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Academic journals are responsible for facilitating the 
rapid dissemination of reliable information. This has 
become even more true amidst the challenges and 
unprecedented situations created by the COVID-19 
pandemic. The sharing of data and global collaboration 
is leading to various solutions, including prediction 
of outbreaks, virus tracking, diagnosis and treatment, 
vaccine development, and drug research. Moreover, the 
rapid sharing of scientific information is an effective 
way to reduce public panic given the need for timely 
and reliable medical information during the COVID-19 
pandemic (1,2).
 The COVID-19 pandemic has been accompanied 
by an explosion in scientific discourse in peer-reviewed 
journals as research data and relevant findings are 
rapidly shared and highlighted to support the global 
response to this threat (3,4). Our first journal – Global 
Health & Medicine (www.globalhealthmedicine.com) 
– is an academic journal that actively disseminates 
reliable information and that has published a large 
number of articles since the outbreak, including two 
special issues on COVID-19 (5,6), in the hopes of 
contributing to the global fight against COVID-19 in 
any way possible.
 The COVID-19 pandemic has reinforced the 
importance of robust journal processes in advancing 
knowledge and managing information. What is more, 
the dissemination of scientific information on other 
communicable diseases (CDs) and non-communicable 

diseases (NCDs) is also important to advancing global 
health and medicine (7). 
 To generate high-quality evidence and serve as a 
platform for interdisciplinary communication regarding 
these challenging issues in global health and medicine, 
we are launching a new open-access multispecialty 
journal – GHM Open (www.ghmopen.com) – with 
the goal of creating a network to share global health 
information and findings from basic science and clinical 
science for use in practice.
 GHM Open (Print ISSN 2436-293X, Online ISSN 
2436-2956) is an international, open-access, peer-
reviewed journal published by the National Center 
for Global Health and Medicine (NCGM), which is a 
national research and development institute in Japan 
that covers advanced general medicine, basic science, 
clinical science, and international medical collaboration. 
Closely aligned with Global Health & Medicine, GHM 
Open will provide an important forum for high-quality 
multidisciplinary communication targeting a broad 
international readership, and it will adopt the evaluation 
criteria, editorial standards, and author service being 
applied by Global Health & Medicine.
 GHM Open is dedicated to publishing high-quality 
original research that helps to advance global health 
and medicine. Articles will cover the fields of global 
health, public health, and health care delivery as well 
as seminal research and the latest research on the 
intersection of biomedical science and clinical practice 

(1)

Editorial
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GHM Open — A new journal dedicated to advancing global health 
and medicine
Norihiro Kokudo*

National Center for Global Health and Medicine, Tokyo, Japan.

Abstract: To generate high-quality evidence and serve as a platform for interdisciplinary communication regarding 
challenging issues in global health and medicine, we are launching a new open-access multispecialty journal — 
GHM Open (www.ghmopen.com) – with the goal of creating a network to share global health information and 
findings from basic science and clinical science for use in practice. GHM Open will be an inclusive and global 
journal; the diversity of our editorial board, authors, and reviewers will allow us to showcase rich and wide-
ranging content, making it ever more relevant to researchers and clinicians around the world. The journal prioritizes 
specialized research with wider general relevance that will influence clinical care, global health, public health, 
medical education, and the direction of future research. We aim to be relevant, accessible, and enjoyable, not only to 
researchers but also to global health and medical care providers. We sincerely look forward to having you join us as 
a reader, author, reviewer, or editorial board member to address challenging issues in global health and medicine. 

Keywords: global health, medicine, health care, basic science, clinical science
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in order to encourage interaction and collaboration 
among scientists and healthcare professionals around 
the world. 
 GHM Open will be an inclusive and global journal; 
the diversity of our editorial board, authors, and 
reviewers will allow us to showcase rich and wide-
ranging content, making it ever more relevant to 
researchers and clinicians around the world. The journal 
prioritizes specialized research with wider general 
relevance that will influence clinical care, global health, 
public health, medical education, and the direction of 
future research. We aim to be relevant, accessible, and 
enjoyable, not only to researchers but also to global 
health and medical care providers. The first issue of 
GHM Open contains a delightfully diverse selection of 
research articles. The topics include global health, type 
2 diabetes, hemophilia, antimicrobial resistance, and 
COVID-19. 
 GHM Open  seeks to work closely with the 
international academic community to ensure that the 
research we publish is novel, high-quality, diverse 
in content, and timely. We sincerely look forward to 
having you join us as a reader, author, reviewer, or 
editorial board member to address challenging issues in 
global health and medicine. And we are always happy 
to receive suggestions regarding new ways and means 
of communicating important research findings.

Funding: None.

Conflict of Interest: The author has no conflict of 
interest to disclose.
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Introduction

Individuals with diabetes who have inadequate 
glycemic control develop diabetes-related microvascular 

complications, including retinopathy and nephropathy, 
and have a 2- to 3-fold increased risk of incident 
cardiovascular disease (CVD) (1,2). Early detection of 
diabetes and its complications and ensuring adequate 

(3)
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Prevention of Worsening Diabetes through Behavioral Changes by an 
IoT-based Self-Monitoring System in Japan (PRISM-J): Study design 
and rationale for a multicenter, open-label, randomized parallel-
group trial
Ryotaro Bouchi1,2, Kazuo Izumi3, Hiroshi Ohtsu4, Kengo Miyo5, Shigeho Tanaka6,7, Noriko Satoh-Asahara8, Kazuo Hara9, 
Masato Odawara10, Yoshiki Kusunoki11, Hidenori Koyama11, Takeshi Onoue12, Hiroshi Arima12, Kazuyo Tsushita6,13, 

Hirotaka Watada14, Takashi Kadowaki15, Kohjiro Ueki2,16,*
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3 Center for Clinical Sciences, National Center for Global Health and Medicine, Tokyo, Japan;
4 Department of Clinical Study and Informatics, Clinical Epidemiology Section/JCRAC Data Center, Center for Clinical Sciences, National Center 
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Abstract: The use of the Internet-of-Things has improved glycemic control in individuals with diabetes in several 
small-scale studies with a short follow-up period. This large-scale randomized controlled trial investigates whether a 
smartphone-based self-management support system prevents the worsening of glycemic control in individuals with 
type 2 diabetes. Individuals with type 2 diabetes (age range 20-74 years; n = 2,000) will be recruited, enrolled, and 
randomly assigned to two groups: the intensive therapy group and the conventional therapy group. Participants in 
the intensive therapy group will be supervised to use an automated Internet-of-Things system that demonstrates a 
summary of lifelogging data (e.g., weight, blood pressure, and daily activities) obtained from each measurement device 
and will receive feedback messages via smartphone applications to encourage them to increase their physical activity 
and to monitor weight and blood pressure. Participants in the conventional therapy group are allowed to use the same 
measurement devices as part of the routine diabetes care but without the Internet-of-Things system. The primary 
endpoint is the between-group difference in HbA1c levels from baseline to 52 weeks. This randomized controlled study 
will test the hypothesis that an Internet-of-Things-based self-monitoring system could effectively prevent the worsening 
of diabetes in individuals with type 2 diabetes. The expected results of the study should facilitate the development of 
novel strategies for both diabetes treatment and social health.

Keywords: behaviour modification, application, glycemic control, type 2 diabetes
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glycemic, blood pressure, and lipid control by using 
pharmacotherapy is necessary to reduce the risk of both 
micro- and macrovascular diabetes-related complications 
(3-6). Moreover, regular medical check-ups are effective 
for diabetes prevention and to prevent or delay the 
worsening of diabetes-related complications. In Japan, 
healthcare activities for "specific medical check-up" and 
"specific health guidance" have been carried out since 
April 2008 (7). Specific health check-ups are available 
to people aged 40-74 years, and specific healthcare 
guidance is provided to those with increased abdominal 
circumference, blood glucose, blood pressure, and 
lipid levels. However, approximately 50% have never 
availed specific medical check-ups because individuals 
with early-stage non-communicable diseases, such as 
type 2 diabetes, are mostly asymptomatic. People who 
were newly diagnosed with diabetes during a medical 
check-up had a low persistence rate for regular visits for 
diabetes management (8). Accordingly, hurdles persist 
for the early detection of and initiation of interventions 
for diabetes; thus, novel strategies are necessary to 
overcome these challenges.
 Behavioral  change plays an important role 
in the efficacy of diabetes treatment and patient 
education. Meta-analyses of type 2 diabetes found 
that psychological interventions significantly improve 
glycemic control (9). Telephonic or web-based 
counselling and education by medical staff are effective 
for diabetes management (10,11). Multifaceted 
behavioral interventions, including lifestyle advice by 
telephone, can significantly reduce the dropout rate for 
regular visits and improve the quality of diabetes care 
in people with type 2 diabetes in primary-care settings 
(12). However, evidence-based lifestyle interventions 
are expensive and require extensive use of human 
resources (13). Therefore, an effective and low-cost 
self-management tool needs to be developed. With 
the technological advent of the Internet-of-Things 
(IoT), several studies have shown that IoT-based 
activation of self-monitoring can accelerate behavioral 
changes and improve glycemic control in people with 
diabetes (14-19). Given the limitations of small study 
samples or short follow-up period in these studies, 
their preliminary results need to be validated in larger 
randomized controlled trials (RCTs) with long follow-
up durations. Therefore, this large-scale randomized 
controlled trial will investigate whether a smartphone-
based self-management support system prevents the 
worsening of glycemic control in individuals with type 
2 diabetes.

Methods

Study design

The Prevention of Worsening Diabetes through 
Behavioral Changes by an IoT-based Self-Monitoring 

System in Japan (PRISM-J) is a multicenter, open-
label, parallel-group, RCT to investigate whether 
both behavioral changes and glycemic control could 
be improved by interventions via messages that are 
automatically generated from health-related information 
obtained from wearable devices in people with type 2 
diabetes.

Organization and funding

This study is supported by the Japan Agency for Medical 
Research and Development (AMED), Research Program 
for Health Behavior Modification by using IoT during 
fiscal years 2017-2019.

Eligibility

The PRISM-J inclusion and exclusion criteria are 
presented in Table S1 (https://www.ghmopen.com/site/
supplementaldata.html?ID=22). We initially planned 
to include patients who were receiving up to two oral 
antidiabetic agents; however, in April 2018, we modified 
the protocol to promote the recruitment of patients who 
were being treated with up to three oral antidiabetic 
agents. Patients who were treated with insulin or 
glucagon-like peptide-1 agonist were excluded in this 
study.

Screening and enrolment

Screening was performed through: i) regular medical 
check-ups provided by health insurance societies (Table 
S2, https://www.ghmopen.com/site/supplementaldata.
html?ID=22) and ii) chart review of medical records 
of outpatients who regularly visited the participating 
hospitals/clinics of PRISM-J (Table S3, https://www.
ghmopen.com/site/supplementaldata.html?ID=22). 
Eligible participants were recruited from January 1, 2018 
to December 31, 2018.

Participation model for collaborators

This study comprises two participation models (Figure 1). 
One is a "Hospital registration group" wherein physicians 
in each hospital/clinic recruit candidates; obtain informed 
consent for study participation; register, allocate and 
educate the participants on diabetes management and 
IoT devices; and follow-up with them during the entire 
study period. The other model is an "On-site registration 
group" that research staff at National Center for Global 
Health and Medicine (NCGM) host for the orientation 
for participants who are introduced through collaborators, 
including health insurance societies (Table S2, https://
www.ghmopen.com/site/supplementaldata.html?ID=22) 
and hospitals/clinics (Table S3, https://www.ghmopen.
com/site/supplementaldata.html?ID=22); the staff also 
obtain informed consent and register, allocate, and 

(4)
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Japan) and activity monitor (HJA-405T, Omron 
Healthcare, Kyoto, Japan). This activity monitor has 
been proven to provide valid estimation of total and 
physical activity-related energy expenditure (20). 
All devices could transmit measurement data over a 
wireless network to a cloud server via a Bluetooth 
connection (Figure S1, https://www.ghmopen.com/
site/supplementaldata.html?ID=22). Participants 
were instructed to measure weight once a day at 
approximately the same time. Home blood pressure 
was measured according to the Japanese Society 
of Hypertension guidelines for the management of 
hypertension 2014 (21). Participants were instructed 
to wear the activity monitor from the time they woke 
up until they went to bed every day for the assessment 
of daily physical activity. In both groups, participants 
are treated in accordance with the "Treatment Guide 
for Diabetes 2016-2017" edited by the Japan Diabetes 
Society (JDS) (22), and physicians were, at their 
discretion, allowed to select and adjust the medications 
for diabetes, hypertension, and dyslipidemia for 
the optimal control of these diseases. Investigators 
recommended practical ways to reduce or maintain 
weight with careful consideration of the participants' 
lifestyles and physical activity.
 After randomization, participants in the ITG 
download the "Omron connect App", which allows 
them to transfer measurements to their smartphone. 
Data are displayed in clear and insightful graphs that 
can help participants see their health trends. In addition 
to the "Omron connect App", participants in the ITG 
download the "Shichifukujin" application (SFJA), 

educate participants on diabetes management and IoT 
devices. Thereafter, the participating medical institutions 
will follow up on the participants. For participants 
who were newly diagnosed with type 2 diabetes and 
did not have a primary care physician, PRISM-J 
indicated medical institutions where they could be 
introduced (Table S3, https://www.ghmopen.com/site/
supplementaldata.html?ID=22).

Informed consent, registration, and random allocation

All participants provided written informed consent before 
participation. Participants were randomized to either the 
conventional therapy group (CTG) or the IoT group (ITG) 
with an allocation ratio of 1:1 using a stratified blocked 
randomization (block size set to 10) based on age (≥ 
50 or < 50 years), sex (male/female), body mass index 
(BMI; ≥ 25 or < 25 kg/m2) and glycated hemoglobin 
(HbA1c; ≥ 8.0 [64 mmol/mol], < 8.0%). Based on the 
eligibility information, registration forms were sent 
on website or faxed to the Data Center (JCRAC Data 
Center of NCGM, Tokyo, Japan) for registration and 
randomization. The registration codes and the assigned 
treatment groups were emailed or faxed to the attending 
medical staff on the same day.

Interventions

All participants were lent free IoT devices, including 
a weight and body composition monitor (HBF-255T, 
Omron Healthcare, Kyoto, Japan), blood pressure 
monitor (HEM-7271T, Omron Healthcare, Kyoto, 

www.ghmopen.com

Figure 1. Flowchart of study processes and participant disposition.
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which has been described elsewhere (23). Shichifukujin 
means "The Seven Deities of Good Luck" (Figure 
S1, https://www.ghmopen.com/site/supplementaldata.
html?ID=22); each god has a specific role for the 
patient's self-monitoring and gives feedback messages 
for lifestyle modification to the patient twice a week 
based on data obtained from the "Omron connect App". 
All the ITG participants are provided printed support 
materials that describe the use of both applications. 
Every four weeks, participants in the ITG received 
summary messages, including the number of days that 
the participants used the devices and the changes and 
means of weight, blood pressure, and physical activity. 
The SFJA automatically sends reminder messages 
when the participants do not access the SFJA or they do 
not use the devices for 3 and 7 consecutive days (Table 
S4, https://www.ghmopen.com/site/supplementaldata.
html?ID=22) .  These  messages  are  genera ted 
automatically, according to the 'Treatment Guide for 
Diabetes 2016-2017' edited by the JDS (22), "JSH 
Guideline for the Management of Hypertension 2014" 
(21), 'Treatment Guideline for Obesity Disease 2016' 
edited by the Japan Society for the Study of Obesity 
(24), the Exercise and Physical Activity Reference for 
Health Promotion 2013 (25), and the Japanese official 
physical activity guidelines for health promotion (26). 
Primary care physicians can access patient data via 
the Shichifukujin cloud that regularly connects to the 
device database (Omron Cloud); check/confirm the 
summary of the measurement data, graphs and lifestyle 
habits; and use them appropriately as supportive data/
documents for medical treatment and guidance based on 
the participant's lifelogging records (Figure S1, https://
www.ghmopen.com/site/supplementaldata.html?ID=22).

Observation and evaluation schedule

The data collection schedule is summarized in Table 
1 and Figure S2 (https://www.ghmopen.com/site/
supplementaldata.html?ID=22). Participants regularly 
visited their outpatient clinic at least once every 12 
weeks. At 52 weeks or later, participants in the ITG 
continue to use the IoT system until the end of the study 
whereas participants in the CTG receive education and 
instructions related to IoT, similar to that in the ITG, and 
the period during which IoT can be used will be specified 
as a maximum of 52 weeks before study termination (until 
December 31, 2019). Therefore, the maximum study 
participation period of the study participants is presumed 
to be 104 weeks (~2 years).
 The lifestyle questionnaire included medical history, 
family history, and behavioral modification stages related 
to diet and exercise (Table S5, https://www.ghmopen.
com/site/supplementaldata.html?ID=22). Treatment 
satisfaction and quality of life (QOL) were assessed 
using the Diabetes Therapy-Related QOL (DTR-QOL) 
(27). Food intake was estimated using a Brief-type Self-
administered Diet History Questionnaire (BDHQ) that 
was developed for the assessment of Japanese diets (28). 
Information obtained via connected devices are listed in 
Table 2.
 The method used for providing data in this study is 
unique in that participants take pictures of laboratory 
data and of the forms of their weight and blood pressure 
measurements, which are measured at clinics/hospitals 
and of prescription information, and upload them to a 
portal site. After anonymization, data are sent to the Data 
Center. To promote participant retention and complete 
follow-up, the Research Support Center will contact 

www.ghmopen.com

Table 1. Schedule of data collection

Physical examination
     Height
     Weight
     Blood pressure
Laboratory examination
     HbA1c
     Glucose
     Total cholesterol
     HDLC
     ALT
     Creatinine
     Urinary protein
Health assessment questionnaire
     Lifestyle questionnaire
     DTR-QOL
     BDHQ
Information on medication

Baseline

○
○
○

○
○
○
○
○
○
○

○
○
○
○

ALT, alanine transaminase; BDHQ, Brief-type Self-administered Diet History Questionnaire; DTR-QOL, diabetes therapy-related quality of life; 
HDLC, high-density lipoprotein cholesterol.

12 weeks

○
○

○
○
○
○
○
○
○

○

○

24 weeks

○
○

○
○
○
○
○
○
○

○
○

○

Study end

○
○

○
○
○
○
○
○
○

○
○

○

36 weeks

○
○

○
○
○
○
○
○
○

○

○

52 weeks

○
○

○
○
○
○
○
○
○

○
○
○
○
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participants by email or phone if they do not send the 
data.

Outcomes

The study endpoints are shown in Table 3.

Sample size

In this study, the difference between the effects of HbA1c 
was set at 0.2, assuming a 1-year intervention throughout 
Japan. Furthermore, it is assumed that the variations of 
other data would be widened. Due to the study design, 
participants are expected to be recruited from both 
primary-care settings and clinics/hospitals specializing in 
diabetes care. To estimate the SD of HbA1c in patients 
with type 2 diabetes in clinics/hospitals specializing in 
diabetes care in Japan, we calculated the SD of people 
with type 2 diabetes who were enrolled in the Japan 
Diabetes CompREhensive database project based 
on an Advanced Electronic Medical record System 
(J-DREAMS) (29), met the inclusion criteria of this 

study and whose HbA1c values were available in 
2017. The HbA1c was 7.05 ± 0.67% in 8,416 people 
with type 2 diabetes (unpublished data). Most patients 
in the registry are enrolled from facilities designated 
by the JDS as educational facilities; thus, the data are 
considered representative of patients in clinics/hospitals 
specializing in diabetes care in Japan. Therefore, we 
initially estimated SD of HbA1c as 0.6, but it was finally 
confirmed as 1.2 because of the multicenter study design 
and evidence that HbA1c levels were 7.4 ± 1.2% in 2,199 
Japanese patients with type 2 diabetes in primary care 
(30). Based on these facts, when the power was set to 0.8 
or 0.9, the required number of cases was calculated to 
be 567 or 758, respectively (SAS Ver 9.4 [SAS Institute 
Inc., Cary, NC, USA]) in this study to prevent loss. 
As the dropout rate is assumed to be 20%, 680 to 910 
people are required in each group. Therefore, the total 
number of patients in each group was 1,000. To recruit 
a sufficient number of participants, we extended the 
registration period from 6 to 9 months in February 2018 
and, subsequently, to 12 months in September 2018.

Safety

Serious adverse events (SAEs) include those that: 
i) result in death, ii) are life-threatening, iii) require 
inpatient hospitalization or prolongation of existing 
hospitalization, iv) result in persistent or significant 
disability or incapacity, or v) cause a congenital anomaly 
or birth defect in the offspring. Serious hypoglycemia, 
defined as hypoglycemia necessitating someone else's 
assistance and/or hospitalization, was included as an SAE 
in this study. The safety assessment committee oversees 
the evolving safety profile by reviewing cumulative 
SAEs.

Discontinuance and dropout

The criteria for discontinuance in this study were: i) 
refusal to participate in the study, ii) participants were 
judged as unsuitable for the study participation by 
physicians, iii) treatment continuation would be difficult 
due to the worsening of diabetes and its complications 
or other adverse events, iv) pregnancy confirmation, v) 
aborting of the study, and vi) investigators determine that 
the discontinuance of the study is appropriate for reasons 
other than those mentioned above. Even in the case of 
discontinuance, a patient who consented to participate 
can be followed up until the end of the study. Dropout 
in this study was defined as participants with whom the 
study team had lost contact or those who had revoked 
consent during the follow-up after discontinuing the 
study.

Ethical principles

This study is to be conducted in accordance with the 
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Table 2. Information obtained via connected devices 

Weight and body composition monitor (HBF-255T)
     Weight
     Body fat percent level
     Percent body fat
     Basal metabolic rate
     Body mass index
     Physical age
     Visceral fat level
     Impedance
     Fat-free mass
Blood pressure monitor (HEM-7271T)
     Systolic blood pressure
     Diastolic blood pressure
     Pulse
     Posture
     Room temperature
     Flag related to irregular pulse wave
     Flag related to the detection of body motion
     Frequency of artefact detection
     Frequency of irregular pulse wave detection
Activity monitor (HJA-405T)
     Steps
     Exercise steps
     Brisk steps
     Stair steps
     Calories related to activity
     Calories related to moderate- to high-strength activity
     Total calorie consumption
     Calories related to walking
     Distance
     Fitting flag
     Unrecorded flag
     Fat combustion amount
     Exercise amount
     Exercise (walking) amount
     Basal metabolic rate
     Sedentary time
     Activity time related to low-intensity exercise
     Activity time related to moderate-intensity exercise
     Activity time related to high-intensity exercise
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principles of Declaration of Helsinki, as well as the 
"Ethical Guidelines for the Conduct of Clinical Studies" 
and the "Ethical Guidelines for Medical and Health 
Research Involving Human Subjects" both of which 
are established by the Ministry of Health, Labour and 
Welfare in Japan. This study was approved by the Ethical 
Committee of NCGM (NCGM-G-002373) and by the 
Institutional Review Board/Ethics Committee at each 
study site in a hospital registration group and in the 
facilities of the executive committee members (Table 
S6, https://www.ghmopen.com/site/supplementaldata.
html?ID=22). Primary care physicians who intend to 
access the administrator section in the SFJA would 
need to be ethically reviewed. Following approval by 
the ethical committee, the protocol of this study and its 
revisions are to be reviewed and approved by the ethics 
committee of each institution for their feasibility as well 
as their ethical and scientific validity. For collaborators 
who do not have a local Institutional Review Board/
Ethics Committee, the ethical committee of the NCGM 
assumes ethical review. This study was registered at 
the University Hospital Medical Information Network 
Clinical Trials Registry (UMIN-CTR) before the first 
participant was enrolled (UMIN 000030823).

Data management

Data obtained from the weight and body composition, 
blood pressure, and activity monitors were captured 
electronically and stored on a server. Laboratory and 
QOL data were reported through the patient portal or 
through the healthcare institutions. The JCRAC Data 
Center oversees data management.

Statistical analyses
All analyses will be based on an intention-to-treat 
principal and will be performed with two-sided P-values 

which are considered significant when they are below 
0.05. For the missing values, there are no plans at this 
time to supplement them with the last observation carried 
forward method or with other methods. Furthermore, 
given the difficulty in defining non-compliance with 
this study's protocol, a per-protocol analysis will be 
performed to check the agreement of the analysis. For a 
detailed analysis, the statistician will make a statistical 
analysis plan before the data lock, as indicated below:

i) Primary endpoint:
 • Difference in HbA1c levels from baseline to 52 
weeks
 Calculate the difference 1 year after the baseline and 
compare the two groups.
ii) Secondary endpoint:
 • HbA1c, plasma casual glucose, total cholesterol, 
high-densi ty  l ipoprotein  choles terol ,  a lanine 
transaminase, and creatinine levels; weight; systolic 
and diastolic blood pressures; and total number of 
antidiabetic agents
 Repeated data for the 12, 24, 36, and 52 weeks from 
the baseline for between-group comparisons (except for 
HbA1c levels at 52 weeks).
 • BDHQ
 Analyse the change for each subgroup based on the 
values surveyed at baseline and at 52 weeks.
 • DTR-QOL
 We analysed the change for each subgroup based on 
the values surveyed at baseline, at 24 and 52 weeks and 
at the end of the study.
iii) Planned other analyses
 • Self-measurement (sphygmomanometer, scale, 
activity monitor)
 The transition from the start date is illustrated for 
each group.
 • Blood pressure and weight

www.ghmopen.com

Table 3. Study endpoints

Primary endpoint
  • Intergroup differences in HbA1c levels from baseline to 52 weeks
Secondary endpoints
  • Intergroup differences in HbA1c levels from baseline to 12, 24, and 36 weeks and the end of the study
  • Intergroup differences in plasma glucose, total cholesterol, HDLC, ALT, creatinine, weight, systolic and diastolic blood pressures, and total 
     number of antidiabetic agents for the following 12, 24, 36, and 52 weeks from the baseline.
  • Intragroup changes in scores obtained from the BDHQ from baseline to 52 weeks and the DTR-QOL from baseline to 24 and 52 weeks and 
     the end of the study
Explanatory endpoints
  • Self-measurement (sphygmomanometer, scale and activity monitor)
    The transition from the start date is illustrated for each group.
    Information from the day closest to 12, 24, 36, and 52 weeks from the start of the study is extracted, and repeated-measures analysis of 
    variance is performed.
  • Stages in dietary and exercise-related behavioral change
    Create a contingency table for each time point and repeat the entire test for intergroup comparison. Comparison between time points is 
     performed for reference.
  • Prescription information
    Total number of prescriptions at each time (except for oral antidiabetic agents)

ALT, alanine transaminase; BDHQ, Brief-type Self-administered Diet History Questionnaire; DTR-QOL, diabetes therapy-related quality of life; 
HDLC, high-density lipoprotein cholesterol; HbA1c, glycated hemoglobin.
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 Information from the day closest to 12, 24, 36, and 
52 weeks from the study initiation was extracted, and a 
repeated-measures analysis of variance was performed.
 • The dietary and exercise-related behavioral change 
stages
 Create a contingency table for each time point and 
repeat the entire test to ascertain the between-group 
differences. Moreover, a comparison between time points 
is performed for reference.
 • Prescription information
 The total number of prescriptions at each time (except 
for antidiabetic agents).
iv) Safety
 Based on the adverse event surveys conducted 
individually, the reported cases are added using the 
reported cases as the denominator. The chi-squared test is 
performed because it depends on the report, but it is used 
as a reference value.
 For SAEs (e.g., death, hospitalization), events 
reported individually to the secretariat are to be tabulated.
 The PRISM-J clinical investigators are not allowed 
to access data on outcome measurements until the end 
of this study, when the primary endpoint data analysis is 
completed.

History of modifications of the protocol

Modifications in the protocol, including those on the 
inclusion criteria and registration period, have been 
approved by the Ethical Committee of NCGM as stated 
earlier.

Discussion

We have presented the study design of and rationale for 
the PRISM-J study. This is the first large-scale RCT to 
investigate the efficacy of an IoT-based self-monitoring 
system on behavioral changes and glycemic control in 
individuals with type 2 diabetes. This study aimed to 
obtain daily physical activity and behavioral changes, 
both in exercise and diet, over 1 year in more than 1,000 
people with type 2 diabetes. We recognize that this study 
may face challenge in terms of participant adaption 
to the IoT system and retention for long term follow 
up, however, due to strengths in the large sample size, 
we will be able to descriptively determine the types of 
food and exercise behaviors that could be associated 
with the improvement of glycemic control, which could 
presumably lead to the development of customized 
exercise and diet therapies. We believe that the expected 
results of the PRISM-J trial will provide novel strategies 
for both diabetes treatment and social health.
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Introduction

Coronaviruses are a family of related viruses that cause 
diseases, ranging from mild to lethal, in mammals 
and birds. In humans such types of coronavirus cause 
deadly pneumonia with other life threating diseases. 
The first coronavirus was reported in 1931 but the first 
human coronavirus (HCoV-229E) was isolated from 
humans in 1965 (1). However, five coronaviruses have 
been reported at different times during this century: 
severe acute respiratory syndrome coronavirus (SARS-
CoV) in 2002 (2,3), human coronavirus (HCoV-NL63) 
in 2003 (4), coronavirus HKU1 (CoV-HKU1) in 2004 
(5), Middle-East respiratory syndrome coronavirus 
(MERS-CoV) in 2012 (6) and severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) in 2019 (7,8). 
Among them SARS-CoV-2 (also called the 2019 novel 
coronavirus, 2019-nCoV) is the coronavirus strain that 
causes the deadly respiratory illness, severe pneumonia, 
along with other severe health problems and is known 
as coronavirus disease 2019 (COVID-19).
 Since December 2019 starting from Wuhan, China, 
this SARS-CoV-2 has been spreading all over the world 
(223 countries, areas or territories) with 126,890,643 
confirmed cases and 2,778,619 confirmed deaths (as of 
March 30, 2021) (9). This situation in the current World 

is declared as the most serious crisis situation since 
World War 2 by World Health Organization (WHO). 
Though currently some vaccines are approved by WHO 
and these vaccines are used in different countries all 
over the world, in many countries where vaccines are 
inadequate, treatment of COVID-19 largely depends on 
the usual treatment of pneumonia and the experience of 
the clinicians (10).
 Therefore, the aim of this current review is to gather 
information about the complications of patients infected 
with this novel virus, SARS-CoV-2.

Clinical features

Persons infected with SARS-CoV-2 showed similar 
symptoms of normal flu. But the most important 
clinical feature is the occurrence of severe pneumonia. 
Within February 2020, three major case studies 
reported pneumonia as a major clinical feature of 
patients infected with SARS-CoV-2 in Wuhan, China 
(7,11,12). One study about the clinical manifestations 
of COVID-19 patients infected with SARS-CoV-2 
had been reported. The study reported about 278 
COVID-19 patients where all of them were suffering 
from severe pneumonia. All the patients were older 
than 18 years and about 61.9% (n = 172) were males. 

(12)
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Effects of COVID-19 on vital organs in patients infected with SARS-
CoV-2
M. Ibrahim Hossain*, Esha Binte Shahriar, Anamika Sarker, Nafisa Lubna, Mehjabeen Haque, Md. Ibrahim Khalil

Laboratory of Preventive and Integrative Biomedicine, Department of Biochemistry and Molecular Biology, Faculty of Biological Sciences, 
Jahangirnagar University, Savar, Bangladesh.

Abstract: The world is now facing one of the most devastating public health concern where the severe acute respiratory 
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Fever was the most common symptom (92.8%; n = 
258), followed by cough (69.8%; n = 194), dyspnoea 
(34.5%; n = 96), myalgia (27.7%; n = 77), headache 
(7.2%; n = 20) and diarrhoea (6.1%; n = 17) (13). 
However, symptoms of COVID-19 can vary from mild 
features to a critical state. In addition to those that 
were mentioned earlier, the patients may show muscle 
aches, confusion, headache, sore throat, rhinorrhoea, 
chest pain, sputum production, nausea and vomiting 
and many others (7,11,12). Following such types of 
symptoms acute respiratory distress syndrome (ARDS) 
and multiple-organ failure occurred rapidly, resulting in 
death within a short period of time (14). Patients with 
underlying conditions like hypertension, cancer, kidney 
disease, diabetes and many other comorbidities are 
more prone to severe respiratory conditions and death 
than normal patients (11,12,14). However, as the virus 
is spreading all over the world, newer symptoms might 
occur depending on the changed nature of this virus, 
physiological status of patients as well as the region of 
the world.

 The reason behind the occurrence of severe 
pneumonia (inflammation of the air sacs of lungs) in 
the SARS-CoV-2 infected persons is that the virus 
uses the surface protein called angiotensin-converting 
enzyme 2 (ACE-2) (15) and cells of the lungs express 
ACE-2 surface receptors (16). This ACE-2 cell surface 
receptor is also expressed by some other cell types 
such as cells of the gastrointestinal system (17), arterial 
and venous endothelial cells, smooth muscle cells 
(16), cells of heart, kidney and testes (18). Structural 
studies showed that the SARS-CoV-2 binds 10 to 
20 times more strongly with the human ACE-2 than 
the SARS-CoV predecessor (19). This might be the 
reason why this new SARS-CoV-2 is more infectious 
or contagious than its 2002 predecessor, SARS-CoV. 
Since a variety of tissues express ACE-2 in their cells, 
these tissues or organs might be affected first and due 
to the malfunctions of one organ others are affected and 
as a result the person dies (Figure 1). In the following 
section, we will try to summarize information found 
in different articles affecting various vital organs of 
COVID-19 patients (Table 1).

Lungs

As the name suggests, SARS-CoV-2, this virus 
primarily/mainly affects the respiratory system with 
severe infection in the lungs. There are a large number 
of reports of severe pneumonia in COVID-19 patients 
(7,8,20,21). Although much is known about the rate 
of mortality in COVID-19 patients, less is known 
about the pathophysiology of this virus. However, 
accumulating evidences suggest a general mechanism 
causing pneumonia (22) (Figure 2). According to this 
article the mechanism starts with binding of virus to 
epithelial cells in the nasal cavity and starts replicating. 
This virus uses the cell surface receptor ACE-2 to 
bind to the cell (23). In the next few days, the virus 
starts to migrate down the respiratory tract. During 
this time the body responds by activating the innate 
immune response by producing interferons. One of 
the interferons that is produced during early phase of 
infection of SARS is interferon-inducible protein-10, 
CXCL-10. For this reason CXCL-10 has been reported 

(13)
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Table 1. Summary of the effects of organs/tissues with their corresponding symptoms in the COVID-19 patients all over 
the Globe

Name of the organ/tissue

Lungs (alveolus)
Gastrointestinal system (intestine)
Blood vessels (endothelial cells)
Heart (myocardium)
Kidney (nephron)
Liver (hepatocytes)
Brain (neuron, glia)

Expression of ACE-2

yes, high
yes, high
yes, high
yes, high
yes, high

       no (yes* low)
  no (yes**)

Footnote: * non-conclusive; ** highly non-conclusive.

Symptoms of COVID-19 patients

ARDS, pneumonia
diarrhea
blood coagulation
arrhythmia, myocardial damage
chronic kidney disease
liver injury, abnormal functions
anosmia, ageusia

Ref.

(7,8,16,20,21)
(17,20,34)
(16,40,41,42)
(7,18,44,45)
(18,48,49)
(51,52)
(62-64)

Figure 1. Distribution of SARS-CoV-2 in the COVID-19 
patients. In COVID-19 patients, the SARS-CoV-2 is mainly 
found in the lungs. Beside lungs, so far reported, this virus is 
found in the cardiovascular system (a), in the brain (b), in the 
liver but at low levels (c) and in the gastrointestinal system (d).
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with pneumonia or problems with respiratory systems 
but with the increasing number of infection cases the 
incidence of diarrhea is also increasing (33). Now, 
diarrhea is one of the frequent symptoms in COVID-19 
infection as it was detected in up to 30% of patients 
with MERS-CoV and 10.6% of patients with SARS-
CoV-2 (20,34). In addition to use the receptor protein 
ACE-2 expressed on the cell surface, SARS-CoV also 
uses cellular serine proteases (TMPRSS2) to get entry 
inside the cell. The entry process into the cell involves 
priming by TMPRSS2, which allows spike protein 
cleavage and regulation of the entire mechanism (23). 
But the major role of entry is by the surface protein 
ACE-2, which first mediates the attachment of the 
virus with the host cell membrane and then TMPRSS2 
favors the fusion of the two (one is the virus and other 
one is the host cell) cell membranes (23). Therefore, 
the virus entry into the host cell or infectivity mainly 
depends on binding with the ACE-2 surface receptor 
(35) and the ACE-2 surface receptor is also greatly 
expressed by gastrointestinal epithelial cells (17,36). 
Analyses of COVID-19 patients also confirmed the 
presence of SARS-CoV-2 RNA in anal or rectal swabs 
(37,38) as well as in stool specimens (39). Even after 
clearance of the virus in the upper respiratory system, 
SARS-CoV-2 RNA is still found in anal or rectal swabs 
(37,38). All of this evidence indicates that diarrhea or 
gastrointestinal abnormalities should be considered as a 
major symptom of SARS-CoV-2 infections and absence 
of SARS-CoV-2 RNA in anal or rectal swabs or in 
stool specimens should be taken into account before 
declaring an infected person to be a healthy person.

Blood endothelial cells

ACE-2 surface receptors are expressed in the 
endothelial cells of blood vessels (16). Therefore, the 
consequences of infected endothelial cells of blood 

as a disease marker for SARS patients (24). Within 
the next few days, the virus reaches the basic structure 
of the lungs, the alveolus. With the help of this basic 
structure, the lungs perform its main function, which 
is the exchange of gases (O2 and CO2). Probably, like 
SARS-CoV, SARS-CoV-2 infects type-II alveolar cells 
(25). Influenza virus also infects the same alveolar 
cells of the lungs (26). Type-II alveolar cells constitute 
60% of lung alveolar cells and produce phospholipid 
rich materials known as surfactant, which reduces the 
surface tension between the two wet surfaces of the 
alveolus (27). As a result the alveolus fails to reinflate 
causing ARDS with the body's excessive defense 
mechanism. One of the major causes of ARDS and 
multiple-organ failure is the cytokine storm (28).
 The cytokine storm contains a large number 
of different types of soluble mediators like pro-
inflammatory cytokines (IL-1β, IL-6, IL-8, granulocyte-
macrophage colony stimulating factor and ROS) and 
chemokines (CCL2, CCL3, CCL5, IFNγ-induced 
protein 10) that all contribute to the occurrence of ARDS 
(29,30). Viral replication into the cell causes these pro-
inflammatory cytokines or chemokines to release and as 
a response to this there is induction of apoptosis in lung 
epithelial and endothelial cells involving mechanisms like 
Fas-Fas ligand (FasL) or TRAIL-death receptor 5 (DR5) 
(31,32). Death of lung epithelial cells and endothelial 
cells causes damage to pulmonary microvascular and 
alveolar epithelial cell barriers leading to formation of 
alveolar edema ultimately causing hypoxia in the body. 
Therefore, probably, the cytokine storm is the cause 
of ARDS in COVID-19 patients infected with SARS-
CoV-2.

Gastrointestinal system

Initially diarrhea or gastrointestinal problems was 
considered as a minor symptom of this virus compared 
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Figure 2. Probable mechanism of the formation of ARDS in COVID-19 patients. (a) The alveolus of a healthy person shows 
frequent exchange of gases between O2 and CO2 (O2 goes into the blood for use by different types of cells and CO2 goes into 
alveolus to be expelled out from the body). (b) The alveolus of COVID-19 patient shows due to infection by SARS-CoV-2, the 
infected alveolus secreted various cytokines and chemokines (shown as blue dots) causing damage of pulmonary microvascular 
and alveolar epithelial cell barriers. As a result H2O enters into the alveolus from blood capillaries causing pulmonary edema or 
ARDS. Therefore exchange of gases is hampered causing breathing difficulties.
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vessels have not yet been addressed. However, there is 
evidence that some COVID-19 patients have prominent 
changes in blood coagulation (40). For example, 
the values of D-dimer, fibrin/fibrinogen degradation 
products (FDP), and fibrinogen (FIB) in all SARS-
CoV-2 cases are substantially higher than those in 
healthy controls and values of D-dimer and FDP 
are higher in severe COVID-19 patients than milder 
patients. And the prothrombin time activity (PT-act) is 
lower in SARS-CoV-2 patients (40). In another article, 
it was also reported that in the late stages of pneumonia 
caused by SARS-CoV-2, fibrin-related markers (e.g. 
D-dimer) are markedly elevated suggesting coagulation 
activation and start of secondary hyperfibrinolysis, which 
may be induced following severe COVID-19 infection 
(41). When some (n = 99) severe COVID-19 patients, 
who had markedly elevated D-dimer, received heparin 
as anticoagulant therapy for 7 days or longer they had 
better prognosis of the disease with a decreased rate of 
mortality of about 20% (42). Therefore, changes in blood 
coagulation is a prominent feature of severe infection 
with SARS-CoV-2 and it was suggested that monitoring 
D-dimer and FDP values may be helpful for early 
identification of severe cases (40).

Heart and cardiovascular system

Since myocardium or cardiac muscle cells express ACE-
2 surface receptor (18), SARS-CoV-2 might attack 
the heart as well though there is no report about the 
presence of virus in the heart (43). In a case study of 
138 COVID-19 patients admitted into the hospital, 
16.7% developed arrhythmia and 7.2% presented acute 
cardiac injury (12). In another report, acute cardiac 
injury was reported in 5 among the first 41 humans 
infected with SARS-CoV-2 in Wuhan, China, with an 
increased level of high-sensitivity cardiac troponin I, 
cTnI (7). Another acute cardiac injury marker brain-
type natriuretic peptide (BNP) was also found to be 
elevated among patients admitted into a hospital ICU in 
Washington (44). There is a report of 150 COVID-19 
patients from Wuhan, China, where 68 (45%) died. 
Among the 68 patients, 29 (40%) patients died 
exclusively due to myocardial damage or in combination 
with myocardial damage and circulatory failure (45). 
COVID-19 patients with these comorbidities are more 
likely to die than regular patients. According to the 
New York State Health Department, among these 
comorbidities hypertension is number one in terms of 
patient's severity. Because hypertensive patients have to 
use ACE inhibitors (ACEIs) or angiotensin II receptor 
blockers (ARBs) and usage of these drugs can increase 
ACE-2 expression. Since ACE-2 surface receptors are 
used by SARS-CoV-2, usage of these anti-hypertensive 
drugs can be life threatening for a person who has 
both hypertension and COVID-19 (46). However, 
Tignanelli et al. claimed that no evidence is available 

to support routine discontinuation of ACEIs or ARBs in 
COVID-19 patients since the role of renin-angiotensin 
system (RAS) inhibition in COVID-19 is controversial 
(47). Therefore, they suggest an urgent investigation 
in multicenter trials to test this hypothesis in patients 
with COVID-19 before the medical community makes 
recommendations for patients to withhold potentially 
life-saving drugs (47).
 All of these data indicate that myocardium of infected 
persons is somehow involved in the mortality rate of 
COVID-19 patients. Though the mechanisms of such 
acute cardiac injury in COVID-19 patients are not well 
understood, however, Akhmerov and Marban proposed 
one mechanism which likely involves increased 
cardiac stress due to respiratory failure and hypoxemia, 
direct myocardial infection by SARS-CoV-2, indirect 
injury from the systemic inflammatory response, or a 
combination of all three factors (43).

Kidneys

Though kidneys express ACE-2, there are no reports yet 
about the presence of SARS-CoV-2 into the kidney like 
heart. Chronic kidney disease (CKD) is a frequently 
encountered disease in the general population of a 
country. During the first two months of the current 
outbreak in China, CKD was re-ported in 4.3% of the 
Chinese patients infected with COVID-19 who had 
severe presentation (48,49). End-stage kidney disease 
patients are a highly susceptible group with an infection 
rate of 16%, which exceeds that observed in other 
populations (49). Persons infected with SARS-CoV-2 
with this co-morbidity are at high risk of mortality. And 
various kidney diseases are a vital candidate of this 
comorbidity. One article concludes that the prevalence 
of kidney disease on admission and the development 
of acute kidney disease (AKI) during hospitalization in 
patients with COVID-19 is high and is associated with 
in-hospital mortality (50). Hence, clinicians should 
increase their awareness of kidney disease in patients 
with severe COVID-19 (50).

Liver

There are few reports concerning liver dysfunction 
in COVID-19 patients. Though there are no reports 
yet that hepatocytes express ACE-2 surface receptors, 
although one article reported that bile duct epithelial 
cells may express ACE-2 receptors more than 
hepatocytes (51). In a study of 417 COVID-19 patients, 
318 (76.3%) had abnormal liver test results and 90 
(21.5%) had liver injury during hospitalization. These 
abnormal liver tests became more pronounced in the 
next 2 weeks where all the essential liver enzymes (ALT, 
AST, total bilirubin and γ-GT) were elevated to more 
than 3 times of the upper limits indicating abnormal 
liver tests had higher risks of progressing to severe 

www.ghmopen.com



GHM Open. 2021; 1(1):12-19.GHM Open. 2021; 1(1):12-19.

(16)

disease in SARS-CoV-2 infection (52). In another study 
of 99 COVID-19 patients in China, 43% of patients had 
differing degrees of liver function abnormalities with 
ALT and AST with an upper range of ALT 7,590 U/L 
and AST 1,445 U/L (55). An opposing state of arguments 
was also reported concerning liver damage in COVID-19 
patients. According to the report the derangement of liver 
function is mild and when liver function tests for patients 
with different durations of symptoms are examined, there 
is no evidence that later presentation is associated with 
greater liver function derangement (53).
 Therefore, whether SARS-CoV-2 has direct adverse 
effects on liver function is currently not known due 
to unavailable data on the expression of viral receptor 
ACE-2 in hepatocytes. But according to Guan et al. 
hepatocytes do express ACE-2 receptors but at very 
low concentrations. They also proposed a mechanism 
of how hepatocytes are infected by SARS-CoV-2. 
They reported that upon SARS-CoV-2 infection, the 
upregulation of ACE-2 in liver tissue is caused by 
compensatory proliferation of hepatocytes derived from 
bile duct epithelial cells, which express ACE-2 at higher 
levels than hepatocytes and this might play a role in 
liver damage in COVID-19 patients (51).

Brain

Though the invasions of molecules or particles are 
strictly regulated into the brain by the blood-brain barrier 
(BBB), many viruses (from human immunodeficiency 
virus type 1 to togaviruses) can escape the BBB 
by different mechanisms and enter into the brain 
(54). The neuroinvasive nature of coronaviruses 
has been documented for different members of the 
betacoronaviruses such as SARS-CoV (55), MERS-CoV 
(56), HCoV-229E (57), HCoV-OC43 (58), and mouse 
hepatitis virus (MHV) (59). Since coronaviruses use the 
cell surface receptor protein ACE-2, now the question 
arises do cells of the brain express the ACE-2 receptor? 
Well, the answer is not known clearly yet but mice 
transgenic (Tg) for the expression of human ACE-2 
(hACE-2), called K18-hACE2 mice, were shown to be 
extremely susceptible to SARS-CoV with infection of 
the lungs and brain in all the experimental mice which 
were infected with intranasal inoculation (60). Later it 
was reported that SARS-CoV causes neural death in 
the brain of K18-hACE2 mice even in the absence of 
encephalitis (61). There is another report shown to have 
SARS-CoV RNA polymerase gene in neurons of an 
infected person (62) indicating neurons might have the 
viral receptor ACE-2 but more studies are required to 
make sure of the existence of SARS-CoV in neurons.
 Several other recent reports described COVID-19 
patients experienced anosmia and ageusia, which 
might be due to an invasion of this virus into the brain 
causing olfactory and gustatory dysfunction (63-65). In 
one study of 417 mild to moderate COVID-19 patients 

with general symptoms like cough, myalgia and loss 
of appetite, about 85.6% and 88% of patients suffered 
from olfactory and gustatory dysfunctions, respectively 
(63). In another study of 72 COVID-19 patients in Italy, 
60 cases had a variable degree of hyposmia with 2 cases 
of anosmia and 33 cases of hypogeusia and 1 case of 
ageusia (66) suggesting anosmia and ageusia as initial 
or unique symptoms after SARS-COV-2 virus infection 
(64,65). Since neither the olfactory neurons nor the other 
brain cells express the surface receptor ACE-2 for viral 
entry, further research is urgently needed to solve this 
issue of how the olfactory or gustatory related neurons 
are affected due to SARS-COV-2 virus infection.
 There is an alternative way of SARS-CoV-2 invasion 
into the brain of COVID-19 patients described by 
Kabbani and Olds (67). According to them, if brain 
is susceptible to SARS-CoV-2 infection then persons 
will be at high risk if they have a habit of smoking. 
Functional interactions between nicotine exposure and 
ACE2 expression in lungs and other organ systems 
such as heart and kidneys, as well as nicotine and other 
components of the renin-angiotensin system (RAS) 
suggest that smoking can promote COVID-19 cellular 
entry through nicotinic acetylcholine receptor (nAChR) 
signaling. Kabbani and Olds suggest that regions, 
which are known to express various types of nAChRs, 
are putative sites for primary infection with COVID-19 
in the human brain. Interactions between nAChRs and 
ACE2 have been studied in several of these regions 
including the ventrolateral medulla and smoking may 
lead to enhanced viral infection through the ability of 
nicotine to upregulate nAChRs in regions such as the 
lungs. In this case, upregulation of nAChRs in either/
both neurons and astrocytes could promote greater 
viral entry and replication through augmented ACE2 
expression in the cell (67). Supporting the notion that 
smokers are at high risk for SARS-CoV infection, 
there is another report which demonstrated that ACE-
2 expression are increased in the small airway epithelia 
of smokers (68). Dealing with all of these, SARS-CoV 
might infect brain tissue and smokers are at high risk.

Conclusion

In conclusion, we may say COVID-19 patients might die 
due to lack of oxygen as lungs are suffering from ARDS. 
But as the infection progresses within the body, various 
other organs are being affected. But it is not yet known, 
whether other organs are affected due to the direct attack 
of this virus or as a consequence of lack of oxygen since 
lungs are not working properly or any other unknown 
underlying reasons. More extensive research is required 
to further rule out these possibilities.
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Introduction

In Japan mostly between 1982 and 1985, about 2,000 
hemophilia patients, or about 40% of these patients, 
were infected with human immunodeficiency virus 
(HIV) due to treatment with non-heat-treated blood 
products (1). Since the 1980s, advances in blood 
coagulation factor products and home self-injection 
therapy have dramatically improved the prognosis and 
quality of life (QOL) of hemophilia patients, and the 
average age of death has become almost the same as 
that of the general male population (2-4). With longer 

life expectancy, hemophilia patients are now entering 
middle to old age for the first time. At the same time, 
advances in the treatment of HIV infection have 
dramatically improved its prognosis and life expectancy 
(5). On average, hemophilia patients with HIV infection 
caused by non-heat-treated blood coagulation factor 
products are entering their fifties (6).
 Although some previous studies have investigated 
motor dysfunction and ADL in hemophilia patients 
entering middle and old age, there have been no 
multicenter studies. Moreover, no report has specifically 
focused on patients affected by adverse events due to 
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blood products. Therefore, for the first time in Japan, 
in this study we investigated the current status of 
motor function, activities of daily living (ADL), and 
instrumental ADL (IADL) in hemophilia patients with 
HIV infection due to contaminated blood products as 
they enter middle and old age, by performing checkups 
of motor function, ADL, and IADL during patients' 
association meetings that were held in Hokkaido, 
Sendai, Tokyo, Nagoya and Beppu between August and 
December 2019.

Patients and Methods

Participants in this multicenter study were 70 
hemophilia patients with HIV infection due to 
contaminated blood products who were members of a 
patients' association and who provided written informed 
consent.

Basic attributes

Sex and age of the patients were examined.

Joint range of motion (ROM)

Bilateral passive shoulder flexion/abduction, elbow 
flexion/extension, forearm pronation/supination, hip 
flexion/abduction/extension, knee flexion/extension, 
and ankle dorsiflexion/plantarflexion were evaluated.

Muscle strength

The manual muscle test (MMT) was evaluated for 
bilateral passive shoulder flexion/abduction, elbow 
flexion/extension, forearm pronation/supination, hip 
flexion/abduction/extension, knee flexion/extension, 
and ankle dorsiflexion/plantarflexion, while considering 
the burden on the joints.

Grip strength

Grip strength was measured twice on each side while 
the patient was seated with the elbow extended, with an 
approximately 30-s rest between measurements.

Walking

Patients were instructed to walk quickly for 10 m, 
which was timed and analyzed.

Girth measurements

The girth of the bilateral upper and lower extremities 
was measured using a tape measure in a sitting position 
at the end of an examination table and in the supine 
position. The maximum girth of the upper arm and 
forearm in elbow extension and the maximum girth of 

the lower leg and the thigh at 10 cm proximal from the 
upper edge of the patella were measured.

ADL

ADL was evaluated in a one-on-one semi-structured 
interview using questions from an interview guide with 
the scale developed by Goto et al. (7).

IADL

IADL was evaluated in a one-on-one interview. Patients 
were asked about self-injection therapy for hemophilia, 
in addition to putting away futons, laundry, cooking, 
moving furniture, cleaning, shopping, and using a 
phone, with reference to the Frenchay Activities Index 
developed by Holbrook et al. (8). The response options 
for each question were "can do without problems", 
"difficult", and "cannot do".

Interview survey on the person who mainly performs 
household tasks

We asked who mainly performs household tasks.

Interview survey on things that are troublesome

Patients were asked to list up to three things that they 
currently find troublesome.

Analysis

The mean and standard deviation were calculated for 
joint range of motion. Muscle strength was measured 
using the MMT, and the proportions of the patients 
with each score from 1 to 5 were obtained. The 
individual means of the right and left grip strengths 
were calculated and the proportion of patients with 
grip strength below age-group reference values (9) was 
determined. The proportion of patients with walking 
speed below age-group reference values (10) was also 
determined. To investigate the factors affecting walking 
speed, we performed multiple regression analysis 
with walking speed as the objective variable and joint 
ROM, muscle strength of the lower extremities, and 
grip strength as explanatory variables. Patients were 
divided into 10-year age groups, and the mean girth 
measurements were compared with those of healthy 
individuals. Ratios relative to standard values were 
determined for grip strength, walking speed, and girth 
measurements. The answers for the ADL and IADL 
items were divided into three groups according to 
response ("can do without problems", "difficult", and 
"cannot do") and the proportion of patients in each 
group was determined for each question. A simple 
tabulation was performed for the answers to "things that 
are troublesome" and "the person who mainly performs 
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ROM values were below the reference values for all 
joints evaluated. Ankle dorsiflexion, hip abduction, and 
shoulder abduction showed especially restricted ROM.

Muscle strength

Table 2 shows the muscle strength results. Muscle 
strength was most frequently decreased in ankle 
plantarflexion, with MMT scores of 3 and 2 in 8.5% 
and 27.1% of the patients, respectively. Hip extension 
was the second most frequently decreased, with MMT 
scores of 3 and 2 each in 5.3% of the patients, followed 
by hip abduction, with MMT scores of 3 and 2 in 3.0% 
and 3.7% of the patients, respectively.

Grip strength

Table 3 shows the results for grip strength. Compared 
with healthy individuals by age group, the proportions 
of patients with grip strength below the reference 
values were 75.0% for patients in their 30s and 96.4% 
for those in their 40s. All patients in their 50s and 60s 

household tasks". SPSS version 26 (IBM Corp., 
Armonk, NY) was used for analysis. The significance 
level was set at 5%.

Ethical considerations

This study was approved by central review at the 
Ethics Review Committee of the National Center 
for Global Health and Medicine (approval number, 
NCGM-G-003242-00),  and appropriate ethics 
procedures were followed at each participating facility.

Results and Discussion

Basic attributes

Patients were all male, with a mean age of 52.1 (standard 
deviation, 9.08) years.

Joint ROM

Table 1 shows the results for joint ROM. Patients' mean 
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Table 1. Range of motion in the study population of 70 hemophilia patients with HIV infection from contaminated blood 
products

Motion

Shoulder flexion
Shoulder abduction
Elbow flexion
Elbow extension
Elbow pronation
Elbow supination
Hip flexion
Hip extension
Hip abduction
Knee flexion
Knee extension
Ankle dorsiflexion
Ankle plantarflexion

n

138
138
138
138
138
138
138
138
138
138
138
138
138

Values are the percentage of the target joints. Ratio relative to the reference value (%) = [(mean measurement value of the target joint)/(reference 
ROM of the target joint)] × 100. SD, standard deviation.

Mean (deg)

147.2
143.3
125.6
−22.4
  73.2
  79.4
105.8
  14.4
  32.6
116.1
  −8.5
    2.1
  35.1

SD (deg)

20.6
30.5
19.6
22.3
18.2
24.9
18.2
13.5
13.4
31.5
13.3
11.0
11.6

Ratio relative to the reference value (%)

81.8
79.6
86.6
87.2
81.3
88.2
84.6
96.0
72.5
89.3
95.3
10.4
78.0

Table 2. Muscle strength measurements

Muscle strength (MMT)

Motion
    Shoulder flexion
    Shoulder abduction
    Elbow flexion
    Elbow extension
    Forearm pronation
    Forearm supination
    Hip flexion
    Hip abduction
    Hip extension
    Knee extension
    Ankle dorsiflexion
    Ankle plantarflexion

n

140
138
138
126
138
140
137
134
133
133
135
118

Values are the percentage of target joints. MMT, manual muscle test.

5

90.7%
88.4%
91.3%
85.7%
84.1%
82.9%
76.6%
73.9%
66.2%
85.0%
85.9%
44.1%

4

7.9%
9.4%
8.0%
13.5%
15.9%
16.4%
21.2%
19.4%
23.3%
12.8%
11.9%
20.3%

3

1.4%
2.2%
0.7%
0.8%
0.0%
0.7%
2.2%
3.0%
5.3%
2.3%
2.2%
8.5%

2

  0.0%
  0.0%
  0.0%
  0.0%
  0.0%
  0.0%
  0.0%
  3.7%
  5.3%
  0.0%
  0.0%
27.1%

1

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
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had grip strength below the reference values. Muscle 
strength relative to the reference values was 83.5%, 
65.6%, 62.3%, and 58.0% for patients in their 30s, 40s, 
50s, and 60s, respectively.

Walking speed

Table 3 shows the results for walking speed. Walking 
speeds by age group were below reference values of 
healthy individuals for 25% of patients in their 30s, 
77.8% of those in their 40s, 90.5% of those in their 
50s, and all patients in their 60s. Measured values of 
the patients in their 30s were above the reference value 
with a ratio relative to the reference value of 110.9%, 
while the ratios were 85.5%, 78.2%, and 73.9% for 
patients in their 40s, 50s, and 60s, respectively.
 Factors contributing to walking speed were knee 
flexion ROM (standardized coefficient, 0.446), hip 
extension ROM (0.418), and ankle dorsiflexion ROM 
(0.216).

Girth measurements

Table  4  shows the  resu l t s  for  the  four  g i r th 

measurements taken. Mean values were highest for 
patients in their 30s at all measurement sites and tended 
to decline with age. Compared with reference values 
of healthy individuals in their 40s and 60s (11), the 
measured values were below the reference values at all 
sites in all age groups. In particular, the difference was 
the largest for thigh girth, at 84.5% of the reference 
value for patients in their 40s, 78.7% in their 50s, and 
77.4% in their 60s.

ADL

Table 5 shows the ADL results. The most frequent 
difficulty in ADL was "standing up from the floor", 
which 64.3% of the patients reported as "difficult" 
or "cannot do". The second most common difficulty 
in ADL was "squatting", which 62.9% reported was 
"difficult" or "cannot do". This was followed by 
"climbing up and down stairs", which was either 
"difficult" or "cannot do" for 54.3% of the patients.

IADL

Table 5 shows the results for IADL. In terms of 
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Table 3. Grip strength and walking speed

Age

30s
40s
50s
60s

n

  4
28
23
14

Grip strength ratio relative to the reference value (%) = [(mean grip strength of all patients)/(reference value)] × 100. Fast walking speed ratio 
relative to the reference value (%) = [(mean fast walking speed of all patients)/(reference value)] × 100.

Mean (kg)

39.6
30.7
28.3
24.2

Ratio relative to the
reference value (%)

83.5
65.6
62.3
58.0

Patients below the
reference value (%)

  75.0
  96.4
100.0
100.0

Grip strength

n

  4
27
21
13

Mean (m/min)

133.1
102.6
  89.9

85

Ratio relative to the 
reference value (%)

110.9
  85.5
  78.2
  73.9

Patients below the 
reference value (%)

  25.0
  77.8
  90.5
100.0

Fast walking speed

Table 4. Girth measurements

Age

30s
n = 2
40s
n = 13
50s
n = 9
60s
n = 5

Mean
SD

Mean
SD

Mean
SD

Mean
SD

Upper arm girth was measured in elbow extension. We were unable to obtain a reference value for patients in their 30s. Reference values for 
patients in their 40s, 50s, and 60s were taken from reference 11. Ratio relative to the reference value (%) = [(mean value of the target site of all 
patients)/(reference value of the target site)] × 100. Ratios relative to the reference values (%) were obtained for the mean of the left and right 
sides. SD, standard deviation.

Right
(cm)

29.5
0.50
25.9
3.59
25.8
3.82
24.8
4.32

Left
(cm)

28.8
0.25
26.5
4.19
26.7
4.19
24.8
5.27

Ratio 
relative 
to the 

reference 
value

—

90.3%

90.8%

79.4%

Upper arm

Upper arm 
reference 

value (cm)

—
—

29.0
  2.6
28.9
  2.4
28.1
  2.2

Right 
(cm)

36.5
1.50
33.5
4.81
30.8
2.69
31.2
3.80

Left 
(cm)

37.3
0.75
32.8
4.75
32.0
3.54
30.4
4.17

Ratio 
relative 
to the 

reference 
value

—

89.7%

84.8%

86.6%

Lower leg

Lower leg 
reference 

value (cm)

—
—

36.9
2.70
37.0
2.70
35.6
2.60

Right 
(cm)

47.8
2.25
42.4
8.46
38.0
5.27
38.2
3.23

Left 
(cm)

47.3
0.25
41.3
7.25
39.0
4.52
36.3
4.46

Ratio 
relative 
to the 

reference 
value

—

84.5%

78.7%

88.3%

Thigh

Thigh 
reference 

value (cm)

—
—

49.6
3.80
48.9
3.80
46.9
3.50

Right 
(cm)

27.0
0.50
25.1
2.10
23.9
2.96
23.6
1.98

Left 
(cm)

25.8
0.75
24.7
2.16
24.4
2.26
23.5
1.84

Forearm
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difficulties in IADL, 5.7% of the patients responded 
that "putting away futons" was either "difficult" or 
"cannot do". Next was "laundry", with 12.9% and 
8.6% responding "difficult" or "cannot do", and then 
"cooking" at 10% and 11.4%, respectively.

Persons who mainly perform household tasks

The persons who mainly performed household tasks 
were the patients themselves (38.6%), followed by 
their spouses (25.7%), parents (12.9%), both patients 
and spouse (8.6%), both patients and parents (4.3%), 
siblings (2.9%), and parents- or siblings-in-law (1.4%).

Things that are troublesome

The most frequent responses for things that are 
troublesome were "physical changes (decline in muscle 
strength and limited joint ROM" (35.7%), followed by 
"pain" (31.4%), "parents" (20%), and then "limitations 
of ADL/IADL" and "difficulty moving" (both 18.6%). 
Only 1 patient listed bleeding.

Discussion

Hemophilia patients in middle and old age, who 
have experienced the time when there was no regular 
replacement therapy to suppress bleeding as can be 
done with current therapy, often have limited ROM, 
joint instability, joint contracture, muscle atrophy, 
and synovitis (3). This is the first multicenter study 
to investigate motor function and ADL in hemophilia 
patients with HIV infection. As of May 31, 2019, 

there are 6,596 hemophilia patients in Japan, 706 of 
whom are living with HIV infection due to receiving 
contaminated blood products (6). This study involved 
70 patients, representing 10% of this population.
 In a multicenter study, Siboni et al. investigated 
the elbow, knee, and ankle joint function of 39 middle 
aged and older hemophilia patients (mean age, 68 
years; range, 65-78 years) (12) and found hemophilic 
arthropathy in 37 of the patients. Goto et al. also 
investigated joint function in 31 hemophilia patients 
(mean age, 38.3 years; range, 16-61 years) targeting 
the elbow, knee, and ankle joints and found end-stage 
arthropathy in 60.2% (13). Our study, which also 
included the shoulder and hip joints, showed that these 
joints and the elbow, knee, and ankle joints all had 
limited ROM. In particular, ankle dorsiflexion showed 
severely limited ROM at 10.4% of the reference value. 
The next most severely affected joint motions were 
hip abduction at 72.5% of the reference value and then 
shoulder abduction at 79.6%. Our study is the first to 
reveal limited ROM in the hip and shoulder joints.
 Some previous studies have investigated muscle 
strength in patients with hemophilia (13-15) but were 
limited to the knee joint. The present study investigated 
muscle strength around the shoulder, elbow, hip, knee, 
and ankle joints, finding that decreased muscle strength 
was most frequently seen in ankle plantarflexion, 
followed by hip extension and hip abduction. The 
decline in muscle strength around the ankle joints 
was attributed to immobility of the joints caused by 
intra-articular bleeding (pain and swelling), given the 
severely limited ROM relative to the reference values of 
ankle dorsiflexion (10.4%) and plantarflexion (78.0%). 
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Table 5. ADL and IADL

ADL
     Standing up from the floor
     Squatting
     Climbing up and down stairs
     Sitting on the floor
     Walking on a slope
     Clipping toenails
     Washing face with both hands
     Buttoning and unbuttoning top button
     Washing body
     Putting on and taking off socks
     Walking without a cane
     Sitting on a chair
IADL
     Putting away futons
     Laundry
     Cooking
     Moving furniture
     Self-injection
     Cleaning
     Shopping
     Using a phone

Values are the percentage of patients. ADL, activities of daily living; IADL, instrumental activities of daily living.

n

70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70

Can do without problem

35.7%
28.6%
41.4%
38.6%
47.1%
64.3%
72.9%
74.3%
74.3%
74.3%
75.7%
88.6%

55.7%
74.3%
74.3%
78.6%
82.9%
88.6%
90.0%
97.1%

Difficult

45.7%
22.9%
51.4%
24.3%
40.0%
28.6%
12.9%
22.9%
24.3%
18.6%
10.0%
10.0%

  5.7%
12.9%
10.0%
  5.7%
  2.9%
  5.7%
  4.3%
  1.4%

Cannot do

18.6%
40.0%
  2.9%
21.4%
  2.9%
  5.7%
12.9%
  2.9%
  2.9%
  1.4%
  2.9%
  0.0%

22.9%
  8.6%
11.4%
  8.6%
11.4%
  4.3%
  5.7%
  0.0%

Difficult/cannot do

64.3%
62.9%
54.3%
45.7%
42.9%
34.3%
25.7%
25.7%
25.7%
25.7%
21.4%
10.0%

28.6%
21.4%
21.4%
14.3%
14.3%
10.0%
10.0%
  1.4%
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The decrease in hip joint ROM was attributed to pain 
and immobility caused by arthropathy, given that the 
flexion and extension ROM were 84.6% and 96.0% of 
the reference values, respectively.
 Because bleeding is less common in the wrist joint 
compared with other joints in hemophilia (16), we 
did not include it in the evaluation of ROM or muscle 
strength in this study. However, grip strength is an 
index of muscle strength and is also correlated with 
cardiopulmonary function (17); thus, we evaluated grip 
strength as an index of general physical function in 
this study. The result showed that grip strength of the 
patients in their 30s was 83.5% of the reference value, 
which decreased with age. The grip strength of those in 
their 60s was 58.0% of the reference value, indicating 
deterioration of physical function with age. In a study 
by Goto et al. measuring grip strength, the mean value 
was 31.9 kg in patients with mean age of 38.3 years 
(15), which is lower than the mean grip strength of 
our patients in their 30s of 39.6 kg. The reason for the 
higher value of grip strength in our study is thought to 
be selection bias. The patients in the study by Goto et 
al. were outpatients, whereas our patients participated 
in the motor function, ADL, and IADL checkups that 
were held at patients' association meetings and thus 
could be presumed to have better motor function and to 
more actively exercise.
 No conventional cross-sectional study of hemophilia 
patients has examined walking speed. Given that 
studies of healthy individuals and stroke patients have 
demonstrated the importance of being able to walk 
quickly to being able to walk practically (18,19), we 
evaluated fast walking. We found the proportions 
of patients in their 40s, 50, and 60s who could walk 
quickly were 85.5%, 78.2%, and 73.9% of the reference 
values, respectively. These data indicate practical 
walking ability may decrease with age in these patients. 
Knee flexion ROM, ankle dorsiflexion ROM, and hip 
extension muscle strength were identified as factors 
affecting walking speed. The hip extensor muscles 
play a role in supporting body weight from initial 
ground contact to mid-stance (20). Hip extensor muscle 
weakness was frequently seen in the patients in this 
study, suggesting that it may have also affected the 
walking speed.
 Siboni et al. (13) and Stephensen et al. (21) have 
reported that muscular atrophy is present in hemophilia 
patients. However, no study has reported the four girth 
measurements that we examined in these patients, and 
both Canaro et al. (2) and Stephensen et al. (22) have 
pointed out that there has been no quantitative study 
of muscle atrophy. Here, we measured the girth of 
the upper arm, forearm, and lower leg and thigh, and 
compared the values with those of healthy individuals 
in 10-year age groups (11). The values were smaller 
in our patients than in healthy individuals at all 
measurement sites, and the difference was largest in the 

thigh. In addition, a notable finding was that the mean 
girth of the thigh in patients in their 50s and 60s was 
38.5 cm and 37.2 cm, respectively, which was about the 
same as the standard values of healthy individuals.
 Siboni et al. also evaluated ADL in a multicenter 
study (13) but did not evaluate items related to Japanese 
lifestyle. Therefore, we used a scale developed 
by Goto et al. (7). Many patients responded that 
movements requiring deep flexion or heavy loading of 
the lower limbs, such as "standing up from the floor", 
"squatting", "climbing up and down stairs", "sitting 
on the floor", and "walking on a slope" were either 
"difficult" or "cannot do", consistent with the results 
of Goto et al. (14) and Iwata et al. (22). More than 
60% of the patients in the present study responded that 
the movements of "standing up from the floor" and 
"squatting" were "difficult" or "cannot do". The mean 
age of patients of this study was 52 years, which means 
that aspects of the Japanese lifestyle are difficult for 
these patients although they are only in their 50s.
 Siboni et al. (12) examined IADL in patients with 
hemophilia, but their study was conducted outside 
Japan. In the present study, "putting away futons" 
was found to be the most difficult activity, revealing 
difficulty in Japanese lifestyle, as with ADL. Moreover, 
"laundry" and "cooking" were listed as difficult 
activities, showing that patients have difficulties in 
activities related to food, clothing, and housing, which 
are necessities of life.
 In this study, we also included "self-injection", 
which is necessary for treatment, as an IADL item. The 
result showed that 14.3% of the patients answered that 
"self-injection" was "difficult" or "cannot do". As this 
patient population ages, it can be expected that ROM 
will worsen and presbyopia will develop, so the number 
of patients who have difficulties in "self-injection" may 
increase further in the future.
 The results revealed that a "decrease in muscle 
strength and limitation of ROM" was the most frequent 
response, at 35.7%, for the most troublesome problem, 
followed by "pain" (31.4%). On the other hand, only 1 
patient listed "bleeding". These results reflect that the 
problem of bleeding itself is being solved with advances 
in treatment methods, but that joint dysfunction and 
pain are issues that remain to be addressed.
 The study showed that the person who mainly 
performs household tasks is someone other than the 
patient in more than half of the cases. Notably, for 
12.9% of these patients, the primary helper was their 
parents. Given that "pain", "parents", and "limitation in 
ADL/IADL" were some of the most common problems, 
we can surmise that many patients have pain and rely 
on their parents for ADL/IADL.

Limitations

Some limitations of this study include that we are 
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unable to determine whether the decline in motor 
function revealed in this study was due to hemophilia 
or HIV infection. The reason for this is that the 
previous studies referred to in this report also included 
some hemophilia patients with HIV infection, ranging 
from 3.0% (13) to 38.7% (14), and it is not possible 
to compare our results with those of the previous 
studies with respect to the presence or absence of 
HIV infection. In addition, because the patients in this 
study voluntarily participated in patients' meetings 
where motor function, ADL, and IADL checkups were 
offered, our study population may have been biased 
toward patients with relatively good motor function and 
those who are proactive in maintaining or improving 
motor function. The patients in this study accounted for 
about 10% of hemophilia patients with HIV infection 
due to contaminated blood products in Japan. A study 
including all of these patients might show even greater 
impairment of motor function and ADL. Based on 
the above, it is necessary in the future to survey more 
patients with hemophilia and compare those with and 
those without HIV infection to accurately understand 
the condition of motor function and ADL/IADL in 
these patients.

Conclusion

Evaluation of hemophilia patients with HIV infection 
due to contaminated blood products who participated in 
checkups of motor function, ADL, and IADL that were 
held during patients' association meetings revealed that 
they had locomotor disorders, impairment in functions 
required for ADL, and pain even though they were 
fairly young, at a mean age of 52 years, and that they 
were in the worrying situation that maintenance of daily 
life may become difficult in the future depending on 
their parents' condition.
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A state of emergency was declared in Japan on April 
7, 2020, due to the rapid nationwide spread of the 
novel coronavirus SARS-CoV-2. Leaving home for 
unnecessary or non-urgent purposes was restricted. 
Employees teleworked from home, and schools adopted 
online lessons. Accordingly, the number of outpatients 
at our hospital decreased by 14.4%, from 683,275 in 
2019 to 585,187 in 2020; the number of outpatients in 
our Department also decreased by 13.4%, from 24,896 
to 21,567. Except for symptomatic cases, those with 
extremely high prostate-specific antigen (PSA), and 
those with multiple metastases, patients solely with high 
PSA tended to avoid medical consultation due to the 
stay-at-home rules. Furthermore, non-urgent prostate 
biopsy was not prioritized, because of the restriction 
of hospital medical service capacity under pandemic 
conditions. Here, we analyze the number and breakdown 
of prostate needle biopsy cases in 2019 and 2020, in 
order to provide an estimate of the indirect influence of 
the novel coronavirus SARS-CoV-2 crisis nationwide on 
the clinical management of prostate cancer.
 Patients who underwent prostate needle biopsy 
between January 1, 2019, and December 31, 2020 
were reviewed. Biopsies for known prostate cancer 
cases (i.e., protocol biopsy on active surveillance) were 
excluded from this analysis. Written informed consent 
was obtained for the use of patients' medical information 
(Ethics Committee, Faculty of Medicine, University of 

Tokyo; #3124). The pre-biopsy PSA value was set as 
the highest value within the six months prior to biopsy. 
T staging was performed based on magnetic resonance 
imaging, digital examination, and needle prostate biopsy 
results according to the Union for International Cancer 
Control TNM classification of malignant tumors 8th 
edition (1). Computed tomography and bone scintigraphy 
were used for detecting regional lymph node metastasis 
and distant metastasis. Statistical analysis was performed 
using JMP pro ver.15.2.1, and Fisher's exact test was 
used for stratified analysis.
 We identified a total of 683 prostate needle biopsies 
taken on suspicion of prostate cancer, 403 cases in 
2019 and 280 cases in 2020, representing a decrease of 
123 cases (30.5%). The number of patients in their 60s 
and 70s decreased by 36.5%, from 312 cases to 198 
cases, accounting for 92.6% of the total decrease and 
significantly less in 2020 compared to 2019 (p = 0.0296, 
Figure 1). The median (interquartile range) pre-biopsy 
PSA level (ng/mL) increased from 6.9 (5.1-11.1) in 2019 
to 7.1 (5.3-11.1) in 2020. The number of cases with a 
pre-biopsy PSA level (ng/mL) of 30.0 or less decreased 
by 31.7% from 384 to 262, accounting for 99.1% of the 
total decrease (Figure S1, https://www.ghmopen.com/site/
supplementaldata.html?ID=24). In contrast the number 
of cases with PSA higher than 30.0 ng/mL was similar, 
19 in 2019 and 18 in 2020 (not significant, p = 0.210).
 The number of diagnoses of prostate cancer 
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decreased by 35.4% from 189 to 122. Cases at T2 stage 
decreased by 45.2%, from 146 to 80, whereas T3 and 
T4 cases slightly decreased from 17 to 13 (Figure 2). 
The total number of patients at T2 stage decreased 
by 66, accounting for 98.5% of the total decrease and 
significantly less in 2020 than 2019 (p = 0.0172). 
Finally, the number of patients with N0 and M0 disease 
decreased by 36.9% from 175 to 111, accounting for 
95.5% of the total decrease, but this was not significant 
(p = 0.379, Figure S2, https://www.ghmopen.com/site/
supplementaldata.html?ID=24).
 In 2020, the number of biopsies taken decreased by 
30.5% compared to 2019, with > 90% of the decrease 
accounted for by patients in their 60's and 70's and with 
pre-biopsy PSA levels of 30 ng/mL or less. The number 
of prostate cancer diagnoses decreased by 35.4%, more 
than 90% of which were T2 and N0M0. In contrast, there 
were few changes in advanced cases including those with 
PSA over 30 ng/mL, with stages T3 or more, or with 

nodal and/or distant metastasis. These cases might be 
symptomatic, or might have had to have a biopsy, even 
during the coronavirus crisis. In our Department, the 
number of all outpatients in their 60's and 70's decreased 
by 13.0%, similar to the decrease of 13.4% across all 
ages, while the number of patients at this age undergoing 
prostate needle biopsy decreased greatly.
 One Italian study on colorectal cancer screening 
reported that the number of tests during lockdown 
due to the pandemic was reduced by a quarter, but the 
probability of finding cancer increased from 1% to 8% 
(2). In that study, many of the cases examined during 
lockdown were high-risk, including those with subjective 
symptoms such as bloody stools and those with a family 
history. In contrast, the cancer detection rate in our report 
was similar before and after lockdown at 46.8% in 2019 
and 43.5% in 2020. This might result from the lower 
accuracy of prostate biopsy compared with colonoscopy.
 According to the National Cancer Center Institute 
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Figure 1. Numbers of prostate needle biopsies by age. The number of patients in their 60's and 70's decreased by 58 and 56, 
accounting for 92.6% of the total decrease. *Significantly less in 2020 compared to 2019 (p = 0.0296).

Figure 2. Numbers of prostate cancer diagnoses by T stage. Cases at T2a, T2b, and T2c decreased by 12, 21, and 33 cases, 
accounting for 98.5% of the total decrease. *Significantly less in 2020 compared to 2019 (p = 0.0172).
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in Japan, the annual number of cases of prostate cancer 
is 92,021 in 2018 (3). Prostate cancer diagnoses at 
our hospital decreased by 35.4% from 2019 to 2020. 
Assuming that this rate is the same across the nation, 
the number of patients with a delayed diagnosis of 
prostate cancer will reach 32,575. The number of high-
risk (Gleason Score 8 and above) and intermediate-
risk cases (Gleason Score 7) was 69 (36.5%) and 94 
(49.7%), respectively, of prostate cancer diagnoses at 
our hospital in 2019. Assuming that this rate is the same 
across the nation, 11,890 are likely to be in the high-risk 
group and 16,189 in the intermediate-risk group. Several 
studies have reported that the time patients can wait for 
treatment of prostate cancer should be 2.5-6 months in 
the high-risk group and 9-24 months in the intermediate-
risk group (4-11).
 Delays in diagnosis occurred worldwide. De 
Vincentiis et al. (12) reported that prostate cancer and 
bladder cancer diagnoses fell in 2020 by 75% and 
66%, respectively, compared with the average number 
recorded in 2018 and 2019. There is also a concern that 
cases of more advanced prostate cancer will increase 
because health examinations and medical institutional 
consultations were postponed due to the coronavirus 
crisis.
 One limitation of this research is that it is not 
necessarily applicable to Japan as a whole, and the world 
in general, because it involved only a single facility, a 
small number of cases, and was a retrospective study. No 
prospective study reports have been found on treatment 
delays, and bias is unavoidable.
 In conclusion, the number of prostate diagnoses in 
2020 was 35.4% lower than in 2019. More than 90% of 
the decrease was accounted for by patients in their 60's 
and 70's that would have been curable, with PSA of 30 
or less, and at stage T2, N0M0. There is a concern that 
because of delayed diagnosis the relative proportion 
of more advanced prostate cancer cases will increase 
and some of them will no longer be curable. Widely 
aware that more than 30,000 prostate cancers might 
be overlooked nationwide in 2020, we recommend 
establishing a health checkup system with infection 
control and undergoing early testing.
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Clinical learning is essential to reach a stage where 
knowledge gained in the classroom can be put into 
practice (1). However, the skills acquired during 
practical training depend on the condition of patients 
and the nursing students themselves. The skills required 
of a new nurse depend on the role of the facility where 
the nurse will be working (2). The role differentiation 
of medical facilities presumably contributes to a 
discrepancy between the skills acquired in nursing 
school and the practical skills required of new nurses.
 E-learning and simulation-based learning have 
been used in place of clinical learning to educate 
nursing students (3,4). Members of the nursing 
profession require continuing education, and they must 
think independently. This type of human resource 
development necessitates a shift from traditional 
classroom-based knowledge transfer to active learning, 
in which students identify problems and find solutions 
independently (5-7).
 Goal-based scenarios are an instructional design 
theory consisting of the following seven elements: 
mission, cover story, role, learning goals, scenario 
operations, feedback, and resources (8). Although pre-
learning usually takes place in lectures, combining goal-
based scenarios with e-learning should improve the 
understanding of learners. In addition, the effectiveness 

of an e-learning course can be evaluated by surveying 
learners regarding their level of interest, the relevance 
of content, and their level of confidence and satisfaction 
after completing the course (9).
 From this perspective, the current study developed 
an e-learning system for nursing students in order to 
establish the clinical competencies required of new 
nurses. This study focused on the continuity of education 
in respiratory nursing for nursing students as they 
became new nurses and it evaluated the effectiveness of 
that education.
 This study was conducted in two stages: i) an 
assessment of learning needs and development of 
e-learning materials, and ii) an assessment of the 
e-learning system's effectiveness.

First stage: Assessment of learning needs

Subjects

Subjects were 10 new nurses who had worked in one of 
four wards: internal medicine, surgery, internal medicine 
and surgery combined, or intensive care. The nurses 
worked in three large general hospitals in metropolitan 
areas, each with more than 500 beds. A new nurse was 
defined as a nurse with less than one year of experience.
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Assessment

Between October 2015 and February 2016, semi-
structured interviews were conducted with the ten 
new nurses regarding their observations, judgments, 
performance, and difficulties they experienced due to 
differences between their nursing school training and 
actual practice.

Development of the e-learning system

Qualitative data were obtained from transcripts of the 
recorded interviews. The disease-related specializations 
of the new nurses and situations in which they had 
experienced difficulties were noted. The seven elements 
of the goal-based scenario were identified based on 
their correspondence to the qualitative data.
 Based on these elements, an e-learning system was 
developed in which a nursing student would play the 
role of a nurse. The Question and Test Interoperability/
Learning Tools Interoperability of TAO (Infosign Inc., 
Tokyo), a web-based testing system that complies with 
international standards, was used for this study.

Ethical considerations

This study was conducted in compliance with the 
ethical guidelines of the Japanese Ministry of Health, 
Labor, and Welfare for medical and health research 
involving human subjects. Approval was obtained from 
the Ethical Review Board of St. Luke's International 

Hospital (15-042) before conducting interviews.

Outcomes

Overview of nursing practice
Nine of the 10 new nurses were women. Most of the 
patients under the care of the new nurses had lung 
cancer. The remaining patients had pneumonia or 
pneumothorax. The new nurses worked together with 
senior nurses who were in charge of educating them. 
The new nurses had difficulties with several of the 
tasks, e.g. collecting all of the necessary information 
at one time, sputum suction, supporting patients with 
dyspnea, and clinically assessing patient results. 
Although they used viscous fluids to practice sputum 
suction in school, they still had difficulty performing 
sputum suction with real patients, as they had to 
synchronize their actions with the patients' cough 
reflex. New nurses were unable to interact properly 
with patients exhibiting dyspnea due to distress in those 
emergency situations.

Components of the e-learning system
The e-learning system included two scenarios: i) 
ambulatory support for patients after surgery for 
lung cancer, and ii) support for patients with chronic 
obstructive pulmonary disease (COPD) and dyspnea. 
Each program consisted of three parts: collection of 
information, provision of care, and reporting (Table 1).
 In the lung cancer scenario, the mission of the 
new nurse was to provide ambulatory support for a 
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Table 1. Elements of the goal-based scenarios

Scenario context
     Learner's mission
     Cover story

     Learner's role

Learning goals

Scenario operations

Scenario framework
     Feedback

     Resources

A case of a patient after right lower lobectomy for lung cancer

The learner is to provide proper care and report to the lead nurse to help treat the patient.
The cover story is that the learner observes the patient and then reports to the lead nurse. At the beginning, the learner 
observes and evaluates the patient and predicts possible changes in the patient's condition. Then, the learner provides 
necessary care. Finally, the learner reports on the patient's condition and care to the lead nurse.
After receiving detailed information on the patient's surgery, the learner (A) observes and evaluates the patient, (B) 
provides care and evaluates the patient's condition, and (C) reports the care provided and the patient's condition to the 
lead nurse.

(1) Procedural knowledge
Using what the learner has observed, judged, performed, and evaluated as information, the learner will be able to 
develop the skills to prepare a report that will facilitate the patient's treatment.
(2) Declarative knowledge
Based on a case of lung cancer, the learner will be able to understand postoperative complications and impacts of 
invasive surgery on the patient's body and learn how to manage drains. Based on a case of COPD, the learner will be 
able to understand hypoxemia and hypercapnia and learn how to assist the patient in performing pursed-lip breathing.

To promote   nursing   practice, questions   are   prepared   on (A) observation and evaluation, (B) care and evaluation, 
and (C) reporting.
When the learner fails to give the correct answer, the correct answer is provided before the learner proceeds to the 
next section.

The learner can receive feedback after answering each question. After completing all of the questions, the learner can 
watch a video that explains the two cases.
Information that serves as the basis for the answer is available whenever the learner wants it.
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Responses from 43 nursing students who answered two 
or more of the questions were analyzed. All but one of 
the students were using the e-learning system for the 
first time. Of the 33 respondents, 27 (82%) were female 
students. Eighteen (56%) of thirty-two respondents 
were fourth-year students.

Ambulatory support for patients after surgery for lung 
cancer
When asked about the most common complications 
observed one day after surgery, 21% (9/43) of the 
nursing students responded correctly. Fifty-three percent 
(20/38) provided the correct answer regarding methods 
of identifying subcutaneous emphysema. Sixty-five 
percent (24/37) correctly identified the location of the 
fourth rib on the midclavicular line for auscultation. 
The location of the spinous process on the back of the 
seventh cervical vertebra was correctly identified by 
73% (21/35) of the nursing students. Eight-one percent 
(35/43) of the nursing students responded to questions 
about the provision of care was 81% (35/43), and the 
correct answer rate was 60% (21/35). Forty percent 
(17/43) of the nursing students responded to questions 
about reporting, and 82% (14/17) of the correct answers 
were based on the SBAR method.

Support for patients with COPD and dyspnea
Seventy-seven percent (33/43) of the nursing students 
responded to questions in the section on information 
collection. The correct answer rate for causes of 
dyspnea was 76% (25/33). Twenty-four percent (8/33) 
of the nursing students correctly identified the causes 
of hypoxemia and hypercapnia. Nine percent (3/34) 
answered correctly regarding methods of identification. 
Seventy-nine percent (34/43) of the nursing students 
responded to the section on providing, and 79% (27/34) 
of the respondents answered correctly. Forty-four 
(19/43) of the nursing students responded to the section 
on reporting, and 79% (15/19) of the answers were 
based on the SBAR method.

Motivation to learn using the e-learning system
Questions regarding interest, relevance, confidence, 
and satisfaction had a response rate of 76% (33/43). 
Responses were rated on a four-point scale. The mean 
score for interest, or avoiding boredom, was 3.3. The 
mean score for relevance was 3.1. The mean score for 
confidence was 2.1 and that for satisfaction was 1.5.
 Comments in the open-ended answer portion 
included the following: "The materials allowed learners 
to more fully understand what they had previously 
understood superficially" and "It would be nice if there 
were scenarios for other diseases." Students learned that 
information should be collected with a purpose.

The necessity of a learning program that encourages 
continuous learning

patient one day after surgery. The learning goals were 
to acquire the ability to observe patients to prevent 
postoperative complications and to provide necessary 
support. Learners were allowed to comment freely 
in their responses using the Situation, Background, 
Assessment, and Recommendations (SBAR) method.
 The mission of the new nurse in the COPD scenario 
was to provide care to a patient complaining of dyspnea 
after walking to the bathroom. The learning goals were 
to acquire the ability to observe a patient with COPD 
and to provide the requisite support. Learners were 
allowed to comment freely using the SBAR method to 
answer questions for their report.
 When the learner clicked on the answer button, 
the correct answer was displayed as feedback. A video 
explaining the two scenarios was viewed at the end of 
the program.

Second stage: Assessing the effectiveness of the 
e-learning system

Subjects

Subjects were third- and fourth-year nursing students 
from two schools.

Assessment

Assessment was performed in January and February of 
2017. Subjects were asked to use the e-learning system 
and fill out a follow-up questionnaire, which was 
generated using TAO. The questionnaire was used to 
evaluate interest, relevance, confidence, and satisfaction 
on a four-point scale and also included an open-ended 
question about the e-learning system.

Methods of analysis

Descriptive statistics were calculated based on the 
answers to questions about the e-learning materials, and 
the responses to the open-ended question were analyzed 
qualitatively.

Ethical considerations

The study was conducted in compliance with the 
ethical guidelines of the Japanese Ministry of Health, 
Labor, and Welfare for medical and health research 
involving human subjects. Approval was obtained from 
the Ethical Review Boards of the National Center for 
Global Health and Medicine (NCGM-G-002354-00) 
and Nagoya City University (172026-2) before this 
stage of the study.

Outcomes

Overview of the subjects
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The students had not practiced the nursing techniques 
required for new nurses in a clinical setting. Many of 
the new nurses had not cared for patients with lung 
cancer or COPD as nursing students, and they had 
never practiced suction. Even in Japan, where lung 
cancer and pneumonia are the leading causes of death 
(10), nursing students having difficulty acquiring the 
requisite skills to become professional nurses through 
practical training.
 Suction is an essential technique for regulating 
breathing, but the resulting damage to the airway 
mucosa and coughing are painful for the patient. 
Synchronizing the patient's coughing with the timing of 
aspiration allows the patient to be aspirated painlessly. 
However, new nurses are forced to learn techniques 
that may require patient cooperation in the field. This 
indicates that new nurses lack certain skills, and this 
can lead to patient harm (11). While aspiration skills 
are important for new nurses in respiratory facilities, 
different skills are required for nurses who begin 
employment in other types of facilities. Based on these 
facts, the specific clinical skills that will be required of 
new nurses in different facilities need to be considered. 
Creating tailored programs with the most appropriate 
learning tasks for nursing students will help them 
respond to changes in medicine and the workplace and 
facilitate reemployment.

Providing learners with opportunities for safe and 
repeated training through e-learning

The combination of pre-learning in nursing school, the 
freedom of e-learning, and repeated on-site care training 
will contribute to the development of knowledge, critical 
thinking, and problem-solving skills in the nursing 
profession. Nursing students who use Information and 
Communication Technology (ICT) are reported to 
have a stronger sense of self-efficacy than nurses (12). 
Incorporating ICT into primary nursing education and 
its use after graduation will showcase the strengths of 
nursing students. Self-managed e-learning is also more 
effective than being taught by others (13,14).
 The results of the current study highlight the 
need for repeated learning opportunities in realistic 
situations, which will enable new nurses to practice in 
a clinical setting without experiencing anxiety. This 
is evinced by higher rates of anxiety and restlessness 
after nurses care for patients, so they benefit more by 
learning in a simulator (15). Therefore, learners need to 
be given the opportunity to learn repeatedly and safely 
via e-learning, and care-based training needs to be 
combined with improved reproducibility in the field.

Limitations and challenges for the future

E-learning and evaluations were performed only in 
the context of pre-learning in this study. In the future, 

simulation-based learning for nursing students will need 
to be investigated and changes in the practical skills of 
new nurses will need to be assessed. The opportunity to 
learn repeatedly and safely through e-learning must be 
available to learners.
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Combating antimicrobial resistance (AMR) is a global 
challenge that is being tackled with the help of the 
Global Action Plan on AMR (2015) (1). In Japan, 
various measures are being implemented in accordance 
with the National Action Plan on Antimicrobial 
Resistance (NAP-AMR) (2016) (2). In both the action 
plans, the emphasis is on promoting public education. 
The first agenda (Strategy 1.1) in NAP-AMR is to 
promote awareness and education of AMR among 
the public, as the Japanese people have insufficient 
knowledge about antimicrobials, AMR, and infectious 
diseases in general (3). Although antimicrobial agents 
are prescription drugs in Japan, many physicians believe 
that misconceptions among the general public is one 
of the barriers to the proper use of antimicrobials (4). 
Patients may ask for prescriptions for antimicrobials 
even when they are not needed or may interrupt the use 
of prescribed antimicrobials to take them later at their 
own discretion. 
 The AMR Clinical Reference Center (AMRCRC) 
of the National Center for Global Health and Medicine 
was established in 2017 as a commissioned project 
of Japan's Ministry of Health, Labour and Welfare. 
The AMRCRC conducts information and education 
services along with clinical epidemiology services. Such 
educational and awareness-raising campaigns are aimed 
at both healthcare professionals and the general public. 
For the public, we are working on circulating necessary 

information through our website and by conducting 
events. Seminars for the media, however, are held in 
the fall along with press releases with the expectation 
that it will be reported in November, the month for 
campaigning on AMR.
 In 2020, it was impossible to conduct face-to-
face seminars due to the novel coronaviral disease 
2019 (COVID-19) pandemic. However, since we 
were concerned that media coverage would decrease, 
we decided to proactively provide information to the 
media. Therefore, we conducted the first online seminar 
on October 6. The program consisted of a 20-minute 
presentation each by the director of the AMRCRC 
and the chiefs of the three divisions: Information and 
Education Division, Pharmacoepidemiology Division 
and Clinical Epidemiology Division.
 Twenty-four media representatives (from 19 
companies) participated in the seminars. The participants 
were mainly journalists from the medical media and 
medical beats of mass media and news services. The 
number of participants was the highest ever. Dr. Yoshiaki 
Gu, the chief of the Information and Education Division 
explained the results of an awareness survey conducted 
on the public in August 2020. Dr. Yoshiki Kusama, the 
chief of the Pharmacoepidemiology Division focused 
on the results of the latest survey on antimicrobial 
usage. Dr. Nobuaki Matsunaga, the chief of the Clinical 
Epidemiology Division introduced websites that compile 
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Abstract: According to the National Action Plan on Antimicrobial Resistance, published in 2016, various measures 
have been implemented to combat antimicrobial resistance (AMR) in Japan. Subsequently, promoting public 
education is important, as the Japanese public does not have sufficient knowledge about antimicrobials and AMR. 
The AMR Clinical Reference Center (AMRCRC) of the National Center for Global Health and Medicine conducts 
seminars for the media once a year as part of information and education services. In 2020, the AMRCRC conducted 
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Media articles related to the activities of AMRCRC were similar to those of the previous years despite the impact of 
COVID-19.
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data from hospitals and all over Japan and the process of 
utilizing them. Finally, Dr. Norio Ohmagari, the Director 
of the AMRCRC explained the progress made since the 
NAP-AMR was launched as well as future challenges. 
This was followed by an enthusiastic interaction session 
lasting over 30 minutes.
 A total of 94 media reports related to the activities 
of AMRCRC were published from November 1 to 30, 
including 24 newspaper and magazine reports and 70 
web articles (Table 1). Although no television coverage 
has been reported, the media coverage was no less than 
the previous years.
 The media plays an important role in disseminating 
appropriate information to the public. Despite the 
widespread use of social networking services (SNS), 
mass media still has a great impact. The AMRCRC is 
continuously working to provide accurate information 
about AMR to the public through media. Since 
the public receives abundant information from the 
media, awareness campaigns through the media can 
significantly increase their knowledge (5). The media 
also has a critical influence on SNS (6). However, the 
media should ensure dispersion of scientifically accurate 
information to avoid misinformation (7).
 Media seminars by AMRCRC provide a good 
opportunity to present data on AMR that can be 
used as media coverages and deepen understanding 
through interaction session. It is also an excellent 
opportunity for experts to understand the importance of 
explaining things in a more lucid manner through media 
interaction. While COVID-19 coverage dominated in 
2020, media coverage of the activities of AMRCRC was 
about the same as in the previous years. It was thought 
that conducting media seminars online would have the 
same effect as face-to-face seminars. Online seminars 
for media can be used in the future to educate and raise 
awareness about AMR.
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Table 1. Summary of media seminars by AMRCRC

Items

Date of Media Seminar

Number of companies (persons) participated 

Number of media reports related to AMRCRC in November
     TV programs
     Newspapers and Magazines
     Web articles
     Total

       2017

  8 November
  (face to face)
          9 (11)

           2
         14
       148
       164 

       2018

  30 October 
  (face to face)
       15 (21)

         4
       20
       79
     103

       2019

24 September
(face to face)
     16 (22)

       2
     32
     46
     80

     2020

6 October
 (Online)
  19 (24)

    0
  24
  70
  94
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During the coronavirus disease 2019 (COVID-19) 
pandemic, care for children's mental health is of growing 
importance because their well-being has been affected by 
the continued restriction of daily activities and the loss 
of social connectivity due to a state of emergency and 
temporary school closures as of July 2021 (1). The same 
can be said for mothers with newborns. It is noted that 
they are at risk of postpartum depression, and the risk 
may have enhanced during the pandemic.
 In Japan, given the high incidence of postpartum 
depression (10-15%) (2) affecting maternal well-being 
and increasing the risk of child maltreatment, home-visit 
services have been provided to families with newborns 
by a legislated welfare program called "Konnichiwa 
Akachan Jigyo". The program aims at providing 
information on parenting support through home-visits by 
public health nurses or midwives within four months of 
birth (3).
 Home-visit services, which can play a greater role 
when people are more socially isolated than usual, are 
continuing during the pandemic. However, the pandemic 
might have deterred families from receiving services for 
fear of COVID-19 infection. Thus, we examined whether 
home-visit services have decreased during the pandemic, 
using the Japan "COVID-19 and Society" Internet 
Survey (JACSIS) data targeting pregnant and postpartum 

women (4).
 The survey participants included 1,000 pregnant and 
parturient women. The participants were recruited from 
an online panel of approximately 2.2 million individuals 
managed by Rakuten Insight from October 15, 2020 
to October 25, 2020, and were asked to fill out online 
questionnaires that included questions regarding whether 
they received home-visit services. Home visit services 
are usually availed within 4 months of delivery but the 
appointment for such services is made shortly after 
delivery. Thus, we assumed that the decision to receive 
home-visit services was affected by the pandemic 
situation around the delivery time. The study protocol 
was approved by the Research Ethics Committee of the 
Osaka International Cancer Institute on June 19, 2020 
(approval number 20084).
 Of the 479 women who delivered between January 
2020 and October 2020, 409 (85%) received the service 
(i.e., 15% of women refused home visit services). Table 
1 shows the proportion of service recipients by month 
of delivery. Although caution should be exercised with 
the small denominator, the proportion was lower (i.e., 
77–78% from March to May), just before and during the 
first state of emergency compared to other months.
 Before the pandemic, families with newborns were 
more likely to receive home-visit services: 95% of 
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927,816 families availing home-visit services received 
it between April 2017 and March 2018 (5). Therefore, 
the pandemic might have interrupted service use. To 
respond to fear of COVID-19 infection in service use, 
the Ministry of Health, Labour and Welfare advised 
local governments to provide telephone or online 
consultation if home-visit is not accepted (6). The 
survey did not investigate to what extent telephone 
or online consultation has been used by families with 
newborns, and it is uncertain that such consultation is 
useful for public health nurses to identify families at 
risk of postpartum depression and child maltreatment. It 
should be worth examining the usefulness of telephone 
and online consultation for emergency preparedness. 
Moreover, since our study investigated service use in the 
online panel up to October 2020, further investigation is 
warranted with a representative sample over a prolonged 
period as the pandemic continues. 
 Home-visit services provide a unique opportunity 
for public health nurses or midwives to contact families 
with newborns at home, helping them assess the risk 
of postpartum depression and child maltreatment in the 
family. Families with newborns should be instructed to 
receive home-visit services as well as child immunization 
and health checkups despite the prevailing pandemic.
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Table 1. Number and proportion of 479 families with 
newborns receiving home-visit services by month of 
delivery in 2020a

Month

January
February
March
April
May
June
July
August
September
October
Total

Percentage (%) 

94
85
77
77
78
97
88
94
86
95
85

                    
Home-visit services

Numberb

31/33
29/34
17/22
75/97
79/101
35/36
37/42
32/34
19/22
55/58
409/479

aJapan's first state of emergency lasted from April 7 to May 25, 2020. 
bNumber of families with newborns receiving home-visit services/total 
number of families with newborns.
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The spread of SARS-CoV-2 had various impacts on 
social activities. Since the first case of coronavirus 
disease 2019 (COVID-19) was identified in January 
2019, more than 813000 cases and 15000 deaths have 
occurred in Japan so far. Just before the opening of the 
Olympics, the number of new cases has been again 
increasing in Tokyo. Although the vaccination rollout 
started in mid-February, only 29.6% of the population 
has completed at least once in Japan and the pandemic 
has still not ended. As a considerable number of 
individuals have only mild or no symptoms, the extent 
of infection has been evaluated by seroepidemiological 
studies (1). The seroprevalence in the Japanese general 
populations was 0.03-0.17 in June 2020 and 0.14–0.91 
in December 2020 (2,3). To achieve effective prevention 
and control strategies for COVID-19, regular survey of 
seroprevalence is essential.
 The National Center for Geriatrics and Gerontology 
(NCGG), which comprises a hospital and research 
institute, is one of the national centers for advanced 
and specialized medicine located in Aichi Prefecture, a 
central region of Japan. To investigate the seroprevalence 
of SARS-CoV-2 among NCGG workers over time, we 
designed a repeated cross-sectional study and reported 
the results of the first survey using the sera collected at 

annual health checkups in June 2020.
 Of the 743 NCGG employees invited, 632 agreed 
to participate in the survey (participation rate: 85.0%). 
However, one was excluded because of insufficient 
serum volume. Thus, 631 samples were tested for 
anti-SARS-CoV-2 antibody levels. In January 2021, 
the participants were asked to answer an electronic 
questionnaire on sociographic and COVID-19-related 
factors. All participants provided written informed 
consent, and the Institutional Review Board of the ethics 
and conflicts of interest committee approved this study 
(No: 1481).
 At the inhouse laboratory, serum anti-SARS-CoV-2 
antibodies were measured using clinical diagnostic 
systems manufactured by Sysmex, Abbott, and Roche. 
We performed Sysmex SARS-CoV-2 N-IgG and SARS-
CoV-2 S-IgG assays that detect immunoglobulin G 
against viral nucleoprotein and spike protein antigens, 
respectively. In addition, we performed Abbott SARS-
CoV-2 assay that detects IgG against nucleocapsid 
protein. Further, we performed the Roche Elecsys Anti-
SARS-CoV-2 RUO assay that detects total antibodies, 
including IgG against nucleocapsid protein. Samples 
with positive results in two or more tests were considered 
antibody positive. To compare the distribution of values, 
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logarithmic transformation of the index value +1 was 
used.
 Table  S1  (ht tps: / /www.ghmopen.com/s i te /
supplementaldata.html?ID=25) summarizes the 
participant characteristics. The proportions of participants 
in their 20s, 30s, 40s, and older than 50 years were 
22.1%, 23.1%, 31.5%, and 23.3%, respectively, and 
63.6% were female. The healthcare workers including 
doctors, nurses, and allied healthcare professionals 
accounted for 65.0%, whereas the others were engaged 
in basic research and investigation, general office duties, 
and other nonclinical work. A total of 104 (16.5%) 
participants were reported to have engaged in work 
activities with high infection risks.
 As shown in Table 1, among 631 participants, only 
two were positive in two or more tests, indicating a 
seroprevalence of 0.32% (95% confidence interval: 
0.04–1.14). One participant was positive in all tests, 
with indices of 2.58, 13.9, 43.8, and 2.220 in the Abbott, 
Sysmex-N, Sysmex-S, and Roche tests, respectively. 
Another participant was positive in Abbott test (index: 
1.61) and Sysmex-N test (index: 22.8). Both individuals 
were nonclinical workers. Meanwhile, four participants 
were positive in one of the tests, two in the Abbott 
test (indices: 1.52 and 1.56) and two in the Roche test 
(indices: 1.340 and 1.500). No participant had a history 
of PCR testing or close contact with patients diagnosed 
with SARS-CoV-2. In addition, they claimed absence of 
any symptom implying infection between January and 
June 2020.
 The Ministry of Health, Labor, and Welfare of Japan 
conducted a survey of the general population; the results 
showed that the seroprevalences in Tokyo, Osaka, and 
Miyagi were 0.10%, 0.17%, and 0.03%, respectively, in 
June 2020 (2). During the same period, SoftBank Group 
Corp. reported that 0.20% of their employees in Aichi 
Prefecture, where NCGG is located, were positive in the 
anti-SARS-CoV-2 antibody test (4). Furthermore, 2.1% 
of the healthcare workers in Kanagawa Prefecture (near 
Tokyo) (5) and 0.16% of those in the National Center for 
Global Medicine in Tokyo were antibody positive (6). 
The antibody prevalence in the present study is similar 
to that reported in these surveys, suggesting that the 
residual serum of medical examinations can be used for 
the rough estimation of seroprevalence.

 In this study, discordant assay results were obtained 
in five cases. Such discrepancies were observed in 
samples presumably with low antibody levels (7,8). 
When the normalized values were compared between 
assays, the Sysmex tests (both S and N) showed a clear 
distinction between positive and negative values (Figure 
S1, https://www.ghmopen.com/site/supplementaldata.
html?ID=25). The discordance among the tests 
may have resulted from the difference in assay 
characteristics. Antibodies reportedly cross-react with 
some SARS-CoV-2 epitopes detected in the serum from 
individuals without SARS-CoV-2 infection or those 
with seasonally spreading human coronaviruses (HCoV), 
possibly because the cross-reactivity persisted from 
earlier HCoV infection (9). Cross-immunity is possible 
in cases that show positivity in a single assay. Therefore, 
multiple assays are needed to identify individuals with 
prior SARS-CoV-2 infection.
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Table 1. Individual index values of each test in samples that were tested positive in at least one test

Participants

A
B
C
D
E
F

Age Range

≥ 50
30-39
40-49
30-39
40-49
≥ 50

Positive values are indicated in bold letters.

Abbott (1.4)
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1.61
1.52
0.01
0.01
1.56

Gender

female
male
male

female
female
female

     
Tests (positive threshold value)
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         0.0
         0.0
         0.0
         0.0
         0.0

Sysmex-N (10)

43.8
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  0.2
  0.6
  0.8
  0.0

Roche (1.0)
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0.070
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section.

Results: The description of the experimental results should 
be succinct but in sufficient detail to allow the experiments 
to be analyzed and interpreted by an independent reader. 
If necessary, subheadings may be used for an orderly 
presentation. Two levels of subheadings may be used if 
warranted, please distinguish them clearly. All Figures 
and Tables should be cited in order, including those in the 
Supplementary Data.

Discussion: The data should be interpreted concisely without 
repeating material already presented in the Results section. 
Speculation is permissible, but it must be well-founded, 
and discussion of the wider implications of the findings is 
encouraged. Conclusions derived from the study should be 
included in this section.
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Conflict of Interest: If you have an actual or potential conflict 
of interest to disclose, it must be listed; if no conflict of 
interest exists for each author, please state "The authors have 
no conflicts of interest to disclose".

References: References should be numbered in the order 
in which they appear in the text. Two references are cited 
separated by a comma, with no space, for example (1,2). Three 
or more consecutive references are given as a range with 
an en rule, for example (1-3). Citing of unpublished results, 
personal communications, conference abstracts, and theses in 
the reference list is not recommended but these sources may 
be mentioned in the text. In the reference list, cite the names 
of all authors when there are fifteen or fewer authors; if there 
are sixteen or more authors, list the first three followed by et 
al. Names of journals should be abbreviated in the style used 
in PubMed. Authors are responsible for the accuracy of the 
references.

Examples are given below: 
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5. Cover Letter

The manuscript must be accompanied by a cover letter 
prepared by the corresponding author on behalf of all authors. 
The letter should indicate the basic findings of the work and 
their significance. The letter should also include a statement 
affirming that all authors concur with the submission and that 
the material submitted for publication has not been published 
previously or is not under consideration for publication 
elsewhere. For example of Cover Letter, please visit: 
Download Centre. (https://www.ghmopen.com/site/download.
html). 

6. Submission Checklist

The Submission Checklist will be useful during the final 
checking of a manuscript prior to sending it to GHM Open 
for review. Please visit Download Centre and download the 
Submission Checklist file.

7. Online Submission

Manuscripts should be submitted to GHM Open online at 
https://www.ghmopen.com/site/login.html. If for any reason 
you are unable to submit a file online, please contact the 
Editorial Office by e-mail at office@ghmopen.com

8. Editorial Policies

For publishing and ethical standards, GHM Open follows the 
Recommendations for the Conduct, Reporting, Editing, and 
Publication of Scholarly Work in Medical Journals (http://
www.icmje.org/recommendations) issued by the International 
Committee of Medical Journal Editors (ICMJE), and the 
Principles of Transparency and Best Practice in Scholarly 
Publishing (https://doaj.org/bestpractice) jointly issued by 
the Committee on Publication Ethics (COPE), the Directory 
of Open Access Journals (DOAJ), the Open Access Scholarly 
Publishers Association (OASPA), and the World Association 
of Medical Editors (WAME).

GHM Open will perform an especially prompt review to 
encourage innovative work. All original research will be 
subjected to a rigorous standard of peer review and will be 
edited by experienced copy editors to the highest standards.

The publishing is supported by the International Research 
and Cooperation Association for Bio & Socio-Sciences 
Advancement (IRCA-BSSA) Group Journals. The editorial 
office comprises a range of experienced individuals, including 
managing editor, editorial associates, software specialists, and 
administrative coordinators to provide a smooth service for 
authors and reviewers.

Ethics: GHM Open requires that authors of studies involving 
humans or animals to indicate that those studies were formally 
approved by a relevant ethics committee or review board. 
For research involving human experiments, a statement that 
the participants gave informed consent before taking part 
(or a statement that it was not required and why) should be 
indicated. Authors should also state that the study conformed 
to the provisions of the Declaration of Helsinki (as revised in 
2013). When reporting experiments on animals, authors should 
indicate whether the institutional and national guide for the 
care and use of laboratory animals was followed.

Conflict of Interest: All authors are required to disclose any 
actual or potential conflict of interest, including financial 
interests or relationships with other people or organizations 
that might raise questions of bias in the work reported. If no 
conflict of interest exists for each author, please state "The 

Mitsuya H, Kokudo N. Focusing on global health and 
medicine. Glob Health Med. 2019; 1:1-2.

Example 2 (Sample journal reference with more than 15 
authors): 
Hayakawa K, Kutsuna S, Kawamata T, et al. SARS-CoV-2 
infection among returnees on charter flights to Japan from 
Hubei, China: a report from National Center for Global Health 
and Medicine. Glob Health Med. 2020; 2:107-111.

Example 3 (Sample book reference): 
Shalev AY. Post-traumatic stress disorder: Diagnosis, history 
and life course. In: Post-traumatic Stress Disorder, Diagnosis, 
Management and Treatment (Nutt DJ, Davidson JR, Zohar J, 
eds.). Martin Dunitz, London, UK, 2000; pp. 1-15.

Example 4 (Sample web page reference): 
World Health Organization. The World Health Report 2008 – 
primary health care: Now more than ever. http://www.who.int/
whr/2008/whr08_en.pdf (accessed March 20, 2021).

Tables: All tables should be prepared in Microsoft Word 
and should be arranged at the end of the manuscript after 
the References section. Please note that tables should not be 
in image format. All tables should have a concise title and 
should be numbered consecutively with Arabic numerals. 
Every vertical column should have a heading, consisting of 
a title with the unit of measure in parentheses. If necessary, 
additional information should be given below the table.

Figure Legend: The figure legend should be typed on a 
separate page of the main manuscript and should include a 
short title and explanation. The legend should be concise but 
comprehensive and should be understood without referring 
to the text. Symbols used in figures must be explained. Any 
individually labeled figure parts or panels (A, B, etc.) should 
be specifically described by part name within the legend.

Figure Preparation: All figures should be clear and cited in 
numerical order in the text. Figures must fit in a one- or two-
column format on the journal page: 8.3 cm (3.3 in.) wide for 
a single column, 17.3 cm (6.8 in.) wide for a double column; 
maximum height: 24.0 cm (9.5 in.). Please make sure that the 
symbols and numbers appearing in the figures are clear. Please 
make sure that artwork files are in an acceptable format (TIFF 
or JPEG) at minimum resolution (600 dpi for illustrations, 
graphs, and annotated artwork, and 300 dpi for micrographs 
and photographs). Please provide all figures as separate files. 
Please note that low-resolution images are one of the leading 
causes of article resubmission and scheduling delays.

Units and Symbols: Units and symbols conforming to 
the International System of Units (SI) should be used for 
physicochemical quantities. Solidus notation (e.g. mg/kg, 
mg/mL, mol/mm2/min) should be used. Please refer to the SI 
Guide www.bipm.org/en/si/ for standard units.

Supplemental Data: Supplemental data might help to 
support and enhance your manuscript. GHM Open accepts the 
submission of these materials, which will be only published 
online alongside the electronic version of your article. 
Supplemental files (figures, tables, and other text materials) 
should be prepared according to the above guidelines, 
numbered in Arabic numerals (e.g., Figure S1, Figure S2, and 
Table S1, Table S2), and referred to in the text. All figures 
and tables should have titles and legends. All figure legends, 
tables and supplemental text materials should be placed at the 
end of the paper. Please note all of these supplemental data 
should be provided at the time of initial submission and note 
that the editors reserve the right to limit the size and length of 
Supplemental Data.
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authors have no conflicts of interest to disclose".

Submission Declaration: When a manuscript is considered 
for submission to GHM Open, the authors should confirm that 
1) no part of this manuscript is currently under consideration 
for publication elsewhere; 2) this manuscript does not contain 
the same information in whole or in part in manuscripts that 
have been published, accepted, or are under review elsewhere, 
except in the form of an abstract, a letter to the editor, or part 
of a published lecture or academic thesis; 3) authorization 
for publication has been obtained from the authors’ employer 
or institution; and 4) all contributing authors have agreed to 
submit this manuscript.

Copyright: Before a manuscript is accepted for publication 
in GHM Open, the transfer of copyright is necessary. A 
JOURNAL PUBLISHING AGREEMENT (JPA) form will 
be e-mailed to the authors by the Editorial Office and must be 
returned by the authors by mail, fax, or as a scan. Only forms 
with a hand-written signature from the corresponding author 
are accepted. This copyright will ensure the widest possible 
dissemination of information. Please note that the manuscript 
will not proceed to the next step in publication until the 
JPA Form is received. In addition, if excerpts from other 
copyrighted works are included, the author(s) must obtain 
written permission from the copyright owners and credit the 
source(s) in the article.

Peer review: GHM Open uses single-blind peer review, 
which means that reviewers know the names of the authors, 
but the authors do not know who reviewed their manuscript. 
The external peer review is performed for research articles 
by at least two reviewers, and sometimes the opinions of 
more reviewers are sought. Peer reviewers are selected 
based on their expertise and ability to provide high quality, 
constructive, and fair reviews. For research manuscripts, 
the editors may, in addition, seek the opinion of a statistical 
reviewer. Consideration for publication is based on the 
article’s originality, novelty, and scientific soundness, and the 
appropriateness of its analysis.

Suggested Reviewers: A list of up to 3 reviewers who 
are qualified to assess the scientific merit of the study is 
welcomed. Reviewer information including names, affiliations, 
addresses, and e-mail addresses should be provided at the 
same time the manuscript is submitted online. Please do not 
suggest reviewers with known conflicts of interest, including 
participants or anyone with a stake in the proposed research; 
anyone from the same institution; former students, advisors, 
or research collaborators (within the last three years); or close 
personal contacts. Please note that the Editor-in-Chief may 
accept one or more of the proposed reviewers or request a 
review by other qualified persons.

Language Editing: Manuscripts prepared by authors whose 
native language is not English should have their work 

proofread by a native English speaker before submission. If 
not, this might delay the publication of your manuscript in 
GHM Open.

The Editorial Office can also provide English proofreading 
services to authors who want to publish in GHM Open. Please 
contact the Editorial Office by e-mail (office@ghmopen.com) 
for details such as expenses.

9. Accepted Manuscripts

Proofs: Galley proofs in PDF format will be e-mailed to the 
corresponding author. Corrections must be returned to the 
editor (office@ghmopen.com) within 3 working days.

Offprints: Authors will be provided with electronic offprints 
of their article. Paper offprints can be ordered at prices quoted 
on the order form that accompanies the proofs.

Article-processing Charges: The open-access policy of GHM 
Open will allow all readers from the medical and scientific 
community to freely utilize material published in the journal. 
To achieve open access, article-processing charges ($150 per 
page for black & white pages, $300 per page for color pages) 
will be levied for manuscripts accepted for publication in 
GHM Open. In exceptional circumstances, the author(s) may 
apply to the editorial office for a waiver of the publication 
charges at the time of submission. All invited articles are free 
of charge.

Article-processing charges pay for: Immediate, worldwide 
open access to the full article text; Preparation in various 
formats for print & online publication; Inclusion in global 
important platforms, enabling electronic citation in other 
journals that are available electronically.

Misconduct: GHM Open takes seriously all allegations of 
potential misconduct and adheres to the ICMJE Guideline 
(http://www.icmje.org/recommendations) and COPE Guideline 
(http://publicationethics.org/files/Code_of_conduct_for_
journal_editors.pdf). In cases of suspected research or 
publication misconduct, it may be necessary for the Editor or 
Publisher to contact and share submission details with third 
parties including authors’ institutions and ethics committees. 
The corrections, retractions, or editorial expressions of concern 
will be performed in line with above guidelines.
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