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It has been suggested that the coronavirus disease 2019 (COVID-19) pandemic has had a negative impact on glycemic control in pa-

tients with type 2 diabetes mellitus (T2DM). However, no study has examined yearly trends in glycated hemoglobin (HbA1c) levels

after the start of the COVID-19 outbreak. Here, we performed a retrospective analysis of HbA 1¢ concentrations during the early pe-
riod of the COVID-19 outbreak (COVID-19 cohort) and then compared the yearly trend in the mean HbA ¢ level, along with fluc-
tuations in HbA 1c levels, with those during previous years (non-COVID-19 cohorts). We observed that the mean HbA 1c level in pa-
tients with T2DM increased during the first 6 months of the COVID-19 outbreak. After 6 months, HbAlc levels in the COVID-19
cohort returned to levels seen in the non-COVID-19 cohorts. The data suggest that vulnerable patients with T2DM should be moni-
tored closely during the early period of a pandemic to ensure they receive appropriate care.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2, has become a worldwide
pandemic [1]. Beginning on February 18, 2020, the number of
COVID-19 infected patients in Daegu increased rapidly during

the 1st month of the outbreak [2]. Strict social distancing began
from March 23, 2020, and lasted until May 6, 2020 (Supple-
mental Fig. S1) [3].

This social distancing led to decreased physical activity and
altered dietary habits in patients with diabetes [4]. These life-
style changes caused a deterioration in metabolic status and gly-
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cemic control [5]. In a previous study, we showed that glycated
hemoglobin (HbAlc) levels in patients with type 2 diabetes
mellitus (T2DM) increased after implementation of social dis-
tancing during the early period of the COVID-19 pandemic [6].
However, long-term trends in HbAlc levels were not investi-
gated.

In this study, we aimed to investigate the yearly trend in
HbA1c levels among patients with T2DM during the pandemic
and compare them with the trends during non-COVID-19 peri-
ods.

METHODS

This was a retrospective cohort study of consecutive patients
with T2DM who visited the outpatient clinic at either Kyung-
pook National University Hospital (KNUH) or Kyungpook Na-
tional University Chilgok Hospital (KNUCH) during November
2017 to February 2021. A flow chart of the study design is pre-
sented in Supplemental Fig. S2. The following data were col-
lected retrospectively from medical records: age, sex, and
HbAlc values. Patients aged <19 years, those who visited the
clinics for the first time during Period 1, and those who were di-
agnosed with COVID-19 or in close contact with COVID-19
patients were excluded. A total of 3,052 patients were enrolled.
Patients were classified into three cohorts: a COVID-19 cohort
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(2019 to 2021), non-COVID-19 cohort 1 (2018 to 2020), and
non-COVID cohort 2 (2017 to 2019). Changes in HbAlc
(AHbAIc) were calculated by subtracting the value measured
during each period from the value at baseline (Period 1); the
AHbA Ic¢ value from baseline was compared with those in the
non-COVID-19 cohorts (control groups).

Differences in the mean HbAlc for each period, and of
AHDbA 1c among the three cohorts, were examined using analy-
sis of variance. An AHbA 1c values were estimated after adjust-
ing for multiple confounding factors using analysis of covari-
ance. P<0.05 was considered significant. Statistical analysis
was performed using R studio 1.4.1106 for Windows (R Studio
Inc., Boston, MA, USA). The study was approved by the Insti-
tutional Review Boards of KNUH (2020-05-063-001). The ne-
cessity for informed consent was waived by the ethics boards of
the hospitals because of the retrospective study design.

RESULTS

There were no significant differences among the three cohorts
with respect to age, sex, and HbAlc at baseline (Supplemental
Table S1). The mean HbAlc in the COVID-19 cohort during
Period 1 did not differ statistically from that in the other cohorts
(7.23%=%1.18% for the COVID-19 cohort, 7.19%+0.97% for
non-COVID-19 cohort 1, and 7.25%=+1.14% for non-COV-
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Fig. 1. Changes in glycated hemoglobin (HbA1c) levels from Period 1 to Period 5 in all three cohorts. Values are expressed as the mean+
standard error. There were no significant differences between non-coronavirus disease 2019 (COVID-19) cohort 1 and cohort 2 during any
period. NS, not significant. *P<0.01, COVID-19 cohort vs. non-COVID-19 cohort 1; °P<0.05, COVID-19 cohort vs. non-COVID-19 co-

hort 1; °P<0.01, COVID-19 cohort vs. non-COVID-19 cohort 2.
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ID-19 cohort 2; P=0.579) (Fig. 1). In Period 2, the mean
HbATlc in the COVID-19 cohort was higher than that in the
non-COVID-19 cohort 1 (7.28%%1.45% vs. 7.13%%0.93%,
P<0.05) and cohort 2 (7.28%=+1.45% vs. 7.21%+1.07%,
P=0.423). In Period 3, the mean HbAl¢ in the COVID-19 co-
hort was significantly higher than that in the non-COVID-19
cohort 1 (7.32%=%1.36% vs. 7.11%+0.80%, P<0.01) and co-
hort 2 (7.32%%1.36% vs. 7.17%=%1.19%, P<0.05). The mean
HbAlc levels among the three cohorts tended to decrease dur-
ing Period 4. Nonetheless, the mean HbAlc level in the COV-
ID-19 cohort remained higher than that in the non-COVID-19
cohort 1 (7.19%=%1.28% vs. 7.06%+1.00%, P<0.05) and co-
hort 2 (7.19%£1.28% vs. 7.13%+£1.10%, P=0.492). In Period
5, levels tended to increase in all three cohorts, but there were
no significant differences (7.28%=1.45% in the COVID-19 co-
hort, 7.24%=%0.97% in non-COVID-19 cohort 1, and 7.27%+
1.28% in non-COVID-19 cohort 2; P=0.720).

After adjusting for sex and baseline HbAlc levels, the
AHDbA 1¢ from baseline to Period 2 was higher in the COVID-19
cohort than that in the non-COVID-19 cohort 1 and cohort 2
(P<0.01 and P<0.05, respectively) (Fig. 2). The adjusted
AHbA Ic level from baseline to Period 3 in the COVID-19 co-
hort was greater than that in the non-COVID-19 cohort 1 and
cohort 2 (P<0.01 and P<0.01, respectively). The AHbA1c from
baseline to Period 4 fell in all three groups. Nonetheless, the de-
gree of HbAlc reduction compared with baseline in the COV-
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ID-19 cohort was lower than that in the non-COVID-19 cohort
1 (P<0.05). There was no significant difference between the
groups with respect to the adjusted AHbAlc from baseline to
Period 5 (P=0.828).

DISCUSSION

The data show that the mean HbAlc level in patients with
T2DM increased during the first 6 months of the COVID-19
outbreak. After 6 months, the trend in HbAlc levels showed a
pattern similar to that observed in the non-COVID-19 cohorts.

Previous studies demonstrate that prolonged periods of physi-
cal inactivity and modified dietary patterns caused by social dis-
tancing contribute to poorer glycemic outcomes [5,7,8]. A re-
cent study showed that patients with diabetes are more vulnera-
ble than people without diabetes to psychological distress relat-
ed to social distancing [9]. Moreover, the negative association
between recent severe stress and glycemic control among pa-
tients with diabetes support the finding that lifestyle changes
and/or mental stress during social distancing had a harmful im-
pact on glycemic control during the first 6 months of the out-
break.

A seasonal variation in glucose homeostasis in patients with
diabetes has been reported in various geographic regions [1,10-
13]. HbAlc levels are reported to decrease in the summer/fall
and increase in the winter [11-13], similar to the results of the
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Fig. 2. Changes in glycated hemoglobin (HbA1c) levels (data adjusted for baseline HbA Ic level and sex). AHbA 1¢ from baseline period to
each period is shown for all three cohorts. Values are expressed as the mean+ standard error. COVID-19, coronavirus disease 2019; NS, not

significant. *P<0.01; *P<0.05.

1144 www.e-enm.org

Copyright © 2021 Korean Endocrine Society



Year-Long Trend in HbAlc in the COVID-19 Era E n M

non-COVID-19 cohort in our study. However, we found that the
seasonal variation in HbAIc levels did not occur in the COV-
ID-19 cohort during the early stages of the COVID-19 pandem-
ic. The trend in the COVID-19 cohort was analogous to those in
the other cohorts for the last 6 months of the year. Even in the
COVID-19 cohort, the mean HbAlc level returned to that ob-
served before the beginning of the crisis.

A recent study reported that age, duration of education, fre-
quency of self-monitoring of blood glucose, and medication
compliance are related to glycemic control, whereas structure of
diet, body mass index, duration of diabetes, exercise, sleep, hy-
poglycemia, and anxiety are not related with glycemic control
during the COVID-19 pandemic [14]. Since the participants
were recruited retrospectively, we could not analyze the associa-
tion between these contributing factors and HbAlc levels or
compare them between COVID-19 and non-COVID-19 co-
horts. To clinically strengthen our findings, further in-depth
analysis considering various clinical variables will be required.
Another limitation is that our findings may not be generalizable
to other areas because Daegu has been relatively successful at
controlling infections, with a rate below 100 cases per day since
March 2020. Additionally, this retrospective study was conduct-
ed in only two centers, and the retrospective nature may intro-
duce some bias with regard to patient selection.

Despite these limitations, we believe that the findings of the
study are meaningful. To the best of our knowledge, this report
is the first to show that social distancing has an impact on glyce-
mic control in patients with T2DM, and that this impact persist-
ed for more than 6 months. This suggests that careful attention
must be paid to vulnerable patients with T2DM during the early
periods of a pandemic such as that caused by COVID-19.
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