
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 7 6 ( 2 0 2 1 ) 1 0 8 8 4 0
Contents available at ScienceDirect
Diabetes Research
and Clinical Practice

journal homepage: www.elsevier.com/locate/diabres
Impact of COVID-19 pandemic on glycemic control
among outpatients with type 2 diabetes in Japan: A
hospital-based survey from a country without
lockdown
https://doi.org/10.1016/j.diabres.2021.108840
0168-8227/� 2021 Elsevier B.V. All rights reserved.

* Corresponding author at: Division of Metabolism and Diabetes, Faculty of Medicine, Tohoku Medical and Pharmaceutical Un
15-1 Fukumuro, Miyagino-ku, Sendai 983-8536, Japan.

E-mail address: ssawada@tohoku-mpu.ac.jp (S. Sawada).
Yasuhiro Tanji a, Shojiro Sawada a,*, Taichi Watanabe a, Takashi Mita a,
Yasutaka Kobayashi a, Takahisa Murakami b, Hirohito Metoki b, Hiroaki Akai a

aDivision of Metabolism and Diabetes, Faculty of Medicine, Tohoku Medical and Pharmaceutical University, Japan
bDivision of Public Health, Hygiene and Epidemiology, Faculty of Medicine, Tohoku Medical and Pharmaceutical University, Japan
A R T I C L E I N F O

Article history:

Received 17 February 2021

Received in revised form

15 April 2021

Accepted 24 April 2021

Available online 30 April 2021

Keywords:

Type 2 diabetes

COVID-19 pandemic

Lockdown

Linear mixed model
A B S T R A C T

Aims: Some studies have reported changes in glycemic control of patients with diabetes

mellitus under lockdown. However, no previous study examined the impact of the pan-

demic on glycemic control in patients with diabetes in countries that did not introduce a

lockdown such as Japan. This study aimed to assess changes in glycemic control during

the pandemic in patients with type 2 diabetes treated at a Japanese clinic.

Methods: We conducted a historical cohort study, using electronic medical records of

patients with type 2 diabetes who visited our clinic between January 2019 and August

2020. Differences in HbA1c values before and after the outbreak of COVID-19 were the pri-

mary outcome, examined using the linear mixed model.

Results: HbA1c values significantly increased from 7.45% to 7.53% after the state of emer-

gency was introduced (n = 1,009). Furthermore, a deterioration in HbA1c values was

observed in particular among women, patients aged � 65 years, those with body mass

index of � 25 kg/m2, and those that were not using insulin.

Conclusions: Glycemic control deteriorated in patients with type 2 diabetes during the pan-

demic even in a country without a national lockdown.
� 2021 Elsevier B.V. All rights reserved.
1. Introduction

The coronavirus disease 2019 (COVID-19) was first identified

in Wuhan, China, in late 2019, before spreading worldwide

[1]. The World Health Organization declared the COVID-19

outbreak a pandemic on March 11, 2020 [2]. Subsequently,

many countries introduced lockdowns and other types of
restrictions to contain the spread of infection. In Japan, the

first case of COVID-19 was identified on January 14, 2020;

the number of confirmed cases increased rapidly thereafter,

and on April 7, 2020, the Japanese government declared a

state of emergency, calling on the citizens to remain home

and refrain from non-essential outings. This approach was
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Diabetic patients visiting the outpatient clinic
(n = 1,816)

Type 2 diabetes
(n = 1,631)

Type 1 diabetes (n = 88)
Another type of diabetes, including 
pancreatic, hepatic, or gestational 
diabetes, and secondary diabetes from 
endocrine disease (n = 97)

Patients with a history of hospitalization 
(n = 88)

Patients with <180 days of follow-up 
since their first clinic visit (n = 508)

Patients included in the analysis
(n = 1,009)

Patients with missing data (n = 26)

Fig. 1 – Inclusion and exclusion flow This study included

1816 patients with diabetes mellitus who visited our clinic

between January 1, 2019, and August 31, 2020. Finally, 1009

patients with type 2 diabetes were included in further

analysis.
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in contrast to that of many other countries, which opted for

national lockdowns.

Preliminary research has shown that in countries that

introduced lockdowns, patients with diabetes mellitus were

subject to treatment delays, and discontinuation of care, ser-

vice, and medicine supply. In fact, theWorld Health Organiza-

tion reported that diabetes treatment was partially or

completely disrupted in 49% of 155 countries surveyed in

May 2020 [3]. Meanwhile, in Japan, diabetes treatment contin-

ued as usual, without evidence of treatment delay or discon-

tinuation. Nevertheless, the state of emergency has affected

the nation’s habits, introducing social distancing, the require-

ment to wear a mask in public, and remote working. Such

large-scale behavioral changes may have affected glycemic

control among patients with diabetes mellitus even in the

absence of a lockdown.

Maintaining good glycemic control during the COVID-19

pandemic is paramount to patients with diabetes mellitus.

The deterioration of glycemic control may lead to chronic

complications of diabetes mellitus (such as macro- and

micro-vascular disease) and increase the risk of infection

and associated mortality. In fact, patients with diabetes mel-

litus have been shown to be at increased risk of morbidity and

mortality during the pandemic [4]. Moreover, COVID-19

patients with uncontrolled type 2 diabetes have markedly

higher mortality rates than do those with good glycemic con-

trol [5].

Previous studies have examined the impact of the COVID-

19 pandemic on glycemic control among patients with dia-

betes mellitus; however, the findings have been inconsistent.

For example, a study from Spain reported improved glycemic

control in 307 patients with type 1 diabetes after 8 weeks of

lockdown compared to before lockdown. These patients were

administered multiple daily insulin injections or insulin

pump therapy, using continuous glucose monitoring (CGM).

This improvement in glycemic control may be due to

improved disease self-management under lockdown, made

possible by decreased workload, improved diet, and more

time for diabetes management [6]. Similar findings were

reported in the Netherlands [7], France [8], Italy [9,10], Greece

[11] and by a separate group in Spain [12]. However, these

studies included only patients with type 1 diabetes that were

using CGM; these patients may have been better placed to

manage their disease than were their counterparts, as they

could easily monitor their blood glucose levels. However, a

study in the UK has shown that glycemic control worsened

in patients with type 1 diabetes that were not using CGM

[13]. This finding may be accounted for by the restricted avail-

ability of insulin or glucostrips under lockdown.

Meanwhile, reports on glycemic control in patients with

type 2 diabetes during the COVID-19 pandemic were mixed.

A recent study from India reported that glycemic control

worsened in 143 patients with type 2 diabetes after 3 weeks

of lockdown [14]. This finding may have been due to psycho-

logical stress, and difficulty in obtainingmedication andmed-

ical advice under lockdown. Similar findings were reported in

China [15], Korea [16] and by another group in India [17]. In

contrast, a separate study from India [18] and one from

Greece [19] reported that glycemic control improved; never-

theless, it was reported as unchanged in studies from Italy
[20,21] and Turkey [22]. In addition, a French study has shown

that glycemia was less well controlled in patients with gesta-

tional diabetes mellitus [23], likely due to reduced physical

activity, modified dietary habits, and anxiety experienced

under lockdown. Overall, these findings suggest that the

impact of the COVID-19 pandemic on glycemic control differs

depending on the type of diabetes mellitus and the region of

the world.

However, most previous studies were performed in coun-

tries that did impose lockdowns, and no previous study has

examined the impact of the pandemic on glycemic control

of patients with diabetes in a country that did not impose a

lockdown. The present study aimed to evaluate the changes

in glycemic control associated with the COVID-19 pandemic

in Japanese patients with type 2 diabetes.

2. Materials and methods

We performed a historical cohort study that involved review-

ing electronic medical records of patients with diabetes mel-

litus, treated at the Tohoku Medical and Pharmaceutical

University Hospital in Sendai, which is a central city in north-

east Japan. We included all patients with diabetes mellitus

who visited our clinic from January 1, 2019, to August 31,

2020. We excluded patients with type 1 or another type of dia-

betes, including pancreatic, hepatic, or gestational diabetes,

and secondary diabetes from endocrine disease. Only

patients with type 2 diabetes were included. Further, we

excluded patients with a history of hospitalization during

the observation period and those that had

accumulated < 180 days of clinical data, starting from their

first visit to our clinic (Fig. 1). On April 10, 2020, Japan’s Min-

istry of Health, Labor, and Welfare has granted timely and

special permission for medical care using telephones and

other remote communication modes during the COVID-19

pandemic. However, only 30 patients from our clinic received

medical care via the telephone or other remote communica-



Table 1 – Baseline characteristics of study patients with type
2 diabetes.

Characteristics Data (n = 1,009)

Age (years) 64.0 ± 13.6
Male, n (%) 657 (65.1)
HbA1c (%) 7.8 ± 1.5
HbA1c (mmol / mol) 61.7 ± 11.9
BMI (kg / m2) 26.4 ± 5.1
Insulin use, n (%) 315 (31.2)
Sulphonyl urea, n (%) 216 (21.4)
Glinides, n (%) 106 (10.5)
a-Glucosidase inhibitors, n (%) 231 (22.9)
Thiazolidinediones, n (%) 42 (4.2)
Biguanides, n (%) 517 (51.2)
DPP-4 inhibitors, n (%) 648 (64.2)
SGLT-2 inhibitors, n (%) 162 (16.1)
GLP-1 receptor agonist, n (%) 26 (2.6)

Data are presented as means ± SD.

Abbreviations: BMI, body mass index.
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tion modes. The remaining patients received regular face-to-

face medical care. Thus, almost all patients included in the

present study received diabetes care as usual. Baseline char-

acteristics of interest were age, sex, HbA1c values, body mass

index (BMI), and insulin use. We examined HbA1c and BMI

values before and after the declaration of the state of emer-

gency, assessing the impact of the pandemic on these param-

eters with the linear mixed model. In the analysis, HbA1c

values were considered a random effect; meanwhile, sex,

age, BMI, insulin use, and month and year of measurement

were considered fixed effects. Similarly, in BMI analysis, base-

line BMI values were considered a random effect; meanwhile,

sex, age, HbA1c values, insulin use, and month and year of

measurement were considered fixed effects. As HbA1c values

tend to exhibit seasonal variation in Japan [24], the month of

HbA1c measurement was added to the fixed effects. In addi-

tion, we performed stratified analyses, based on baseline clin-

ical parameters, including age (<65 years, � 65 years), BMI

(<25 kg/m2, � 25 kg/m2), HbA1c values (<7.0%, � 7.0%), and

insulin use vs. no insulin use. Results were expressed as

mean ± standard deviation or mean and 95% confidence inter-

val. P-values of < 0.05 were considered indicative of a statisti-

cally significant finding. Analyses were performed with SAS

version 9.4 (SAS Institute, Cary, NC, USA). This study was con-

ducted in accordance with the Declaration of Helsinki and

approved by the Ethical Committee of the Tohoku Pharma-

ceutical University Hospital (2020-2-214). As this was an

observational study based on previously collected clinical

data, the study was exempt from the informed consent

requirement. Instead, relevant information regarding the

study was made available to the public and opt-out opportu-

nities were provided.
3. Results

This study included 1,816 patients with diabetes mellitus who

visited our clinic between January 1, 2019, and August 31,

2020. We excluded 88 and 97 patients with type 1 or another

type of diabetes, respectively. A total of 1,631 patients with

type 2 diabetes were included after initial screening; subse-

quently, we excluded 88, 508, and 26 patients with a history

of hospitalization during the observation period, < 180 days

of clinical data, and missing clinical data, respectively. Finally,

1,009 patients with type 2 diabetes were included in further

analysis (Fig. 1). Baseline characteristics of the selected

patients are presented in Table 1. The proportion of men

was 65.1%. The age, HbA1c and BMI values were 64.0 ± 13.6 y

ears, 7.8 ± 1.5% (61.7 ± 11.9 mmol/mol), and 26.4 ± 5.1 kg/m2,

respectively. A total of 315 patients were treated with insulin

and the daily insulin dose was 27.1 ± 18.3 units. The regimens

of insulin treatment were 38.9% for basal-bolus insulin, 19.1%

for basal insulin only, 13.0% for bolus insulin only, and 29.0%

for premixed insulin. Further, the administration status of

oral anti-diabetic drugs and GLP-1 receptor agonist are shown

in Table 1. Additionally, in Japan, self-monitoring of blood glu-

cose (SMBG) is currently reimbursed for patients with dia-

betes receiving insulin injections. In our study, 91.4% of the

patients who were treated with insulin performed SMBG,

and they measured their blood glucose level 39.9 ± 16.3 times
/ month. In contrast, patients whowere not treated with insu-

lin did not perform SMBG.

3.1. Seasonal variation in HbA1c and BMI

The linear mixed model adjusted for age, sex, BMI, insulin

use, and year of measurement revealed that HbA1c values

were the highest between January and March; subsequently,

they fell gradually after April, reaching the lowest values in

the period between September and November (Fig. 2A). Using

a similar model revealed that BMI values were highest in Jan-

uary and then gradually declined, reaching the lowest values

in the period from August to October (Fig. 2B).

3.2. Impact of COVID-19 on HbA1c values and BMI

A model adjusted for sex, age, BMI, insulin use, and month

and year of measurement revealed that HbA1c values signifi-

cantly deteriorated after the state of emergency was declared

in Japan (Fig. 3). Furthermore, HbA1c values significantly

increased among women, patients aged � 65 years and those

with BMI of � 25 kg/m2, as well as those that did not use insu-

lin (Fig. 3). When we performed stratified analysis based on

baseline HbA1c values (<7.0%, � 7.0%), we observed that

HbA1c values significantly increased after the state of emer-

gency in patients with a baseline HbA1c level of < 7.0%

(6.42% to 6.60%, p < 0.0001). In contrast, HbA1c values did

not change in patients with a baseline HbA1c level

of � 7.0% (7.89% to 7.92%, p = 0.342). The group with baseline

HbA1c < 7.0% included 24.9% insulin users, while the group

with baseline HbA1c � 7.0% included 34.4% insulin users.

Meanwhile, BMI in patients with type 2 diabetes was the same

before and after the state of emergency was declared (Fig. 4).

Finally, change in BMI was similar in all subgroups (Fig. 4).

4. Discussion

In the present study, we investigated the impact of the

COVID-19 pandemic on glycemic control among outpatients
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Fig. 2 – (A) Seasonal variation in HbA1c levels HbA1c values

and their 95% confidence intervals for each month were

calculated, using the mixed linear model adjusted for age,

sex, body mass index, insulin use, and year of

measurement. (B) Seasonal variation in body mass index

Body mass index (BMI) values and their 95% confidence

intervals for each month were calculated, using the mixed

linear model adjusted for age, sex, HbA1c levels, insulin

use, and year of measurement.
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with type 2 diabetes. The present findings suggest that HbA1c

values significantly worsened after the state of emergency

was declared, while BMI remained stable in the study

population.
Fig. 3 – Analysis of HbA1c levels, stratified based on age, gender, b

confidence intervals before and after the declaration of an emer

the mixed linear model adjusted for age, sex, body mass index

value < 0.05.
Many countries worldwide have imposed lockdowns and

other types of restrictions to contain the COVID-19 pandemic,

including penalties for the violation of restrictions. In con-

trast, Japan did not impose a lockdown. Instead, the govern-

ment declared the state of emergency due to the COVID-19

outbreak, calling on the nation to remain home and observe

social distancing; the recommendations were neither

enforceable nor subject to sanctions in cases of violations.

Despite being relatively light, these measures dramatically

changed the population’s behavior, affecting both physical

and mental health [25], including diabetes self-management

[26]. For example, Munekawa et al. reported that the COVID-

19 pandemic changed the behavior of 183 patients with type

2 diabetes in Japan. Stress levels, overall dietary intake, snack

consumption, and prepared food intake increased, while time

dedicated to sleep and exercise decreased after the state of

emergency was declared. These behavioral changes were

associated with increases in HbA1c and BMI values [27]. In

addition, Kishimoto et al. reported COVID-19-related behav-

ioral changes among 168 patients with diabetes mellitus in

Japan. Among them, 57 patients presented with HbA1c values

deteriorating by > 0.2%, in contrast, 51 patients presented

with HbA1c improved by > 0.2%. The former group was likely

affected by increased snack and sweets consumption,

changes to dietary and alcohol intake, and transition to tele-

working and closure of sports facilities. Meanwhile, the latter

group reported transitioning to a healthy diet and lowering

their alcohol intake [28]. These findings suggest that behav-

ioral management, including dietary habits, physical activity,

medication and insulin adjustment, work routine, stress

levels, and social relationships may affect glycemic control

in patients with diabetes mellitus. However, the present study

did not account for these behavioral parameters, which is a

limitation of the present study.

In stratified analyses, we identified four subgroups partic-

ularly vulnerable to the worsening of glycemic control during

the COVID-19 pandemic. First, HbA1c values significantly
ody mass index, and insulin use HbA1c values and their 95%

gency regarding COVID-19 pandemic were calculated, using

, insulin use, and month and year of measurement. *p-



Fig. 4 – Analysis of body mass index, stratified based on age, gender, HbA1c levels, and insulin use Bodymass index values and

their 95% confidence intervals before and after the declaration of an emergency regarding COVID-19 pandemic were

calculated, using the mixed linear model, adjusted for age, sex, HbA1c levels, insulin use, and month and year of

measurement. *p-value < 0.05.
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increased among women but not among men with diabetes

mellitus. A recent study conducted in Japan reported that psy-

chological distress associated with the COVID-19 pandemic

was significantly larger among women than among men

[29]. Women tend to be more affected by the social and eco-

nomic consequences of a pandemic than do men [30]. In fact,

a study of patients with diabetes mellitus in Denmark

reported that women had more COVID-19-specific diabetes-

related worries, suggesting getting infected may have greater

consequences for women than it does for men with diabetes

[31]. In the present study, women may have experienced

worsened glycemic control due to high psychological stress

associated with the pandemic.

Second, HbA1c values significantly increased in patients

aged � 65 years but not in younger patients. Recently, a sur-

vey of 1,600 community-dwelling older adults in Japan

demonstrated decreased levels of physical activity and

increased rates of sedentary behavior during the COVID-19

pandemic compared to before the pandemic [32]. Older adults

are particularly vulnerable to COVID-19; the wish to avoid

infection may have reduced their levels of activity. In addi-

tion, a survey of 5,000 adults in Japan demonstrated that

the decrease in the frequency of outings and physical activity

and the increase in the rate of sedentary behavior during the

COVID-19 pandemic were greater among older than among

younger adults [33]. Refraining from activity among older

adults may have worsened glycemic control in the present

patients aged � 65 years.

Third, HbA1c values significantly increased in patients

with BMI of � 25 kg/m2 but not in those with BMI

of < 25 kg/m2. A recent study from Spain has reported the

effects of the COVID-19 pandemic on dietary habits of

patients with type 2 diabetes, stratified by BMI [34]. Patients

with BMI of 35–40 kg/m2 significantly increased sugary food

consumption, in contrast to patients with BMI of 25–30 kg/

m2 who did not show any changes in their sugary food con-

sumption during the pandemic. Separate studies have indi-
cated that people with obesity are unlikely to eat healthy or

nutritionally balanced foods [35,36]. Thus, in the present

study, patients with BMI of � 25 kg/m2 may have experienced

the worsening of glycemic control due to changes in their

dietary patterns.

Fourth, HbA1c values significantly increased in patients

that were not receiving insulin treatment but not in those

that were receiving such treatment. In Japan, SMBG or flash

glucose monitoring (FGM) are currently reimbursed for

patients with type 1 and 2 diabetes receiving daily insulin

injections. These patients can monitor their glucose levels,

using SMBG or FGM at home and adjust their insulin doses,

dietary intake, and physical activity, as required. In contrast,

SMBG or FGM are not reimbursed for patients with type 2 dia-

betes not treated with insulin. Thus, patients with type 2 dia-

betes receiving insulin treatment, most of whom use SMBG or

FGM, may have been better placed to self-manage their dis-

ease than were their counterparts.

We further divided the subjects into two groups based on

their baseline HbA1c level and observed the subsequent

changes. The group with baseline HbA1c < 7.0% received less

treatment with insulin than the group with baseline

HbA1c � 7.0%. The former group showed a significant

increase in HbA1c after a state of emergency was introduced,

while the latter group showed no change in HbA1c. As men-

tioned above, SMBG is reimbursed for insulin users in Japan.

Thus, the group with baseline HbA1c � 7.0% which includes

many insulin users, could self-monitor blood glucose levels

unlike the group with baseline HbA1c < 7.0%. Thus, the high

HbA1c group may have been less susceptible to worsening

blood glucose control during the COVID-19 pandemic. On

the other hand, it is necessary to consider the ‘‘regression

toward the mean”, which is observedwhen the baseline value

is divided into two parts, and subsequent changes are

observed.

Regular monitoring of HbA1c values is fundamental to the

management of diabetes. Interruptions in HbA1c monitoring



6 d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 7 6 ( 2 0 2 1 ) 1 0 8 8 4 0
due to refraining from regular clinic visits and relying on tele-

medicine during the COVID-19 pandemic may have impaired

diabetes management. A large national laboratory in the Uni-

ted States reported that the number of HbA1c measurements

decreased by 66% between March and April 2020 compared to

a similar period before the COVID-19 pandemic [37]. However,

the number of patients who measured their HbA1c values at

our clinic between March and April 2020 (1,164 patients)

was the same as that observed between March and April

2019 (1,135 patients); meanwhile, the number of patients

who requested telemedicine consultations was 30 (1.7%) in

the present study sample. These findings suggest that the rate

of measurements of HbA1c values at our clinic was not

reduced during the pandemic, unlike in countries that

imposed lockdowns [6–23].

In the present study, BMI values remained unchanged

after the state of emergency was introduced. Herein, we ana-

lyzed data collected until August 2020; therefore, the lack of

change in BMI may be due to the short observation period.

Previous studies on the impact of the COVID-19 pandemic

on body weight in patients with diabetes mellitus were incon-

sistent, reporting an increase [7], no change [18,21–23], and a

decrease [19]. These previous studies also had short observa-

tion periods.

This study has some limitations. First, this was a single-

center retrospective study; however, the sample size was

much larger than those of the previous studies [6,7,9–15,18–

20,22,23] that examined the impact of the COVID-19 pan-

demic on glycemic control. Second, as this study was based

at a university hospital, the samplemay not be nationally rep-

resentative. Third, only HbA1c values were used to assess gly-

cemic control; thus, the presence of hypoglycemia or

hyperglycemia detected by CGM was not evaluated. Fourth,

several important clinical parameters affecting glycemic con-

trol were not assessed in this study (e.g., duration of diabetes

and comorbidities). These confounding factors may have

influenced the presented estimates.

In conclusion, we demonstrated that HbA1c values signif-

icantly worsened in patients with type 2 diabetes after the

state of emergency due to COVID-19 was declared by the Japa-

nese government. To our knowledge, this is the first study to

report changes in HbA1c values during the COVID-19 pan-

demic in patients with type 2 diabetes in a country that did

not impose a lockdown. Moreover, among patients with type

2 diabetes, women, patients aged � 65 years, those with

BMI of � 25 kg/m2, and those that did not use insulin had dif-

ficulty maintaining glycemic control during the COVID-19

pandemic.
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