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Purpose: Metabolic syndrome (MetS) is a major public health problem related to increased risks of cardiovascular disease and
type 2 diabetes. We investigated whether recommended levels of leisure time physical activity (LTPA) decrease the risk of MetS in
a community-based prospective cohort study (Ansung and Ansan cohort).

Materials and Methods: A total of 3910 adults (1890 men, 2020 women) without MetS examined in 2001-2002 (baseline) were
included in this study and followed up from 2013 to 2014. We measured LTPA energy expenditure using the standard metabolic
equivalent value [metabolic equivalent of task (MET)-h/wk]. Individuals were categorized into five groups (physically inactive, 0.1
t0<7.5,7.5t0 <15.0, 15.0 to <22.5, 22.5 to <40.0, and >40.0 MET-h/wk).

Results: The mean follow-up period was 11.8 years. Among the cohort, 482 men (25.5%) and 541 women (26.8%) were diagnosed
with newly developed MetS. Multivariate logistic analysis revealed a 4.4% lower MetS risk among those performing two to three
times the recommended minimum of 7.5 MET-h/wk [multivariate relative risk (RR), 0.956; 95% confidence interval (CI), 0.654~
1.398] and a 21.9% lower risk among those performing three to four times the physical activity minimum (multivariate RR, 0.781;
95% CI, 0.574-1.063). This association was only significant in females performing three to four times the minimum (crude RR,
0.655; 95% CI, 0.432-0.994).

Conclusion: We noted that physical activity at more than 2 times the recommended minimum prevents MetS. Healthcare profes-
sionals should encourage inactive adults to be physically active during their leisure time to take advantage of its health benefits.
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sulin resistance, is a growing health problem, with increasing
prevalence in Asian countries and in the U.S.! MetS is a multi-
ple risk factor for type 2 diabetes, atherosclerotic cardiovascu-
lar disease, and non-alcoholic fatty liver disease.” The causes

INTRODUCTION

Metabolic syndrome (MetS), also known as syndrome X or in-
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of MetS are excessive energy intake, physical inactivity, seden-
tary lifestyle, excessive alcohol use, aging, disrupted sleep, mood
disorder, psychotropic medication use, and genetics.*® The
World Health Organization Expert Consultation reported that
MetS is a pre-morbid condition, rather than a clinical diagnosis,
as well as an educational concept involving a complex multi-
factorial health problem.’

Lifestyle modifications, such as an energy-restricted diet and
physical activity, are strategies to prevent the development of
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MetS." Several randomized controlled trials have shown that
regular physical activity effectively prevents type 2 diabetes,
while increasing the total physical activity volume decreases
the development of MetS.!! An analysis of the dose-response
association between physical activity and incident hyperten-
sion in cohort studies showed that every 10 metabolic equiva-
lent of task (MET) h/wk increase in leisure time physical activ-
ity (LTPA) reduced the risk of hypertension, a component of
MetS, by 6%."

The 2018 Physical Activity Guidelines for Americans distrib-
uted by the U.S. federal government recommend 150-300
minutes of moderate-intensity or 75-150 minutes of vigorous-
intensity activity a week to achieve substantial health benefits.”®
Researchers reported that, compared to individuals not per-
forming LTPA, those performing three to five times the mini-
mum MET h/wk of physical activity recommended by the Phys-
ical Activity Guidelines for Americans demonstrated a 39%
lower mortality risk." For Koreans, the prevalence of MetS has
shown an increasing tendency among men 19-49 years since
2007 and nearly 40% women aged over 60 years have MetS."
To prevent cardiovascular events, type 2 diabetes mellitus,
chronic kidney disease, cancer, and even all-cause mortality as-
sociated with MetS, an appropriate physical activity recom-
mendation must be established for Koreans.'®'” However, few
observational and prospective studies examining the associa-
tion between physical activity and the incidence of MetS for
Koreans have been published.

Thus, the goal of this study was to investigate the association
between LTPA levels and the incidence of MetS over 10 years
of follow-up in Korean adults. We also evaluated the LTPA lev-
els that might be recommendable to efficiently reduce the risk
of MetS.

MATERIALS AND METHODS

Study population and design

We analyzed data from the Ansung-Ansan cohort within the
Korean Genome Epidemiology Study (KoGES; 4851-302). The
Ansung-Ansan cohort is a population-based prospective study
that consists of people aged 40-69 years residing in a rural and
urban community. This project was initiated in 2001 by the Ko-
rea Centers for Disease Control to investigate the risk factors of
various chronic disorders. Ansung-Ansan cohort participants
were first recruited from 2001 to 2002 and comprised 10030
people aged 40-69 years with the same ethnic background.
Every 2 years, the participants were re-examined; by the sixth
follow-up (2013-2014), 5906 people participated. Among them,
we excluded 1650 subjects who had more than three compo-
nents of MetS and further excluded 346 subjects for whom data
on MetS components were missing. After these exclusions,
3910 subjects were enrolled in the analysis (Fig. 1). At each ex-
amination, all participants provided informed consent.
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3910 participants were followed up

Fig. 1. Study population. MetS, metabolic syndrome.

This study protocol was approved by the Institutional Re-
view Board of Wonju Severance Christian Hospital (CR317305)
and the Ethics Committee of the Korean Center for Disease
Control (KoGES; 4851-302).

Data collection

A comprehensive health examination and health-related in-
terview were completed by all participants. The health exami-
nation included the collection of biological specimens and
anthropometric indices for assessment. The health-related in-
terview was performed using a questionnaire covering family
disease history, medication use, and lifestyle characteristics,
such as alcohol use and smoking status. All tests and inter-
views were conducted by health professionals who followed a
standardized protocol using required instruments to collect
the data. Detailed information about the data collection pro-
cedure is available in a previous report.'

Definition of MetS

This study defined MetS in accordance with the worldwide
consensus criteria of MetS issued by the International Diabe-
tes Federation, American Heart Association, National Heart,
Lung, and Blood Institute, International Atherosclerosis Soci-
ety, World Heart Federation, and International Association for
the Study of Obesity modified National Cholesterol Education
Program Adult Treatment Panel IIT (NCEP-ATP I1I).* MetS was
defined as the presence of three or more of the following
components: 1) abdominal obesity, defined as a waist cir-
cumference =90 cm for males or >85 cm for females (follow-
ing Korean specific cut-offs for abdominal obesity defined by
the Korean Society of Obesity)'; 2) high blood pressure, de-
fined as a systolic blood pressure >130 mm Hg and a diastolic
blood pressure =85 mm Hg or treatment with antihypertensive
agents; 3) hypertriglyceridemia, defined as a serum triglyceride
concentration =150 mg/dL or specific treatment for this lipid
abnormality; 4) low high-density lipoprotein (HDL) choles-
terol level, defined as a serum HDL cholesterol concentration
<40 mg/dL for males or <50 mg/dL for females, or specific treat-
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ment for this lipid abnormality; 5) high fasting glucose level,
defined as a fasting serum glucose level 2100 mg/dL or cur-
rent use of antidiabetic medication.

LTPA assessment

LTPA was assessed using a questionnaire to quantify activities
in the leisure time domain. All participants were asked the
types, duration, and frequency of LTPA performed. LTPA levels
were determined by calculating MET-h/wk as the time spent
exercising/week and assigning a weight based on exercise in-
tensity.”** The MET is an objective rate measure of the amount
of physical activity performed, and the intensities of physical
activities were standardized according to the Compendium of
Physical Activities.*'

LTPA volume (MET h/wk) was calculated by multiplying
the median or midpoint of duration and frequency of the per-
formed LTPA by the reported intensity of that LTPA category
by its assigned MET value. One MET is defined as 1 kcal/kg/h
and is considered the resting metabolic rate during quiet sitting
(1 MET=3.5 mL/kg/min of oxygen consumption).” LTPA vol-
ume (MET h/wk) was calculated in this study as follows:

*LTPA volume = performed LTPA’s MET value x duration
(minutes) x frequency (number of days per week).

There were nine types of LTPAs in the Ansung-Ansan cohort
at baseline: aerobics, jogging, swimming, tennis, golf, bowling,
fitness club exercise, walk, and climbing.

Statistical analysis

To analyze the relationship between LTPA levels and MetS, we
counted the numbers and percentiles of demographic char-
acteristics for the participants at the first examination for
comparison between the normal and MetS groups during the
follow-up period. The chi-square test was performed to esti-
mate differences between two groups according to covariates
and to calculate p values. Mean values of each LTPA volume type
between two groups were compared using Student’s t-test. The
chi-square test, as a non-parametric statistic, was used for cat-
egorical variables, while Student’s t-test, as a parametric statis-
tic, was used for normally distributed variables.

Furthermore, we performed multivariate-adjusted logistic
regression analysis to generate relative risks (RRs) and 95%
confidential intervals (CIs) for LTPA levels and MetS incidence.
We categorized LTPA volume into five categories for MET-h/
wk (0, 0.1 to <7.5, 7.5 to <15.0, 15.0 to <22.5, 22.5 to <40.0, and
>40.0). These five categories were established to reflect multi-
ple levels of the minimum recommendation of Physical Activi-
ty Guidelines for American and ranged from one to two times
the recommended minimum (7.5 to <15.0 MET-h/wk) to up
to five or more times the recommended levels (>40.0 MET-h/
wk).?? The first model was a crude model in which the RR of
MetS incidence associated with higher LTPA levels versus the
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lowest LTPA level (i.e., physically inactive during leisure time
at 0 MET-h/wk). Final models were adjusted for sex, age, edu-
cational level, income level, marital status, smoking status, al-
cohol use, and body mass index.

All statistical tests were two-sided, and statistical signifi-
cance was considered at values of p<0.05. All analyses were
conducted using the R statistical package version 3.6.1* and
Jamovi ver. 1.0.5.0.*

RESULTS

Among the 3910 participants included in this study analysis,
MetS developed in 1023 (26.2%) during the 10-year follow-up
period. The mean follow-up period was 11.8 years. Table 1
shows the baseline characteristics of the participants according
to MetS incidence. Participants with MetS were older, less edu-
cated, had less income, were smokers, and had a higher body
mass index. These differences between groups were greater
among females than males (Table 1). We also compared LTPA
participation and quantities according to MetS incidence (Ta-
ble 2). For this comparison analysis, we excluded participants
reporting no LTPA in the assessment of total LTPA MET-h/wk.
Of the 2887 participants in the normal group, 139 (4.8%) and
52 (1.8%) participants reported swimming and golf as LTPAs,
compared to the MetS incidence group [n=29 (2.8%) and n=
10 (1.0%), respectively]. Regarding the performed LTPA quan-
tities, the normal group performed more LTPA in aerobics,
swimming, golf, and climbing than those in the MetS incidence
group (mean METs were 22.0, 27.9, 25.4, and 25.3 MET-h/wk
among the normal group and 18.8, 26.0, 17.3, and 23.2 MET-
h/wk among the MetS incidence group, respectively). When
assessing total LTPA participation and performed LTPA quan-
tities between the two groups among females, the normal
group was more likely to participate in LTPA, while the total
average quantity of LTPA was larger in the MetS group than
normal group among males (Table 2).

Table 3 shows the results of multivariate logistic regression
analysis assessing the association between changes in LTPA
levels and the incidence of MetS after the adjustment for re-
lated covariates. High blood pressure was most common in
this study, and the presence of a high fasting glucose level was
the least common MetS risk factor [n=1770 (45.3%) and n=
919 (23.5%), respectively]. As the category of total volume of
LTPA levels increased, there was trend of a decreased likelihood
of developing MetS. Although this was not significant, we ob-
served a 13.4% lower risk of MetS in those performing LTPA at
two to three times the recommended minimum (15.0 to <22.5
MET-h/wk: RR, 0.87; 95% CI, 0.60-1.24), and this association
grew stronger at three to five times the minimum (22.5 to <40.0
MET-h/wk: RR, 0.77; 95% CI, 0.57-1.03). The multivariate ad-
justed analysis also showed this trend, although this relation-
ship was also insignificant (15.0 to <22.5 MET-h/wk: RR, 0.96;
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95% CI, 0.65-1.40; and 22.5 to <40.0 MET-h/wk: RR, 0.78; 95%
CI, 0.57-1.06, respectively). In analyses of LTPA and MetS inci-
dence, we found an inverse trend among participants perform-
ing five or more times the recommended minimum (>40.0
MET-h/wk), compared with lower levels of total LTPA (crude
RR, 0.89; 95% CI, 0.65-1.21; adjusted RR, 0.93; 95% CI, 0.67-
1.29). In stratified analyses of MetS risk factors, a positive asso-
ciation was found at one to two times the recommended mini-
mum or higher levels. In univariate logistic regression analysis,
associations for three to five times (22.5 to <40.0 MET-h/wk)
and for more than five times (>40.0 MET-h/wk) the recom-
mended minimum with the presence of high blood pressure
were significant. However, only more than five times (>40.0

Table 1. Characteristics of the Participants according to MetS Incidence

YMJ

MET-h/wk) the minimum was significant after adjustment for
related covariates (>40.0 MET-h/wk: RR, 0.74; 95% CI, 0.55-
1.00). We also found that participants performing three to five
times (22.5 to <40.0 MET-h/wk) the minimum had a 31% low-
er risk of having a high fasting glucose after adjustment (ad-
justed RR, 0.69; 95% CI, 0.50-0.95).

Tables 4 and 5 show the RRs of MetS incidence by sex strati-
fication. Compared with no baseline LTPA, more than two
times the recommended minimum might be associated with
lower risk of MetS and MetS components. This association was
stronger in females than males. We observed a 34.5% lower
risk of MetS significantly among participants performing three
to five times (22.5 to <40.0 MET-h/wk) the minimum in fe-

Total (n=3910)

Male (n=1890) Female (n=2020)

Normal MetS Normal MetS Normal MetS
288)  (ne1023) PV oraow)  nag2) PN neame)  nesar) PV
Age (yr) <0.001* 0.967 <0.001*
<50 1776 (61.5) 537 (52.5) 14(57.8)  277(57.5) 962 (65.0) 260 (48.1)
50-59 677 (23.4) 283(27.7) 353(25.1)  120(24.9) 324(21.9)  163(30.1)
>60 434 (15.0) 203 (19.8) 241 (17.1) 85(17.6) 193(13.0)  118(21.8)
Education level <0.001* 0.160 <0.001*
Elementary school graduate 598 (20.8) 296 (29.1) 204 (14.6) 76 (15.8) 394(26.7)  220(40.9)
Middle school graduate 673(23.4) 236(23.2) 285(20.3)  100(20.8) 388(26.3)  136(25.3)
High school graduate 1101 (38.3) 362 (35.6) 552(39.4)  205(42.7) 549(37.2)  157(29.2)
College graduate or higher 503 (17.5) 124 (12.2) 360 (25.7) 99 (20.6) 143(9.7) 25 (4.6)
Income level (KRW/month) <0.001* 0.586 <0.001*
<0.9 million 676 (23.7) 304 (30.1) 303(21.7)  101(21.1) 373(25.7)  203(38.3)
1.0-1.9 million 902 (31.7) 329(32.6) 432(30.9)  165(34.4) 470(32.4)  164(30.9)
2.0-2.9 million 630 (22.1) 203(20.1) 311(222)  107(22.3) 319(22.0) 96(18.1)
3.0-3.9 million 356 (12.5) 100(9.9) 191(13.7) 58 (12.1) 165(11.4) 42(7.9)
>4.0 million 283(9.9) 73(7.2) 161(11.5) 48(10.0) 122 (8.4) 25(4.7)
Marital status 0.122 0.390 0.202
Unmarried 35(1.2) 11(1.7) 26(1.8) 6(1.2) 9(0.6) 5(35.7)
Married 2692 (93.4) 936 (91.7) 1356 (96.4)  461(95.8) 1336 (90.6)  475(88.0)
Widow or widower 102 (3.5) 53(5.2) 11(0.8) 6(1.2) 91(6.2) 47 (8.7)
Other 52 (1.8) 21(2.1) 14(1.0) 8(1.7) 38(2.6) 13(2.4)
Smoking status 0.013* <0.001* 0.224
Non-smoker 1733 (60.6) 603 (59.4) 323(23.0) 89(18.5) 1410(96.8) 514 (96.3)
Ex-smoker 475 (16.6) 140(13.8) 465(33.1)  132(27.4) 10(0.7) 8(1.5)
Current smoker 654 (22.9) 272 (26.8) 617(43.9)  260(54.1) 37(2.5) 12(2.2)
Alcohol use 0.390 0.930 0.047*
Non-drinker 1280 (44.5) 428 (42.0) 266 (18.9) 88(18.3) 1014 (69.0)  340(63.2)
Ex-drinker 152 (5.3) 57 (5.6) 117(8.3) 42 (8.8) 35(2.4) 15(2.8)
Current drinker 1443 (50.2) 533 (52.4) 1023(72.8)  350(72.9) 420(28.6)  183(34.0)
Body mass index (kg/m?) <0.001* <0.001* <0.001*
<249 2106 (73.0) 509 (49.8) 1044 (74.1)  245(50.8) 1062 (71.9) 264 (48.8)
25.0-299 743 (25.8) 463 (45.3) 356(25.3) 224 (46.5) 387(26.2)  239(44.2)
>30 36(1.2) 51(5.0) 8(0.6) 13(2.7) 28(1.9) 38(7.0)
KRW, Korean won; MetS, metabolic syndrome.
Data are given as n (%) for categorical variables for available multiple data.
*Statistically significant difference according to chi-squared test.
https://doi.org/10.3349/ym;.2020.61.3.218 221
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males (crude RR, 0.66; 95% CI, 0.43-0.99). Abdominal obesity
(crude RR, 0.65; 95% ClI, 0.44-0.96) and high blood pressure
(crude RR, 0.53; 95% CI, 0.36-0.79), which are MetS compo-
nents, also had significant association with LTPA of more than
5 times the minimum (>40.0 MET-h/wk). Regarding high fast-
ing glucose level, the significant association was remained after
adjustment for LTPA of three to five times (22.5 to <40.0 MET-
h/wk) the minimum (crude RR, 0.57; 95% CI, 0.34-0.95; adjust-
ed RR, 0.50; 95% CI, 0.29-0.89).

DISCUSSION

In the present study, we assessed the relationship between to-
tal LTPA levels and the incidence of MetS in Korean adults

Table 2. Differences in LTPA Volume according to MetS Incidence

Physical Activity to Reduce Metabolic Syndrome

among the Ansung-Ansan cohort community-based prospec-
tive study. Our main finding was that the relative risk of MetS
decreased as total LTPA levels increased, although the differ-
ence was not statistically significant. The 3 to 5 times level (22.5
to <40.0 MET-h/wk), the recommended minimum of 7.5 met-
abolic-equivalent hours per week, reduced the risk of MetS by
21.9%. Furthermore, participants who performed more than
three times the minimum recommended activity had a signif-
icantly lower risk of high blood pressure, an abnormal MetS
component. We also found that more than three times the rec-
ommendation of LTPA could reduce MetS risk significantly in
women, as well as the risk of abdominal obesity, high blood
pressure, and high fasting glucose level. In terms of LTPA vol-
ume, performing three times the recommended minimum
was associated with a lower risk of MetS incidence and abnor-

Total (n=3910)

Male (n=1890) Female (n=2020)

Normal MetS value Normal MetS value Normal MetS value
(n=2887)  (n=1023) P (n=1408)  (n=482) ” (n=1479) n=541) P
LTPA volume
Aerobic, n (%) 28(1.0) 7(07) 4(03) 1(02) 24(16) 6(1.1)
220 188 16.3 103 23.0 202
- 0
MET-h/wk, mean (5% C) 1174 5700 (1052700 %% (34293 055 1174286) (109-294) 061
Jogging, n (%) 136(47)  52(51) 83(5.9) 32(6.6) 53(36) 20(37)
257 292 2.6 292 276 291
i 0
MEFh/wk mean (35% C 0y 1 o9 1) (28-388) %V (05-286) (210375 O (16338 (18002 7P
Swimming, n (%) 13948  29(28) 30(2.1) 5(1.0) 109 (7.4) 24 (4.4)
27.9 26.0 26.8 365 28.2 237
- 0
METh/wk, mean (5% O e a03)  p10-311) 7 (05-330) (216-513) O (56309 (184-291) 01
Tennis, n (%) 31(1.1) 12(12) 27(19) 10(2.1) 4(03) 2(04)
373 494 356 439 49.0 76.7
_ 0 *
MEFh/wk mean (95% O oo 0 s a0-627) 12 (66448 (276-602) O (247734 . 0037
Golf. n (%) 52(18) 10(1.0) 43(3.1) 9(19) 9(06) 1002)
254 173 243 175 311 1622
- 0
METh/wk, mean (5% C) 01 4 595 (119228 90 (o3-282) (113-236) ' (156-465) i 0502
Bowling, n (%) 18(06) 6(06) 9(0.6) 4(08) 9(06) 2(04)
80 148 77 120 83 206
o 0
MET-/wk, mean (35% Cl) s-112) (2421 O™ uonn mzsae 0% (oaas  (7ar-2180) 008
Fitness club exercise, n (%) 112(3.9) 28(2.7) 70(5.0) 19(3.9) 42(2.8) 9(1.7)
256 30.2 222 285 312 336
- 0
MEF/wk mean (35% O ) e 87 (235-368) 20 (186-258) (194-378) O (57-367) (234439 7%
Walk, n (%) 243(84)  80(7.8) 17(83)  37(77) 126 (8.5) 43(7.9)
118 17 12 127 123 109
o 0
MEFh/wk mean (35% C) 10431 97138 0% aaz0) ©7-157) %40 oan) (o-rag 0400
Climbing, n (%) 26(78) 93(9.1) 118(84)  48(100) 108(7.3) 45(83)
253 232 209 172 303 297
i 0
METh/wk, mean (5% C) 030 579 93-271) %% (180-239) (126219 7% (67-338) (237-35 086
Total LTPA, n (%) 896(310)  298(29.1) 451(320)  155(32.2) 45(301)  143(264)
245 23.9 228 232 2.1 27
o 0
MEFh/wk mean (95% C) 500 57 (216-263) 022 (211-245 (199268 O°7 (4320 (215279 M8

Cl, confidence interval; LTPA, leisure time physical activity; MET, metabolic equivalent of task; MetS, metabolic syndrome.
Data are given as n (%) for categorical variables and means (95% Cl) for continuous variables.

*Statistically significant difference according to independent t-test.
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mal MetS components for Korean adults.

As the Western lifestyle spreads worldwide, the prevalence
of the MetS is increasing.' The consumption of high-calorie,
low-fiber fast food and decreases in physical activity due to in-
creased transportation and sedentary lifestyle result in MetS.*
Approximately 20-25% of the worldwide adult population
carry MetS risk factors.”® In the U.S., 29.2% of adults had MetS
according to the National Health and Nutrition Examination
Survey 1999-2006, and an increase in MetS prevalence was
expected.”” For Korea, the prevalence of MetS in 2013-2015
was 20.3% and remained stable since 2007 on the Korea Na-
tional Health and Nutrition Examination Surveys." The results
of this prospective study reported a 26.2% MetS incidence.
These findings demonstrate that the increasing MetS trend has
been maintained and remains a serious public health concern.
Moreover, preventive strategies to manage MetS risk factors
are needed.

Performing physical activity regularly is associated with a
reduced risk of mortality and influences life length.*** A pre-
ceding study, which divided the total weekly minutes of moder-
ate or vigorous physical activity into three categories (0, <150,
and >150 min/wk), reported an almost two times higher risk of
MetS occurrence than in those who performed more than 150
min/wk of physical activity.* Another prior cross-sectional
study found that the frequency of MetS was lower among those
who reported performing moderate or vigorous physical activ-
ity.! A meta-analysis of prospective cohort studies revealed
that a high LTPA level was associated with a significantly de-
creased risk of MetS.* We observed consistent findings to those
of other studies, although the association between total LTPA
level and MetS incidence in our study was not statistically sig-
nificant.

In a previous study that investigated the association be-
tween physical activity and MetS components, physical activi-
ty was a protective factor for low levels of HDL cholesterol in re-
gard to MetS.* Another previous study stated that higher mean
volume of physical activity exhibited inverse associations with
all components of MetS, decreasing the presence of abdomi-
nal obesity, hypertriglyceridemia, a high fasting glucose level,
and a low HDL cholesterol level.** Although some differences
were found, our results are in line with those of a previous study
suggesting beneficial effects of increasing physical activity on
health. In perspectives of abdominal obesity and high blood
pressure, the total volume of LTPA in the normal weight group
was more than that of abdominal obesity and high blood pres-
sure groups. This finding indicated that performing LTPA might
be effective to manage abdominal circumference and blood
pressure.

The strength of our study is that it reports results based on a
large community-based sample of Koreans and uses long-term
(10 years) follow-up data. Many studies have examined asso-
ciations between physical activity and MetS incidence, although
most had a cross-sectional design that could not obtain stronger
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conclusions of the observed associations on causality.****3538
Our findings suggest that complying with the 2018 Physical
Activity Guidelines for Americans (150-300 minutes of mod-
erate-intensity or 75-150 minutes of vigorous-intensity activity
a week) decreases the presence of some MetS components
and that performing more than two or three times the mini-
mum recommended activity is essential to maximizing health
benefits.

There are some limitations to our study. First, the lack of an
association between physical activity and MetS incidence was
attributed to the lack of physical activity assessment in house-
hold and occupational activities. Therefore, future studies are
needed to collect information about everyday physical activi-
ties (household, occupational, and lifestyle) to determine the
optimal dose of physical activity (intensity, duration, and fre-
quency) for reducing the risk of MetS. However, general house-
hold or occupational activities consisting of nondynamic
movements do not increase the cardiovascular burden and are
insufficient to induce beneficial metabolic or cardiorespiratory
effects.® Additionally, the lack of a significant difference has
been attributed to participants who aged more than 60 years
and only 30% of them performed LTPA. As a result of this, there
was not significant difference in total amount of LTPA between
the normal and MetS groups, and multivariate logistic model
had limits to clarify association. Second, the mechanisms by
which LTPA may reduce the development of MetS are unclear.
We collected nine types of LTPAs and assessed the mean vol-
ume performed of each. Although we compared the total LTPA
volume by type, we found no notable differences except for the
effect of swimming on high blood pressure. Third, self-report-
ed questionnaire of physical activity could be considered a
potential limitation and possible bias. We had a limitation in
the use of standardized intensities because the questionnaire
did not cover a detailed description of LTPA. We just used typi-
cal standardized MET intensity. For this reason, there could be
differences in MET assessment about each of the participants’
practical LTPA because of variances in the physical activities
performed. Assessing physical activity using wearable devices
may be used to measure energy expenditure in the future.
Fourth, we used only baseline data for physical activity assess-
ment. Study participants may have changed their LTPA during
the follow-up term. The Ansung-Ansan cohort was limited to
LTPA measurement at baseline, therefore, we could not ana-
lyze LTPA changes with follow up. Fifth, MetS is caused by vari-
ous factors; therefore, just performing physical activity would
not prevent it efficiently. High-carbohydrate diets and food
patterns might be associated with MetS.* Thus, dietary man-
agement should remain a focus in MetS intervention.

Our study demonstrated that increasing LTPA was associat-
ed with a lower risk of MetS and its components in a 10-year
follow-up cohort study of Koreans. The total volume of LTPA
impacted the risk of MetS. We suggest that performing more
than two times the recommended minimum activity will pre-
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vent MetS and aid in health management. Individuals should
be encouraged to participate in high LTPA regularly to lower
their risk of developing MetS. Further investigations are needed
to establish whether overall physical activity, including house-
hold, occupational, and other lifestyle activities, can contrib-
ute to the prevention of MetS.
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