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This study investigated the impact of social distancing due to coronavirus disease 2019 (COVID-19) on glycemic control in people
with type 2 diabetes mellitus (T2DM). We retrospectively analyzed the change in glycosylated hemoglobin level (ΔHbA1c) in people with T2DM who undertook social distancing because of COVID-19. We compared the ΔHbA1c between COVID-19 and
non-COVID-19 cohorts that were enrolled at the same time of year. The ΔHbA1c of the COVID-19 cohort was significantly higher than that of two non-COVID-19 cohorts. Subgroup analysis according to age and baseline HbA1c level showed that social distancing significantly increased the mean HbA1c level of participants of <50 years. The ΔHbA1c of participants of <50 years and
with HbA1c <7.0% in the COVID-19 cohort showed larger changes than other subgroups. In adjusted model, adjusted ΔHbA1c
levels in the COVID-19 cohort remained significantly higher than those in the two other cohorts. Social distancing negatively impacts blood glucose control in people with T2DM, especially those who are younger and have good blood glucose control.
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INTRODUCTION
The spread of coronavirus disease 2019 (COVID-19) worldwide has resulted in changes in lifestyle in areas affected by
COVID-19 [1,2]. To stem the transmission of COVID-19 infection, strategies aimed at reducing the frequency and closeCorresponding authors: Keun-Gyu Park
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ness of contact between people are essential [3,4]. Following
the detection of a super-spreader on February 18, 2020, the
number of patients with COVID-19 rapidly increased in Daegu, which became the epicenter of the outbreak in South Korea
[5]. As a consequence, the citizens of Daegu conducted a voluntary lock-down that lasted for approximately 2 months, and
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involved strict social distancing [6]. It is well established that
lifestyle interventions are fundamental management tools for
patients with diabetes [7,8], and it might be expected that social
distancing would influence the blood glucose control of people
with type 2 diabetes mellitus (T2DM). However, there have been
no studies to date that have assessed the influence of social distancing on blood glucose control in people with T2DM. Therefore, we sought to determine the effects of social distancing because of COVID-19 on the changes in glycosylated hemoglobin
(HbA1c) level in people with T2DM.

METHODS
Study design and participants
We conducted a retrospective cohort study of people with T2DM
who attended one of five tertiary hospitals in Daegu during the
following periods of time. The five hospitals included in this
study are as follows; Kyungpook National University Hospital
(KNUH) and Chilgok Hospital (KNUCH), Daegu Catholic
University Hospital (DCUH), Yeungnam University Hospital
(YUH), and Keimyung University Dongsan Hospital (KUDH).
The flow chart of the study design is presented as Supplementary Fig. 1. The study period was divided up according to the
timing of the COVID-19 outbreak in Daegu (February 18,
2020). Period 1 (November 18 to February 17) was defined as
the period from 3 months before the outbreak until 1 day prior
to the date of the outbreak, and Period 2 (February 18 to May
17) was defined as the 3 months following the start of the outbreak. Data were also collected for the same dates during the 2
previous years. Therefore, data were collected not only from the
COVID-19 cohort (2019 to 2020), but also from the non-COVID-19 cohort 1 (2018 to 2019) and cohort 2 (2017 to 2018),
and categorized into Periods 1 and 2. Of 74,636 T2DM patients
who visited the hospitals and had their HbA1c levels measured
during the designated periods, the patients in each cohort who
had this parameter measured during both Periods 1 and 2 were
enrolled. After excluding patients who were aged <19 years, a
total of 20,087 patients were enrolled in the present study
(5,069 at KNUH, 1,836 at KNUCH, 4,396 at DCUH, 3,064 at
YUH, and 5,722 at KUDH). The age, sex, and HbA1c values
for each patient were collected from their electronic medical
records. The changes in glycosylated hemoglobin level
(ΔHbA1c) between Periods 1 and 2 in the COVID-19 cohort
were compared with those in the non-COVID-19 cohorts as
control groups. The study was approved by the Institutional
110

Review Boards of KNUH (2020-05-063-001) and individually
by the Institutional Review Boards of each collaborating hospital. The necessity for informed consent was waived by the ethics boards of the hospitals because of the retrospective study
design.
Statistical analysis
Statistical analysis was performed using SPSS version 18.0 software (SPSS Inc., Chicago, IL, USA). Analysis of variance was
used to evaluate the differences in ΔHbA1c among the cohorts.
Within each cohort, the difference in mean HbA1c level between Periods 1 and 2 was compared using a paired t-test. An
adjusted ΔHbA1c value was estimated after adjustment for
multiple confounding factors (age, sex, and baseline HbA1c)
using analysis of covariance. P<0.05 was considered to indicate statistical significance.

RESULTS
The average age and age range for all participants and each cohort are as follows; total (62.8 years [19 to 95 years]), COVID-19
cohort (62.6 years [19 to 95 years]), non-COVID-19 cohort 1
(62.9 years [19 to 94 years]), and non-COVID-19 cohort 2 (62.9
years [19 to 93 years]). The characteristics of participants were
presented in Table 1. The mean HbA1c levels of the non-COVID-19 cohorts were decreased in Period 2 than in Period 1 (P<
0.01), whereas the mean HbA1c level of the COVID-19 cohort
did not differ between the two periods (P=0.26) (Table 1). The
mean ΔHbA1c of the COVID-19 cohort was significantly higher than those of the non-COVID-19 cohorts (P<0.01) (Fig. 1).
Subgroup analysis was conducted to analyze the mean HbA1c
according to sex, age, and baseline HbA1c (Table 1 and Fig. 1).
The mean ΔHbA1c was higher in the COVID-19 cohort in
both male and female participants. In subgroup analysis conducted according to age, the mean HbA1c level in participants
aged <50 years significantly increased after social distancing
commenced (P=0.04). Interestingly, ΔHbA1c differed most
markedly between cohorts in participants of <50 years (P<0.01),
whereas ΔHbA1c did not differ in participants of ≥70 years
(P=0.23). In subgroup according to baseline HbA1c level, the
difference in ΔHbA1c was more apparent in participants with
low baseline HbA1c levels (P<0.01) and there was no significant difference for participants with an HbA1c of ≥9.0% at
baseline (P=0.70).
After adjustment for age, sex, and baseline HbA1c level, the
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Table 1. Characteristics and glycated hemoglobin of people with type 2 diabetes mellitus in COVID-19 cohort and non-COVID-19
cohorts
COVID-19 cohort
(11/18/2019–05/17/2020)

Variable

Period 1

Period 2 P value

Non-COVID-19 cohort 1
(11/18/2018–05/17/2019)
Period 1

Period 2 P value

Non-COVID-19 cohort 2
(11/18/2017–05/17/2018)
Period 1

Period 2 P value

All subjects
No. of participants

6,382

Age, yr

6,950

62.6±12.2

HbA1c, %

7.62±1.89 7.65±2.20

62.9±12.4
0.26

7.64±1.53 7.51±1.56 <0.01

6,755
62.9±12.4
7.54±1.53 7.46±1.79 <0.01

HbA1c, according to sex
Male
No. of participants
HbA1c, %

3,609
7.57±2.11 7.61±2.32

3,787
0.41

7.60±1.49 7.48±1.64 <0.01

0.42

7.68±1.58 7.54±1.46 <0.01

3,661
7.51±1.56 7.40±1.42 <0.01

Female
No. of participants
HbA1c, %

2,773
7.68±1.55 7.71±2.03

3,163

3,094
7.57±1.48 7.54±2.14

0.41

HbA1c, according to age
<50 years
No. of participants
HbA1c, %

843
7.81±1.84 7.99±2.80

915
0.04

7.83±1.84 7.60±1.70 <0.01

907
7.82±1.92 7.53±1.66 <0.01

50–59 years
No. of participants
HbA1c, %

1,495
7.68±2.02 7.67±1.79

1,620
0.86

7.73±1.63 7.58±1.53 <0.01

0.48

7.61±1.45 7.48±1.68 <0.01

0.99

7.52±1.39 7.44±1.36 <0.01

1,538
7.64±1.61 7.52±1.43 <0.01

60–69 years
No. of participants
HbA1c, %

2,136
7.54±1.41 7.57±2.22

2,252

2,191
7.46±1.39 7.44±2.33

0.73

≥70 years
No. of participants
HbA1c, %

1,908
7.58±2.24 7.59±2.13

2,163

2,119
7.42±1.38 7.42±1.37

0.69

HbA1c, according to baseline HbA1c
≤7.0%
No. of participants
HbA1c, %

2,758

2,963

6.38±0.46 6.72±1.78 <0.01

6.41±0.45 6.56±1.17 <0.01

3,079
6.37±0.47 6.54±0.76 <0.01

7.1%–8.9%
No. of participants
HbA1c, %

2,668
7.85±0.55 7.94±1.83

2,885
0.02

7.86±0.56 7.75±0.98 <0.01

10.54±3.04 9.54±2.71 <0.01

10.39±1.31 9.43±1.70 <0.01

2,688
7.82±0.56 7.84±1.04

0.47

≥9.0%
No. of participants
HbA1c, %

956

1,102

988
10.41±1.29 9.33±3.26 <0.01

Values are presented as standard error. Data were analyzed using paired t-test.
COVID-19, coronavirus disease 2019; HbA1c, glycosylated hemoglobin.
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Fig. 1. The changes in glycosylated hemoglobin level (ΔHbA1c) of people with type 2 diabetes mellitus in the coronavirus disease
2019 (COVID-19) cohort and non-COVID-19 cohorts. ΔHbA1c was presented as mean±standard error. Data were analyzed using analysis of variance. NS, not significant, aP<0.01, bP<0.05.
COVID-19 cohorts was more marked in participants of <50
years (P<0.01) and in participants with low baseline HbA1c
levels (P<0.01).

DISSCUSION
In the present study, we have shown that the patterns of change
in HbA1c level significantly differed between a COVID-19 cohort and two non-COVID-19 cohorts. After the start of the
COVID-19 pandemic, strict social distancing was implemented
to prevent the transmission of COVID-19 infection in South
Korea [5]. Because Daegu city accounted for approximately
70% of the COVID-19 cases in South Korea, the social distancing in this region was more strict than in other regions of Korea
[6]. Although the changes in lifestyle connected with social
distancing may have a significant impact on individuals with
diabetes, no studies to date have assessed the influence of social
distancing on blood glucose control in people with T2DM. Contrary to a recent study reporting the improvement of blood glucose control in people with type 1 diabetes mellitus during the
COVID-19 pandemic [9], our study showed that social distancing because of COVID-19 negatively impacts blood glucose
112

control in people with T2DM. Thus, because the absence of a
vaccine or effective medication for COVID-19 has created a
requirement for prolonged social distancing, it is necessary to
institute appropriate additional strategies for the control of
blood glucose in people with T2DM.
We found that the mean HbA1c level in non-COVID-19 cohorts was significantly lower during Period 2 than Period 1.
Several previous studies have shown that HbA1c is higher in
colder seasons than in warmer seasons [10,11] and that this
difference can be affected by physical activity and food intake
[12]. The 18th of February, which was the date the outbreak
commenced, represents the transition from winter to spring in
South Korea; therefore, as shown in previous studies, a decrease
might have been due to seasonal variation. However, the HbA1c
level tended to increase in the COVID-19 cohort, which suggests that the seasonal variation in HbA1c level is affected by
social distancing. We found that the increases in HbA1c level
in subgroups of participants with an HbA1c ≤7.0% or who
were <50 years of age were more marked during the period of
social distancing than in the other subgroups. These data suggest that the deleterious effects of social distancing are more
marked in the socially active T2DM patients. One strategy of
Diabetes Metab J 2021;45:109-114
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glycemic control during periods of social distancing will be to
frequently implement self-monitoring of blood glucose, especially in these individuals.
The present study had some limitations. First, only HbA1c
level was analyzed to assess blood glucose control in people
with T2DM. Second, several important clinical parameters affecting HbA1c level were not assessed in the present study (e.g.,
body mass index, duration of diabetes, comorbidities, and medications). Therefore, these confounding factors may influence
the results of our study. Third, the short observation period was
insufficient to fully reflect the changes in HbA1c level caused
by social distancing. Finally, the results of the study cannot identify which particular aspects of social distancing may have effects on blood glucose control.
Despite these limitations, the study has generated meaningful
findings. We suggest that social distancing due to COVID-19
negatively impacts glycemic control in people with T2DM. The
deleterious effects of social distancing may be more pronounced
in the socially active patients. Therefore, it is important that
management strategies are modified for people with T2DM
during periods of social distancing that are designed to minimize COVID-19 infection.
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Supplementary Table 1. Estimated mean of change of glycosylated hemoglobin after adjustment for multiple confounding factors
COVID-19 cohort
Non-COVID-19 cohort 1 Non-COVID-19 cohort 2
(11/18/2019–05/17/2020) (11/18/2018–05/17/2019) (11/18/2017–05/17/2018)

Variable
All subjects

P value

0.04±0.02

−0.12±0.02

−0.10±0.02

<0.01

Male

0.04±0.03

−0.10±0.03

−0.14±0.03

<0.01

Female

0.04±0.03

−0.13±0.03

−0.05±0.03

<0.01

0.18±0.06

−0.23±0.06

−0.29±0.06

<0.01

50–59 yr

−0.01±0.03

−0.12±0.03

−0.14±0.03

0.02

60–69 yr

0.03±0.04

−0.11±0.04

−0.04±0.04

0.03

≥70 yr

0.04±0.03

−0.07±0.03

−0.05±0.03

0.04

Adjusted ΔHbA1c, according to sex

Adjusted ΔHbA1c, according to age
<50 yr

Adjusted ΔHbA1c, according to baseline HbA1c
≤7.0%

0.34±0.02

0.16±0.02

0.17±0.02

<0.01

7.1%–8.9%

0.09±0.02

−0.10±0.02

0.01±0.02

<0.01

−0.91±0.08

−1.00±0.08

−1.11±0.08

0.24

≥9.0%

Values are presented as mean±standard error. Data were analyzed using analysis of covariance.
COVID-19, coronavirus disease 2019; HbA1c, glycosylated hemoglobin.
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Supplementary Fig. 1. The flow chart of the study design. COVID-19, coronavirus disease 2019.
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