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performed in outpatients with diabetes mellitus who visited our hospital between April
2019 and March 2020 (pre-COVID-19 period) and continued for follow up from April 2020
to March 2021 (COVID-19 period). We compared the glycemic control, nutritional intakes,
and body composition of people with diabetes mellitus between the two periods. The
changes in the HbA1c values (AHbA1c) and other study variables were compared

doi: 10.1111/jdi.13934 between the two periods. Logistic regression analysis was performed to identify the
factors associated with the increase of HbATc levels.

Results: A significant increase of HbA1c was observed during the COVID-19 period. The
percent fat mass (FM) also increased, while the percent skeletal muscle mass (SMM)
decreased during the COVID-19 period. After adjustments for age and sex, the ABMI
(OR:2.33), AFM (OR:145), and ASMM (OR:0.51) were identified as being associated with
elevated levels of HbATc.

Conclusions: The COVID-19 pandemic had a negative impact on the glycemic control
and body composition of people with diabetes mellitus. The increased body weight and
FM and decreased SMM observed during the pandemic were associated with poor
glycemic control in people with diabetes mellitus.

J Diabetes Investig 2023; 14: 321-328

INTRODUCTION coronavirus-2 (SARS-CoV-2), a global pandemic in early 2020".
The WHO declared coronavirus disease-2019 (COVID-19), a  As of June 2022, more than 536 million cases of SARS-CoV-2
disease caused by the severe acute respiratory syndrome infections and more than 6 million deaths from the disease

have been reported worldwide’. SARS-CoV-2 infects people of
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disease, and cardiovascular disease are at a higher risk of devel-
oping severe disease’. Several systematic reviews and meta-
analyses conducted to evaluate the prognosis of COVID-19 in
people with diabetes mellitus have reported an approximately
two- to three-fold higher risk of mortality from COVID-19 in
people with diabetes mellitus compared with those without dia-
betes mellitus*”. A recent study reported the existence of an
association of elevated hemoglobin A1C (HbAlc) levels with
inflammation, hypercoagulability, and low oxygen saturation,
and also with a higher mortality rate in COVID-19 patients.
Therefore, maintaining optimal glycemic control is crucial in
people with diabetes mellitus during the COVID-19 pandemic.

In Japan, the first ever case of COVID-19 was confirmed on
January 15, 2020°. Japan declared a state of emergency,
although request-based, in major cities including Tokyo, from
April 7 to May 25, 2020 and from January 8 to March 21,
2021. COVID-19 and its preventive measures implemented to
stop the spread transmission of COVID-19 had greatly changed
people’s daily routines and annual events, denying them the
opportunities to enjoy eating and drinking in groups, to exer-
cise daily, or to commute or travel. Previous studies have con-
firmed that various lifestyle habits, such as eating habits,
sedentary behaviors, and physical activity, were influenced by
the COVID-19 pandemic® '°. These changes could potentially
have both positive and negative effects on people with diabetes
mellitus. Moreover, a previous study using a nationwide claims
database in Japan reported a transient decline in the number of
physician visits by people with chronic diseases, including those
with diabetes mellitus, decreasing immediately after the
COVID-19 outbreak and returning to the baseline by a month
later'". On the other hand, a decrease in the adherence rates to
treatments, such as medications, medical nutritional therapy,
and physical activity, among people with diabetes mellitus dur-
ing the COVID-19 pandemic has been reported'”'*. Several
studies have reported a worsening of glycemic control and
weight gain in people with diabetes mellitus during the
COVID-19 outbreak'>'®, whereas others found no worsening
of the glycemic control in people with diabetes mellitus during
the COVID-19 pandemic'”'®. A previous study that investi-
gated the changes in the dietary habits of people with type 2
diabetes during the COVID-19 pandemic reported an increase
in the intakes of vegetables, sugary foods, and snacks during
the pandemic'®. Most of these previous studies were conducted
on a relatively small number of participants over short study
periods, and focused primarily on the first wave of the
COVID-19 pandemic, and failed to evaluate the food habits
and body composition of the participants. Therefore, we inves-
tigated the impact of the COVID-19 pandemic and the state of
emergency on the glycemic control, eating habits, and body
composition of people with diabetes mellitus by comparing the
variables between the period from April 2020 to March 2021
and the same period of the previous year. We also attempted
to identify the determinants of worsening of the glycemic con-
trol during the pandemic in people with diabetes mellitus.

http://wileyonlinelibrary.com/journal/jdi

MATERIAL AND METHODS

Study design and participants

We performed a retrospective, longitudinal observational study
in outpatients with diabetes mellitus who visited the University
of Tokyo hospital between April 2019 and March 2020 and
who were followed up from April 2020 to March 2021. In
Japan, the first state of emergency for the COVID-19 pan-
demic was enforced from April 7 to May 25, 2020, and the
second from January 8 to March 21, 2021. In order to deter-
mine the influence of the COVID-19 pandemic on the study
endpoints, we categorized the period from April 2019 to
March 2020 as the pre-COVID-19 period and the period from
April 2020 to March 2021 as the COVID-19 period. Further-
more, we divided each period into quarters (1st quarter: April—
June; 2nd quarter: July—September; 3rd quarter: October—
December; 4th quarter: January—March). The values in each
quarter were compared for each participant. The mean values
of the variables of glycemic control, anthropometric variables,
and nutritional intakes were calculated for the entire period of
1 year of the pre-COVID-19 and COVIDI9 periods and for
each quarter. The changes in the HbAlc values (AHbAlc)
were compared between the pre-COVID-19 and COVID-19
periods. The same method was applied to evaluate the changes
in the anthropometric variables (Abody mass index [BMI],
Afat mass, and Askeletal muscle mass), and also the changes
in the nutritional intakes (Aenergy intake, Aprotein intake, Afat
intake, Acarbohydrate intake, and Aalcohol intake). We investi-
gated the impact of the COVID-19 pandemic and a state of
emergency on the glycemic control, eating habits, and body
composition of people with diabetes mellitus by comparing the
variables between the corresponding quarters of the pre-
COVID-19 and COVID-19 periods (Figure 1). We also
attempted to identify the determinants of the worsening of gly-
cemic control.

The inclusion criterion was people with diabetes mellitus
who had undergone medical examination and nutritional
assessments, including dietary surveys and anthropometry,
once or more during the pre-COVID-19 and COVID-19
periods. The exclusion criteria were as follows: (1) under
18 years old, (2) pregnant women, (3) history of metabolic
surgery, (4) new-onset diabetes, (5) consumption of a special
diet, and (6) history of treatment for diabetic ketoacidosis
and hyperosmolar hyperglycemic syndrome during the study
periods. Ethics approval for the study was obtained from the
Research Ethics Committee of the University of Tokyo Hospi-
tal (2021068NI), in accordance with the principles of the
Declaration of Helsinki; every effort was made to ensure
patient anonymity.

Clinical and laboratory data

Clinical data such as the age, sex, antidiabetic medication his-
tory, HbAlc, blood glucose, and laboratory data were collected
from electronic medical records maintained at the University of
Tokyo hospital.
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Figure 1 | COVID-19, coronavirus disease 2019.

The second state of emergency
(January 8-March 21, 2021)

Anthropometric data

The body height, weight, and composition of the participants
were measured at every visit. The BMI was calculated as the
body weight (in kilograms) divided by the body height (in
meters) squared. Body composition was measured using a Bio-
electrical Impedance Analysis system (InBody 720, InBody
Japan) that measures the body weight, skeletal muscle mass,
appendicular muscle mass, trunk muscle mass, and fat mass of
participants. The system was used to measure separately the
impedance in the participants’ right arm, left arm, trunk, right
leg, and left leg at six different frequencies (1, 5, 50, 250, 500,
and 1,000 kHz) for each body segment. Body composition vari-
ables determined were the percent fat mass, percent skeletal
muscle mass, percent upper limb mass, percent trunk muscle
mass, and percent lower limb muscle mass divided by the body

weight.

Nutritional data

Dietary intakes were evaluated using a 24 h dietary recall by a
dietitian. Nutritional intakes were calculated using the ‘Asuken’
website (http://www.asken.jp/). Users selected dishes from a list
of approximately 100,000 dishes and foods, and input the serv-
ing sizes that they consumed. The nutrient intakes were calcu-
lated on the basis of the weight before cooking using the
Standard Tables of Food Composition in Japan 2015°°. For
processed foods, the nutrient content data provided by the
manufacturer were used.

Statistical analysis

Descriptive statistics are shown by mean * standard deviation
(SD) for continuous variables and the number of cases (propor-
tion) for categorical variables. Distributional assumption of nor-
mality in continuous variables was assessed using the Shapiro—
Wilk test. Mean differences were compared between pre-
COVID-19 and COVID-19 periods by paired t-test for vari-
ables with normal distribution and by Wilcoxon’s signed rank
test for variables with non-normal distribution. The mean vari-
ation of the HbAlc was calculated as the ‘annual mean HbAlc

during the COVID-19 period (%) - annual mean HbAlc in the
pre-COVID period (%), and it was 0.07%. The participants
were divided into two groups according to the mean variation
of the HbAlc in the pre-COVID-19 period and during the
COVID-19 period of 0.07%: those with a > 0.07% increase of
the HbAlc value were classified into the Worsen group and
the remaining participants were classified into the Steady group.
Comparisons between groups were performed by Student’s -
test for continuous variables with a normal distribution or the
Mann—Whitney U-test for continuous variables with a non-
normal distribution, and by the chi-square test for categorical
variables. Logistic regression analysis was performed to explore
the factors associated with an increase of the HbAlc. To deter-
mine if the observed associations were independent of age and
sex, a multivariate logistic regression analysis was performed
using age and sex as the covariates”*’. A value of P < 0.05
was considered as being indicative of statistical significance. All
statistical analyses were performed using SPSS, version 28.

RESULTS

Participants’ characteristics

The basic characteristics of the study participants are presented
in Table 1. A total of 408 participants were included in this
study, including 239 men (58.6%) and 169 women (41.4%),
with a mean age of 60.5 + 12.9 years. People with type 2 dia-
betes mellitus were predominant in this study (96.8%). Seventy-
five participants (18.4%) were receiving insulin therapy, 44.4%
were receiving biguanides, and 44.9% were receiving dipeptidyl-
peptidase 4 (DPP-4) inhibitors.

Effects of the COVID-19 pandemic on the clinical and
laboratory variables

Comparison of the changes in the clinical and laboratory vari-
ables during the pre-COVID-19 and COVID-19 periods are
shown in Table 2. The HbAlc showed a significantly greater
increase in the 2nd, 3rd, and 4th quarters of the COVID-19
period compared with the corresponding quarters of the pre-
COVID-19 period. The annual mean HbAlc was also

© 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 1 | Basic characteristics of this study

Variable Data (n = 408)

605 £ 129
239/169 (58.6/414)

Age (years)
Male/Female, n, (%)
Diabetes type

Type 1 diabetes n, (%) 13 32)
Type 2 diabetes n, (%) 395 (96.8)
Medication

Insulin use, n, (%) 75 (184)
Sulphonylurea, n, (%) 44 (108)
Glinides, n, (%) 33 (81)
o-Glucosidase inhibitors, n, (%) 65 (15.9)
Thiazolidinediones, n, (%) 46 (11.3)
Biguanides, n, (%) 181 (444)
DPP-4 inhibitors, n, (%) 183 (44.9)
SGLT-2 inhibitors, n, %) 119 (29.2)
GLP-1 receptor agonist, n, (%) 51 (125)

Data are expressed as mean + SD, number (%). DPP-4, dipeptidyl-
peptidase-IV; SGLT-2, sodium-glucose transporter-2; GLP-1, glucagon-like
peptide 1 receptor.

significantly higher in the COVID-19 period (the HbAlc
increased from 7.12 + 0.90% to 7.19 + 1.01%, P = 0.010). No
significant changes of the annual mean total cholesterol and
triglyceride levels were observed in the COVID-19 period.
While the annual means of the serum levels of aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and
gamma-glutamyl transpeptidase (y-GTP) remained unchanged
during the COVID-19 period, the serum ALT was significantly
higher in the 2nd quarter, and the serum y-GTP was signifi-
cantly lower in the 4th quarter of the COVID-19 period. Sys-
tolic blood pressure was significantly higher in the 1st and 2nd
quarters of the COVID-19 period. The annual mean systolic
blood pressure was also significantly higher in the COVID-19
period, while the annual mean diastolic blood pressure
remained unchanged during the COVID-19 period.

Effects of the COVID-19 pandemic on the body composition
Comparisons of the body composition during the pre-
COVID-19 and COVID-19 periods are shown in Table 2.
There was no significant difference in the BMI between the
two periods. The percent of fat mass values during the 1 year
period, as well as all in the quarters, were significantly higher
in the COVID-19 period. In contrast, the values of the percent
skeletal muscle mass during the 1 year period, as well as in all
the quarters, were significantly lower during the COVID-19
period. Consistent with this, the values of the percent lower
limb muscle mass in the 1 year period, as well as in all the
quarters, were significantly lower in the COVID-19 period.
The values of the percent upper limb and trunk muscle
masses were significantly lower in some quarters, whereas the
annual mean percent muscle mass remained unchanged, in
the COVID-19 period.

http://wileyonlinelibrary.com/journal/jdi

Effects of the COVID-19 pandemic on nutritional intake
Comparisons of the nutritional intakes in the pre-COVID-19
and COVID-19 periods are shown in Table 2. The energy
intake remained unchanged throughout the study period. While
the energy intake ratios (%E) as protein, fat, and carbohydrate
were significantly changed in several quarters, there were no
significant differences in the annual means of the values
between the pre-COVID-19 and COVID-19 periods. On the
other hand, a significant decrease of the alcohol intake level
was observed in the 3rd quarter of the COVID-19 period com-
pared with the pre-COVID-19 period. The annual mean alco-
hol intake level was also significantly lower in the COVID-19
period.

The factors associated with worsening of the glycemic control
during the COVID-19 pandemic

Comparison of the clinical characteristics and variations of the
body composition and nutritional intakes between participants
in whom relatively stable glycemic control was maintained dur-
ing the COVID-19 period (Steady group) and participants in
whom the glucose control worsened (Worsen group) is shown
in Table 3. In the Worsen group, the mean values of the BMI
and percent fat mass in the pre-COVID-19 period was higher
than those in the Steady group (P = 0.048, P = 0.042). Signifi-
cant differences were also observed in the ABMI, Afat mass,
and Askeletal muscle mass between the two groups (P < 0.001,
respectively).

The results of the logistic regression analysis are shown in
Table 4. The mean values of the BMI and percent fat mass, the
ABM]I, and Afat mass in the COVID-19 period were associated
with increasing odds ratios (OR) of HbAlc elevation, while the
Askeletal muscle mass during the period was associated with a
reduced OR of HbAlc elevation. We next conducted a multi-
variate analysis with adjustments for potential confounding
variables (age and sex)???, which identified ABMI (adjusted
OR: 2.33, 95% confidence interval [CI]: 1.78-3.05), Afat mass
(adjusted OR:1.45, 95% CIL: 1.27-1.65), and Askeletal muscle
mass (adjusted OR: 0.51, 95% CI: 0.41-0.65) as significant fac-
tors of HbAlc elevation (P < 0.001, respectively).

DISCUSSION

COVID-19 still continues to impact the world, since the first
case of infection was confirmed in December 2019 in China,
and many countries have repeatedly introduced lockdowns and
other such measures to curb the spread of the infection. In this
study, we investigated the impact of the COVID-19 pandemic
on the glycemic control, eating habits, and body composition
of people with diabetes mellitus by comparing the changes in
the variables between the COVID-19 pandemic period in the
fiscal year 2020, which included the first and second periods of
emergency declaration in Japan, with those in the previous year
in Japan. Furthermore, we divided each year into quarters and
compared the changes in the corresponding quarters of the pre-
vious year, so as to take into account the effects of the season
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Table 3 | Comparison of the clinical characteristics and variations of the body composition and nutritional intakes between participants in whom a
relatively stable glucose control was maintained (Steady) and participants in whom the glucose control worsened (Worsen) during the COVID-19

period

Steady (n = 208) Worsen (n = 200) P value
Age 6149 + 1286 5947 £ 128 0.124
Male (%) 129 (62.0) 110 (55.0) 0.160
Type 2 diabetes n, (%) 202 (97.1) 193 (96.5) 0.784
Insulin use (%) 38 (183) 37 (185) 1.00
Mean pre-COVID-19 BMI (kg/m?) 2781 £ 574 2920 £ 6.80 0048
Mean pre-COVID-19 fat mass (%) 3365 + 966 3557 £ 929 0042
Mean pre-COVID-19 skeletal muscle mass (%) 36.15 + 549 3513+ 538 0058
ABMI (kg/mz) -041 £ 133 039+ 092 <0.001
Afat mass (%) —028+ 234 102+ 178 <0.001
Askeletal muscle mass (%) 009 + 1.23 -059 £ 097 <0.001
Aenergy (kcal) —1442 £ 32396 50.76 £ 39009 0.096
Aprotein (% Energy) 009 £ 294 —009 £ 244 0524
Afat (% Energy) 014 £ 69 036 £ 633 0.732
Acarbohydrate (% Energy) -02 + 688 —006 £ 725 0975
Aalcohol (g) —0.74 + 1448 —069 + 1213 0.739
Data are expressed as mean * SD.
*P-values were calculated by Mann-Whitney U-test. BMI, body mass index; COVID-19, coronavirus disease 2019.
Table 4 | Logistic regression analysis to determine the associated factors for increase of the HbAlc

Odds ratio (95% Cl) P Adjusted odds ratio (95% Cl) P*

Age 099 (0.97-1.00 0114
Sex (Female) 134 (090-1.98) 0.151
Insulin use (%) 102 (062-168) 0952
Mean pre-COVID-19 BMI (kg/mz) 103 (1.00-1.07) 0027 103 099 1.06) 0117
Mean pre-COVID-19 fat mass (%) 1.02 (1.00-1.04) 0042 099 (097 1.01) 0212
Mean pre-COVID-19 skeletal muscle mass (%) 101 (097-1.04) 0733
ABMI (kg/mz) 230 (1.77-2.99) <0.001 233 (1.78-3.05) <0.001
Afat mass (%) 144 (1.27-163) <0001 145 (1.27-1.65) <0001
Askeletal muscle mass (%) 053 (042-066) <0001 051 (041-065) <0001
Aenergy (kcal) 1.00 (1.00-1.00) 0068
Aprotein (% Energy) 098 (091-1.05) 0523
Afat (% Energy) 1.00 (098-1.04) 0.731
Acarbohydrate (% Energy) 1.00 (098-1.03) 0850
Aalcohal (g) 1.00 (099-1.02) 0971

*Adjusted for the age and sex. BMI, body mass index; Cl, confidence interval; COVID-19, coronavirus disease 2019; HbAlc, hemoglobin Alc.

and duration of implementation of a state of emergency. To
the best of our knowledge, this is the first longitudinal study
investigating the effects of the COVID-19 pandemic in people
with diabetes mellitus.

The present study revealed a significant increase of the
HbAlc level in people with diabetes mellitus during the
COVID-19 pandemic; the changes in the body weight and per-
cent fat and skeletal muscle masses, and not the absolute val-
ues of these variables, were identified as independent
associated factors for elevated levels of HbAlc, after adjust-
ments for age and sex. Considering that there were no signifi-
cant differences in the nutritional intakes, these changes in the

percent fat and skeletal muscle masses during the COVID-19
period could have been responsible for the decreased physical
activity. Several studies reported decreased physical activity of
the lower extremities, such as decreased daily step counts,
reduced walking time, and increased sedentary time during the
COVID-19 pandemic®'®*. Due to the significant decrease of
the percent lower limb muscle mass observed in this study, we
speculate that people with diabetes mellitus who stayed at
home spent less time doing aerobic exercises, such as walking,
cycling, and jogging. Maintaining physical activity under the
new normal is likely to improve the glycemic control in people
with diabetes mellitus.
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In this study, the fat mass was increased and the skeletal
muscle mass decreased during the COVID-19 pandemic, sug-
gesting the risk of progression of sarcopenic obesity in people
with diabetes mellitus. Sarcopenic obesity, defined as a combi-
nation of high fat mass and low muscle mass, is associated with
accelerated functional decline, and increased risks of car-
diometabolic disease and mortality**. Since sarcopenic obesity
increases with age®, exercise and physical activity should be
recommended for elderly people with diabetes mellitus during
the COVID-19 pandemic.

Although various restrictions, such as against holding events,
traveling, and dining and drinking at restaurants, lasted for only
2 months of the first and second emergency periods, the
increase in HbAlc and percent fat mass and the decrease in
percent skeletal muscle mass persisted throughout the COVID-
19 period. These results suggest that people with diabetes melli-
tus continued social distancing and stay-at-home practices even
after the state of emergency was lifted. Consistent with this, the
decrease of serum y-GTP, the most common traditional bio-
marker of excessive alcohol intake or alcohol-induced liver
injury’® was observed from October to March during the
COVID-19 period. Alcohol intake also decreased significantly
during the COVID-19 period, particularly from October to
December, when people most often go out for drinks, such as
year-end parties and business drinks parties. According to the
Family Income and Expenditure Survey in Japan, alcohol con-
sumption in restaurants in December 2020 was 81.7% lower
compared with that in the same month of the previous year”.
Thus, improved y-GTP from January to March could have
resulted from the decrease in alcohol consumption at the end
of the year due to the loss of social drinking opportunities on
account of the COVID-19 preventive measures in force during
that time. People with diabetes mellitus are generally provided
with instructions on how to reduce their susceptibility to infec-
tions. Moreover, several studies have reported that people with
diabetes mellitus are at a higher risk of developing severe illness
associated with COVID-19*, and various organizations have
alerted people with diabetes mellitus to take precautions against
contracting COVID-19°>%’, Thus, it is possible that people with
diabetes mellitus continued to adopt the preventive measures
spontaneously.

In regard to the dietary intakes, there were no changes dur-
ing the COVID-19 period in this study, although previous stud-
ies conducted in non-diabetic people reported a change in
eating habits™'**'. Our study participants could have main-
tained their dietary patterns during the COVID-19 pandemic
as they were people with diabetes mellitus who had already
received instructions on therapeutic nutritional modifications.
Further studies are needed to examine the impact of the
COVID-19 pandemic on the eating habits of people with dia-
betes mellitus.

There were some limitations of this study. First, as this study
was a single-center retrospective study conducted at a university
hospital, our results may not reliably represent the general
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Japanese diabetic population. Second, due to the observational
study design, we were unable to examine the influences of
some factors such as smoking, education level, and income.
Third, several other clinical variables that could affect the glyce-
mic control were not assessed in this study (e.g., duration of
diabetes, comorbidities). These confounding factors could have
influenced the presented results. Fourth, because of the rela-
tively high BMI of the participants in this study, our results
may not reliably represent the situation in the general Japanese
diabetic population.

In conclusion, our study revealed a negative impact of the
COVID-19 pandemic on the glycemic control and body com-
position in people with diabetes mellitus for a year. The pre-
sent study also showed that the increase of body weight and
fat mass and the decrease of the skeletal muscle mass during
the pandemic were associated with poor glycemic control,
independent of the age and sex, in people with diabetes
mellitus.
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