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ABSTRACT
To clarify the association between lifestyle changes as a result of coronavirus disease 2019
containment measures and changes in metabolic and glycemic status in patients with
diabetes, a cross-sectional, single-center, observation study was carried out. A self-reported
questionnaire was provided to ascertain the frequency of various lifestyle activities before
and after the coronavirus disease 2019 containment measures in Japan. Among 463
patients, change in glycated hemoglobin was significantly associated with change in
bodyweight. After stratification by age 65 years, binary logistic regression analysis showed
that increased frequency of snack eating increased bodyweight (odds ratio 1.709,
P = 0.007) and glycated hemoglobin (odds ratio 1.420, P = 0.025) in the younger group,
whereas in the older patients, reduced walking activities resulted in weight gain (odds
ratio 0.726, P = 0.010). In conclusion, changes in eating behavior and physical activity
increased bodyweight and reduced glycemic control among diabetes patients, but by
different processes depending on age under the coronavirus disease 2019 containment
measures in Japan.

INTRODUCTION
Coronavirus disease 2019 (COVID-19), which is caused by sev-
ere acute respiratory syndrome coronavirus 2, has become a
worldwide pandemic; containment measures or lockdown
(stay-at-home order) were enacted to prevent further spread of
the infection1–4. The Japanese Government implemented a dec-
laration of a state of emergency (DSE) on 7 April 2020, which
was at first adapted to local areas and then implemented
nationwide on 16 April 2020, exhorting the Japanese people to
refrain from leaving home, and to restrict their use of public
transportation and facilities5, and afterward it was extended to
25 May. Although healthy eating and adequate physical activity
is essential for patients with diabetes to achieve their glycemic

targets, it is reported that containment measures for COVID-19
negatively affect lifestyle in diabetes patients, who are at
increased risk of mortality from COVID-196–10. However, it is
not known how lifestyle changes as a result of COVID-19 mea-
sures affect metabolic status, such as bodyweight (BW) change
and glycemic control, in diabetes patients, especially under the
less stringent Japanese DSE. The aim of the present study was
to clarify the association between lifestyle alteration during
COVID-19 countermeasures and change in metabolic and gly-
cemic status in diabetes patients in Japan.

MATERIALS AND METHODS
This was a cross-sectional, single-center, observational study.
Participants were patients with diabetes who visited Kansai
Electric Power Hospital between 8 June and 18 June 2020. TheReceived 14 October 2020; revised 5 February 2021; accepted 14 February 2021
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study was approved by the Ethical Committees of Kansai Elec-
tric Power Medical Research Institute, and carried out in accor-
dance with the Declaration of Helsinki and the Ethical
Guidelines for Medical and Health Research Involving Human
Subjects established by the Ministry of Education, Culture,
Sports, Science and Technology and the Ministry of Health,
Labor and Welfare of Japan. A self-reported questionnaire was
provided to collect information on how often patients carried
out various activities before and after the DSE: (i) eating out;
(ii) having takeaway meals; (iii) having snacks; (iv) drinking
alcohol; (v) going for a walk; (vi) going out routinely, such as
commuting and/or shopping; (vii) exercising, such as gym
training and playing sports; (viii) failing to take medicines and/
or inject insulin for diabetes treatment; (ix) failing to take
medicines for diseases other than diabetes; and (x) sleeping
time. The patients were asked to mark whether each activity
was ‘decreased’, ‘not changed’, ‘increased’ or ‘not applicable
(NA)’ during the DSE. The type of diabetes, age, sex and medi-
cation use (oral agents, insulin and glucagon-like peptide-1
receptor agonist) were also noted. BW and glycated hemoglobin
(HbA1c) before and after the DSE were measured. The primary
outcome of the present study was to explore lifestyle-related
factors associated with change in BW and HbA1c during the
period.
Continuous variables with normal distribution were

expressed as the mean – standard deviation, and those with
non-normal distribution as the median (interquartile range),
unless otherwise stated. The difference between variables in dia-
betes was analyzed using the Mann–Whitney U-test. Differ-
ences between variables before the DSE and after the DSE were
analyzed using the Wilcoxson signed-rank test. Associations
between change in HbA1c and change in BW were analyzed
using the Kruskal–Wallis test with Bonferroni’s post-hoc analy-
sis. Binary logistic regression analysis was carried out to explore
factors associated with changes in HbA1c and BW. All statisti-
cal analyses were carried out using SPSS version 26.0 (SPSS
Inc., Chicago, IL, USA). Statistical significance was set at
P < 0.05.

RESULTS
Questionnaires were collected from 463 (men/women: 333/130)
diabetes. Clinical characteristics are shown in Table 1. The
mean BW and HbA1c before and after DSE were
69.6 – 15.2 kg and 69.5 – 15.3 kg (P < 0.01), and 7.7 – 1.1%
and 7.5 – 1.2% (P < 0.01), respectively. We found that 55.8%
of the patients reduced the frequency of eating out, 21.0%
increased the frequency of eating snacks, 51.2% reduced the
number of steps per day, 44.9% reduced the frequency of going
out routinely and 17.4% increased sleeping time (Table 2).
HbA1c in patients in the lowest quartile (Q1) of BW change
(median -3.63%BW, interquartile range 2.67%BW) was signifi-
cantly improved compared with that in patients in the highest
quartile (Q4; median 1.91%BW, interquartile range 1.82%BW;
-0.29 – 0.78% vs -0.08 – 0.86%, respectively, P = 0.001;

Figure 1). We divided the diabetes patients into two groups at
the age of 65 years, as most Japanese people retire from their
job and start to receive the public pension at 65 years. Among
these participants, 32.2% of those aged <65 years (non-elderly)
and 29.3% of those ≥65 years (elderly) showed an increase in
their HbA1c (>0.0%; P = 0.541). In the same manner, 36.7% of
non-elderly and 35.7% of elderly patients showed an increase
in their BW (>0.0kg; P = 0.842). Binary logistic regression anal-
ysis was carried out to explore factors attributable to change in
HbA1c and BW, which showed that the lifestyle changes that
affected HbA1c and BW differed in the age groups (Table 3).

DISCUSSION
The present study showed that diabetes patients altered their
lifestyles toward a more sedentary mode during the DSE. In
contrast, weight reduction was associated with improvement of
glycemic control, suggesting the importance of weight control
during a DSE. As lifestyle differs greatly according to employ-
ment status, we analyzed factors associated with change in BW
and HbA1c stratified by age 65 years. As expected, an increase
in the frequency of eating snacks affected BW and glycemic
control in both age groups. In non-elderly patients, a lower fre-
quency of eating out was associated with HbA1c and BW
reduction. In contrast, reduced steps per day in elderly diabetes
patients was related to an increase in BW, whereas regular daily
activities were positively associated with an increase in BW, but
these findings should be interpreted carefully. Although more
active elderly patients might show reduced steps per day, which
could increase their BW, more sedentary elderly patients might
tend to reduce their regular daily activities to eventual loss of
skeletal muscle mass. These results suggest that younger dia-
betes patients should be aware of weight gain from snacking,
whereas older diabetes patients should ensure they exercise to
prevent weight gain or weight loss which may lead to sarcope-
nia. Further investigation is necessary to clarify whether lifestyle
changes during containment measures for COVID-19 affect

Table 1 | Clinical characteristics of the study participants

n (men/women) 463 (333/130)
Age (years) 65 (17)
Type of diabetes Type 1/type 2/other

31/425/7
Bodyweight, before DSE (kg) 68.7 (18.9)
Bodyweight, after DSE (kg) 68.5 (18.4)
HbA1c, before DSE (%) 7.5 (1.3)
HbA1c, after DSE (%) 7.3 (1.3)
Total alcohol consumption, before DSE (g/week)† 84.0 (113.0)
Total alcohol consumption, after DSE (g/week)† 70.0 (119.0)
Steps per day, before DSE (steps/day) 6,000 (4,000)
Steps per day, after DSE (steps/day) 4,000 (5,000)

Data are presented as the median (interquartile range) or number.
†Data were calculated only in current drinkers. DSE, declaration of a
state of emergency; HbA1c, glycated hemoglobin.
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skeletal mass in the older population. A limitation of the pre-
sent study is that reduced HbA1c might partly be due to sea-
sonal fluctuation of HbA1c, as reported in previous studies11,12.
To our knowledge, this is the first study to investigate the

impact of COVID-19 pandemic countermeasures on lifestyle
changes, metabolic status and glycemic control among patients
with diabetes. The present study showed that patients with dia-
betes who reduced their BW during the DSE improved their
glycemic control. This change during the DSE might be unique
to Japan, as weight gain associated with deteriorated glycemic
control during confinement measures or lockdown was gener-
ally reported in other countries13,14. Recently, another published
report from Japan showed that 50.9% of patients having dia-
betes with deteriorated glycemic control by DSE, in contrast to

the 35.3% having improved glycemic control, reported
decreased physical activity levels15. These results are generally
consistent with the results of the present study, but the studies
did not evaluate the change in relation to BW during the DSE.
The limitations of the present study must be considered care-

fully. First, this study was carried out in a single center; repro-
ducibility of the study needs to be established in a larger,
multicenter study. Second, the findings of this study are based
on self-reported questionnaire, and misreporting is possible.
Finally, the duration of data collection varied among study par-
ticipants, and depended on the duration of the individual hos-
pital visits.
In conclusion, the present study showed that COVID-19

containment measures carried out in Japan have an impact on
lifestyle in individuals with diabetes. Change in bodyweight is
associated with change in HbA1c. In addition, increased eating
of snacks drastically affects metabolic and glycemic status in
diabetes patients, whereas sedentary lifestyle induces weight
gain in younger patients, but possible sarcopenic change in
elderly patients. Where COVID-19 has not been brought under
control, the present study provides guidance for vulnerable
populations, such as diabetes patients, for keeping healthy dur-
ing containment measures.
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Figure 1 | The association between quartiles of percentage change in
bodyweight (%BW) and change in glycated hemoglobin (HbA1c)
during the declaration of a state of emergency among patients with
diabetes is shown. Values are the mean – standard error. The median
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4 was -3.63 (2.67), -1.16 (0.95), 0.00 (0.42) and 1.91 (1.82), respectively.
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