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Background and Objective: Sarcopenia is mainly results from aging; however, it is more prevalent in chronic airway disease such
as obstructive pulmonary disease (COPD). Hand grip strength (HGS) can be used as an indicator to evaluate sarcopenia. We aimed to
assess the association between HGS and severity of airflow limitation (AFL) in the general population.

Methods: We conducted a cross-sectional study using data from the Korea National Health and Nutrition Examination Survey
(KNHANES) from 2014 to 2018. Subjects aged >40 years who underwent both spirometry and HGS tests were included. AFL was
defined by spirometry revealed forced expiratory volume in 1 second (FEV,)/forced vital capacity (FVC) <0.70). A propensity score-
matched comparison was performed, and the risk for moderate-to-very severe AFL was analyzed using logistic regression analysis.
Results: Among 15,950 subjects, 2277 (14.3%) had AFL with mean FEV; was 77.1% of the predicted value. Male was predominant
in both individuals without AFL and with AFL (74.2% vs 73.5%, p = 0.613). The HGS was 32.9 + 9.5 kg and 33.3 + 9.5 kg in
participants without AFL and with AFL (p = 0.109). However, HGS was significantly decreased as AFL getting more severe: 34.0 £+
9.6 kg in mild, 33.0 + 9.5 kg in moderate, and 30.8 + 8.5 kg in severe to very severe AFL group (p<0.001). As HGS decreased,
adjusted odds for moderate-to-very severe AFL increased compared to those with mild AFL (adjusted odds ratio [aOR], 0.97; 95%
confidence interval [CI], 0.951-0.987) and both without AFL and mild AFL group (aOR, 0.98; 95% CI, 0.967-0.995) in age-, sex-,
and body mass index (BMI)-matched comparisons.

Conclusion: Lower HGS is significantly associated with moderate-to-very severe AFL in age-, sex-, and BMI-matched comparisons.
Keywords: hand grip strength, airflow limitation, severity

Introduction
Chronic obstructive pulmonary disease (COPD) is a heterogeneous and complex inflammatory airway disease, char-
acterized by fixed airflow limitation and related chronic respiratory symptoms, such as cough, phlegmon, and progressive
dyspnea. COPD is not only a progressive debilitating disease but is also accompanied by multi-morbid conditions,
making it difficult to manage and contributing to functional decline and disease progression.' > COPD patients suffer
from loss of muscle mass, irrespective of measurement method, and muscle weakness and body weight loss are known to
be associated with functional impairment.*”’ Moreover, loss of muscle mass and power can be more prominent in
patients with moderate-to-severe COPD® and during acute exacerbation.®

Sarcopenia is the loss of skeletal muscle mass and strength that occurs with aging”. The 2018 European Working
Group of Sarcopenia in Older People emphasized the clinical importance of the “secondary sarcopenia” as a result of
underlying diseases other than aging, such as COPD.'® Although the precise etiology and mechanism of sarcopenia are
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not fully understood, potential mechanisms might be linked to multifactorial factors, including aging, inflammation and
related cytokines, oxidative stress, physical inactivity and inadequate energy and protein intake.''" Most of these
contributing factors are the common features associated with sarcopenia and COPD.>'? In patients with COPD,
sarcopenia is frequently observed with varying prevalence across population settings, and its prevalence is estimated
to range from 15% to 55%'* which is much higher than that in the general population. Sarcopenia can also negatively
affect the clinical course of COPD patients.™'*!?

Handgrip strength (HGS) has been used as an important index of low muscle strength to diagnose sarcopenia, because
low HGS is an indicator of overall muscular strength, nutritional status, muscle mass, and walking performance.'¢'®
Because of ease of use, HGS is advised for routine use in clinics and community healthcare.'®

Prevalence of COPD in Korea reported to ranged from 13.1% to 14.6%; however, only less than 5% of the individuals
visited hospitals and treated for COPD.'? The main reasons of low rate of COPD-related hospital visits are considered to
be low level of awareness of COPD and low rate of conducting spirometry in those at high risk for COPD. Most of
undiagnosed COPD patients might be either a- or mild symptomatic and it is difficult to find those group of individuals
before they become over symptomatic COPD. We enable to approach these group of individuals through our nationally
representative database. Identifying the association between low HGS and more severe AFL may help guide subjects
toward further diagnostic test and treatment for COPD. In this study, we aimed to assess the association between low

HGS and severity of AFL in general population.

Methods

Study Population

We used cross-sectional data from the Korean National Health and Nutrition Examination Survey (KNHANES), which
provides nationwide statistical data on the Korean population’s health and diet annually. The hand grip test has been
performed since 2014; thus, we analyzed KNHANES data from 2014 to 2019 and included subjects whose hand grip
strength data were available. The KNHANES uses a complex, stratified multistage probability cluster sampling design,
and sampling units are households based on geographic region, age, and gender groups. A health-related interview,
nutrition survey, and physical examination were performed by trained interviewers for each participant selected
throughout Korea. This study used the KNHANES database and was exempted from informed consent by the institu-
tional review board (IRB) of Kyung Hee University Medical Center (IRB No. 2021-12-065).

Definition and Severity of Airflow Limitation

As spirometry was performed only in subjects aged >40 years in the KNHANES, we included subjects aged >40 years in
the analyses. Those who did not perform the spirometry test or who had missing data regarding the hand grip test were
excluded. Spirometry was performed by trained technicians in compliance with the standardized manual of the American
Thoracic Society/European Respiratory Society (ATS/ERS) Task Force with dry rolling seal spirometers (Model 2130;
Sensor Medics, Yorba Linda, CA, USA).?® All equipment are periodically calibrated, and quality control was performed.
Normal predicted values for spirometry data were derived from the general population of Korea and all values were pre-
bronchodilator results.?!

AFL was defined as spirometry revealing forced expiratory volume in 1 second (FEV,)/forced vital capacity (FVC)
<0.70). The severity of AFL was classified according to the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) stage: stage 1 (mild, FEV| >80% of predicted value), stage 2 (moderate, FEV; >50% and <80% of predicted
value), stage 3 (severe, FEV; >30% and <50% of predicted value), and stage 4 (very severe, FEV; <30% of predicted
value).

Measurements of Demographics

KNHANES provides information on various demographic data (ie, age, sex, body mass index (BMI), smoking, economic
activity, level of education, income, marital status, living area, and self-perceived income status), nutritional data (ie,
calorie and protein intake), and spirometry results. The Korean version of the EuroQol-5 dimensions questionnaire (EQ-
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5D), a simple health-related quality of life (QoL) instrument consisting of five health dimensions (mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression), was used to measure the QoL status. > Dietary intake was
estimated using the 24-hour recall method, which was conducted through face-to-face interviews with trained inter-
viewers. Food and nutrient intakes were calculated using the 24-hour dietary recall assessment system of the National
Institute of Health, based on the National Rural Living Science Institute database.**

Physical activity was measured using self-report questionnaire responses from the Global Physical Activity
Questionnaire (GPAQ). This study divided the types of physical activity into aerobic, walking, and resistance exercises.*’

For aerobic exercise, the metabolic equivalent task (MET) was calculated considering exercise intensity using work-
related, movement-related, and leisure-related physical activity time (minutes). For work- and leisure-related physical
activity, 8 and 4 MET for high-intensity and moderate-intensity physical activity, respectively, were multiplied according
to the World Health Organization’s physical activity guidelines to calculate the weekly physical activity metabolic rate
(min/week). Movement-related physical activity was multiplied by 4 MET to calculate the metabolic rate of physical
activity per week (MET-min/week). For walking exercise, the metabolic rate of physical activity per week (MET-min
/week) was calculated by multiplying the physical activity time (min) by 3.3 MET, based on the manipulative definition
of low-intensity physical activity.?

Measurement of Hand Grip Strength (HGS)
HGS was measured in kilograms (kg) using a digital grip strength dynamometer (TKK 5401; Takei Scientific Instruments
Co., Ltd., Tokyo, Japan). Participants were asked to apply their maximum grip strength in the standing position three
times with both the right and left hands, with a resting interval of at least 30 seconds after each measurement. The highest
of the six measured values was used.”’

In Korea, the mean HGS was 39.5 + 9.3kg in men and 24.4 + 5.3 kg in women. The mean HGS was increased from
19 to 39 years, peaked at 35-39 years in both men (46.0 + 7.2kg) and women (27.2 + 4.6kg), and aging curve of HGS
was steeper in men than in women. It was then decreased after 39 years.”®

Comorbidities

Several comorbid conditions, which were identified using each definition, were also included in this study. The presence
of hypertension (HTN) was determined by high blood pressure (mean systolic or diastolic blood pressure of >140 or >90
mmHg, respectively, and/or current intake of antihypertensive medications).”’ Diabetes mellitus (DM) was defined as
fasting glucose >126 mg/dL, HbA lc >6.5%, or current use of oral hypoglycemic agents or insulin for glycemic control.*
The presence of comorbidities was determined by a positive response to the following two questions: “Have you been
diagnosed with the disease by a doctor?” or “Do you take medicine or treatment for the disease?”.

Statistical Analysis
To increase comparability and reliability, 1:1 propensity matching was performed according to age, sex, and BMI. Then,
continuous and categorical variables were compared among the three groups by ANOVA and the chi-square test, respec-
tively. To identify the influence of HGS on the severity of airflow limitation, a logistic regression model was used with
adjustment for pack-year (PY), CAT score, total physical activity, income status, education level, economic activity, marital
status, residential area, and protein intake. We further analyzed this association by applying comorbidities, including HTN,
DM, ischemic heart disease (IHD), osteoporosis, depression, chronic kidney disease (CKD), and asthma as covariates.

All tests were two-sided, and a P-value of 0.05 was considered statistically significant. Statistical analysis was
performed using STATA (version 16; Stata Corp, College Station, TX, USA).

Results

Prevalence and Severity of Airflow Limitation
Among 15,950 subjects with available spirometry and hand grip strength results, 2277 (14.3%) had AFL (Figure 1). With
this, 2277 without AFL and AFL each were enrolled in propensity matching. Among AFL individuals, 45.5% (n = 1036)
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38,247 subjects in KNHANES aged > 40 years
with spirometry results (2014-2018)

No hand Grip result (n = 22,297)

15,950 subjects with hand grip result
(13,673 without AFL vs 2,277 with AFL)

1:1 propensity score matching

Without AFL With AFL
(n=2,277) (n=2,277)

Figure | Flow of the study.
Abbreviations: AFL, airflow limitation; KNHANES, Korean National Health and Nutrition Examination Survey.

were mild, 48.7% (n = 1108) were moderate, and 5.8% (n = 133) were severe or very severe. Of the AFL individuals,
only 2.6% (n = 60) reported that they had been diagnosed with COPD by a clinician.

Clinical Manifestation Comparison According to the Severity of Airflow Limitation

A comparison of the clinical features between individuals without AFL and with AFL of mild and moderate-to-very severe
AFL is presented in Table 1. Compared with the without AFL group, the proportion of participants who never smoked
decreased and that of current smokers increased in the AFL group, especially as AFL became more severe (p<0.001). The
mean smoking exposures showed a similar trend (12.01 PY vs 15.48 PY vs 19.29 PY in without AFL vs mild AFL vs
moderate-to-very severe AFL; p<0.001). Lower proportion of participants with an education level above high school in the
AFL group (p = 0.020). The Medicaid coverage rate was higher in the moderate-to-very severe AFL group (4.0% vs 4.2% vs
6.4% in without AFL vs mild AFL vs moderate-to-severe AFL group; p = 0.004), but there was no difference across the
groups in subjective income status and economic activity rates (p = 0.115 and 0.370, respectively). Index of quality of life
status was not significantly different across groups (p = 0.090). Medical histories of diabetes and asthma were more
commonly accompanied by moderate-to-very severe AFL group as comorbidities (p<<0.05 for both groups).

HGS Across Groups

The HGS in without AFL and AFL group were 32.9 + 9.5 kg and 33.3 + 9.5 kg, respectively, with no significant
difference between the two groups. When the HGS was compared by severity of the AFL, HGS of the moderate-to-very
severe AFL group was 30.8 + 8.5 kg, which was significantly lower than that of the without AFL (32.9 £ 9.5 kg) or mild
AFL (34.0 + 9.6 kg) and moderate AFL group (33.0 £ 9.5 kg) (p<0.001) (Figure 2).

Association Between Severity of AFL and HGS

The association between HGS and the likelihood of moderate-to-very severe AFL was analyzed in two steps (Table 2).
First, odds were calculated using mild AFL individuals as a reference, and the 1 kg greater the HGS, the lower the
possibility of having moderate-to-very severe AFL (adjusted odds ratio [aOR], 0.97; 95% confidence interval [CI],
0.953-0.989). A similar result was found when chronic comorbid conditions were considered as covariates (aOR, 0.97;
95% CI, 0.954-0.994). Next, the risk was re-analyzed using without AFL and mild AFL together as a reference, and this
inverse association between HGS and the likelihood of having moderate-to-very severe AFL persisted.
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Table | Baseline Characteristics of Subjects

Variables Without AFL With AFL P-value
(n =2277) K
Mild (n = 1036) Moderate to Very
Severe (n = 1241)
Age (years) 65.98 + 9.78 66.46 + 9.47 65.83 + 9.62 0.263
Male sex 1689 (74.2) 755 (72.9) 919 (74.1) 0.719
Smoking (n = 4479)

Never 914 (40.7) 356 (35.0) 367 (30.2) <0.001

Former smoker 950 (42.3) 411 (40.4) 480 (39.5)

Current smoker 384 (17.1) 250 (24.6) 367 (30.2)

Pack years 12.01 * 18.02 15.48 + 21.60 19.29 + 23.67 <0.001
BMI (kg/m?) 23.90 + 2.83 23.89 £ 2.55 23.79 £ 3.13 0.383
Education (above high school) (n = 4362) 1153 (52.7) 474 (47.8) 581 (49.2) 0.020
Income level, lowest quartile 672 (29.6) 337 (32.7) 406 (32.9) 0.115
Economic activity, yes (n = 4367) 1204 (54.9) 539 (54.3) 620 (52.4) 0.370
Medicaid coverage 91 (4.0) 43 (4.2) 79 (6.4) 0.004
Marriage, yes 2238 (98.3) 1025 (98.9) 1214 (97.8) 0.121
Physical activity, MET-min/week (n = 2412) 1081.70 + 1423.47 | 1119.55 + 1346.87 1096.44 + 1626.05 0.878
Daily protein intake, g 66.82 + 33.96 67.43 + 34.78 65.36 + 35.73 0.367
EQ-5D 0.93 £ 0.12 093 £ 0.11 092 £ 0.13 0.090
Comorbidities

Hypertension (n = 4478) 868 (38.8) 395 (38.8) 510 (41.7) 0.200

Ischemic heart disease (n = 4390) 117 (5.3) 46 (4.6) 64 (5.4) 0.672

Diabetes mellitus (n = 4494) 548 (24.4) 207 (20.3) 314 (25.6) 0.009

Osteoporosis (n = 3661) 73 (3.9) 35 (44) 57 (5.7) 0.089

Asthma (n = 4390) 10 (0.5) 14 (1.4) 82 (6.9) <0.001
Lung function

FEV,, % of predicted value 92.36 + 13.82 90.39 + 847 65.92 + |1.57 <0.001

FEV,\/FVC, % 77.38 £ 4.64 66.34 £ 3.37 61.06 +7.83 <0.001

Note: Data are represented by mean + SD for continuous variables and N (%) for categorical variables.
Abbreviations: AFL, airflow limitation; BMI, body mass index; EQ-5D, EuroQol-5 dimensions questionnaire; FEVI, forced expiratory volume in | s; FVC, forced vital
capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; MET, metabolic equivalent of task.

Discussion

In this population-based cross-sectional study, there was no significant difference in HGS between the subjects with and
without AFL. However, we found lower HGS is significantly associated with moderate-to-very severe AFL in age-, sex-,
and BMI-matched comparisons. This association between HGS and higher odds for moderate-to-very severe AFL was
significant after adjustment for not only pack-years, QoL status, physical activity, income status, protein intake, education
level, economic activity, marital status, residential area, but, comorbid conditions, including HTN, DM, and IHD as well
compared with those without AFL and/or mild AFL.

Studies have reported contradicting results on the association between HGS and COPD. Some studies showed that
severe to very severe AFL was associated with the presence of sarcopenia and lower HGS have an increased likelihood
of morbidity and mortality of COPD.?>'*? On the contrary, Marino et al reported that peripheral muscle strength as
measured by HGS was not associated with the severity indexes for COPD.** However, HGS measurement using a hand
dynamometer is a simple measure to assess muscle strength and widely used. Moreover, it is accepted as useful tool to
assess sarcopenia in not only general population but chronic ill patients.'”

We defined AFL by spirometry-revealed FEV/FVC ratio less than 0.7 irrespective of smoking exposure. Individuals
with AFL might not representative for COPD and the possibility of overestimation of COPD exists, because there are
other chronic respiratory conditions might cause AFL such as bronchiectasis and asthma. Although self-reported asthma
history was more prevalent in moderate-to-very severe AFL group, it was only 6.9% (82 out of 1241). Unfortunately, we
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Figure 2 Hand grip strength according to the severity of airflow limitation.

cannot evaluate bronchiectasis as comorbidity in this study because questionnaire on bronchiectasis was only available in
the 20072009 in KNAHNES database. Subjects with AFL in this study has mean FEV, was 77.1% of the predicted
value and QoL was almost within normal and only 2.6% reported that they diagnosed as COPD by clinician. This
suggestive for these group of individuals might be representative for asymptomatic, mild COPD in general population.

There has been growing attention on early detection and preventive manages on COPD because exacerbations eventually
occur in some patients with mild-to-moderate COPD.** Colak et al*® reported that 15% of the early COPD patients existed in
a population-based cohort when early COPD was defined by FEV/FVC ratio less than the lower limit of normal in
individuals under 50 years of age with 10 pack-years. These subjects had a higher risk for COPD-related hospitalization
(hazard ratio [HR], 6.42; 95% confidence interval [CI], 3.39-12.2) and all-cause mortality (HR, 1.79; 95% CI, 1.28-2.52)
during the 14.4-year follow-up. Considering the natural course and related socioeconomic burden of COPD, active
surveillance for early detection for undiagnosed, mild COPD is required. The results of this study suggest that the hand
grip test might be helpful in suspicion of undiagnosed COPD subjects with more than a moderate degree of AFL.

The cause of sarcopenia in COPD is a complex interaction of many factors, including poor oxygenation, inflammation
triggering muscle proteolysis, oxidative stress, hypercapnia, decreased effect of anabolic hormones such as growth hormone
and testosterone, frequent use of corticosteroids, and tobacco smoking.**** One longitudinal study of 7 years reported that

Table 2 Impact of Hand Grip Strength on the Risk of Moderate-to-Severe or Very Severe
Airflow Limitation

OR (95% CI)

Crude Model | Model 2
Hand grip® 0.99 (0.977-0.995)** 0.97 (0.951-0.987)** 0.97 (0.954-0.994)*
Hand gripb 0.99 (0.988-1.001) 0.98 (0.967-0.995)* 0.98 (0.968-0.999)*

Notes: *P<0.05, *P=0.001. Model | was adjusted for pack-year, EQ-5D, total physical activity, income status, protein
intake, education level, economic activity, marital status, and residential area. Model 2 was further adjusted for comorbid
conditions, including HTN, DM, IHD, osteoporosis, depression, CKD, and asthma in model |. *OR was calculated by GOLD
| COPD patients as a reference. POR was calculated using both non-COPD and GOLD | COPD patients as a reference.
Abbreviations: AFL, airflow limitation; CKD, chronic kidney disease; Cl, confidence interval; DM, diabetes
mellitus; EQ-5D, EuroQol-5 dimensions questionnaire; HTN, hypertension; IHD, ischemic heart disease; OR,
odds ratio.
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not only COPD but also smokers not accompanied by COPD had lower muscle mass and strength and accelerated decrease
of lean mass and muscle strength compared to former smoking control and never smoking controls.*’

Sarcopenia has a multidimensional relationship with clinical features and outcomes in patients with COPD. Reduced
muscle strength and impaired physical performance are predictors of poor quality of life and higher mortality in patients
with COPD.*® Sarcopenia associated with functional limitation, physical disability, and physical inactivity can cause
further deconditioning and deterioration of muscle strength and dyspnea, which are not attributed to COPD itself.*!
Whether sarcopenia is a consequence of muscle dysfunction or a leading cause of acute exacerbation of COPD is
incompletely understood; the prevalence of sarcopenia is higher in COPD subjects with frequent exacerbation.**
Moreover, the likelihood of readmission within 1 year for acute exacerbation of COPD is associated with low muscle
mass at discharge from previous severe exacerbation requiring hospitalizations.** In patients with COPD, accompanying
sarcopenia helps to anticipate the prognosis, such as acute exacerbation, hospitalization, and even mortality; thus, early
identification of sarcopenia in COPD might benefit patients centered on clinical decision-making and potentially improve
outcomes by providing exercise and rehabilitation programs. Martinez et al’' found pectoralis muscle area and
subcutaneous adipose tissue correlated well with HGS, and exacerbation risk (increase of 5% the risk of exacerbation
for 1kg decrement in HGS) in COPD cohort. This implies simple measurement of HGS reflects pectoralis muscle and it
might be indicative for sarcopenia in COPD.

Although data on muscle mass were not available and thus the approach to sarcopenia in COPD is not sufficient in
our study, we considered various clinical and demographic factors related to not only grip strength but also COPD itself,
including BMI, nutritional intake, physical activity, and comorbid conditions. The hand grip test is not the gold standard
method to assess physical activity and muscle power in COPD patients, but it is a convenient and simple test to screen.
Moreover, a decrease in muscle mass, strength, and physical performance is recommended for elderly people aged >65
years.** We included subjects aged >40 years who underwent spirometry in their KNHANES check-up and were more
focused on COPD itself rather than aging. KNHANES is not designed to evaluate chronic airway disease, but
a nationally representative study designed to assess the health and nutritional status of civilians in Korea. Among
15,950 subjects, 14.3% were identified COPD by spirometry, but almost of them did not get disease-specific medical
treatment. However, even these undiagnosed mild COPD patients, exacerbation events happened. A simple measurement
of HGS might be helpful in guiding the suspicion of COPD in the general population.

This study had several limitations. First, only pre-bronchodilator spirometry was performed in the KNHANES; thus,
fixed airflow limitation was not used to define COPD. However, prebronchodilator and postbronchodilator results were
shown to be interchangeable in a large cohort study.®* Second, AFL on spirometry alone cannot represent COPD and
there is possibility of overestimation. Third, KNHANES was not designed to evaluate sarcopenic status; thus, it does not
contain data on muscle mass and power other than HG. Third, the metabolic phenotype of COPD is not restricted to
muscle loss and sarcopenia.*® Moreover, more than 80% of AFL individuals have mild-to-moderate severity of AFL,
making it difficult to generalize the clinical importance of HGS to COPD.

In conclusion, reduced HGS was more prevalent in moderate-to-very severe AFL individuals in general population,
even after adjusting for various factors. A simple hand grip test might help in classifying the severity of AFL and might
allow us to consider the need for further evaluation of COPD. Multidimensional studies on early detection and clinical
effects in a- or mild symptomatic undiagnosed COPD patients by identifying moderate-to-severe AFL through accom-
panied sarcopenia are needed.

Institutional Review Board Statement

This study used data from KNHANES, which was approved by the Institutional Review Board of the Korea Centers for
Disease Control (IRB No. 1401-047-547), and all participants signed an informed consent form. The present study
complied with the Declaration of Helsinki-based ethical principles for medical research involving human subjects. The
anonymity of the data is guaranteed, and no individually identifiable information is included.
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