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Background: On March 22, 2020, intense social distancing (SD) was implemented in Korea to prevent the spread of coronavirus
disease 19 (COVID-19). This study examined the impact of SD on diabetes control in older adults with diabetes.

Methods: Adults aged 60 to 90 years with type 2 diabetes mellitus who were physically and mentally independent were recruited.
Participants who had complete blood chemistry data from April to July 2019 (pre-SD era) and April to July 2020 (SD era) were
enrolled. Data were obtained about physical activity, nutrition, sarcopenia, and psychological and mental health from question-
naires in April to July 2020. Calf circumference was measured.

Results: In total, 246 people (100 men, 146 women; mean age, 73.8£5.7 years) participated in this study. The levels of glycated he-
moglobin (HbAlc, 7.4%+1.0% vs. 7.1%+0.8%, P<0.001), fasting glucose (142.2+16.7 mg/dL vs. 132.0+£27.7 mg/dL, P<0.001),
and body weight (62.6+9.4 kg vs. 61.8+10.1 kg, P<0.01) were higher in the SD era than in the pre-SD era. Total physical activity
was lower in the SD era (2,584.6+2,624.1 MET-min/week™ vs. 1,987.3+2,295.0 MET-min/week ™', P<0.001). A larger increase in
HbA1c level was associated with increased body weight and decreased physical activity.

Conclusion: SD had negative effects on diabetes management in older adults with diabetes. Fasting glucose and HbA1c levels and
body weight increased during the SD era. Participants with reduced physical activity gained more weight and had higher blood
glucose levels. Given that the COVID-19 pandemic is ongoing, health professionals and diabetes educators should monitor

changes in lifestyle factors in older adults with diabetes.
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INTRODUCTION

The first case of coronavirus disease 19 (COVID-19) in Korea
was confirmed on January 19, 2020 [1], and the first death due
to COVID-19 in Korea occurred on February 19, 2020 [1,2].
After the first COVID-19 outbreak in Daegu in mid-February
2020, the number of confirmed cases of COVID-19 increased
rapidly and, by early March 2020, Korea had the second high-
est number of COVID-19 cases after China [1]. The Korean
government raised the alert level from orange to red on Febru-
ary 23, 2020, and the World Health Organization declared a
global pandemic outbreak of COVID-19 on March 11, 2020.

People with COVID-19 can have various clinical presenta-
tions. In an observational study in China, about 80% of pa-
tients with COVID-19 had mild respiratory symptoms, 14%
had severe respiratory symptoms, and 5% had critical manifes-
tations such as respiratory failure and/or multiorgan dysfunc-
tion [3]. However, 17% to 35% of patients hospitalized with
COVID-19 required intensive treatment or admission to an
intensive care unit because of hypoxemic respiratory failure
[3,4]. The overall case fatality rate in a large observational study
in China was 2.3%, but this rate was 8.0% in patients aged 70 to
79 years and 14.8% in patients aged 80 years and older [5].
COVID-19 causing severe manifestations or death is associat-

Corresponding author: Hak Chul Jang @ https://orcid.org/0000-0002-4188-6536
Department of Internal Medicine, Seoul National University Bundang Hospital, Seoul
National University College of Medicine, 82 Gumi-ro 173beon-gil, Bundang-gu,
Seongnam 13620, Korea

E-mail: janghak@snu.ac.kr

Received: May 13, 2021; Accepted: Jun. 14, 2021

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Copyright © 2021 Korean Diabetes Association  https://e-dmj.org



Shin SM, et al.

dmj

ed with several clinical characteristics such as advanced age,
being male, and preexisting comorbid conditions such as car-
diovascular disease, obesity and/or diabetes, hypertension, and
cancer [6,7].

Because of the lack of effective antiviral agents to prevent the
spread of COVID-19, social distancing (SD), wearing face
masks, and self-hygiene have been implemented by the Korean
government since February 2020. On March 22, 2020, the gov-
ernment implemented the first intense SD policy to prevent
the spread of COVID-19. This significantly decreased public
movement, as assessed by mobile big data, and the number of
passengers at major subway stations in Seoul [8].

SD causes marked changes in the usual daily activities,
which can lead to increases in sedentary behavior and/or less
regular exercise, changes in eating patterns, and greater psy-
chological burden in people with diabetes, all of which may
have adverse effects on health, including glucose control [9].
Because they are more frail and vulnerable to social isolation
and/or loneliness, SD may have more serious effects in older
adults with diabetes who are at higher risk for severe morbidity
and mortality of COVID-19, and these effects may exacerbate
the underlying chronic disease [10,11].

The aim of this study was to examine the effects of SD on di-
abetes management in older adults with diabetes during the
2020 COVID-19 pandemic. We analyzed the effects of SD on
blood glucose control, physical activity, nutrition, and stress in
older adults with type 2 diabetes mellitus (T2DM).

METHODS

Study participants

From April to July 2020, we recruited older adults with T2DM
aged 60 to 90 years seen in the outpatient clinic of Seoul Na-
tional University Bundang Hospital (SNUBH). The inclusion
criteria were diabetes duration of >2 years, blood glucose test
results in the time frame April to July 2019, and regular follow-
up at SNUBH. The exclusion criteria were type 1 diabetes mel-
litus or secondary diabetes, malignant tumors within 3 years,
any medical condition affecting glucose metabolism, or chron-
ic kidney disease of more than stage 3. We also excluded older
adults with physical dysfunction (e.g., unable to walk without
assistance) and cognitive dysfunction including mild cognitive
impairment. This study was approved by the Institutional Re-
view Board of SNUBH (B-2005/615-102). Among 400 eligible
older adults with T2DM, 246 agreed to participate in this
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study. Written informed consent was obtained from all partici-
pants.

Data collection and measurements

From each patient’s medical record, we obtained demographic
and anthropometric data, including body weight, history of di-
abetes, microvascular and macrovascular complications, co-
morbidities, medication for diabetes and comorbidities, and
blood chemistry test results for the periods April to July of
2019 (pre-SD era) and 2020 (SD era). The presence of diabetic
retinopathy and peripheral neuropathy was determined by the
ophthalmologists and by the endocrinologists, respectively.
The presence of albuminuria was defined as a urinary albumin
to creatinine ratio of 230 mg/g. Questionnaires about physical
activity and nutrition based on the participants’ recall were
completed for the two time periods, and questionnaires about
sarcopenia and psychological and mental health were obtained
in the SD era. We also measured calf circumference at the time
of the questionnaires.

Questionnaires

Physical activity

The Korean version of the International Physical Activity Ques-
tionnaire short form (IPAQ-SF) [12] was used to assess physical
activity level in the pre-SD and SD eras. The IPAQ-SF is a pub-
licly available instrument (http://www.ipaq.ki.se) that is often
used to measure physical activity level. In this questionnaire,
participants reported the number of minutes of vigorous and
moderate intensity and walking physical activity for a typical
week in the pre-SD area and for the past 7 days in the SD era.
The minutes of each physical activity were converted to meta-
bolic equivalent task minutes per week (MET/min/week™) ac-
cording to the IPAQ recommendations. Participants were clas-
sified into three groups according to the total amount of walk-
ing, moderate and vigorous intensity physical activities, ex-
pressed as MET/min/week™": low activity (<600); moderate
activity (600 to 2,999), and high activity (=3,000) [13].

Sarcopenia

The Korean version of the strength, assistance walking, rising
from a chair, climbing stairs, and falls (screening questionnaire
for sarcopenia [SARC-F]) questionnaire was used to screen for
sarcopenia [14]. The SARC-F comprises five items used to as-
sess strength, assistance with walking, rising from a chair,
climbing stairs, and falls. A sum of the scores for each item of
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>4 points predicts sarcopenia. We also measured the circum-
ference of the protruding part of the calf (calf circumference)
using a measuring tape in participants standing upright with
the feet slightly apart and body weight evenly distributed on
both feet [15].

Nutritional status

The Mini Nutritional Assessment (MNA) tool [16] was used to
evaluate the risk of malnutrition. Two items for the mid-arm
and calf circumference were excluded from the evaluation be-
cause we did not collect these data in the pre-SD era. The max-
imum total score was adjusted to 28 points instead of 30. Mal-
nutrition was defined as a score of <15 points and at risk of
malnutrition as 15 to 21.5 points. Participants completed the
MNA questionnaire regarding their current (SD era) and pre-
SD nutritional status.

Psychological health

The Korean version of the Impact of Event Scale-Revised (IES-
R) [17] was used to evaluate psychological stress in relation to
the COVID-19 pandemic. This tool comprises 22 items: eight
evaluating intrusive symptoms (items 1, 2, 3, 6, 9, 14, 16, and
20), eight evaluating avoidance symptoms (items 5, 7, 8, 11, 12,
13, 17, and 22), and six evaluating hyperarousal symptoms
(items 4, 10, 15, 18, 19, and 21). The score for each item ranges
from 0 through 4. We classified the participants’ psychological
stress according to the total score as minimal (<24), mild (24
to 32), moderate (33 to 36), and severe (=37).

Mental health

The Korean version of the Patient Health Questionnaire-9
(PHQ-9) [18] was used to assess mental health. This tool com-
prises nine items to assess depression, and the score for each
ranges from 0 through 4. The severity of depression was classi-
fied using the total score as minimal (0 to 4), mild (5 to 9), mod-
erate (10 to 14), moderately severe (15 to 19), and severe (=20).

Statistical analysis

Continuous variables are expressed as mean +standard devia-
tion, and categorical variables are expressed as numbers (%).
To compare variables between the pre-SD and SD eras, a paired
t-test was performed for continuous variables, and McNemar’s
test was performed for categorical variables. Pearson’s chi-
square test was performed to analyze the differences in fre-
quencies between components according to the change in
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physical activity. Spearman’s rank correlational analysis was
performed to identify correlations between changes in HbAlc
level, body weight, total physical activity level, and IES-R and
PHQ scores. For statistical analyses, IBM SPSS version 25.0
(IBM Corp., Armonk, NY, USA) was used, and P values <0.05
were considered to be significant.

RESULTS

Characteristics of the participants in the pre-SD and SD
eras

Among the 400 eligible older adults, 246 agreed to participate
in this observational study. Their baseline characteristics are
shown in Table 1. The mean age was 73.8£5.7 years, 40.7%
were men, and their mean duration of diabetes was 17.7+8.8
years. Body weight was higher in the SD era than in the pre-SD
era, but body mass index did not change. Among the 231 par-
ticipants with a measured calf circumference, 82 (35.4%) had a
smaller calf circumference and 12 (6.2%) had a higher SARC-
F (24) according to the Asian Working Group for Sarcopenia
2019 algorithm [11]. The mean values for blood pressure and
serum levels of fasting glucose, HbA1c, total cholesterol, high-
density lipoprotein cholesterol, low-density lipoprotein choles-
terol, and creatinine were significantly higher in the SD era
than in the pre-SD era. Except for retinopathy in older adults
with diabetes, the frequencies of microvascular and macrovas-
cular complications did not differ between the two eras. The
type of glucose-lowering therapy also did not differ between
the two eras.

A social history was obtained for 179 participants. Employ-
ment status changed from the pre-SD to SD era for only eight
participants: in the pre-SD era, 39 participants were employed
and 140 were unemployed; in the SD era, 36 participants were
employed.

Changes in physical activity from the pre-SD to SD era

The mean minutes per week of vigorous, moderate, walking,
and total physical activity in the pre-SD and SD eras are shown
in Table 2. All levels of physical activity decreased from the pre-
SD to SD era: vigorous (-105.6 min/week, —27.7%), moderate
(-308.5 min/week, -41.1%), walking (-183.3 min/week,
-12.6%), and total (-597.3 min/week, -23.1%). The percentages
of participants who decreased their physical activity did not dif-
fer significantly between men and women. As expected, in the
pre-SD era, muscular strength and power and physical activity
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Table 1. Characteristics of participants in the pre-SD and SD
eras

Table 2. Changes in physical activity from the pre-SD to SD
era

April-July  April-July

Characteristic 2019 2020 Pvalue
(Pre-SDera)  (SD era)

Age,yr 73.8+5.7

60-69 61 (24.8)

70-79 139 (56.5)

80-89 46 (18.7)
Male sex 100 (40.7)
Duration of diabetes, yr 17.7+8.8
Height, cm 158.6+10.0 158.4+9.6 0.677
Weight, kg 61.8+10.1 62.6+94 <0.001
Body mass index, kg/m’ 24.8+£56  24.9+3.1 0.754
Calf circumference (n=231)

<34 cm, male 25 (26.0)

<33 cm, female 57 (41.9)
SARC-F >4 12(6.2)
Blood pressure, nm Hg

Systolic 133.8+14.7 1422+16.7 <0.001

Diastolic 70.6+£9.8 73.7+11.3  <0.001
Fasting serum glucose, mg/dL 132.04£27.7 142.2+16.7  <0.001
HbAlc, % 7.1+0.8 7.4+1.0 <0.001
Total cholesterol, mg/dL 154.5£329 157.9+31.9 0.031
Triglyceride, mg/dL 117.1+55.7 123.0+53.0 0.088
HDL-C, mg/dL 509+12.1 51.8%+12.2 0.035
LDL-C, mg/dL 90.6+24.0 92.8+23.8 0.042
Creatinine, mg/dL 0.90+0.33  0.98+0.61 0.018
Retinopathy 38 (15.4) 52(21.1)  <0.001
Peripheral neuropathy 62(25.1) 64 (25.9) 0.500
Albuminuria 76 (30.8) 73 (29.6) 0.755
Coronary artery disease 48 (19.5) 49 (19.9) 1.000
Cerebrovascular disease 5(2.0) 6(2.4) 1.000
Glucose lowering agents 0.574

Metformin 219(88.7)  221(89.5)

Sulfonylurea 112 (45.3) 115 (46.6)

Dipeptidyl-peptidase-4 inhibitor 156 (63.4) 166 (67.6)

Insulin 43 (17.4) 46 (18.6)

Thiazolidinedione 19(7.7) 18 (7.3)

Sodium-glucose cotransporter-2 16 (6.5) 16 (6.5)

inhibitor
Glucagon-like peptide-1 3(1.2) 3(1.2)

receptor agonist

Values are presented as mean +standard deviation or number (%).

SD, social distancing; SARC-F, screening questionnaire for sarcopenia;
HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein choles-
terol; LDL-C, low-density lipoprotein cholesterol.
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P}(IK/SIIE% activity level Pre-SD era SD era Pvalue
Vigorous PA 381.5+1,369.3 275.9+1,321.4 0.035
Moderate PA 749.9+1,071.7 441.4+£963.7 <0.001
Walking PA 1,453.3+1,797.7  1,270.0+5,853.6 0.001
Total PA 2,584.6+2,624.1 1,987.3+£2,295.0  <0.001
High active (>3,000) 60 (25.6) 40(17.1) <0.001
Moderate active 143 (64.1) 134 (57.3) 0.410
(600-2,999)
Low active (<600) 31(13.2) 60 (25.6) <0.001

Values are presented as mean + standard deviation or number (%).
SD, social distancing; MET, metabolic equivalent task (expressed as
MET/min/week™"); PA, physical activity.

Table 3. Psychological stress assessed by the Impact of Event
Scale-Revised

Variable Value
Categories (range of score)
Minimal (0-23) 239(97.2)
Mild (24-32) 3(1.2)
Moderate (33-36) 3(1.2)
Severe (>36) 1(0.4)
Subscale (range of score)
Intrusion subscale (0-32) (item Q 1,2,3,6,9,14,16,20) 3.1+3.4
Avoidance subscale (0-32) (item Q 5,7,8,11,12,13,17,22) 2.0+2.6
Hyperarousal subscale (0-24) (item Q 4,10,15,18,19,21) 1.3+2.1

Values are presented as number (%) or mean +standard deviation.

level were greater in the youngest age group (60 to 69 years old)
than in the two older age groups (70-79 and 80-89 years).
However, a higher percentage with high physical activity in the
youngest age group changed to the moderate or low activity
groups from the pre-SD to SD era (Supplementary Table 1).

Changes in nutrition, stress, and depression scales from
the pre-SD to SD era
The MNA score was higher in older adults with diabetes in the
SD era than in the pre-SD era (Supplementary Table 2). The
number of participants with malnutrition or risk of malnutri-
tion decreased from the pre-SD to the SD era. The MNA score
increased in 180 of the 246 participants (73.2%) from the pre-
SD to SD era.

Psychological stress during the SD era was measured using
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Table 4. Correlations between changes in HbA1c level, body weight, total physical activity level, and IES-R and PHQ-9 scores

from the pre-SD to SD era

Total physical

Glucose change HbAIc change Weight change R g IES-R score
HbAlc change r=0.477
P<0.001
Weight change r=0.227 r=0.224
P<0.001 P<0.001
Total physical activity change r=-0.136 r=-0.147 r=-0.222
P=0.038 P=0.025 P=0.001
IES-R score r=-0.010 r=-0.036 r=-0.064 r=0.090
P=0.879 P=0.587 P=0.338 P=0.176
PHQ-9 score r=-0.035 r=-0.003 r=-0.140 r=0.060 r=0.430
P=0.594 P=0.963 P=0.053 P=0.363 P<0.001

HbA1c, glycated hemoglobin; IES-R, Impact of Event Scale-Revised; PHQ-9, Patient Health Questionnaire-9; SD, social distancing.
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Fig. 1. The pattern of changes in glycated hemoglobin (HbA1c) levels in the two groups according to changes in body weight and
physical activity. Box and whisker plots of HbAlc levels. Whiskers represent the 5th and 95th percentiles. (A) Change in body

weight. (B) Change in physical activity. *P<0.05, ¢-test.

the IES-R scale. The mean score was 6.4+6.6. Nearly all partic-
ipants (97.2%) exhibited minimal psychological impact (IES-R
score <24) and only four (1.6%) had a more than moderate
level of psychological stress (IES-score >33) (Table 3).

The PHQ-9 score was available for 233 participants, and the
mean score was 3.1£3.6. Most participants had minimal
(73.7%) or mild (22.0%) depressive symptoms; only 10 had
moderate (2.1%) or moderately severe (2.1%) depressive symp-
toms. None of the participants reported severe depression in
the SD era.

https://e-dmj.org  Diabetes Metab J 2021;45:765-772

Correlations between changes in total physical activity and
HbA1c levels, body weight, and IES-R and PHQ-9 scores

The increases in body weight and fasting glucose and HbAlc
levels were larger in participants whose physical activity levels
decreased compared with those whose physical activity level
did not decrease (Supplementary Table 3). The PHQ-9 and
IES-R scores did not differ significantly according to the
change in physical activity level. The frequencies of sarcopenia,
as shown by SARC-F and SARC-F+calf circumference (SARC-
Calf), also did not differ according to the change in physical
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activity level. The changes in fasting glucose and HbA1c levels
correlated positively with the changes in body weight and neg-
atively with the change in total physical activity level (Table 4).
The patterns of change in HbAlc levels according to the
changes in body weight and physical activity level are shown in
Fig. 1. The HbAIc level increased more in those whose body
weight increased (Fig. 1A) and physical activity level decreased
(Fig. 1B). However, the change of HbA1c did not differ signifi-
cantly according to the severity of psychological stress and de-
pressive symptoms. The HbAlc level increased by >2.0% be-
tween the pre-SD and SD era in eight participants, and the ex-
planations for their increased HbAIc level are listed in Supple-
mentary Table 4. Most of those whose HbA1c increased re-
ported an unhealthy diet and decreased physical activity.

DISCUSSION

This study demonstrates that SD during the COVID-19 pan-
demic had negative effects on diabetes management in older
adults with diabetes, as shown by decreases in physical activity
levels, increased body weight, and deterioration of glucose
control. The amounts of total physical activity and vigorous
and moderate physical activity decreased more than that of
walking physical activity from the pre-SD to SD era. Fasting
glucose and HbA1c levels and body weight increased more in
participants whose physical activity level decreased than in
those whose physical activity level did not decrease. The
youngest age group (60 to 69 years) had a greater high physical
activity level in the pre-SD era, but more of this age group were
likely to decrease their activity to the moderate or low level
during the SD era. By contrast, the changes in fasting glucose
and HbAlc levels did not differ significantly between age
groups. The presence of sarcopenia was not related to physical
activity level, and SD was not associated with the risk of mal-
nutrition in older adults. The psychological stress and depres-
sive symptoms were minimal or mild in these participants and
were not significantly associated with changes in physical ac-
tivity, fasting glucose, and HbA1c levels.

A recent study in Daegu, Korea, showed that the HbA1c lev-
el increased during SD in people with T2DM, especially in
younger people (<50 years old) and those with an HbA1c level
<7.0% [19]. However, that study did not include data on body
weight, physical activity, and psychological assessment. An-
other study of 203 Japanese people (mean age, 67.4+11.3
years) with T2DM reported increased body weight and HbAlc
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level and decreased exercise during SD compared with the pre-
vious 3 months [9]. Although the questionnaire used in the
Japanese study was simple, it showed that increased food and
snack intake, and decreased exercise because of stress wors-
ened the glucose control. Our data indicate that body weight
and HbAIc levels increased during SD and these changes were
associated with decreased physical activity in older adults with
diabetes. However, the psychological stress and depressive
symptoms reported in our study were minimal or mild and
were not associated with changes in glucose control and body
weight.

An international online survey in April 2020 showed that SD
decreased all physical activity levels and increased out-of-con-
trol eating and unhealthy food and snack intakes [20]. An ear-
lier report from Korea showed an 11% increase in the amounts
of delivered food, mostly fast foods such as pizza, hamburgers,
and fried chicken, in early February 2020 compared with be-
fore the COVID-19 pandemic [21]. In the present study, we
used the MNA to assess the risk of malnutrition and nutrition-
al status of older adults with diabetes because these are impor-
tant health issues for older adults. The MNA score increased in
most participants, which indicated that the risk of malnutri-
tion did not increase during SD in these participants. Further
studies on dietary pattern or eating behaviors in older adults
are warranted.

The COVID-19 pandemic is thought to have had a negative
effect on mental health and well-being, including depression,
posttraumatic stress disorder, and substance use disorder [10].
An online survey in the USA in February 2020 reported great-
er psychological distress during COVID-19 compared with
2018 [22]. In that study, the symptoms of psychological distress
were highest among young adults and lowest in older adults.
Other studies have reported that older adults are less negatively
affected by COVID-19 compared with other age groups and
that COVID-19 increases loneliness, although mental health
level remains unchanged in community-dwelling older adults
[23,24]. Our results are consistent with these earlier findings.

Our study has some limitations. First, physical activity was
measured using the IPAQ-SF, which provides an indirect mea-
sure of physical activity that is based on participant self-report.
Second, the study participants were recruited in a single uni-
versity hospital located in Gyeonggi-do, Korea, and included
only physically and mentally independent people, who may
not represent the population of older Korean adults with
T2DM. Third, because the data were collected during the first
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period of intense SD, our findings reflect only the short-term
effects of SD. Further studies are needed to examine the long-
term effects of SD.

In conclusion, COVID-19 SD had negative effects on diabe-
tes management in older adults with diabetes. Fasting glucose
and HbA1c levels and body weight increased after SD was in-
troduced. Participants who reduced their physical activity lev-
els gained more weight and had higher blood glucose levels.
Given that the COVID-19 pandemic is ongoing, health profes-
sionals and diabetes educators should monitor changes in life-
style and body weight in older adults with diabetes.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found
online at https://doi.org/10.4093/dmj.2021.0096.
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