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Purpose: Patients with chronic obstructive pulmonary disease (COPD) frequently exhibit intestinal leaks and age-related muscle 
impairment, termed sarcopenia. The sarcopenia-related quality-of-life (SarQoL) is a tool to evaluate the quality of life of sarcopenic 
patients. However, the association of intestinal leak with SarQoL in COPD patients remains unknown.
Methods: We recruited male controls (n=87, age=72.7±6.7 years) and COPD patients (n=81, age=70.9±5.8 years) to validate the 
Pashto version of SarQoL. This was followed by an investigation of the sarcopenia indices, including handgrip strength (HGS), 
skeletal mass index (SMI), and gait speed. We also measured plasma zonulin (a marker of intestinal leak) and lipopolysaccharides 
binding protein (LBP) (a marker of bacterial load).
Results: We first confirmed the reliability of Pashto SarQoL by demonstrating its internal consistency, test-retest reliability, and 
absence of a floor-and-ceiling effect. Next, we report that COPD patients had higher plasma zonulin and LBP levels and lower 
SarQoL, HGS, SMI, and gait speed than controls (all p<0.05). Plasma zonulin demonstrated inverse correlations with SarQoL domains 
for locomotion, functionality, activities of daily living, and cumulative SarQoL scores in COPD patients (all p<0.05). Further, higher 
LBP levels were correlated with lower scores on SarQoL domains for physical and mental health, locomotion, functionality, fear, and 
cumulative SarQoL scores (all p<0.05).
Conclusion: In conclusion, intestinal leaks and associated bacterial load potentially contribute to reduced SarQoL in COPD patients. 
Future studies should investigate intestinal mucosal repair as a therapeutic option in COPD patients.
Keywords: zonulin, SarQoL, quality of life, handgrip strength, COPD

Introduction
Chronic obstructive pulmonary disease (COPD) is primarily a respiratory disease characterized by progressive airflow obstruc-
tion and systemic inflammation.1 COPD patients also exhibit a decline in multiple body organs, including skeletal muscle.1 

Specifically, these patients demonstrate an advanced form of age-related muscle decline, termed sarcopenia. The characteristic 
features of sarcopenia in COPD include muscle weakness, wasting, and lower physical capacity than age-matched controls.1

The etiology of sarcopenia is multifactorial and includes a sedentary lifestyle, comorbidities, nutritional deficiencies, 
genetics, and hormonal defects.2,3 Recently, a pathological increase in intestinal permeability has been recognized as 
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a critical cause of sarcopenia.4 Specifically, intestinal mucosal disruption and a leaky intestine allow the translocation of 
harmful bacteria and their products into blood, which damages skeletal muscle and exacerbates the sarcopenia 
phenotype.4 We have recently reported that COPD patients exhibit a higher intestinal permeability than age-matched 
controls.5 These patients also had higher plasma zonulin levels, a marker of intestinal leak. The intestinal barrier 
dysfunction in these patients may contribute to malabsorption of nutrients6 with detrimental effects on skeletal muscle 
mass and strength.7 This notion is supported by the established prevalence of malnutrition in COPD8 and its documented 
association with intestinal permeability.6 The malnutrition and sarcopenia phenotype observed in COPD manifests across 
multiple muscle groups, including the diaphragm.9 Diaphragmatic weakness in COPD is implicated in respiratory 
insufficiency, reduced diaphragmatic excursion during inspiration, and diminished tidal volume.9 Collectively, these 
pathological alterations in COPD can lead to impaired systemic oxygenation, potentially exacerbating the sarcopenic 
phenotype.10 Additionally, plasma zonulin levels in these patients correlate with sarcopenia phenotype and indicate the 
potential contribution of intestinal leak to muscle decline in COPD.5 These findings are generally consistent in sarcopenia 
patients with various age-related diseases.11,12

COPD patients frequently present with an impaired quality of life (QoL) than age-matched controls.13 Furthermore, 
the QoL worsens with increasing disease severity, duration, exacerbations, and hospitalization.13 Sarcopenia is also 
a critical factor for impaired QoL in these patients. This is partly because patients with sarcopenia exhibit physical and 
mental decline, which comprise their independent lifestyle and reduce QoL.14 It is also generally recognized that 
sarcopenic patients exhibit functional dependency, reduced leisure activities, reduced activities of daily living, and 
reduced locomotion.15 Most QoL tools are generic and do not consider these attributes associated with the sarcopenia 
phenotype. In this context, sarcopenia-related QoL (SarQoL) has recently been developed to evaluate multiple domains 
related to sarcopenia, including physical and mental health, locomotion, body composition, functionality, activities of 
daily living, leisure activities, and fear.16 The SarQoL exhibits adequate internal consistency and diagnostic potential for 
sarcopenia-related QoL domains.17–19

Several general and disease-specific tools have been developed to measure QoL in COPD patients.13 However, these 
tools generally overlook sarcopenia and related QoL domains. Thus, SarQoL may be a relevant tool for evaluating QoL 
associated with sarcopenia in COPD patients. However, no previous study has investigated SarQoL in COPD patients.

Our recent findings have demonstrated a causal link between a pathological increase in intestinal leak and postural 
instability in individuals with COPD.20 Specifically, a gradual increase in plasma zonulin levels shows a corresponding 
reduction in the ability to maintain postural balance.20 Postural imbalance is also independently correlated with 
sarcopenia phenotype in old age.21 However, the impact of intestinal leaks on the QoL in COPD patients remains 
unexplored. Due to its well-recognized association with sarcopenia, intestinal leak may also negatively affect the SarQoL 
domains in COPD patients. However, the association between a leaky gut and QoL remains elusive. Additionally, it is not 
known how plasma zonulin levels correlate with SarQoL in COPD patients.

We investigated the associations of plasma zonulin with individual SarQoL domains in COPD patients. In addition, 
we measured plasma markers of inflammation, oxidative stress, and bacterial load to dissect the mechanistic associations 
between intestinal leak and reduced SarQoL in COPD. We hypothesized that plasma zonulin may exhibit significant 
negative correlations with several domains of SarQoL. In addition, elevated systemic oxidative stress, inflammation, and 
bacterial load are associated with reduced SarQoL in COPD patients.

Materials and Methods
Study Design & Participants
After obtaining ethics approval from the hospital ethics committee, we randomly selected controls (n = 87) and COPD 
patients (n = 81) at the tertiary-care hospital of Gomal Medical College, Dera Ismail Khan (approval number: HREC-19- 
02-03-01). A sample size of 78–80 participants per group was calculated to achieve 80% power (alpha=0.05, beta = 0.2) 
in detecting a difference between control (SarQoL score = 80 ± 6) and COPD (SarQoL score = 78) groups. Thus, the 
sample size of 87 controls and 81 COPD patients ensured sufficient statistical power for the study. All participants were 
recruited from a parent cohort characterized elsewhere by us.5,22 COPD was diagnosed according to the guidelines of the 
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global initiative for chronic obstructive lung disease.23 We excluded subjects with non-ambulance, major diseases, 
chronic bed rest, recent surgeries, and major organ failures.24 All participants were Caucasian men and provided written 
informed consent. The study was conducted following the declaration of Helsinki.25

SarQoL Measurement
The robustness and internal consistency of SarQoL is recently reported.18,26 We used a recently described version of 
SarQoL,26 translated for Pashto-speaking participants. We recently reported the validation of Pashto SarQoL.27 The 
validation process includes testing the internal consistency, test-retest reliability, construct validity, discriminative 
potential, and an absence of floor and ceiling effect.27 Following the validation, the Pashto SarQoL was categorized 
into seven domains as D1-D7, relevant to physical and mental health, locomotion, body composition, functionality, 
activities of daily living, leisure activities, and fear.28 The percent cumulative score of seven domains was also used for 
statistical analysis.

Assessment of Sarcopenia Indices
Sarcopenia was diagnosed according to the revised criteria of the European working group on sarcopenia in old people 
(EWGSOP2) for men.11 The criteria include concomitant presence of low handgrip strength (HGS) of < 27 kg, low 
skeletal muscle mass index (SMI) of < 7 kg/m2, and a low gait speed of ≤ 0.8 m/s for diagnosing sarcopenia.23 HGS was 
measured with a handgrip dynamometer (CAMRY, South El Monte, CA, USA), as described before.29,30 Briefly, the 
participants were requested to sit on a chair and use the maximal strength of their dominant hand to squeeze the 
dynamometer without changing their body posture. The highest of the three recordings was used for analysis. SMI and 
body fat content were measured with a bioelectrical impedance analysis (BIA) scale (RENPHO, Dubai, UAE).31 The gait 
speed was measured by asking the participants to walk over a straight line for six meters at their routine pace. The time 
taken to complete the test was divided by the distance to calculate the gait speed, as described before.32

Measurement of Plasma Biomarkers
All blood samples were collected from cubital veins in heparin syringes between 0900 and 1100 hours following an 
overnight fast. The samples were centrifuged at 3000 revolutions per minute for ten minutes to obtain plasma for storage 
at −80°C.33 We used ELISA kits to measure the plasma levels of zonulin (Cat # K5601, Immundiagnostik AG, 
Bensheim, Germany), lipopolysaccharides binding protein (LBP) (Cat # ab279407, Abcam, Biomedical Scientific 
Services LLC, Al-Ain, Abu Dhabi 69480, UAE) 8–isoprostanes (Cayman Chemical, Ann Arbor, MI, USA), and 
c-reactive proteins (CRP) (R&D Systems, Minneapolis, MN, USA), as described elsewhere.12,34,35

Statistical Analysis
The control and COPD patients were compared using an unpaired t-test. Associations of SarQoL with plasma LBP, 
zonulin, and sarcopenia indices were measured using correlation analysis. Data are presented as mean ± standard 
deviation, and a p-value of < 0.05 was considered statistically significant. We used GraphPad Prism 8 (Graph Stats 
Technologies Private Limited, Bangalore 560035, India) for statistical analysis.

Results
Characteristics of the Participants
There was no difference in the age of participants between controls and COPD patients (Table 1). However, COPD patients 
had higher BMI and lower HGS, SMI, and gait speed than controls (all p < 0.05). COPD patients also exhibited lower SarQoL 
scores than controls, when categorized according to sarcopenia status (p < 0.05) (Table 1). We also found lower proportions of 
non-smokers and higher systolic and diastolic blood pressures in COPD patients than in controls (all p < 0.05) (Table 1). 
COPD patients had higher plasma zonulin levels than controls (p < 0.05). These patients also exhibited higher levels of total 
cholesterol, 8-isoprostanes, CRP, and LBP while lower HDL-cholesterol levels than controls (all p < 0.05). Conversely, the 
plasma levels of hemoglobin and HbA1c were similar between the two groups (Table 1).
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Validation of Pashto SarQoL
First, we confirmed the internal consistency of Pashto SarQoL by correlating the individual SarQoL domains with cumulative 
SarQoL scores in the study participants. All SarQoL domains exhibited positive correlations with cumulative SarQoL, 
confirming the internal consistency of the translated version (Table 2). Next, we confirmed the test-retest reliability of Pashto 
SarQoL by comparing a subset of sarcopenic patients with unchanged health over two weeks. All SarQoL domains exhibited 
significant ICCs, confirming the test-retest reliability of Pashto SarQoL (Table 2). Lastly, we confirmed the absence of floor-and- 
ceiling effect by finding that no patient obtained minimal or maximal scores on individual domains or cumulative SarQoL.

Table 1 Characteristics of the Study Population

Controls COPD p-value

Age (years) 
FEV1% predicted

72.7 ± 6.1 
97.3 ± 1.6

70.9 ± 5.8 
62.7 ± 5.8

0.052 
< 0.05

Body composition 
BMI (Kg/m2) 
Percent fat 

Sarcopenia indices 
HGS (kg) 
SMI (kg/m2) 

Gait speed (m/s) 

Sarcopenia prevalence, n (%)

25.2 ± 2.9 
32.6 ± 5.7  

25.9 ± 5.1 
7.1 ± 1 

1.04 ± 0.14 

12 (13.8)

26.3 ± 3 
34.2 ± 5.1  

20.5 ± 4.7 
6.3 ± 1.3 

0.84 ± 0.18 

17 (20.1)

< 0.05 
0.057  

< 0.05 
< 0.05 

< 0.05 

0.277
SarQoL scores 
No sarcopenia 

Sarcopenia 
All

80.7 ± 4.2 

78.7 ± 2.5 
80.4 ± 4.1

70.7 ± 4.2 

66.5 ± 1.7 
70.4 ± 4.2

<0.05 

<0.05 
<0.05

Daily steps count x 1000 5.31 ± 2.2 4.02 ± 1.7 < 0.05
Smoking status, n (%) 
Never 

Former 
Current

68 (78.1) 

14 (16.1) 
5 (5.7)

49 (60.5) 

28 (34.6) 
4 (4.9)

<0.05 

0.109 
0.818

Comorbidities n (%) 
Hypertension 
Ischemic heart diseases 

Clinical depression 

Diabetes Mellitus 
Dyslipidemia 

Others

14 (16.1) 
11 (12.6) 

5 (5.8) 

15 (17.2) 
23 (26.4) 

16 (18.4)

20 (25.7) 
16 (19.4) 

4 (4.9) 

19 (23.4) 
24 (29.6) 

12 (14.8)

0.127 
0.23 

0.796 

0.319 
0.645 

0.532

Blood Pressure (mm Hg) 
Systolic 

Diastolic

134.2 ± 12.1 

78.8 ± 7.6

140.3 ± 14.3 

82.1 ± 4.7

< 0.05 

< 0.05

Plasma profile 
Zonulin (ng/mL) 

HbA1c (%) 

Hemoglobin (g/dl) 
Total cholesterol (mg/dl) 

HDL-cholesterol (mg/dl) 

8-isoprostanes (pg/mL) 
CRP (mg/l) 

LBP (ug/mL)

1.82 + 0.37 

5.84 ± 0.5 

13.8 + 1.8 
228.3 ± 27.9 

45.2 ± 5.4 

56.79 ± 17.2 
1.71 ± 0.45 

17.44 + 5.12

2.11 + 0.31 

5.95 ± 0.5 

14.1 + 1.4 
241.1 ± 34.2 

42.3 ± 4.6 

72.56 ± 12 
2.25 ± 0.48 

24.44 + 6.19

< 0.05 

0.156 

0.232 
< 0.05 

< 0.05 

< 0.05 
< 0.05 

< 0.05

Notes: Baseline characteristics of the controls (n=87) and COPD patients (n=81). 
Values are expressed as mean ± SD. 
Abbreviations: BMI, body mass index; HGS, handgrip strength; SMI, skeletal muscle 
mass index; SarQoL, sarcopenia-related quality of life; HbA1c, glycosylated hemoglobin; 
HDL-cholesterol, high-density lipoproteins-cholesterol; CRP, c-reactive protein; LBP, 
lipopolysaccharides-binding protein; COPD, chronic obstructive pulmonary disease.

https://doi.org/10.2147/COPD.S511562                                                                                                                                                                                                                                                                                                                                                                                         International Journal of Chronic Obstructive Pulmonary Disease 2025:20 2052

Qaisar et al                                                                                                                                                                          

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



SarQoL Scores
Next, we measured the scores for individual SarQoL domains among the two groups (Table 3). When compared to 
controls, COPD patients had significantly lower scores for physical and mental health (mean difference ± SEM = −14.18 
± 1.48, 95% C.I = −17.11 to −11.25, p-value = < 0.0001), locomotion (mean difference ± SEM = −9.74 ± 1.35, 95% C.I 
= −12.42 to −7.06, p-value = < 0.0001), body composition (mean difference ± SEM = −9.04 ± 1.91, 95% C.I = −12.83 to 
−5.27, p-value = < 0.0001), functionality (mean difference ± SEM = −14.1 ± 1.51, 95% C.I = −17.07 to −11.13, p-value 
= < 0.0001), and activities of daily living (mean difference ± SEM = −14.57 ± 1.9, 95% C.I = −18.33 to −10.82, p-value 
= < 0.0001). Conversely, the scores for leisure activities and fear were similar between the two groups. Lastly, the COPD 
patients had lower cumulative SarQoL scores than in controls (mean difference ± SEM = −10.01 ± 0.634, 95% C.I = 
−11.26 to −8.75, p-value = < 0.0001) (Table 3). We also found lower SarQoL scores in sarcopenic vs non-sarcopenic 
participants for controls (80.7 ± 4.2 vs 78.7 ± 2.5, p<0.05) and COPD patients (70.7 ± 4.2 vs 66.5 ± 1.7, p<0.05) 
(Table 1). Lastly, the COPD patients exhibited lower SarQoL scores than controls, when categorized according to the 
absence (80.7 ± 4.2 vs 70.7 ± 4.2, p<0.05) or presence (78.7 ± 2.5 vs 66.5 ± 1.7, p<0.05) of sarcopenia (Table 1).

Associations of SarQoL with Plasma Zonulin
We next investigated the potential contributions of intestinal leak to reduced SarQoL by evaluating the associations of 
various SarQoL domains with plasma zonulin levels (Figure 1). The SarQoL domain for physical and mental health 
significantly correlated with plasma zonulin in the control group (r2 = 0.091, p = 0.004) but not in COPD patients 
(Figure 1A). Next, the SarQoL domain for locomotion exhibited significant correlations with plasma zonulin in controls 
(r2 = 0.073, p = 0.011) and COPD patients (r2 = 0.124, p = 0.001) (Figure 1B). No significant correlations were found 
between body composition and plasma zonulin (Figure 1C). However, the SarQoL domain for functionality exhibited 
significant correlations with plasma zonulin in controls (r2 = 0.168, p < 0.001) and COPD patients (r2 = 0.186, p < 0.001) 

Table 2 Validation of Pashto SarQoL

SarQoL Domains Internal Consistency Tess-Retest Reliability

R-value p-value ICC 95% C.I p-value

Physical and mental health (D1) 0.712 <0.001 0.904 0.853—0.925 <0.001

Locomotion (D2) 0.844 <0.001 0.942 0.914—0.973 <0.001
Body composition (D3) 0.693 <0.001 0.746 0.713—0.778 <0.001

Functionality (D4) 0.898 <0.001 0.911 0.872—0.934 <0.001

Activities of daily living (D5) 0.862 <0.001 0.963 0.94—0.982 <0.001
Leisure activities (D6) 0.703 <0.001 0.729 0.688—0.763 <0.001

Fear (D7) 0.606 <0.001 0.683 0.653—0.722 <0.001

Notes: Internal consistency and the test-retest reliability of Pashto SarQoL among controls and COPD patients. 
Abbreviations: SarQoL, sarcopenia-related quality of life; COPD, chronic obstructive pulmonary disease.

Table 3 SarQoL Scores of Controls and COPD Patients

Controls COPD Mean Difference ± SEM 95% C.I p-value

Physical and Mental health (D1) 86.7 ± 6.5 72.6 ± 12 −14.18 ± 1.48 −17.11 to −11.25 <0.0001

Locomotion (D2) 85.6 ± 8.2 75.9 ± 9.3 −9.74 ± 1.35 −12.42 to −7.06 <0.0001

Body composition (D3) 78.8 ± 10 69.8 ± 14 −9.04 ± 1.91 −12.83 to −5.27 <0.0001
Functionality (D4) 80.1 ± 10 66 ± 9.1 −14.1 ± 1.51 −17.07 to −11.13 <0.0001

Activities of daily living (D5) 80.6 ± 11 66 ± 13 −14.57 ± 1.9 −18.33 to −10.82 <0.0001

Leisure activities (D6) 69.3 ± 9.5 67.7 ± 11 −1.54 ± 1.57 −4.65 to 1.55 0.3268
Fear (D7) 76.7 ± 10 73.8 ± 12 −2.84 ± 1.56 −5.92 to 0.243 0.0708

Cumulative SarQoL score 80.4 ± 4.1 70.4 ± 4.1 −10.01 ± 0.634 −11.26 to −8.75 <0.0001

Notes: The scores for SarQoL domains of physical and mental health, locomotion, body composition, functionality, activities of daily living, leisure 
activities, fear, and percent cumulative scores between controls and COPD patients. 
Abbreviations: SarQoL, sarcopenia-related quality of life; COPD, chronic obstructive pulmonary disease.
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(Figure 1D). The SarQoL domain for activities of daily living also exhibited significant correlations with plasma zonulin 
in controls (r2 = 0.112, p = 0.002) and COPD patients (r2 = 0.146, p = 0.004) (Figure 1E). However, the domains for 
leisure activities and fear exhibited no significant correlations with plasma zonulin (Figures 1F and G, respectively). 
Lastly, the cumulative SarQoL scores were significantly correlated with plasma zonulin in controls (r2 = 0.208, p < 
0.001) and COPD patients (r2 = 0.163, p = 0.002) (Figure 1H).

Associations of Cumulative SarQoL Scores with Sarcopenia Indices
We next asked if the reduction in SarQoL in COPD patients is potentially due to sarcopenia phenotype. Therefore, we 
evaluated the associations between cumulative SarQoL scores and sarcopenia indices of HGS, SMI, and gait speed. The 
cumulative SarQoL exhibited significant correlations with HGS in controls (r2 = 0.071, p = 0.012) and COPD patients (r2 

= 0.088, p = 0.007) (Figure 2A). However, similar correlations of cumulative SarQoL scores with SMI were not found in 
the study cohort (Figure 2B). Conversely, cumulative SarQoL exhibited weak but statistically significant correlations 
with gait speed in controls (r2 = 0.052, p = 0.033) and COPD patients (r2 = 0.061, p = 0.025) (Figure 2C).

Associations of SarQoL Domains with Plasma Markers
Next, we dissected the potential mechanistic associations between intestinal leak and reduced SarQoL in COPD patients. 
An intestinal leak causes elevated systemic oxidative stress, inflammation, and bacterial load. Thus, we investigated the 

Figure 1 Correlations of plasma zonulin levels with SarQoL domains of physical and mental health (A), locomotion (B), body composition (C), functionality (D), activities of 
daily living (E), leisure activities (F), fear (G), and percent cumulative scores (H) in controls and COPD patients. 
Abbreviations: SarQoL, sarcopenia-related quality of life; COPD, chronic obstructive pulmonary disease.

Figure 2 Correlations of percent cumulative SarQoL scores with sarcopenia indices of HGS (A), SMI (B), and gait speed (C) in controls and COPD patients. 
Abbreviations: SarQoL, sarcopenia-related quality of life; HGS, handgrip strength; SMI, skeletal mass index; COPD, chronic obstructive pulmonary disease.
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correlations of plasma 8-isoprostanes (markers of oxidative stress), CRP (marker of inflammation), and LBP (marker of 
bacterial load) with SarQoL domains (Table 4). Among different markers, plasma 8-isoprostanes exhibited significant 
correlations with SarQoL domains for physical and mental health, locomotion, functionality, and activities of daily living 
in controls and COPD patients (all p < 0.05) (Table 4). Conversely, plasma CRP did not exhibit significant correlations 
with any of the SarQoL domains in both groups. However, plasma LBP exhibited significant correlations with domains 
for physical and mental health, locomotion, functionality, and fear in COPD patients (all p < 0.05) (Table 4). Lastly, the 
cumulative SarQoL scores exhibited significant correlations with plasma 8-isoprostanes and LBP levels in controls and 
COPD patients (both p < 0.05) (Table 4).

Discussion
The major findings of our study include lower SarQoL scores and higher plasma zonulin levels in COPD patients than in 
controls. Plasma zonulin exhibited significant correlations with several SarQoL domains, including locomotion, functionality, 

Table 4 SarQoL and Plasma Biomarkers

Total 
(n = 168)

Controls 
(n = 87)

COPD 
(n = 81)

Physical and Mental health (D1)
8-isoprostanes 0.107* 0.106* 0.148*

CRP 0.033 0.038 0.052
LBP 0.078 0.064 0.12*

Locomotion (D2)
8-isoprostanes 0.155* 0.177* 0.202*
CRP 0.091* 0.071 0.086

LBP 0.118* 0.068 0.223*
Body composition (D3)
8-isoprostanes 0.031 0.05 0.042

CRP 0.038 0.032 0.058
LBP 0.017 0.013 0.021

Functionality (D4)
8-isoprostanes 0.133* 0.168* 0.145*
CRP 0.088* 0.094 0.083

LBP 0.116 0.088 0.194*

Activities of daily living (D5)
8-isoprostanes 0.101* 0.139* 0.104*

CRP 0.063 0.074 0.052

LBP 0.082 0.108 0.088
Leisure activities (D6)
8-isoprostanes 0.022 0.017 0.028

CRP 0.016 0.028 0.021
LBP 0.037 0.028 0.042

Fear (D7)
8-isoprostanes 0.055 0.064 0.069
CRP 0.026 0.022 0.048

LBP 0.096* 0.088 0.131*

Cumulative SarQoL score
8-isoprostanes 0.153* 0.126* 0.213*

CRP 0.081 0.063 0.084

LBP 0.106* 0.101* 0.149*

Notes: Correlation coefficients of SarQoL domains with plasma levels of 8-isoprostanes, 
CRP, and LBP in controls and COPD patients. *p < 0.05. 
Abbreviations: SarQoL, sarcopenia-related quality of life; CRP, c-reactive proteins; LBP, 
lipopolysaccharides-binding protein; COPD, chronic obstructive pulmonary disease.
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activities of daily living, and cumulative SarQoL scores. We also found significant correlations of SarQoL with HGS and gait 
speed, validating the association between muscle decline and low SarQoL. Lastly, elevated plasma 8-isoprostanes and LBP 
may partly explain the mechanistic interface between a leaky gut and reduced SarQoL in COPD patients.

COPD patients exhibited lower scores on several domains of SarQoL, including physical and mental health, 
locomotion, body composition, functionality, and activities of daily living. These domains of daily life are primarily 
controlled by healthy skeletal muscle. For example, the optimal functioning of appendicular skeletal muscles is critical 
for maintaining locomotion and activities of daily living.15 Thus, patients with muscle weakness and/or atrophy exhibit 
a dependent lifestyle for daily activities. While no relevant data about SarQoL from COPD patients has been previously 
reported, the muscle decline in COPD patients indirectly supports and validates our findings. Specifically, we found 
lower HGS, SMI, and gait speed in COPD patients, translating into a reduced physical capacity and decline in several 
SarQoL domains associated with a functional lifestyle. Interestingly, COPD patients did not demonstrate a decline in 
leisure activities and fear. It is possible that the subjective nature of leisure activities and fear may be responsible for our 
observation. Additionally, fear is primarily associated with emotional health rather than physical health. Thus, the decline 
in physical health in COPD may not be coupled with emotional health. Interestingly, two recent studies did not find 
a decline in the fear domain of SarQoL despite the appearance of sarcopenia phenotype.17,26

Previous reports support our observation of higher plasma zonulin in COPD patients.5,23 This observation indicates 
the potential contribution of intestinal leak to disease phenotype in COPD. We have recently reported the contribution of 
intestinal leak to muscle weakness, wasting, and reduced physical capacity in patients with COPD23 and other age-related 
diseases.11,12 Together, these reports signify intestinal leak as a critical contributor to sarcopenia phenotype. Here, we 
extend these findings to report the potential contribution of intestinal leak to reduced SarQoL in COPD. We found robust 
correlations of plasma zonulin with SarQoL domains associated with functionality, locomotion, and activities of daily 
living. Interestingly, these domains are primarily governed by skeletal muscle and physical health. For example, people 
with skeletal muscle wasting and weakness exhibit reduced mobility and activities of daily living.15 Thus, it is imperative 
to think that the intestinal leak potentially impairs functionality, locomotion, and activities of daily living by negatively 
affecting skeletal muscle. Conversely, plasma zonulin demonstrated no significant correlations with domains for physical 
and mental health, body composition, leisure activities, and fear in COPD patients. These domains are partly subjective 
and are constructs of emotional health. Thus, it is possible that intestinal leak may not be a potential determinant of 
subjective attributes associated with emotional health.

Despite variations in individual domains, cumulative SarQoL exhibited significant correlations with plasma zonulin in 
COPD patients. These observations reflect the systemic detrimental effects of intestinal leaks on generalized health and 
QoL.36 While relevant studies are scarce, our findings agree with previous data on reduced subjective QoL in adults with 
increased intestinal permeability.37 However, intestinal leak negatively affects multiple body organs other than skeletal 
muscle. Therefore, the reduction in SarQoL in COPD patients may be independent of the sarcopenia phenotype. To 
further dissect the potential contribution of sarcopenia to reduced SarQoL, we performed a correlation analysis of 
sarcopenia indices with cumulative SarQoL scores. We found mild but significant correlations of cumulative SarQoL 
scores with HGS and gait speed in COPD patients. These observations validate and expand the interface of sarcopenia 
phenotype with SarQoL, as reported previously.19,38 However, SMI did not exhibit any significant correlation with 
plasma zonulin in COPD patients. A reduced SMI is considered a marker of muscle wasting. However, it is recently 
recognized that muscle weakness precedes muscle wasting in cachexia.39 Similarly, we have previously reported a greater 
decline in muscle strength than in muscle mass in various atrophying conditions.40,41 Lastly, muscle weakness may be 
a stronger predictor of reduced QoL than muscle wasting.

Plasma LBP levels reflect circulating bacterial load in patients with intestinal mucosal disruption.35 Thus, high LBP in 
patients with intestinal leak means a higher translocation of harmful bacteria from the gut into blood circulation with 
systemic negative consequences.35 We found higher plasma LBP levels in COPD patients, which are consistent with 
elevated plasma levels in these patients. LBP levels were also significantly correlated with SarQoL domains for physical 
and mental health, locomotion, and functionality. Plasma LBP and bacterial loads exhibit significant correlations with 
muscle strength and physical capacity in old age.42,43 Specifically, the composite scores of gait speed, ability to maintain 
postural balance, and rising from a chair were inversely correlated with plasma LBP levels.42 These physical attributes 
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are critical for maintaining the functionality of everyday life. Thus, these findings support our observation of negative 
correlations of plasma LBP with SarQoL domains of functionality and locomotion. Plasma LBP is also an acute phase 
reactant positively associated with systemic inflammation.42 COPD is an inflammatory disease, and skeletal muscle is 
susceptible to damage by inflammatory cytokines. Thus, it is possible that the elevated bacterial load and systemic 
inflammation cause or contribute to sarcopenia and reduced SarQoL in COPD patients.

The elevated plasma 8-isoprostane levels in COPD patients reflect increased oxidative stress, a critical trigger of 
skeletal muscle decline.44 We have previously reported a positive correlation between plasma zonulin and 8-isoprostane 
levels, inferring the potential contribution of intestinal leak to systemic oxidative stress. It is generally recognized that 
elevated oxidative stress is a critical trigger of accelerated sarcopenia phenotype in old age.44,45 Here, we extend these 
findings to report the negative correlations of increased 8-isoprostane levels with reduced SarQoL scores in COPD 
patients. Specifically, 8-isoprostanes exhibited negative correlations with functionality, locomotion, and activities of daily 
living in these patients. Together, these findings show intestinal leak may trigger sarcopenia phenotype and reduce 
SarQoL by elevating systemic oxidative stress.

Due to the well-established respiratory insufficiency in COPD, diaphragm dysfunction may be more relevant for 
disease phenotype and QoL than the weakness of limb muscles. Diaphragm dysfunction is associated with poor 
spirometry performance in COPD with negative consequences for other body systems due to systemic hypoxia.9 It is 
possible that the intestinal leak affects diaphragm muscle by inducing malnutrition and systemic inflammation. The lower 
FEV1% in COPD patients suggest diaphragm dysfunction, which may have contributed to reduced SarQoL and 
sarcopenia phenotype.

Several strengths enhance the biological relevance of our study. The SarQoL is a simple, self-administered, and user- 
friendly tool that demonstrates similar efficacy to better-recognized tools, such as SARC-F.38 Measurement of plasma 
zonulin requires ≈ 15 µL of blood and can be performed in most clinical laboratories using a routine ELISA plate reader. 
HGS measurements require a simple dynamometer and no major technical expertise. All study participants had 
a consistent racial, cultural, and socioeconomic background.

The major limitation of this study is that we did not measure knee extensor strength, which may be more relevant to daily 
functioning and locomotion than HGS. However, in our experience, the HGS and testing of lower limb function show similar 
correlations in sarcopenic and non-sarcopenic men.11,32 We also found poor correlations of sarcopenia indices with SarQoL 
scores. However, sarcopenic patients exhibited lower SarQoL scores than the non-sarcopenic participants in both the controls 
and COPD patients. We did not investigate the diaphragm function, which may be more relevant to COPD phenotype than the 
limb muscles. We did not use dual X-ray absorptiometry (DXA) to measure muscle mass, which may be more accurate than 
BIA. However, adequate consistency has been reported between BIA and DXA for quantifying muscle mass.46 This study 
does not include women and may overlook the potential gender bias in our findings.

Altogether, we report higher plasma zonulin levels and lower SarQoL in COPD patients than in controls. Plasma 
zonulin also exhibited significant negative correlations with several SarQoL domains, including physical and mental 
health, locomotion, functionality, and activities of daily living. Our data indicate heightened circulating bacterial load and 
oxidative stress as potential mechanisms of reduced SarQoL due to intestinal leak. Future studies should use causal and 
mechanistic approaches to characterize the relationship between intestinal leak and SarQoL.
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