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Abstract

Background: During the COVID-19 pandemic, people have been required to follow preventive measures such as
government policy including the closure of exercise facilities and movement restriction, can lead to an unhealthy
lifestyle. We investigated the effect of these preventive measures on metabolic parameters in individuals with
cardiometabolic disorders.

Methods: In the current retrospective observational study of patients who visited the hospital at least twice a year for
the past 4 years, changes in cardiometabolic factors from the COVID-19 pandemic (2019-2020) were compared with
changes in the same cohort at the same annual time points during the previous seasons of 2016—2019.

Results: A total of 1,485 individuals with a mean age of 61.8 + 11.7 years were included in the analysis. During the
COVID-19 pandemic, the number of patients whose metabolic syndrome worsened increased significantly by 21%
compared with the 2018-2019 season. The body mass index increased by 0.09 + 1.16 kg/m2 in the 2019-2020
pandemic period, whereas it decreased by —0.39 + 3.03 kg/m2 in 2018-2019 and by —0.34 + 2.18 kg/m2 in 2017-
2018 (both p < 0.05). Systolic blood pressure increased by 2.6 + 18.2 mmHg in the COVID-19 pandemic period, while
it decreased in the three antecedent seasons (all p < 0.05). The lipid profiles worsened in the pandemic period
compared with the previous years. The Framingham coronary heart disease risk score also increased significantly.

Conclusions: With preventive procedures during the contagious disease pandemic, nationwide strategies to maintain
cardiometabolic health are necessary.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection causes coronavirus disease 2019 (COVID-

19). As of February 23,2021, 111,365,509 cases and 2,466,239 deaths have been confirmed 1. SARS-CoV-2 induces

mild symptoms in the initial stage but has the potential to result in severe illness, including a systemic inflammatory
response syndrome, acute respiratory distress syndrome, multiorgan involvement, and shock 2.

In South Korea, the COVID-19 pandemic broke out in February 2020 (Fig. 1A), and the government raised the crisis
alert level to “severe,” the highest (Fig. 1B). The infectious disease prevention and control measures included shutting
down public facilities such as libraries and sports centers, and suspending school attendance. The public was
requested to refrain from going outside unnecessarily, except for commuting to/from work, and to maintain at least
1-2 meters distance from others in the workplace 2. As a result, personal movements based on mobile big data
decreased by 38.1% during the early period of the COVID-19 outbreak compared with before the outbreak 4. Thanks to
these preventive measures and cooperation from the general public, the number of daily new domestic infections in
South Korea fell dramatically.

In the early days following the introduction of the measures, people were cautious and made lifestyle changes, but
people became less cautious over time. The infection rate dropped from 441 to 47 per day as of October 15, 2020—
although it has risen to 621 per day as of February 17,2021 °. The Korean government has again raised the crisis
alert level, which means stricter observation of social distancing, and a ban on staying in public places and in indoor
health facilities, cafés, bars, and any places where people can get together, and is also prohibiting large-scale
gatherings (see http://ncov.mohw.go.kr/en).
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Several groups including ours, have reported that old age, diabetes mellitus (DM), cardiovascular disease (CVD),
hypertension, metabolic syndrome, and obesity are risk factors for fatal outcomes of COVID-19 ©. People with
coronary heart disease (CHD) or DM had a higher chance of being admitted to intensive care units, needing
mechanical ventilation, or of dying due to SARS-CoV-2 infection /. Because elevated glucose levels directly promote
SARS-CoV-2 replication, which essentially requires glycolysis in the host 8, patients with uncontrolled DM are expected
to experience a more rapid progression of COVID-19 . Moreover, metabolic syndrome induces host immune
dysregulation and pro-inflammatory milieu, leading to increased severity and mortality in COVID-19 via vasculopathy,
thrombosis, and coagulopathy °.

Conversely, inactivity associated with social and physical distancing for COVID-19 might impair metabolic control 9.
Thus, the preventive measures initiated as a response to the COVID-19 pandemic, such as preventing people from
going outdoors and shutting down exercise facilities, are likely to have a negative influence on public lifestyle and
behaviors 17, which could adversely affect cardiometabolic health '2. So far, the exact effects of COVID-19 prevention
and related control measures on the impact of such chronic diseases have not yet been evaluated. Here, we
hypothesized that the COVID-19 pandemic and associated unhealthy lifestyles have produced negative influences on
metabolic parameters in individuals with cardiometabolic risk factors.

Methods
Study design and population

This was a single-center, retrospective, observational cohort study conducted at Seoul National University Bundang
Hospital (SNUBH) in South Korea. The study was approved by our independent Ethics Committee/Institutional Review
Board (SNUBH: B-2008/630-102). The study population was adults aged over 19 years with diagnosed
cardiometabolic risk factors including impaired glucose metabolism, hypertension, dyslipidemia, or obesity who
visited the outpatients’ clinic at the Department of Endocrinology and Metabolism at SNUBH. Patients who visited
from September 1, 2016 to May 31, 2020 at least twice a year, before and after February, the time of South Korea'’s
COVID-19 outbreak, were further selected. In all, 7,094 patients were identified to have International Classification of
Diseases Tenth Edition (ICD-10) diagnostic codes of E10—14 for DM, 110 and 115 for hypertension, E78 for

dyslipidemia, and E66 for obesity using the hospital database, clinical data warehouse (CDW) 3.

Patients who were hospitalized for a major illness or major surgery, and who received dialysis during the study period
were excluded (Supplementary Fig. 1). Major surgery was defined as surgery performed for neoplasms, diseases of
the blood-forming organs, circulatory, or digestive systems, or injuries determined by ICD-10 codes starting with C, D, |,
K, or S. The number of patients hospitalized in the endocrinology unit did not differ between years, but they were
excluded from the study analysis because hospitalization for intensive glucose-lowering therapy might have hindered
identifying the impact of pandemic preventive measures. The number of patients who visited the outpatients’ clinic
during the COVID-19 pandemic was similar to the numbers who visited the clinic during the same time frame in
previous years. Thus, the loss of follow-up during the study period was unlikely to affect the study results.

Collection of clinical parameters

The Korean government reinforced the national public health emergency response by emphasizing the need to

maintain social distance on February 29, 2020. Therefore, we divided the clinical data according to the date of

examination: (i) from September 2019 to November 2019 (“fall”); (ii) from December 2019 to February 2020
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(“winter”), and (iii) from March 2020 to May (“spring”), and compared the clinical parameters in each season with
those of the previous years (2016-2017,2017-2018, and 2018-2019; Fig. 1C).

Patients’ outpatient care information, admission information, clinical laboratory values, anthropometric
measurements, and prescription information were retrieved from the CDW. Body weight, body mass index (BMI),
systolic and diastolic blood pressure (SBP and DBP respectively), and metabolic profiles such as the levels of fasting
plasma glucose (FPG), glycated hemoglobin (HbA1c), total cholesterol, triglyceride (TG), high-density lipoprotein-
cholesterol (HDL-c), and low-density lipoprotein-cholesterol (LDL-c) in each season were analyzed as means for each
individual. Data cleaning was performed for manually inputted anthropometrics into the system at the time of care.
Values that were obviously inaccurate, provided in ranges, or physically impossible and considered as typographic
errors were discarded, such as height >300 cm, body weight <10 kg, and DBP > SBP. For clinical values with a high
standard deviation (SD) in each individual, such as SBP SD >50 or weight SD >10, the consecutive measurements
were checked further to determine whether this was an error or a change of clinical status. Height was converted to a
4-year mean measure for each patient considering the measurement variation. Then, the BMI was recalculated as
mass (in kilograms) divided by height (in meters) squared. The use of medications for DM, hypertension, and
dyslipidemia was also investigated.

Anthropometric and biochemical parameters

Anthropometric and biochemical parameters were measured in SNUBH as reported previously 4. Height and body
weight were measured using standard methods with the subjects in light clothing. The FPG concentration was
measured using the glucose oxidase method (747 Clinical Chemistry Analyzer; Hitachi, Tokyo, Japan). HbA1c levels
were measured using a Bio-Rad Variant Il Turbo High-Performance Liquid Chromatography Analyzer (Bio-Rad,
Hercules, CA, USA) in a National Glycohemoglobin Standardization Program level Il certified laboratory. Total
cholesterol, TG, HDL-c, and LDL-c levels were measured using a 747 Clinical Chemistry Analyzer (Hitachi).

Metabolic syndrome was defined using modified Adult Treatment Panel lll criteria '°. Because the waist
circumference data were limited, the World Health Organization Asia-Pacific criteria for BMI were used '®; metabolic
syndrome was diagnosed as the existence of at least three abnormal components of: (i) FPG 3 100 mg/dL and/or
taking antidiabetic agents; (ii) SBP * 130 mmHg, DBP 3 85 mmHg, and/or taking antihypertensive agents; (i) TG 3
150 mg/dL and/or taking lipid-lowering agents; (iv) HDL-c £ 40 mg/dL in men and HDL-c < 50 mg/dL in women, and
(v) BMI ® 23 kg/m? and/or taking anti-obesity agents. Patients with HbA1c 2 6.5% and/or taking antidiabetic agents
were classified according to the state of DM treatment.

The 10-year CHD risk was calculated using the Framingham risk score (FRS) 1. The correlation of calculated CHD
risk with actual 10-year CHD was shown to be stronger when using total cholesterol levels than when using LDL-c

scoring in Korean subjects 8. Therefore, the FRS with total cholesterol scoring was used here.

Statistics

All data were obtained for the same subject in all 4 periods/seasons. Continuous variables are summarized as the
mean + SD and categorical variables are shown as the numbers and percentages of subjects. Normality of data
distribution was evaluated using the Shapiro—Wilk test and by histograms, which showed all variables to be normally
distributed with bell-shaped symmetric graphs. Student’s ttests for continuous variables and chi-squared tests for
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categorical variables were used for comparisons. The changes in values from winter 2019 to spring 2020 for the
2019-2020 season and those from the same time frame from 2016 to 2019 for 2016—-2017,2017-2018, and 2018~
2019 seasons were obtained. The values in the 2019-2020 season were compared with those of each previous
season using paired Student’s ttests, with Holm—Bonferroni correction. Because the patient follow-up period was up
to 6 months, not all the patients had complete seasonal data. To reduce the bias of visiting patient’s characteristics,
the dataset was imputed using multiple imputation by chained equations for the missing values from patients who
did not have complete test results '°. The imputed data were used to analyze changes in values. Relative risk (RR)
was calculated as the number of patients who showed worse metabolic syndrome components in the 2019-2020
season than those in the 2018-2019 season, expressed as RR with a 95% confidence interval (Cl). Subgroup
comparisons of risk estimates by age and sex were made with test of interaction 2°. Statistical significance was
considered at a two-sided p value < 0.05. All analyses were performed using R software version 4.0.2 (R Development
Core Team, Vienna, Austria) and RStudio version 1.3.1056 (RStudio, Inc., Boston, MA, USA).

Results
Patient characteristics

A total of 1,485 patients were included in this study, with a mean age of 61.8 + 11.7 years in September 2016. The
proportions of men and women were almost equal among the study participants (Male: n = 757, 51.0%). All of them
had at least one chronic cardiometabolic impairment such as DM, hypertension, dyslipidemia, or obesity at baseline
(Table 1). The number of comorbid diseases tended to increase with time. The total use of antidiabetic agents
increased in 2019 compared with 2016. The total use of antiobesity agents increased in 2019-2020 compared with
the previous 3 years. The usage of recently approved antidiabetic drugs, sodium—-glucose co-transporter 2 (SGLT-2)
inhibitors and glucagon-like peptide-1 receptor agonists (GLP-1 RAs), increased in 2019-2020 (Table 1).

Changes in cardiometabolic risk factors during the COVID-19
pandemic

The raw values of cardiometabolic risk components before and during the COVID-19 pandemic and preventive
measures are shown in Fig. 2. The body weight, BMI, SBP, and DBP values were higher in the spring of 2020
compared with the springs of other years. The increase in HbA1c levels was most prominent in the final seasons,
from 7.27 + 1.24% in the winter of 2019 to 7.33 + 1.25% in the spring of 2020 (2019-2020 season) compared with
other seasons. Differences in the levels of other factors—FPG, triglycerides, and HDL-c—were similar across all four
years. The differences in cardiometabolic risk factors are shown in Table 2. The SBP and total cholesterol measures
increased significantly during the COVID-19 pandemic when compared with the past three years. Increases in body
weight and BMI were statistically significant in the 2019-2020 season when compared with those in the 2017-2018
and 2018-2019 seasons.

Risk of developing metabolic syndrome during the COVID-19
pandemic

During the COVID-19 pandemic, the number of patients who worsened in terms of metabolic syndrome increased: 375

(25.3%) in 2019-2020 vs 309 (20.8%) in 2018-2019; RR 1.21, 95% CI 1.06-1.39) (Fig. 3A). Blood pressure and

HbA1c levels increased significantly in the 2019-2020 COVID-19 season compared with the previous 2018-2019
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season. In the comparison by the age of 65 years, patients aged under 65 years developed metabolic syndrome more
during the COVID-19 pandemic season than the previous year (RR 1.24,95% Cl 1.02-1.52), compared with those < 65
years (RR 1.18,95% CI 0.98-1.40). Among the metabolic syndrome components, the low HDL-c component increased
most prominently in this elderly group (RR 1.25,95% CI 1.01-1.54) (Fig. 3B). In the comparison by gender, male
subjects displayed a higher RR for the development of metabolic syndrome during the COVID-19 pandemic than
female subject, but there was no significant difference between them (p = 0.059). Among the metabolic syndrome
components, blood pressure and low HDL-cholesterol components, and the HbA1c level increased significantly in
males, while no component increased significantly in females during the COVID-19 pandemic (Fig. 3C).

Changes in coronary heart disease risk during the COVID-19
pandemic

The changes in 10-year CHD risk by FRS are shown in Fig. 4. The 10-year CHD risk increased in the 2019-2020
season, but not in the other three seasons: 1.0 + 6.2% in 2019-2020 vs —0.7 + 6.0% in 2018-2019, -0.2 + 5.3% in
2017-2018,and —0.2 + 5.4% in 2016—-2017, p < 0.05. During the COVID-19 pandemic, the number of patients with a
10-year CHD risk of low to intermediate significantly increased, compared with those in the three preceding seasons
(176 in 2019-2020 vs 141 in 2016-2017, 86 in 2017-2018, and 113 in 2018-2019, all p < 0.05). The number of
patients in 2017-2018 (86) was significantly lower than the number in 2016-2017 and in 2018-2019.

Discussion

Here, we found that cardiometabolic risk factors deteriorated significantly in subjects with metabolic impairment in
South Korea during the COVID-19 pandemic and its preventive measures. In this critical 2019-2020 season, the
proportion of subjects with metabolic syndrome increased significantly by 21% compared with the 2018-2019
season. The 10-year CHD risk also increased compared with the previous three years. We also found that not only the
body weight or BMI but also blood pressures, lipid profiles, and HbA1c changed in an unfavorable direction during the
COVID-19 pandemic and its preventive measures.

The preventive measures against the COVID-19 outbreak implemented in South Korea include recommending social
distancing of 1-2 meters, telecommuting, remote classes, and closure of exercise facilities, such as community
health centers, private fitness centers, swimming pools, and parks (described in Korean at
http://ncov.mohw.go.kr/socdisBoardView.do?brdld=6&brdGubun=1). These measures might contribute to an
aggravation of cardiometabolic risk factors in patients who have underlying metabolic dysregulation. According to
mobile big data #, because of the social distancing policy, personal movement of the general public in South Korea
decreased by 38.1% in the 4" week of the COVID-19 outbreak (February 24—March 1, 2020), compared with the period
before a confirmed COVID-19 case was identified (January 9-22, 2020). Like many countries, trips to all major
destinations except to personal residences in South Korea dropped significantly by 50 to 80% in early March 2020
when COVID-19 was declared a pandemic (https://kojects.com/2020/06/01/mobility-korea-covid-19/). A recent self-
reporting survey showed that people spent more time at home and actually gained weight during the COVID-19
pandemic 2. It was reported that acutely reduced physical activities during the COVID-19 pandemic might contribute
to aggravating insulin resistance and gaining body weight 22.

In addition, various public health interventions including staying at home, refraining from nonessential social
activities, and school closures limit access to healthy food options '°. Based on the data derived from the leading

Page 6/20


http://ncov.mohw.go.kr/socdisBoardView.do?brdId=6&brdGubun=1
https://kojects.com/2020/06/01/mobility-korea-covid-19/

food delivery apps in Korea (Baemin [https://www.baemin.com] and Yogiyo [www.yogiyo.co.kr]), the number of food
deliveries increased by 11% during February 1-16, compared with January 6—21, after the virus had spread across
the country (https://pulse news.co.kr/view.php?sc=30800 022&year=2020&n0=176494). Popular delivered foods
were fast foods such as pizza, fried chicken, French fries, and sugar-containing drinks 23. These foods are reported to
be more obesogenic than homemade foods 2*. More specifically, Korean-style fast foods are popular in South Korea
because they are less expensive and easier to order regardless of household income levels and residential location 2°.
Of particular concern, Korean-style fast foods contain high-carbohydrate ingredients such as white flour, white rice,
and cornstarch. The increased consumption of these foods is associated with increased energy density and high
glycemic load 2°. Some previous studies have shown that increased consumption of fast food and sugar-containing
drinks is associated with an increased risk of obesity, metabolic syndrome, and DM 2627,

From a sociological context, the COVID-19 pandemic has produced economic disruption and many households are
suffering financial distress, limiting their access to healthy foods. In addition, a decrease in outdoor activities and an
increase in time spent using the Internet and social network services, playing online games, and watching TV may
have also contributed to a harmful impact on their diet 28. Thus, preventive measures against the COVID-19 outbreak
may have contributed to a sedentary lifestyle and unhealthy nutrition among the general public.

We found that the 10-year CHD risk of patients has increased during the COVID-19 pandemic in South Korea. Patients
aged 2 65 years displayed an increasing trend in their 10-year CHD risk score (1.2 + 7.1%, p = 0.08) during the 2019-
2020 season compared with the previous 2018-2019 season, which may have contributed to the increased mortality
rate in the elderly during the COVID-19 pandemic.

In the current analysis, body weight, blood pressure, and lipid levels decreased in spring except for the 2019-2020
COVID-19 pandemic season. This is a similar finding to the results reported in previous studies 2°31. In contrast, the
cardiometabolic risk parameters in our cohort increased significantly during the COVID-19 pandemic and its
preventive measures. This opposite trend suggests that the unfavorable impact of the pandemic and its preventive
procedures on cardiometabolic risk parameters.

Other mechanisms have been suggested to explain the association of the COVID-19 pandemic and related
procedures, and the aggravation of metabolic profiles and increased cardiovascular risk. It is clear that the COVID-19
pandemic is having a negative influence on mental health 32. Many people are psychologically distressed due to a
fear of infection or dying, which might lead to systemic inflammation 33. Limited access to exercise facilities and
disruption of human relationships also increase psychological stress levels, which is likely to contribute to elevations
in blood pressure and dysregulation of glucose homeostasis by releasing stress hormones such as cortisol and
catecholamines via the hypothalamic—pituitary—adrenal axis 34. In fact, the sympathetic system is activated with
increased levels of catecholamines after catastrophic events, which influences the heart and blood vessels negatively
35 In metabolic dysregulated status, the renin—angiotensin system is activated inappropriately, which also leads to
increased production of angiotensinogen (up to 30% of circulating angiotensinogen) and to elevated plasma renin
activity, which in turn contributes to increasing blood pressure and deteriorating glucose metabolism 3°. Although the
effects of this pandemic may not be seen in the short term, its long-term impacts on cardiometabolic risk cannot be

ignored given the stressful socioeconomic conditions '2.

In this study, both males and patients under 65 years displayed a significantly increased risk of metabolic syndrome
and low HDL-c component during the COVID-19 pandemic compared with previous seasons in each population. In
general, middle-aged men are more involved in economic activity than women or elderly populations 3. Based on
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this, current preventive measures might have a greater impact on cardiometabolic profiles in male and patients under
65 years of age.

In this analysis, compared with other cardiometabolic parameters, there was no increase in the HbA1c levels during
the COVID-19 pandemic. The results might be because of increased usage of potent novel antidiabetic agents such
as SGLT-2 inhibitors and GLP-1 RAs. Indeed, the patients who started SGLT-2 inhibitors after September 2019 showed
reductions in HbA1c levels in the spring of 2020 (data not shown). Importantly, SGLT-2 inhibitors should be avoided
for severely ill patients because this agent can cause ketoacidosis and acute kidney injury ©. The use of liraglutide
also increased more than fivefold in the 2019-2020 season compared with previous seasons. Given that the
beneficial roles of GLP-1 RAs for preventing cardiovascular and kidney diseases have been well established 38, these
can be an ideal option for the treatment of patients with type 2 DM at such risk even during the COVID-19 pandemic °.

Considering the deterioration in cardiometabolic profiles during the COVID-19 pandemic, physicians should focus on
patients with metabolic impairments to prevent future adverse cardiovascular events. Elevated release of cytokines in
metabolic syndrome status is likely to provoke a “cytokine storm” in those individuals infected with SARS-CoV-2,
which may lead to multiorgan failure 3°. Governments and medical institutions must promote physical activity,
healthy eating, and mental health care during such pandemics. Social media or web-based programs can provide
convenient tools to guide such patients to have healthy lifestyles. Active counseling to help people with metabolic
dysregulation cope with barriers against healthier lifestyles would be helpful in this critical situation *°.

Our research had advantages in that we exclusively included regularly attending outpatients, who were followed up
for four years to reduce bias. Nonetheless, some limitations need to be mentioned. The study population was from a
single center and only individuals who visited at least twice a year during 2016-2020 were included. Thus, the results
reported might not be representative of the broader population in Korea. We did not investigate changes in physical
activity or dietary habits in the study subjects. Moreover, it was not possible to observe the actual occurrence of CHD
given the short observation period. Instead, we used the 10-year CHD risk estimated from the FRS, but this is a well-

established tool that has been used widely for this purpose 7.

In conclusion, we found that the COVID-19 pandemic and its preventive measures had a negative influence on
cardiometabolic profiles in subjects with metabolic impairments. This might be because of decreased physical
activity and unhealthy dietary patterns linked to preventive principles such as social distancing and lockdown.
According to the Community Mobility Reports released by Google (https://www.google.com/covid19/mobility/?hl =
en-GB), the movement trends are decreasing in many countries during the COVID-19 pandemic. From this
phenomenon, we can speculate that similar aggravation in cardiometabolic risks can be found in other countries
struggling with the pandemic. At present, most patients who die from COVID-19 are in their 70s or 80s. Of note, it
should be kept in mind that individuals with cardiometabolic risk factors are more vulnerable to SARS-CoV-2 infection
and have a higher chance of mortality compared with those without. This means that the COVID-19 pandemic will
lead to more serious collateral health problems in not-very-old populations through increasing comorbidity and
mortality induced by aggravations of cardiovascular and metabolic disorders. From a long-term perspective,
encouraging home exercise and healthy homemade meals is strongly recommended to mitigate the unfavorable
impact of COVID-19 and the related government preventive policy on cardiometabolic risks.

Abbreviations
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respiratory syndrome coronavirus 2; SBP: Systolic blood pressure; SD: Standard deviation; SGLT2: Sodium-glucose
co-transporter 2; SNUBH: Seoul National University Bundang Hospital; TG: Triglyceride

Declarations
ACKNOWLEDGMENTS

None.

CONFLICTS OF INTEREST
No declaration.

AUTHOR CONTRIBUTIONS

Conception or design: MS, BKK, SL Acquisition, analysis, or interpretation of data: MS, SL Drafting the work or
revising: MS, SL Final approval of the manuscript: MS, BKK, HIY, KHS, ESK, HBK, SL.

Ethics approval and consent to participate

Approval for this study was provided by the independent Ethics Committee/Institutional Review Board of Seoul
National University Bundang Hospital (SNUBH: B-2008/630-102). Need for consent was waived in this study.

Consent for publication

Not applicable.

Availability of data and materials

All datasets used and analyzed during this study are available from the corresponding author on reasonable request.

Funding

None.

References

1. Liu C, Feng X, Li Q, et al. Adiponectin, TNF-alpha and inflammatory cytokines and risk of type 2 diabetes: A
systematic review and meta-analysis. Cytokine 2016; 86: 100-109. 2016/08/09. DOI:
10.1016/j.cyt0.2016.06.028.

2. Wu Z and McGoogan JM. Characteristics of and Important Lessons From the Coronavirus Disease 2019 (COVID-
19) Outbreak in China: Summary of a Report of 72314 Cases From the Chinese Center for Disease Control and

Page 9/20



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Prevention. JAMA 2020; 323: 1239-1242. 2020/02/25. DOI: 10.1001/jama.2020.2648.

. Stronger Social Distancing for 15 Days, Starting with the Government!,

https://www.mohw.go.kr/eng/nw/nw0101vw.jsp?
PAR_MENU_ID=1007&MENU_ID=100701&page=1&CONT_SEQ=353716 (2020, accessed 5 Nov 2020).

. Park IN and Yum HK. Stepwise Strategy of Social Distancing in Korea. J Korean Med Sci 2020; 35: €264.

2020/07/21.DOI: 10.3346/jkms.2020.35.e264.

. Porzionato A, Emmi A, Barbon S, et al. Sympathetic activation: a potential link between comorbidities and COVID-

19. FEBS J2020; 287: 3681-3688. 2020/08/12. DOI: 10.1111/febs.15481.

. Lim S, Bae JH, Kwon HS, et al. COVID-19 and diabetes mellitus: from pathophysiology to clinical management.

Nat Rev Endocrinol 2021; 17: 11-30. 2020/11/15. DOI: 10.1038/s41574-020-00435-4.

. Guan WJ, Ni ZY, Hu Y, et al. Clinical Characteristics of Coronavirus Disease 2019 in China. N Engl/ J Med 2020;

382:1708-1720. 2020/02/29. DOI: 10.1056/NEJM0a2002032.

. Codo AC, Davanzo GG, Monteiro LB, et al. Elevated Glucose Levels Favor SARS-CoV-2 Infection and Monocyte

Response through a HIF-1alpha/Glycolysis-Dependent Axis. Cell Metab 2020; 32: 437-446 e435. 2020/07/23.
DOI: 10.1016/j.cmet.2020.07.007.

. Bansal R, Gubbi S and Muniyappa R. Metabolic Syndrome and COVID 19: Endocrine-lmmune-Vascular

Interactions Shapes Clinical Course. Endocrinology 2020; 161 2020/07/01. DOI: 10.1210/endocr/bgaa112.

Lim S, Lim H and Despres JP. Collateral Damage of the COVID-19 Pandemic on Nutritional Quality and Physical
Activity: Perspective from South Korea. Obesity (Silver Spring) 2020; 28: 1788-1790. 2020/06/17. DOI:
10.1002/0by.22935.

Di Renzo L, Gualtieri P, Pivari F, et al. Eating habits and lifestyle changes during COVID-19 lockdown: an Italian
survey. J Transl Med 2020; 18: 229. 2020/06/10. DOI: 10.1186/s12967-020-02399-5.

Mattioli AV, Ballerini Puviani M, Nasi M, et al. COVID-19 pandemic: the effects of quarantine on cardiovascular
risk. Eur J Clin Nutr2020; 74: 852-855. 2020/05/07. DOI: 10.1038/s41430-020-0646-z.

Yoo S, Lee KH, Lee HJ, et al. Seoul National University Bundang Hospital's Electronic System for Total Care.
Healthc Inform Res 2012; 18: 145-152.2012/07/31. DOI: 10.4258/hir.2012.18.2.145.

Shin Y, Moon JH, Chin HJ, et al. Glycemic Efficacy and Metabolic Consequences of an Empagliflozin Add-on

versus Conventional Dose-Increasing Strategy in Patients with Type 2 Diabetes Inadequately Controlled by

Metformin and Sulfonylurea. Endocrinol Metab (Seoul) 2020; 35: 329-338. 2020/07/04. DOI:

10.3803/EnM.2020.35.2.329.

Expert Panel on Detection E and Treatment of High Blood Cholesterol in A. Executive Summary of The Third

Report of The National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, And

Treatment of High Blood Cholesterol In Adults (Adult Treatment Panel Ill). JAMA 2001; 285: 2486-2497.

2001/05/23. DOI: 10.1001/jama.285.19.2486.

WHO. The Asia-Pacific perspective : redefining obesity and its treatment. 2000. World Health Organization.

Regional Office for the Western Pacific.

Wilson PW, D'Agostino RB, Levy D, et al. Prediction of coronary heart disease using risk factor categories.

Circulation 1998; 97: 1837-1847.1998/05/29. DOI: 10.1161/01.cir.97.18.1837.

Kwon SY and Na YA. The Assessment of Framingham Risk Score and 10 Year CHD Risk according to Application

of LDL Cholesterol or Total Cholesterol. Korean J Clin Lab Sci2016; 48: 54-61. DOI:

https://doi.org/10.15324/kjcls.2016.48.2.54.

S van Buuren KG-O. mice: Multivariate Imputation by Chained Equations in R. J Stat Softw 2011, 45: pp. 1-67.
Page 10/20


https://www.mohw.go.kr/eng/nw/nw0101vw.jsp?PAR_MENU_ID=1007&MENU_ID=100701&page=1&CONT_SEQ=353716
https://doi.org/10.15324/kjcls.2016.48.2.54

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Altman DG and Bland JM. Interaction revisited: the difference between two estimates. BMJ 2003; 326: 219.
2003/01/25. DOI: 10.1136/bmj.326.7382.219.

Zachary Z, Brianna F, Brianna L, et al. Self-quarantine and weight gain related risk factors during the COVID-19
pandemic. Obes Res Clin Pract 2020; 14: 210-216. 2020/05/29. DOI: 10.1016/j.orcp.2020.05.004.

Martinez-Ferran M, de la Guia-Galipienso F, Sanchis-Gomar F, et al. Metabolic Impacts of Confinement during the
COVID-19 Pandemic Due to Modified Diet and Physical Activity Habits. Nutrients 2020; 12 2020/05/30. DOI:
10.3390/nu12061549.

Kim TH, Park Y, Myung J, et al. Food price trends in South Korea through time series analysis. Public Health 2018;
165: 67-73.2018/11/02. DOI: 10.1016/j.puhe.2018.09.007.

Fleischhacker SE, Evenson KR, Rodriguez DA, et al. A systematic review of fast food access studies. Obes Rev
2011;12: e460-471.2010/02/13. DOI: 10.1111/j.1467-789X.2010.00715.x.

Lim H, Lee HJ, Choue R, et al. Trends in Fast-Food and Sugar-Sweetened Beverage Consumption and Their
Association with Social Environmental Status in South Korea. J Acad Nutr Diet 2018; 118: 1228-1236 e1221.
2017/10/11.DOI: 10.1016/j.jand.2017.08.001.

Pereira MA, Kartashov Al, Ebbeling CB, et al. Fast-food habits, weight gain, and insulin resistance (the CARDIA
study): 15-year prospective analysis. Lancet 2005; 365: 36-42. 2005/01/11. DOI: 10.1016/S0140-
6736(04)17663-0.

Duffey KJ, Gordon-Larsen P, Jacobs DR, Jr., et al. Differential associations of fast food and restaurant food
consumption with 3-y change in body mass index: the Coronary Artery Risk Development in Young Adults Study.
Am J Clin Nutr2007; 85: 201-208. 2007/01/09. DOI: 10.1093/ajcn/85.1.201.

Pearson N and Biddle SJ. Sedentary behavior and dietary intake in children, adolescents, and adults. A
systematic review. Am J Prev Med 2011; 41: 178-188. 2011/07/20. DOI: 10.1016/j.amepre.2011.05.002.

Visscher TL and Seidell JC. Time trends (1993-1997) and seasonal variation in body mass index and waist
circumference in the Netherlands. /nt J Obes Relat Metab Disord 2004; 28: 1309-1316. 2004/08/18. DOI:
10.1038/sj.ij0.0802761.

Ushigome E, Kitagawa N, Kitae A, et al. Seasonal variation in home blood pressure and its relationship with room
temperature in patients with type 2 diabetes. Diab Vasc Dis Res 2020; 17: 1479164119883986. 2019/11/16. DOI:
10.1177/1479164119883986.

Ockene IS, Chiriboga DE, Stanek EJ, 3rd, et al. Seasonal variation in serum cholesterol levels: treatment
implications and possible mechanisms. Arch Intern Med 2004, 164: 863-870. 2004/04/28. DOI:
10.1001/archinte.164.8.863.

Rajkumar RP. COVID-19 and mental health: A review of the existing literature. Asian J Psychiatr2020; 52:
102066. 2020/04/18. DOI: 10.1016/j.ajp.2020.102066.

Mattioli AV, Nasi M, Cocchi C, et al. COVID-19 outbreak: impact of the quarantine-induced stress on
cardiovascular disease risk burden. Future Cardiol 2020 2020/05/01. DOI: 10.2217/fca-2020-0055.

Stephens MA and Wand G. Stress and the HPA axis: role of glucocorticoids in alcohol dependence. Alcohol Res
2012; 34: 468-483.2012/01/01.

Mattioli AV, Sciomer S, Cocchi C, et al. Quarantine during COVID-19 outbreak: Changes in diet and physical
activity increase the risk of cardiovascular disease. Nutr Metab Cardiovasc Dis 2020; 30: 1409-1417.
2020/06/24.DOI: 10.1016/j.numecd.2020.05.020.

Cabandugama PK, Gardner MJ and Sowers JR. The Renin Angiotensin Aldosterone System in Obesity and
Hypertension: Roles in the Cardiorenal Metabolic Syndrome. Med Clin North Am 2017;101: 129-137.

Page 11/20



2016/11/26. DOI: 10.1016/j.mcna.2016.08.009.

37. Azevedo MR, Araujo CL, Reichert FF, et al. Gender differences in leisure-time physical activity. Int J Public Health
2007; 52: 8-15.2007/10/31. DOI: 10.1007/s00038-006-5062-1.

38. Prattichizzo F, La Sala L, Ryden L, et al. Glucose-lowering therapies in patients with type 2 diabetes and
cardiovascular diseases. Eur J Prev Cardiol 2019; 26: 73-80. 2019/11/27. DOI: 10.1177/2047487319880040.

39. Michalakis K and llias I. SARS-CoV-2 infection and obesity: Common inflammatory and metabolic aspects.
Diabetes Metab Syndr2020; 14: 469-471.2020/05/11. DOI: 10.1016/j.dsx.2020.04.033.

40. Patnode CD, Evans CV, Senger CA, et al. Behavioral Counseling to Promote a Healthful Diet and Physical Activity
for Cardiovascular Disease Prevention in Adults Without Known Cardiovascular Disease Risk Factors: Updated
Evidence Report and Systematic Review for the US Preventive Services Task Force. JAMA 2017;318: 175-193.
2017/07/12.DOI: 10.1001/jama.2017.3303.

Tables

Page 12/20



Table 1. Patients’ characteristics

Winter 2016

Winter 2017

Winter 2018

Winter 2019

Comorbid status

Diabetes mellitus
Hypertension
Dyslipidemia
Obesity

1348 (90.8%)
814 (54.8%)
1162 (78.2%)
740 (49.8%)

1348 (90.8%)
834 (56.2%)
1158 (78.0%)
778 (52.4%)

1348 (90.8%)
840 (56.6%)
1163 (78.3%)
753 (50.7%)

1350 (90.9%)
849 (57.2%)
1169 (78.7%)
689 (46.4%)

Concomitant medications

Antidiabetic agents, n (%)
Insulin, n (%)
Metformin, n (%)

DPP4 inhibitors, n (%)
SGLT-2 inhibitors, n (%)

Sulfonylureas, n (%)
Thiazolidinediones, n (%)
a-glucosidase inhibitors, n (%)

GLP-1 RAs, n (%)

1159 (78.0%)

190 (12.8%)

1087 (73.2%)

590 (39.7%)
79 (5.3%)

485 (32.7%)
92 (6.2%)
6 (0.4%)
4 (0.3%)

1181 (79.5%)

192 (12.9%)

1100 (74.1%)
570 (38.4%)
102 (6.9%)

511 (34.4%)
84 (5.7%)
5 (0.3%)
6 (0.4%)

1207 (81.3%)?
188 (12.7%)

1123 (75.6%)
561 (37.8%)

174 (11.7%)®P
519 (34.9%)
73 (4.9%)

5 (0.3%)
14 (0.9%)

1212 (81.6%)?
218 (14.7%)
1113 (74.9%)
557 (37.5%)
209 (14.1%)2P
520 (35.0%)
68 (4.6%)
4 (0.3%)

14 (0.9%)?

Antihypertensive agents, n (%)
ACE inhibitors, n (%)

ARBs, n (%)

CCB, n (%)

Diuretics, n (%)

b-blockers, n (%)

726 (48.9%)
65 (4.4%)
554 (37.3%)
398 (26.8%)
92 (6.2%)
90 (6.1%)

753 (50.7%)
64 (4.3%)
556 (37.4%)
421 (28.4%)
101 (6.8%)
108 (7.3%)

763 (51.4%)
64 (4.3%)
570 (38.4%)
429 (28.9%)
103 (6.9%)
108 (7.3%)

767 (51.6%)
58 (3.9%)
580 (39.1%)
431 (29.0%)
109 (7.3%)
96 (6.5%)

Lipid-lowering agents, n (%)
Statins, n (%)

Ezetimibe, n (%)

887 (59.7%)
878 (59.1%)
160 (10.8%)

888 (59.8%)
877 (59.1%)
171 (11.5%)

891 (60.0%)
880 (59.3%)
186 (12.5%)

907 (61.1%)
893 (60.1%)
182 (12.3%)

PCSKO9 inhibitors, n (%) 0 (0%) 0 (0%) 0 (0%) 1 (0.1%)
Fibrates, n (%) 36 (2.4%) 57 (3.8%) 28 (1.9%)P 33 (2.2%)P
Cholestyramine resin, n (%) 1 (0.1%) 0 (0%) 1 (0.1%) 1 (0.1%)
Nicotinic acid, n (%) 1 (0.1%) 0 (0%) 0 (0%) 0 (0%)
Omega 3 fatty acid, n (%) 15 (1.0%) 12 (0.8%) 15 (1.0%) 21 (1.4%)
Anti-obesity agents, n (%) 1 (0.1%) 2 (0.1%) 7 (0.5%)2 41 (2.8%)b.c
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Liraglutide 3 mg, n (%) 0 (0%) 0 (0%) 7 (0_5%)a,b 40 (2.7%)a,b,c

Orlistat, n (%) 1 (0.1%) 0 (0%) 0 (0%) 0 (0%)
Phentermine/Topiramate, n (%) 0 (0%) 1 (0.1%) 0 (0%) 0 (0%)
Naltrexone/Bupropion, n (%) 0 (0%) 1 (0.1%) 0 (0%) 1 (0.1%)

Abbreviations: DPP4, dipeptidyl peptidase-4; SGLT-2, sodium-glucose co-transporter 2; GLP-1 RA,
glucagon-like peptide-1 receptor agonist; ACE, angiotensin-converting enzyme; ARB, angiotensin
II receptor blocker; CCB, calcium channel blocker; PCSK9, proprotein convertase subtilisin/kexin

type 9
ap < 0.05 compared with the fall and winter of 2016; Pp < 0.05 compared with the fall and winter

of 2017; °p < 0.05 compared with the fall and winter of 2018
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Table 2. Changes of metabolic
Korea COVID-19 pandemic

syndrome components before (winter) and during (spring) the South

Variables Winter Spring 2016- Winter Spring 2017- Winter Spring 2018- Winter Spring 2019-
2016 2017 2017 2017 2018 2018 2018 2019 2019 2019 2020 2020
changes changes changes changes
Bwt, kg 669 + 668+ -0.07 = 675 666+ -089 + 672 =x 662 -1.04 65.8 £ 66.0+x 0.21 =+
12.3 12.2 5.12 114 12.2 5.942 12.7 11.7 +7.752 11.7 12.0 3.05P¢
BMI, 252+ 252+ -002 + 254+ 251+ -034 + 253+ 250x -039 = 248+ 249+ 009 =+
kg/m? 3.3 3.3 1.98 3.0 3.2 2.182 3.6 3.10 3.03? 3.1 3.2 1.16b¢
SBP, 133.0 1323 -0.7 =+ 1343 1315 -28 =+ 1354 1339 -14 + 1363 1389 26 +
mmHg +14.7 +14.9 143 +14.1 +145 14.32 +151 =+16.3 16.5 +15.6 +18.3 18.2bC
DBP, 776 £ 765+ -1.2 + 778+ 752+ -26 + 768+ 750+ -1.7 <+ 765 761+ -04 %
mmHg 10.6 10.4 10.5 9.8 10.2 9.62 11.0 11.9 11.8 11.8 12.5 11.9b¢
FPG, 140.1 139.4 -0.7 + 1433 139.8 -3.5 + 141.6 141.3 -0.3 + 138.8 136.5 -2.3 +
mg/dl +40.9 +389 36.8 +41.6 +£39.5 374 +42.8 +419 41.6 +37.8 +£40.3 36.2
HbAlc, 716+ 712+ -004 x 717x 719+ 003 <+ 718+ 723+ 005 =+ 7.12+ 7.19x 0.07 =+
%o 1.26 1.22 0.82 1.17 1.24 0.79 1.18 1.17 0.782 1.23 1.25 0.932
IC, 1659 1648 -1.1 = 166.7 1665 -02 + 163.3 1621 -1.2 =+ 1619 166.1 4.1 +
mg/dl +36.2 +354 259 +376 +£36.4 304 +354 +£35.7 294 +37.8 +37.8 33.2abc¢
TG, 148.2 1410 -71 + 147.6 1405 -71 x 139.0 1405 1.5 + 137.8 142.6 4.8 +
mg/dl +86.0 +94.9 80.8 +96.1 +904 76.3 +£79.3 +91.9 72.6%P +91.9 +833 69.4%P
HDL-c, 50.4 £+ 50.1 + -0.3 + 511+ 497x -14 + 496 + 508+ 1.2 + 522+ 516+ -0.6 +
mg/dl 10.7 10.6 6.9 114 12.3 6.72 11.7 12.5 7.42b 12.8 13.0 7.9bc
LDL-c, 90.8 =+ 89.7+ -1.1 + 90.7+ 981+ 74 + 969+ 968+ -0.1 + 96.1 £+ 994 + 34 +
mg/dl 26.0 25.0 18.7 27.0 26.5 21.62 25.6 26.2 20.9P 27.0 27.5 24.13b.c

Data presented as mean + SD, Abbreviations: Bwt, body weight;

BMI, body mass index; SBP, systolic blood pressure; DBP,

diastolic blood pressure; FPG, fasting plasma glucose; HbAlc, glycated hemoglobin; TC, total cholesterol; TG, triglyceride;

HDL-c, high-density lipoprotein-cholesterol; LDL-c, low-density lipoprotein-cholesterol.

*adjusted p < 0.05; compared with changes in 2016-2017; Padjusted p < 0.05 compared with changes in 2017-2018; adjusted

p < 0.05 compared with changes in 2018-2019.

Figures

Page 15/20



.  Enforced preventive measures in South Korea

1,000 W Confemed cases @ Deaths W Release Bolation 15t

eased

8

1 1

g

Number of cases

8

e T
on 22-Mar-2020  on 0G-Apr-2020 on 19-Apr-2020

0 | | | LlLLLeetes
DM NT 220223 26 D29 3T 6 ME T IS VI8 321 324 32T VI 42 45 48 411 414 41T 420 423 46 49 52

l

b
2020
9 Dec 2019 | 20 Jan 22Feb 29 Feb 22 Mar 6 Apr 19 Apr 5 May 9 May
9 i @ @ @ @ @ @ *—@
; The Korean crisis alert ‘Social distancing” increased to F G ooy .
el hinl increased to severe’ ‘enhenced social distancing’ i oo Qg Gatherings banned
First patient showing symptoms S r-wrer;ase n with the second death caused  requiring the public to delay or :_e:ee_sedJ to:piain:social because of group
gﬁcm by SARS-CoV-2 in Wuhan, by COVID-19 cancel nonessential gatherings. ~ ©' o0 o Snieeton
. The national public health 'S_tlclal distancing rgd}lced to
emergency response system distancing in daily life
@ situation outside South Korea @ Ssituation in South Korea reformed by the 5. Korean
government
2020
c
2019 spring summer
2018 ‘spring | summer fall winter | <« *
2017 spring | e | il | | Changes in values
2016 spring summer fall winter |« * from winter 2019 to spring 2020
- Changes in values (2019-2020 season)
fall winter |« * ; from winter 2018 to spring 2019
Changes in values (2018-2019 season) b 4
) from winter 2017 to spring 2018 b
Changes in values (2017-2018 season) s
from winter 2016 to spring 2017 -
(2016-2017 season) -
Changes in values from winter 2019 to spring 2020 (2019-2020 season) were compared with those of previous seasons
Figure 1

Timeline of the South Korea COVID-19 outbreak and our research design reflecting it. (A) The effect of strengthening
social distancing (from Korea Centers for Disease Control and Prevention, as of May 6, 2020). (B) The timeline of the
COVID-19 pandemic in South Korea, (C) The research design to analyze the impact of preventive measures.
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Figure 2

The changes in metabolic syndrome components before (i.e., fall and winter, 2019) and during (i.e., spring, 2020) the
COVID-19 pandemic in South Korea: (A) body weight, (B) BMI, (C) SBP, (D) DBP, (E) HbA1c, (F) FPG, (G) triglycerides,
(H) HDL-c. Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; HbA1c,
glycated hemoglobin; FPG, fasting plasma glucose; HDL-c,
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Figure 3

The relative risk (RR) of the patients who have worsened in metabolic syndrome components in the 2019-2020
season (COVID-19 pandemic period) when compared with that in the 2018-2019 season: (A) all patients, (B) age
groups divided at 65 years, (C) sex. Abbreviations: MetS, metabolic syndrome; BMI, body mass index; BP, blood
pressure; TG, triglyceride; HDL, high-density lipoprotein; FPG, fasting plasma glucose.
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Figure 4

The 10-year CHD risk by FRS: (A, C) 10-year CHD risk by FRS for four years, (B, D) Changes in 10-year CHD risk by FRS
before (winter 2019) and during (spring 2020) the COVID-19 pandemic in South Korea. Abbreviations: CHD, coronary
heart disease; FRS, Framingham risk score. Asterisk (*) refers to p < 0.05 of changes in 2019-2020 compared with
changes in 2018-2019.
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Patients (n = 7,094)

. who visited the outpatient clinic at SNUBH
since 2016

. who were diagnosed with diabetes mellitus,
hypertension, dyslipidemia, or obesity

|

All patients who visited at least
twice a year for four
consecutive years
n=1,623

Exclusion criteria:

* receiving dialysis (n = 2)

* hospitalized in an intensive care unit (n = 33)
* hospitalized in an endocrine unit (n =62)

* undergoing major surgery (n =41)

+ metastaticcancer (n =0)

h 4

Patients who visited at least
twice a year for four
consecutive years and met the
inclusion criteria
n=1,485

Figure 5

Flow chart of study population selection
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