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ABSTRACT
Aims/Instruction: During the coronavirus disease 2019 (COVID-19) pandemic, the
lockdowns in Europe raised concerns about negative effects on glycemic control and
body composition in patients with diabetes. In Japan, voluntary-based restrictions were
imposed as the declaration of a state of emergency (DSE), whose metabolic
consequences have not been fully investigated. We carried out a single-center
retrospective study to evaluate changes in glycemic control and body composition in
outpatients with glucose intolerance after the DSE.
Materials and Methods: We enrolled outpatients with glucose intolerance: (i) for
whom longitudinal data about body composition were available; (ii) who participated in
dietary follow up with nutritionists; and (iii) whose laboratory data included glycated
hemoglobin (HbA1c) levels before and after the DSE.
Results: Among 415 patients, we found no significant changes in HbA1c overall after
the DSE. Bodyweight and fat mass increased significantly, whereas skeletal mass
decreased significantly. HbA1c changes after the DSE were significantly correlated with
changes in bodyweight and fat mass. In 128 patients whose HbA1c levels increased
≥0.3%, changes in bodyweight and fat mass were significantly larger than those in the
other 287 patients. With regard to lifestyle changes, increased snacking was likely to
worsen glycemic control (odds ratio 1.76, P = 0.036).
Conclusions: COVID-19 restrictions in Japan had unfavorable metabolic consequences
for patients with glucose intolerance, highlighted by increased bodyweight and body fat,
and decreased skeletal muscle. In addition, lifestyle changes, such as increased snacking,
might worsen glycemic control. Clinical attention and interventions are required to
prevent such metabolic changes.

>INTRODUCTION
Coronavirus disease 2019 (COVID-19) has spread all over the
world1. Several countries, especially in Europe, implemented
city lockdowns to prevent further spread of the infection,
whereas Japan issued a declaration of a state of emergency
(DSE) instead of implementing lockdowns2.

In the lockdowns, strict social restrictions, such as stay-at-
home orders, were imposed. For patients with diabetes, the dra-
matic social changes have raised concerns about negative effects
on glycemic control and body composition through increased
mental stress and lifestyle changes2–4. Several studies about how
the lockdowns affected glycemic control in patients with glu-
cose intolerance (GI) including diabetes mellitus have been car-
ried out, but the reported results have varied3–8. In contrast, the
state of emergency (SoE) in Japan entailed less strict
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restrictions; people were requested to stay at home, and the use
of public transportation and facilities was restricted2. Although
a SoE is a request-based measure, and the rate of compliance
and its actual influence on individual daily activities are uncer-
tain, similar concerns about metabolic influences should be
raised, because the interdependent character of Japanese popu-
lations might cause equivalent metabolic consequences through
lifestyle changes9. In fact, an approximately 50% reduction in
the flow of people in several commercial districts 2 weeks after
the DSE was reported10. Some reports showed altered lifestyles
and metabolic influences in patients with diabetes, mainly dur-
ing the initial 1–2 months after the DSE2,11–13. However, the
SoE was first declared for the areas including Kyoto, on 7 April
2020; then it expanded to include the whole nation on 16 April
2020, and lasted throughout the nation until 31 May 2021, with
intermittent lifting. Furthermore, most of the studies were car-
ried out only with questionnaires about lifestyles; only one
study with a small number of elderly participants provided data
about body composition14. Thus, the year-long metabolic con-
sequences of the prolonged SoE in Japan, including body com-
position, have not been fully investigated.
We carried out a single-center retrospective study of meta-

bolic changes, including bioelectrical impedance analysis (BIA)-
derived body composition, in Japanese outpatients with GI after
the initial 2 months of the SoE. In addition, we studied inter-
view records evaluated by registered dietitians to evaluate the
influence of the SoE on aspects of metabolic status, such as gly-
cemic control, bodyweight and body composition, as well as
the influence of lifestyles, including dietary habits and physical
activity. To clarify the risk factors for changes in glycemic con-
trol during COVID-19 pandemic-related social restrictions, we
also investigated the association between these factors and gly-
cemic control.

MATERIALS AND METHODS
Study design
The present single-center retrospective observational study was
carried out in the diabetes outpatient clinic of Kyoto University
Hospital (Kyoto City, Japan). We defined the period before the
DSE as 1 January 2019 to 31 December 2019 (period 2019),
and the period after the DSE as 1 June 2020 to 31 May 2021
(period 2020–2021) as the main study periods, and the main
comparisons were carried out between the two periods. The
2020–2021 time period was set to start in June of 2020 to
exclude early effects of the SoE, which were previously investi-
gated focusing on the initial 1–2 months after the DSE2,11–13.
We additionally collected the clinical data for enrolled patients
that had been obtained from 1 January 2018 to 31 December
2018 (period 2018), for further validation of unique changes
during the SoE. This was an opt-out study. The protocol of this
study was approved by the Kyoto University Graduate School
and Faculty of Medicine, Ethics Committee (registry no.
R2377), and conformed to the provisions of the Declaration of
Helsinki.

Study population
We enrolled patients with GI: (i) who received a body compo-
sition examination at least once during period 2019 and period
2020–2021, respectively; (ii) whose dietary follow-up records
were evaluated by registered dietitians at least once during each
period; and (iii) whose laboratory data included levels of gly-
cated hemoglobin (HbA1c) that were obtained in the same
month as body composition acquisition and nutritional guid-
ance during each period. We excluded those who had been
hospitalized, who underwent surgical operations after fasting,
who took prescription corticosteroids or in whom late-stage
cancers were diagnosed during the study period.

Data collection and measurements
All data used in the present study were collected retrospectively
from the patients’ electronic medical records. The laboratory
data and clinical information included dietary records docu-
mented by registered dietitians obtained in the same month
that body composition was measured. The clinical information
also included sex, age, types and estimated duration of diabetes,
laboratory data, therapeutic agents, presence of diabetic
retinopathy and nephropathy, and medical history. For analysis
of participants who were tested more than once during a per-
iod, the latest data were regarded as eligible. GI was defined as
borderline GI, including impaired fasting glucose (IFG) and/or
impaired glucose tolerance and diabetes mellitus, which were
diagnosed in accordance with the report of the committee on
the classification and diagnostic criteria of diabetes mellitus15.
In the present study, we included the patients with impaired
fasting glucose/impaired glucose tolerance, as little is known
about the social restriction-induced metabolic consequences of
such patients, although their glycemic control and body compo-
sitions might readily be expected to be affected by SoE in a
manner similar to that of diabetes mellitus. During their regular
nutritional guidance, registered dietitians collected exercise-
related information, such as exercise frequency, in addition to
dietary records, which included snack intake. To evaluate body
composition, BIA was used (InBody 720; InBody Japan, Tokyo,
Japan), as previously reported16. In the present study, the
patients whose HbA1c levels increased ≥0.3% between period
2019 and period 2020–2021 were considered to have worsening
glycemic control, whereas those whose HbA1c levels increased
<0.3% were considered to have non-worsening glycemic con-
trol, in accordance with previous reports13,17.

Statistical analysis
JMP Pro�, version 16 (SAS Institute, Cary, NC, USA) was
used to carry out the statistical analyses. Continuous variables
with normal distribution and those changes were presented as
the mean – standard deviation and mean – standard error,
respectively. In the case of non-normal distribution, medians
with interquartile ranges were used. A paired or unpaired t-test,
Wilcoxon sign-rank sum test, Mann–Whitney U-test or v2-test
was applied appropriately. Correlations were evaluated with
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Spearman’s rank correlation coefficient. A P-value of <0.05 was
considered statistically significant, and 95% confidence intervals
(CIs) are reported as appropriate.

RESULTS
Clinical characteristics of enrolled patients and changes during
SoE
We identified 415 eligible patients (248 men, 167 women) with
GI (Figure 1). The clinical characteristics of all the enrolled
patients are shown in Table 1. Between periods 2019 and
2020–2021, body composition was assessed at intervals of, on
average, 453.1 – 78.7 days. During period 2019 (before the
DSE), patients’ age was 64.8 – 12.4 years, HbA1c level was
7.33 – 1.15%, bodyweight was 70.0 – 16.5 kg and body mass
index (BMI) was 26.1 – 4.9 kg/m2. In terms of body composi-
tion assessment by BIA, the skeletal muscle mass was
26.2 – 5.9 kg; skeletal muscle percentage was 37.7% – 4.9%;
skeletal muscle index (SMI) was 9.7 – 1.4 kg/m2; body fat mass
was 22.1 – 10.2 kg; body fat percentage was 30.8% – 8.4%;
and lean body mass was 47.9 – 9.9 kg. Between periods 2019
and 2020–2021 (during SoE), the HbA1c level did not change
significantly (P = 0.197); however, the bodyweight increased
significantly (to 70.3 – 17.0 kg; P = 0.034), as did BMI (to
26.2 – 5.2 kg/m2; P = 0.018).
In terms of body composition during period 2020–2021, the

skeletal muscle mass was 26.1 – 6.0 kg, skeletal muscle

percentage was 37.4 – 4.9% and SMI was 9.7 – 1.4 kg/m2.
These levels had decreased significantly since period 2019:
skeletal muscle mass decreased by 0.12 – 0.05 kg (P = 0.016);
skeletal muscle percentage by 0.32% – 0.08% (P < 0.001); and
SMI by 0.04 – 0.02 kg/m2 (P = 0.032). In addition, during per-
iod 2020–2021, the body fat mass was 22.6 – 10.7 kg and body
fat percentage was 31.2 – 8.4%. These measurements had
increased significantly since period 2019: body fat mass
increased by 0.45 – 0.14 kg (P = 0.001) and body fat percent-
age by 0.47 – 0.14% (P = 0.001). The clinical profiles and body
composition measurements by BIA during period 2018 were
available for 353 of the enrolled patients (Table 1). These body
composition measurements, as well as HbA1c levels, body-
weight and BMI, did not differ significantly between periods
2018 and 2019. In analyses of only the populations whose data
during period 2018 were available, the consistent trends, such
as the insignificant change of HbA1c levels (P = 0.130), signifi-
cantly increased BMI and body fat mass (P = 0.039 and
P = 0.001, respectively), and decreased skeletal muscle mass
and SMI (P = 0.006 and P = 0.015, respectively), were
observed.

Associations between changes in body composition and
status of glycemic control during SoE
We investigated whether changes in body composition were
associated with glycemic control during the SoE. The

519 outpatients with GI

415 eligible patients with GI

104 patients were excluded: 
59 patients were hospitalized 
21 patients took prescription corticosteroids 
11 patients underwent surgical operations after fasting 

2 patients diagnosed as late-stage cancers 
11 patients lacking the sufficient laboratory data

1343 outpatients whose data of body composition 
were available during period 2019

the data available during period 2020-2021

769 outpatients

Figure 1 | The number of outpatients enrolled in the present study. There were 1,343 outpatients whose data of body composition were available
during period 2019, and 769 outpatients whose data of body composition were also available during period 2020–2021. Among them, 519
outpatients had glucose intolerance (GI). A total of 104 patients were excluded for various reasons, and finally, we identified 415 eligible patients
with GI in this study.
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correlations between body composition and HbA1c changes are
shown in Table 2. We found significant correlations between
changes in HbA1c from period 2019 to period 2020–2021, and
changes in bodyweight (r = 0.37, P < 0.001) and in BMI

(r = 0.36, P < 0.001). Furthermore, changes in HbA1c levels
were correlated significantly with changes in skeletal muscle
percentage (r = -0.32, P < 0.001), body fat mass (r = 0.41,
P < 0.001) and body fat percentage (r = 0.35, P < 0.001),
whereas changes in HbA1c were not correlated significantly
with changes in skeletal muscle mass (r = -0.02, P = 0.732),
SMI (r = -0.02, P = 0.747) or lean body mass (r = -0.03,
P = 0.550).

Changes in body composition between the patients with and
without worsening of glycemic control during SoE
We identified 128 individuals whose HbA1c levels increased by
≥0.3% during the SoE (the “worsening” group); the remaining
patients did not show such worsening of glycemic control (the
“non-worsening” group; Table S1, Table 3). In both groups,
HbA1c did not differ significantly during periods 2018 and
2019 (Figure 2). Then we carried out a subgroup analysis of
the worsening and non-worsening groups to clarify the clinical
factors associated with worsening of glycemic control during

Table 2 | Association of body composition changes with glycemic
control during declaration of a state of emergency

DHbA1c (%)

DBodyweight (kg) 0.37 (<0.001*)
DBMI (kg/m2) 0.36 (<0.001*)
DSkeletal muscle mass (kg) -0.02 (0.732)
DSkeletal muscle percentage (%) -0.32 (<0.001*)
DSMI (kg/m2) -0.02 (0.747)
DBody fat mass (kg) 0.41 (<0.001*)
DBody fat percentage (%) 0.35 (<0.001*)
DLean body mass (kg) -0.03 (0.550)

Data are presented as correlation coefficient (P value). *P value <0.05.
BMI, body mass index; SMI, skeletal muscle index.

Table 3 | Changes in glycated hemoglobin and body compositions between the worsening group and the non-worsening group

Worsening group (n = 128) Non-worsening group (n = 287) P-value

DHbA1c (%) 0.82 – 0.05 -0.30 – 0.03 <0.001*
DBody weight (kg) 1.76 – 0.29 -0.33 – 0.16 <0.001*
DBMI (kg/m2) 0.66 – 0.11 -0.11 – 0.06 <0.001*
DSkeletal muscle mass (kg) -0.12 – 0.09 -0.12 – 0.06 0.994
DSkeletal muscle percentage (%) -0.99 – 0.12 -0.03 – 0.10 <0.001*
DSMI (kg/m2) -0.04 – 0.03 -0.04 – 0.02 0.989
DBody fat mass (kg) 1.92 – 0.23 -0.20 – 0.16 <0.001*
DBody fat percentage (%) 1.71 – 0.21 -0.08 – 0.17 <0.001*
DLean body mass (kg) -0.16 – 0.15 -0.13 – 0.10 0.846
DNo. hospital visits (times/year) -0.59 – 0.17 -0.50 – 0.11 0.701

The worsening group and non-worsening is defined as the patients with increase of HbA1c level by 0.3% or more and those without, respectively.
The data are presented as mean – standard error. *P value <0.05. BMI, body mass index; HbA1c, glycated hemoglobin; SMI, skeletal muscle index.
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Figure 2 | Changes in glycated hemoglobin (HbA1c) and body mass index from 2018 to the period 2020–2021 in the patients with and without
worsening of glycemic control during the state of emergency. (a) Changes in HbA1c. (b) Changes in body mass index (BMI). The worsening group
(red line) comprised the patients whose HbA1c levels increased by ≥0.3% o during the state of emergency, and the non-worsening group (black
line) comprised the patients whose HbA1c level increased by <0.3%. The data during period 2018 were obtained from 1 January 2018 to 31
December 2018 (109 patients in the worsening group, 244 in the non-worsening group); the data during period 2019, from 1 January 2019 to 31
December 2019 (128 and 287 patients, respectively); and data during period 2020–2021, from 1 June 2020 to 31 May 2021 (128 and 287 patients,
respectively). Each parameter is shown as the mean – standard deviation. *P < 0.05.

ª 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. �� No. �� ��� 2022 5

O R I G I N A L A R T I C L E

http://wileyonlinelibrary.com/journal/jdi COVID-19 restrictions regarding diabetes



the SoE in patients with GI. Clinical characteristics of the two
groups are listed in Table S1. During period 2019, HbA1c levels
and BMI did not differ significantly between the two groups.
However, in the worsening group, HbA1c levels increased sig-
nificantly from period 2019 to period 2020–2021 (P < 0.001),
as did BMI (P < 0.001; Figure 2), and during period 2020–
2021, the worsening group had significantly higher HbA1c
levels (P < 0.001) and BMIs (P < 0.001) than the non-
worsening group. From period 2019 to period 2020–2021, those
changes were also significantly larger in the worsening group
than in the non-worsening group (changes in HbA1c:
P < 0.001, changes in BMI: P < 0.001; Table 3). Additionally,
in analyses of only the populations whose data during period
2018 were available, the same trends in changes in HbA1c
levels and BMI were also confirmed (Figure S1).
In terms of body composition, the worsening group showed

significant increases from period 2019 to period 2020–2021 in
body fat mass (P < 0.001) and body fat percentage (P < 0.001),
but no significant changes in skeletal muscle mass and lean
body mass (Figure 3). The body fat mass and body fat percent-
age in the worsening group during period 2020–2021 were sig-
nificantly higher than in the non-worsening group (P < 0.001

and P < 0.001, respectively). Changes in body fat mass and
body fat percentage from period 2019 to period 2020–2021
were also significantly larger in the worsening group than in
the non-worsening group, whereas skeletal muscle mass, SMI
and lean body mass did not differ significantly between the two
groups (Table 3). Additionally, the analyses of only the popula-
tions whose data during period 2018 were available corrobo-
rated the body composition findings found after the SoE
(Figure S2).

Associations of lifestyle changes with changes in glycemic
control during SoE
The dietary records were obtained in the same month as body
composition assessment and laboratory examinations in both
periods before and after the DSE in 320 (77.1%) of the 415
patients: 102 (79.7%) of the 128 patients in the worsening
group and 218 (76.0%) of the 287 patients in the non-
worsening group. Overall, increased snack intake during the
SoE was reported by 77 patients: 32 (31.4%) of the 102 patients
in the worsening group and 45 (20.6%) of the 218 patients in
the non-worsening group. Increased frequency of exercise was
reported by 77 patients: 24 (19.6%) in the worsening group
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Figure 3 | Changes in body composition from period 2018 to period 2020–2021 in patients with and without worsening of glycemic control
during the state of emergency. (a) Changes in skeletal muscle mass. (b) Changes in lean body mass. (c) Changes in body fat mass. (d) Changes in
body fat percentage. Patients whose glycated hemoglobin (HbA1c) levels increased by ≥0.3% during the state of emergency were classified as the
worsening group (red line), and those without such an increase, as the non-worsening group (black line). The data during period 2018 were
obtained from 1 January 2018 to 31 December 2018 (109 patients in the worsening group, 244 in the non-worsening group); during period 2019,
from 1 January 2019 to 31 December 2019 (128 and 287 patients, respectively); and during period 2020–2021, from 1 June 2020 to 31 May 2021
(128 and 287 patients, respectively). Each parameter is shown as the mean – standard deviation. *P < 0.05.
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and 53 (24.3%) in the non-worsening group. Snack intake was
significantly more increased in the worsening group (odds ratio
1.76, 95% CI 1.03–2.99, P = 0.036), whereas the changes in
exercise frequency did not differ significantly between the two
groups (odds ratio 0.96, 95% CI 0.55–1.66, P = 0.880).

Comparisons of body composition and lifestyle changes
between older and younger patients with worsening of
glycemic control during SoE
According to a previous report of lifestyle changes very soon
after the DSE in patients with diabetes, changes in body com-
position and lifestyle might be age dependent2. We therefore
carried out a subgroup analysis of individuals in the worsening
group, comparing 71 patients aged ≥65 years (the elderly
group) and 57 patients aged <65 years (the younger group)
according to the previous report2. Clinical characteristics of the
two groups are listed in Table S1. The HbA1c levels of the two
groups were comparable (P = 0.612), whereas the elderly group
showed significantly lower bodyweight and BMI than did the
younger group (P < 0.001 and P < 0.001, respectively). The
changes in HbA1c levels and BMI from period 2019 to period
2020–2021 did not differ significantly between the two groups
(Table 4). In terms of body composition, body fat mass and
body fat percentage were significantly higher in both groups
during period 2020–2021 than during period 2019 (Table S2),
whereas changes in body fat mass and body fat percentage did
not differ significantly in the two groups (Table 4). In addition,
from period 2019 to period 2020–2021, both groups showed no
significant changes in skeletal muscle mass, SMI or lean body
mass, and changes in skeletal muscle mass, SMI and lean body
mass did not differ significantly between the two groups
(Table 4). With regard to lifestyle changes, snack intake and
exercise frequency increased after the DSE in similar percent-
ages of the patients in both groups (Table 4).

DISCUSSION
The present study showed year-long unfavorable metabolic con-
sequences of the prolonged COVID-19 restrictions in Japanese
patients with GI, which were highlighted by changes in body
composition. Although HbA1c levels did not significantly
change after the DSE in such patients, the longitudinal assess-
ment of body composition by BIA showed significant increases
in bodyweight and body fat, and significant decreases in skeletal
muscle. Furthermore, the changes in glycemic control after the
DSE were significantly associated with changes in bodyweight,
body fat mass and body fat percentage during the SoE, whereas
they were not with changes in skeletal muscle mass or SMI.
The changes in bodyweight, body fat mass and body fat per-
centage were significantly larger, and increased snack intake
was more common in the patients with worsening glycemic
control than in those whose glycemic control was maintained
or improved.
In European nations and other countries, studies have shown

varying degrees of the influence of lockdowns on glycemic con-
trol status in patients with GI, probably because of characteris-
tics of the countries or regions, study periods or study
populations3–8,18–21. The present study was carried out in Japan,
where only request-based restrictions, such as the SoE, were
imposed instead of lockdowns, and we observed no significant
changes in HbA1c levels during the SoE in the patients with
GI (Table 1). Although our study covered the late period of the
SoE, this result is consistent with that of one of the earlier
reports, in which the HbA1c levels soon after DSE (1 June
2020 to 31 August 2020) were analyzed22. In previous reports
of the early effects of the SoE on glycemic control, the results
varied, as in cases of lockdowns; with regard to HbA1c levels,
some studies showed an increase after DSE11,23, another showed
insignificant changes21, and others showed a decrease2,24. This
variation might have resulted from insufficient adaptation to

Table 4 | Changes in body composition and lifestyle between the elderly and younger patients with worsening of glycemic control during the
declaration of a state of emergency

Elderly group (n = 71) Younger group (n = 57) P-value

DHbA1c (%) 0.76 – 0.06 0.91 – 0.09 0.172
DBodyweight (kg) 1.44 – 0.28 2.16 – 0.55 0.220
DBMI (kg/m2) 0.56 – 0.10 0.78 – 0.20 0.297
DSkeletal muscle mass (kg) -0.13 – 0.10 -0.10 – 0.16 0.876
DSkeletal muscle percentage (%) -0.99 – 0.19 -0.98 – 0.15 0.976
DSMI (kg/m2) -0.04 – 0.04 -0.03 – 0.06 0.831
DBody fat mass (kg) 1.56 – 0.27 2.37 – 0.39 0.082
DBody fat percentage (%) 1.64 – 0.30 1.81 – 0.28 0.690
DLean body mass (kg) -0.12 – 0.16 -0.21 – 0.26 0.755
DHospital visits (times/year) -0.55 – 0.24 -0.65 – 0.24 0.465
Increased snack intake (n) 19 (31.67%) 13 (21.67%) 0.939
Exercise frequency changes (n) 15 (25.00%) 9 (21.43%) 0.676

The elderly group and younger group are defined as the patients whose ages were ≥65 years, and those who were aged ≤65 years, respectively.
Changes of glycated hemoglobin (HbA1c), body compositions and the number of visiting a hospital are presented as the mean – standard error.
*P-value <0.050. BMI, body mass index; SMI, skeletal muscle index.
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the SoE, which was implemented suddenly, as well as from the
heterogeneity of the individual attitudes and the patterns of life-
style changes in response to the SoE.
We actually found distinct patterns of glycemic control

changes among the enrolled patients; the patients in whom
HbA1c levels increased ≥0.3% during the SoE (the worsening
group) showed significant HbA1c changes in comparison with
those whose HbA1c levels increased <0.3% (the non-worsening
group), although the HbA1c levels of the two groups did not
differ significantly during period 2019 (Table 3, Figure 2a).
Therefore, the present results might suggest that changes in gly-
cemic control status reflect year-long metabolic influences with
lifestyle adjustment in response to a prolonged SoE in Japanese
patients with GI. Surprisingly, the non-worsening group
showed a rather significant improvement of glycemic control
during the SoE (Figure 2a). Such different patterns of lifestyle
changes during lockdowns among patients with overweight/
obesity and diabetes were also reported25, suggesting that some
patients used the lockdowns as an opportunity to improve their
lifestyles and glycemic control, whereas other patients did not.
Thus, any factors responsible for worsening glycemic control
during a SoE should be identified to establish effective interven-
tions in clinical practice.
Body composition can be affected by social isolation and life-

style changes, as shown during the COVID-19 outbreak and
the lockdowns25–27. Weight gain resulting from increased fat, as
well as decreased skeletal muscle, can cause a reduction in glu-
cose tolerance, especially in Asian populations, including Japa-
nese people; however, little information about changes in body
composition during the SoE is available28,29. To address this
deficiency, the present study provided longitudinal data about
body composition as evaluated by BIA during a prolonged SoE
in 415 patients with GI. In this study, bodyweight, BMI, body
fat mass and body fat percentage increased significantly after
the DSE; at the same time, skeletal muscle mass and SMI
decreased significantly (Figure 2, Table 1). Of importance is
that the changes of bodyweight and BMI were significantly
associated with glycemic control changes (Table 2), as previ-
ously reported2. Furthermore, our finding of a loss of skeletal
muscle was consistent with results of a previous study of elderly
Japanese patients with diabetes (mean age 75.2 – 7.1 years)
after the first 2 months of the SoE, in which a significant
decrease in SMI was also found13.
The present findings highlight the significant influence of

changes in body fat mass on glycemic control during a pro-
longed SoE. The changes in body fat mass and body fat per-
centage were significantly and positively correlated with those
in HbA1c levels (Table 2). Furthermore, in the comparison
between the patients with and without worsening of glycemic
control during the SoE, body fat mass and body fat percentage
increased significantly in the worsening group, whereas the
changes in skeletal muscle mass and SMI did not differ signifi-
cantly between the two groups (Figure 3, Table 3). Although
the previous report in the limited number of elderly patients

during the early period of SoE showed no increase in fat mass
during the SoE14, the present study accounted for changes in
body composition of younger and larger-scale participants, and
also focused on longer-term outcomes after the start of the
SoE. In addition, the longitudinal assessment of dietary records
suggested that snack intake might contribute to the increase of
body fat mass and bodyweight in the worsening group, as a
lifestyle change after the DSE. Increased snack intake and its
relationship with higher bodyweight and HbA1c levels were
also observed in other Japanese cohorts2,13; thus, controlling
snack intake can be effective in the achievement and mainte-
nance of glycemic control during social restrictions, such as a
SoE, in patients with diabetes.
We also investigated the possibility that changes in body

composition and lifestyle were age-dependent in patients with
worsening glycemic control during the SoE. A previous study
carried out very soon after the DSE suggested that an increase
in snack intake affected bodyweight and HbA1c levels in
younger patients with diabetes, and a reduction in exercise fre-
quency led to weight gain in elderly patients with diabetes2.
However, that investigation was a questionnaire-based study,
and body composition was not assessed. In the present study,
the ages of the enrolled patients were comparable with those in
the previous study, and we used the same ages to classify
elderly and younger patients. However, skeletal muscle mass
and SMI decreased, and body fat mass and body fat percentage
increased in both the younger and elderly groups (Table 4),
although the insignificantly increased use of metformin and
sodium–glucose cotransporter 2 inhibitors in the younger group
with worsening of glycemic control might mask the change in
their body composition (Table S2). Furthermore, snack intake
also increased in both groups. These findings might suggest the
common contribution of increased body fat mass and snack
intake to glycemic control, and their clinical importance during
a prolonged SoE in both younger and elderly patients with GI.
The present study had several limitations. First, it was a

single-center retrospective investigation. Further large-scale mul-
ticenter investigations in different regions in Japan are war-
ranted to confirm the reproducibility of our findings. We did
not include patients who had no clinic visits or follow up with
laboratory examination and body composition assessment,
which might have led to selection bias. Furthermore, we did
not show that the COVID-19 outbreak and SoE had causal
relationships with the changes that we observed, although the
clinical characteristics and body compositions were comparable
between the periods 2018 and 2019 in this study. Second, the
latest data during each period were regarded as eligible in this
study, as the longitudinal acquisition of the data on the same
day in the same population was impractical in a retrospective
study. Thus, the possible influence of seasonal biases should be
considered for the interpretation of the results, although no sig-
nificant seasonal differences between the eligible data of period
2019 and 2020–2021, as well as between the worsening group
and non-worsening group during period 2020–2021 were
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observed. Third, information about patient lifestyle was
obtained from dietary records evaluated by registered dietitians
who, although they followed up the same patient, quantified
the changes in exercise and snack frequency only as increased
or decreased, as in most of the previous studies, which were
based on self-reported questionnaire. Further analyses based on
objective continuous variables are warranted. Fourth, the dura-
tion of data collection varied among the study participants, and
data collection was dependent on the individual hospital visits,
as in the previous studies, although the intervals between acqui-
sitions of data about body composition were longer than those
in previous reports, and we carried out longitudinal analyses of
data from periods 2018, 2019 and 2020–2021.
In conclusion, the present study showed that the prolonged

SoE, a COVID-19 restriction without lockdown in Japan, caused
unfavorable changes in body composition, including weight gain,
increased body fat mass and decreased skeletal muscle in patients
with GI. The increases in bodyweight, fat mass and snack intake
during the SoE were significantly associated with worsening gly-
cemic control. Of note, patients showed distinct patterns of
changes in glycemic control. Thus, clinicians should consider
changes in body composition and their association with worsen-
ing glycemic control in patients with GI during periods of social
restrictions. Snack intake should be monitored, and diet interven-
tion might be warranted in such situations.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1 | Changes in glycated hemoglobin (HbA1c) and body mass index from 2018 to the period 2020–2021 in only the partic-
ipants whose data during the period 2018 were available.

Figure S2 | Changes in body composition from period 2018 to period 2020–2021 in the participants whose data during the period
2018 were available.

Table S1 | Clinical characteristics of the patients with and without worsening of glycemic control during the declaration of a state
of emergency.

Table S2 | Clinical characteristics of the elderly and younger patients with worsening of glycemic control during the declaration of
a state of emergency.
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