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Su Hwan Lee Background: Muscle mass is known to be associated with mortality in elderly adults. Because
Soo Jun g Kim hand grip strength (HGS) is known as a simple assessment tool for muscular strength, many
Yej i Han researchers have studied the association between HGS and disease. However, empirical evidence
Yon Ju Ryu for the relationship between chronic obstructive pulmonary disease (COPD) and HGS is still

Jin Hwa Lee controversial. The aim of this study was to evaluate the association between COPD and HGS,

Jung Hyun Chang

using Korean population data.

Methods: This was a population-based cross-sectional study. Data were obtained from the
Division of Pulmonary and Critical

Care Medicine, Department of ) )
Internal Medicine, Ewha Medical 2013 to 2015. To reduce the effects of HGS-related factors and potential confounding factors,

Research Institute, Ewha Womans propensity score matching was used to match subjects with and without COPD.

;Jen;nirls(':{_es:hom of Medicine, Results: Among 14,930 subjects, 832 were enrolled in each group (non-COPD and COPD) after
propensity score matching. COPD subjects did not have lower HGS than non-COPD subjects
(non-COPD vs COPD, male, 38.0£7.0 vs 38.9+7.0 kg, P=0.044, female, 23.8+4.6 vs 24.2+4.9 kg,
P=0.342). Lung function was classified by Global Initiative for Chronic Obstructive Lung Disease

sixth Korean National Health and Nutrition Examination Survey, which was conducted from

stages and was not significantly associated with HGS. For male COPD subjects, there was a
significant correlation between HGS and the EuroQol Five-Dimension Questionnaire (EQS5D)
utility score index, which is an indicator of quality of life that adjusts for age and body mass
index (=0.201, P<<0.001). The correlation was absent for female subjects (=0.098, P=0.170).
Conclusion: COPD subjects did not have lower HGS than non-COPD subjects. HGS did not
associate with lung function. However, the HGS of male COPD subjects was positively associ-
ated with EQ5D utility score index, an indicator of quality of life. HGS may be helpful as an
additional method to the evaluation of quality of life in male COPD patients.

Keywords: chronic obstructive pulmonary disease, hand strength, quality of life

Introduction
Chronic obstructive pulmonary disease (COPD) plays a major role in global morbidity
and is expected to be a major cause of death worldwide in 2030.! Progression of COPD

Correspondence: Jung Hyun Chang often involves worsening dyspnea, decreased quality of life, hospitalization, need for

Division of Pulmonary and Critical medical resources and increased risk of mortality.? Therefore, it is important to evaluate
Care Medicine, Department of
Internal Medicine, Ewha Medical
Research Institute, Ewha Womans (FEV) has been the severity assessment of choice for COPD; however, reliance on this
University School of Medicine,

1071 Anyangcheon-ro, Yangcheon-gu,
Seoul 07985, Korea Cardiorespiratory fitness and muscular strength are associated with mortality and
Tel +82 2 2650 5686
Fax +82 2 2650 2559
Email hs1017@ewha.ac.kr (HGS), which is a simple measure of upper limb muscle function, has been linked to

COPD status for COPD management. The use of forced expiratory volume in 1 second
method has decreased as several other assessment methods have been introduced.'-**

morbidity in several diseases.® As an indicator of muscle strength, hand grip strength
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mortality from cardiovascular disease in a large longitudinal
population study.” Various comorbidities such as hyperten-
sion, coronary artery occlusive disease, stroke and COPD
have been associated with low HGS.” Although physical
activity is known to be a predictor of mortality in COPD,*®
the association of COPD with HGS is controversial. Some
studies have reported that HGS in COPD is unrelated to hos-
pitalization.” In two studies, muscle strength showed no cor-
relation with FEV | in COPD patients, and muscle strength in
these patients was comparable to that of healthy subjects.!®!!
In contrast, other studies have shown that HGS in COPD is
associated with mortality and that subjects with moderate to
severe COPD had lower HGS than did healthy subjects.'>!

The aim of this study was to evaluate the association
between COPD and HGS, after adjusting for comorbidi-
ties known to be associated with HGS, using population-
based data from the Korean National Health and Nutrition
Examination Survey (KNHANES VI), which was conducted
from 2013 to 2015.

Materials and methods
Study design and populations

This used a population-based cross-sectional design. The data
were obtained from KNHANES VI, which are nationwide
cross-sectional surveys that evaluate the health and nutrition
status of Korean populations from 2013 to 2015. Subjects
analyzed in this study were aged >40 years who completed
the questionnaire and performed spirometry between 2014
and 2015. KNHANES VI data contained detailed informa-
tion on demographics; smoking status; physician-diagnosed
comorbidities such as hypertension, stroke, ischemic heart
disease and diabetes mellitus (DM); activity limitations; lung
function and the EuroQol Five-Dimension Questionnaire
(EQS5D) for health-related quality of life.

Definition

Smoking status was defined as current smoker, ex-smoker or
never smoker (smoked <100 cigarettes during the lifetime).
The several comorbidities included only those diagnosed by
physicians. Anemia was defined as <13 g/dL hemoglobin
for men and <12 g/dL for women.

Spirometry

Pulmonary function tests were conducted by trained medical
technicians according to the manual of the American
Thoracic Society/European Respiratory Society (ATS/
ERS) Task Force, using dry rolling seal spirometers (Model
2130; Sensor Medics, Yorba Linda, CA, USA)."* COPD was

defined when FEV, divided by forced vital capacity (FVC)
was <0.7, in accordance with Global Initiative for Chronic
Obstructive Lung Disease (GOLD) guidelines.! The severity
of lung function was classified according to the percentage of
predicted FEV . Subjects with FEV  =80% were classified
as GOLD stage 1, those with 50% = FEV, <80% as GOLD
stage 2, those with 30%= FEV <50% as GOLD stage 3 and
those with FEV, <30% as GOLD stage 4. Subjects with an
FEV /FVC =0.7 were identified as non-COPD.

HGS

HGS was measured three times in each hand using a digital
grip strength dynamometer (TKK 5401; Takei Scientific
Instruments Co., Ltd., Tokyo, Japan). Trained medical techni-
cians instructed the seated subjects to hold the dynamometer
with the second finger nodes of the working hand at 90° to
the handle and to squeeze the handle as firmly as they could.
After subjects slowly stood up, HGS was measured during
expiration. A 60-second rest period was given after each HGS
measure. The HGS used in the analysis was the highest of
the six measured values.'

The EQ5D

EQS5D was developed by the EuroQol Group to evaluate
multidimensional health-related quality of life.'® The EQ5D
includes a descriptive section and a valuation section;
however, KNHANES VI has only been conducted with the
descriptive section. The descriptive section includes mobility,
self-care, usual activities, pain/discomfort and anxiety/
depression, and each is assessed according to three functional
levels: no problems, some problems or extreme problems.
The functional level was converted into an EQSD utility score
index using a specific Korean valuation set developed by the
time trade-off protocol at the Korean Centers for Disease
Control and Prevention.!” We analyzed the EQ5D utility
score index and descriptive sections for COPD subjects.'®

Statistical analysis

All continuous values are described as mean * standard devi-
ation, and categorical values are reported as absolute numbers
and percentages. The Student’s 7-test and one-way analysis
of variance were used for analyzing continuous values.
Categorical values were analyzed using the j” test or Fisher’s
exact test. To reduce the effect of HGS-related factors and
potential confounding factors, propensity score matching
was used to match COPD and non-COPD subjects. The
factors of age, sex, body mass index (BMI), cardiovascular
disease (including hypertension, dyslipidemia and ischemic
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heart disease), stroke, DM and depression were considered
during the process of propensity score matching (Figure 1).
The Kruskal-Wallis test was used to investigate associations
among HGS, EQ5D and lung function in COPD subjects.
To assess the association between HGS and EQSD, a partial
correlation analysis was performed to adjust for age and
BMIL. In all comparisons, a P-value of <0.05 was considered
statistically significant. SPSS version 20 (IBM Corporation,
Armonk, NY, USA) was used for the statistical analysis; pro-
pensity score matching was performed using the R program
version 3.3.3 for Windows.

Ethics statement

The KNHANES VI was conducted by the Korea Center for
Disease Control and Prevention (KCDC). All survey proto-
cols were approved by the KCDC Institutional Review Board
(approval numbers 2013-07CON-03-4CP, 2013-12EXP-
03-5C and 2015-01-02-6C), and participants provided
informed consent before participating in the study, which
was conducted in accordance with the ethical principles of
the Declaration of Helsinki. All data of KNHANES VI are
coded, publicly available and freely available.

Results

Baseline characteristics of the subjects
Among the 14,930 subjects, the 5,857 who completed the
questionnaire and performed a spirometry adequately were
included in this study. Among these, 4,984 (85.1%) were classi-
fied as non-COPD and 873 (14.9%) had COPD. After propensity
score matching, 832 subjects were enrolled in each group. Data
for all subjects in both groups were analyzed, except those
for whom results for HGS or EQ5D were missing (Figure 2).
Table 1 shows a comparison of the non-COPD and COPD
groups. Before propensity score matching, the baseline
characteristics of the two groups were very different. The
873 (14.9%) COPD subjects were older and had a higher

Total study population
(n=14,930)
Age <40 or without
PFT (n=9,073)
Enrolled subjects (n=5,857)
(non-COPD: COPD =4,984:873)

1:1 propensity score matching
I

Non-COPD COPD
(n=832) (n=832)
Without HGS or Without HGS or
EQ5D (n=47) EQ5D (n=51)
Non-COPD COPD
(n=785) (n=781)

Figure 2 Flow diagram for the study.
Abbreviations: COPD, chronic obstructive pulmonary disease; EQ5D, EuroQol
Five-Dimension Questionnaire; HGS, hand grip strength; PFT, pulmonary function test.

proportion of males than did the non-COPD group. COPD
subjects also had higher proportions of various comorbidi-
ties than did the non-COPD group. Among the subjects with
HGS data, male COPD subjects showed lower HGS than did
male non-COPD subjects (non-COPD vs COPD 41.7£7.2
vs 38.916.9 kg, P<<0.001). A similar pattern of results was
observed for female subjects (non-COPD vs COPD 25.744.6
vs 24.244.9 kg, P<<0.001). After propensity score matching,
no significant statistical differences remained, except for lung
function and smoking status.

Comparison of HGS in non-COPD and
COPD groups after propensity score

matching

There was no difference in HGS between non-COPD
and COPD groups (non-COPD vs COPD, 34.718.9 vs
35.248.8 kg, P=0.266). KNHANES VI data were analyzed
by dividing into male and female because each sex had been
showed significant difference of baseline HGS in previous
studies.”'> For males, there was a statistically significant
difference in HGS between non-COPD and COPD subjects,
with COPD subjects scoring slightly higher (non-COPD vs
COPD, 38.047.0 vs 38.917.0 kg, P=0.044). However, there
was no such difference among females (non-COPD vs COPD
23.8144.6 vs 24.214.9 kg, P=0.342) (Table 2).

Figure 3 shows the associations among HGS, EQ5D
and lung function in subjects with COPD. Lung function
classified as GOLD stages was not significantly associated
with either HGS or with EQSD utility score in either sex.
However, there was a significant correlation between HGS
and EQS5D utility score in male subjects after adjusting for
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Table | Subject demographics before and after propensity score matching

Variables Overall series Propensity score matching
Non-COPD COPD P-value Non-COPD COPD P-value
n=4,984 n=873 n=832 n=832
Age, years 56.3£10.3 65.319.1 <0.001 64.919.3 65.419.1 0.308
Male sex 1,929 (38.7) 644 (73.8) <0.001 620 (74.5) 606 (72.8) 0.436
Height, cm 160.8+8.7 164.0+8.58 <0.001 163.248.3 163.9+8.62 0.136
BMI, kg/m? 24.213.1 24.0+2.8 0.053 23.9+2.8 24.0+2.8 0.424
HTN 1,312 (26.6) 399 (39.2) <0.001 330 (39.7) 338 (40.6) 0.689
Dyslipidemia 956 (19.4) 188 (21.7) 0.256 178 (21.4) 188 (22.6) 0.554
Stroke 92 (1.9) 32(37) <0.002 29 (3.5) 32(3.8) 0.696
IHD 125 (2.6) 42 (5) <0.001 34 (4.1) 42 (5) 0.348
DM 464 (9.4) 133 (15.4) <0.001 137 (16.5) 132 (15.9) 0.739
Arthritis 792 (16.8) 145 (17.4) 0.643 154 (18.5) 145 (17.4) 0.566
Depression 282 (5.7) 28 (3.2) 0.008 35(42) 28 (3.4) 0.369
Self-reported functional limitation 379 (7.7) 81 (94) 0.208 79 (9.5) 81 (9.7) 0.833
Ever smoker, n (%) 1,756 (35.6) 581 (67.2) <0.001 494 (59.4) 551 (66.2) 0.004
FEV % of predicted value 95.1£11.9 79.6x15.5 <0.001 96.0£12.6 79.7x15.6 <0.001
GOLD stage | 444 (50.9) 425 (51.1)
GOLD stage Il 394 (45.1) 374 (45.0)
GOLD stage Il 35 (4.0) 33 (4.0)

Note: Data represented as mean £ SD or n (%).

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; FEVI, forced expiratory volume in | second; GOLD, Global
Initiative for Chronic Obstructive Lung Disease; HTN, hypertension; IHD, ischemic heart disease; SD, standard deviation.

age and BMI (r=0.201, P<<0.001), while female subjects did

not show the correlation (r=0.098, P=0.170).

Relationship between HGS and EQ5D

in male subjects with COPD

Since HGS and the EQS5D utility score index were correlated

after adjusting for age and BMI in male COPD subjects,

further analyses of the relationship between HGS and EQ5D
were performed. Figure 4 shows the statistical significance of

analysis EQ5D and male subjects with COPD groups clas-

sified as HGS interquartile range. The highest HGS group
had higher EQSD utility scores than did the lowest HGS
group (P<<0.001). Analyses of groups according to HGS

interquartile range and the descriptive section of the EQ5D

Table 2 Comparison of clinical characteristics between non-COPD and COPD subjects

Variables Male (n=1,179) Female (n=387)
Non-COPD COPD P-value Non-COPD COPD P-value
n=597 n=582 n=188 n=199

Age, years 64.519.3 65.019.1 0.325 66.019.3 65.619.0 0.653
Age category, years

4049 50 (8.4) 42(7.2) 0.554 12 (6.4) 10 (5.0) 0.818

50-59 124 (20.8) 110 (18.9) 30 (l6) 38 (19.1)

60-69 248 (41.5) 240 (41.2) 78 (41.5) 79 (39.7)

=70 175 (29.3) 190 (32.6) 68 (36.2) 72 (36.2)
Smoking status

Never 136 (22.8) 76 (13.1) <0.001 176 (93.6) 183 (92) 0.704

Ex-smoker 328 (54.9) 298 (51.2) 8 (4.3) 9 (4.5)

Current 133 (22.3) 208 (35.7) 4(2.1) 7 (3.5)
Anemia 55 (9.6) 34 (6.1) 0.039 17 (9.6) 17 (9.2) 0.905
HGS, kg 38.0£7.0 38.9+£7.0 0.044 23.8+4.6 242449 0.342
FEV % of predicted value 95.3+12.5 79.5+14.7 <0.001 98.3+12.9 80.0+17.6 <0.001
GOLD stage

GOLD | 300 (51.5) 102 (51.3)

GOLD II 261 (44.8) 86 (43.2)

GOLD I, IV 21 (3.6) I'1(5.5)

Note: Data represented as mean * SD or n (%).

Abbreviations: COPD, chronic obstructive pulmonary disease; SD, standard deviation; HGS, hand grip strength; FEV , forced expiratory volume in | second; GOLD, Global

Initiative for Chronic Obstructive Lung Disease.
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Figure 3 Associations among HGS, EQ5D score and lung function in COPD subjects.
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Notes: (A) Association between GOLD stage and HGS in male subjects with COPD. (B) Association between GOLD stage and HGS in female subjects with COPD.
(C) Association between GOLD stage and EQ5D utility score in male subjects with COPD. (D) Association between GOLD stage and EQ5D utility score in female subjects
with COPD. (E) Correlation between HGS and EG5D utility score in male subjects with COPD after adjusting for age and BMI. (F) Correlation between HGS and EG5D
utility score in female subjects with COPD after adjusting for age and BMI. *Indicates a variable that was away from the median.

Abbreviations: COPD, chronic obstructive pulmonary disease; HGS, hand grip strength; EQ5D, EuroQol Five-Dimension Questionnaire; GOLD, Global Initiative for

Chronic Obstructive Lung Disease; BMI, body mass index.
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Note: *Indicates a variable that was away from the median.

Abbreviations: COPD, chronic obstructive pulmonary disease; HGS, hand grip
strength; EQ5D, EuroQol Five-Dimension Questionnaire.

are shown in Table 3. Lower HGS group had problems with
mobility, performing usual activities, pain/discomfort and
anxiety/depression as well as a lower EQSD utility score.
Only the descriptive section of self-care showed no differ-
ences according to HGS.

Relationship between HGS and smoking

in male subjects

The association between smoking and HGS was analyzed
because previous studies reported that smoking affects
HGS.2% There were significant difference among never
smoker, ex-smoker and current smoker in male subjects
who were not considered aged (37.6+£6.9 vs 38.2+6.9 vs
39.6%7.2 kg, P=0.002). However, no significant correlations
were observed in groups of male subjects classified as under
65 years or over 65 years (never smoker vs ex-smoker vs cur-
rent smoker, 41.5%7.1 vs 42.4+6.4 vs 42.3+6.7 kg, P=0.566
in age <65 years; 35.3+£5.7 vs 36.0+£6.0 vs 35.31£5.4 kg,
P=0.388 in age =65 years). In female subjects, the rela-
tionship could not be analyzed due to small sample size in
female smoker.

In a subgroup of male COPD subjects, there was no
statistical significance among never smoker, ex-smoker
and current smoker (38.2+7.1 vs 38.516.7 vs 39.7£7.3 kg,
P=0.110). In addition, no association was found in EQ5D
utility score and smoking status (P=0.768).

Discussion
This cross-sectional population-based study showed that
COPD subjects did not have less HGS than propensity-matched

Table 3 Classification of male subjects according to HGS interquartile ranges and the association with EQ5D utility scores

Variables HGS, kg P-value
<34 34-38.4 38.5-43.9 =44
EQS5D descriptive section, n (%)
Mobility
No problem 86 (67.2) 122 (74.8) 128 (89.5) 132 (89.2) <0.001
Some problem 40 (31.3) 40 (24.5) 14 (9.8) 16 (10.8)
Extreme problem 2(1.6) 1 (0.6) 1 (0.7) 0(0)
Self-care
No problem 120 (93.8) 154 (94.5) 139 (97.2) 146 (98.6) 0.113
Some problem 8 (6.3) 9 (5.5) 4(2.8) 2(1.4)
Extreme problem 0(0) 0(0) 0(0) 0(0)
Usual activities
No problem 104 (81.3) 143 (87.7) 137 (95.8) 142 (95.9) <0.001
Some problem 23 (18.0) 20 (12.3) 6(4.2) 6 (4.1)
Extreme problem 1 (0.8) 0 (0) 0(0) 0(0)
Pain/discomfort
No problem 91 (71.1) 110 (73.6) 119 (83.2) 128 (86.5) 0.003
Some problem 34 (26.6) 36 (22.1) 23 (l6.1) 20 (13.5)
Extreme problem 3(23) 7 (4.3) 1 (0.7) 0(0)
Anxiety/depression
No problem 112 (87.5) 136 (83.4) 135 (94.4) 141 (95.3) 0.002
Some problem 15 (11.7) 26 (16.0) 8 (5.6) 7(4.7)
Extreme problem 1 (0.8) 1 (0.6) 0(0) 0(0)
EQ5D utility score (mean * SD) 0.91£0.1 0.92+0.1 0.96+0.1 0.9740.1 <0.001

Abbreviations: HGS, hand grip strength; EQ5D, EuroQol Five-Dimension Questionnaire; SD, standard deviation.
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non-COPD subjects. In male subjects, those with COPD
actually had significantly greater HGS, while there was no
difference among females. HGS was also associated with
EQS5D in male COPD subjects only.

Some studies have reported that muscle mass was asso-
ciated with mortality in elderly adults and with functional
outcome in critically ill patients.?"*> HGS is known as a
simple assessment tool for nutritional status, systemic muscle
mass and overall muscular strength because of its correlation
with several muscular strength measurements such as knee
and elbow extension.?*?* Therefore, many researchers have
studied the association between HGS and mortality and have
reported associations between the two.* 2% A recent systemic
review of HGS has also reported that HGS is associated with
increased risk of cardiovascular disease mortality in diverse
populations.?® One longitudinal study showed that HGS was
a predictor of all causes of mortality.?® However, the relation-
ships between COPD and HGS in terms of lung function,
severity of COPD and mortality are still controversial.'*"?

In this study, although the HGS of COPD subjects in
both sexes were significantly lower than those of non-COPD
subjects before propensity score matching, these results
were suspected because they did not exclude factors that
affect HGS such as cardiovascular disease, age and BMI.
After propensity score matching to reduce the effects of
several factors, HGS was higher in COPD subjects than
in non-COPD subjects, and this finding was statistically
significant in males. Cardiovascular disease is known to be
associated with HGS, and the observed high prevalence of
cardiovascular disease in subjects with COPD before pro-
pensity score matching in our study seems to offer at least a
partial explanation of the conflicting results.”!* Strandkvist
et al®® reported that no difference in HGS between COPD and
non-COPD was found and the subjects with cardiovascular
disease had significantly lower HGS compared to subjects
without cardiovascular disease.

A recent study reported that COPD subjects with GOLD
stage 3 or 4 had lower HGS than did non-COPD subjects, '
while other studies have shown no correlation between HGS
and COPD.'"*!'" In our COPD subjects, there was no signifi-
cant correlation between HGS and lung function divided by
GOLD stage. However, this result is similarly controver-
sial to previous studies because the number of subjects of
GOLD stages 3 and 4 in our study is small.'!3 Therefore,
to confirm the correlation between HGS and lung function,
a large population study that considers the factors affecting
HGS is needed.

This study showed the association between HGS and
COPD in Korea and specifically showed that HGS is cor-
related with the EQ5D index of quality of life in males with
COPD. A similar association between muscle strength and
quality of life has been reported in other studies.’*® In our
male subjects with COPD, subjects with lower HGS also had
significantly lower EQ5D scores. Although the correlation
coefficient of HGS and EQSD utility score calculated from
0 point to 1 point was not high, it seemed clear when com-
paring the descriptive sections of EQ5D expressed in three
functional levels with HGS. In groups classified according
to HGS, HGS was negatively associated with problems in
all EQ5D sections except self-care. We supposed that the
description sections except for anxiety/depression section of
the EQ5D involve activities requiring muscle movements;
therefore, the association between HGS and EQS5D is to be
expected. Furthermore, the EQ5D is indicative of overall
quality of life, not dyspnea specifically, and the fact that HGS
is not associated with lung function may have affected EQ5D
results. In terms of smoking affecting HGS,'*?° female COPD
might have affected the analysis of HGS due to small sample
numbers. However, HGS results according to smoking habits
in male COPD subjects showed no association with smoking
and HGS. A previous study in Korea reported mean HGS
values 0f 40.2 kg in males and 24.2 kg in females,*' whereas
the corresponding mean values in COPD subjects in our study
were 35.77 and 21.76 kg. The relatively greater decrement
in HGS of males compared with females in our study might
explain the result that the association of EQ5D with HGS
was only observed in male subjects with COPD.

This study has the strength of being based on nationwide
large-scale data on the relationship between COPD and HGS,
which has not been widely studied in Korea. In addition, this
study was able to study the association of COPD with HGS
more accurately by using the propensity score matching
method to adjust for variables other than COPD that are
known to be associated with HGS, such as cardiovascular
disease and stroke.

This study had some limitations. First, we used the
fixed FEV /FVC criteria of pre-bronchodilator spirometry
data. Because subjects did not used bronchodilator, it is
possible that asthma subjects were mixed with the COPD
subjects. And these cases could represent over-diagnoses of
COPD, thereby resulting in misclassification or dilution of
the COPD group.’>** Second, the number of samples in the
severe COPD group enrolled was low and the evaluation of
HGS was limited to mild to moderate COPD group because
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the proportion of COPD patients with GOLD stage 3 or 4
among total subjects was relatively small. Third, there is a
limit to the HGS evaluation in female COPD subjects because
the number of female subjects was small. Finally, the cross-
sectional study design presents its own inherent limitations.

Conclusion

After propensity score matching, COPD subjects in this
population-based study did not have lower HGS than non-
COPD subjects. For males, the difference of HGS was
statistically significant in subjects with and without COPD
and in the unexpected direction; however, there was no dif-
ference in HGS in females. In addition, no association was
found between HGS and lung function, whether classified
as GOLD stage. However, the HGS of male COPD subjects
was positively associated with EQ5D, an indicator of quality
of life. HGS may be helpful as an additional method to the
evaluation of quality of life in male COPD patients.
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