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Purpose: COPD is a multisystem disease and there is a need for clinical serum markers that

can assess the decline in lung and muscle function in COPD. The goal of this study was to

evaluate the potential association of serum club-cell protein 16 (CC16), α-1 acid glycoprotein

(AGP) and total sialic acid (TSA) with spirometry, hand-grip strength and quality of life to

assess important disease outcomes.

Methods: This is a population-based cross-sectional study and data were collected from the

patients at teaching hospitals of Gomal University and the University of Health Sciences in

Pakistan. The study population included 1582 participants (Non-COPD; N = 788, COPD;

N = 845) >55 years of age from both sexes, with data from structural interviews, clinical

examinations, laboratory investigations, spirometry and hand-grip strength measurements.

Results: Serum TSA and CC16 were significant predictors of FEV1% (p < 0.05) and hand-

grip strength in advanced stages of COPD (p < 0.05 each) in both sexes. Men had higher

absolute and adjusted hand-grip strength than women in all groups (p < 0.05). Hand-grip

strength was significantly associated with FEV1% in both genders (p < 0.05) with stronger

effect in women (r2 = 0.075). Serum HDL-C was an independent predictor of hand-grip

strength and FEV1% (p < 0.05) in both genders. Participants with extreme problem on EQ-

5D parameters had more severe COPD and reduced hand-grip strength (all p values < 0.05).

Conclusion: Taken together, these studies show that the serum expressions of TSA and

CC16 have correlations with spirometry and muscle decline in COPD. Further studies should

be conducted to establish their efficacy in monitoring disease progression in COPD.
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Introduction
Chronic obstructive pulmonary diseases (COPD) are frequently associated with

systemic manifestations in addition to well-characterized progressive decline in

the lung function.1 The loss of muscle mass and strength in these patients is partly

due to systemic inflammation and sedentary lifestyle2,3 which are strong predictors

of mortality in the patients with COPD.4 Hand-grip strength is a simple measure of

upper limb muscles force and various respiratory and cardiovascular co-morbidities

are associated with reduced hand-grip strength.5 Several previous studies have

elaborated a positive association between hand-grip strength and lung functions,

assessed as the forced expiratory volume in 1 s (FEV1%) of the predicted value in

the patients with COPD6,7 but the results have not always been consistent.8 This is

partly because the hand-grip strength, among other factors is affected by BMI,9
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serum metabolic profile including HDL-C,10 smoking

status11 and various co-morbidities5 which are often over-

looked when correlating hand-grip strength to disease

severity in patients with COPD.

Several systemic biomarkers including club cell protein

16 (CC16), α-1 acid glycoprotein (AGP) and total sialic acid

(TSA) have been associatedwith a decline in lung function in

the patients with COPD.12,13 These serum biomarkers have

shown promising association with FEV1% and/or hand-grip

strength despite scarce data. Low levels of CC16, which is

a secretory protein with anti-inflammatory properties are

associated with greater decline in FEV1%
14 but its associa-

tion with hand-grip strength in patients with COPD has not

been elucidated, to our knowledge. AGP is an acute-phase

protein and is reported to be a predictor of lung function in

COPD,15 but its association with hand-grip strength in the

patients with COPD is not known. Sialic acid is a 9-carbon

monosaccharide and is used as a marker of systemic inflam-

mation in patients with COPD.16 However, search for

a serum biomarker to comprehensively characterize the asso-

ciation between FEV1% and hand-grip strength in patients

with COPD remains elusive.

In clinical practice, physiologic tests like spirometry,

hand-grip strength and self-reported health assessment tests

have been used to evaluate disease severity in COPD.17

EuroQol Five-Dimension Questionnaire (EQ-5D),

a generic, health-related quality of life instrument has been

used to assess the quality of life in patients with COPD.6,18

Based on these findings, we reasoned that the patho-

physiological processes that occur in lung and skeletal

muscle during COPD could be associated with expression

of selected circulating biomarkers. More specifically, we

aim to explore the relationship between serum CC16, AGP

and TSA with clinically important outcome variables in

COPD including FEV1%, hand-grip strength and quality

of life. Furthermore, we aim to identify the clinical rele-

vance of hand-grip strength by testing its association with

FEV1% and EQ-5D in patients with various stages of

COPD.

Methods
Study Design and Participants
Current study is a cross-sectional analysis of the baseline

data collected from the selected participants with or with-

out COPD at the University of Health Sciences, Lahore

and the Gomal Medical College, Dera Ismail Khan. The

regional ethical committees at both the universities

approved this study. The study population included 1582

participants (Non-COPD; N = 788, COPD; N = 845, Men;

N = 737, Women; N = 845) with age range from 56 to 75

years. Data were collected from structural interviews, clin-

ical examinations, laboratory investigations, spirometry

and hand-grip strength measurements over an eight-

month time period starting January 2019. For statistical

analysis, participants were divided into two groups with or

without COPD. We used Global Initiative for Obstructive

Lung Disease (GOLD) classification to further divide the

COPD participants into 3 subgroups namely GOLD-1,

GOLD-2 and GOLD-3 and 4. Written informed consent

was obtained from all study participants. This study was

conducted in accordance with the declaration of

Helsinki.19

Definitions
COPD was defined as FEV1%/forced vital capacity (FVC) <

0.7 with persistent respiratory symptoms according to the

GOLD guidelines.20 Only the patients with stable COPD

were included which was characterized by absence of recent

infections, hospitalization or exacerbation in past 1 month.21

Among the patients with COPD, GOLD stage-1 was defined

as FEV1 ≥ 80% predicted, GOLD stage-2 as FEV1 = 50% -

80% and GOLD stages-3 and 4 as FEV1 ≤ 50%. Body mass

index (BMI) was calculated as kg/m2. Hypertension was

defined as a systolic blood pressure ≥ 140mmHg or

a diastolic blood pressure ≥ 90mmHg, and/or if antihyper-

tensive medications had been prescribed. Diabetes was

defined as fasting blood glucose levels ≥ 126 mg/dL or

hemoglobin A1C ≥ 6.5% and/or treatment for diabetes.

Smoking status was based on the use of tobacco products

(eg, cigarettes, hookah or pipe) and the participants were

classified into active smokers (smoked ≥ 1 tobacco product

per day), ex-smokers (smoked ≥ 100 tobacco products over

a lifetime and smoked at least once in the last 28 days) and

non-smokers (smoked ≤ 100 tobacco products over

a lifetime and did not smoke in the last 28 days). Subjects

with stable COPD were included while those with unstable

COPD (infection, exacerbation and/or hospitalization in the

past 1 month), arthritis, myopathies and neurological dis-

eases were excluded.

Hand-Grip Strength
Hand-grip strength was measured by a digital handgrip

dynamometer (CAMRY, South El Monte, CA, USA).

The participants were instructed to sit down with their

elbows flexed at an angle of 90◦ with the dynamometer
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in hand in supine position. The participants were then

asked to squeeze the dynamometer with maximal strength

in a smooth manner without rapid jerking or wrenching.

No other body movement was allowed during the proce-

dure. Three attempts were performed with each hand with

a 60-s rest between each attempt and the highest value was

recorded for analysis.

Spirometry
The FEV1 and FVC were measured using a portable

spirometer (Contec SP10, China), according to standards

set by American Thoracic Society.22 The participants

were instructed to inhale maximally until the lungs

were full, followed by forceful exhalation into the spi-

rometer until no air could be exhaled.23 This was done

for a minimum of three times and the severity grading

was based on FEV1% of predicted values according to

the GOLD criteria into GOLD-1–4.24 The quality of life

was assessed using a 5-item self-administered, scale-

based questionnaire (EQ-5D) which was developed by

EuroQol group.25 Only the descriptive section of EQ-5D

was used which considers mobility, self-care, usual

activities, pain/discomfort and anxiety/depression. Each

parameter was assessed according to three functional

levels: no problem, some problem or extreme problem.

Blood Metabolic Profile
Blood samples were drawn in the morning after 10–12 hrs of

fasting to determine serum metabolic parameters including

blood glucose and the high-density lipoproteins – cholesterol

(HDL-C) using CardioCheck® equipment (Maxglobal SA,

Parsippany, NJ, USA).

Measurement of Serum Biomarkers
For analysis of serum biomarkers, 18–20 participants from

the non-COPD and each of the 3 subgroups of COPD parti-

cipants were selected with equal representation of men and

women. The numbers of participants per group or subgroup

were selected based on the power (< 0.8) to detect 8–20%

change in the serum levels of biomarkers at p < 0.05. Serum

was assayed using ELISA kits for total sialic acid (abcam, cat

# ab83375), club-cell 16 (Cat # RD19102200, BioVendor)

and α-1 acid glycoprotein (abcam, cat # ab108852) according

to manufacturer’s instructions.

Statistical Analysis
Anthropometric measurements of the participants were

presented using mean and standard deviation as data met

the assumption for normality. Analysis of variance was

used to compare continuous variables and the chi-square

test was used to determine categorical variables between

the groups. Pearson correlation was employed to deter-

mine the strength of the relationship between hand-grip

strength (dominant and non-dominant) and lung function

(FEV1%, and FVC). A p-value < 0.05 was considered to

be statistically significant. Hand-grip strength was adjusted

for age, smoking status, waist circumference, anemia,

hypertension and serum HDL-C in a multiple linear

regression model using following equation

Y¼β0þβ1 � Aþβ2 � Bþβ3 � Cþβ4 � Dþβ5 � E
þβ6 � F

Results
Characteristics of the Participants
Basic characteristics of the study population are summar-

ized in Table 1. Overall, the COPD participants had higher

proportion of current and ex-smokers than the non-COPD

participants. Participants with COPD also had higher pro-

portion of co-morbidities including diabetes mellitus,

hyperlipidemia, hypertension and anemia than the partici-

pants without COPD.

Hand-Grip Strength in COPD
Since hand-grip strength is influenced by age,26 smoking

status,11 waist circumference,27 anemia,28 hypertension29

and serum HDL-C levels,30 so we performed multivariable

analysis to adjust for these factors. Among men, the

adjusted hand-grip strength was 45.23 ± 4.11 for non-

COPD group, 43.21 ± 3.71 for GOLD-1 subgroup, 41.88

± 2.81 for GOLD-2 subgroup and 39.45 ± 3.75 for GOLD-3

and 4 subgroups (Figure 1A). Among women, the adjusted

hand-grip strength was 30.31 ± 2.63 for non-COPD group,

29.01 ± 2.32 for GOLD-1 subgroup, 25.42 ± 2.41 for

GOLD −2 subgroup and 23.82 ± 2.15 for GOLD-3 and 4

subgroups. Men had higher adjusted hand-grip strength (p <

0.05) than women among the non-COPD participants and

three subgroups of COPD patients. Within the same gender,

participants with GOLD-3 and 4 stages showed lesser

adjusted hand-grip strength than the non-COPD partici-

pants among both men (39.45 ± 3.75 vs.45.23 ± 4.11; p <

0.05) and women (23.82 ± 2.15 vs 30.31 ± 2.63; p < 0.05)

participants (Figure 1A). Further, among women partici-

pants, those with GOLD-2 stage also had lower adjusted

hand-grip strength than the non-COPD group (25.42 ± 2.41

vs 30.31 ± 2.63; p < 0.05) (Figure 1B).
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Only women participants showed significant associa-

tion between FEV1% and adjusted hand-grip strength

(r2 = 0.005, p < 0.05) while the association between

FEV1% and adjusted hand-grip strength failed to reach

statistical significance in men (r2 = 0.001, p < 0.333)

(Figure 1B).

Effects of Smoking Status on Hand-Grip

Strength
Reduced hand-grip strength has been associated with

smoking in different age groups.11 To determine whether

smoking affects hand-grip strength in the COPD partici-

pants, we measured hand-grip strength in the active, ex-

and current smokers with COPD and adjusted it for co-

variants. Among men, current smokers had lower hand-

grip strength than the non-smokers of same age groups, as

shown among the 55–65 years (41.27 ± 3.87 vs 44.65 ±

3.56; p < 0.05) and 66–75 years old (37.47 ± 4.21 vs 41.35

± 4.32; p < 0.05) participants (Figure 2A). Among ex- and

current smokers, 55–65 years old men had higher hand-

grip strength than the 66–75 years old men (ex-smokers;

43.42 ± 4.32 vs 39.62 ± 3.51; p < 0.05, current smokers;

(41.27 ± 3.87 vs 37.47 ± 4.21; p < 0.05). Statistical

analysis was not conducted on female participants due to

smaller sample size of ex- and current smokers.

Relationship of Hand-Grip Strength and

FEV1% with Serum HDL-C
An association of hand-grip strength and FEV1% with the

serum metabolic parameters has been reported before.10 In

accordance with those findings, a significant association

was found between the adjusted hand-grip strength and

serum HDL-C in the male (r2 = 0.121, p < 0.05) and

female (r2 = 0.085, p < 0.05) participants (Figure 2B).

Serum HDL-C was also correlated to the FEV1% in the

male (r2 = 0.113, p < 0.05) and female (r2 = 0.175,

p < 0.05) populations (Figure 2C).

Relationship of Hand-Grip Strength and

FEV1% with EQ-5D Score
Deterioration of health-related quality of life as assessed

by EQ-5D score is generally associated with lower

hand-grip strength.31 In agreement with those findings,

we report lower adjusted hand-grip strength in men and

women participants with lower E1-5D score (Table 2).

Participants with lower adjusted hand-grip strength and

lower FEV1% had problems with mobility, self-care,

usual activities, pain/discomfort, anxiety/depression

than the participants with higher EQ-5D scores

(Table 2).

Table 1 Baseline Characteristics of the Study Participants

Men Women

Non-

COPD

GOLD-1 COPD

GOLD-2

GOLD-3

and 4

Non-

COPD

GOLD −1 COPD

GOLD-2

GOLD-3

and 4

Age category (years)

56–65, n (%) 212 (56.6) 115 (52.7) 58 (47.9) 12 (50) 227 (54.8) 132 (52.5) 71 (47.6) 17 (54.8)

66–75, n (%) 162 (43.4) 103 (47.3) 63 (52.1) 12 (50) 187 (45.2) 119 (47.5) 78 (52.4) 14 (45.2)

Smoking status

Non-smokers, n (%) 103 (27.5) 34 (15.6) 17 (14.1) 4 (16.6) 403 (97.3) 236 (94) 146 (98) 29 (93.5)

Ex-smoker, n (%) 182 (48.6) 57 (26.1) 41 (33.8) 13 (54.1) 7 (1.7) 11 (4.4) 2 (1.3) 1 (3.2)

Current, n (%) 89 (23.8) 127 (58.2) 63 (52.1) 7 (29.1) 4 (0.9) 4 (1.6) 1 (0.7) 1 (3.2)

BMI (Kg/m2) (Mean ± SD) 24.3 ± 2.3 24.1 ± 3.4 23.8 ± 2 24 ± 3.3 25.1 ± 3.8 24.5 ± 2.1 24.8 ± 2.7 24.4 ± 3.3

Waist Circum. (cm) (Mean ±

SD)

85.3 ± 9.3 84.2 ± 8.3 83.3 ± 10 84.3 ± 4.3 87.3 ± 5.3 84.1 ± 7.3 84.7 ± 6.3 83.9 ± 9.3

FEV1 (L) (Mean ± SD) 2.78 ± 0.5 2.24 ± 0.6 1.66 ± 0.4 1.36 ± 0.3 2.75 ± 0.4 2.2 ± 0.4 1.59 ± 0.3 1.26 ± 0.3

FEV1% predicted (Mean ±

SD)

97.2 ± 4.4 78.5 ± 7.3 58.3 ± 8.8 47.6 ± 8.1 98.5 ± 3.6 79.1 ± 6.2 57 ± 9.3 45.3 ± 6.1

Diabetes, n (%) 16 (4.4) 13 (5.9) 15 (12.4) 5 (20.8) 13 (3.8) 17 (6.7) 16 (10.7) 5 (16.1)

Dyslipidemia, n (%) 61 (16.3) 37 (16.9) 31 (25.6) 9 (37.5) 44 (10.6) 39 (15.5) 36 (24.1) 9 (29)

Hypertension, n (%) 17 (4.5) 22 (10.1) 12 (9.9) 4 (16.6) 11 (2.6) 23 (9.1) 19 (12.7) 4 (12.9)

Anemia, n (%) 36 (9.6) 42 (19.2) 29 (23.9) 8 (33.3) 53 (12.8) 34 (13.5) 27 (18.1) 10 (32.2)
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Serum Biomarkers, Hand-Grip Strength

and FEV1%
Among men, adjusted hand-grip strength was significantly

correlated with TSA (r2 = 0.104, p < 0.05) (Figure 3A) but

not with AGP (r2 = 0.036, p = 0.155) (Figure 3C) and

CC16 (r2 = 0.035, p = 0.188) (Figure 3E). Among women,

only CC16 showed significant correlation with adjusted

hand-grip strength (r2 = 0.198, p < 0.05) (Figure 3E)

while of TSA (r2 = 0.039, p = 0.125) (Figure 3A) and

AGP (r2 = 0.002, p = 0.689) (Figure 3C) did not show

Figure 1 (A) Absolute and adjusted hand-grip strength for age, smoking status, waist circumference, anemia, hypertension and serum HDL-C in subjects with non-COPD

and COPD by GOLD grades. Values are expressed as mean ± SD; one-way analysis of variance. * p < 0.05 vs women participants of the same group, # p < 0.05 vs non-COPD

participants of the same gender. Relationship of the FEV1% with the absolute (B) and adjusted hand-grip strength (C) in the men and women participants with and without

COPD.
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statistically significant correlations with adjusted hand-

grip strength. TSA and CC16 were also strong predictors

of FEV1% in men (TSA; r2 = 0.176, p < 0.05, CC16; r2 =

0.519, p < 0.05) and women (TSA; r2 = 0.112, p < 0.05,

CC16; r2 = 0.569, p < 0.05) participants with COPD

(Figure 3B and F). On the other hand, AGP was a poor

predictor of FEV1% in both genders although it showed

moderate correlation with FEV1% in men (r2 = 0.055, p =

0.072) (Figure 3D), which failed to reach statistical sig-

nificance. In a group-wise analysis, serum TSA levels

were elevated among participants with GOLD-3 and 4

(Men; ≈16.9%, p < 0.05, Women; ≈11.5%, p < 0.05) but

not GOLD-1 or 2, when compared to non-COPD control

group (Table 3). Similarly, serum CC16 levels were

reduced among participants with GOLD-2 (Men; ≈29%,

p < 0.05, Women; ≈29.6%, p < 0.05) and stages 3 and 4

combined (Men; ≈48%, p < 0.05, Women; ≈38.6%, p <

0.05), when compared to non-COPD control group. On the

other hand, a significant change in the serum AGP levels

was only found in the men with GOLD-3 and 4 stages

when compared to the participants with GOLD-1 (≈29%,

p < 0.05). Serum AGP levels in the women did not change

among non-COPD participants and the three subgroups of

COPD patients (Table 3).

Discussion
We report in this population-based cross-sectional study

that: (1) a potential association exists between the circulat-

ing levels of CC16 and TSA and clinical variables of

pulmonary (FEV1%) and muscle weakness in patients

with COPD. (2) hand-grip strength has an association

with spirometry and quality of life as participants with low

FEV1% and low scores on mobility, self-care, usual activ-

ities, pain/discomfort and anxiety/depression consistently

had lower hand-grip strength than the healthy controls.

Several groups have evaluated potential candidate

biomarkers of COPD as a tool to monitor disease sever-

ity, suggesting that it might be possible to characterize

Figure 2 (A) Hand-grip strength according to smoking status in the men and women participants of different age groups; Values are expressed as mean ± SD; one-way

analysis of variance. * p < 0.05 vs 66–75 old participants of the same gender, # p < 0.05 vs non-smokers of the same gender and age group. (B) relationship of the serum

HDL-C with the hand-grip strength and (C) FEV1% in men and women participants of the non-COPD and COPD groups. Hand-grip strength was adjusted for age, smoking

status, waist circumference, anemia and hypertension in all analyses.
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COPD using systemic biomarkers.32 However, the asso-

ciation of circulating biomarkers with muscle weakness

in multi-systemic COPD is poorly characterized.

Furthermore, the heterogeneity of COPD phenotype

makes it difficult to draw definite conclusions from stu-

dies involving small sample size. Here, we investigated

the biomarkers for decline in lung function and muscle

weakness in patients with COPD, which will help to

assess diseases progression during hospitalization and

recovery stages of COPD.

Using a large sample size with considerable representa-

tion of patients with various stages of COPD, we have

shown potential coupling of serum CC16 and TSA with

FEV1% and hand-grip strength in COPD. The positive

correlation between serum CC16 and FEV1% has been

reported earlier.33 Here, we have extended it to include

hand-grip strength, at least in advanced stages of COPD.

CC16 has anti-inflammatory and anti-toxicant effects in

lungs14 and may protect against spirometry decline in

COPD. The positive association between CC16 and hand-

grip strength reported in this study is probably because of

anti-inflammatory properties of CC16, since systemic

inflammation is known to reduce hand-grip strength.34 We

also found an association of serum TSA with FEV1% and

hand-grip strength. TSA is a marker of inflammation and its

serum levels are elevated in systemic inflammation asso-

ciated with COPD16 and sarcopenia.35 However, to the best

of our knowledge, no study has investigated the association

between TSA and hand-grip strength in patients with

COPD. In this study, we show the potential coupling of

serum TSA with FEV1% and hand-grip strength in the

participants with GOLD-2 and GOLD-3 and 4 who show

significant weakness of hand-grip muscles.

The relationship between hand-grip strength and spiro-

metry performance in patients with COPD is still contro-

versial as an unchanged6,36 or reduced37,38 hand-grip

strength has been reported with reduction in FEV1% in

the COPD patients. This discrepancy is partly due to

multiple factors including co-morbidities and inclusion of

participants mainly with mild to moderate degree of

COPD (GOLD-1 and 2 stages) in whom COPD may not

be severe enough to trigger muscle weakness. Diabetes

Table 2 Classification of the COPD Participants According to EQ-5D Scores and Association with Hand-Grip Strength and FEV1%

EQ-5D Descriptive

Scores

Men Women

N (%) Absolute Hand-Grip

Strength (kg) (Mean± SD)

FEV1%

(Mean ± SD)

N (%) Absolute Hand-Grip

Strength (kg) (Mean±SD)

FEV1%

(Mean ± SD)

Mobility

No problem 221 (66.9) 47.2± 5.2 82.3± 9.3 209 (61.3) 31.8± 3.4 79.2± 6.6

Some problem 87 (26.3) 43.7± 3.3* 61.6± 5.3* 81 (23.7) 26.4± 4.1* 58.5± 5.4*

Extreme problem 22 (6.6) 37.1± 3.9*,# 43.2± 7.7*,# 51 (15) 24.8± 3.3* 48.6± 4.7*,#

Self-care

No problem 251 (76.1) 49± 4.6 77.2± 7.3 268 (78.9) 29.2± 3.3 75.6± 4.7

Some problem 65 (19.7) 42.2± 2.8* 65.9± 5.6* 54 (15.8) 26.3± 3.9* 60.4± 4.2*

Extreme problem 14 (4.2) 36.1± 3.3*,# 46.7± 6.3*,# 19 (5.6) 25.1± 5.3* 45.2± 3.3*,#

Usual activities

No problem 189 (57.3) 48.6± 4.4 79.1± 8.3 257 (75.4) 30.3± 3.8 83.2± 6.5

Some problem 103 (31.2) 43.7± 5.1* 59± 4.4* 63 (18.5) 27.1± 5.3* 61.7± 4.7*

Extreme problem 38 (11.5) 39.2± 3.9* 48.4± 5.1*,# 21 (6.1) 23.9± 4.3*,# 47.2± 5.3*,#

Pain/discomfort

No problem 237 (71.8) 48.9± 6.3 79.5± 7.1 197 (57.7) 31.1± 4.3 76.3± 6.4

Some problem 61 (18.5) 42.2± 5.2* 61.2± 5.3* 105 (30.8) 27.9± 3.3* 59± 5.3*

Extreme problem 32 (9.7) 38.6± 4.9* 52.4± 6.3*,# 39 (11.4) 24.1± 4.3*,# 50.1± 5*,#

Anxiety/depression

No problem 203 (61.5) 47.7± 4.8 81.4± 6.2 235 (68.9) 32.2± 5.3 79.1± 6.9

Some problem 109 (33) 41.6± 4.9* 59.2± 4.3* 73 (21.4) 27.9± 3.6* 62.8± 4.3*

Extreme problem 18 (5.4) 35.7± 5.5* 49.6± 4.3*,# 23 (6.7) 22.6± 4.3*,# 46.7± 3.5*,#

Notes: Values are Expressed as Mean ± SD; One-Way Analysis of Variance. * p < 0.05 Vs Subgroup with “no Problem” of the Same EQ-5D Parameter of the Same Gender, #

p < 0.05 Vs Subgroup with “some Problem” of the Same EQ-5D Parameter in the Same Gender.
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and hypertension have significant detrimental effects on

muscle strength, which at least partly is due to increased

secretion of inflammatory cytokines, motor neuropathy,

elevated oxidative stress and lifestyle modifications.

A small fraction of our healthy controls and patients with

COPD had diabetes and hypertension. However, hand-grip

Figure 3 Linear regression graphs of the hand-grip strength and FEV1% with serum biomarkers of TSA (A, B), AGP (C, D) and CC16 (E, F) in the men and women

participants with and without COPD. Hand-grip strength was adjusted for age, smoking status, waist circumference, anemia and hypertension in all analyses.
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strength was adjusted for these co-morbidities before the

final analysis. Since the participants in each GOLD stage

had a huge variation in the FEV1% values, we hypothe-

sized that the FEV1% as a continuous variable might be

a better predictor of hand-grip strength when evaluating

disease severity in COPD. In support of this, we report an

association between FEV1% and hand-grip strength in the

COPD participants so that the reduced FEV1% was asso-

ciated with lower hand-grip strength irrespective of GOLD

stage. However, this coupling persisted only in women but

not in men, when hand-grip strength was adjusted for

confounders. Gender differences in the pulmonary func-

tion have been described before as women tend to have

slightly higher FEV1% than men in reproductive age.39

However, menopause is associated with an accelerated

decline in lung functions40 and muscle strength41 because

of low levels of estrogen and progesterone. Thus, meno-

pause might have contributed to stronger coupling

between FEV1% and hand-grip strength in women.

Moreover, most of the women in our study were non-

smokers, so additive negative effect of smoking on hand-

grip strength was restricted to men only. Thus, after adjust-

ment for this effect, the adjusted hand-grip strength did not

show significant correlation with FEV1% in men, unlike in

women. Thus, the reproductive aging and absence of

smoking might have contributed to the stronger associa-

tion between FEV1% and hand-grip strength in women,

when compared to men.

Poor scores on mobility, anxiety, pain, discomfort and

depression were consistently associated with reduced

hand-grip strength in men and women with COPD.

These findings are consistent with earlier reports31 and

suggest that hand-grip strength can be used as a physical

biomarker of the quality of life. Given that a direct cou-

pling between health-related quality of life and disease

severity in COPD participants has been proposed

before,42 measurement of quality of life in the COPD

participants may be a useful tool to assess pulmonary

decline and muscle weakness in COPD.

In terms of smoking affecting hand-grip strength,11

reduced hand-grip strength in the male smokers is prob-

ably attributed to lung dysfunction as a significant direct

effect of smoking on hand-grip strength in COPD is not

well elucidated.43 On the other hand, the relation between

reduced HDL-C and reduced hand-grip strength has been

described before in a list of diseases,10,30 which we expand

to include COPD here.

A very large sample size and careful clinical, biochem-

ical and functional characterization are the strengths of this

study. However, there are several potential limitations.

First, it was a cross-sectional study so we could not assess

longitudinal changes in the hand-grip strength and serum

biomarkers in relation to disease exacerbation and/or

response to therapies. Second, we could not perform

limbs' girth measurements and/or radiography (measures

of muscle atrophy) and walk tests (functional measures of

cardiopulmonary fitness); and hence could not analyze

their correlations with hand-grip strength and serum bio-

markers. Third, we could not perform computed tomogra-

phy analysis of body composition and airways thickness

which are recently shown to affect hand-grip strength

independent of COPD.44 Fourth, the number of partici-

pants with GOLD stages-3 and 4 in our study was much

smaller than those with COPD stages 1 and 2, so caution

should be exercised while interpreting the results. These

proportions, nevertheless, represent the prevalence of

COPD in the general population. Fifth, the number of

smokers among women was very small for statistical ana-

lysis so our analysis on the correlation between smoking

and hand-grip strength is restricted to men only.

Table 3 Protein Expression of the Serum Biomarkers of TSA, AGP, CC16 and HDL-C in the Sera of Participants with and Without

COPD

Men Women

Non-COPD GOLD-1 COPD GOLD-2 GOLD-3 and 4 Non-COPD GOLD-1 COPD GOLD-2 GOLD-3 and 4

TSA (mg/dl) 51.4 ± 3.6 52.5 ± 2.1 57.4 ± 3.8*,# 60.1 ± 3.4*,# 51.1 ± 3.1 51.6 ± 2.6 55 ± 3.8*,# 57 ± 3.3*,#

AGP (g/l)> 0.794 ± 0.04 0.743 ± 0.07 0.936 ± 0.04 0.963 ± 0.05# 0.813 ± 0.05 0.846 ± 0.07 0.833 ± 0.06 0.783 ± 0.05

CC16 (ng/mL) 23.53 ± 3.2 21.66 ± 4.13 16.7 ± 3.51*,# 12.05 ± 2.09*,# 24.68 ± 4.06 21.33 ± 3.71 17.36 ± 2.82*,# 15.15 ± 2.94*,#

HDL-C (mg/dl) 42.92 ± 2.34 41.96 ± 1.97 39.36 ± 3.46 31.71 ± 3.65*,#,φ 41.68 ± 3.18 40.27 ± 3.21 37.26 ± 2.14 34.21 ± 3.24*,#

Notes: Values are Expressed as Mean ± SD; One-Way Analysis of Variance. *p < 0.05 Vs Non-COPD Group of the Same Gender; #p < 0.05 Vs GOLD-1 Subgroup of the

Same Gender; φp < 0.05 Vs GOLD-2 Subgroup of the Same Gender.
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In summary, we have shown that expressions of serum

CC16 and TSA have positive associations with FEV1% and

hand-grip strength in COPD. Smoking and lower serum

HDL-C exacerbate the compromised muscle and lung func-

tions in these patients. Further studies are required to estab-

lish the efficacy of serum CC16 and TSA for monitoring

disease progression in COPD.
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