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Background: Numerous studies have identified that physical activity (PA) has positive influences on quality of life.
However, there has been little domestic research about the relation of PA to health-related quality of life (HRQoL) among
the general population. The purpose of this study was to evaluate the effect of PA on HRQoL in Korean adults aged 40
years or over.

Methods: This cross-sectional study was based on data acquired from the Korean National Health and Nutrition
Examination Survey IV. Final study subjects were 10,392 adults aged 40 years or over. According to the severity and
frequency of PA, the subjects were divided into three PA groups as follows: high-activity, mid-activity, and low-activity
group. We compared the HRQoL estimated by the EuroQoL 5-dimension (EQ-5D), the EQ visual analogue scale (EQ-VAS),
and EQ-5D index between three PA groups.

Results: The odds ratios for mid-activity group and high activity group compared with low activity group were significantly
decreased in the dimension of mobility of EQ-5D (mid-activity group, 0.81 [0.69-0.94]; high activity group, 0.81 [0.67-0.99]).
EQ-VAS was decreased as PA level was lowered from high activity group and mid-activity to low activity group. EQ-5D
index was the highest in mid-activity group and the lowest in low activity group.

Conclusion: PA above mid-activity group showed better HRQoL compared than low activity group.
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Regular physical activity (PA) can reduce the risk of many
adverse health outcomes." Tt has been reported that PA can lower

risk of early death, coronary heart disease, stroke, high blood
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pressure, type 2 diabetes, and dyslipidemia.” Alongitudinal study
showed that every additional 15 minutes of daily PA up to 100

the Creative Commons Attribution Non-Commercial License minutes per day resulted in a further 4% decrease in mortality
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from any cause.” Moreover, PA can also reduce depression

and produce better cognitive function.” PA can play a role in
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maintaining functional ability later in life, reduce disability and
improve quality of life.>” Since 1948, when the World Health
Organization defined health as being not only the absence of
disease and infirmity but also the presence of physical, mental,
and social well—being,s) quality of life issues have become steadily
more important in health care practice.” Impaired health-related
quality of life (HRQoL) has been associated with increased
mortality and disease progression.7’8)

Previous studies have reported that PA has been positively
linked to quality of life,”'” however, there is insufficient domestic
data on the association between PA and HRQoL among the
general population. Therefore, in this study, we evaluated whether
PA is associated with HRQoL in the Korean adult population
who aged 40 years or over, using nationally representative Korean
population data from the Korean National Health and Nutrition
Examination Survey (KNHANES) IV.

METHODS

1. Study Subjects

This cross-sectional study was based on data acquired from
the KNHANES IV conducted by the Korea Center for Disease
Control and Prevention in 2007, 2008, and 2009. The survey
included a Health Interview Survey, a Health Behavior Survey, a
Health Examination Survey, and a Nutrition Survey. KNHANES
IV adopted the stratified multistage cluster sampling design by
using the rolling-survey sampling method."” Therefore, the
rolling sample collected each year is the probability sample
representing the general Korean population. The institutional
review board at the Korea Centers for Disease Control and
Prevention approved the protocol, and all participants signed
informed consent forms. Of the 23,317 participants of the
Health Interview Survey, a Health Behavior Survey, and a Health
Examination Survey, we included 11,393 subjects aged 40 years
or older. Among the 11,393 subjects, 664 subjects who did not
respond to the questionnaire on HRQoL were excluded. Another
337 subjects with incomplete data on social economic status such
as income and education level were also excluded. Thus, a final

total of 10,392 participants were eligible for our study.
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2. Assessment of Physical Activity

PA was assessed using the Korean version of the International
Physical Activity Questionnaire acquired by the Health Interview
Survey."” Participants were asked questions regarding their PA
level during a normal week. In terms of vigorous PA, participants
were asked: “during the last 7 days, on how many days did you
do vigorous PA (for at least 10 minutes)? (vigorous PA: running,
mountain climbing, soccer, basketball, or any other activity
that causes a substantial increase in breathing or heart rate).”
Concerning moderate PA, participants were asked the following:
“during the last 7 days, on how many days did you do moderate
PA (for at least 10 minutes)? (moderate PA: tennis doubles,
volleyball, badminton or table tennis, or any other activity that
causes a slight increase in breathing or heart rate).” For each
type of activity, the participants indicated the average total time
per day devoted to the activity. Level of PA was classified into
three groups: high activity group, mid-activity group, and low
activity group. Subjects who performed vigorous PA for at least
20 minutes per day on 3 days per week were assigned to the high
activity group. Subjects who performed moderate PA for at least
30 minutes per day on 5 days per week were assigned to the mid-
activity group. The remaining subjects were assigned to the low

activity group.

3. Assessment of Health—Related Quality of Life

HRQoL was evaluated using the EuroQol, which consists
of two parts, the health-status descriptive system (EuroQoL
S-dimension, EQ-SD) and the EQ visual analogue scale (EQ-
VAS). The EQ-5D records the level of self-reported problems
according to five dimensions (mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression)."*"¥ Each of the
dimensions is assessed based on a single question with three
response levels (no problem, some problems, and extreme
problems). Using a combination of these items, a single health
index was calculated using the Korea valuation set developed by
the Korean Centers for Disease Control and Prevention.'® Scores
on the EQ-5D index range from —0.171 to 1, where 1 indicates
no problem in any of the five dimensions, zero indicates death,
and negative values indicate a health status worse than death.
Respondents described their own health status using a VAS
ranging from 0 (worst imaginable health) to 100 (best imaginable
health), which is represented as EQ-VAS."¥ The Korean version
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of the EQ-SD had already been made and evaluated for its validity
and reliability."”

4. Other Potential Confounding Variables
Trained medical staff measured height and weight by 0.1
cm and 0.1 kg, respectively, following standardized procedures
at mobile examination centers. Body mass index (BMI, kg/
m’) was calculated as weight divided by height squared (kg/
m’). Socio-demographic data, including sex, age, household
income, education level, marriage status, smoking status, alcohol
consumption, and restricted activity was obtained using self-
administered questionnaires. Participants were also asked
whether they had ever been told by a physician that they had
hypertension, diabetes mellitus, stroke, heart diseases (acute
myocardial infarction or angina), arthritis (osteoarthritis or
rheumatoid arthritis), or any malignancy. Household income
were divided into four groups (lowest, lower intermediate,
higher intermediate, and highest groups) as was education level
(elementary school, middle school, high school, and higher
than university). Marriage status was reported as either single
or married. On the basis of smoking status, participants were
classified as never smokers, former smokers (had smoked x100
cigarettes during their lifetime but were not smoking currently)
and current smokers (had smoked x100 cigarettes and were still
smoking). Participants who drink alcohol more than once a week
were regarded as problem drinkers. Hemoglobin concentrations
were measured by ADVIA 120 (Siemens Healthcare Diagnostics,
Tarrytown, NY, USA) and XE-2100D (Sysmex, Kobe, Japan).
Anemia was diagnosed when hemoglobin was less than 13 g/dL

for men and less than 12 g/dL for women.

0. Statistical Analysis

All statistical analyses were conducted with Stata SE ver.
10.0 (Stata Co., College Station, TX, USA) using the survey
data commands (svy) to account for cluster effects and sampling
weights. Means and standard deviations (mean + SDs) or the
number and proportions (n [%]) were presented. The baseline
characteristics, the categories of EQ-SD and EQ-VAS of the
participants were compared according to PA group using one-
way analysis of variance for continuous variables and Pearson’
s chi-square test with Rao-Scott correction using F statistic

for categorical variables. After adjusting the confounding
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variables including age, sex, household income, education level,
marriage status, problem drinker, smoking status, BMI, past
medical history, and restricted activity, we conducted multiple
logistic regression analyses to estimate odds ratios (ORs) of
the discomfort in each five categories of EQ-SD (mobility, self-
care, usual activities, pain/discomfort, and anxiety/depression)
according to PA level. After adjusting the confounding variables
including age, sex, household income, education level, marriage
status, drinking, smoking status, BMI, past medical history, and
restricted activity, we also estimated and compared the adjusted
means and 95% confidence intervals of both EQ-VAS and EQ-
SD index in each low, mid- and high activity group by using
analysis of covariance. All statistical significance was defined by a
two-tailed P-value < 0.0S.

RESULTS

1. Baseline Characteristics According to

Physical Activity Groups

Baseline characteristics of the participants classified by PA are
shown in Table 1. The mid-activity group had the highest mean
age (59.7 £ 11.8), and high activity group had the lowest mean
age (56.2 + 10.8). The PA group with higher activity comprised
a higher proportion of men (45.7%, 43.6%, and 40.1%,
respectively). The high activity group had a higher proportion of
subjects with highest household income and with spouse. The
high activity group had more problem drinkers and higher BMI
(kg/m?®), however, the proportion of current smokers was not
significantly different between three PA groups. Prevalence of
hypertension, stroke, and arthritis was the lowest in high activity
group. Prevalence of malignancy, diabetes, cardiovascular disease,
and anemia was not different between three PA groups. The
proportion of the subjects with restricted activity was the highest
in low activity group (Table 1).

2. Distribution of EuroQoL 5-Dimension and
EQ Visual Analogue Scale According to
Physical Activity Groups
HRQoL evaluated by EQ-SD and EQ-VAS according to PA

groups was shown in Table 2. The high activity group had the

highest percentage of subjects who responded “no problem” in
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Table 1. Baseline characteristics according to physical activity groups

Physical activity Low activity group (n =4,494) Mid-activity group (n=3,219) High activity group (n=2,679) P-value*

Age (y) 58.3+125 59.7+11.8 56.2+10.8 <0.01
Sex (men) 1,802 (40.1) 1,402 (43.6) 1,224 (45.7) <0.01
Household income <0.01

Group [ (lowest) 1,314 (29.2) 1,001 (31.1) 573 (21.4)

Group II 1,100 (24.5) 817 (25.4) 688 (25.7)

Group III 992 (22.1) 705 (21.9) 718 (26.8)

Group IV (highest) 1,088 (24.2) 696 (21.6) 700 (26.1)
Education level <0.01

Elementary 1,810 (40.3) 1,426 (44.4) 948 (35.4)

Middle school 732 (16.3) 496 (15.4) 495 (18.5)

High school 1,131 (25.2) 798 (24.8) 765 (28.6)

Higher than university 819 (18.2) 495 (15.4) 470 (17.6)
Marriage status (with spouse) 3,411 (75.9) 2,480 (77.0) 2,228 (83.2) <0.01
Problem drinker 722 (16.1) 516 (16.0) 553 (20.6) <0.01
Smoking status <0.01

Current smoker 870 (19.4) 615 (19.1) 517 (19.3)

Former-smoker 890 (19.8) 727 (22.6) 625 (23.3)

Non- smoker 2,730 (60.8) 1,877 (58.3) 1,537 (57.4)
Body mass index (kg/ m?) 24.0+3.2 23.8+3.0 242 +3.1 0.03
Past medical history

Hypertension 1,351 (30.1) 980 (30.4) 706 (26.4) <0.01

Diabetes 491 (10.9) 389 (12.1) 273 (10.2) 0.06

Stroke 160 (3.6) 129 (4.0) 71(2.7) 0.02

Cardiovascular disease 149 (3.3) 111 (3.5) 77 (2.9) 0.43

Arthritis 1,207 (26.9) 863 (26.8) 654 (24.4) 0.05

Malignancy 170 (3.8) 147 (4.6) 103 (3.8) 0.19
Anemia 496 (11.0) 342 (10.6) 249 (9.3) 0.06
Restricted activity 1,285 (28.6) 829 (25.8) 933 (19.9) <0.01

Values are presented as mean + SD or number (%).
*By one-way analysis of variance or chi-square analyses.

all five dimensions of EQ-SD (mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression), and the lowest
percentage of subjects who responded “extreme problems” in
four dimensions of EQ-SD (mobility, self-care, usual activities,
and pain/discomfort). The mid-activity group had the lowest
proportion of subjects who responded “extreme problems” in

the dimension of anxiety/depression of EQ-5D. The mean of
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EQ-VAS was the highest in high activity group and the lowest in
low activity group (high activity group, 75.3 + 16.8; mid-activity
group, 72.7 + 18.8; low activity group, 69.5 +20.6) (Table 2).

3. Comparison of Health-Related Quality of
Life between Physical Activity Groups
By using multiple logistic regression analyses after adjusting
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Table 2. Distribution of EQ-5D and EQ-VAS according to physical activity groups

Physical activity Low activity group (n =4,494)  Mid-activity group (n=3,219) High activity group m=2,679)  P-value
EQ-5D level*
Mobility
1 3,157 (70.3) 2,382 (74.0) 2,125 (79.3) <0.01"
2 1,258 (28.0) 824 (25.6) 547 (20.4)
3 79 (1.8) 13(0.49) 7(0.3)
Self-care
1 4,098 (91.2) 2,996 (93.1) 2,563 (95.7) <0.01"
2 352 (7.8) 205 (6.4) 111 (4.1)
3 44 (1.0 18 (0.6) 5(0.2)
Usual activities
1 3,592 (79.9) 2,665 (82.8) 2,321 (86.6) <0.01"
2 776 (17.3) 495 (15.4) 329 (12.3)
3 126 (2.8) 59 (1.8) 29(1.1)
Pain/discomfort
1 2,826 (62.9) 2,116 (65.7) 1,838 (68.6) <0.01"
2 1,369 (30.5) 937 (29.1) 723 (27.0)
3 299 (6.7) 166 (5.2) 118 (4.4)
Anxiety/depression
1 3,697 (82.3) 2,701 (83.9) 2,291 (85.5) <0.01
2 712 (15.8) 472 (14.7) 349 (13.0)
3 85 (1.9) 46 (1.4) 39 (1.5
EQ-VAS 69.5+20.6 72.7+18.8 75.3+16.8 <0.01"

Values are presented as mean + SD or number (%).
EQ-5D: EuroQoL 5-dimension, EQ-VAS: EQ visual analogue scale.

*Level of EQ-5D was as follows: 1: no problem, 2: some problems, 3: extreme problems. 'By chi-square analyses. 'By one-way analysis of

variance.

for confounding variables including age, sex, household income,
education level, marriage status, problem drinking, smoking status,
BM], past medical history, and restriction of activity, the ORs for
mid-activity group and high activity group compared with low
activity group were significantly decreased in the dimension of
mobility of EQ-SD (mid-activity group, 0.81 [0.69-0.94]; high
activity group, 0.81 [0.67-0.99]). The analysis of covariance
(ANCOVA) analysis after controlling the covariates including
age, sex, household income, education level, marriage status,
problem drinking, smoking status, BMI, past medical history, and
restriction of activity showed that the adjusted mean of EQ-VAS

was decreased as PA level was lowered from high activity group
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and mid-activity to low activity group (high activity group, 74.1
[73.4-74.8]; mid-activity group, 73.1 [72.5-73.7]; low activity
group, 70.0 [69.4-70.5]; P-value < 0.05). By ANCOVA analysis
as above, the adjusted mean of EQ-5D index was the highest
in mid-activity group and the lowest in low activity group, and
the difference between adjusted means of three PA groups was
statistically significant (Table 3).

DISCUSSION

In this study, we examined the relationship between PA
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Table 3. Comparison of health-related quality of life between physical activity groups by using multiple logistic regression analyses and

analysis of covariance

) Low activity group Mid-activity group (n = 3,219) High activity group (n =2,679)
variable (n=4,494) OR* (95% CI) P-value' OR* (95% CI) P-value'
EQ-5D
Mobility 1.00 (reference) 0.81 (0.69-0.94) 0.007 0.81 (0.67-0.99) 0.036
Self-care 1.00 (reference) 0.79 (0.57-1.02) 0.073 0.77 (0.57-1.04) 0.086
Usual activities 1.00 (reference) 0.80 (0.64-0.97) 0.025 0.93 (0.73-1.20) 0.58
Pain/discomfort 1.00 (reference) 0.93 (0.80-1.08) 0.343 0.99 (0.83-1.18) 0.892
Anxiety/depression 1.00 (reference) 1.03 (0.86-1.23) 0.728 0.92 (0.78-1.08) 0.305
EQ-VAS 70.0 (69.4-70.5) 73.1 (72.5-73.7) 74.1 (73.4-74.8)
EQ-5D index 0.868 (0.863-0.872) 0.885 (0.880-0.890) 0.880 (0.874-0.885)

OR: odds ratio, CI: confidence interval, EQ-5D: EuroQoL 5-dimension, EQ-VAS: EQ visual analogue scale.
*ORs for any discomfort. 'P-value < 0.05; after adjusting for the confounding variables including age, sex, household income, education

level, marriage status, problem drinking, smoking status, body mass index, past medical history, and restriction of activity.

level and HRQoL by using a nationally representative sample of
Korean adults who were 40 years or older. The adjusted means of
EQ-VAS and EQ-5D index after controlling the covariates were
the lowest in the low activity group compared with mid-activity
and high activity group, showing the positive association between
PA level and HRQoL. The distribution of EQ-5D according to
PA level, the high activity group had the highest proportion of
‘no problem’ and the lowest proportion of ‘extreme problem’ in
all dimensions of EQ-SD (muobility, self-care, usual activity, pain/
discomfort, and anxiety/depression). However, after adjusting
the covariates, the association of PA level with the dimensions
of usual activity, pain/discomfort, and anxiety/depression of
EQ-5D was not statistically significant. High activity group had
significantly higher adjusted mean compared with low activity
group only in the mobility dimension of EQ-5D and mid-activity
group had significantly higher adjusted means compared with low
activity group in the dimensions of mobility and usual activities of
EQ-5D, which might affect the associations of PA level with EQ-
VAS and EQ-5D Index. It is suggested that the conditions that
encourage regular PA possible had a positive effect on HRQoL,
which is partly consistent with previous studies.”™ A previous
study reported that recommended levels of PA were related with
elevated HRQoL; however, participation in daily moderate or
vigorous PA and participation in very short or extended periods

of PA was associated with poorer HRQOL."” Other studies
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showed that the participants who regularly participated in PA of at
least moderate intensity had higher HRQoL than those who were
less physically active.®'” In this study, the dimension of mobility
and usual activities might mainly contribute to the significant
association of PA with EQ-VAS and EQ-5D index, suggesting
that regular PA itself was not directly related with symptom of
anxiety or depression and could have an indirect effect via the
circumstance that make regular PA possible. However, several
epidemiological studies have documented an association between
PA and anxiety/depression.”””” Although the association of
PA and the prevalence of depression and anxiety disorders has
been repeatedly described, few studies examined the association
of PA with mental problems prospectively.m In addition, the
relationship between PA and the dimension of pain/discomfort
was not significant in our study result, which was inconsistent
with the previous study that reported PA level can influence pain,
pain interference and fatigue in 116 elders with chronic pain.”
The inconsistency could result from the difference in study
subjects, design and methods of PA measurement.

Due to the overall design of this study, several limitations exist.
First, this is a cross-sectional study, which limited its ability to
establish a causal relationship between PA and HRQoL. Further
prospective studies are needed to verify the causal relationship
between PA and HRQoL. Second, there was potential recall bias

because PA and other lifestyle factors were based on information
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retrospectively collected by self-reported questionnaires. Third,
EQ-5D had limitation for the measurement of HRQoL. Some
reports have suggested in that a 36-item short-form is more
sensitive than the EQ-5D in healthy people and for detecting
small health changes.25’26> However, algorithms based on survey
tools including more comprehensive aspects of HRQoL did not
seem to measure greater variations in utility than those based on
simpler tools such as the EQ-5D. Moreover, the EQ-SD is easier
to use and less time-consuming.m Hence the EQ-SD has some
advantages for large population studies such as the KNHANES.
In summary, PA is important for the improvement of health
status as well HRQoL. Not only emphasizing the effect of regular
PA, but attempting to understand and correct the circumstances

which may disturb regular PA can help to improve HRQoL.
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