to that in the 
COVID-19 ward.
	 PCR results prior to the serologic test were obtained 
for 965 of 1,899 participants (Supplementary Table 
S3, https://www.globalhealthmedicine.com/site/
supplementaldata.html?ID=63). When both positive 
and negative PCR results were reported, the analyses 
were performed using positive results. Of the 121 
participants who reported PCR positive results, 23 were 
seronegative. The duration from PCR to serologic test 
ranged from 96 to 192 days.

Discussion

This study revealed certain risk behaviors for SARS-
CoV-2 infection in nosocomial settings: physical contact 
and aerosol-generating procedures with patients with 
COVID-19. Doctors, nurses, and nursing assistants 
whose work involved such risk behaviors were more 
infected than office workers. Among occupations 
not involving patient-care, cleaning staff had a high 
seroprevalence; therefore, infection prevention measures 
for this employee group are also important. Of the 
PPE, goggles and N95 masks prevented SARS-CoV-2 
infection with dose-response relationships.
	 The total seroprevalence in participants in this study 
(8.5%, 95% CI 7.3-9.8; 161 of 1,899) was much higher 
than that in the general population in Japan (0.7%, 103 of 
15,043), according to a survey conducted several months 
after our study (20). As such, the study was conducted 
at a time when the infection was not widespread in the 
community and was appropriate for assessing the risk of 
infection in health care institutions.

www.globalhealthmedicine.com

Table 4. Seropositive proportion for severe acute respiratory syndrome coronavirus 2 by contact history with coronavirus 
disease 2019 patients among healthcare workers in Japan between August and November, 2020

Variables

Any contact history with
COVID-19 patientsa

     Yes
     No

(Details of contact historyb)
Entering the room
     Yes
     No
Contact with the surrounding
environment
     Yes
     No
Approach within 1m
     Yes
     No
Conversation
     Yes
     No
Physical contact
     Yes
     No
(Frequency of contact historya )
Total days of contact
     ≤ 3
     4-7
     8-14
     15-30
     ≥ 31
Average time of contact per day
     < 15min
     ≥ 15min, < 1H
     ≥ 1H, < 2H
     ≥ 2H

Number of seropositive 
participants

125/1,011
20/768

105/733
13/239

101/660
15/304

115/875
4/93

111/819
7/151

104/648
17/331

28/356
24/156
21/122
23/132
20/182

23/327
30/308
21/121
48/206

CI: confidence interval; OR: odds ratio; COVID-19: coronavirus disease 2019; aAdjusted by sex, age, hospital, and occupation; bAdjusted by sex, 
age, hospital, occupation, entering the room, contact with the surrounding environment, approach within 1m, conversation, and physical contact.

Seropositive proportion
(%, 95% CI)

  12.4 (10.4-14.6)
2.6 (1.6-4.0)

  14.3 (11.9-17.1)
5.4 (2.9-9.1)

  15.3 (12.6-18.3)
4.9 (2.8-8.0)

  13.1 (11.0-15.6)
  4.3 (1.2-10.6)

  13.6 (11.3-16.1)
4.6 (1.9-9.3)

  16.0 (13.3-19.1)
5.1 (3.0-8.1)

  7.9 (5.3-11.2)
  15.4 (10.1-22.0)
  17.2 (11.0-25.1)
  17.4 (11.4-25.0)
11.0 (6.8-16.5)

  7.0 (4.5-10.4)
  9.7 (6.7-13.6)

  17.4 (11.1-25.3)
  23.3 (17.7-29.7)

OR

     5.3 (3.3-8.5)
1 (ref)

     2.9 (1.6-5.3)
1 (ref)

     3.5 (2.0-6.1)
1 (ref)

     3.4 (1.2-9.3)
1 (ref)

     3.2 (1.5-7.1)
1 (ref)

     3.5 (2.1-6.0)
1 (ref)

1 (ref)
    2.1 (1.2-3.8)
    2.4 (1.3-4.5)
    2.5 (1.4-4.5)
    1.4 (0.8-2.6)

1 (ref)
    1.4 (0.8-2.5)
    2.8 (1.5-5.2)
    4.0 (2.4-6.8)

p value

0.000

0.000

0.000

0.020

0.003

0.000

0.011
0.004
0.003
0.231

0.220
0.002
0.000

p value

0.000

0.647

0.937

0.356

0.051

0.037

0.307
0.237
0.131
0.900

0.969
0.546
0.251

Adjusted OR

    4.8 (2.8-8.1)
1 (ref)

    0.8 (0.3-2.0)
1 (ref)

    1.0 (0.4-2.3)
1 (ref)

    1.8 (0.5-5.9)
1 (ref)

    2.5 (1.0-6.4)
1 (ref)

    2.4 (1.1-5.6)
1 (ref)

1 (ref)
    1.4 (0.7-2.7)
    1.5 (0.8-3.0)
    1.7 (0.9-3.3)
    1.0 (0.5-2.1)

1 (ref)
    1.0 (0.5-1.9)
    1.3 (0.6-2.6)
    1.5 (0.8-2.8)

The following analyses are among the participants who had any contact history with COVID-19 patients.

https://www.globalhealthmedicine.com/site/supplementaldata.html?ID=63
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	 So far, healthcare workers with patient contact had 
been reported to have high seropositivity (3,11,13,21,22). 
Our study also showed that doctors, nurses, and nursing 
assistants, i.e., those who are engaged in patient care, 

were more infected than office workers. Rehabilitation 
staff, radiologists, and caregivers also had contact 
with patients, but they were not more infected than 
office workers. These results might reflect that they 
had a lesser chance of being included in risk behaviors 
such as aerosol-generating procedures. There were no 
seropositive participants among nutritionists, laboratory 
technicians, social workers, and psychologists. Similar 
to our study, fewer instances of infection in laboratory 
technicians were reported in previous studies (2,23), 
and the risk of infection from specimens obtained from 
patients with COVID-19 was low.
	 Cleaning staff showed a high seropositivity in our 
study. One case series also reported SARS-CoV-2 
infection in cleaning staff who had no contact with 
patients with COVID-19 (24). Of the eight infected 
cleaners in the study, only one wore a face shield and 
had limited opportunities for infection prevention and 
control (IPC) training (24). In another observational 
study, cleaning staff had the highest seropositivity among 
staff working in hospitals with COVID-19 outbreaks 
(23). Of the 17 cleaning staff members who participated 
in our study, none reported a history of contact with 
patients with COVID-19. Two of the four cleaners who 
were seropositive had not undergone PCR testing during 

www.globalhealthmedicine.com

Table 5. Preventive effect of severe acute respiratory syndrome coronavirus 2 infection by using personal protective 
equipment among healthcare workers in Japan between August and November, 2020

Variables

Any medical procedures
for COVID-19 patientsa

     Yes
     No

Surgical masks use
     Always
     Sometimes
     Never
Gloves use
     Always
     Sometimes
     Never
Goggles use
     Always
     Sometimes
     Never
Gowns or aprons use
     Always
     Sometimes
     Never
Aerosol-generating procedures 
for COVID-19 patientsa

     Yes
     No

N95 masks usea

     Always
     Sometimes
     Never

Number of seropositive 
participants

94/607
27/337

86/539
3/21
5/46

62/466
23/103
9/37

39/363
28/124
27/118

53/396
28/135
13/73

43/221
57/689

22/153
6/23
14/43

CI: confidence interval; OR: odds ratio; COVID-19: coronavirus disease 2019; aAdjusted by sex, age, hospital, and occupation; bAdjusted by sex, 
age, hospital, occupation, and eye shield use.

Seropositive proportion
(%, 95% CI)

  15.5 (12.7-18.6)
  8.0 (5.3-11.4)

  16.0 (13.0-19.3)
14.3 (3.0-36.3)
10.9 (3.6-23.6)

  13.3 (10.4-16.7)
  22.3 (14.7-31.6)
  24.3 (11.8-41.2)

10.7 (7.8-14.4)
  22.6 (15.6-31.0)
  22.9 (15.7-31.5)

  13.4 (10.2-17.1)
  20.7 (14.2-28.6)
17.8 (9.8-28.5)

  19.5 (14.5-25.3)
  8.3 (6.3-10.6)

14.4 (9.2-21.0)
  26.1 (10.2-48.4)
  32.6 (19.1-48.5)

OR

    2.1 (1.3-3.3)
1 (ref)

    1.6 (0.6-4.1)
    1.4 (0.3-6.3)

1 (ref)

    0.5 (0.2-1.1)
    0.9 (0.4-2.2)

1 (ref)

    0.4 (0.2-0.7)
    1.0 (0.5-1.8)

1 (ref)

    0.7 (0.4-1.4)
    1.2 (0.6-2.5)

1 (ref)

    2.7 (1.7-4.1)
1 (ref)

    0.3 (0.2-0.8)
    0.7 (0.2-2.3)

1 (ref)

p value

0.001

0.365
0.690

0.069
0.804

0.001
0.956

0.320
0.612

0.000

0.008
0.586

p value

0.170

0.993
0.918

0.302
0.384

0.000
0.041

0.483
0.537

0.021

0.022
0.321

Adjusted OR

    1.5 (0.8-2.5)
1 (ref)

    1.0 (0.3-3.1)
    0.9 (0.1-5.7)

1 (ref)

    0.5 (0.1-1.8)
    0.6 (0.2-2.0)

1 (ref)

    0.2 (0.1-0.5)
    0.5 (0.2-1.0)

1 (ref)

    1.5 (0.5-4.9)
    1.4 (0.5-4.0)

1 (ref)

    1.9 (1.1-3.2)
1 (ref)

    0.3 (0.1-0.8)
    0.5 (0.1-2.1)

1 (ref)

The following analysesb are among participants who performed any medical procedures for COVID-19 patients.

The following analysis is among participants who performed aerosol-generating procedures for COVID-19 patients.

Figure 2. COVID-19 seroprevalence by ward type 
among healthcare workers in Japan between August and 
November, 2020. The wards were classified as COVID-19 
ward (ward for the treatment of COVID-19 patients), outbreak 
ward (non-COVID-19 ward where outbreak was detected 
among staff or in-patients), and non-outbreak ward (non-
COVID-19 ward where outbreak was not detected among staff 
or in-patients). The point estimates (dots) and 95% confidence 
intervals (lines) of COVID-19 seroprevalence are shown. 
The COVID-19 ward had the lower seroprevalence than the 
outbreak ward and similar to the non-outbreak ward.
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the outbreak period as they were not suspected to have 
SARS-CoV-2 infection by epidemiological investigation. 
Transmission by inhalation of infected aerosols in areas 
with patients with COVID-19 or through contact with 
contaminated fomites was suspected (25). Cleaning staff 
might be less trained in infection control than frontline 
healthcare workers and it is important to strengthen IPC 
training for them.
	 Healthcare workers in their 20s were more infected 
than those in their 40s. The susceptibility to SARS-
CoV-2 infection by age group during the pre-vaccination 
period has been previously discussed. One systematic 
review and meta-analysis about household transmission 
of SARS-CoV-2 reported the secondary infection rate 
in family members with patients with COVID-19 to be 
low in children and high in older adults (26). In addition, 
population-based seroepidemiological surveys showed 
that children were less infected than adults, and the 
point estimates of seropositivity rates in people in their 
40s and 50s were higher than those in other generations 
(22,27). We could not find reports of young adults being 
more susceptible to infection in the general population. 
Healthcare workers, meanwhile, have been reported to 
be more infected in the younger age group, similar to our 
study (2,3). Healthcare workers in their 20s might have 
more close contact with patients with COVID-19 than 
those in their 40s and 50s, and they might be unfamiliar 
with PPE use.
	 Physical contact with patients with COVID-19, 
the closest form of contact in our questionnaire, was 
considered a risk behavior for SARS-CoV-2 infection. 
The association between other contact behaviors with 
patients with COVID-19 (entering the room, contact 
with the surrounding environment, approach within 1 
m, conversation) and seropositivity was unclear, but 
the point estimates of OR tended to be higher for closer 
contact.
	 The group that always used N95 masks during 
aerosol-generating procedures was found to be less 
infected, which was consistent with previous studies 
(1,3,13). However, there was no conclusive result on 
the association between surgical masks use and SARS-
CoV-2 infection in our study. As N95 masks users 
were trained rigorously on the use of PPE, they might 
have been able to ensure appropriate fitting of their 
masks. However, surgical masks were worn by diverse 
hospital staff, and some participants might have been 
unfamiliar with wearing them correctly. In addition, 
some participants reported a lack of PPE during the 
study period. The preventive effect of surgical masks 
may have been underestimated owing to their improper 
wear or reuse. Among other PPE, the use of goggles 
prevented SARS-CoV-2 infection with dose-response 
relationships.
	 The outbreak ward had the highest seroprevalence in 
this study, and the COVID-19 ward had as few infections 
as the non-outbreak ward. By facility, seropositivity 

proportions were the highest in facilities that did not 
treat patients with COVID-19 during the study period. 
A questionnaire survey conducted in Japan from July to 
September 2021 also reported nosocomial outbreaks in 
facilities that did not provide COVID-19 inpatient care 
(8). The high seroprevalence in facilities that did not treat 
patients with COVID-19 suggests that viral transmission 
seemed to occur from an undiagnosed SARS-CoV-2-
infected person with incomplete PPE use. In addition, the 
low seroprevalence in the COVID-19 ward indicated that 
risk factors could be modified with appropriate infection 
prevention.
	 In the 23 participants who previously tested positive 
by PCR and negative for serologic testing, the shortest 
duration from PCR to serologic test was 96 days. IgG 
for SARS-CoV-2 were produced approximately 2 weeks 
after infection (28,29). Therefore, the negative serologic 
results were not due to early testing. Longitudinal 
antibody responses against SARS-CoV-2 are under 
discussion. Some studies reported that neutralizing 
antibodies against SARS-CoV-2 had declined within 
a few months after disease onset (30), whereas others 
reported them to last for months to half a year (31-33). 
All 17 participants who reported the PCR test date had 
an interval of more than 3 months from the PCR to the 
antibody test, and 13 had more than half a year (median 
184 days, range 96-192 days). This group might include 
those who had seroconverted, but the value decreased by 
the time the serologic test was conducted.
	 Multiple variants of SARS-CoV-2 have been 
reported during this pandemic. This study assessed the 
risk of wild-type virus infection, and the strength of 
the association between each risk factor and infection 
may not be consistent in the current epidemic of SARS-
CoV-2 variants. However, quantitative risk assessments 
including a control group were limited in Japan, and the 
results of this study would be useful as fundamental data 
for future pandemics caused by strains with different 
infectivity.
	 This study has several strengths. First, we evaluated 
the SARS-CoV-2 infection through seroprevalence 
using a robust method. ECLIA was performed for 
screening in all cases, and the positivity criteria were 
set lower than the manufacturer's criteria so that false 
negatives were excluded. The screening-positive cases 
were tested using a microneutralization assay with 
high sensitivity and specificity. Second, we collected 
epidemiological information through a web-based 
system. As we were able to check the real-time response 
status, a high response rate (1,935 out of 2,059, 94.0%) 
could be obtained by sending appropriate reminders. 
Third, we recruited study participants regardless of 
prior PCR results. People with positive PCR results 
would be more concerned about the contexts in which 
they became infected than those who had negative PCR 
results or had not performed PCR. Therefore, we were 
able to minimize recall bias. Finally, as there were only 
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a few community-acquired SARS-CoV-2 infections 
during our study period, we were able to assess the risk 
of infection limited to each healthcare facility.
	 Our study has several limitations. As this was a 
case-control study, causality could not be discussed. We 
could only show the strength of associations between 
SARS-CoV-2 infection and possible risk factors. 
However, the risk behaviors associated with SARS-
CoV-2 infection in our study were consistent with other 
research methods such as cohort studies, systematic 
reviews, and meta-analyses (2,3,11-13,34,35). In 
addition, a dose-response relationship was found in the 
preventive effect of the use of goggles, which suggested 
a causal relationship. Second, wearing of PPE by 
patients with COVID-19 in contact with the participants 
seems to be a possible confounding factor, but we 
could not adjust this factor as we did not seek this 
information. Third, we could not exclude selection bias 
because we employed voluntary participation. Those 
with prior positive PCR results might have been more 
likely to not participate in the study than those who 
had negative results or were untested. Therefore, the 
seropositivity rate might be underestimated. However, 
it is unclear whether this bias raises or lowers the odds 
of risk behaviors. As information was collected through 
a self-reported questionnaire, recall bias could have 
occurred. Social desirability bias might influence the 
responses, especially with regard to PPE use. We tried 
to mitigate these information biases by communicating 
the serologic test result after questionnaire completion.
	 In conclusion, we investigated specific risk 
behaviors in nosocomial settings and the preventive 
effect of each PPE with a quantitative assessment. 
The differences in seropositivity rates by ward type 
suggested that these risk factors can be modified 
through appropriate infection prevention measures. 
COVID-19 outbreaks in hospitals which affect medical 
resources still remained a public health concern in 
2022. Nonpharmaceutical intervention with proper 
PPE use remains critically important, especially for 
populations with inadequate IPC training.
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Introduction

Recent advances in antiretroviral therapy (ART) have 
improved the life expectancy of people living with HIV 
(PLWH), and the global HIV population is both aging 
and increasing. Aging increases comorbidity; therefore 
non-communicable diseases (NCDs) are posing new 
public health problems for PLWH in low- and middle-
income countries (LMICs) (1). Studies have shown 
that because of HIV infection and treatment toxicity, 
PLWH have a higher risk of having NCDs such as 
cardiovascular disease (CVD), diabetes mellitus (DM), 
and non-AIDS-related cancers compared to people 
without HIV (2-4).
	 The burden of disease from DM has become 
significant in Vietnam. According to the International 
Diabetes Federation, the prevalence of DM was 6.1% 
in 2021, and was projected to reach 7.1% by 2045 (5). 
Vietnam has experienced rapid economic growth and 
urbanization since the Doi-Moi policy (transitioning to 
a market economy) was introduced in 1986. There is a 
concern that traditional risk factors such as smoking, 
poor diet, and a sedentary lifestyle could be more 
prevalent because of these social and demographic 

changes (6), further leading to increased prevalence of 
DM in the future.
	 The HIV epidemic remains a major public health 
problem in Vietnam. While AIDS-related mortality 
and new infections have declined in recent decades, 
the percentage of PLWH aged 50 years and above has 
been increasing (7,8). In addition, excess alcohol intake 
and smoking are known risk factors for DM (9,10), and 
those factors were more prevalent among PLWH than in 
the general population (11,12). Therefore, it is essential 
to understand the magnitude of the DM burden among 
PLWH in Vietnam.
	 Prevalence data on DM is vital for medical decision-
making and the appropriate allocation of healthcare 
resources. Nonetheless, very few studies have 
investigated DM prevalence among PLWH in Vietnam. 
According to a literature review using PubMed, Web 
of Science, Cochrane library, and Global Health with 
keywords of diabetes AND Vietnam AND HIV, two 
studies were found, which investigated DM among 
PLWH in the Asian- Pacific region including Vietnam. 
However, no study focused on PLWH in Vietnam for 
DM prevalence. In addition, it is important to understand 
factors associated with DM to design an effective 
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strategy. Several studies have investigated factors 
associated with DM among PLWH in LMICs. However, 
most of these were conducted in Sub-Saharan Africa, 
with only a few conducted in the Asian-Pacific region 
(13). Because DM is associated with lifestyle factors, 
contextual differences may influence the onset of DM 
among PLWH. Moreover, the investigated factors and 
reported results have varied across studies (13-16). Few 
studies have examined HIV-related and traditional factors 
simultaneously, including lifestyle factors such as dietary 
patterns and physical exercise, to explore which factors 
are more likely to affect NCDs among PLWH.
	 Therefore, to overcome these limitations of past 
studies, we conducted the present study to examine the 
prevalence of DM among PLWH on ART and investigate 
the associations between DM and traditional and HIV-
related factors.

Methods

Study design and participants

This study employed a cross-sectional design and 
recruited PLWH in a hospital-based cohort, the Hanoi 
cohort, at the National Hospital for Tropical Diseases 
(NHTD) in Hanoi, Vietnam. Inclusion criteria for 
the Hanoi cohort were: i) aged 18 and above, ii) on 
ART at NHTD, iii) provide written consent for study 
participation. Participants were excluded if physicians 
deemed them inappropriate to participate in the study. 
NHTD is a central hospital specializing in infectious 
diseases that has one of the largest HIV outpatient clinics 
in Vietnam. In the cohort, clinical data were prospectively 
collected every six months under the Japan Initiative 
for Global Research Network on Infectious Diseases 
(2006-2018) and the Science and Technology Research 
Partnership for Sustainable Development (SATREPS, 
2019-present) programs. For the cross-sectional study, 
relevant clinical data was obtained from the database 
of the cohort, and a self-reported questionnaire survey 
on lifestyles and blood glucose testing were conducted 
between December 2020 and January 2021. The study 
protocol was approved by the Human Research Ethics 
Committee of NHTD (No:15/ HDDD-NDTU). All 
study participants provided a written informed consent 
for participation and for the use and publication of their 
clinical and laboratory data for research. This study 
was conducted in accordance with the principles of the 
Declaration of Helsinki.

Measurements

DM case identification

Fasting plasma glucose was measured using the Roche 
Cobas 6000 analyzer (Roche Molecular Diagnostics, 
Pleasanton, CA). Based on World Health Organization 

(WHO) diagnostic criteria, participants were considered 
to have DM if plasma glucose was ≥ 7.0 mmol/L without 
DM treatment or if participants had a history of DM 
diagnosis. Pre-diabetes was identified if 6.1 mmol/L ≤ 
plasma glucose < 7.0 mmol/L without DM treatment and 
previous DM diagnosis (17).

Traditional factors

T h e  q u e s t i o n n a i r e  r e c o r d e d  t h e  f o l l o w i n g 
sociodemographic and traditional factors: sex, age, 
occupation, monthly household income, exercise 
intensity level, smoking, alcohol drinking, fruit intake, 
and vegetable intake. Age was divided into four groups: 
< 40 years, 40-49 years, 50-59 years, and 60 years and 
above. Occupation was categorized as government 
employee, non-government employee, farmer, self-
employed, student, and unemployed. Monthly household 
income was divided into four categories: < 4,000,000 
Vietnamese dong (VND), 4,000,000-7,999,999 VND, 
8,000,000 VND and more, and unknown. Exercise 
intensity level was measured by the International 
Physical Activity Questionnaire (IPAQ) (18). According 
to the guideline, the metabolic equivalent task (MET)-
minutes per week of each activity (vigorous-intensity 
activity, moderate-intensity activity, and walking) was 
calculated and classified into one of three categories: 
low, moderate, and high. Data on smoking, alcohol 
drinking, and fruit and vegetable intake were collected 
based on the WHO STEPS surveillance questionnaire 
(19). Participants were considered current smokers if 
they answered smoking either daily or less than daily, 
and current alcohol drinkers if they answered they had 
had alcohol drinks in the last 12 months. Bodyweight 
was measured when the questionnaire was administered, 
and body mass index (BMI) was calculated by dividing 
weight by height squared (kg/m2). Participants with a 
BMI ≥ 25kg/m2 were classified as overweight/obese.

HIV-related factors

The following data on HIV-related factors were collected 
from the Hanoi cohort database: latest CD4 counts (/μl), 
latest plasma viral load (pVL) (copies/ml), years since 
HIV diagnosis, years on ART, and duration of didanosine 
(ddI), stavudine (d4T), and lopinavir/ritonavir (LPV/r) 
exposure. Exposure to LPV/r, ddI and d4T were selected 
because several studies have reported that the use of 
protease inhibitors and nucleoside reverse transcriptase 
inhibitors increases the risk of hyperglycemia or DM 
(20-22).

Statistical analysis

The overall prevalence of DM and pre-diabetes were 
calculated by standardizing according to the age 
distribution of the National Survey on the Risk Factors 
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age was 43.8 years, and 57.34% of the participants were 
men. Age-standardization did not greatly change mean 
age (mean age after exclusion of those aged 70 and 
above = 43.35 years). Approximately half of participants 
were self-employed (43.32%), followed by farmers 
(20.0%). Approximately one-fourth of participants' 
monthly household income was below 4,000,000 VND 
(approx. 177 USD) per month. The mean body weight 
and BMI were 57.56 kg and 21.92, respectively. The 
mean number of years since ART initiation was 10.25, 
and the mean of the latest CD4 count was 549.5. Most 
participants (99.26%) achieved a viral load below 200 
copies/ml. The percentage of those exposed to LPV/r 
for 7 years and above was 8.25%, and 12.54% had been 
exposed to either ddI or d4T for 3 years or more.

Prevalence of DM and pre-diabetes

Among the participants, 86 were identified as having 
DM and 112 were identified as pre-diabetic, accounting 
for 9.29% (95% CI: 7.11-11.47%) and 10.32% (95% CI: 
8.11-12.52%), respectively. There were no DM cases 
among those with a viral load of 200 copies/ml and 
above.

Univariate analysis

Table 2 shows the results of the univariate analysis and 
the multivariate analysis of the factors associated with 
DM. Males had 3.2-fold higher odds of having DM than 
did females (OR = 3.27, 95% CI: 1.95-5.47). Those 
aged 40-49 had approximately 2-fold higher odds, and 
those aged 50-59 and those aged 60 and above had 
approximately 7-fold higher odds of having DM than did 
those below 40 years (OR = 2.27, 95% CI: 1.21-4.27; OR 
= 6.78, 95% CI: 3.36-13.71; OR = 6.95, 95% CI: 3.11-
15.53, respectively). Those who were unemployed (OR 
= 2.67, 95% CI: 1.06-6.73 vs. government employees), 
current smokers (OR = 2.04, 95% CI: 1.33-3.13 vs. non-
smokers), and those with BMI ≥ 25kg/m2 (OR = 2.8, 
95% CI: 1.69-4.62 vs. BMI < 25 kg/m2) had higher odds 
of DM compared to the reference group. There were 
no significant associations between DM and monthly 
household income, exercise intensity level, current 
alcohol drinking, or fruit and vegetable intake.
	 Among the univariate analysis of HIV-related factors, 
years on ART and duration of ddI or d4T exposure were 
associated with DM. Those on ART for 11 years or more 
had 1.8 times higher odds of having DM compared to 
those on ART less than 11 years (OR = 1.84, 95% CI: 
1.21-2.8). Those exposed to ddI or d4T for less than 3 
years had 1.7 times higher odds of having DM (OR = 
1.7, 95% CI: 1.04-2.75 vs. non-exposed). Those exposed 
more than 3 years also showed a non-significant trend 
toward higher odds of DM (OR = 1.53, 95% CI: 0.84-
2.79 vs. non-exposed). In this study, the duration of LPV/
r exposure was not associated with DM.

of Non-Communicable Diseases (STEPS) Vietnam 2015 
(23). The direct standardization method was used. To 
match the age distribution, study participants aged 70 
years and above were excluded when standardization 
was performed.
	 Given the exploratory nature of this study, the cut-
offs were chosen for fruit intake, vegetable intake, years 
since HIV diagnosis, years on ART, and duration of ddI, 
d4T, and LPV/r exposure based on visual analysis of 
DM case distribution using histograms. Because few 
DM cases have been exposed to ddI, exposure to ddI 
and d4T were merged into one category, i.e., duration of 
ddI or d4T exposure. Fruit intake and vegetable intake 
were grouped into two categories: consume every day 
and less than every day. The latest CD4 count and pVL 
were divided into two categories: < 200 and 200 and 
above. Years since HIV diagnosis and years on ART 
were divided into two categories: < 11 years and 11 years 
and above. Duration of ddI or d4T exposure and duration 
of LPV/r exposure were divided into the following 
categories: < 3 years and 3 years and above; < 7 years 
and 7 years and above, respectively.
	 Associations between DM and traditional and HIV-
related factors were explored in a univariate logistic 
regression analysis. Variables that were significant for 
the univariate analysis (p < 0.1) were included in the 
multivariate analysis. Before the variables to be included 
in multivariate analysis were identified, Spearman's 
correlation coefficient was calculated. If the coefficient 
was 0.6 or higher, variables were excluded from the 
multivariate analysis to avoid multicollinearity. Two 
multivariate models were adopted to explore the impacts 
of traditional factors on DM before and after adjustment 
for HIV-related factors. Model 1 includes traditional 
factors; model 2 includes traditional and HIV-related 
factors.
	 To minimize selection bias, multivariate imputation 
using chained equations was used to calculate values 
of the missing variables. The number of missing values 
ranged from 0 to 11.86% for any single variable. All 
statistical analysis was performed using Stata software 
(version 16, StataCorp LLC, College Station, TX).

Results

Since October 2007, a total of 2,198 patients had 
registered for the Hanoi cohort, and 1,225 were followed 
up in December 2020 and January 2021. Of those, 13 
were excluded from the analyses: 11 who did not receive 
blood tests because of time limitations, and two who 
did not answer more than half of the questions on the 
questionnaire. The analysis therefore included data from 
1,212 PLWH.

Baseline characteristics

Baseline characteristics are shown in Table 1. The mean 
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Multivariate analysis

In model 1, physical activity intensity was included 
despite non-significant associations in the univariate 
analysis. Male participants had twice the odds of DM 
compared to females (OR = 2.06, 95% CI: 1.13-3.76). 
Current smokers and BMI ≥ 25 kg/m2 remained strongly 
associated with DM (OR = 1.68, 95% CI: 1.00-2.82; OR 
= 2.43, 95% CI: 1.44-4.13, respectively). Those aged 50 
and above were also strongly associated with DM (aged 
50-59, OR = 5.25, 95% CI: 2.52-10.91; aged 60 and 
above, OR = 5.21, 95% CI: 2.11-12.8). Unemployment 
status and physical activity intensity were not associated 
with DM.
	 In model 2, physical activity intensity, past exposure 
to LPV/r, ddI, and d4T were included despite non-
significant associations in the univariate analysis. To 
avoid collinearity with years on ART, years since HIV 

diagnosis was excluded. After adjusting for the effect 
of HIV-related factors, the association between DM and 
males, those aged 50 and above, and those with BMI ≥ 
25 kg/m2 remained. Although there was no significance, 
we found borderline p-values in current smokers (OR = 
1.67, 95% CI: 0.99-2.83, p = 0.057) and years on ART 
(OR = 1.65, 95% CI: 0.99-2.77, p = 0.056) in model 2. 
Those on ART for 11 years and above had approximately 
1.6 times higher odds of DM than did those on ART for 
less than 11 years.

Discussion

The study examined the prevalence of DM among 
PLWH on ART at the national hospital in Hanoi, and the 
factors associated with DM. In the multivariate analysis, 
males, those aged above 50 years, and those with BMI 
≥ 25 kg/m2 were significantly associated with higher 
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Table 1. Baseline Characteristics

Variables (n = 1,212)

Sex
     Male
     Female
Age
     < 40
     40-49
     50-59
     ≥ 60
     Mean (SD)
Injection drug use
     No
     Yes
Occupation
     Government employee
     Non-government employee
     Farmer
     Self-employed
     Student
     Unemployed
     Missing
Household monthly income
     < 4,000,000 VND
     4,000,000-7,999,999
     8,000,000 or more
     Unknown
     Missing
Exercise level (IPAQ)
     Low
     Moderate
     High
     Missing
Smoking
     Not at all
     Less than daily
     Daily
     Missing
Alcohol current drinker
     No
     Yes
     Missing

n

 
695
517
 

394
612
133
73

43.80 (3.24)
 

946
266
 

112
118
239
525
10
187
21
 

317
515
261
65
59
 

389
496
225
102
 

793
115
237
67
 

629
528
55

ART, antiretroviral therapy; HIV, human immunodeficiency virus; IPAQ, International Physical Activity Questionnaire; SD, standard deviation; 
VND, Vietnamese dong.

%

 
57.34
42.66

 
32.51
50.50
10.97
6.02

 
 

78.00
22.00

 
9.24
9.74
20.00
43.32
0.83
15.43
1.73

 
25.74
42.49
21.53
5.36
11.86

 
32.10
40.92
18.56
8.42

 
65.43
9.49
19.55
5.53

 
51.90
43.56
4.54

Variables

Eat fruit every day
     No
     Yes
     Missing
Eat vegetable every day
     No
     Yes
     Missing
Weight
     Mean (SD)
BMI ≥ 25 kg/m2

     No
     Yes
     Missing
     Mean (SD)
Years since HIV diagnosis
     < 11 years
     ≥ 11 years
     Mean (SD)
Years on ART
     < 11 years
     ≥ 11 years
     Mean (SD)
Latest CD4 count
     ≥ 200
     < 200
     Median (IQR)
Latest pVL
     < 200 copies/mL
     ≥ 200 copies/mL
Duration of LPV/r exposure
     No exposure
     < 7 years
     ≥ 7 years
     Mean (SD)
Duration of ddI/d4T exposure
     No exposure
     < 3 years
     ≥ 3 years
     Mean (SD)

n

 
569
591
52
 

212
934
66
 

57.56 (8.88)
 

1,046
140
26
 
 

608
604

11.64 (4.04)
 

736
476

10.25 (3.24)
 

1,180
32

527 (408-679)
 

1,203
9
 

1,079
33
100

8.27 (3.66)
 

810
250
152

2.87 (1.94)

%

 
46.95
48.76
4.29

 
17.49
77.06
5.45

 
 
 

86.30
11.55
2.15

 
 

50.17
49.83

 
 

60.73
39.27

 
 

97.36
2.64

 
 

99.26
0.74

 
89.03
2.72
8.25

 
 

66.83
20.63
12.54
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odds of DM among PLWH. Current smoking and longer 
time on ART with marginal p-values were also possibly 
attributable to developing DM. There were no cases of 
active opportunistic infections or other complications 
that could increase insulin resistance and be included in 
the multivariate model. To the best of our knowledge, 
this is the first study that focuses on PLWH in Vietnam 
for DM prevalence.
	 The age-standardized prevalence of DM and pre-
diabetes were 9.29% and 10.32% in the study participants, 
respectively. According to the STEPS survey Vietnam 
2015, the prevalence of DM and pre-diabetes were 
4.1% and 3.6%, respectively (23). Our results imply the 
possibility of higher DM prevalence among PLWH. One 

study reported premature age-related comorbidities such 
as CVD and DM among PLWH (25); the prevalence of 
concurrent presence of two or more NCDs in PLWH was 
similar to that of a cohort of the general population who 
were 10 years older. The higher DM prevalence in this 
study population could be explained by premature aging. 
This finding supports early DM screening for PLWH.
 	 Our results showed that BMI ≥ 25kg/m2 was an 
important risk factor for DM, consistent with other 
study findings (13,26,27). The impact of weight gain 
on the risk of DM has been reported to be greater 
among PLWH than that of people without HIV (28). 
Furthermore, several studies have reported that the use of 
an integrase strand transfer inhibitor such as dolutegravir 
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Table 2. Factors associated with DM among PLWH

Variable

Gender

Age group

Injection drug use

Occupation

Household monthly 
income

Exercise level
(IPAQ)

Current smoker

Current alcohol
drinker
Eat fruit every day

Eat vegetables every 
day
BMI ≥ 25 kg/m2

Years since HIV
diagnosis
Years on ART

Latest CD4 count

Duration of LPVr
exposure

Duration of ddI/d4T 
exposure

Category

Female
Male
< 40

40-49
50-59
≥ 60
No
Yes

Government employee
Non-govt. employee

Farmer
Self-employed/student

Unemployed
< 4,000,000 VND

4,000,000-7,999,999
8,000,000 or more

Unknown
Low

Moderate
High
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

< 11 years
≥ 11 years
< 11 years
≥ 11 years

≥ 200
< 200

No exposure
< 7 years
≥ 7 years

No exposure
< 3 years
≥ 3 years

ART, antiretroviral therapy; HIV, human immunodeficiency virus; IPAQ, International Physical Activity Questionnaire; VND, Vietnamese dong. 
Model 1 includes traditional factors; model 2 includes traditional and HIV-related factors. *Wald test

Odds ratio (95% CI)

1.00
3.27 (1.95-5.47)

1.00
2.27 (1.21-4.27)

  6.78 (3.36-13.71)
  6.95 (3.11-15.53)

1.00
1.35 (0.84-2.16)

1.00
  1.1 (0.36-3.38)
1.43 (0.55-3.72)
1.44 (0.59-3.48)
2.67 (1.06-6.74)

1.00
0.85 (0.51-1.41)
0.86 (0.46-1.58)
0.83 (0.31-2.27)

1.00
1.41 (0.86-2.31)
  1.1 (0.59-2.07)

1.00
2.04 (1.33-3.13)

1.00
  1.2 (0.79-1.83)

1.00
  1.08 (0.71-1.65)

1.00
  0.79 (0.46-1.37)

1.00
  2.79 (1.69-4.62)

1.00
  1.45 (0.95-2.21)

1.00
1.84 (1.21-2.8)

1.00
  1.69 (0.58-4.92)

1.00
  0.35 (0.05-2.61)
  0.85 (0.38-1.88)

1.00
  1.70 (1.04-2.75)
  1.53 (0.84-2.79)

p*

 
< 0.001

 
   0.011
< 0.001
< 0.001

   0.213
 

   0.867
   0.461
   0.421
   0.038

 
   0.519
   0.617
   0.721

 
   0.168
   0.761

 
   0.001

 
   0.396

 
   0.707

 
   0.404

 
< 0.001

 
   0.084

 
   0.004

 
   0.336

 
   0.307
   0.685

 
   0.033
   0.163

Odds ratio (95% CI)

1.00
2.06 (1.13-3.76)

1.00
1.76 (0.92-3.38)

  5.25 (2.52-10.92)
  5.21 (2.12-12.85)

1.00
1.31 (0.41-4.23)
1.44 (0.54-3.89)
1.37 (0.55-3.42)
1.81 (0.69-4.75)

 
 
 
 

1.00
     1.26 (0.74-2.12)
     1.02 (0.53-1.97)

1.00
1.67 (1-2.81)

 
 
 
 
 
 

1.00
     2.43 (1.43-4.13)

 
 
 
 
 
 
 
 
 
 
 
 

p*

 
   0.019

 
   0.087
< 0.001
< 0.001

 
   0.646
   0.468
   0.496
   0.229

 
 
 
 
 

   0.395
   0.959

 
   0.051

 
 
 
 
 
 
 

   0.001
 
 
 
 
 
 
 
 
 
 
 
 

Odds ratio (95% CI)

1.00
2.04 (1.11-3.74)

1.00
  1.5 (0.77-2.91)
  4.7 (2.25-9.84)

  4.66 (1.87-11.64)

1.00
1.32 (0.4-4.31)

  1.47 (0.54-3.98)
    1.4 (0.56-3.51)
  1.81 (0.69-4.77)

 
 
 
 

1.00
  1.25 (0.74-2.13)
0.97 (0.5-1.88)

1.00
  1.67 (0.98-2.83)

 
 
 
 
 
 

1.00
  2.42 (1.42-4.12)

 
 

1.00
  1.66 (0.99-2.78)

 
 

1.00
  0.41 (0.05-3.22)
  0.63 (0.27-1.49)

1.00
1.37 (0.8-2.34)

  1.11 (0.55-2.26)

p*

 
   0.022

 
 0.23

< 0.001
   0.001

 
   0.647
   0.454
   0.478
   0.231

 
 
 
 
 

   0.401
   0.927

 
   0.059

 
 
 
 
 
 
 

   0.001
 
 
 

   0.056
 
 
 

0.4
    0.292

 
    0.249
  0.77

n = 1,212
 

Univariate analysis
Multivariate analysis

Model 1 Model 2
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(DTG) is associated with increased weight gain (29,30). 
Because the Vietnamese ART guideline issued in 2019 
recommended a DTG-containing regimen as first-line 
treatment (31), weight increase should be carefully 
managed to reduce the risk of DM.
	 A systematic review and meta-analysis reported that 
weight-reducing diets with or without exercise advice 
could reduce obesity in adults (32). To manage weight, 
healthy eating and exercise programs could be provided 
to PLWH. Although the association between vegetable 
intake and exercise intensity and DM was not statistically 
significant in this study, those factors might have been 
associated with weight gain. In general, vegetable 
consumption in Vietnam is high compared with that 
in other high-income countries (33). Also, a notable 
proportion of study participants engaged in farming, 
and approximately 60% of the participants reported 
moderate- to high-intensity exercise. However, there is 
a concern that rapid economic growth and urbanization 
may change dietary patterns and promote sedentary 
lifestyles (6). It is critical to preserve healthy dietary 
patterns and exercise habits among Vietnamese PLWH to 
maintain adequate weight and prevent DM.
	 Male sex was strongly associated with DM in this 
study, but the association between sex and DM has varied 
across different studies (27,34). Several studies have 
shown a higher risk of DM among female participants 
than among male participants (27). Also, it has been 
reported that female participants were more likely to 
gain weight following ART initiation (35), and therefore 
females may have higher risk of having DM. Although 
the result was not conclusive, both sexes should be 
similarly monitored with respect to weight gain.
	 Smoking has been identified as an important risk 
factor for DM, and it has been reported that prevalence 
of smoking was higher among PLWH than among the 
general population (10,36). In Vietnam, there is a large 
difference in smoking prevalence among men and 
women (45.3% among men and 1.1% among women 
in 2015). In addition, among males, the prevalence of 
current smoking was highest among those aged 45-64 
years (55%), followed by those aged 25-44 years (53.3%), 
versus 24.3% in those aged 15-24 years (37). A smoking 
cessation program targeting older men living with HIV 
could be effective in preventing DM.
	 The results indicate possible associations of a 
longer period on ART with DM after adjustment for 
sociodemographic and traditional factors. Although it 
is generally considered that the traditional risk factors 
are primarily responsible for the higher risk of DM 
among PLWH (2,38), this result implies that HIV-related 
factors such as time on ART may be a contributor to 
hyperglycemia among PLWH in addition to traditional 
factors. Several studies have reported that the use of 
protease inhibitors such as LPV/r and nucleoside reverse 
transcriptase inhibitors such as ddI and d4T increased 
the risk of hyperglycemia or DM (20-22) although an 

association between duration of ddI, d4T and LPV/
r exposure and DM was not found in our study. The 
association between longer ART period and DM might 
be partially explained by the effects of ddI, d4T and 
LPV/r on DM.
	 There were some limitations in the study. First, 
the study site was a large ART outpatient clinic at a 
specialized hospital, and most participants had been 
receiving ART at NHTD for several years, which may 
limit the generalizability of the study findings to other 
settings in Vietnam. Second, DM cases were identified 
based on plasma glucose. Unlike HbA1c, plasma 
glucose is prone to be affected by fasting status. The 
DM prevalence may have been overestimated if the 
fasting status of the participants were not fully ensured. 
Third, multiple factors are intricately associated with 
the pathogenesis of DM (39). The sample size of this 
study may not have been sufficient to detect a complex 
relationship between an array of factors; for example, 
only borderline p-values were found for the association 
between current smoking status and years on ART and 
DM. However, stronger associations may have been 
found if the sample size had been larger given the 
associations in univariate analysis. This study did not 
investigate the effect of Vietnamese-specific factors on 
DM, such as regional living habits. Future research could 
investigate the association.

Conclusion

In conclusion, the findings of this study imply that DM 
and pre-diabetes prevalence among PLWH are higher 
than among the general population. In the multivariate 
analysis, male sex, older age, and BMI ≥ 25 kg/m2 were 
significantly associated with and current smokers and 
years on ART were possible risk factors for DM. Years 
on ART could be an important risk factor that will 
require clinical attention. Encouraging careful glucose 
monitoring in routine care and management of other 
risk factors would be beneficial to prevent developing 
DM among those on ART longer. Our findings suggest 
that interventions such as weight control and smoking 
cessation support could be provided at HIV outpatient 
clinics, contributing to DM prevention and early 
diagnosis. Integration of HIV/AIDS and NCDs services 
is essential to address health needs comprehensively 
and enhance health-related quality of life among 
PLWH.
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Introduction

Resource planning for nonprofit health care organizations 
is critical (1) for better management of limited public 
health resources. Enhanced coordination among 
departments is key to each stage of planning, response, 
and recovery of health care services (2) as the global 
public health crisis continues to be a threat to health and 
economy (3). Moreover, pressures from cost containment 
and the Covid-19 pandemic force health care institutions 
to re-examine decisions regarding human resource 
management and facilities and their utilization (4). 
Previous studies argued that effective coordination 
among health care services is critical during health 
crises (3). Specifically, research on facility management 
decisions in health care indicate that decisions on 
facility acquisition and utilization may influence the 
management of workforce and equipment and the 
performance of hospitals in terms of cost and quality 
(5,6). Large-scale hospital construction and operation in 
countries with mixed economies feature public–private 
partnerships (7). The previous literature mentions that 
decisions regarding facility management are long term. 
Thus, measuring their impact on health care operations 
in the short run is impossible (8).
	 In Turkey, the Ministry of Health (MoH) made 
substantial investments in city hospitals under the Health 
Transformation Program (9). The reason behind these 
capacity enhancement decisions is to respond to increase 
in demand for health services and to improve the quality 

of such services (10). The distinguishing feature of city 
hospitals was that they are physically large and built 
within large complexes since 2017. To this day, many 
of these hospitals remain under construction. Moreover, 
investment in 10 city hospitals enabled the establishment 
of health services in campuses across cities as of 2020 
(9). However, the Covid-19 pandemic increased the 
need for the better planning of health services and 
critical care to respond to the need for rapid, innovative, 
and cost-effective response to unforeseen health crises 
(11). The presence of gaps in critical care capacity and 
scarcity of health professionals became obvious in the 
majority of countries worldwide after the outbreak of 
the Covid-19 pandemic (12,13). Indeed, a common 
lore of capacity management stated that strategies for 
capacity improvement should be pursued based on the 
various sizes and locations of facilities. Moreover, as 
their size increases, hospitals should place increased 
emphasis on decisions regarding facility management 
(8,14). In this regard, effective capacity planning can 
significantly enhance the capability and effectiveness of 
treatment for critical care patients due to a tremendous 
health crisis (15).
	 Demographics and the variety of services of hospitals 
are frequently used to categorize hospitals and are 
used as a criterion for comparing decisions on capacity 
management (16). A common factor for determining 
hospital size is the number of beds, wherein large-scale 
hospitals tend to contain more capacity for idle facilities 
than small-scale hospitals. This scenario is a result of the 
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nationwide decrease in hospital occupancy ratios (8). In 
this regard, if large-scale hospitals fail to appropriately 
manage facility utilization, then they may jeopardize cost 
and quality performance relative to competitors (17). 
In other words, facility management is considered the 
front end in a hospital resource planning system, which 
describes the capacity resource required to perform 
the various activities according to priority (5). Facility 
management decisions typically examine issues related to 
hospital inpatient admission and average length of stay. 
In addition, bed occupancy rate provides an overview of 
the level of utilization of beds in the hospital (18). The 
higher the bed occupancy rate, the lower the capacity to 
admit new patients (19).
	 Conversely, the literature suggests a causal inter-
relationship between facility, utilization, and workforce 
management of health services (20). Growth in the 
number of individuals living with chronic conditions 
is a major driver of health care costs, whereas the 
utilization of primary care provider, nurse, and physician 
services is associated with less use of acute care 
services and less total costs (21). Facility management 
throughout outpatient capacity expansion and demand 
management are helpful measures for meeting time-
varying demands and for improving utilization (8). 
Health professionals are pressured to deliver effective, 
efficient services by considering the skill mix of the 
workforce, particularly the staffing of new services (22). 
Health care organizations are established in response 
to demand (23). Thus, considering the appropriate 
number of health professionals is useful for guiding 
service planning and delivery, where the supply of 
health professionals exerts a powerful force in changing 
the health care system (23,24). However, the Covid-19 
pandemic has led to drastic changes in bed capacity and 
physician and nursing workforce requirements (25), 
such that the availability of number of beds, critical 
care capacity, and health workforce supply during 
health crises have become current topics of interest to 
researchers on health care capacity planning (26). In-
depth understanding of hospital capacity, workforce, and 
outcome inter-relationships have strongly advocated for 
the preparedness of health systems in terms of effective 
management of crisis situations (27). As such, better 
management of health care capacity and preparedness 
for times of crisis is critical for developing countries 
(28). In Turkey, investments in city hospitals include 
a large quantity of qualified beds to provide relief to 
health policy makers during the pandemic with regard 
to providing better responses to the sudden increase in 
demand for health services (29). Moreover, despite the 
fact that Turkey lags behind developing countries in terms 
of number of physicians and nurses (30), the sacrifice 
and outstanding performance of Turkish physicians and 
nurses proved essential to the country's fight against 
the pandemic (31). Existing knowledge emphasizes 
that increase in hospital size and human resources have 

a direct impact on health services utilization such as 
average length of stay and bed occupancy rate (32) 
and this will lead to an increase in number of health 
professionals. Because limited numbers of physicians 
and nurses, in addition to high bed occupancy rate may 
be significant drivers of mortality (33). Increase in health 
services utilization and health workforce results in an 
increase in health outcomes such as death rates (34). 
However, high burden of health services utilization and 
increase in health facilities is interrelated with amount 
of human health resources. High number of health 
professionals is necessary to answer an increase in 
health services utilization and facilities. Negative causal 
transmission between health services utilization and 
facility indicators and health workforce can be a result 
under the mediating effect of an increase in burden of 
health services. In this vein, a lack of a number of health 
professionals are not responding to that increase. This 
necessitates a better understanding and better planning 
of health services performance indicators in developing 
countries. Thus, the rationalization of decisions regarding 
new health care facility investment and rational capacity 
planning is critical for enhancing the management of 
scarce health resources and improving health outcomes 
in Turkey. Bearing this in mind, the purpose of this 
experiment sought to understand the nexus between 
hospital size, health services utilization and facility 
management, health workforce and health outcomes. The 
following sections present the conceptual study model 
and hypotheses, the study results, and a discussion of the 
key study findings.

Methods

Conceptual model and hypothesis

Figure 1 presents the conceptual model of the 
relationship between hospital size, utilization and 
facility of health services, health workforce and health 
outcomes. The theoretical basis of this model is based 
on interrelationships between intermediate operations 
decisions and health outcomes (35). The study model 
and conceptual framework of this study inspired from 
the literature (36) has been built by the author and the 
hypotheses developed based on comprehensive literature 
review by focusing on these factors relationship. The 
following part of the study reviews literature and 
develops hypotheses that link selected variables, which 
include the number of hospitals and qualified beds, 
utilization and facility indicators of health services, 
number of health workforce and health outcomes.

Hospital size

The hospital size factor is assessed by the number of 
beds. Generally, large hospitals tend to have more idle 
capacity than smaller hospitals and increase in number of 

(24)

www.globalhealthmedicine.com



Global Health & Medicine. 2023; 5(1):23-32.Global Health & Medicine. 2023; 5(1):23-32.

(25)

needs during crises (42).
	 H3a: The increase in secondary and tertiary health 
care visits will lead to an increase in number of 
physicians.
	 H3b: The increase in secondary and tertiary health 
care services will lead to an increase in number of nurses 
and midwives.
	 H3c: The increase in average length of stay will lead 
to an increase in number of physicians.
	 H3d: The increase in average length of stay will lead 
to an increase in number of nurses and midwives.
	 H3e: The increase in bed occupancy rate will lead to 
an increase in number of physicians.
	 H3f: The increase in bed occupancy rate will lead to 
an increase in number of nurses and midwives.

Health outcomes

Standardized mortality rates, infant mortality, life 
expectancy and potential lost years of life have 
traditionally been used as health outcome indicators 
(43). The number of physicians (supply) is associated 
with population mortality (44,45). Moreover, not 
only physician but also nurse staffing characteristics 
can lead to the formulation of strategies that aim to 
reduce mortality and prevent unnecessary deaths (46). 
Increasing health care service utilization and improving 
health care facilities necessitates an increase in the 
number of health professionals, such as physicians and 
nurses/midwives. Indicators of health care utilization and 
facility and workforce availability are closely related to 
health outcomes, such as number of deaths.
	 The related hypotheses are as follows:
	 H4a: The increase in number of physicians will lead 
to an increase in crude death rate in hospital.
	 H4b: The increase in number of nurses and midwives 
will lead to an increase in crude death rate in hospital.

Data

In this study, data gathered from official Turkish 

hospitals and beds will lead to an increase in utilization 
and facility indicators of health services (8,14,37).
	 The related hypotheses are as follows:
	 H1a: The increase in number of hospitals will lead to 
an increase in secondary and tertiary health care visits.
	 H1b: The increase in number of hospitals will lead to 
an increase in average length of stay.
	 H1c: The increase in number of hospitals will lead to 
an increase in bed occupancy rate.
	 H1d: The increase in number of qualified beds will 
lead to an increase in secondary and tertiary health care 
visits.
	 H1e: The increase in number of qualified beds will 
lead to an increase in average length of stay.
	 H1f: The increase in number of qualified beds will 
lead to an increase in bed occupancy rate.

Utilization and facility indicators of health services

Improving the administrative planning of utilization and 
facility of health services is critical for the management 
of scarce health resources. The literature stated that an 
increase in health care visits is strongly associated with 
average length of stay because it indicates increased bed 
occupancy rate (38,39).
	 The related hypotheses are as follows:
	 H2a: The increase in secondary and tertiary health 
care visits will lead to an increase in average length of 
stay.
	 H2b: The increase in average length of stay will lead 
to an increase in bed occupancy rate.

Health workforce

The literature has long discussed the inter-relationships 
between the increase in hospital utilization and supply of 
health professionals (40,41). Many studies have stated 
that developing countries should improve data on their 
workforce and changing population needs. Moreover, 
they should integrate new professional roles into their 
workforce planning models to better respond to health 
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Ministry of Health-Health Statistics Yearbook-2018 
legal online records (https://dosyasb.saglik.gov.tr/
Eklenti/36164,siy2018en2pdf.pdf?0). Study variables 
presents data for 81 provinces of Turkey for the year 
2020 (30). There is no need for ethical approval for 
this study. Detailed explanations about study variable 
descriptions, labels, years and data sources are 
represented in Table 1.

Results

Descriptive statistics

Table 2 presents descriptive statistics of study variables. 
Median, minimum, maximum, and standard deviation 
values are represented. Because of non normal 
distribution of study variables, median values are also 
presented. The mean value of number of hospitals in 81 
provinces is 18.94 (± 27.82), number of qualified beds is 
1,721.02 (± 2,740.27), number of secondary and tertiary 
health care visits is 6,382,950 (± 11,589,451.42), bed 
occupancy rate is 65.92 (± 7.62), average length of stay 

is 4.05 (± 0.69), number of physicians is 1,883 (± 4,202), 
number of nurses and midwives is 3,051 (± 5,079), crude 
death rate in hospital is 16.16 (± 5.79).

Path analytic models

Before constructing the path analytic models, Spearman 
rank correlations between study variables indicated that 
there is no fear for multicollinearity in this study. First 
path analytic model results performed on the variance-
covariance matrix is presented in Figure 2. The whole 
model is significant (p ˂ 0.001); however certain path 
links of the model include insignificant "t" values 
(Figure 2). The "t" values, presented in "red" color for 
the number of hospitals [Numhosp] and average length 
of stay [ALOS]; average length of stay [ALOS] and bed 
occupancy rate [BOR]; bed occupancy rate [BOR] and 
number of nurses/midwives [Numnurmd]; number of 
physicians [Numphys] and crude death rate in hospital 
[Deathrat], are insignificant (p > 0.05). Due to non 
meaningful "t" values in the first path model, the path 
links from Numhosp to ALOS, ALOS to BOR; BOR to 
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Table 1. Variable descriptions and labels

Variable group

Size

Utilization

Utilization

Facility

Health workforce

Health outcomes

Variables

Number of hospitals

Number of qualified beds

Secondary and tertiary health 
care visits

Bed occupancy rate

Average length of stay

Number of physicians

Number of nurses/midwives

Crude death rate in hospitals 
(‰)

Year

2018

2018

2018

2018

2018

2018

2018

2018

Explanations

Total number of MoH, university, private and other hospitals.

Qualified bed is a bed with a bathroom, a toilet, and a maximum of 
2 patient beds, television, telephone, refrigerator, dining table, shelf 
and a folding companion seat. These figures are included in the total 
number of beds.

Total number of secondary and tertiary health care visits by province.

This indicates the rate of bed usage by the patient within one year. It 
is calculated as follows: (Number of Days Stayed × 100) / (Number 
of Beds × 365).

The average number of days a patient stays in a hospital. It is 
calculated as follows: (Number of Days Stayed) / (Discharged + 
Deceased).

Total number of specialist physicians, general practitioners and 
medical residents.

Total number of nurses and midwives.

It indicates the proportion of patients who died in a hospital within a 
year to those who died and discharged from the hospital in the same 
period. (Deceased × 1.000) / (Discharged + Deceased)

Labels

Numhosp

Nqualbed

2.3.hvis

BOR

ALOS

Numphys

Numnurmd

Deathrat

Table 2. Descriptive statistics

Variable group

Size

Utilization
Utilization
Facility
Health workforce

Health outcomes

Variables

Number of hospitals
Number of qualified beds
Secondary and tertiary health care visits
Bed occupancy rate
Average length of stay
Number of physicians
Number of nurses/midwives
Crude death rate in hospitals

N

81
81
81
81

81
81
81

Min

1
108

409,722
46.9
2.6
112
281
2.8

Max

236
22278

94,393,122
84.7
6.1

33052
40618
29.3

Median

12
999

3,247,625
66.30

4
740
1763
16.60

Mean

18.94
1721.02

6,382,950
65.92
4.05
1883
3051
16.16

SD

27.82
2740.27

11,589,451.42
7.62
0.69
4202
5079
5.79
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Numnurmd, Numphys to Deathrat were excluded from 
the first path analytic model. Therefore, H1b, H2b, H3f 
and H4a were rejected. After the exclusion of the non 
meaningful path links of the prior model, a redefined 
second path analytic model was constructed and 
presented in Figure 3.
	 Second path analytic model results performed on the 
variance-covariance matrix is presented in Figure 3. The 
whole model is significant (p ˂ 0.001); however, one 
of the path links of the model include insignificant "t" 
values (Figure 3). The "t" value, presented in "red" color 
for the number of nurses/midwives [Numnurmd] and 
crude death rate in hospital [Deathrat] is insignificant 
(p > 0.05). Because of non meaningful "t" value of the 
second path model, the path link from [Numnurmd] 
to [Deathrat] was excluded from the model and H4b 
was rejected. After the exclusion of the insignificant 
path link from the model, "t" values and standard path 
coefficients obtained from a redefined final path model 
was constructed and presented in Figure 4 and Figure 5, 
respectively.

	 Figure 4 represents final path analytic model. 
This model presents a causal interrelationship 
between hospital size, utilization and facility of health 
care services and health workforce indicators. We 
hypothesized that the increase in number of hospitals will 
lead to an increase in secondary and tertiary health care 
visits. As expected, the increase in number of hospitals 
led to an increase in secondary and tertiary health care 
visits (PC = 0.44; t = 4.39; p < 0.01). Therefore, H1a was 
accepted. Additionally, we hypothesized that the increase 
in number of hospitals will lead to an increase in bed 
occupancy rate. Interestingly, study findings show that 
the increase in number of hospital has a strong negative 
effect on an increase in bed occupancy rate (PC = 
-2.04; t = -2.69; p < 0.01). Therefore, H1c was rejected. 
Moreover, we hypothesized that an increase in number 
of qualified beds will lead to an increase in secondary 
and tertiary health care visits. As expected, the increase 
in number of qualified beds will lead to an increase in 
secondary and tertiary health care visits (PC = 0.55; t = 
5.50; p < 0.01). Thus, H1d was accepted. Furthermore, 
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Figure 2. First path analytic model (t values).

Figure 3. Second path analytic model (t values).
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we hypothesized that the increase in number of qualified 
beds will lead to an increase in average length of stay. 
As expected, the increase in number of qualified beds 
will lead to a strong increase in average length of stay 
(PC = 2.24; t = 2.94; p < 0.01). Therefore, H1e was 
accepted. Additionally, we hypothesized that an increase 
in number of qualified beds will lead to an increase in 
bed occupancy rate. As expected, the increase in number 
of qualified beds led to an increase in bed occupancy 
rate (PC = 2.10; t = 2.76; p < 0.01). Thus, H1f was 
accepted. Moreover, we hypothesized that, an increase 
in secondary and tertiary health care visits will lead 
to an increase in average length of stay. However, it is 
seen that an increase in secondary and tertiary health 
care visits have a negative effect on an increase in 
average length of stay (PC = -2.13; t = -2.79; p < 0.01). 
Therefore, H2a was rejected. On the other hand, a causal 
relationship between health care utilization and facility 
indicators and health workforce was characterized by the 
relation between secondary and tertiary health care visits 
and number of physicians. We hypothesized that the 

increase in secondary and tertiary health care visits will 
lead to an increase in number of physicians. As expected, 
the increase in number of secondary and tertiary health 
care visits has a very strong effect on an increase in 
number of physicians (PC = 0.99; t = 63.52; p < 0.01). 
Thus, H3a was accepted. Moreover, we hypothesized that 
the increase in secondary and tertiary health care visits 
will lead to an increase in number of nurses/midwives. 
As expected, the increase in number of secondary and 
tertiary visits has a very strong effect on an increase in 
number of nurses/midwives (PC = 0.99; t = 101.42; p < 
0.01). Therefore, H3b was accepted. Furthermore, we 
hypothesized that, an increase in average length of stay 
will lead to an increase in number of physicians. It is 
seen that, the increase in average length of stay will lead 
to a small increase in number of physicians (PC = 0.03; 
t = 2.16; p < 0.05). Thus, H3c was accepted. Moreover, 
we hypothesized that, the increase in average length of 
stay will lead to an increase in number of nurses and 
midwives. As expected, the increase in average length of 
stay has a small positive effect on an increase in number 
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Figure 4. Final path analytic model (t values).

Figure 5. Final path analytic model (standard path coefficients).
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of nurses and midwives (PC = 0.03; t = 3.25; p < 0.01). 
Therefore, H3d was accepted. Finally, we hypothesized 
that an increase in bed occupancy rate will lead to an 
increase in number of physicians. Interestingly, study 
findings emphasize that, an increase in bed occupancy 
rate has a small negative effect on an increase in number 
of physicians (PC = -0.04; t = -2.53; p < 0.05). Therefore, 
H3e was rejected.
	 Table 3 represents global fit indices the ratios derived 
by dividing Chi-square (X2) by degree of freedom (Df) 
(X2/Df) were also examined. Note that, X2/Df ratio less 
than 2 was considered a "perfect" model fit, whereas one 
that is less than 3 was considered as a "medium" model 
fit, and one less than 5 was considered as a "small" 
indicator of model fit (47). According to the X2/Df 
(53.60/9=5.9) value obtained from the final model, it is 
clear to say that final path model indicates an acceptable 
model fit. Moreover, we used multiple criteria of model 
fit indices besides X2 statistics, because X2 statistics are 
influenced by sample size and number of variables in the 
dataset (48). Other fit indices obtained from the final path 
model include the normed fit index (NFI), comparative 
fit index (CFI) and goodness of fit index (GFI). The NFI 
is 0.89, CFI is 0.90 and GFI is 0.84, indicating acceptable 
model fit (43,44) between final model and the dataset, as 
seen in Table 3.

Discussion

Key findings

The study aimed to answer the research question: "Is 
investment in the number of beds or health professionals 
a priority for the rational use of scarce health resources 
in Turkey?" The key findings indicate that, an increase 
in the number of qualified beds exerted a strong positive 
effect on the increase in facilities and indicators of the 
utilization of health services. However, an increase 
in average length of stay indicates an extremely 
small positive effect on increases in the number of 
physicians and nurses/midwives. Moreover, an increase 
in bed occupancy rate led a decrease in the number of 
physicians moderated by the direct positive effect of the 

increase in the number of qualified beds. The findings 
highlight that an increase in the number of qualified beds 
exerts a direct and strong positive effect on the increase 
in utilization and health services facility indicators. 
However, an increase in average length of stay and 
bed occupancy rate did not exhibit a strong positive 
effect on the increase in the number of physicians and 
nurses/midwives. Moreover, the increase in the number 
of hospitals displays a medium positive effect on the 
increase in secondary and tertiary health care visits, 
which leads to a strong positive effect on the increases in 
the number of physicians and of nurses/midwives.
	 A surprising finding of this research, which is related 
to the research question, is that an increase in the number 
of hospital beds exerts a strong negative effect on the 
increase in bed occupancy rate. In relation to this finding, 
the increase in bed occupancy rate displays a slight 
mediating negative effect on the increase in the number 
of physicians. In other words, an increase in the number 
of qualified beds clearly displays a strong positive effect 
on the increase in utilization and facility indicators of 
health care services. However, the increase in utilization 
and facility indicators of health services exhibits a 
negative and a slight positive effect on increases in the 
number of physicians and nurses/midwives. The findings 
suggest that public health policy makers should prioritize 
the number of health professionals to maximize the 
scarce health resources in Turkey. By focusing on the 
inter-relationships between the size of health services, 
utilization, facility and health workforce indicators, 
the broad scope of the study will appeal to all scholars 
interested in the field of health care capacity and health 
workforce indicators.
	 Moreover, the findings elucidate the strong negative 
inter-relationships between the utilization of health 
services and indicators of the health workforce. A 
clear concept identified is that a positive relationship 
between an increase in the utilization of health services 
on the increase in the indicators of the health workforce 
is desirable. However, the findings are unique and 
emphasize that an increase in bed occupancy rate leads 
to a decrease in the number of physicians. The results 
of this study are in line with current health statistics of 
Turkey. The scarcity of number of health workforce such 
as physicians is noticeable in Turkey. In terms of total 
number of physicians per 100,000 population, Turkey 
lags behind all developed Organization for Economic 
Co-operation and Development (OECD) countries with 
205 doctors in 2019, compared to 356 in the OECD 
average. The acute bed occupancy rate in Turkey was 
65.3% in 2009 and 65.5% in 2019, while the OECD 
average was 76% for 2019 (49). The results of this study 
shows that the increase in bed occupancy results in a 
decrease in number of physicians. This result highlights 
that, human resources are failing to respond the growing 
needs of health facilities such as increase in the number 
of beds. This finding critically emphasizes the necessity 
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Table 3. Global fit indices obtained from first, second and 
final path models
Index

Chi-square (X2)
Df
p
NFI
CFI
GFI
RMSEA

First model

   72.03
11

˂ 0.001
 0.87
 0.87
 0.81

   0.268

Abbreviations: Df: Degrees of freedom; NFI: Normed fit index; CFI: 
Comparative fit index; GFI: Goodness of fit index; RMSEA: Root 
mean square error of approximation.

Second model

   77.98
15

˂ 0.001
 0.86
 0.87
 0.80

   0.234

Final model

   53.60
9

˂ 0.001
 0.89
 0.90
 0.84

   0.254
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of reinforcing the number of health professionals to 
enable better responses to global health challenges. In 
other words, the rational use of scarce resources and 
better planning of health human resources are urgent 
to better cater to the need for high-capacity health care 
services apart from building new hospitals and expanding 
the current capacity of such services as the primary 
motivations of the Health Transformation Program in 
Turkey. However, the lack of health professionals in 
Turkey is notable compared with that of developed 
countries (49). Additionally, the Covid-19 pandemic 
increased the urgency for the development of the health 
workforce (35). Thus, increasing the number of health 
professionals is key to future sustainability and better 
preparedness during health crises (12). The findings 
pose several important implications for future studies by 
emphasizing the strong inter-relationships between health 
care capacity, utilization, and indicators of facility and 
health workforce. Notably, the findings do not support 
the inter-relationships between size, utilization/facility, 
health workforce indicators, and health outcomes. In light 
of these study findings, future researchers will benefit 
from further investigation for a better understanding 
of the inter-relationships between health care capacity, 
health workforce, and health outcome. The findings 
bolster the claim that an increase in investment for 
qualified beds increases the utilization of health services 
and facility indicators. However, increases in average 
length of stay and bed occupancy rate did not exhibit a 
strong positive effect on the increase in the number of 
physicians, nurses, and midwives. A common view in 
public health care capacity planning suggests that the 
degree of increase in the utilization of health services 
leads to an increase in the number of health professionals 
(42). The current results differ from this view and 
demonstrates that an increase in bed occupancy rate 
exerts a negative effect on the number of physicians. At 
the heart of this finding lies the objective to highlight the 
need for improvement in health human resource planning 
in Turkey.
	 The key findings reveal that increasing the number 
of hospitals and qualified beds can lead to an increase 
in the utilization and facility indicators of public health 
care services. However, an increase in utilization and 
facility indicators of health care services does not lead 
to an increase in the number of the health workforce, 
such as physicians, nurses, and midwives. Moreover, 
the increase in health workforce does not exert a 
strong positive effect on health outcome even with the 
mediating effect of the increase in utilization and facility 
indicators of health services. In summary, the findings 
highlight the positive inter-relationship between hospital 
size/utilization of health services and facility indicators 
but not between utilization and facility indicators of 
health services with health workforce with the indirect 
effect of the increase in hospital size. The results can 
help broaden the vision of public health policy makers 

in their decisions regarding capacity enhancement, 
public resource management and recommend a balanced 
capacity management approach that aims not only to 
invest for the improvement of hospital size but also for 
the increase in the number of health professionals.

Strengths of this study

The study makes several contributions that can enhance 
the understanding of the inter-relationship between 
hospital size, utilization and facility indicators of health 
services, and number of health professionals. This 
empirical study allows us to examine a novel way the 
interrelationship between public health facilities and 
health human resources. Study findings bring many lights 
for rational distribution and better management of public 
health resources. In Turkey, substantial investments in 
city hospitals is common, which leads to high capacities 
for qualified beds (10). However, operational planning 
of health services is crucial and should thus be improved 
for the rational management of scarce health resources. 
To the best of our knowledge, a paucity in the research 
on the adequacy of health professionals in Turkish 
health care continues. Thus, the results of the present 
study aims to fill this research gap by emphasizing the 
strong associations between hospital size, utilization, 
and facility indicators of health services, and workforce 
indicators. The findings can serve as reference for 
certain general decisions for the support of health care 
professionals operating in a fast-moving health care 
environment. An added strength of this study lies in its 
emphasis of enhancing the understanding on the negative 
effect of increased bed occupancy rate on increased 
number of physicians. This finding strongly emphasizes 
the need for better health human resource management 
and increased number of health professionals in Turkey. 
As such, the current deficit in the number of health 
professionals that persists in developed countries is 
critical to the response to international health crises (3). 
Health policy makers and planners can use the findings 
to increase awareness of the need to reinforce the current 
workforce and to consider equity during the geographic 
distribution of the health workforce.

Limitations and recommendations for future studies and 
public health policy makers

The study has limitations that are worth noting. First, the 
findings are based on a secondary dataset derived from 
the Turkish Ministry of Health Statistical Yearbook for 
2018 (30). In this regard, the researchers acknowledge 
the limited control over the type of data available. Thus, 
the study strongly suggests that future studies should 
include primary datasets in the analysis based on the 
operational efficiency and performance indicators of 
public city hospitals. In addition, the findings emphasize 
the strong negative effect of increased bed occupancy 
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rate on increased number of physicians. In Turkey, 
health policy makers should initially mainly focus on 
the development of health workforce supply. In light of 
these results, future studies are required to provide in-
depth understanding of the adequacy and responsiveness 
of health human resources in terms of efforts to improve 
health care capacity. Furthermore, health policy makers 
in Turkey should prioritize issues related to capacity 
filling and effective planning of health human resources. 
Ensuring more involvement from key stakeholders of the 
health system in the facility and utilization decisions of 
the health system is crucial. In addition, the voices of the 
public and health professionals should be heard during 
the formulation of capacity enhancement decisions. 
Health planners should ensure more transparency during 
the bid–offer process for public–private partnerships 
during the hospital-building stages. Health planners and 
policy makers should provide a rational basis for the 
question "Can one-size hospitals respond to the need of 
the Turkish population after considering accessibility to 
health services and rural–urban discrepancies?"

Conclusions

The results demonstrate strong inter-relationships 
between hospital size, utilization of health services and 
facility indicators of the health workforce. The findings 
should be considered during the operational planning 
of health services  and integrated into health human 
resource planning and development. Additionally, the 
results are expected to appeal to many public health 
policy makers who are interested in effective health 
workforce planning. Additional research and better 
planning of the number of health human resources are 
required for the strategic development of health care 
operations and services. In summary, the results elucidate 
that increased bed occupancy rate exerts a negative effect 
on increased number of physicians in Turkey despite 
the fact that one of the motivations for building new 
hospitals is to improve bed capacity. In other words, 
capacity filling problems exist in the health system in 
Turkey. Thus, effective health human resource planning 
and rational demand forecasting should be essential 
components of public health policy making to better 
respond to the increasing demand for and utilization of 
health services.
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Introduction

Ventilator-associated pneumonia (VAP) is a preventable 
iatrogenic complication that can develop in patients 
undergoing mechanical ventilation. VAP is the most 
frequent hospital-acquired infection occurring in the 
intensive care unit (ICU) and has a high associated 
mortality rate (1). More specifically, the mortality rate 
for VAP ranges from 24-51% according to previously 
published findings (2).
	 The prevention of VAP has great value in the 
management of mechanical ventilation with intratracheal 
intubation. In addition to the personal, familial, and 
societal burden of this disease, past reports have 
demonstrated that VAP increases the length of hospital 
stay as well as costs associated with treatment and care 
and the usage of antibiotics in patients with longer 
hospital stays (3-6). It is therefore necessary to avert the 
risks of respiratory management in this setting and to 

prevent pathogens from entering the lower respiratory 
tract from both external and internal sources.
	 Preventive bundle approaches reduce the incidence 
of VAP. However, VAP prevention bundles are composed 
of different items and may vary substantially between 
institutions. Each item considered for the prevention 
of VAP (i.e., included in the VAP prevention bundle) 
in the present study has been extensively studied in 
prior work (7-9). Some items in the VAP prevention 
bundle, including hand hygiene, oral care, and subglottic 
suctioning of secretions from the upper cuff, are effective 
in preventing the invasion of pathogens from outside the 
tube. Other measures aim to prevent pathogen invasion 
from inside the tracheal tube, including the use of closed 
suction circuits and the use of disposable breathing 
circuits.
	 For the above mentioned reasons, it is highly 
important to establish effective preventive strategies for 
VAP (10). However, the generalizability of prior work 
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and the effectiveness of the specific bundle approach 
presented herein remains unclear. In the present study, 
we comprehensively examined the preventive efficacy of 
a VAP prevention bundle consisting of ten items that had 
been implemented at our medical center.

Materials and Methods

This study was approved by the ethical review 
board at the National Center for Global Health and 
Medicine on September 10, 2021 (approval number: 
NCGM-S-004300-00). The requirement for written 
informed consent was waived due to the retrospective 
design of this study. This work was conducted in 
accordance with the principles of the Declaration of 
Helsinki (as revised in 2013).

Patient selection and diagnosis of VAP

All patients who were admitted to the general ICU at 
our institution between June 2018 to December 2020, 
were older than 20 years of age, and received intubated 
mechanical ventilation for more than 48 hours were 
eligible for inclusion. We included 1,903 patients who 
were admitted to our ICU.
	 We use the following artificial respirators at 
our department: the Dräger Evita® Infinity V500 
(Dräger, Lübeck, Germany) and the Nihon Kohden® 
HAMILTON-G5 (Nihon Kohden, Tokyo, Japan). In 
addition, was the Taper Guard® Evac (Medtronic, Dublin, 
Ireland) the tracheal intubation tube used herein; this 
tube uses subglottic suctioning.
	 VAP was evaluated based on the diagnostic criteria 
for clinically defined pneumonia delineated by the 
United States (US) Centers for Disease Control and 
Prevention (1). The infection control team, radiology 
department, and ICU physicians at our medical center 
screened suspected cases of VAP, and the supervising 
ICU specialist made a final diagnosis of VAP based on 
chest imaging test results, clinical signs/symptoms, and 
laboratory findings. We evaluated the severity of all VAP 
patients using sequential organ failure assessment (SOFA) 
scores at ICU admission and on ICU discharge (11).

Bundle implemented at our institution

The VAP prevent ion bundle  evaluated in  the 
current study consisted of the following ten items 
(Supplemental Figure S1); i) hand hygiene, ii) 
head-of-bed elevation (30-45º), iii) oral care with 
cetylpyridinium chloride (CPC), iv) avoidance of 
oversedation, v) proper breathing circuit management, 
vi) appropriate maintenance of endotracheal tube 
cuff pressure, vii) closed system and subglottic 
suctioning, viii) daily assessment for extubation, ix) 
early ambulation and rehabilitation, and x) peptic ulcer 
and deep vein thrombosis (DVT) prophylaxis. We 

modified the bundles implemented in studies conducted 
by the US Institute for Healthcare Improvement (IHI) 
and the Japanese Society of Intensive Care Medicine 
(12,13) based on the current evidence base and an 
evolving clinical situation (14,15). For example, we 
added "maintenance of adequate cuff pressure (20-
30 cmH2O)", "use of a tracheal tube with aspiration 
of subglottic secretions", and "early ambulation and 
rehabilitation" items to the bundle.
	 Bundle compliance rates were calculated using the 
VAP care bundle sheet included in patients' medical 
records and were entered into database software 
(FileMaker Pro, version 19, Claris International Inc. 
Cupertino, CA, USA) for subsequent analyses.

Statistical analyses

Differences in categorical variables were analyzed 
using Chi-square tests, whereas continuous variables 
were analyzed using t-tests. All cumulative survival 
curves were estimated using the Kaplan-Meier method. 
Intergroup differences were evaluated using log-rank 
tests.
	 The VAP incidence was calculated by dividing the 
number of VAP cases by the total number of ventilator-
days and multiplying the result by 1,000 (1). Hypothesis 
testing regarding differences in the incidence of VAP 
was conducted to compare the pre- and post-intervention 
VAP incidence rates using z-scores. We considered two-
sided p-values of < 0.05 as the threshold for statistical 
significance. All statistical analyses were performed 
using the R statistical software (ver. 3.0.2, The R Project 
for Statistical Computing, Vienna, Austria. http://www.
r-project.org).

Results

Among the 1,903 included patients, 684 (36%) received 
mechanical ventilation. The clinical characteristics of 
the patients in the intubation and non-intubation groups 
are shown in Table 1. The intubation group included 406 
(59%) men and the median age at the time of admission 
was 64 years (standard deviation, ± 17 years). The 
patients in the intubation group had mean SOFA scores 
of 7.1 ± 3.4 on admission and 4.9 ± 3.8 at discharge, 
respectively. The median length of patients' ICU stays 
was 8.2 ± 7.0 days. Forty-eight patients died in the ICU 
in the intubation group and the overall mortality rate was 
7.0%.
	 The reasons for ICU admission are described in 
Table 1. In the intubation group, gastrointestinal surgery 
exhibited the highest frequency (181 patients, 26.5%), 
followed by cardiovascular surgery (114 patients, 
16.7%). In terms of types of admission, emergency 
surgery exhibited the highest frequency (369 patients, 
53.9%), followed by scheduled surgery (184 patients, 
26.9%).
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decreased from 2018 to 2020. The total VAP incidence 
was 31.5 per 1,000 ventilator-days during the observation 
period (Figure 2B).

Prophylaxis effects based on compliance rates for the 
VAP bundle

Compliance rates for the VAP bundle and the VAP 
incidence

The compliance rate for each item is shown in Figure 
1. In our ICU, we routinely implement several items as 
part of our standard of care: hand hygiene (i), oral care 
with CPC (iii), proper breathing circuit management 
(v), appropriate maintenance of endotracheal tube cuff 
pressure (vi), and peptic ulcer and DVT prophylaxis (x). 
The compliance rate was 100% for each item.
	 Subglottic suction (vii) was not implemented in 
only a few emergency surgery cases, and hence this 
preventive measure achieved a compliance rate of 92.6%. 
Conversely, we could not implement early ambulation 
and rehabilitation (ix) effectively, and the compliance 
rate for this preventive measure reached only 5.8%. The 
compliance rates for the remaining three measures (ii, iv, 
and viii) were each approximately 50%. Reasons for these 
findings included restrictions on therapeutic management, 
decreased levels of consciousness, and unstable vital 
signs. The total compliance rate for the ten measures 
comprising the VAP prevention bundle was 77.0%.
	 Ventilator-days and VAP incidence in the intubation 
group are shown in Figure 2. In Japan, ventilator-
days increased considerably in April 2020 due to the 
coronavirus disease 2019 pandemic. This time period 
represented the start of the pandemic in Japan and 
the uptick in this metric might have occurred due to 
evolving surveillance and treatment methods. However, 
the number of ventilator-days was almost unchanged in 
every other month, and the median number of ventilator-
days was 6.17 days (Figure 2A).
	 Although VAP incidence varied each month (ranging 
from 0.0 to 96.2 per 1,000 ventilator-days), it gradually 
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Table 1. Characteristics of ventilated and non-ventilated 
patients, June 2018 to December 2020

Variable

Patients receiving MV, n
Male sex, n (%)
Age, mean ± SD
SOFA score on ICU admission, mean ± SD
SOFA score at ICU discharge, mean ± SD
ICU length of stay (days), mean ± SD
ICU mortality (%)

Underlying disease, n (%)
Gastrointestinal surgery
Cardiovascular surgery
Respiratory surgery
Neurosurgery
Other surgery
Emergency and critical care medicine
Internal medicine
Cardiovascular medicine
Pediatrics

Type of admission, n (%)
Scheduled surgery
Emergency surgery
Coronary intervention
Medical
Trauma

Intubated

684
406 (59.3)
63.9 ± 17.2
7.1 ± 3.4
4.9 ± 3.8
8.2 ± 7.0
48 (7.0)

181 (26.5)
114 (16.7)
  5 (0.7)

240 (35.1)
13 (1.9)
26 (3.8)
51 (7.5)
51 (7.5)
3 (0.4)

184 (26.9)
369 (53.9)
21 (3.1)

110 (16.1)
41 (6.0)

ICU, intensive care unit; MV, mechanical ventilation; SD, standard 
deviation; SOFA, sequential organ failure assessment.

Non-
intubated

1,219
779 (63.9)
66.9 ± 14.5
2.3 ± 2.1
1.6 ± 1.9
2.7 ± 1.6
7 (0.6)

 484 (39.7)
105 (8.6)

 294 (24.1)
 144 (11.8)
  24 (2.0)
   2 (0.2)
 24 (2.0)

142 (11.6)
0 (0)

 934 (76.6)
117 (9.6)
104 (8.5)
64 (5.3)
15 (1.2)

Figure 1. Compliance rate of the VAP bundle. SBT, spontaneous breathing trial; DVT, deep vein thrombosis.
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According to the total compliance rate of 77.0% reported 
above, the 684 patients who required mechanical 
ventilation were divided into two groups using a cut-off 
value of 75%. The evaluated clinical outcomes included 
the incidence of VAP, as shown in Table 2, as well as 
associated mortality rates.
	 Regarding total  compliance rates,  the high 
compliance group comprised 385 patients (56%) with a 
compliance rate of ≥ 75%, whereas the low compliance 
group comprised 299 (44%) with a compliance rate of < 
75%; 61 (15.8%) developed VAP in the high compliance 
group, in contrast with 72 (24.1%) in the low compliance 

group. We observed statistically significant differences 
in the proportion of VAP occurrence between the two 
groups (p = 0.02, Figure 3A).
	 Moreover, 11 patients (2.9%) died in the high 
compliance group, in contrast with 37 (12.4%) who died 
in the low compliance group (p < 0.001, Figure 3B). 
Relationships between the incidence of VAP and the 
bundle items with low compliance rates (ii, iv, viii, and 
ix) are presented in Figure 4.
	 Only daily assessment for extubation (viii) 
demonstrated statistically significant differences 
with regard to the proportion of VAP cases; the high 
compliance group included 252 patients (37%) and 
the low compliance group included 432 (63%). A 
total of 21 patients (8.3%) developed VAP in the high 
compliance group, whereas 112 (25.9%) developed 
VAP in the low compliance group (p = 0.011, Figure 
4C, Table 2). No other items exhibited statistically 
significant differences.

Discussion

In the present study, patients with high compliance rates 
for the evaluated VAP prevention bundle demonstrated 
a lower incidence of VAP than the VAP incidence of 
those with low compliance rates (Figure 3). Daily 
assessment for extubation (viii) affected the incidence 
of VAP, such that those with high compliance showed a 
lower incidence of VAP than those in the low compliance 
group (Figure 4C). However, no other items showed 
statistically significant differences.
	 In this study, the intubation group included patients 
with various risk factors and profiles, such as high 
SOFA scores, an increased length of hospital stay, and 
high mortality rates (Table 1). Risk factors increasing 
the incidence of VAP have been reported in many prior 
reports, and include long-term intubation, disorders of 
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Figure 2. Number of ventilator-days and VAP incidence 
during the observation period. (A) The number of 
ventilator-days, (B) VAP incidence (per 1,000 ventilator-
days). VAP, ventilator-associated pneumonia.

Table 2. Clinical outcomes as relevant to the ventilator-associated pneumonia (VAP) prevention bundle evaluated at our 
medical center

VAP bundle items

Total compliance
     High (compliance ≥ 75%)
     Low (compliance < 75%)
Gatching up the bed to 30-45º
     High (compliance ≥ 75%)
     Low (compliance < 75%)
Avoidance of oversedation
     High (compliance ≥ 75%)
     Low (compliance < 75%)
Daily assessments for extubation
     High (compliance ≥ 75%)
     Low (compliance < 75%)
Early ambulation and rehabilitation
     High (compliance > 0%)
     Low (0% compliance)
Total

ICU, intensive care unit; MV, mechanical ventilation. *Generalized Wilcoxon test.

Patients (n)

385
299

330
354

378
306

252
432

  76
608
684

VAP (n)

61
72

60
73

61
72

  21
112

  27
106
133

ICU-days

9.13
6.91

9.34
7.06

7.89
8.49

6.65
9.04

16.17
7.16
8.16

Ventilator-
days

6.49
5.74

6.59
5.77

5.59
6.88

4.10
7.37

13.67
5.23
6.17

VAP (%)

15.8
24.1

18.2
20.6

16.1
23.5

  8.3
25.9

35.5
17.4
19.4

VAP incidence 
(per 1,000 MV days)

24.4 
42.0 

27.6 
35.7 

28.9 
34.2 

20.3 
35.2 

26.0 
33.3 
31.5 

p-value*

0.018

0.545

0.217

0.011

0.900
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consciousness, and various comorbidities (16-18). We 
introduced the bundle approach described herein to at-
risk patients with the aim of preventing VAP.
	 In consideration of such risk factors, the US IHI 
and the Japanese Society of Intensive Care Medicine 
have included item x (i.e., the peptic ulcer and DVT 
prophylaxis item) in their protocols. In Japan, the 
incidence rates of obesity and pulmonary embolism are 
lower than the respective incidence of each condition in 
the US (12,13). Hence, DVT prophylaxis has less clinical 
importance in Japan than it does in the US, and we 
conclude that preventive measures should be modified 
based on the clinical situation specific to each institution. 
The incidence of VAP gradually decreased after the 
introduction of our modified bundle (Figure 2). We 
emphasize that our selected measures led to good clinical 

outcomes overall.
	 The favorable consequences of including an 
educational program were proven in a past study, in 
which the resulting incidence of VAP was reduced 
by 51% (2). In this study, the incidence of VAP has 
decreased over time due to better management (overall 
and for each preventive measure included in the 
bundle) as compared with our management capabilities 
immediately after the introduction of the preventive 
bundle. One potential reason for this may be that the 
level of nursing care has improved over time because 
nurses' awareness of and training regarding VAP care has 
increased.
	 Our department was able to comply with many of 
the measures implemented in the evaluated preventive 
bundle, hence yielding a median compliance rate of 
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Figure 3. Proportion of VAP occurrence according to the compliance rate. (A) Proportion of VAP patients, (B) Survival 
probability. VAP, ventilator-associated pneumonia.

Figure 4. Proportion of VAP occurrence according to the preventive item. (A) Gatching up the bed, (B) Avoid oversedation, (C) 
Daily assessments for extubation, (D) Early ambulation. VAP, ventilator-associated pneumonia.
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77%. This higher compliance rate led to a lower VAP 
incidence. Moreover, a subgroup analysis of the four 
measures with the lowest compliance rates showed that 
only daily assessment for extubation (item viii) was 
statistically significantly different between compliance 
groups. Prior studies have reported that early extubation 
is difficult in older patients as well as in patients in poor 
general condition and/or with consciousness disorders 
due to brain injury (19,20). Invasive surgery for older 
patients and those with cerebrovascular disease may 
lead to prolonged intubation, even at our institution. In 
these cases, tracheostomy and aggressive nutritional 
management may reduce the occurrence of VAP (21,22). 
We would also like to consider tracheostomy for long-
term management in future research.
	 In the preventive bundle evaluated herein, "early 
ambulation and rehabilitation" was the only item that 
showed low compliance rates. The clinical effects of 
early ambulation and rehabilitation have been proven 
(23,24). We aim to identify the factors contributing 
to inadequate management as well as to improve 
management methods in future work. We also note 
that our medical staff has experienced some difficulty 
implementing ambulation and rehabilitation programs 
in normally intubated patients (other than tracheostomy 
patients) due to bucking and blood pressure fluctuations, 
which may occur given inadequate sedation. In our 
ICU, we try to achieve a 90° gatch-up position or a 
standing position using a Sara® Combilizar device (Arjo, 
Stockholm, Sweden) under mild sedation. We hope to 
increase the number of cases undergoing therapeutic 
ambulation and rehabilitation protocols in the future.
	 Our study had several limitations. First, this was a 
retrospective study that only included Japanese patients 
from a single institution. However, our database is large 
and has been continuously updated based on uniform 
follow-up protocols. Second, although a general rule was 
similarly applied to all patients when diagnosing VAP, the 
diagnostic criteria for VAP are somewhat controversial. 
For example, criteria that have been considered for VAP 
diagnoses (and remain controversial) include evaluation 
of the patient's respiratory condition (i.e., based on the 
fraction of inspired oxygen and positive-end-expiratory 
pressure findings) (1). Third, according to the diagnostic 
criteria for VAP described above, we evaluated 
respiratory function and symptoms in reaching VAP 
diagnoses; however, the data for bacterial composition 
in mechanical ventilation patients' sputum tests included 
many missing values. Fourth, we could not identify 
survival effects for VAP. No patient died from VAP 
in this study; the main cause of death in our ICU was 
primary disease or other severe complications thereof. A 
multicenter prospective study is required for confirming 
the efficacy of the VAP bundle approach in intubated 
patients admitted to the ICU.
	 In conclusion, an observed decreased incidence of 
VAP was a critically important outcome of the VAP 

bundle approach in the intubated patients evaluated 
herein. We plan to enact these preventive measures at our 
medical center using this VAP bundle. This approach was 
effective for the prophylaxis of VAP and is hence eligible 
for inclusion in our Sustainable Development Goals.
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Introduction

Esophageal cancers are squamous cell carcinomas or 
adenocarcinomas that occur in the esophagus. In the past, 
the prognosis of patients with esophageal cancer was 
very poor (1), but the introduction of a multidisciplinary 
treatment approach and advanced surgical techniques 
such as thoracoscopic surgery and robot-assisted 
esophagectomy have greatly improved therapeutic 
outcomes. However, there has been a marked increase in 
the rates of diagnosis of metachronous cancer after the 
initial esophagectomy (current incidence reported in the 
literature 11.3%–12%) (2-5).
	 In our hospital in Japan, we have found that 
metachronous cancer is diagnosed prior to esophagectomy 
in 6.4% of cases, at the same time as esophagectomy 
in 4.8% of cases, and after esophagectomy in 12.8% of 
cases (data not shown). These metachronous cancers 
are diagnosed most frequently in the oropharynx, 
hypopharynx, and larynx, which are regions covered 

by squamous epithelium (5), followed by the gastric 
tube, which is the reconstructed esophagus following 
esophagectomy (3-5). The surgical approach for 
the resection of gastric tube cancer depends on the 
reconstruction route used for the prior esophagectomy. 
If the route used for the reconstruction was the 
intrathoracic route, the surgery is more invasive than the 
antethoracic route. Because its route was not necessary 
to perform thoracotomy. Although the incidence of 
esophageal cancer is increasing worldwide (6), much 
remains unknown about gastric tube cancer following 
esophagectomy, such as the common sites of occurrence, 
patterns of metastasis, most effective treatment methods 
and follow-up schedules.
	 Here, we investigated the clinical characteristics 
of patients with gastric tube cancer following 
esophagectomy at our hospital and examined the 
outcomes of gastrectomy versus endoscopic mucosal 
resection (EMR) or endoscopic submucosal dissection 
(ESD).

(40)
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Patients and Methods

Study design

This was a retrospective study conducted at the 
Department of Surgery, Institute of Gastroenterological 
Surgery, Tokyo Women's Medical University, Japan. 
From 1964 to 2012, a total of 2,908 patients underwent 
radical esophagectomy and esophageal reconstruction 
at our institute. Of these 2,908 patients, 49 developed 
gastric tube cancer 1 year or more after esophagectomy 
and underwent treatment for gastric tube cancer between 
1970 and 2020. In the present study, these 49 patients 
were divided into two groups based on the treatment 
they received for the gastric tube cancer: 30 patients 
underwent gastrectomy and were assigned to Group A, 
and 19 patients underwent endoscopic treatment (EMR 
or ESD) and were assigned to Group B. The indications 
for endoscopic mucosal resection EMR or ESD were 
the same as for gastric cancer, well-differentiated 
adenocarcinoma (G1); depth of invasion limited to the 
lamina propria; less than 2.0 cm in diameter; and no 
ulceration. However, ESD is expanding indications 
excluding size. Surgery for the treatment of gastric tube 
cancer was excluded when there was invasion of other 
organs (T4) or recurrence in other organs (M1).
	 The study was conducted according to the guidelines 
of the Declaration of Helsinki and approved by the Ethics 
Committee of Tokyo Women's Medical University, 
Approval No. 4582). Informed consent and consent for 
publication were obtained from all subjects involved in 
the study.

Statistical analyses

All data are presented as the medians and total ranges 
unless otherwise stated. Survival was calculated using 
the Kaplan–Meier method and then compared between 
groups with the log-rank test. The hazard ratio of survival 
was calculated with Cox proportional hazard analyses. A 
p value < 0.05 was statistically significant.

Results

Patient characteristics

Table 1 shows the clinical characteristics of the patients 
at the time of esophagectomy. 37% in Group A or 37% in 
Group B were diagnosed Stage I. Lymph node metastasis 
occurred in 47% in Group A or 58% in Group B. The 
most common reconstruction route was the antesternal 
route in Group A, and the posterior mediastinal route in 
Group B. Neither group received much adjuvant therapy. 
There were no differences between Group A and Group 
B except for reconstruction route.
	 Table 2 shows the clinical characteristics of the 
patients at the time of diagnosis of gastric tube cancer. 
Table 3 shows the gastric tube cancer symptoms reported 
by the patients and the means of detection of the cancer. 
In Group A, the gastric tube cancer was not diagnosed 
until it was in an advanced state in 67% and was detected 
by palpation in 33% of patients; these findings were 
attributed to the use of the antesternal route of gastric 
tube reconstruction and to the fact that in the past the 
intervals between follow-up examinations were longer. 
In Group B, there were no symptoms because all cancers 
were discovered in an early stage via endoscopy. Because 
most cancers in Group A were advanced, symptoms at 
detection included passage obstruction, palpation, and 
pain. In Group B, all patients were asymptomatic. 55% 
in the gastric tube cancer was located in the lower gastric 
tube and 35% was located at the site sutured to form 
the gastric tube (the resected side of the lesser curvature 
side). The most common macroscopic classifications 
of early-stage cancers in Group A and Group B were 
0-IIc and 0-IIa, respectively. In Group A, lymph node 
metastasis, lymphatic vessel invasion, or vascular 
invasion were observed at similar rates; in Group B no 
such metastasis or invasion was observed. Histologically, 
33% of cases in Group A were poorly differentiated, 
whereas there was no poorly differentiated cases in 
Group B. Multiple gastric tube cancers developed in four 
patients in Group A and in one patient in Group B.

(41)
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Table 1. Characteristics of the patients at the time of esophagectomy

Parameter

Mean age at the time of esophagectomy
Gender (M/F)
Location of esophageal cancer (Ut / Mt / Lt / unknown)
Depth (T1a / T1b / T2 / T3 / T4 / unknown)
Lymph node metastasis (N0 / N1 / unknown)
Stage (I / II / III / IVa / unknown)
Reconstruction route (antesternal / retrosternal / posterior mediastinal)
Adjuvant therapy for esophageal cancer (+ / - / unknown)

This criteria is in accordance with the Japanese Classification of Esophageal Cancer 11th 2015 by the Japan Esophageal Society. EMR: 
endoscopic mucosal resection, ESD: endoscopic submucosal dissection, Ut: upper thoracic esophagus, Mt: middle thoracic esophagus, Lt: lower 
thoracic esophagus. T1a: Tumor confined to the mucosa (M). T1b: Invasion to but not beyond the submucosa (SM). T2: Invasion to but not 
beyond the muscularis propria (MP). T3: Invasion to the esophageal adventitia (Ad). T4: Invasion to the adjacent organs (Adj).

Gastrectomy (n = 30)
Group A

60.5
(29 / 1)

(3 / 20 / 5 / 2)
(2 / 9 / 5 / 10 / 0 / 4)

(12 / 14 / 4)
(11 / 5 / 11 / 0 / 3)

(21 / 5 / 4)
(6 / 20 / 4)

EMR or ESD (n = 19)
Group B

64.5
(19 / 0)

(3 / 10 / 6 / 0)
(1 / 6 / 1 / 10 / 1 / 0)

(8 / 11 / 0)
(7 / 2 / 9 / 1 / 0)

(3 / 2 / 14)
(3 / 15 / 1)



Global Health & Medicine. 2023; 5(1):40-46.Global Health & Medicine. 2023; 5(1):40-46.

(42)

Operative procedures undergone by patients in Group A

Table 4 shows the operative procedures undergone by 
the patients in Group A for gastrectomy and esophageal 
reconstruction. The antesternal route was used in 21 
patients who underwent surgery from 1965 to 1992. 
The retrosternal route was used in 5 patients from 1985 
to 2000. The posterior mediastinal route was used in 4 
patients from 1986 to 2008. The antesternal route allows 
for a minimally invasive approach because we do not 
perform thoracotomy. A total of 12 patients underwent 
total gastrectomy and reconstruction with pedicled 
jejunum; however, one patient developed impaired blood 
flow in the jejunum and underwent additional venous 
reconstruction involving vascular anastomosis with the 
external jugular vein. In the remaining nine patients, 
the tumor mass was in the lower gastric tube; therefore, 
these patients underwent partial lower gastrectomy 
with preservation of the right gastroepiploic vessels. 
Of the five patients who underwent gastrectomy and 
reconstruction through the retrosternal route, two 
underwent total gastrectomy and reconstruction with 
pedicled jejunum, and two, due to their cancer being 
located primarily in the upper gastric tube, underwent 
upper gastric tube resection, vascular anastomosis of the 
internal thoracic artery and external jugular vein, and 
reconstruction with free jejunum. The remaining patient 

Time from esophagectomy to diagnosis of gastric tube 
cancer

The timing of diagnosis of gastric tube cancer varied 
from 1 to 30 years after esophagectomy (Figure 1). In 
Group A, gastric tube cancer was generally not detected 
for a long time after esophagectomy, whereas in Group 
B most cases were detected soon after esophagectomy. 
In our hospital, recurrence of esophageal cancer or 
gastric reflux soon after esophagectomy is an indication 
for an upper endoscopy at least once per year, which 
likely allowed for the detection of early-stage cancers in 
which EMR or ESD can be used. However, in the past, 
regular endoscopy was not performed from 6 years after 
esophagectomy, meaning the gastric tube cancer was 
often not detected until it was more advanced.
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Table 2. Characteristics of the patients at the time of diagnosis of gastric tube cancer

Parameter

Mean age at the time of diagnosis
Gender (M/F)
Location on gastric tube (Upper / middle / lower / unknown)
Location of gastric tube (GC / LC / AW / PW / all / unknown)
Macroscopic Classification (0-I / 0-IIa / 0-IIb / 0-IIc / 1 / 2 / 3 / 4 / unknown)
Depth (m / sm / mp / ss / se / si / unknown)
Lymph node metastasis (n0 / n1 / no lymphadenectomy / unknown)
Lymphatic vessel invasion (0 / 1 / 2 / 3 / unknown)
Vascular invasion (0 / 1 / 2 / 3 / unknown)
Stage (I / IIA / IIB / III / unknown)
Histology (well / mod / poorly / unknown)
Double cancer (+ / − / unknown)

This criteria is in accordance with the Japanese classification of gastric carcinoma: 3rd English edition (2011) by the Japanese Gastric Cancer 
Association (JGCA). GC: greater curvature, LC: lesser curvature, AW: anterior wall, PW: posterior wall, EMR: endoscopic mucosal resection, ESD: 
endoscopic submucosal dissection. T1a: Tumor confined to the mucosa (M). T1b: Tumor confined to the submucosa (SM). T2: Tumor invades the 
muscularis propria (MP). T3: Tumor invades the subserosa (SS). T4: Tumor invasion is contiguous to or exposed beyond the serosa (SE) or tumor 
invades adjacent structures (SI).

Gastrectomy (n = 30)
Group A

70.3
(29 / 1)

(4 / 7 / 16 / 3)
(2 / 11 / 7 / 3 / 1 / 3)

(1 / 4 / 1 / 7 / 3 / 1 / 4 / 5 / 4)
(4 / 6 / 4 / 4 / 10 / 0 / 2)

(9 / 7 / 9 / 5)
(9 / 8 / 7 / 1 / 5)
(13 / 6 / 5 / 1 / 5)
(13 / 1 / 5 / 8 / 3)
(10 / 6 / 10 / 4)

(4 / 23 / 3)

EMR or ESD (n = 19)
Group B

67.1
(19 / 0)

(0 / 5 / 11 / 3)
(2 / 6 / 3 / 5 / 0 / 3)

(3 / 10 / 1 / 2 / 0 / 0 / 0 / 0 / 3)
(16 / 1 / 0 / 0 / 0 / 0 / 2)

(0 / 0 / 14 / 5)
(16 / 0 / 0 / 0 / 3)
(16 / 0 / 0 / 0 / 3)
(16 / 0 / 0 / 0 / 3)

(15 / 1 / 0 / 3)
(1 / 15 / 3)

Table 3. Gastric tube cancer symptoms and methods of 
detection

Items

Symptom
     Passage disturbance
     Palpation
     Pain
     Anemia
     Occult blood
     Weight loss
     None
     Unknown

Examination
     Endoscopy
     Palpation
     Barium meal
     Unknown

Gastrectomy
(n = 30)
Group A

  4
  4
  4
  1
  1
  1
13
  3

17
10
  1
  2

EMR: endoscopic mucosal resection, ESD: endoscopic submucosal 
dissection.

EMR or ESD
(n = 19)
Group B

  0
  0
  0
  0
  0
  0
16
  3

16
  0
  0
  3

Figure 1. Time from esophagectomy to diagnosis of 
gastric tube cancer. ● Group A (gastrectomy), 6 patients 
were unknown; ○ Group B (endoscopic mucosal resection or 
endoscopic submucosal dissection) 1 patient was unknown.
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underwent partial lower gastrectomy with preservation 
of the right gastroepiploic vessels.
	 Of the four patients who underwent gastrectomy 
and reconstruction through the posterior mediastinal 
route, one presented with a tumor in the middle gastric 
tube, and the remaining three presented with tumors in 
the lower gastric tube. For the cases of a large tumor in 
the middle and lower gastric tube, partial lower distal 
gastrectomy was performed through a left thoracotomy 
due to the resection reaching the superior margin of the 
tumor, with the right gastroepiploic vessels preserved. 
For the two patients for whom resection to the superior 
margin of the tumor in the lower gastric tube was possible 
through a laparotomy, partial lower gastrectomy through 
a laparotomy was performed with the right gastroepiploic 
vessels preserved.

Outcomes after surgery for gastric tube cancer

Two patients in Group A died within 30 days as a result 
of the gastrectomy (Table 5). Both patients underwent 
total gastrectomy and gastric tube reconstruction with 
a pedicled jejunum through the antesternal route. 
Recurrence of esophageal cancer was responsible for one 
death in Group A versus three deaths in Group B; for the 
three patients in Group B, although the gastric tube cancer 
was discovered shortly after esophagectomy and the 
patients went into remission following ESD, esophageal 
cancer later recurred and resulted in death. Ten patients 
who underwent gastrectomy for advanced gastric tube 
cancer died as a result of the gastric tube cancer, whereas 
none of the patients who underwent ESD and EMR did 
so. Both groups included two patients that died from other 
cancers, although their immediate cause of death was 
attributed to pneumonia.

Metachronous cancers after gastrectomy

In Group B, four patients developed metachronous 
gastric tube cancers and in all four patients the 
cancer was treatable with EMR or ESD (Table 6). 
In addition, metachronous hypopharyngeal cancer, 
cholangiocarcinoma, colon cancer, and bladder cancer 
were observed in one patient each in both groups with 
two patients in each group dying of these cancers. 
The cause of death was a gallbladder cancer or a 
hypopharyngeal cancer in group A, a cholangiocarcinoma 
or a hypopharyngeal cancer in Group B.

Sites of metastasis after gastrectomy

Due to early detection of gastric tube cancer, no 
patients in Group B developed metastasis. In Group 
A, ten patients who underwent surgery for advanced 
gastric tube cancer developed metastasis (Table 7). Six 
patients developed dissemination after gastrectomy. 
Three patients who underwent total gastrectomy and 
reconstruction with a jejunal flap through the antesternal 
route developed axillary lymph node metastasis. Two of 
these patients subsequently died due to bone metastasis. 
One patient who underwent partial upper gastrostomy 
and free jejunal flap reconstruction through median 
sternotomy developed liver metastasis. He died 20 
months later due to metastatic liver cancer.

Survival after gastrectomy

Five-year survival after gastrectomy was 38% in Group 
A and 60% in Group B (Figure 2). Median survival was 
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Table 5. Outcomes after surgery for gastric tube cancer

Outcomes

Gastrectomy-related death (within 30 
days)
Esophageal cancer–related death
Gastric tube cancer–related death
Death from other cancer
Death from other illness

Gastrectomy
(n = 30)
Group A

2

1
10
2
2

EMR: endoscopic mucosal resection, ESD: endoscopic submucosal 
dissection.

EMR or ESD
(n = 19)
Group B

0

3
0
2
1

Table 6. Occurrence of metachronous cancers

Outcomes

Metachronous gastric tube cancer
Hypopharyngeal cancer
Gallbladder cancer
Cholangiocarcinoma
Colon cancer
Rectal cancer
Bladder cancer

Gastrectomy
(n = 30)
Group A

0
1
1
1
1
1
1

EMR: endoscopic mucosal resection, ESD: endoscopic submucosal 
dissection.

EMR or ESD
(n = 19)
Group B

4
1
0
1
1
0
1

Table 4. Operative procedures undergone by patients in 
Group A (gastrectomy)
Operative procedures

Antesternal route (n = 21)
     Total gastrectomy + reconstruction with pedicled jejunum
     Total gastrectomy + reconstruction with pedicled jejunum
     + revascularization with internal thoracic artery and
     external transvenous vein
     Partial lower gastrectomy + reconstruction with
     Roux-en-Y through laparotomy
Retrosternal route (n = 5)
     Total gastrectomy through median sternotomy
     + reconstruction with pedicled jejunum
     Partial upper gastrectomy through median sternotomy
     + reconstruction with free jejunum
     Partial lower gastrectomy + reconstruction with
     Roux-en-Y through laparotomy
Posterior mediastinal route (n = 4)
     Partial lower gastrectomy + reconstruction with
     Roux-en-Y through laparotomy
     Partial lower distal gastrectomy + reconstruction with
     Roux-en-Y through left thoracotomy

n

  n = 11
n = 1

n = 9

n = 2

n = 2

n = 1

n = 2

n = 2
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938 days in Group A and 1,955 days in Group B. No 
significant difference between groups was observed (p 
= 0.1657); in Group B, although no patients died due to 
gastric tube cancer, some patients died from recurrence 
of esophageal cancer.

Follow-up for recurrence and metachronous cancers 
after esophagectomy at our hospital

Figure 3 shows the schedule of follow-up examinations 
after esophagectomy at our hospital. Testing to detect 
recurrence of esophageal cancer is performed until year 
5. However, metachronous cancers can occur more 
than 5 years later. Therefore, although the number of 
CT and GS examinations will decrease, we must test 
to detect metachronous cancers for more than 10 years. 
Endoscopy by skilled doctors is performed taking into 
consideration oropharyngeal and hypopharyngeal cancer, 
which are difficult to detect metachronous cancers.

Discussion

Curative surgery for thoracic esophageal cancer is the 
most invasive of digestive tract surgeries, with the 
morbidity associated with esophagectomy in the range of 
36.0% to 58.4% (7,8). Due to extremely poor outcomes 
in the past, cases of metachronous cancers after treatment 
for esophageal cancer were uncommon. However, 
the outcomes of esophagectomy for the treatment of 
esophageal cancer have been greatly improved through 
the introduction of extended lymphadenectomy and 
better perioperative management (9,10), and extended 
survival times means that the incidence of metachronous 
cancers after treatment for esophageal cancer is 
increasing.
	 The difficulty of treating advanced gastric tube 
cancer after esophagectomy depends on the route 
of reconstruction. Until 1990, the antesternal route 
was the standard route of gastric tube reconstruction. 
If the gastric tube is subcutaneous, this approach is 
relatively simple. However, with the retrosternal route 
and the posterior mediastinal route, the gastric tube 
must be approached through a median sternotomy and 
thoracotomy, respectively. This approach offers the 
advantages of good handling and visibility because of 
direct visualization of the gastric tube, but there is a 

higher risk of postoperative bleeding and osteomyelitis 
(11). In addition, postoperative pain often negatively 
effects respiration (12). With these reconstruction 
routes, total gastrectomy is extremely difficult, and 
complications occur frequently (13,14). For this reason, 
palliative resection, such as partial resection, is often 
performed (15).
	 In addition to gastric tube cancer resection, systematic 
lymphadenectomy must also be performed, as is common 
for typical gastric cancers. However, when a partial 
distal gastrectomy is performed, systematic dissection of 
lymph nodes at the greater curvature side of the gastric 
tube, which is fed by the right gastroepiploic vessels, 
is impossible. In such cases, station 6 lymph node 
dissection (i.e., D1 dissection) is avoided. Consequently, 
in some cases, surgical treatment is abandoned in favor 
of chemotherapy and radiotherapy (16,17). Perfusion of 
the right gastroepiploic artery is commonly considered 
essential for blood supply to the gastric tube. Depending 
on the operative findings, it may be necessary to sacrifice 
this artery within the distal partial resection area of the 
gastric tube. In such cases, reconstruction of the artery via 
a vascular anastomosis should be considered. The extent 
of lymphadenectomy in cases of gastric tube cancer 
has not been standardized because long-term results of 
surgically treated gastric tube cancers are lacking. In our 
report, when the gastric tube was reconstructed through 
the antesternal route, we could perform total gastrectomy 
with lymph node dissection in 57% of cases and we 
could perform partial lower gastrectomy in 43% of cases. 

www.globalhealthmedicine.com

Table 7. Sites of metastasis after gastrectomy in the 
patients from Group A (gastrectomy) treated for advanced 
gastric tube cancer

Sites of metastasis

Right axillary lymph node metastasis
Left axillary lymph node metastasis
Bilateral axillary lymph node metastasis
Bone metastasis
Liver metastasis
Dissemination

n

1
1
1
2
1
6

Figure 2. Survival rate after gastrectomy. p = 0.1657. 
Red: Group A (gastrectomy; n = 30) Blue: Group B (EMR 
or ESD; n = 19). EMR: endoscopic mucosal resection, ESD: 
endoscopic submucosal dissection.

Figure 3. Follow-up examination schedule (years and 
months post-surgery) at our hospital. TM: tumor marker 
(CEA, SCC, CYFRA, P53), CT: computed tomography, GS: 
gastroscopy, PET: positron emission tomography.
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We could perform an operation, which was minimally 
invasive surgery, without thoracotomy and reconstruction 
of the right gastroepiploic artery. In the five cases in 
which the retrosternal route was used, two cases involved 
total gastrectomy and reconstruction with a pedicled 
jejunum, two cases involved partial upper gastrectomy 
and reconstruction with a free jejunum, and one case 
involved partial lower gastrectomy and a Roux-en-Y 
anastomosis through laparotomy. We performed median 
sternotomy with risk of osteomyelitis in four patients to 
reach the gastric tube. Gastric tube cancers resectable 
through the posterior mediastinal route accounted for 
only four of the present cases, in which the lower gastric 
tube could be resected through a left thoracotomy or 
laparotomy. If the location of gastric tube cancer was 
high, we must perform invasive gastrectomy through a 
right thoracotomy. It will be a very invasive operation 
due to the adhesions of the previous operation.
	 Although the overall postoperative course of the 
present cases was good, and only two of the patients 
died as a result of the operation, there have been reports 
that the postoperative morbidity and mortality rates 
associated with gastrectomy are high (18). Both of the 
patients who died had undergone total gastrectomy and 
reconstruction with a pedicled jejunum for gastric tube 
cancer through the antesternal route and developed sepsis 
as a result of jejunal necrosis. If there was necrosis of 
pedicled jejunum, we should perform two step surgery. 
At first, we perform necrosectomy and external fistula 
construction. In the second stage surgery we perform 
reconstruction with a free jejunum. According to some 
reports (19), free jejunal transfer has a high success rate, 
but if vascular thrombosis occurs, the salvage of a failing 
flap with reanastomosis is difficult. The technique of 
vascular anastomosis has improved significantly in the 
last few years with the progress of breast cancer and 
transplantation (20,21). We could not find any literature 
regarding patterns of recurrence after gastrectomy. 
However, in the present study we observed three cases 
of axillary lymph node metastasis, a pattern of metastasis 
resembling breast cancer, after gastrectomy through the 
antesternal route.
	 In comparison to gastrectomy, EMR and ESD were 
found to be relatively safe procedures and did not result 
in any operation-related deaths. However, for these 
approaches, accurate diagnosis of cancer at an early stage 
is necessary and, depending on the site of gastric tube 
cancer, an experienced endoscopist is needed (22-24).
	 Survival outcomes after gastric tube treatment did 
not differ significantly between the gastrectomy group 
and the EMR or ESD group. The reason that the patients 
in Group B were caused by esophageal cancer-related 
death or death from other illness was because there were 
less terms from esophagectomy. In other words, it was 
because esophagectomy for esophageal cancer did not 
result in a complete cure. However, the present findings 
do show a marked difference in gastric tube cancer–

related death between the two groups (Table 5). It was 
clear that ESD was beneficial to patients compared 
with gastrectomy with respect to the complexity of the 
procedure or gastrectomy-related death (Table 5). We 
must detect gastric tube cancer early in order to perform 
ESD or EMR without gastrectomy. Gastric tube cancer 
was detected within 5years after esophagectomy in 67% 
patients in the EMR or ESD group, suggesting that the 
patients who later die do so of recurrence or relapse of 
esophageal cancer. This indicates that early detection is 
the most important factor in gastric tube cancer (25-27).
	 At our hospital, with the understanding that the onset 
of gastric tube cancer varies from 1 to 30 years after 
esophagectomy, we now perform lifetime follow-up 
twice per year, even after five years have elapsed since 
esophagectomy. In addition, endoscopy is performed by 
an endoscopist who can accurately diagnose common 
sites of squamous epithelial cancers, such as tongue 
cancer and oropharyngeal or hypopharyngeal cancer.
	 This study has several limitations. First, this is 
a backward-looking observational study, and it is 
not a method that adds a high level of evidence as a 
means of drawing conclusions. Second, there were 
differences concerning the methods of reconstruction 
for esophagectomy depending on the background of the 
period. Third, due to the small sample size, the indicators 
shown in the tables were not statistically compared 
between the two groups.

Conclusion

In addition to recurrence and metastasis, gastric tube 
cancer is often observed after esophagectomy. The 
present findings highlight the importance of early 
detection of gastric tube cancer after esophagectomy 
and that the ESD and EMR procedures are safe and 
have significantly less complications compared with 
gastrectomy. Follow-up examinations should be 
scheduled with consideration given to the most frequent 
sites of gastric tube cancer occurrence and the time 
elapsed since esophagectomy.
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Introduction

It has been more than 2 years since the start of the 
coronavirus disease 2019 (COVID-19) pandemic caused 
by the severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2). While the pandemic is expected to be 
resolved as the vaccination rate increases, the emergence 
of highly infectious variant strains suggests that it will 
take some time for the pandemic to fully subside. To 
cope with the emergence of this novel coronavirus, 
socioeconomic activities must be restricted when 
necessary. However, lifting these restrictions leads to 
the spread of infection. This means that it is important to 
reduce disease severity in severe cases of COVID-19 to 
avoid excessive pressure on the healthcare system.
	 High-flow nasal cannula (HFNC) has been shown 
to be effective in treating type 1 respiratory failure and 
is expected to reduce disease severity in patients with 

COVID-19 (1). Even though HFNC was previously 
not recommended because of concerns about the 
risk of aerosol generation, a recent shift in opinion 
now considers HFNC treatment in the appropriate 
environment an effective method of choice. We 
previously published the treatment outcomes of HFNC 
administered between January and September 2020 and 
reported the possibility of a reduction of disease severity 
in severe COVID-19 cases, as well as increased safety (2). 
The purpose of this study was to expand the study period 
to 1 year and report the outcomes of HFNC treatment in 
patients with severe COVID-19 at our institution.

Patients and Methods

Study design and patients

From January 2020 to January 2021, we retrospectively 
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analyzed 513 consecutive patients with COVID-19 who 
were admitted to our hospital. We included patients 
with severe COVID-19 who received HFNC treatment 
owing to their worsening respiratory status in spite of 
conventional oxygen therapy. Disease severity was 
classified by National Institutes of Health criteria 
(3). HFNC success was defined as improvement in 
respiratory status and transfer to conventional oxygen 
therapy, while HFNC failure was defined as transfer to 
non‐invasive positive pressure ventilation (NPPV) or 
ventilator, or death after treatment. Patients who died 
without intubation due to do-not-attempt-resuscitation 
(DNAR) orders were classified as HFNC failure. 
Patients who had HFNC attached for weaning either after 
extubation or withdrawal of NPPV were excluded.

 Setting of HFNC

In our hospital's operation, HFNC was placed when 
the saturation of percutaneous oxygen (SpO2) was 
below 93% even with nasal cannula or oxygen mask on 
oxygen flow rate of 6 L/min or more. The fraction of 
inspired oxygen (FiO2) was determined by considering 
the oxygen delivery device and oxygen dosage prior 
to HFNC placement. The flow rate was adjusted in the 
range of 30-60 L/min depending on oxygenation and the 
patient's comfort level. The F&P 850 system (Fisher & 
Paykel Healthcare, Auckland, New Zealand) was used to 
provide HFNC therapy. The HFNC gas temperature was 
set at 31 °C (humidity: 32 mg/L) or 37 °C (humidity: 44 
mg/L), depending on the patient's preference.

Environment during HFNC therapy

All patients who were administered HFNC used a private 
negative pressure room. Staff providing COVID-19 
medical treatment underwent donning and doffing 
training of personal protective equipment beforehand. 
The medical care staff donned the personal protective 
equipment, including long-sleeved gowns, gloves, 
N95 masks, surgical masks with face shields, and hair 
caps, while attending to patients with HFNC as well as 
conventional oxygen therapy. There was no restriction 
on the frequency of entry into the HFNC treatment area. 
The patients were instructed to wear a surgical mask as 
much as possible during medical examination and care.

Data Collection

All data were retrospectively collected from electronic 
medical records. Recorded data included demographics 
(age, gender, body mass index), vital signs (body 
temperature, respiratory rate, heart rate, blood pressure, 
saturation of percutaneous oxygen), comorbidity, 
smoking status, detailed data related to HFNC use, and 
baseline treatment for COVID-19. The ratio of SpO2/FiO2 
and the respiratory rate-oxygenation (ROX) index were 

collected as respiratory status before HFNC treatment. 
The ROX index was defined as the ratio of SpO2/FiO2 to 
respiratory rate. Glasgow Coma Scale, non-respiratory 
sequential organ failure assessment (SOFA), and quick 
SOFA (qSOFA) were also collected as assessment scores. 
The scores on admission day and before use of HFNC 
were calculated using the worst values observed within 
6 hours after admission and 24 hours prior to HFNC 
treatment.

Statistical analyses

Descriptive statistics were used to summarize the 
baseline characteristics and to compare the success 
and failure rates of HFNC. Continuous variables were 
presented as medians (interquartile range), and binary 
variables were presented as numbers and frequencies 
(percentages). Continuous variables were compared 
using the Mann–Whitney U-test, and binary variables 
were compared using the Fisher's exact test. Vital signs 
and respiratory status before the attachment of HFNC 
and 2–6 hours after the attachment of HFNC were 
compared using Wilcoxon signed-rank test. To identify 
the predictors of HFNC failure, a univariate analysis 
was performed using baseline characteristics with p < 
0.2. The receiver operating characteristic (ROC) curve 
analyses were performed to assess the cutoff values 
for the HFNC outcomes, which are the non-respiratory 
SOFA and SpO2/FiO2 before the attachment of HFNC. 
The area under the ROC curve (AUROC) was calculated 
as a measure of predictive capacity. A multivariate 
analysis was performed using logistic regression analysis, 
incorporating variables with p < 0.05 from the univariate 
analysis. Odds ratio (OR) were calculated along with 
95% confidence interval (CI). A two-tailed p-value of < 
0.05 was considered significant. All statistical analyses 
were performed using EZR (ver. 1.54; Jichi Medical 
University, Saitama, Japan).

Ethical approval

The National Center for Global Health and Medicine 
ethics  review committee approved this  s tudy 
(NCGM-G-004024-00). The protocol for the research 
project conforms to the provisions of the Declaration of 
Helsinki for experiments involving humans.

Results

Thirty-eight patients received HFNC treatment due 
to worsening respiratory status. The median age was 
66 years, and 30 patients (78.9%) were men. Baseline 
treatment consisted mostly of remdesivir, steroids, 
and heparin. Of the 38 patients who underwent HFNC 
therapy, 25 (65.8%) patients were subsequently 
transferred to conventional oxygen therapy and classified 
in the HFNC success group. However, the other 13 
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the HFNC success group (p < 0.0001) (Figure 2B). Both 
groups showed improvement in the SpO2/FiO2 ratio, and 
the improvement in the HFNC success group from 169.2 
to 192 was significant (p = 0.004) (Figure 2C). The ROX 
index rose slightly from 5.7 to 6.0 in the HFNC failure 
group (p = 0.3) and significantly improved from 6.3 to 9.5 
in the HFNC success group (p = 0.0004) (Figure 2D).
	 Seven of the 13 patients in the HFNC failure group 
were directly placed on ventilators. Four patients were 
placed on NPPV after HFNC use, and two continued 
HFNC treatment until death (Table 1). The median 
durations of HFNC treatment in the HFNC success and 
failure groups were 5 days and 3.5 days, respectively, 
while the maximum FiO2 was 60% and 100%, 
respectively. Eventually, seven patients (53.8%) in the 
HFNC failure group died, and four of those died without 
intubation following the DNAR order. As for the main 
cause of death, three patients had COVID-19-associated 
pneumoniae, two had acute respiratory distress syndrome 
due to secondary bacterial infection, one had acute 
kidney injury, and one had acute exacerbations of 
interstitial pneumoniae (Table 2).
	 Using the ROC curve, the best cutoff for non-
respiratory SOFA was estimated to be 1.0 with a 
sensitivity of 0.92, specificity of 0.615, and AUROC of 
0.815. The best cutoff of SpO2/FiO2 was 169.2 with a 
sensitivity of 0.520, specificity of 0.923, and AUROC of 
0.758. In the univariate analysis, age (OR = 1.08; 95% 
CI: 1.02–1.15; p = 0.012), history of CKD (OR = 20.6; 
95% CI: 2.11–201.0; p = 0.009), non-respiratory SOFA 
before HFNC ≥ 1 (OR = 10.6; 95% CI: 2.17–51.4; p 

(34.2%) patients became critically ill (Figure 1). The 
median age of the patients in the HFNC success group 
was 59 years, which was significantly less than that of 
the patients in the HFNC failure group (74 years) (p 
= 0.008). Regarding comorbidities, the rate of chronic 
kidney disease (CKD) was significantly higher in 
the HFNC failure group (46.2% vs. 4%; p = 0.004). 
The median time from the onset of symptoms to the 
attachment of HFNC was 9 days in both groups. There 
were no differences in the body mass index, smoking 
history, or baseline treatment between the two groups. 
There was no difference in qSOFA before HFNC 
treatment between the two groups, while non-respiratory 
SOFA before HFNC use was significantly higher in the 
HFNC failure group (2 vs. 0, p = 0.0005). Regarding the 
vital signs and respiratory status before the attachment 
of HFNC, the SpO2/FiO2 was significantly lower in 
the HFNC failure group than in the HFNC success 
group (117.5 vs. 169.2, p = 0.01). The respiratory rate 
oxygenation (ROX) index also tended to be lower in the 
HFNC failure group (5.7 vs. 6.3, p = 0.28). In contrast, 
the heart rate (HR) and respiratory rate (RR) tended 
to be higher in the HFNC success group. Three (12%) 
patients in the HFNC success group and five (38.5%) 
patients in the HFNC failure group had DNAR orders 
(Table 1). Two to six hours after HFNC was attached, 
the RR worsened from 22 to 24.5 in the HFNC failure 
group (p = 0.62) but significantly improved from 24 to 
22 in the HFNC success group (p = 0.009) (Figure 2A). 
Moreover, the HR changed from 87 to 85 in the HFNC 
failure group and significantly improved from 94 to 74 in 
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Figure 1. Flow diagram and clinical outcome of patients. COVID-19, coronavirus disease 2019; HFNC, high-flow nasal 
cannula; NPPV, non‐invasive positive pressure ventilation.
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= 0.004), and SpO2/FiO2 before HFNC ≤ 169.2 (OR = 
13.0; 95% CI: 1.46–116.0; p = 0.021) were found to be 
statistically significant predictors of HFNC failure. We 
performed a multivariate analysis and calculated the 
adjusted ORs by incorporating variables with p < 0.05. 
Multivariate analysis revealed that an SpO2/FiO2 ratio 
≦ 169.2 (adjusted OR = 15.9, 95% CI: 1.07–236.0, p 
= 0.004) before HFNC treatment was an independent 
predictor of HFNC failure (Table 3).
	 The medical staff treating patients with COVID-19, 
with or without HFNC, implemented airborne and 
contact infection control measures, including the use of 
N95 masks. No restrictions were placed on the frequency 
of entry into the HFNC treatment area. When HFNC 
apparatuses were attached, all patients were managed 
in negative-pressure individual rooms to prevent 
nosocomial infection resulting from aerosol production. 
No apparent nosocomial infection occurred during the 
study period.

Discussion

The risk of nosocomial infection poses a concern when 
the aerosol-generating device, HFNC, is applied to 
patients with COVID-19. However, our retrospective 
study showed that with a conducive environment, 
appropriate equipment, proper procedure, and infection 
control measures, it was possible to prevent 65.8% of 
severely ill patients from further deterioration of their 
condition without causing obvious nosocomial infections 
of COVID-19.
	 Previous studies have shown that HFNC treatment 
results in a lower intubation rate than noninvasive 
ventilation and standard oxygen therapy in patients 
with acute respiratory failure (1). HFNC has also been 
shown to be effective for managing acute respiratory 
failure caused by COVID-19 for the following reasons. 
Two phenotypes of COVID-19 pneumonia have been 
identified (4). As the disease progresses from Type L to 
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Table 1. Baseline characteristics of patients who were administered HFNC therapy due to deterioration

Variables

Age (years), median (IQR)
Gender (Male), n (%)
Body mass index (kg/m2), median (IQR)
Comorbidity
     Hypertension
     Diabetes mellitus
     Dyslipidemia
     Asthma
     Coronary heart disease
     Chronic kidney disease
     Immunosuppression
Smoking status
     Never smoker
     Current or former smoker
Baseline treatment
     Remdesivir, n (%)
     Hydroxychloroquine, n (%)
     Favipiravir, n (%)
     Tocilizumab, n (%)
     Lopinavir-ritonavir, n (%)
     Steroid, n (%)
     Heparin, n (%)
     PMX-DHP, n (%)
     Convalescent plasma therapy, n (%)
Implementation of HFNC
     Days after onset (days), median (IQR)
     Days after admission (days), median (IQR)
Severity score before HFNC, median (IQR)
     Glasgow Coma Scale, median (IQR)
     qSOFA, median (IQR)
     non-respiratory SOFA, median (IQR)
Vital signs and respiratory status before HFNC
     Systolic blood pressure (mmHg), median (IQR)
     HR (bpm), median (IQR)
     RR (/min), median (IQR)
     SpO2/ FiO2, median (IQR)
     ROX index, median (IQR)
DNAR, n (%)

HFNC, high-flow nasal cannula; IQR, interquartile range; qSOFA, quick sequential organ failure assessment; PMX-DHP, polymyxin-B direct 
hemoperfusion; HR, heart rate; RR, respiratory rate; SpO2, saturation of percutaneous oxygen; FiO2, fraction of inspired oxygen, ROX index; 
respiratory rate-oxygenation index; DNAR, do-not-attempt-resuscitation.

Total (n = 38)

66 (51-75)
 30 (78.9%)

   26.8 (22.6-30.2)

   23 (60.5%)
19 (50%)

   11 (28.9%)
  3 (7.9%)
  3 (7.9%)

    7 (18.4%)
  1 (2.6%)

  14 (36.8%)
  24 (63.2%)

  31 (81.2%)
  3 (7.9%)
 8 (21%)
  2 (5.3%)
  1 (2.6%)

  37 (97.4%)
  32 (84.2%)
    7 (18.4%)
  3 (7.9%)

     9 (7-11.8)
2 (1-2)

  15 (15-15)
1 (1-1)

     0 (0-1.75)

    115.5 (105.3-124.8)
       93 (82.3-102.5)

  24 (20.5-28)
 154.2 (108.5-176)

6.3 (5.1-7.5)
  8 (21.1%)

HFNC success (n = 25)

  59 (50-70)
22 (88%)

     26.6 (24.2-30.6)

13 (52%)
12 (48%)
  6 (24%)
  3 (12%)
2 (8%)
1 (4%)

0

11 (44%)
14 (56%)

22 (88%)
1 (4%)

  7 (28%)
1 (4%)

0
  25 (100%)
23 (92%)
  5 (20%)
2 (8%)

  9 (8-12)
2 (1-2)

  15 (15-15)
1 (1-1)
0 (0-0)

  118 (107-127)
94 (91-95)
24 (22-28)

     169.2 (132.9-184.6)
 6.3 (5.1-7.7)

3 (12%)

HFNC failure (n = 13)

74 (68-82)
   8 (61.5%)

   27.2 (22.3-28.8)

10 (76.9%)
  7 (53.8%)
  5 (38.5%)

0
1 (7.7%)

  6 (46.2%)
1 (7.7%)

  3 (23.1%)
10 (76.9%)

  9 (69.2%)
  2 (15.4%)
1 (7.7%)
1 (7.7%)
1 (7.7%)

12 (92.3%)
  9 (69.2%)
  2 (15.4%)
1 (7.7%)

  9 (6-11)
2 (1-3)

  15 (15-15)
1 (1-1)
2 (1-3)

  109 (100-117)
  87 (83-100)
22 (20-24)

     117.5 (103.3-153.3)
 5.7 (5.0-6.9)
   5 (38.5%)

p

  0.008
  0.094
0.43

0.18
1

0.46
0.54

1
  0.004
0.34

0.29
0.29

0.20
0.27
0.22

1
0.34
0.34
0.15

1
1

0.66
0.50

NA
0.81

    0.0005

  0.093
0.83
0.14
0.01
0.28

  0.094
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Type H, respiratory distress increases due to decreased 
lung compliance, increased dead space, increased 
atelectasis, carbon dioxide retention, fatigue, and anxiety. 
At that point, the respiratory center is stimulated through 
various chemoreceptors and mechanoreceptors in the 
respiratory physiology, causing a strong respiratory 
drive (5). Strong spontaneous breathing increases 
transpulmonary pressure and causes patient self-inflicted 
lung injury (6.).
	 In addition to disease severity and intravascular 
microthrombosis, self-inflicted lung injury is also known 
to be closely related to COVID-19 pneumonia. Therefore, 
HFNC can be used to target the positive end-expiratory 
pressure-like effect, improvement of oxygenation, and 
washout effect of CO2. Although pain and emotional 
stimuli from the hypothalamus also transmit stimuli 
to the respiratory center, HFNC is superior to NPPV 
in terms of comfort (1). In the present study, HFNC 
was attached to all patients as there was no problem 
associated with the tolerability. Other advantages of 
HFNC include facilitation of eating, drinking, talking, 
oral care, rehabilitation, and performing awake self-
proning.
	 There have been several reports on HFNC treatment 
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Figure 2. Sequential change of vital signs and respiratory status two to six hours after high-flow nasal cannula (HFNC) 
therapy. (A) The respiratory rate worsened from 22 (20-24) to 24.5 (21.5-26) in the HFNC failure group (p = 0.62) and improved 
from 24 (22-28) to 22 (20-24) in the HFNC success group (p = 0.009). (B) The heart rate changed from 87 (83-100) to 85 (71-
93) in the HFNC failure group (p = 0.14) and improved from 94 (82-105) to 74 (70-86) in the HFNC success group (p < 0.0001). 
(C) The oxygen saturation to fraction of inspired oxygen ratio (SpO2/FiO2) changed from 117.5 (103.3-153.3) to 143.1 (124-
184) in the HFNC failure group (p = 0.094) and improved from 169.2 (132.9-184.6) to 192 (155-237.5) in the HFNC success 
group (p = 0.004). (D) The respiratory rate-oxygenation index (ROX) index slightly rose from 5.7 (5.0-6.9) to 6.0 (5.3-8.0) in the 
HFNC failure group (p = 0.3) and improved from 6.3 (5.1-7.7) to 9.5 (6.6-11.3) in the HFNC success group (p = 0.0004). All data 
are presented as medians (interquartile range). HFNC, high-flow nasal cannula; SpO2, saturation of percutaneous oxygen; FiO2, 
fraction of inspired oxygen, ROX index; respiratory rate-oxygenation index.

Table 2. Treatment details and clinical outcome of HFNC 
therapy

Variables

Duration of HFNC (days), median 
(IQR)
     Time to NPPV or intubation
     from HFNC
     < 24/ < 48/ < 72/ ≥ 72 (hours), n
Setting of HFNC
     Maximum flow rates (L/min),
     median (IQR)
     Maximum FiO2 (%), median
     (IQR)
Death, n (%)
     DNAR, n
The main cause of death
     COVID-19 pneumoniae
     ARDS due to secondary bacterial
     infection
     Acute kidney injury
     Acute exacerbation of interstitial
     pneumonia

HFNC success
(n = 25)

5 (3-6)

NA

50 (40-50)

60 (50-75)

0
NA

NA
NA

NA
NA

HFNC failure 
(n = 13)

3.5 (2-7.3)

5/ 1/ 3/ 2

60 (50-60)

  100 (100-100)

   7 (53.8%)
4

3
2

1
1

HFNC, high-flow nasal cannula; NPPV, non‐invasive positive 
pressure ventilation; IQR, interquartile range; FiO2, fraction of 
inspired oxygen; DNAR, do-not-attempt-resuscitation; COVID-19, 
coronavirus disease 2019; ARDS, acute respiratory distress syndrome.
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for patients with COVID-19 in clinical practice. A 
significant lower rate of ventilator placement on day 28 
was reported in the patients who received HFNC than the 
patients who did not at four sites in Paris, France (56% 
vs. 75%, p < 0.001) (7). A report from Temple University 
in the United States showed a 67% intubation avoidance 
rate in the HFNC group of patients with moderate-to-
severe hypoxemic respiratory failure, which is very 
similar to the data reported in this study (8).
	 In this study, we used the SpO2/FiO2 ratio to 
evaluate the results because this was not a prospective 
observational study. The timing of arterial blood gas 
collection was determined by individual clinicians, and 
there were many missing data. According to Rice et al., 
the SpO2/FiO2 ratio threshold of 235 identified PaO2/FiO2 
ratio ≤ 200 with a sensitivity of 85% and a specificity 
of 85% (9). The baseline SpO2/FiO2 ratio for the entire 
study was 154.2, which is considered less than PaO2/FiO2 
ratio of 200 and is relatively close to the value reported 
by Patel et al. (8). In this study, the baseline ROX index 
before HFNC was 6.3, which was higher than that 
reported by Richard Mellado-Artigas et al. (10). Since 
our previous report considered that early introduction of 
HFNC could lead to prevention of patient self-inflicted 
lung injury, it is possible that the current study may 
have resulted in an earlier introduction of HFNC than 
other reports (2). In the early stages of acute respiratory 
failure due to COVID-19, respiratory center drive may 
not occur, and the RR ‒ the denominator of the ROX 
index ‒ may not increase because lung compliance is not 
decreased (5).
	 Regarding predictors of HFNC failure, a prospective 
multicenter cohort study in Spain, involving patients 
with acute respiratory failure admitted to the intensive 
care unit, reported that non-respiratory SOFA and ROX 
indices were the main predictors of intubation in the 
multivariate analysis (10). According to a report by Patel 
et al., SpO2/FiO2 ratio (<100) and history of CKD were 
predictors of HFNC failure (8). Consistent with their 
findings, the univariate analysis of the present study 

showed that a history of CKD and SpO2/FiO2 (≤ 169.2) 
were statistically significant predictors of HFNC failure. 
A possible explanation for the failure of the ROX index 
before HFNC treatment to be a predictor of HFNC 
failure in the present study might be the influence of the 
lower RR values in the HFNC failure group. This might 
have occurred because of "silent or happy hypoxia", 
which can lead to rapid clinical deterioration in patients 
with COVID-19 (5). Two to six hours after HFNC was 
attached, the RR worsened in the HFNC failure group 
but significantly improved in the HFNC success group. 
Thus, it may be important to monitor changes in the RR 
in patients receiving HFNC therapy.
	 Regarding the safety of HFNC for patients with 
COVID-19, the risk of nosocomial infection cannot be 
completely eliminated because HFNC is classified as a 
type of aerosol-generating procedure similar to NPPV. 
While our initial approach toward the use of HFNC 
treatment was cautious, with greater accumulation of 
data clarifying its efficacy and safety in patients with 
COVID-19, guidelines in various countries have begun to 
accept the use of HFNC treatment provided that infection 
control measures are thoroughly implemented in an 
appropriate environment. Among these, HFNC has been 
considered superior to conventional oxygen therapy and 
NPPV in the Surviving Sepsis Campaign Guideline (11). 
The results of the simulation also showed that the droplet 
diffusion distance was shorter with HFNC compared to 
reservoir masks and Venturi masks (12). However, there 
are reports of simulation results showing that the aerosol 
diffusion distance increases when the HFNC is loosely 
attached at a flow of 60 L/min. Therefore, the appropriate 
use of the HFNC is critical (13). As a result of the 
appropriate use and proper environmental measures, no 
apparent nosocomial infection occurred in our facility 
throughout the study period.
	 This study has several limitations. First, this study 
was retrospective, and the treatment setting was not 
unified. Variability in vital signs and respiratory 
parameters can occur before initiating HFNC because 
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Table 3. Multivariate logistic regression analysis for the predictors of HFNC failure

Variables

Age
Gender, male
CKD, presence
Hypertension, presence
Non-respiratory SOFA before HFNC <1
     ≥ 1
Systolic blood pressure before HFNC
RR before HFNC
SpO2/ FiO2 ratio before HFNC >169.2
     ≤ 169.2

HFNC, high-flow nasal cannula; CI, Confidence interval; CKD, Chronic kidney disease; SOFA, sequential organ failure assessment; RR, 
respiratory rate; SpO2, saturation of percutaneous oxygen; FiO2, fraction of inspired oxygen; ROX index; respiratory rate-oxygenation index; Ref, 
Reference.

Univariate
Odds ratio (95% CI)

1.08 (1.02-.)
      0.22 (0.04-1.13)

        20.6 (2.11-201.0)
      3.08 (0.68-13.9)

Ref.
      10.6 (2.17-51.4)
      0.97 (0.92-1.02)
      0.89 (0.76-1.04)

Ref.
        13.0 (1.46-116.0)

p value

  0.012
0.07

  0.009
0.15

  0.004
0.18
0.15

  0.021

Multivariate
Odds ratio (95% CI)

1.06 (0.98-1.15)

  8.25 (0.55-124.0)

3.89 (0.48-31.7)

  15.9 (1.07-236.0)

p value

  0.13

  0.13

0.2

    0.004
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there is no standard protocol for initiating HFNC 
treatment. Remdesivir, steroids, and heparin were 
administered in most patients; however, the type and 
amount of steroids varied according to the clinical 
physician's discretion, which can be a confounding 
factor. Furthermore, we had to substitute SpO2/FiO2 
for PaO2/FiO2 ratio because the arterial blood gas 
analysis was not performed with appropriate timing. A 
unified protocol for HFNC use and medical treatment 
is necessary, and arterial blood gas analysis should be 
appropriately performed. Second, a prediction model 
for HFNC failure was not derived because the number 
of cases that received HFNC treatment were too few to 
prepare a validation dataset.
	 In conclusion, the appropriate use of HFNC 
treatment for COVID-19 patients with acute respiratory 
failure can reduce the severity of disease in severe 
patients without causing nosocomial infections. Age, 
prior history of CKD, non-respiratory SOFA before 
HFNC ≥ 1, and SpO2/FiO2 before HFNC ≤ 169.2 were 
predictive variables associated with HFNC failure. In the 
future, it will be necessary to assess the validity of the 
prediction variables for HFNC outcomes in a large-scale 
group study. Moreover, further accumulation of data on 
COVID-19 and other emerging infectious diseases are 
necessary.
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Introduction

The number of cancer patients is on the rise (1). 
The top five most common types of cancer in Japan 
(2019) are colorectal cancer (155,625) lung cancer 
(126,548) stomach cancer (124,319) breast cancer 
(97,812) and prostate cancer (94,749) (2). But long-
term survival is possible for some types of cancer (3). 
At the same time, in Japan, duration of hospital stays 
was 17.1 days (2017), a reduction of one-third from 20 
years prior (4), and outpatients account for 41-68% of 
people receiving chemotherapy (5). As these numbers 
indicate, contemporary cancer patients live and interact 
with society while undergoing treatment. However, 
such social interactions also become an opportunity 
for patients to be highly aware and sensitive towards 
appearance changes due to cancer treatments such as 
surgeries, radiation, and chemotherapy. This may result 
in hesitation towards treatment as well as decreased 
quality of life. Therefore, it is necessary for medical 
professionals to provide appropriate support to patients 
regarding their appearance concerns.

	 Previous studies have reported that 84.9% of male 
patients experience appearance change from cancer 
treatment (6), and that 80.3% of patients in outpatient 
chemotherapy centers are concerned about physical 
changes in various parts of their body (7). The most 
prevalent topic of study is hair loss (8), as it decreases 
body image and level of psychosocial happiness, and 
carries a high likelihood for depression (9). It has also 
been identified that patients have difficult experiences 
because of negative reactions from others that noticed 
their change in appearance (10,11), and they spend a lot 
of energy concealing their symptoms (12,13) because 
they are concerned about being treated differently by 
others and because some appearance changes are a 
physical indication of cancer (14,15).
	 However, Previous studies have been conducted 
at specialized cancer hospitals in urban areas (6) or 
outpatient treatments centers (7), and the results are 
specific to the study region or department, or are limited 
to breast cancer (9-11,14) or male patients (6). The last 
study on all cancer types was conducted in 2009 (7), 
making the results outdated by over 10 years. There is a 
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lack of recent studies to understand the current realities 
of appearance change in cancer patients. Therefore, 
this study was conducted with a sample that reflects the 
actual proportions of cancer incidence rates by gender 
and site as much possible.
	 This study has the following two purposes: i) To 
obtain a clear understanding of the appearance changes 
that cancer patients experience due to treatment, and 
their respective distress levels, to examine the symptoms 
that require prioritized support and care; and ii) To obtain 
a clear understanding of the psychosocial difficulties and 
the related factors that patients face, such as the impact 
on their daily lives, to identify the essential perspective 
for when healthcare professionals should support 
patients. Based on the above, this study examined 
the hypothesis that patient concerns about changes in 
physical appearance directly lead to behavioral inhibition 
in daily life.
	 We conducted this study to obtain foundational data 
for the development of a patient support program. This 
article reports the data gathered as part of this project, 
which indicate the psychosocial difficulties patients face 
as a result of changes in physical appearance from cancer 
treatment.

Methods

Participants

More than 1,000 male and female patients between the 
ages of 20 and 75 who were either currently undergoing 
cancer treatment or under post-treatment observation 
were included. All participants agreed to participate 
and had the technical abilities to respond to the online 
surveys.

Procedure

Anonymous self-administered surveys were provided 
online to conduct a cross-sectional study. First, the 
researchers investigated Internet-based research 
companies that are members of the Japan Marketing 
Research Association (JMA) with the aim of minimizing 
significant bias in the registered attributes and the 
frequency of updating the registered information by 
referring to publicly available information. This resulted 
in Macromill, Inc. being selected to conduct the survey. 
Next, we conducted a screening survey of the monitors 
who had registered to participate in surveys with the 
Internet survey company and selected eligible patients. 
	 Then, we randomly selected candidates for the 
survey in proportion to the incidence rate of cancer by 
sex and site (17), and conducted an Internet survey until 
more than 1000 valid responses were obtained. In the 
Japanese estimates of cancer incidence by site (2017), 
the stomach was the most common site for males, 
followed by the lung, prostate, colon/rectum, and liver. 

The most common cancer site for females was the breast, 
followed by the colon/rectum, stomach, lung, and uterus. 
In addition, ages (20s, 30s, 40s, 50s, and 60s or older) 
were also automatically allocated so that differences in 
attitudes by age could be examined.
	 This study was approved by the Research Ethics 
Review Committee of the National Cancer Research 
Centre (File No. 2017-417) and was conducted from 
March 2, 2018 to March 22, 2018.

Measures

The survey col lec ted  informat ion on pat ient 
demographics, appearance change and the associated 
distress level from cancer treatment, and impacts on 
daily and social life. Survey items and questions were 
developed based on preexisting studies (5,6) and 
preliminary research by a team of one doctor, two nurses, 
two clinical psychologists, two cosmetic and makeup 
specialists, and four patient representatives.
	 For patient demographics, participants were asked 
to identify their age, gender, occupation, highest level 
of education, and the type of cancer for which they are 
undergoing, or have undergone treatment.
	 For appearance change due to treatment and related 
distress participants were first asked if they experienced 
any appearance changes due to treatment. Those who 
answered yes were then asked if they (a) were currently 
experiencing, (b) had experienced in the past, or (c) 
had never experienced, each item of appearance change 
on the survey (29 questions). Finally, those who were 
experiencing or had experienced an item scored 0 to 
3 were asked to identify their distress level when the 
experience was most severe. 0 points indicated that 
they experienced appearance change but no distress, 1 
point indicated a low level of distress (indicated a bit of 
distress), 2 points indicated a medium level of distress 
(indicated distress), and 3 points indicated a high level of 
distress (indicated severe distress). The method of scoring 
the distress level was based on previous studies (6).
	 Regarding the impacts of appearance changes on 
daily and social life, 12 experiences related to how 
the appearance changes impact daily life and social 
relationships were listed. Participants were asked 
to answer if they (1) experienced the impact, (2) 
experienced the impact to an extent, (3) not applicable, 
(4) did not really experience the impact, or (5) did not 
experience the impact at all.
	 Furthermore, the specifics of this patient's coping 
behaviors and information and support needs are 
presented in a separate paper (16). As patients' coping 
behaviors, we investigated information gathering 
behavior and daily grooming behavior. In order to 
clarify the actual situation of information collection on 
appearance changes, we asked the participants whether 
they obtain information from medical professionals and 
their satisfaction level, and whether they use 20 sources 
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It was speculated that most of the changes were due to 
chemotherapy.

Distress level for each appearance change
	 Distress level of each symptom experienced for 29 
appearance symptoms is shown in Figure 1 and Figure 2. 
To clarify the frequency of occurrence and distress level, 
we divided the symptoms into two groups: those with a 
relatively large number of participants who experienced 
them (100 or more: Figure 1) and those with a small 
number of people who experienced them (less than 100: 
Figure 2). The mean distress level for all 29 symptoms 
was 1.34 (± 0.45) points.
	 The number of participants who experienced 
symptoms was high, and the distress level for each 
symptom was higher than average for hair loss, change 
in body shape from weight gain, edema on the face 
and body (including lymphoedema), loss of eye lashes, 
dermatitis and skin sensitivity.
	 As for the symptoms that were experienced by a 
small number of participants, they had notably high 
distress levels (1.79 points or higher, which is over 1 
standard deviation of the overall average). These include 

of information on appearance changes (family members, 
patient groups, product retailers, Internet information, 
etc.) and their trust level. Satisfaction and trust were 
rated on a 4-point scale ranging from "very much so" 
(4 points) to "not at all" (1 point). They were also asked 
about 24 daily grooming behaviors (wigs, moisturizers, 
etc.) and their costs (purchase price of wigs, etc.).
	 Descriptive statistics were calculated from 
participants' sociodemographic statistical variables and 
their experiences of appearance change. To determine the 
most highly distressing experiences, the average level 
of distress was calculated for each physical change. A 
chi-square test was conducted on the data collected on 
the impacts on daily and social life in order to examine 
the difference between genders or ages. A covariance 
structured analysis was also conducted to examine how 
patient concerns about changes in appearance affect 
behavioral inhibition. Statistical analyses were conducted 
using IBM® SPSS® Amos 16.0. The multiplicity of the 
tests was not adjusted for because this was an exploratory 
study.

Results

Participant demographics

By the registration deadline, a total of 1,034 participants, 
518 men and 516 women, attended (Table 1). The 
average age was 58.7 ± 10.6 years with a median age of 
60 (26-74) years. The most common cancer types were 
stomach for men 93 (9.0%) and breast for women 120 
(11.6%). The top cancer types in both sexes were the 
top 5 most common cancers in Japan. Most participants 
were working, with 347 (33.6%) working full-time and 
505 (48.8%) working part-time. The most common 
final education was a university or graduate degree, 426 
(41.2%).

Changes in physical appearance from treatment

Prevalence of appearance change and respective 
symptoms
	 A total of 601 patients (58.1%) reported that they 
experienced appearance change. There were participants 
who experienced a change in appearance in all 27 items, 
but the most commonly experienced change was surgical 
therapy-induced scars on the body surface (49.1%). 
Other symptoms that were reported by more than 15% 
of all participants were hair loss (22.2%), change in 
body from weight loss (22.1%), weak and thin nails 
(21.2%), dry skin (20.9%), sensitive skin (19.8%), 
edema on the face and body (including lymphoedema) 
(19.8%), discoloration of the nails (e.g. white lines, 
hyper pigmentation) (19.6%), injection site scars on arms 
(19.0%), discoloration of the skin (hyperpigmentation) 
(18.0%), dermatitis (17.8%), loss of body hair (arms, 
legs, nose, and pubic) (17.1%), and blemishes (15.1%). 
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Table 1. Attributes of the study population

Characteristics

Gender
     Male
     Female
Type of Cancer
          Stomach
     Men 
          Large Intestine
          Lung
          Prostate
          Liver
          Others
     Women
          Breast
          Large Intestine
          Stomach
          Lung
          Uterine
          Others
     Age
          20-29
          30-39
          40-49
          50-59
          60-74
     Occupation
          Full-time
          Part-time
          Unemployed (housewife included)
          Others
     Highest level of Education
          Middle School
          High School
          Vocational School
          College degree
          Bachelor / Master's degree
          Others

 n (%), n = 1034

518 (50.0)
516 (50.0)

  93 (9.0)

  80 (7.7)
  79 (7.6)
  76 (7.4)
  29 (2.8)
161 (15.6)

120 (11.6)
  82 (7.9)
  59 (5.7)
  36 (3.5)
  36 (3.5)
183 (17.7)

    3 (0.3)
  50 (4.8)
170 (16.5)
266 (25.7)
545 (52.7)

347 (33.6)
505 (48.8)
127 (12.3)
  55 (5.3)

  34 (3.3)
325 (31.4)
103 (10.1)
146 (14.1)
426 (41.2)
    0 (0.0)
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stoma, festering of nails, loss of breast from mastectomy, 
amputation, loss of part of the face and hand-foot 
syndrome.
	 For breast cancer patients only, distress level for hair 
loss (2.16 points) was higher than loss of breast from 
mastectomy (2.00 points).

Impact on daily life

Participants were asked 12 survey items related to how 
appearance change impacted their thoughts and activities 
in daily life. Participants who indicated that they 
"experienced the impact" or "experienced the impact 
to an extent" were considered to have experienced the 
indicated impact (illustrated in Figure 3 and Figure 4).
	 Overall, over 40% of the participants who experienced 
appearance change reported becoming passive towards 
social activities, such as quitting or becoming absent 
from work or school (42.6%), finding meeting people 
troublesome (40.2%), and having decreased occasions 
to leave the house (40.1%). Meanwhile, more than 50% 
of participants who experienced appearance change 
also reported maintaining their self-identity even if their 
appearance changes (55.7%), and having capacity to 

attend to physical appearance during treatment (55.2%). 
Results of the chi-square analysis that was performed 
to examine gender differences indicated the following 
four items were statistically significant. Females were 
significantly more distressed than males.
	 • I did not want to receive pity from others 
        (χ2 = 11.65, df = 1, p < 0.001)
	 • Decreased occasions to leave the house 
        (χ2 = 13.98, df = 1, p < 0.001)
	 • Finding meeting people troublesome 
        (χ2 = 36.12, df = 1, p < 0.001)
	 • Relationship issues with partner became awkward 
        (χ2 = 9.79, df = 1, p < 0.001).
	 We also conducted a chi-square analysis by dividing 
into age groups (60 or under and over 60) in order to 
examine the effect of working age, and significant 
differences by age were found in nine items.
	 The following items were significantly higher in 
those 60 or under than in those over 60.
	 • I was concerned about my appearance change 
        (χ2 = 7.34, df = 1, p < 0.01).
	 • I did not want to receive pity from others 
        (χ2 = 15.31, df = 1, p < 0.001).
	 • Decreased occasions to leave the house 
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Figure 1. Distress level of symptoms experienced by 100 people or more.

Figure 2. Distress level of symptoms experienced by less than 100 people.
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        (χ2 = 6.51, df = 1, p < 0.05).
	 • Finding meeting people troublesome 
        (χ2 = 15.80, df = 1, p < 0.001).
	 • Quitting or becoming absent from work or school 
        (χ2 = 18.10, df = 1, p < 0.001).
	 • Relationships with coworkers became awkward 
        (χ2 = 7.41, df = 1, p < 0.01).
	 • Relationship with my partner became awkward 
        (χ2 = 13.25, df = 1, p < 0.001).
	 • It is better not to treat the cancer than change 
        my appearance (χ2 = 9.29, df = 1, p < 0.01).
	 On the contrary, the following item was significantly 
higher in those over 60.
	 • Maintain their self-identity even if their appearance 
        changes (χ2 = 8.57, df = 1, p < 0.01).

Concerns about changes in physical appearance and its 
impact on behavior inhibition

A covariance structured analysis using statistical software 
Amos 16.0 was conducted to examine the impact of 
concerns about appearance change on behavior inhibition 
and negative changes in relationships.
	 The causal model envisaged is that concerns about 
changes in physical appearance (Q1-3) impact actual life 
(behavior inhibition in daily life, etc.: Q4-9). The final 
model with the best fit is shown in Figure 5.
	 For the model fit to the data, Goodness of Fit Index 
[GFI] =1.000, Adjusted Goodness of Fit Index [AGFI] 
=1.000 and Root Mean Square Error of Approximation 
[RMSEA] = 0.000. The standard partial regression 
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Figure 3. Impact on daily life by gender. *p < 0.05, **p < 
0.01, and ***p < 0.001.

Figure 4. Impact on daily life by age. *p < 0.05, **p < 0.01, 
and ***p < 0.001.

Figure 5. Path analysis with motivation inhibition as the dependent variable. Numbers indicate standardized path analysis 
coefficients. *p < 0.05, **p < 0.01, and ***p < 0.001.
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coefficients show a direct positive effect from Q2 or Q3 
to Q4, Q5, Q6, Q7, Q8 and Q9. On the other hand, an 
effect was observed from Q1 to Q4, Q5 and Q8, but a 
direct effect was not observed from Q1 to Q6 and Q7.
	 The effects from Q2 and Q3 on Q4 and Q5 were 
especially significant. Participants that expressed 
anxieties such as "I did not want to receive pity from 
others", and "Others noticed I have cancer due to my 
appearance change" had decreased outings (β = 0.32, β = 
0.31, respectively), social interactions (β = 0.29, β = 0.37, 
respectively), and attendance at work/school (β = 0.17, β 
= 0.19, respectively), and increased relationship issues (β 
= 0.26, β = 0.25, respectively).

Discussion

Actual conditions of appearance change due to cancer 
treatments

Experience of appearance change
	 Upon sampling the data proportioned to gender and 
cancer type variables, the overall rate of participants 
who experienced changes in physical appearance 
was 58.1%, which is less than previous studies (5,6). 
Additionally, excluding "surgical therapy induced scars", 
which was experienced by about 50% of participants, all 
other symptoms were experienced by less than 25% of 
participants. A study of 1,030 people from the general 
population showed that 95.2% identified hair loss as 
the most symbolic side effect of cancer treatment (18), 
and hair loss has consistently been indicated as one of 
the most prevalent distressing symptoms in past studies 
(7). However, in reality, not all cancer patients undergo 
treatment with hair loss and the prevalence of hair loss is 
only 22.2%, which is very low in comparison to common 
belief. It is essential for accurate information to be 
delivered in the early stages of treatment so that patients 
who have just been diagnosed with cancer will not be 
misled by the negative image and panic. Additionally, 
there is a significant importance in raising awareness in 
the general public as well.
	 This study may have provided a complete picture 
of the appearance problems faced by cancer patients, 
unlike previous studies, such as a survey of patients 
undergoing chemotherapy with hair loss (6,8,12), which 
were conducted only on patients with the symptoms in 
question.

Distress from appearance change and patient support
	 Symptoms that were reported with high distress 
levels were long-term changes that were visible to the 
patients themselves and others, such as surgical removal 
of body parts including breasts, limbs, and facial features, 
stoma, and hair loss, as well as symptoms that have a 
significant negative impact on patients' activities of daily 
living such as hand-foot syndrome and symptoms related 
to the nails.

	 Examining the relationship between the prevalence 
of symptoms and distress level from the perspective of 
patient support, the symptoms can be divided into two 
separate categories. One category consists of symptoms 
such as hair loss and edema, which are high in both 
prevalence and distress level, and support addressing 
these symptoms is generally a broad category that 
needs to be prioritized. The other category consists of 
symptoms of low prevalence but that cause significantly 
high distress levels such as having a stoma, loss of 
breast from mastectomy, loss of a body part, hand-foot 
syndrome, and fingernail detachment. These symptoms 
require personalized support, which is vital as these 
symptoms in particular have a direct relationship with 
decreased body image, self-esteem, and activities of 
daily living.
	 One of the interesting findings of this study was the 
difference in distress levels for similar symptoms. For 
example, hair loss was reported with a high distress 
level when it occurred on the head, but not when it was 
body hair or beard. Similarly for changes in body shape, 
while weight gain and edema were reported with high 
distress, weight loss had lower distress levels. This may 
reflect the value of appearance in contemporary society, 
i.e., slimming perception that leaner body types are 
more attractive and obesity has a negative impact on 
employment (19-21) or body hair removal preference 
(22,23). Similar to findings in non-cancer related studies 
that report higher distress levels for changes in the 
appearance of areas of the body that are more visible 
(24), surgical scars were often in areas hidden under 
clothing and were reported with lower distress levels. 
When examining breast cancer patients only, distress 
levels were higher for hair loss than mastectomy. It 
can be assumed that concerns for appearance are not 
solely based on one's own body image, but deeply 
interconnected with contemporary societal standards and 
values, concern for societal acceptance, and as a result of 
social relationship concerns.

Impact on daily life

When examining the ways appearance change has 
impacted patients' daily lives, especially activities and 
ways of thinking, more than 40% of participants had 
behavioral inhibition such as quitting or being absent 
from work or school. In particular, women who are more 
conscious about their physical appearance than men and 
people of working age (60 or under) who are engaged 
in social activities were negatively impacted in terms of 
activities.
	 Meanwhile, patients were generally able to maintain 
their self-identity despite changes in their appearance, 
were able to attend to and take care of their physical 
appearance, and had high self-worth. This suggests that 
when healthcare professionals provide patients with 
support, it would be more effective to support people to 
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feel that they are able to maintain their self-identity and 
self-worth despite the struggles of treatment instead of 
focusing on negative behaviors only.

Concerns about changes in physical appearance and its 
impact on behavioral inhibition 

When beginning this study, it was hypothesized that 
the concerns patients have about changes in appearance 
directly impact their behavioral inhibition in daily life. 
In fact, results from this study showed no relationship 
between concerns and behavioral inhibition. Instead, the 
results indicated strong concern about others noticing 
that they have cancer or being pitied by others due to 
appearance change decrease social interactions and 
attendance at work and school and increases difficulties 
in social relationships (Figure 5). This may be a negative 
behavioral change that occurs because many patients feel 
that their changed appearance is a "symbol of cancer that 
others can see" (10,15).
	 If this is true, when patients report physical 
symptoms to healthcare professionals there is no 
resolution if the treatment only focuses on caring for the 
physical symptoms. There is a need to provide patients 
with not only treatment of symptoms or coping skills, 
but also information to change beliefs about cancer 
and appearance and communication skill education 
to facilitate relationships with others after appearance 
changes. This may be in line with the importance of 
cognitive training, as the degree of appearance change 
is not necessarily proportional to psychosocial health, as 
demonstrated in a study of non-cancer disfigurement (25). 
It may also be related to critiques on the globally popular 
"Look Good… Feel Better" approach that its coping 
techniques may be too limited (14).

Limitations

There are limitations to this study as it examined self-
reported retrospective data, and the timeframe from 
the day of diagnosis to when patients answered the 
survey was not confirmed. It also lacked information on 
treatment each patient received, so it is not possible to 
further analyze the details of treatment. Despite these 
limitations, using an online survey was beneficial to 
meet the goal of collecting a wide range of information 
in relation to appearance issues. Moving forward, we 
hope to further continue this research by collecting 
additional details with more conventional methods such 
as interviews and mail-in surveys to achieve a more 
elaborate interpretation.

Conclusion

This study clarified the specific symptoms that require 
prioritized support by healthcare professionals, as well 
as beneficial specific suggestions for the process of 

delivering such support. Minimizing side effects and 
treatment and beauty techniques for camouflaging 
appearance changes are all important and essential; 
however, in order to avoid behavioral inhibition, it is 
important to mitigate patients' underlying concern. There 
is a need for educational program structures that support 
effective cognitive transformations and techniques 
for coping with appearance change, and developing 
successful experiences in social communication, to 
mitigate the social struggles patients face in relation to 
appearance change.
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Prostate cancer is the most common malignancy in men 
worldwide. In 2018, more than 92,000 Japanese men 
were diagnosed with prostate cancer (1). Prostatectomy 
is the standard treatment option for organ-confined 
prostate cancer (2), while in recent years, the number of 
robotic-assisted radical prostatectomy (RARP) has been 
increasing in Japan after being insured in 2012.
	 To analyze the recent trends in surgical treatment for 
prostate cancer in Japan, we investigated the National 
Database (NDB) Open Data in Japan, which contains 
receipts (medical fee statements) issued by medical 
institutions to insurers (3). The start of the year in the 
NDB Open Data is April 1st. Overall, in recent years, 
the total number of surgeries for prostate cancer has 
increased, except in 2020. The number of prostatectomies 
performed reached 24,134 in 2019 (Figure 1A). The 
decrease in 2020 may be explained by the influence of 
the COVID-19 pandemic, which caused people to refrain 
from undergoing medical checkups. Interestingly, the 
ratio of patients younger than 70 years to those 70 years 
and older reversed in 2018, with patients aged 70 years 
and older starting to predominate (Figure 1B).
	 Herein, we analyzed the number of prostatectomies 
per 100,000 males from official statistics from Japan 
(4). Of note, the number of prostatectomies increased in 
those over 70 years of age, while it decreased constantly 
in populations under 69 years of age (Figure 1C). In 
Japan, open or laparoscopic prostatectomy accounts 
for a considerable proportion of cases. To examine the 

trend in each operative technique, we classified surgeries 
as either RARP or others (open radical prostatectomy, 
laparoscopic radical prostatectomy, and minimum 
incision endoscopic prostatectomy). Intriguingly, the 
number of patients over 70 years old in RARP group 
nearly doubled from 2015 to 2019, while that in those 69 
years old and younger remained almost constant during 
the same period. However, we could not clarify the 
reason for this discrepancy. The increase in the number 
of patients over 70 years of age may reflect the fact that 
RARP can be safely applied to elderly patients (2).
	 We further found that 5,501 (22.8%) and 4,338 
(22.1%) prostatectomies were performed without the 
robotic systems in 2019 and 2020, respectively. More 
than 500 robotic systems have been introduced in 
Japanese hospitals, and the prevalence of RARP is almost 
equivalent to that in the United States and England (5).
	 In conclusion, we observed an increasing trend 
in the number of RARP in elderly patients in Japan 
since the introduction of robotic surgery. With the new 
development and spread of surgery-assisting robots, we 
can foresee a further increase in the number of RARPs 
performed for elderly patients in the future. In contrast, 
we did not observe any increase in the number of RARPs 
performed in patients younger than 69 years.
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Figure 1. (A) Number of prostatectomies performed per year; (B) Proportion of prostatectomies by age; (C) Number of 
prostatectomies per 100,000 population; (D) Number of prostatectomies by surgical technique.
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The COVID-19 pandemic has drawn attention to droplet 
infection control measures. Various methods have been 
devised to protect against droplet infection, including 
not only surgical masks but also acrylic plates and 
film sheets, and detection of poorly ventilated areas by 
measuring CO2 concentrations, but their effectiveness 
remains unclear. In addition, although a simulation of 
droplet dispersion using the Japan's supercomputer 
Fugaku has attracted much attention, we cannot verify 
whether the various preconditions are general or not, and 
it is very doubtful whether we can really apply them to 
our living and working environments.
	 In the operating room environment where we 
anesthesiologists mainly work, we have established an 
environment in which surgical procedures and general 
anesthesia can be safely performed on surgical patients 
with impaired immune functions through many years 
of research and efforts to improve the environment. In 
addition, various theories and techniques for performing 
surgical procedures and general anesthesia on patients 
with various infectious diseases, whether airborne, 
droplet, or contact infection, have been developed, and 
evidence has already been established on how to deal 
with them. Therefore, if these theories and techniques are 
properly applied, general anesthesia can be administered 
with ease even to patients with SARS-CoV-2 infection 
and other unknown infectious diseases.

Environmental features of operating room

In the operating room for surgery, clean air is supplied 
from the ceiling, and air contaminated by the patient is 

collected from the air intake under the feet. In general 
operating rooms in Japan (air clean level 2), clean air 
is supplied at a rate at which the air in the operating 
room is replaced in about 4 minutes (1). But in reality, 
the air is not actually supplied at a uniform rate due to 
the installation of the ceiling light, some devices in the 
operating room, operating tables, and so on. Therefore, 
it is important to identify and remove obstacles so 
that medical personnel can avoid the risk of inhaling 
contaminated air emitted from patients by using test 
smokes used in the occupational safety domain (Figure 
1). The effectiveness of acrylic panels in preventing 
the spread of droplets from the patient should also 
be evaluated for actual airflow. Unfortunately, the 
measurement of CO2 concentration used in some 
situations can only predict air stagnation by measuring 
the CO2 contained in exhaled air, but cannot evaluate air 
movement. Unfortunately, it is not possible to assess the 
movement of air. To begin with, a situation in which air 
is stagnant is out of the question from the perspective 
of ventilation or airflow management, and a more 
appropriate environment should be created.
	 To ensure the airflow created in the operating room, 
it is essential to minimize the number of people in the 
operating room as well as entering and leaving the 
operating room. For this reason, even if COVID-19 is 
not in its infestation period, strict control is required to 
limit the entry of visitors and minimize the opening and 
closing of the doors of each operating room. In particular, 
bio-clean rooms (air clean level 1) are equipped with 
a front chamber, and a system is used to prevent the 
simultaneous opening of doors on the operating room 
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side and the corridor side.

Use of negative-pressure operating rooms to reduce 
leakage of contaminated air

As in patients with common infectious complications, 
invasive procedures are known to worsen the prognosis 
in patients with SARS-CoV-2 infection. As a rule, 
invasive procedures should be performed only after the 
infectious disease is cured. On the other hand, invasive 
procedures are exceptionally performed under general 
anesthesia in life-threatening emergent surgeries. In 
such situations, a negative-pressure operating room 
is used to prevent contaminated air generated by the 
infectious patient from leaking out of the operating 
room. In a normal operating room, clean air is supplied 
from the ceiling, so the air pressure is higher than that 
in the corridor. In a negative-pressure operating room, 
however, air is collected from the air intake under the 
feet so that the air pressure in the operating room is 
lower (i.e. negative pressure) than that in the corridor to 
prevent contaminated air from leaking into the corridor 
side. It should be understood that a negative-pressure 
operating room draws air from the corridor, which has 
the lowest level of air cleanliness in a medical facility. 
Since surgery is performed in an unclean environment, 
the use of negative-pressure operating rooms should be 
limited to unavoidable cases, and patients will be at a 
great disadvantage if they are used easily because they 
are suspected of having an infectious disease.

Standards of anesthesia management to prioritize 
protection of the surgical patient

In patients with SARS-CoV-2 infection, risk of 
perioperative mortality increased throughout 6 weeks 
of infection (2), and patients should avoid elective 
surgery within 7 weeks after the presence of infection, 
even if asymptomatic. In addition, the anesthesiologist 
should determine the waiting period from the viewpoint 
of recovery of the respiratory and other systemic 
conditions in patients with moderate disease whose 

general condition has not yet recovered, and in patients 
on ECMO or ventilatory management (3). It is important 
that this does not mean that the risk of infection to the 
surrounding population, including health care workers, 
continues until 7 weeks later. From an infectious point 
of view, elective surgery should not take place within 
10 days of diagnosis (3). In patients with recent or 
preoperative infection with SARS-CoV-2, surgery under 
local anesthesia should be considered, avoiding general 
anesthesia.
	 If a patient scheduled for surgery shows signs of 
infection, such as fever, before surgery, surgery should 
generally be postponed. This is because fever itself is a 
risk for perioperative complications, not the presence or 
absence of SARS-CoV-2 infection, which determines 
whether general anesthesia can be performed or not. 
From the viewpoint of medical safety, it is fundamentally 
wrong to think that surgery can be performed because the 
PCR test is negative.

Causes of unfortunate events

This article has focused on the structure of the operating 
room, the negative pressure operating room, and the 
latest perioperative management guidelines, but faithful 
adherence to the items described here will help control 
risk and achieve stable perioperative management. 
However, as we have seen in various media reports, lack 
of basic medical knowledge, human error, local rules 
at each facility that pervert the evidence, and irrational 
and emotional on-site judgment have caused confusion 
in clinical practice. The job of anesthesiologists is 
expressed to be crisis management. In order to respond 
appropriately not only to COVID-19 but also to newly 
emerging infectious diseases, it is essential to follow 
the basic procedure of crisis management, which is to 
take the maximum possible measures at first, and then 
to accumulate the necessary measures while reducing 
excessive measures based on the knowledge obtained 
later.
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