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Abstract: The current study aimed to examine the adherence trend for aerobic and muscle-strengthening
physical activity (PA) guidelines among Korean adults using the Korea National Health and Nutri-
tional Examination Survey from 2014 to 2019. Korean adults (N = 2642) were included in the current
study to examine the trend of PA adherence from 2014 to 2019. The PA guidelines are: (a) aerobic
activity (a minimum of 150 min moderate to vigorous PA weekly) and (b) muscle-strengthening activity
(a minimum of two days weekly). Self-report questionnaires in the survey measured both activities.
The adherence to PA guidelines by survey year was examined using a multivariable logistic regression
analysis adjusted for covariates. There was a significant decreasing trend in which the adherence rate to
aerobic PA guidelines changed from 57.0% in 2014 to 45.6% in 2019 (p < 0.001). On the other hand, the
trend in adherence rate to muscle-strengthening activity was not significant (p = 0.976). The adherence
rate to muscle-strengthening activity guideline was slightly increased but still low from 20.8% to 23.3%
during 2014-2019. The aerobic PA guidelines are significantly decreasing, and more than half of the
Korean adults in 2019 have not followed the guidelines. In addition, there has been a slight increase in
muscle-strengthening activity; however, the adherence rate is meager. Therefore, this study suggests that
Korean adults” aerobic and muscle-strengthening PA participation is necessary for their low adherence
rate and decline tendency.

Keywords: physical activity; Korea National Health and Nutritional Examination Survey

1. Introduction

Evidence for the health-related benefits of physical activity (PA) has been system-
atically assessed and evaluated elsewhere [1]. In addition, globally, evidence-based PA
guidelines have been adopted to evaluate a person’s PA behavioral risk for health [1-3].

For adults, WHO PA guidelines are at least 150 min of moderate to vigorous aerobic
PA per week and at least two days of muscle-strengthening activity per week, respectively—
depending on the type of activity [4].

Few people in the U.S. and U K. were knowledgeable of the aerobic PA guidelines [5-7].
In the U.S,, only 0.56% of adults were familiar with the moderate to vigorous aerobic PA
guidelines [6]. The proportion of U.K. adults who recalled the guidelines was 18% in 2013
and 11% in 2007 [5]. On the other hand, 25% of Finnish young adults correctly identified the
muscle-strengthening activity guideline [7]. It is less known how many people know about
the muscle-strengthening activity guideline since there is a scarcity of papers published.

Based on guidelines adherence, the global trend for the prevalence of insufficient aero-
bic PA was stable from 28.5% in 2001 to 27.5% in 2016 [8]. However, the prevalence trend
of the muscle-strengthening activity guideline has not been studied much yet compared to
aerobic PA. For example, a recently published study stated that U.S. adults only followed
the muscle-strengthening activity guideline from 29.1% in 2011 to 30.3% in 2017 [9].
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From a prospective cohort study, people meeting both aerobic and muscle-strengthening
activity guidelines had lower all-cause mortality compared to meeting only one guide-
line [10]. Moreover, a few recent cross-sectional studies showed results that suggested that
meeting both guidelines was associated with a lower risk of having adverse cardiometabolic
biomarkers [11], chronic health conditions [12], and obesity [13].

The prevalence of meeting both guidelines has been about half of the prevalence
of meeting only the aerobic PA guidelines since 1997 in the U.S. [14]. Historically, PA
recommendations have been considered as only comprising of aerobic PA, which was
mainly highlighted until muscle-strengthening activity recommendation was presented [12].
Therefore, surveillance of the prevalence of meeting both guidelines would be needed
according to the importance related to health.

To our knowledge, few studies have been published about the prevalence of meeting
both guidelines from other countries than Western countries like the U.S. [11]. Therefore,
the current study aimed to examine the adherence trend for both the aerobic and muscle-
strengthening activity guidelines among representative Korean adults.

2. Materials and Methods
2.1. Participants

The current study used the Korea National Health and Nutritional Examination Survey
(KNHANES) 2014-2019. The Korea Center for Disease Control administers KNHANES and
an ongoing—since 1998—periodic cross-sectional survey for gathering information about
health behavior, the prevalence of chronic and other diseases, and food and nutritional
intake of the non-institutionalized Korean population through a stratified, multi-stage
probability sampling design. The sampling design reflects the primary sample units, strata,
and weight for KNHANES, which has been applied to acquire unbiased estimates of the
Korean population. In addition, trained professionals conducted health-related surveys
and physical examinations in the mobile examination center, and a complete description of
the survey process is available elsewhere [15].

Participants aged over 19 years were initially included (N = 33,561) and excluded if
participants had missing or invalid data on the PA data from the current study. The final
27,642 participants were included in the current study.

The data before KNHANES 2014 was not considered for the current study since the
questionnaire for the PA was not the same as the one used during the KNHANES 2014-
2019. The Research Ethics Review Board has approved KNHANES of the Korea Centers
for Disease Control and Prevention, and all the participants provided written informed
consent (IRB No. 2013-12EXP-03-5C, 2018-01-03-P-A). The current study was exempted
by the Seoul National University Institutional Review Board since we used de-identified
data (IRB No. E2202/004-005). This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline [16].

2.2. Data Collection

All raw data were downloaded from the KNHANES website. PA was measured by
self-reporting using the Global PA Questionnaire (GPAQ), which was developed by the
World Health Organization (WHO) [17,18]. The GPAQ was translated and validated over
the country [19]. The GPAQ asks for at least 10 min of continuous PA over three domains
(i.e., work, transportation, and leisure) during a typical week, and, more specifically, asks
about the intensity (i.e., moderate and vigorous), frequency (i.e., days a week), and duration
(i.e., hours and minutes a week) of PA. Moderate-intensity PA was defined as 4.0 metabolic
equivalent (MET) PA that required moderate physical effort that caused small increases in
breathing or heart rate [18]. Vigorous-intensity PA was defined as 8.0 MET PA that required
hard physical effort that caused significant increases in breathing or heart rate [18]. Work- and
leisure-related PA domains included both moderate and vigorous-intensity PA questions, but
not for the other transportation-related ones since it was defined as only moderate-intensity
if it was activities such as walking or cycling. The total minutes of PA was calculated as
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minutes per week for moderate to vigorous PA (MVPA) to examine the adherence to the PA
guidelines. The MVPA total minutes per week was calculated as moderate-intensity plus
twice the minutes of vigorous-intensity PA from all work-, leisure-, and transportation-related
PA domains. Participants were classified as adhering to the aerobic PA guidelines if they had
at least 150 min per week of MVPA. The PA data were scrutinized for whether they were
measured as valid or not using the WHO analysis guide [18].

The muscle-strengthening activity was defined as the weekly frequency of muscle-
strengthening activity. Participants self-reported the following question: “Over the recent
one week, how many days did you do muscle-strengthening activities such as push-up,
sit-up, and using a dumbbell, bar-bell, and pull-up bar”. Participants were classified as
adhering to the muscle-strengthening activity guideline if they had at least two days per
week of this activity.

The covariates, such as age, sex, body mass index (BMI), family income, educational
level, smoking status, and alcohol intake, were included to examine their associations with
PA guidelines. Covariates were chosen due to their association with PA and comparison
with previously published studies [9,11,12,14,20-23].

Age was categorized into six groups (i.e., 19-29, 30-39, 4049, 50-59, 60-69, >70). The
trained technician measured height and weight. BMI was calculated as weight (kg) divided
by height (m) squared. BMI was grouped as underweight (<18.5), normal (18.5-24.9),
overweight (25-29.9), and obese (>30) by following WHO guidelines. Family income was
expressed through a quartile range (i.e., low, mid-low, mid-high, high). Educational level
was categorized into three groups (i.e., less than high-school, high-school graduate, and
more than college or above). Smoking status was categorized as a non-smoker, past smoker,
and current smoker who had smoked at least five packs of cigarettes. Alcohol intake was
categorized as non-drinking, moderate drinking (drink at most 2—4 times a month), and
heavy drinking (drink at least 2-3 times a week and at least seven glasses for males and
five glasses for females a day).

3. Statistical Analyses

All analyses were conducted using the SVYSET module of STATA version SE 16.1
(StataCorp., College Station, TX, USA) to account for the stratified, multi-stage probability
sampling design. A two-sided p-value of <0.05 was considered to be statistically significant.

The characteristics of the participants were described as unweighted numbers and
weighted percentages for the categorical variables. Chi-squared tests were used for distri-
butional differences in the 2014 to 2019 survey year characteristics. The weighted adherence
rate and 95% confidence interval (CI) for each stratum in characteristic variables across sur-
vey years were described. A multivariable logistic regression that was adjusted for the co-
variates was used to examine the adherence trends to the aerobic and muscle-strengthening
activity guidelines, as well as when they were combined.

The independent and dependent variables for the analysis were survey year and binary
adherence response. In addition, the covariates mentioned above, such as age, BMI, family
income, educational level, smoking status, and alcohol intake, were included to eliminate
possible confounders in the relationship between the survey year and adherence response.

In the multivariable logistic regression analysis, p-values for linear trends across the
survey year and interaction between the strata of characteristic variables and the survey
year were calculated. The p-values for the linear trends in adherence rate were calculated
after including the survey year as a continuous term in the multivariable logistic regression
analysis. In addition, the interaction analyses were conducted to examine whether the
trends in adherence rate differ across the strata of each characteristic variable.

4. Results

The distribution of the population over years was significantly different in BMI,
educational level, smoking, and alcohol intake (Table 1).
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Table 1. Characteristics of participants by survey year.

Number (%) of Participants

Unweighted Number of Participants (Weighted %) by Survey Year

Unweighted N (%) Weighted N (%) 2014 2015 2016 2017 2018 2019 p-Value
Total Sample Size 33,561 232,793,663 4981 5075 5807 5816 5963 5919
Age (year)
19-29 3346 (12.1) 7,080,854 (18.4) 581 (19.2%) 645 (19.0%) 668 (17.8%) 704 (18.1%) 748 (18.2%) 723 (17.8%)
30-39 4332 (15.7) 7,033,244 (18.3) 862 (19.4%) 696 (18.4%) 1036 (18.4%) 857 (17.9%) 881 (17.6%) 882 (17.2%)
40-49 4985 (17.9) 7,794,451 (20.3) 850 (20.5%) 884 (20.3%) 1081 (20.7%) 1062 (20.2%) 1081 (19.8%) 1076 (19.6%)
50-59 5351 (19.4) 7,602,818 (19.8) 959 (19.8%) 1052 (19.7%) 1052 (19.9%) 1148 (20.0%) 1140 (19.5%) 1131 (20.1%)
60-69 4908 (17.8) 4,812,759 (12.5) 892 (11.6%) 939 (12.1%) 972 (12.5%) 1039 (13.0%) 1066 (13.4%) 1071 (14.1%) 0.795
70 or above 4747 (17.2) 4,117,220 (10.7) 837 (9.6%) 859 (10.5%) 998 (10.8%) 1006 (11.0%) 1047 (11.6%) 1036 (11.3%) ’
Sex
Male 11,910 (43.1) 18,920,993 (49.2) 2071 (48.9%) 2179 (48.6%) 2487 (49.4%) 2572 (49.7%) 2601 (49.6%) 2617 (49.6)
Female 15,732 (56.9) 19,520,353 (50.8) 2910 (51.1%) 2896 (51.4%) 3320 (50.7%) 3244 (50.3%) 3362 (50.4%) 3302 (50.5) 0.823
Body Mass Index
Underweight 1080 (3.9) 1,629,190 (4.2) 227 (4.9%) 200 (4.6%) 218 (4.0%) 226 (4.1%) 209 (3.7%) 235 (4.3%)
Normal 17,080 (61.8) 23,658,858 (61.6) 3197 (64.1%) 3127 (61.7%) 3544 (60.5%) 3562 (61.1%) 3650 (60.6%) 3651 (61.1%)
Overweight 7982 (28.9) 11,019,923 (28.7) 1341 (26.7%) 1482 (28.4%) 1723 (29.8%) 1706 (29.1%) 1730 (29.2%) 1684 (28.5%) 0.004
Obesity 1500 (5.4) 2,133,375 (5.6) 216 (4.4%) 266 (5.3%) 322 (5.7%) 322 (5.7%) 374 (6.5%) 349 (6.2%) ’
Family Income
Low 5277 (19.1) 5,894,468 (15.3) 941 (14.2%) 964 (15.2%) 1124 (16.3%) 1133 (15.3%) 1115 (15.6%) 1117 (24.4%)
Mid-Low 6741 (24.4) 9,083,443 (23.6) 1246 (24.8%) 1241 (23.1%) 1427 (23.1%) 1394 (22.9%) 1433 (24.3%) 1510 (29.9%)
Mid-High 7620 (27.6) 11,427,073 (29.7) 1427 (30.7%) 1382 (29.9%) 1590 (29.5%) 1588 (29.6%) 1633 (29.1%) 1500 (24.6%)
High 7918 (28.6) 11,884,798 (30.9) 1351 (30.1%) 1465 (31.1%) 1651 (30.8%) 1685 (31.9%) 1766 (30.6%) 1769 (18.5%)
Missing 86 (0.3) 151,565 (0.4) 16 (0.2%) 23 (0.7%) 15 (0.3%) 16 (0.4%) 16 (0.4%) 23 (2.57%) 0.697
Educational Level
<High school 8868 (32.1) 9,235,054 (24.0) 1730 (25.4%) 1734 (25.0%) 1846 (24.4%) 1813 (23.3%) 1745 (22.3%) 1642 (20.4%)
High school graduate 8957 (32.4) 13,888,702 (36.1) 1642 (38.3%) 1705 (37.4%) 1843 (35.9%) 1777 (32.9%) 1990 (36.4%) 1978 (35.7%)
>College 9736 (35.2) 15,223,149 (39.6) 1588 (35.9%) 1623 (37.5%) 2099 (39.4%) 2210 (43.6%) 2216 (41.1%) 2292 (43.8%) <0.001
Missing 81 (0.3) 94,442 (0.3) 21 (0.4%) 13 (0.2%) 19 (0.3%) 16 (0.2%) 12 (0.2%) 7 (0.1%) ’
Smoking
Non-smoker 16,680 (60.3) 21,850,769 (56.8) 3030 (56.9%) 3053 (56.8%) 3510 (56.6%) 3520 (57.4%) 3567 (56.6%) 3524 (56.7%)
Past-smoker 5804 (21.0) 8,048,414 (20.9) 939 (18.6%) 1098 (21.4%) 1211 (21.0%) 1254 (21.5%) 1302 (22.0%) 1362 (23.0%)
Current-smoker 4927 (17.8) 8,237,991 (21.4) 930 (22.9%) 840 (20.3%) 1057 (22.1%) 1029 (20.9%) 1071 (21.0%) 1020 (20.1%) <0.001
Missing 231 (0.8) 304,173 (0.8) 82 (1.5%) 84 (1.5%) 29 (0.4%) 13 (0.2%) 23 (0.4%) 13 (0.2%) ’
Alcohol drinking
Non-drinking 3188 (11.5) 3,485,149 (9.1) 628 (9.7%) 607 (9.3%) 690 (9.3%) 658 (9.1%) 605 (8.0%) 626 (8.4%)
Moderate-drinking 21,236 (76.8) 29,722,972 (77.3) 3772 (76.2%) 3902 (77.5%) 4456 (77.3%) 4476 (77.3%) 4630 (78.2%) 4626 (79.7%)
Heavy-drinking 3047 (11.0) 5023,857 (13.1) 520 (12.9%) 497 (12.1%) 637 (13.1%) 673 (13.5%) 720 (13.8%) 656 (11.8%) <0.001
Missing 171 (0.6) 209,369 (0.5) 61 (1.1%) 69 (1.2%) 24 (0.3%) 9(0.2%) 8(0.1%) 11 (0.2%) ’

N, number.
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There was a significant decreasing trend in which the adherence rate of aerobic PA
changed from 57% in 2014 to 45.6% in 2019, as presented in Table 2 (p < 0.001 for trend). The
decreasing trend was significant in the subgroup of all variables except for those who were
underweight. The comparable difference in aerobic PA guideline adherence between 2014
and 2019 was presented in 50-59 years (15%) and the high school graduate (14%) groups.
In addition, the less aerobic PA guideline adherence rate was presented relatively in the
70 years or above, female, underweight, low income, lower than high school graduate,
non-smoking, and non-drinking groups, respectively.

On the other hand, the trend for the adherence rate to muscle-strengthening activity
guideline was not significant (Table 3, p = 0.976 for trend). However, there was a signif-
icantly increasing trend only in the 30-39 years and the group for high family income.
The decreasing muscle-strengthening PA guideline adherence between 2014 and 2019 was
presented only in the obesity and non-drinking groups. In addition, the lower muscle-
strengthening PA guideline adherence rate was presented relatively in the 70 years or
above, female, obese, low income, lower than high school graduate, non-smoking, and
non-drinking groups, respectively.

The adherence rate trend for combined aerobic and muscle-strengthening activity
guidelines was not significant (Table 4, p = 0.051 for trend). However, there was a signifi-
cantly decreasing trend in the 40-59 years, the mid-low family income, and the less than
high school graduate group.

People who did not meet the guidelines for combined both aerobic and muscle-
strengthening activity had a significant increasing trend (Figure 1. p < 0.001).

T
2014

T T T T T
2015 2016 2017 2018 2019
Year

I Not at all B Aerobic only
I strengthening only [ Both

Figure 1. Trends of the adherence rate to the PA guidelines by survey year.
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Table 2. Changes in adherence rate to the aerobic PA guideline by survey year.

The Adherence Rate to the Aerobic PA by Survey Year
2014 2015 2016 2017 2018 2019

% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) p for Trend Interaction
Total 57.0 (55.0-59.0) 51.0 (48.9-53.0) 47.7 (45.6-49.8) 46.4 (44.4-48.4) 449 (42.9-46.9) 45.6 (43.8-47.5) <0.001
Age (year)
19-29 72.3 (68.1-76.0) 66.7 (62.3-70.9) 61.6 (57.0-66.0) 65.6 (61.5-69.4) 63.8 (58.9-68.5) 62.1 (57.8-66.1) 0.002
30-39 58.0 (54.1-61.8) 51.3 (46.6-56.1) 49.1 (45.5-52.8) 47.5 (43.3-51.8) 50.7 (46.5-55.0) 49.2 (45.1-53.4) 0.003
4049 57.2 (53.4-60.9) 54.5 (50.6-58.4) 47.9 (44.2-51.6) 47.5 (43.7-51.3) 45.8 (42.4-49.4) 45.3 (42.2-48.4) <0.001
50-59 56.3 (52.6-60.0) 46.3 (42.4-50.2) 454 (41.7-49.2) 444 (41.0-47.9) 379 (34.5-414) 41.4 (38.0-44.9) <0.001
60-69 47.8 (43.6-52.0) 45.7 (41.8-49.7) 45.7 (42.1-49.4) 35.8 (32.0-39.7) 38.6 (34.9-42.5) 39.3 (35.9-42.9) <0.001
70 or above 36.9 (33.3-40.7) 29.7 (25.9-33.7) 28.5 (25.3-32.0) 27.1(23.7-30.7) 23.4 (20.3-26.7) 30.3 (26.9-34.1) 0.001 0.075
Sex
Male 61.5 (58.9-64.1) 54.6 (51.8-57.4) 51.2 (48.4-53.9) 49.0 (46.4-51.7) 48.7 (46.2-51.2) 50.3 (47.9-52.8) <0.001
Female 52.7 (50.0-55.4) 47.5 (44.9-50.1) 44.3 (41.9-46.8) 43.8 (41.3-46.2) 41.1 (38.8-43.4) 41.0 (38.7-43.4) <0.001 0.936
Body Mass Index
Underweight 50.3 (42.7-58.0) 45.6 (37.9-53.5) 39.9 (32.5-47.8) 46.1 (38.6-53.7) 46.8 (37.8-55.9) 40.7 (33.4-47.7) 0.176
Normal 58.0 (55.8-60.1) 51.7 (49.3-54.2) 48.6 (46.3-51.0) 46.4 (44.2-48.7) 45.2 (42.6-47.7) 46.7 (44.7-48.7) <0.001
Overweight 56.4 (52.8-59.9) 51.0 (47.4-54.7) 47.4 (44.1-50.7) 45.8 (42.9-48.8) 445 (41.6-47.4) 44.7 (41.3-48.1) <0.001
Obesity 54.4 (47.2-61.5) 46.3 (39.2-53.5) 45.1 (38.3-52.1) 49.3 (43.0-55.5) 42.7 (36.7-48.9) 43.4 (37.4-49.7) 0.023 0.37
Family Income
Low 47.0 (42.7-51.3) 41.1 (36.6-45.7) 36.8 (32.1-41.7) 33.9 (30.3-37.8) 36.4 (32.0-41.0) 35.2 (31.2-39.5) <0.001
Mid-Low 56.4 (52.5-60.2) 50.0 (46.3-53.7) 44.2 (41.2-47.1) 47.3 (44.0-50.6) 41.4 (38.0-44.8) 44.1 (41.147.1) <0.001
Mid-High 58.3 (55.2-61.3) 52.7 (48.7-56.8) 48.6 (45.7-51.6) 46.1 (42.9-49.3) 46.0 (42.7-49.4) 47.2 (43.8-50.7) <0.001
High 61.2 (58.0-64.2) 54.8 (51.5-58.0) 55.6 (52.3-58.8) 52.0 (48.8-55.2) 51.0 (47.7-54.3) 50.2 (47.4-53.1) <0.001 0.681
Educational Level
<High school 42.3 (39.2-45.4) 36.9 (33.7-40.2) 32.9 (30.2-35.6) 30.0 (27.4-32.8) 27.0 (24.4-29.9) 31.1(28.1-34.3) <0.001
High school graduate 62.7 (59.9-65.4) 55.7 (52.6-58.8) 51.7 (48.5-54.8) 50.7 (47.5-54.0) 48.7 (45.6-51.7) 48.8 (46.1-51.5) <0.001
>College 61.4 (58.4-64.3) 55.7 (52.6-58.7) 53.6 (50.8-56.3) 52.0 (49.2-54.7) 51.3 (48.5-54.1) 49.9 (47.2-52.6) <0.001 0.394
Smoking
Non-smoker 56.3 (53.6-59.0) 50.3 (47.5-53.0) 48.2 (45.6-50.7) 45.8 (43.4-48.2) 44.7 (42.2-47.1) 43.7 (41.4-46.0) <0.001
Past-smoker 61.1 (57.3-64.8) 54.1 (50.3-58.0) 48.0 (44.4-51.6) 47.6 (44.3-50.9) 46.0 (42.4-49.7) 48.3 (44.8-51.7) <0.001
Current-smoker 56.7 (52.9-60.4) 50.5 (46.3-54.6) 46.7 (42.8-50.5) 46.7 (42.8-50.7) 44.1 (40.2-48.1) 48.2 (44.3-52.1) <0.001 0.352
Alcohol drinking
Non-drinking 47.6 (42.2-53.1) 41.3 (36.4-46.2) 37.6 (33.3-42.1) 32.5(28.0-37.2) 30.3 (25.9-35.1) 35.6 (31.1-40.3) <0.001
Moderate-drinking 58.6 (56.4-60.8) 52.7 (50.3-55.0) 48.7 (46.5-51.0) 47.5 (45.3-49.7) 46.0 (43.8-48.3) 46.3 (44.3-48.2) <0.001
Heavy-drinking 56.3 (51.4-61.1) 49.1 (44.5-53.8) 49.8 (44.6-55.0) 49.5 (44.6-54.5) 46.6 (42.3-50.9) 48.5 (43.7-53.4) 0.015 0.095

PA, physical activity. CI, confidence interval.
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Table 3. Changes in adherence rate to the muscle-strengthening PA guideline by survey year.

The Adherence Rate to the Muscle-Strengthening PA by Survey Year

2014 2015 2016 2017 2018 2019
% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) p for Trend Interaction
Total 20.8 (19.3,22.3) 22.2(20.7,23.8) 20.7 (19.4, 22.0) 21.4(20.1,22.7) 20 292‘5’3 7 233 (21.9,24.7) 0.976
Age (year)
19-29 28.6 (24.9, 32.5) 32.1(28.1,36.2) 30.2 (26.3,34.4) 27.2 (23.8,30.8) 315 (27.9, 35.3) 33.2 (29.2, 37.4) 0.292
30-39 17.7 (15.0, 20.8) 18.5 (15.6, 21.8) 14.6 (12.1, 17.5) 19.4 (16.7, 22.5) 21.4 (18.5,24.7) 22.0 (18.7, 25.7) 0.03
40-49 19.0 (16.2, 22.2) 22.1(19.2,25.3) 19.6 (17.2, 22.2) 19.5 (17.1, 22.1) 214 (18.6,24.4) 202 (17.5,23.2) 0.689
50-59 21.8(19.1, 24.7) 205 (17.5,23.9) 22.4(19.7, 25.4) 23.0 (20.1, 26.1) 20.0 (17.2,23.1) 23.3 (20.6, 26.4) 0.603
60-69 20.1 (16.8, 23.9) 22.8(19.4, 26.6) 22.1(18.8,25.8) 224 (19.5,25.6) 22.0(19.0,25.4) 22.5(19.8,25.6) 0.792
70 or above 14.1 (11.5,17.2) 14.0 (11.5, 17.0) 12.4 (10.3, 15.0) 14.5(11.7,17.7) 14.6 (12.3,17.3) 15.7 (13.3, 18.5) 0.459 0.149
Sex
Male 292 (26.8,31.6) 31.2 (28.6, 33.8) 27.0 (25.0,29.0) 27.7 (25.7,29.8) 305 (28.3, 32.6) 32.6 (30.3, 35.0) 0416
Female 12.8 (11.4, 14.4) 13.8 (12.3, 15.5) 14.5 (13.0, 16.3) 15.1 (13.6, 16.7) 14.2 (12.7, 15.9) 14.1 (127, 15.6) 0.667 0.953
Body Mass Index
Underweight 16.7 (11.8,23.0) 15.5 (10.4, 22.3) 12.3 (7.6,19.2) 16.1 (11.2, 22.6) 23.6 (17.0, 31.8) 16.4 (12.1,21.8) 0.404
Normal 21.6 (19.9,23.4) 23.5(21.7,25.4) 21.5(19.8,23.3) 23.5(21.9,25.2) 23.3(21.5,25.2) 23.9(22.2,25.7) 0.366
Overweight 20.0 (17.5,22.8) 21.3(18.5,24.3) 21.5(19.2,24.0) 18.9 (16.9,21.1) 21.6 (19.2,24.2) 24.5(22.1,27.1) 0.368
Obesity 17.9 (12.3,25.1) 18.8 (13.1, 26.4) 13.0 (94, 17.7) 14.4 (10.4, 19.8) 14.3 (10.5, 19.3) 15.7 (11.4,21.1) 0.266 0.255
Family Income
Low 12.6 (10.2,15.4) 16.3 (13.3,19.7) 17.1 (13.9,20.9) 15.6 (12.7,19.0) 13.4 (10.7,16.7) 16.9 (14.1, 20.0) 0.489
Mid-Low 202 (17.4,23.3) 232 (20.4,26.1) 17.1 (14.8,19.7) 205 (18.2,23.1) 19.3 (16.9, 22.0) 214 (19.2,23.7) 0.459
Mid-High 22.4(19.8,25.3) 22.3(19.6,25.2) 21.0(18.9,23.3) 21.3(19.0,23.8) 22.5(20.2, 25.0) 23.7 (21.2,26.4) 0.934
0.136
High 23.6 (21.3, 26.0) 24.0(21.2,27.1) 25.1(22.6,27.6) @ 274'287 0) 28.5(26.0,31.1) 27.1(24.2,30.2) 0.03
Educational Level
<High school 14.4 (12.4,16.7) 13.3 (11.6, 15.3) 12.0 (10.4, 13.9) 14.1 (12.0, 16.4) 11.8 (9.9, 14.0) 14.7 (12.8,16.7) 0.878
High school graduate ~ 22.0 (19.4, 24.7) 26.3(23.7,29.1) 20 333'25 5 22.9(20.7, 25.4) 23.8 (21.6,26.1) 24.8 (22.5,27.2) 0.581 0364
>College  24.2(21.8,26.8) 242 (21.5,27.1) 24.0 (21.8, 26.3) 242 (22.3,26.1) 26.6 (24.5,28.9) 26.1(23.8,28.4) 0.221
Smoking
Non-smoker 17.8 (16.1, 19.6) 18.8 (17.1,20.6) 18.3 (16.8, 20.0) 18.5 (17.0, 20.0) 19.3 (17.6,21.1) 19.3 (17.7, 21.0) 0.542
Past-smoker 28.4 (25.0,31.9) 30.6 (27.3,34.2) 27.1(24.2,30.2) 30.0 (27.4, 32.9) 30.6 (27.6, 33.7) 30.2 (27.1, 33.6) 0.787
Current-smoker 22.6(19.7,25.9) 23.0 (19.7, 26.6) 20.8(17.9,23.9) 20.4 (17.4,23.8) 21.3(18.5,24.5) 26.5(23.7,29.6) 0.363 0.719
Alcohol drinking
Non-drinking 13.3 (10.3, 17.0) 11.9 (8.8, 15.8) 13.2 (10.2,17.0) 13.7 (10.9, 17.0) 133 (9.7,18.2) 11.7 9.1, 15.1) 0.965
Moderate-drinking ~ 21.3 (19.6, 23.0) 233 (21.5,25.1) 21.3(19.8,22.9) 22.4(20.9, 23.9) 23.1(21.6,24.8) 24.3 (22.6, 26.0) 0.14
Heavy-drinking 245 (20.3,29.1) 24.8 (20.3,29.8) 22.6 (19.0, 26.7) 21.0 (17.7, 24.8) 22.7 (19.3,26.4) 24.7 (20.9,29.1) 0.485 0.493

PA, physical activity. CI, confidence interval.
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Table 4. Changes in adherence rate to both aerobic and muscle-strengthening PA guidelines by survey year.

The Adherence Rate to Both Guidelines by Survey Year

2014

2015

2016

2017

2018

2019

% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) p for Trend Interaction
Total 15.6 (14.2,17.0) 16.2 (14.8,17.7) 14.4 (13.2, 15.6) 13.6 (12.5, 14.8) 14.3 (13.2,15.5) 15.7 (14.5,17.1) 0.051
Age (year)
19-29 25.1(21.2,29.4) 28.2(24.4,32.4) 24.5 (20.8, 28.6) 22.1(18.8,25.7) 25.8 (22.2,29.8) 27.7 (23.9,31.9) 0.893
30-39 13.5(11.1,16.4) 15.1 (12.3,18.4) 10.6 (8.6, 13.1) 13.2 (10.7, 16.1) 14.7 (12.2,17.5) 16.7 (13.7,20.1) 0.376
40-49 14.0 (11.5, 16.9) 16.1 (13.4,19.2) 14.0 (12.0, 16.3) 13.5 (11.4, 16.0) 13.1(10.9, 15.7) 13.0 (10.8, 15.6) 0.037
50-59 15.8 (13.4, 18.6) 12.8 (10.4, 15.7) 14.5 (12.2,17.2) 12.0 (10.1, 14.2) 11.1 (9.3, 13.1) 13.2 (11.0, 15.8) 0.003
60-69 11.8 (9.2, 15.0) 13.2(10.7,16.2) 13.9 (11.3,17.0) 11.0 (8.7, 13.7) 12.0 (9.9, 14.6) 13.2 (11.0, 15.8) 0.303
70 or above 7.8 (5.9,10.4) 6.6 (5.0,8.7) 5.1(3.8,6.7) 6.6 (5.2, 8.5) 5.7 (4.3,7.5) 7.8 (6.1,9.9) 0.716 0.047
Sex
Male 22.0(19.7,24.4) 23.2(20.8, 25.8) 19.0 (17.2,20.9) 17.9 (16.2, 19.8) 19.7 (17.9,21.7) 22.7 (20.6, 24.8) 0.148
Female 9.4 (8.2,10.8) 9.6 (8.3,11.0) 9.9(85,11.4) 9.4 (8.2,10.7) 8.9 (7.8,10.2) 8.9 (7.8,10.3) 0.096 0.873
Body Mass Index
Underweight 14.5(9.9,20.7) 11.9(7.6,18.1) 7.9 (4.2,14.6) 10.6 (7.1, 15.6) 17.1(11.2,25.1) 10.5(6.9,15.7) 0.787
Normal 16.3 (14.7,18.1) 17.2 (15.5,19.1) 14.6 (13.2,16.1) 15.0 (13.7, 16.4) 14.4 (13.0,15.9) 16.3 (14.7,17.9) 0.083
Overweight 14.6 (12.3,17.3) 15.1 (12.5, 18.0) 15.6 (13.5,17.9) 11.7 (9.9, 13.7) 14.7 (12.7,17.1) 16.2 (14.2,18.5) 0.468
Obesity 10.9 (6.9, 16.8) 14.7 (10.0, 21.0) 10.3 (6.9, 14.9) 10.7 (7.1, 15.8) 9.8 (6.8, 14.0) 11.7 (7.9,17.1) 0.356 0.828
Family Income
Low 8.0 (6.0, 10.6) 11.0 (8.5, 14.1) 9.9(74,13.1) 8.6 (6.3,11.5) 8.2(59,11.2) 8.8 (6.6,11.6) 0.324
Mid-Low 15.2 (12.6, 18.4) 17.3 (14.7,20.3) 10.8 (9.0, 12.9) 12.5 (10.6, 14.6) 11.9 (10.0, 14.1) 13.5(11.7,15.4) 0.004
Mid-High 16.9 (14.4,19.7) 16.0 (13.3,19.0) 15.2 (13.2,17.4) 13.8 (12.0, 15.9) 14.1 (12.1,16.3) 17.1 (14.7,19.7) 0.335
High 18.0 (15.7, 20.6) 17.9 (15.3,20.9) 18.8 (16.7,21.1) 16.6 (14.8, 18.6) 19.3 (17.2,21.6) 19.5 (17.0, 22.3) 0.748 0.041
Educational Level
<High school 8.6 (7.0, 10.5) 6.4(5.1,8.1) 6.1(5.0,7.5) 6.0(4.7,7.7) 5.0 (4.0, 6.3) 6.4(5.2,7.9) 0.038
High school graduate 17.3 (15.0, 19.8) 19.8 (17.4,22.6) 15.8 (13.8, 18.0) 15.9 (14.0, 18.0) 15.7 (13.9,17.7) 16.9 (15.0, 19.0) 0.204
>College 18.7 (16.5,21.2) 19.1 (16.7,21.9) 18.3 (16.3,20.4) 16.0 (14.3,17.7) 18.1 (16.2,20.1) 19.1 (17.0,21.4) 0.513 0.188
Smoking
Non-smoker 13.5(11.9,15.2) 13.9 (12.3, 15.6) 13.0 (11.6, 14.6) 11.5(10.3, 12.8) 12.9 (11.5,14.5) 12.9 (11.5,14.5) 0.092
Past-smoker 20.5 (17.6,23.7) 21.5(18.3,25.1) 18.0 (15.5,20.7) 18.7 (16.3,21.4) 17.9 (15.2,20.9) 194 (16.9,22.2) 0.091
Current-smoker 17.5 (14.8, 20.6) 17.2 (14.2,20.7) 14.5(12.1,17.3) 14.1 (11.7,17.0) 13.9(11.7, 16.6) 19.4 (16.6,22.5) 0.872 0.601
Alcohol drinking
Non-drinking 8.8 (6.1,12.6) 7.3 (4.8,11.0) 7.0 (4.8,10.1) 6.2 (4.2,9.0) 8.4(5.2,13.2) 6.4 (4.3,9.4) 0.534
Moderate-drinking 16.3 (14.8, 18.0) 17.4 (15.8,19.1) 14.9 (13.6, 16.4) 14.3 (13.1,15.7) 14.7 (13.4,16.0) 16.5 (15.0, 18.1) 0.059
Heavy-drinking 17.0 (13.3,21.5) 16.6 (12.9, 21.0) 16.6 (13.4, 20.5) 14.6 (11.8,17.8) 15.7 (13.0, 18.8) 17.2 (14.2,20.7) 0.635 0.692

PA, physical activity. CI, confidence interval.
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5. Discussion

During 2014-2019, the aerobic PA guidelines adherence rate for Koran adults decreased
significantly. Although the adherence rate of the muscle-strengthening activity guideline slightly
increased, but not significantly, from 20.8% to 23.3%, it still showed a low adherence rate.

Previous studies investigating the trends in aerobic PA in Korean adults before 2014
also reported a gradual decrease [24,25]. Kang et al. (2015) [24] examined the trends in
aerobic PA in Korean adults using a walking rate defined as walking for at least 30 min a
day over five days per week. In this study, the aerobic PA participation was 50.6% in 2008,
but it decreased to 37.5% in 2014. In addition, by using the international PA questionnaire,
Kim (2017) [25] reported that Korean adults’ aerobic PA participation rate dropped from
41% in 2008 to 30.8% in 2012 and 33.6% in 2013 through analyzing the KNHANES data,
which was similar to our study. Although there are differences in the definition and
measurement tools of aerobic PA, these findings are consistent with our results, which
indicated that the adherence rate in Korean adults to aerobic PA guidelines had gradually
decreased. As opposed to aerobic PA, in the current study, the muscle-strengthening
activity participation rate did not show a significant trend with a change in adherence
from 20.8 to 23.3% from 2014 to 2019. A previous study examining Korean adults” muscle-
strengthening activity participation rates from 2008 to 2013 showed a constant trend from
20.9 to 22.5% [25].

Accordingly, in Korean adults, aerobic PA has been shown to likely decrease continu-
ously, and the muscle-strengthening activity participation rate has maintained a constant
level. The significant decreasing trend of the aerobic PA adherence rate might be related
to people’s increasing overall adiposity levels as lifestyles have changed over time [26].
Furthermore, as sedentary lifestyles become more common, since the proportion of screen-
based tasks and numbers of sedentary jobs increased, aerobic capacity could have been
changed, and this phenomenon may contribute to a significant decrease in PA level [27].
A high amount of sedentary time, an emerging topic among contemporary humankind, is
also becoming a rising issue in Korea, having the second-longest number of working hours
in OECD countries [28]. A study examining the changes in PA during the lifecycle reported
that people’s lifestyle has gradually shifted from sedentary to moderately active or active
as they reach reproductive age and return to sedentary again after the age of 50 years [29],
which may explain the phenomenon of Koreans in their 50s showing a significant decrease
in the rate (5%) of PA level compared to other age groups.

The difference in the muscle-strengthening activity adherence rate between males
and females is consistent with the results of previous studies [12,29-31], finding that
men have higher adherence rates than women. However, in terms of adherence trends
for muscle-strengthening activity, there was a significantly increasing trend only in the
30-39 years old and the high family income group from 2014 to 2019. For those who do
not know bodyweight exercises, muscle-strengthening equipment will be easier to use to
exercise. Governments might help provide several spaces where this equipment is installed.
In addition, it is known from previous studies that bodyweight exercise has the same
health benefits as gym-based strengthening activities [10]. Therefore, it is crucial to change
people’s awareness around the difficulty of participating in muscle-strengthening activities.

Both aerobic and muscle-strengthening activity adherence was recommended for
various health benefits. However, in the current study, the proportion of people who did
not adhere to both aerobic and muscle-strengthening activity guidelines has increased
significantly (Figure 1. p < 0.001). Although there was a lack of evidence, the decreased
proportion of people who did not meet both aerobic and muscle-strengthening activity
guidelines may be contributing to the decreasing trend in meeting aerobic PA guidelines
alone. The current study’s findings differed from previous studies [32-35] that examined
the trend of aerobic and muscle-strengthening activity. For example, a study using U.S.
adults over 18 suggested that the prevalence of not meeting both aerobic and muscle-
strengthening activity significantly decreased from 56.6% to 42.3% from 1998 to 2018 [30].
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Moreover, the trend of meeting guidelines for both aerobic and muscle-strengthening
activity was seen as insignificantly unchanged in this study. Several studies using data
from English adults [31,32] similarly showed that the proportion of adherence to both PA
guidelines was unchanged in men and women between 2012 and 2016 (men, 31.0% and
30.0%; women, 22.0% and 23.0%, respectively). On the contrary, the studies examining
the trend of meeting PA guidelines in the U.S. and Dutch population reported that both
aerobic and muscle-strengthening activity guidelines adherence increased over time (14.4%
to 24.0%; 39.9% to 46.0%, respectively) [30,33].

A lack of aerobic PA is associated with chronic diseases such as the risk of CVD, type 2
diabetes, high blood pressure [34], quality of life [35], all-cause mortality [36], and medical
expenditure [37]. For people who participate in aerobic PA for more than 150 min a week,
all-cause mortality and CVD risk are reduced by up to 75% [38]. However, the current study
found that the aerobic PA adherence rates decreased from 57% in 2014 to 45.6% in 2019 in
Korean adults. The most recent global estimates showed that one in four adults (27.5%) [8]
and more than three-quarters (81%) [39] of adolescents do not meet the recommended
amount of aerobic exercise. However, according to Ekblom et al., (2010) [40], people with
high cardiovascular fitness and low PA showed a high risk of CVD, though people with
high PA showed a relatively low risk even if their cardiovascular fitness was low [40].
Therefore, just participating in PA itself might provide various health benefits.

PA guidelines need to be encouraged through various sources, especially through
government efforts, which are necessary within the national and social dimensions. In
addition, national policies or goals to promote PA should also be well established [4]. The
current study showed that Korean adults increased their muscle-strengthening activity
adherence slightly, but the proportion of adults who met the muscle-strengthening activity
guidelines was half that of the adherence rate of the aerobic PA guidelines. Only one in
five Korean adults adhered to weekly muscle-strengthening activity guidelines. Muscle-
strengthening activity is closely related to various diseases. Briefly, muscle-strengthening
activity reduced the risk of diabetes [41], enhanced cardiometabolic and musculoskeletal
health [42], improved mental health [43], and decreased all-cause mortality [10]. However,
despite this evidence, muscle-strengthening activity has been pushed back from priorities in
public health compared to aerobic PA [44,45]. There is a lack of effort in promoting muscle-
strengthening activity guideline and policies; thus, people are less aware of the importance
of muscle-strengthening activity [45,46]. The government needs to provide campaigns
supporting the importance of muscle-strengthening activity for individual health, attractive
spaces for muscle-strengthening activity, and increase equipment availability to encourage
muscle-strengthening activity [46].

As mentioned above, it is well established that participation in aerobic and muscle-
strengthening activity has several health benefits, respectively. Furthermore, previous
studies have investigated the effects of meeting both guidelines for aerobic and muscle-
strengthening activity. In this regard, several studies demonstrated that people who meet
both aerobic and muscle-strengthening activity guidelines were associated with the lowest
prevalence of obesity, depressive symptoms, and sleep disorders [13,47,48].

In addition, the other study examining 383,928 US adults suggested that meeting both
guidelines had the lowest prevalence ratios for adverse cardiovascular conditions, such
as hypertension, diabetes, myocardial infarction, coronary heart disease, and stroke [12].
Moreover, Dankel et al. (2017) [49] analyzed data contained with accelerometer assessed PA,
a more objective method for aerobic PA. The results indicated that meeting both guidelines
had the lowest odds ratios for multi-morbidity and metabolic syndrome than those who
met neither [49,50]. Although these were beneficial effects for health, the adherence rates for
meeting both guidelines in Korean adults were unchanged over time. Therefore, strategies
and efforts such as providing advertisements and local community programs to promote
aerobic and muscle-strengthening activity guidelines are needed to increase adherence to
PA guidelines.
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This study has several strengths. First, the current study used representative and
reliable data for Korean adults through KNHANES. In addition, the latest PA trend study
uses the latest public data. Second, the independent trends by year and independent trends
according to the subgroups of the covariates have been examined and adjusted for the
covariates. Third, the adherence trends for the muscle-strengthening activity guidelines
and the combined guidelines for both aerobic and muscle-strengthening activity were
examined in the current study, which has been scarcely studied. However, the year from
2014 to 2019 was a relatively short-term to examine the trends in PA. Second, aerobic PA
was estimated by the questionnaires, which is usually overestimated compared to people’s
valid aerobic PA.

6. Conclusions

The current study raises awareness of decreasing trend of aerobic PA and low muscle-
strengthening activity in Korean adults. Therefore, future national efforts to enhance
people’s physical activity for both aerobic and muscle-strengthening must be emphasized.

Author Contributions: Conceptualization, H.S. and Y.S.K.; Methodology, H.S. and G.K; Software, H.S.
and J.Y,; Validatoin, H.S. and H.C.; Formal analysis, H.S. and G.K.; Investigation, H.S.; Resources, H.S.,
X.M., YH. and Y.R; Data curation, H.S.; Writing—Original Draft Preparation, All authors; Writing—
Review & Editing, H.S. and Y.S.K,; Visualization: H.S. and G.K.; Supervision, H.S. and Y.S.K,; Project
Administration, H.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of Seoul National University
Institutional Review Board (IRB No. E2202/004-005).

Informed Consent Statement: Not applicable.

Data Availability Statement: Data used in this study are available on the website Korea National
Health & Nutrition Examination Survey at “https://knhanes.kdca.go.kr/knhanes/sub03/sub03_02
_05.do” (accessed on 1 November 2021).

Acknowledgments: The authors appreciated the participants and research staff in KNHANES for
their effort and passion.

Conflicts of Interest: The authors have no conflict of interest to declare for this study.

References

1. US Department of Health and Human Services. Physical Activity Guidelines Advisory Committee Scientific Report; US Department of
Health and Human Services: Washington, DC, USA, 2018.

2. World Health Organization. WHO Global Recommendations on Physical Activity for Health; World Health Organization: Geneva, Switzerland, 2011.

3. Tremblay, M.S.; Warburton, D.E.; Janssen, I.; Paterson, D.H.; Latimer, A.E.; Rhodes, R.E.; Kho, M.E; Hicks, A.; LeBlanc, A.G;
Zehr, L. New Canadian physical activity guidelines. Appl. Physiol. Nutr. Metab. 2011, 36, 36—46. [CrossRef]

4. Bull, EC.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P,; Cardon, G.; Carty, C.; Chaput, J.-P.; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451-1462.
[CrossRef] [PubMed]

5. Knox, E.C; Esliger, D.W,; Biddle, S.J.; Sherar, L.B. Lack of knowledge of physical activity guidelines: Can physical activity
promotion campaigns do better? BMJ Open 2013, 3, e003633. [CrossRef] [PubMed]

6. Kay, M.C,; Carroll, D.D.; Carlson, S.A.; Fulton, ]J.E. Awareness and knowledge of the 2008 physical activity guidelines for
Americans. J. Phys. Act. Health 2014, 11, 693-698. [CrossRef] [PubMed]

7. Vaara, ].P; Vasankari, T.; Koski, H.J.; Kyroldinen, H. Awareness and knowledge of physical activity guidelines in young adult
men. Front. Public Health 2019, 7, 310. [CrossRef] [PubMed]

8.  Guthold, R;; Stevens, G.A.; Riley, L.M.; Bull, F.C. Worldwide trends in insufficient physical activity from 2001 to 2016: A pooled
analysis of 358 population-based surveys with 1-9 million participants. Lancet Glob. Health 2018, 6, €1077-€1086. [CrossRef]

9.  Bennie, ].A.; Kolbe-Alexander, T.; Seghers, ].; Biddle, S.J.; De Cocker, K. Trends in muscle-strengthening exercise among nationally

representative samples of united states adults between 2011 and 2017. J. Phys. Act. Health 2020, 17, 512-518. [CrossRef] [PubMed]


https://knhanes.kdca.go.kr/knhanes/sub03/sub03_02_05.do
https://knhanes.kdca.go.kr/knhanes/sub03/sub03_02_05.do
http://doi.org/10.1139/H11-009
http://doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/pubmed/33239350
http://doi.org/10.1136/bmjopen-2013-003633
http://www.ncbi.nlm.nih.gov/pubmed/24319271
http://doi.org/10.1123/jpah.2012-0171
http://www.ncbi.nlm.nih.gov/pubmed/23493071
http://doi.org/10.3389/fpubh.2019.00310
http://www.ncbi.nlm.nih.gov/pubmed/31737590
http://doi.org/10.1016/S2214-109X(18)30357-7
http://doi.org/10.1123/jpah.2019-0472
http://www.ncbi.nlm.nih.gov/pubmed/32283540

Int. J. Environ. Res. Public Health 2022, 19, 5213 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Stamatakis, E.; Lee, I.-M.; Bennie, J.; Freeston, J.; Hamer, M.; O’Donovan, G.; Ding, D.; Bauman, A.; Mavros, Y. Does strength-
promoting exercise confer unique health benefits? A pooled analysis of data on 11 population cohorts with all-cause, cancer, and
cardiovascular mortality endpoints. Am. J. Epidemiol. 2018, 187, 1102-1112. [CrossRef] [PubMed]

Bennie, J.A.; Ding, D.; Khan, A.; Stamatakis, E.; Biddle, S.J.; Kim, J. Run, lift, or both? Associations between concurrent aerobic-muscle
strengthening exercise with adverse cardiometabolic biomarkers among Korean adults. Eur. |. Prev. Cardiol. 2020, 27, 738-748.
[CrossRef] [PubMed]

Bennie, J.A.; De Cocker, K.; Teychenne, M.].; Brown, W.J.; Biddle, S.J.H. The epidemiology of aerobic physical activity and
muscle-strengthening activity guideline adherence among 383,928 U.S. adults. Int. . Behav. Nutr. Phys. Act. 2019, 16, 34.
[CrossRef] [PubMed]

Bennie, ].A.; De Cocker, K.; Pavey, T.; Stamatakis, E.; Biddle, S.J.; Ding, D. Muscle strengthening, aerobic exercise, and obesity: A pooled
analysis of 1.7 million US adults. Obesity 2020, 28, 371-378. [CrossRef]

Katzmarzyk, P.T.; Lee, I.-M.; Martin, C.K.; Blair, S.N. Epidemiology of physical activity and exercise training in the United States.
Prog. Cardiovasc. Dis. 2017, 60, 3-10. [CrossRef] [PubMed]

Kweon, S.; Kim, Y; Jang, M.+.; Kim, Y.; Kim, K.; Choi, S.; Chun, C.; Khang, Y.-H.; Oh, K. Data resource profile: The Korea national
health and nutrition examination survey (KNHANES). Int. |. Epidemiol. 2014, 43, 69-77. [CrossRef] [PubMed]

Von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Getzsche, P.C.; Vandenbroucke, J.P. The strengthening the reporting of observational
studies in epidemiology (STROBE) statement: Guidelines for reporting observational studies. Bull. World Health Organ. 2007,
85, 867-872. [CrossRef]

Armstrong, T.; Bull, F. Development of the world health organization global physical activity questionnaire (GPAQ). J. Public Health
2006, 14, 66-70. [CrossRef]

World Health Organization. Global Physical Activity Questionnaire (Gpag) Analysis Guide; World Health Organization: Geneva, Switzerlad, 2012.
Keating, X.D.; Zhou, K ; Liu, X.; Hodges, M; Liu, J.; Guan, J.; Phelps, A.; Castro-Pifiero, J. Reliability and concurrent validity of
global physical activity questionnaire (GPAQ): A systematic review. Int. ]. Environ. Res. Public Health 2019, 16, 4128. [CrossRef]
Carlson, S.A.; Fulton, J.E.; Schoenborn, C.A.; Loustalot, F. Trend and prevalence estimates based on the 2008 physical activity
guidelines for Americans. Am. J. Prev. Med. 2010, 39, 305-313. [CrossRef]

Harris, C.D.; Watson, K.B.; Carlson, S.A.; Fulton, J.E.; Dorn, ].M.; Elam-Evans, L. Adult participation in aerobic and muscle-
strengthening physical activities—United States, 2011. MMWR Morb. Mortal. Wkly. Rep. 2013, 62, 326.

Du, Y; Liu, B.; Sun, Y;; Snetselaar, L.G.; Wallace, R.B.; Bao, W. Trends in adherence to the physical activity guidelines for Americans
for aerobic activity and time spent on sedentary behavior among US adults, 2007 to 2016. JAMA Netw. Open 2019, 2, €197597.
[CrossRef] [PubMed]

Bennie, J.A.; Pedisic, Z.; van Uffelen, ].G.; Gale, J.; Banting, L.K.; Vergeer, I.; Stamatakis, E.; Bauman, A.E.; Biddle, S.J. The
descriptive epidemiology of total physical activity, muscle-strengthening exercises and sedentary behaviour among Australian
adults—Results from the national nutrition and physical activity survey. BMC Public Health 2015, 16, 73. [CrossRef] [PubMed]
Kang, YW.; Ko, Y.S.; Kim, K.Y.; Sung, C.; Lee, D.H.; Jeong, E. Trends in health-related behaviors of Korean adults: Study based on
data from the 2008-2014 Community Health Surveys. Epidemiol. Health 2015, 37, e2015042. [CrossRef] [PubMed]

Kim, J. Longitudinal trend of prevalence of meeting physical activity guidelines among Korean adults. Exerc. Med. 2017, 1, 23.
[CrossRef]

Khandelwal, S. Obesity in midlife: Lifestyle and dietary strategies. Climacteric 2020, 23, 140-147. [CrossRef] [PubMed]

Hill, J.O.; Wyatt, HR; Reed, G.W.; Peters, ].C. Obesity and the environment: Where do we go from here? Sciernce 2003, 299, 853—-855.
[CrossRef] [PubMed]

Kim, K.S,; Kim, S.J.; Kim, S.; Choi, D.-W.; Ju, Y.J.; Park, E.-C. Association of self-reported sedentary time with insulin resistance
among Korean adults without diabetes mellitus: A cross-sectional study. BMC Public Health 2018, 18, 1335. [CrossRef] [PubMed]
Westerterp, K. Changes in physical activity over the lifespan: Impact on body composition and sarcopenic obesity. Obes. Rev.
2018, 19, 8-13. [CrossRef]

Hyde, E.T.; Whitfield, G.P.; Omura, ].D.; Fulton, J.E.; Carlson, S.A. Trends in meeting the physical activity guidelines: Muscle-
strengthening alone and combined with aerobic activity, United States, 1998-2018. J. Phys. Act. Health 2021, 18, S37-544. [CrossRef]
[PubMed]

Scholes, S.; Neave, A. Health Survey for England 2016: Physical Activity in Adults; Health and Social Care Information Centre: Leeds, UK, 2017.
Scholes, S.; Mindell, J. Physical activity in adults. Health Surv. Engl. 2012, 1, 1-49.

Duijvestijn, M.; van den Berg, S.W.; Wendel-Vos, G. Adhering to the 2017 Dutch physical activity guidelines: A trend over time
2001-2018. Int. J. Environ. Res. Public Health 2020, 17, 681. [CrossRef]

Anderson, E.; Durstine, J.L. Physical activity, exercise, and chronic diseases: A brief review. Sports Med. Health Sci. 2019, 1, 3-10.
[CrossRef]

Pucci, G.CM.E; Rech, C.R,; Fermino, R.C; Reis, R.S. Association between physical activity and quality of life in adults. Rev. Satide Piiblica
2012, 46, 166-179. [CrossRef]

Blond, K.; Brinklev, C.F; Ried-Larsen, M.; Crippa, A.; Grentved, A. Association of high amounts of physical activity with
mortality risk: A systematic review and meta-analysis. Br. ]. Sports Med. 2020, 54, 1195-1201. [CrossRef] [PubMed]

Roux, L.; Pratt, M.; Tengs, T.O.; Yore, M.M.; Yanagawa, T.L.; Van Den Bos, J.; Rutt, C.; Brownson, R.C.; Powell, K.E.; Heath, G.
Cost effectiveness of community-based physical activity interventions. Am. J. Prev. Med. 2008, 35, 578-588. [CrossRef]


http://doi.org/10.1093/aje/kwx345
http://www.ncbi.nlm.nih.gov/pubmed/29099919
http://doi.org/10.1177/2047487318817899
http://www.ncbi.nlm.nih.gov/pubmed/30861691
http://doi.org/10.1186/s12966-019-0797-2
http://www.ncbi.nlm.nih.gov/pubmed/30999896
http://doi.org/10.1002/oby.22673
http://doi.org/10.1016/j.pcad.2017.01.004
http://www.ncbi.nlm.nih.gov/pubmed/28089610
http://doi.org/10.1093/ije/dyt228
http://www.ncbi.nlm.nih.gov/pubmed/24585853
http://doi.org/10.2471/BLT.07.045120
http://doi.org/10.1007/s10389-006-0024-x
http://doi.org/10.3390/ijerph16214128
http://doi.org/10.1016/j.amepre.2010.06.006
http://doi.org/10.1001/jamanetworkopen.2019.7597
http://www.ncbi.nlm.nih.gov/pubmed/31348504
http://doi.org/10.1186/s12889-016-2736-3
http://www.ncbi.nlm.nih.gov/pubmed/26809451
http://doi.org/10.4178/epih/e2015042
http://www.ncbi.nlm.nih.gov/pubmed/26493778
http://doi.org/10.26644/em.2017.002
http://doi.org/10.1080/13697137.2019.1660638
http://www.ncbi.nlm.nih.gov/pubmed/31576760
http://doi.org/10.1126/science.1079857
http://www.ncbi.nlm.nih.gov/pubmed/12574618
http://doi.org/10.1186/s12889-018-6237-4
http://www.ncbi.nlm.nih.gov/pubmed/30509229
http://doi.org/10.1111/obr.12781
http://doi.org/10.1123/jpah.2021-0077
http://www.ncbi.nlm.nih.gov/pubmed/34465652
http://doi.org/10.3390/ijerph17030681
http://doi.org/10.1016/j.smhs.2019.08.006
http://doi.org/10.1590/S0034-89102012000100021
http://doi.org/10.1136/bjsports-2018-100393
http://www.ncbi.nlm.nih.gov/pubmed/31406017
http://doi.org/10.1016/j.amepre.2008.06.040

Int. J. Environ. Res. Public Health 2022, 19, 5213 13 of 13

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Kraus, W.E.; Powell, K.E.; Haskell, W.L,; Janz, K.E; Campbell, W.W.; Jakicic, ].M.; Troiano, R.P,; Sprow, K.; Torres, A.; Piercy, K.L.
Physical activity, all-cause and cardiovascular mortality, and cardiovascular disease. Med. Sci. Sports Exerc. 2019, 51, 1270. [CrossRef]
Guthold, R.; Stevens, G.A; Riley, L.M.; Bull, F.C. Global trends in insufficient physical activity among adolescents: A pooled
analysis of 298 population-based surveys with 1-6 million participants. Lancet Child Adolesc. Health 2020, 4, 23-35. [CrossRef]
Ekblom-Bak, E.; Hellénius, M.-L.; Ekblom, O.; Engstrom, L.-M.; Ekblom, B. Independent associations of physical activity and
cardiovascular fitness with cardiovascular risk in adults. Eur. J. Prev. Cardiol. 2010, 17, 175-180. [CrossRef]

Grontved, A; Pan, A.; Mekary, R.A.; Stampfer, M.; Willett, W.C.; Manson, J.E.; Hu, EB. Muscle-strengthening and conditioning
activities and risk of type 2 diabetes: A prospective study in two cohorts of US women. PLoS Med. 2014, 11, e1001587. [CrossRef]
Ashton, R.E.; Tew, G.A.; Aning, ].].; Gilbert, S.E.; Lewis, L.; Saxton, ].M. Effects of short-term, medium-term and long-term
resistance exercise training on cardiometabolic health outcomes in adults: Systematic review with meta-analysis. Br. J. Sports Med.
2020, 54, 341-348. [PubMed]

Gordon, B.R.; McDowell, C.P.; Hallgren, M.; Meyer, ].D.; Lyons, M.; Herring, M.P. Association of efficacy of resistance exercise
training with depressive symptoms: Meta-analysis and meta-regression analysis of randomized clinical trials. JAMA Psychiatry
2018, 75, 566-576. [CrossRef] [PubMed]

Shakespear-Druery, J.; De Cocker, K.; Biddle, S.J.; Gavilan-Carrera, B.; Segura-Jiménez, V.; Bennie, J. Assessment of muscle-
strengthening exercise in public health surveillance for adults: A systematic review. Prev. Med. 2021, 148, 106566. [CrossRef]
Strain, T.; Fitzsimons, C.; Kelly, P.; Mutrie, N. The forgotten guidelines: Cross-sectional analysis of participation in muscle
strengthening and balance & co-ordination activities by adults and older adults in Scotland. BMC Public Health 2016, 16, 1108.
Sallis, J.E; Hovell, M.E; Hofstetter, C.R.; Elder, J.P.; Hackley, M.; Caspersen, C.J.; Powell, K.E. Distance between homes and
exercise facilities related to frequency of exercise among San Diego residents. Public Health Rep. 1990, 105, 179.

Bennie, ].A.; De Cocker, K.; Duncan, M.J. Associations of muscle-strengthening and aerobic exercise with self-reported components
of sleep health among a nationally representative sample of 47,564 US adults. Sleep Health 2021, 7, 281-288. [CrossRef]

Bennie, J.A.; Teychenne, M.].; De Cocker, K.; Biddle, S.J. Associations between aerobic and muscle-strengthening exercise with
depressive symptom severity among 17,839 US adults. Prev. Med. 2019, 121, 121-127. [CrossRef] [PubMed]

Dankel, S.J.; Loenneke, J.P.; Loprinzi, P.D. Combined associations of muscle-strengthening activities and accelerometer-assessed
physical activity on multimorbidity: Findings from NHANES. Am. ]. Health Promot. 2017, 31, 274-277. [CrossRef] [PubMed]
Dankel, S.J.; Loenneke, ].P.; Loprinzi, P.D. The individual, joint, and additive interaction associations of aerobic-based physical
activity and muscle strengthening activities on metabolic syndrome. Int. J. Behav. Med. 2016, 23, 707-713. [CrossRef] [PubMed]


http://doi.org/10.1249/MSS.0000000000001939
http://doi.org/10.1016/S2352-4642(19)30323-2
http://doi.org/10.1097/HJR.0b013e32833254f2
http://doi.org/10.1371/journal.pmed.1001587
http://www.ncbi.nlm.nih.gov/pubmed/29934430
http://doi.org/10.1001/jamapsychiatry.2018.0572
http://www.ncbi.nlm.nih.gov/pubmed/29800984
http://doi.org/10.1016/j.ypmed.2021.106566
http://doi.org/10.1016/j.sleh.2020.08.004
http://doi.org/10.1016/j.ypmed.2019.02.022
http://www.ncbi.nlm.nih.gov/pubmed/30786252
http://doi.org/10.4278/ajhp.150520-QUAN-894
http://www.ncbi.nlm.nih.gov/pubmed/26730562
http://doi.org/10.1007/s12529-016-9570-y
http://www.ncbi.nlm.nih.gov/pubmed/27229520

	Introduction 
	Materials and Methods 
	Participants 
	Data Collection 

	Statistical Analyses 
	Results 
	Discussion 
	Conclusions 
	References

