
UCSF
UC San Francisco Previously Published Works

Title
Health Behavior Adherence in a Metropolitan-Based Metabolic Syndrome Management 
Program during the COVID-19 Pandemic.

Permalink
https://escholarship.org/uc/item/56w1v5gv

Journal
Journal of Obesity & Metabolic Syndrome, 33(2)

Authors
Park, Sungwon
Quinn, Lauretta
Park, Chang
et al.

Publication Date
2024-06-30

DOI
10.7570/jomes23039
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/56w1v5gv
https://escholarship.org/uc/item/56w1v5gv#author
https://escholarship.org
http://www.cdlib.org/


166 | https://www.jomes.org J Obes Metab Syndr 2024;33:166-176 
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Background: The COVID-19 pandemic increased the worldwide prevalence of metabolic syndrome. The pur-
pose of this study was to assess health behavior adherence during the pandemic in adults who had engaged in 
a metabolic syndrome management program for at least 6 months. This assessment included an evaluation of 
health behavior changes, factors influencing adherence, and clinical parameters. The city-wide program was op-
erated by the Seoul Metropolitan Government.
Methods: Baseline and follow-up data were compared in 116 participants who engaged in the program for at 
least 6 months prior to the pandemic. Health behaviors and clinical parameters were examined. Generalized es-
timating equation analysis was used to identify sociodemographic variables influencing health behavior adher-
ence over time.
Results: Systolic blood pressure, waist circumference, and blood glucose improved (all P<0.05), and risk factors 
decreased (P<0.001) from baseline to follow-up (mean±standard deviation, 1.13±0.91 years). All six health 
behaviors, physical activity and weight control, eating habits, alcohol consumption and smoking, stress man-
agement, sleep and rest, and medication compliance and medical examination improved (all P<0.001) from 
baseline to follow-up (2.37±1.05 years). Smoking and employment negatively influenced adherence to health 
behaviors (P<0.05). Participants felt the most beneficial part of the program was receiving sequential medical 
examination results with follow-up consultations by public health professionals without charge.
Conclusion: Our study demonstrated the durability of the impact of the Seoul Program on all six targeted 
health behaviors as well as clinical parameters. Findings encourage participation in such broad-based programs 
and development of novel approaches to facilitate success for smokers and employed participants.
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INTRODUCTION

Metabolic syndrome affects about one-third of the world’s popu-
lation and the prevalence is increasing.1-3 Metabolic syndrome can 
include hypertension, high blood glucose levels, excessive body fat 
around the waist, and abnormal cholesterol or triglyceride levels. 

This syndrome increases risk of stroke, heart disease, and type 2 di-
abetes mellitus and heightens the health risks of coronavirus disease 
2019 (COVID-19).4,5 Managing metabolic syndrome is challeng-
ing as the disease results from a combination of social, economic, 
occupational, psychological, and genetic factors along with unhealthy 
behaviors such as smoking, alcohol consumption, poor diet, and 
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inadequate exercise.6-10

Metabolic syndrome poses a major public health problem glob-
ally, including in South Korea. In 2021, 21.3% of South Koreans 
had metabolic syndrome.1 In Seoul, the country’s largest city, the 
Metropolitan Government has operated a comprehensive metabol-
ic syndrome management program (the Seoul Program) for over 
10 years. This program is accessible to the city’s entire population 
and provides assessments of participants’ clinical parameters over 
time and provides simple lifestyle action plans to help decrease met-
abolic syndrome risk.11 The Seoul Program is similar to the Lifestyle 
Change Programs of the United States National Diabetes Preven-
tion Program; both programs aim to teach participants to make sus-
tainable lifestyle changes that include healthier eating habits, per-
forming daily physical activity, and enhancing coping skills.12,13 

The COVID-19 pandemic forced governments throughout the 
world to implement social restrictions that negatively affected indi-
viduals’ daily lives and lifestyles, resulting in an increased prevalence 
of metabolic syndrome and other chronic illnesses.14-16 For example, 
restrictive lockdowns in Italy affected not only elderly people at high-
risk of COVID-19 infection, but also young and healthy people. 
Auriemma et al.14 reported that routine physical exercise was limit-
ed to brief in-house workouts or was abandoned entirely. Also, ac-
cess to fresh, healthy food was reduced; and social isolation and 
loneliness increased, lifestyle patterns were disrupted, and circadian 
rhythms altered.14 As a result, obesity, dyslipidemia, and metabolic 
syndrome significantly increased after the lockdowns.14 

Prior to the pandemic only a few studies had evaluated the Seoul 
Program’s outcomes, and these focused exclusively on clinical pa-
rameters, risk factors, or dietary adherence.11,17,18 All were limited to 
12 months of participation although participants are allowed to 
continue participating in the program as long as desired. To our 
knowledge, no studies have reported outcomes longer than 1 year 
from baseline or comprehensively addressed all six areas of health 
behavior change, physical activity and weight control, eating habits, 
alcohol consumption and smoking, stress management, sleep and 
rest, and medication compliance and medical examination. Also, 
these studies have not characterized the impact of the COVID-19 
pandemic on adherence. The purpose of this study was to assess 
health behavior adherence during the pandemic in adults who had 
engaged in the Seoul Program for at least 6 months. Our focus was 

on health behavior changes, factors influencing adherence, and 
clinical parameters. This study examined the durability of the pro-
gram effects after being suspended for the pandemic. Based on the 
Information-Motivation-Behavioral Skills model,19 we predicted 
that the health behavior information, motivational training, and 
skills provided by the Seoul Program, which were designed to re-
duce metabolic syndrome risk factors, would improve targeted 
health behaviors.

METHODS

Study design 
Using a pretest-posttest design, baseline and follow-up data were 

compared in 116 participants of the Seoul Program for a minimum 
of 6 months. This participation in the Seoul Program occurred pri-
or to the suspension of the program due to the pandemic. Health 
behaviors and clinical parameters and the influence of nine sociode-
mographic variables were examined.

Sample
Inclusion criteria were: (1) participated in the Seoul Program a 

minimum of 6 months; (2) had at least one risk factor for metabol-
ic syndrome during Seoul Program participation; (3) provided the 
results of metabolic syndrome diagnostic tests from the start and 
end of program participation; (4) had not been pregnant since start-
ing the program; (5) were able to communicate by telephone and 
to read and write in Korean. 

The target sample size for the study was calculated using the 
G*Power 3.1 program. A significance level of 0.05, an effect size of 
0.15, a power of 80%, and six expected predictors were assumed for 
this calculation. The calculated sample size of 98 was adjusted to 
allow for a 10% dropout rate. Therefore, the final target sample size 
was 108 making our sample size of 116 sufficient to meet our cal-
culation assumptions. Fig. 1 presents the flow diagram for recruit-
ment and data collection.

Description of the Seoul Program 
Since 2009, the Seoul Metropolitan Government has operated 

the city-wide Seoul Program to prevent and manage metabolic syn-
drome.20 Table 1 presents the components of the program. Minimum 
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participation in the program is normally 12 months with the option 
to continue for as long as desired and eligible. Eligibility was restrict-
ed to those having at least one risk factor for metabolic syndrome. 
Counseling and testing were provided at baseline, 3–6 months, and 
12 months. Results from metabolic syndrome tests and other in-
formation were provided to participants along with one-on-one 
counseling and lifestyle action plans by public health professionals 
(e.g., public health nurses, physicians, nutritionists, and personal 
trainers). Motivational messages are provided by a smartphone via 
a short message service.20-22

Measures
Clinical parameters and metabolic syndrome risk factors

Metabolic syndrome risk factors were defined by the modified 
National Cholesterol Education Program-Adult Treatment Panel 
III for Koreans.23 Risk factors were evaluated using six clinical pa-
rameters (metabolic syndrome test results) collected by the Seoul 
Program at entry into the program (baseline) and at the last visit 
(follow-up). These parameters were: systolic blood pressure, dia-

stolic blood pressure, blood glucose level, triglyceride level, high-
density lipoprotein cholesterol level, and waist circumference.

Health behaviors and health behavior adherence

Health behaviors were evaluated using Kang’s24 Lifestyle Evalua-
tion Tool for Patients with Metabolic Syndrome. This 36-item in-
strument measures health behaviors in six categories: physical ac-
tivity and weight control, eating habits, alcohol consumption and 
smoking, stress management, sleep and rest, and medication com-
pliance and medical examination. Health behaviors were rated on a 
5-point Likert scale ranging from “not at all times” to “always.” Higher 
scores indicated better adherence to recommended behaviors. For 
this study, the reliability of the instrument was supported by a Cron-
bach’s α of 0.92 at baseline and 0.93 at follow-up.

Participant feedback on the Seoul Program 

Two open-ended questions were asked to elicit feedback on 
the program: “what were the most helpful parts of the program” 
and “what do you need to be able to make healthy changes in your 
life?”

Data collection procedures 
Due to the pandemic, the 25 public health centers that adminis-

ter the Seoul Program were closed and the program was suspended 
in February 2020. Data collection for this study began in Novem-
ber 2020 and ended in September 2021. Participants were recruit-
ed by electronic study fliers distributed by 482 participating com-
panies, non-government organizations, and community welfare 
centers. These participating organizations were provided by the 
public health centers to the principal investigator (SP). In addition, 
social media platforms, e.g., Instagram, Kakaostory, and Facebook, 
and snowball sampling were used to recruit participants. Partici-

Table 1. Seoul metabolic syndrome project components 

Procedure (1) Completion of questionnaires regarding metabolic syndrome and metabolic syndrome diagnostic tests.
(2)  One-on-one counseling with a registered nurse or physician, including medical examination results; dietary consultation 

with a nutritionist; physical activity consultation with a personal trainer; and simple lifestyle action plans.
(3) Receipt of health information 2–4 times per month via SMS.

Times of counseling/ 
testing

Baseline and every 3–6 months up to 12 months for all participants. After 12 months, participants are given the opportunity 
to stop or to continue participating. 

SMS is automatically delivered via smartphone using the public health center data system after registration in the Seoul Metabolic Syndrome Project.
SMS, short message service.

Figure 1. Recruitment and data collection. 

134 Eligibility screening 
questionnaire accessed on 

REDCap

116 Eligibility verification

116 Telephone survey completion

116 Total number of participants

-   4 Failed eligibility requirements
- 14 Not completed

10 Contacts from those who were 
not eligible to join the study
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pants received an e-gift card worth about $50 USD as compensa-
tion for their time.

Clinical parameters and metabolic syndrome risk factors

Participants submitted their program-issued metabolic syndrome 
test results for two time points: (1) baseline, at their start in the 
Seoul Program and (2) follow-up, at their completion of the pro-
gram. These test results were collected by the Seoul Program using 
standard medical procedures (blood pressure readings, waist cir-
cumference, and blood test specimens) taken in-person by a trained 
health care professional. The standard laboratory analyses that fol-
lowed were of blood glucose, triglyceride, and high-density lipopro-
tein cholesterol levels. Participants submitted test results using a re-
search electronic text message data capture link, and all the infor-
mation was secured using a password and encrypted.

Health behaviors and health behavior adherence

Health behaviors, sociodemographic characteristics, and dates of 
program participation as confirmed by the clinical parameter data 
were collected by telephone interview. Health behaviors were as-
sessed at baseline and follow-up. For baseline health behaviors, par-
ticipants used program notes and diagnostic test results as memory 
aids for their health behavior at the start of the program. For follow-
up health behaviors, participants reported their current health be-
haviors during the COVID-19 pandemic. 

Because metabolic test results were all completed prior to the 
telephone interview, follow-up metabolic syndrome test results were 
asynchronous with follow-up health behavior data. The mean ±  
standard deviation (SD) time difference between the follow-up test 
results and follow-up health behavior data was 1.26 ± 0.44 years, 
ranging from 0 to 2 years.

Data analysis
Stata 17.0 was used for all analyses. In addition to descriptive sta-

tistics, changes in clinical parameters and health behaviors from 
baseline to follow-up were compared using paired t-tests whenever 
variables were normally distributed; otherwise, the Wilcoxon signed 
rank test was used. Generalized estimating equation (GEE) analysis 
was used to identify variables influencing adherence to recommend-
ed health behaviors over time. Post hoc analyses were conducted us-

ing GEE to identify which of the six health behavior subscales con-
tributed to the identified relationships.

Ethical considerations
This study was conducted with the approval of the Institutional 

Review Board at the University of Illinois at Chicago approval (IRB 
No. 2020-1139). All participants were provided with an explanation 
of the study purpose and procedures, the risks and benefits of par-

Table 2. Participant sociodemographic characteristics at baseline 
(n = 116)

Variable No. (%) Mean ± SD

Age 52.50 ± 12.29
Gender

Male 21 (18.1)
Female 95 (81.9)

Marital status
Married 89 (76.7)
Divorced or separated, widowed  8 (6.9)
Never married 19 (16.4)

Educational level
≤ High school graduate 42 (36.2)
≥ Bachelor’s degree 74 (63.8)

Work status
Full-time regular worker 43 (37.1)
Other categorized worker 33 (28.4)
Unemployed 40 (34.5)

Working hours per week* 35.22 ± 10.90
Working years in the entire life* 16.56 ± 10.54
Description of work*

Office worker 8 (10.5)
Professional 8 (10.5)
Service industry worker 34 (44.7)
Self-employed 5 (6.6)
Technician 2 (2.6)
Other 19 (25.0)

Diseases
Yes 63 (54.3)
No 53 (45.7)

Smoking
Former/current smoker 23 (19.8)
Non-smoker 93 (80.2)

Consume alcohol
Yes 92 (79.3)
Never 24 (20.7)

*Employed individuals (n = 76).
SD, standard deviation.



Park S, et al. Health Behavior Management of Metabolic Syndrome

J Obes Metab Syndr 2024;33:166-176170 | https://www.jomes.org

ticipation, the right to leave the study at any time, compensation, 
and protection of personal information.

RESULTS

Sociodemographic characteristics and program 
participation

Table 2 presents sociodemographic characteristics at baseline. 
Most participants were middle-aged (52.50 ± 12.29 years; range, 
24 to 69), female (82%), married (77%), and held a bachelor’s de-
gree (64%). Regarding work status, 37% of the participants were 
full-time regular workers, and 28% were workers in other catego-
ries. These other categories included hourly work, part-time jobs, 
temporary/contract employment, or other non-standard employ-
ment. The remaining 35% were unemployed. Working hours among 
the 76 working participants averaged 35.22 ± 10.90 hours per 
week (range, 8 to 63), and their working years averaged 16.56 ±  
10.54 years (range, 0.5 to 40). Approximately 45% were service in-
dustry workers. Among all participants, 54% reported having one 
or more chronic illnesses, 80% were non-smokers, and about 80% 

reported alcohol consumption. 
All participants had engaged in the Seoul Program for at least 

6 months. The length of active engagement in the program aver-
aged 1.13 ± 0.91 years (range, 0.5 to 4.5). Eighty percent had com-
pleted engagement prior to the pandemic onset; 20% were still ac-
tively engaged in the program at program suspension. Participants 
completed program engagement for a mean of 1.26 ± 0.44 years 
(range, 0 to 2) prior to taking part in our study.

Clinical parameters and risk factors 
Table 3 presents the mean values for clinical parameters at base-

line and follow-up with a mean of 1.13 ± 0.91 years (range, 0.5 to 
4.5) between the two time points. Comparisons between baseline 
and follow-up showed significant improvements in systolic blood 
pressure, blood glucose level, and waist circumference (P < 0.05), 
but not in diastolic blood pressure, triglyceride levels, or high-den-
sity lipoprotein cholesterol levels. However, the number of risk fac-
tors decreased significantly (t = 5.34, P < 0.001) from baseline 
(1.93 ± 0.09) to follow-up (1.45 ± 0.11) with the majority (58%) 
having no or one risk factor at follow-up.

Table 3. Changes in clinical parameters and risk factors from baseline to follow-up (n = 116)

Clinical parameter

Study participants

Paired t-test Wilcoxon signed rank test

Baseline Follow-up t z

Systolic blood pressure (mmHg) 123.57 ± 13.18 120.96 ± 13.27 2.72*
Diastolic blood pressure (mmHg) 77.03 ± 10.49 76.74 ± 9.89 0.57
Blood glucose level (mg/dL) 98.19 ± 14.56 95.09 ± 11.19 2.49†

Triglyceride (mg/dL) 136.66 ± 86.87 130.87 ± 87.30 0.80
High-density lipoprotein cholesterol (mg/dL) 54.12 ± 15.15 56.91 ± 15.28 –1.83
Waist circumference (cm) 80.60 ± 8.62 79.12 ± 8.10 3.35*
No. of risk factors 1.93 ± 0.99 1.45 ± 1.15 5.34*
   0 - 26
   1 49 41
   2 37 27
   3 20 15
   4   9   7
   5   1 -

Values are presented as mean ± standard deviation. Although there are five metabolic syndrome risk factors, for the assessment of clinical parameters 
systolic blood pressure and diastolic blood pressure were considered separately. Risk factors for metabolic syndrome, defined by the modified Na-
tional Cholesterol Education Program-Adult Treatment Panel III for Koreans: (1) waist circumference over 35 inches (90 cm) for male, over 33 inches (85 
cm) for female; (2) blood pressure over 130/85 mmHg; (3) fasting triglyceride level over 150 mg/dL; (4) fasting high-density lipoprotein cholesterol 
level less than 40 mg/dL (male) or 50 mg/dL (female); and (5) fasting blood glucose level over 100 mg/dL.
*P< 0.001; †P< 0.05. 
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Health behaviors and health behavior changes 
To examine health behavior changes, total scores, and subscale 

scores for the six health behavior categories were compared for base-
line and follow-up (Table 4). All scores showed normality except 
for the sleep and rest subscale and total health behavior score at 
baseline. As a result, Wilcoxon signed rank tests were performed 
for confirmation purposes along with paired t-tests. The means for 
the total health behavior score and all six subscale scores for the 
health behavior categories improved significantly from baseline to 
follow-up (P < 0.001). 

To examine the relationship between length of time participating 
in the Seoul Program and health behavior adherence, we calculated 
a correlation using the health behavior total score. The correlation 
was negative and relatively weak (r = –0.37) indicating that those 
who had participated in the Seoul Program for a longer time tend-
ed to be less adherent, but the relationship was not a strong one.

Participant feedback on the Seoul Program
When asked to identify the most helpful parts of the program, 

almost half (47%) of participants stated receipt of multiple sequen-
tial medical examinations with follow-up consultations from public 
health professionals at no charge (Table 5). The next most common 
answer was learning about unhealthy eating habits (28%). Twenty-
two percent identified increasing physical activity. When asked to 
identify what improvements were still needed to make healthy chang-
es in their lives, the most common answer was the willingness to 
perform healthy behaviors (33%). The next most common answer 

was regular monitoring of health behaviors by health professionals 
as in the Seoul Program (25%), and the third was performing healthy 
behaviors with someone (18%). Overall, participants found receiv-
ing assistance with managing their health behavior by continuously 
participating in the program and/or co-managing with health pro-
fessionals most valuable. 

Influence of demographic and lifestyle variables on 
health behavior adherence

GEE analysis was used to identify variables that influenced ad-
herence over time based on changes in health behavior scores be-
tween baseline and follow-up. Nine demographic and lifestyle vari-
ables were considered (age, gender, educational level, marital status, 
number of people currently living in the household, work status, 
diagnosed diseases, smoking, and alcohol consumption). First, bi-
variate correlations of these nine variables with total health behavior 
scores were examined. Only five variables were correlated > 0.30 
with total health behavior: gender, educational level, work status 
(unemployment vs. employment), smoking, and alcohol consump-
tion. These five variables were included in the GEE analysis simul-
taneously so that the results were adjusted for all five. The GEE 
analysis showed that only two variables significantly influenced to-
tal health behavior over time: smoking and work status. Compared 
to non-smokers, health behavior adherence over time was lower 
for former/current smokers (b = 1.80, standard error [SE] = 0.67, 
z = 2.68, and P = 0.007). Also, compared to unemployed partici-
pants, health behavior adherence over time was lower for employ-

Table 4. Changes in six health behavior categories from baseline to follow-up (n = 116)

Health behavior category

Study participants

Paired t-test Wilcoxon signed rank test

Baseline Follow-up t z

HB1 Physical activity and weight control 2.15 ± 0.86 2.90 ± 0.77 –8.83* –7.24*
HB2 Eating habits 2.51 ± 0.67 3.32 ± 0.55 –14.68* –9.13*
HB3 Consuming alcohol and smoking 3.41 ± 0.70 3.73 ± 0.50 –6.92* –6.62*
HB4 Stress management 3.30 ± 0.79 3.63 ± 0.60 –4.70* –4.84*
HB5 Sleep and rest 2.84 ± 0.95 3.44 ± 0.74 –7.14* –6.11*
HB6 Medication compliance and medical exami-

nation
2.84 ± 0.82 3.40 ± 0.65 –10.20* –8.32*

Total HB 17.09 ± 3.19 20.44 ± 2.79 –13.40* –8.78*

Values are presented as mean ± standard deviation. 
*P< 0.001.
HB, health behavior.
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ees (b = –1.50, SE = 0.56, z = –2.68, and P = 0.007). 
Next, a post hoc examination was performed to identify the spe-

cific health behaviors that contributed to these findings. GEE anal-
yses were performed for each of the six specific health behaviors 
(subscales) with the five variables in the analyses. The results showed 
that former/current smokers were less adherent in dietary habits 
(b = 0.50, SE = 0.18, z = 2.71, and P = 0.007) and stress manage-
ment (b = 0.56, SE = 0.21, z = 2.63, and P = 0.009) than non-smok-
ers. Employed participants were less adherent in dietary habits (b =  
0.01, SE = 0.11, z = –3.84, and P < 0.001) and medication compli-

ance and medical examinations (b = –0.30, SE = 0.12, z = –2.44, and 
P = 0.015) than unemployed participants. 

DISCUSSION

To our knowledge, this study is the first to report outcomes in 
health behavior adherence in metabolic syndrome related to the 
Seoul Program during the COVID-19 pandemic. Three findings 
are particularly noteworthy. First, findings demonstrated the dura-
bility of the positive impact of the program. Participants reported 

Table 5. Seoul Program: most helpful aspects and continuing needs (n = 116)

Assessment question Most helpful aspects and continuing needs Frequency 
(%)

What were the most 
helpful parts of the 
program?* 

  Most helpful aspects of the Seoul Program
  1.  Free, sequential medical examinations (including body composition and clinical parameters) with follow-up 

consultations from public health professionals 
55 (47)

  2. Precautions regarding unhealthy eating habits and benefits of changing to healthy ones 32 (28)
  3. Warnings about participating in healthy behaviors generally to maintain health 30 (26)
  4. Increasing physical activity/adherence to exercise 26 (22)
  5. Improving metabolic syndrome test results and overall health 21 (18)
  6. Learning how to eat healthy 14 (12)
  7. Motivation for exercise 9 (8)
  8. Learning how to exercise effectively 9 (8)
  9. Awareness of need for regular medical examination 8 (7)
10. Motivation for losing weight 6 (5)
11. Warning/ learning about metabolic syndrome risks, how to manage them 6 (5)
12. Continuous follow-up contact from public health professionals at public health center 6 (5)
13. Easy to obtain support (e.g., check-ups, occupational health nurses’ efforts) 6 (5)
14. Appreciation and positiveness about life 1 (1)

What do you need to 
be able to make 
healthy changes in 
your life?*

  What participants still need
  1.My willingness to do healthy behaviors 38 (33)
  2. Regular monitoring of health behavior by health professionals, as in the Seoul Program 29 (25)
  3. Doing healthy behaviors with someone 21 (18)
  4. Managing health behaviors continuously 17 (15)
  5. Learning customized healthy behaviors (e.g., exercise that can be done at home) 14 (12)
  6. Get help to do health behaviors in person (e.g., PT at gym; encouragement; various health programs) 12 (10)
  7. More free time 12 (10)
  8. Lack information/accurate information how to perform healthy behaviors 11 (9)
  9. Good environment for exercise and eating healthy foods (e.g., gym; good weather; a good meal plan at work) 10 (9)
10. More diagnostic tests 5 (4)
11. Easy healthy food recipes 3 (3)
12. Positive mindset 3 (3)
13. Ease of access to program providers (e.g., distance) 2 (2)
14. Financial support 1 (1)

*Participants could provide multiple answers.
PT, personal training.
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maintenance of significant changes in all six health behaviors tar-
geted by the Seoul Program for an average of 2.37 years, ranging 
from 1.25 to 6.0 years. These data were self-reported and may have 
been affected by social desirability; however, the changes in clinical 
parameters provided objective support for the idea that persistent 
changes in health behaviors did take place. Systolic blood pressure, 
blood glucose levels, and waist circumference improved with a sig-
nificant reduction in the number of risk factors for metabolic syn-
drome from baseline to follow-up.

Participants lowered their systolic blood pressure by a mean of 
2.61 mmHg from baseline to follow-up, bringing the group mean 
(120.96 mmHg) close to the normal range of 120 mmHg. Research 
has shown that a 5 mmHg reduction of systolic blood pressure re-
duces the risk of major cardiovascular events by about 10%.25 As-
suming linearity, the reduction of 2.61 mmHg reduced our partici-
pants’ cardiovascular risk by 5%. Mean blood glucose levels were 
within the normal range at both baseline and follow-up, but these 
decreased from 98.19 to 95.09 mg/dL. This 3.1 mg/dL reduction 
in blood glucose levels demonstrated desirable movement away 
from the pre-diabetes range of 100 to 125 mg/dL. For long-term 
change in waist circumference, a 3% change between 1.8 and 4.1 cm 
is considered a clinically relevant change.26 Our participants nearly 
reached that threshold with a mean reduction of 1.48 cm in waist 
circumference after a minimum of 6 months participation in the 
Seoul Program.

Second, study findings demonstrated that these positive lifestyle 
changes could be maintained successfully during the COVID-19 
pandemic, contrary to negative effects of the pandemic in the pop-
ulation at large. In South Korea, the number of patients with meta-
bolic syndrome increased to 21% during the pandemic. Body mass 
index, systolic blood pressure, and lipid profiles all significantly wors-
ened after February 2020 compared to 2018–2019.16 Although 
South Korea did not impose lockdowns on communities, strict 
COVID-19 monitoring and contact tracing as well as social dis-
tancing requirements were established.27 During this period, indoor 
physical exercise in facilities such as fitness centers was prohibited, 
and limitations on social gatherings were placed on restaurants and 
other public venues. Within this context, the increase in physical 
activity found in our study was particularly noteworthy given that 
physical activity decreased globally during the pandemic and most 

significantly in Asia. Comparisons of 90-day periods of step count-
ing before and during the pandemic showed the greatest decrease 
in Asia (30%) compared to North America (4%), Europe (14%), 
and South America (29%).28

Third, to date no other reports have examined the influence of 
smoking and employment on the health behaviors of Seoul Pro-
gram participants. Only two prior studies evaluated behavior change 
in the program; both were limited in scope and were conducted 
prior to the COVID-19 pandemic. Ham et al.17 focused on diet ad-
herence, reporting that participants improved their adherence to 
diet recommendations and reduced risk factors over 12 months of 
program participation in 2015. Choo et al.11 found differences in 
risk factors among participants stratified into low-, moderate-, and 
high-risk groups over 12 months in 2013. Risk factors improved for 
the moderate- and high-risk groups but worsened for the low-risk 
group. Neither of these studies examined the effect of other vari-
ables on health behavior adherence. In our study, prior and current 
use of cigarettes and employment were found to hinder performance 
of recommended health behaviors over time. Non-smokers showed 
better adherence to program-recommended health behaviors over-
all, particularly in dietary habits and stress management. In South 
Korea, as in other parts of the world, epidemiological studies have 
shown that smokers’ diets are less healthy than non-smokers. Kore-
an smokers have been found to be more likely than non-smokers to 
have irregular meals and large dinners, eat out frequently, and have 
other unhealthy dietary habits.29 Considering that smokers have 
greater problems with poor dietary habits in a normal, non-pan-
demic environment, these tendencies may have been exacerbated 
by the increased stress of the pandemic. The finding that stress 
management was also worse for smokers in our study may lend 
some support to this conjecture. 

Because the Seoul Program was provided without charge to par-
ticipants, those with financial constraints and lower socioeconomic 
status could participate. In fact, unemployed participants in our 
study adhered better to recommended health behaviors overall, 
particularly in terms of dietary habits and medication compliance/
medical examinations. Other studies have reported the opposite, 
that unemployed participants tend to have a higher number of risk 
factors and a greater prevalence of metabolic syndrome.30-32 How-
ever, workers in our study were predominantly service industry 
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workers (44.7%) and professional and office workers (21%). Ser-
vice jobs commonly require shift work. Shift work, especially night 
shift work, can disrupt meals, sleep, and rest. Professional and office 
work is associated commonly with long sedentary periods as well 
as occupational stress. Shift work, occupational stress, and seden-
tary work have all been identified as primary contributors to meta-
bolic syndrome.33 In addition, our finding that employed partici-
pants were less adherent in dietary habits may also have been exac-
erbated by the pandemic. Many employees experienced disruption 
in normal work patterns, particularly changing to working at home. 
One study found the pandemic change to working at home result-
ed in increases in daily time worked, sedentary time, and perceived 
stress, all of which were associated with weight gain.34 Our partici-
pants may have experienced similar issues due to the pandemic.

Limitations
This study has several limitations. First, the study findings can-

not be generalized to the Seoul Program as a whole. Because the 25 
public health centers that administer the program were closed due 
to the pandemic, this study used a self-selected, convenience sam-
ple. Thus, we would expect the sample to be more actively engaged 
and successful and not represent the population of program partici-
pants. In addition, the sample was predominantly composed of work-
ers in the service industry (45%) and was not representative of all 
employment types. 

Second, baseline health behavior data for this study was not col-
lected when participants started the Seoul Program but was re-
called many months later. To increase accuracy, participants re-
viewed their counseling notes and diagnostic test results, both of 
which were issued to them at the start of the Seoul Program. These 
notes contained information on their past health behaviors, similar 
to the content of the health behaviors instrument, and helped to 
minimize recall bias, but could not eliminate this bias entirely.

Third, for 80% of participants, the second set of metabolic syn-
drome test results were completed before the 25 health centers were 
closed for the pandemic. These test results were collected by the 
Seoul Program an average of 1.26 years prior to our collection of 
health behavior data during the pandemic. This time lapse limited 
our ability to examine the impact of health behavior changes on 
clinical parameters during the pandemic. 

Finally, our study lacked a control group, and could not defini-
tively determine whether the significant differences found between 
baseline and follow-up may not have been caused by participation 
in the Seoul Program. However, we partially addressed this ques-
tion by examining the health screenings statistical yearbook pub-
lished by the Korean National Health Insurance Service to deter-
mine if metabolic syndrome risk factors showed a decreasing trend 
in South Korea during the pandemic. The answer is no; the per-
centage who had metabolic syndrome increased from 19.2% in 
2019 to 20.6% in 2020 and 21.3% in 2021. The percentage who 
had at least one risk factor also increased slightly or was stable: 
68.3% in 2019, 69.8% in 2020, and 69.6% in 2021.1 These data 
provide additional confidence that the findings of our study show-
ing a reduction in metabolic syndrome clinical parameters and 
risk factors were due to the subjects’ participation in the Seoul Pro-
gram.

Conclusion
This sample of 116 participants in a comprehensive metabolic 

syndrome management program was found to improve their health 
behaviors, maintain these positive behaviors for 1 to 6 years, and 
sustain these behaviors even during the COVID-19 pandemic. Im-
provements were seen in all six health behaviors: physical activity 
and weight control, eating habits, alcohol consumption and smok-
ing, stress management, sleep and rest, and medication compli-
ance/medical examination. Health behavior changes were support-
ed by improved clinical parameters and reduced risk factors. In this 
predominantly successful sample, smoking and employment were 
found to hinder adherence to healthy behaviors. Study findings en-
courage participation in the Seoul Program and other such pro-
grams to combat the increased prevalence of metabolic syndrome 
seen during the pandemic. The findings also point to the need to 
identify novel ways to better support those who smoke and work, 
such as enlarging the focus to include workplace interventions to 
promote healthy lifestyle changes and better lifelong health.
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