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Introduction: Both Chronic Obstructive Pulmonary Disease (COPD) and Metabolic Syndrome (MetS) are pro-inflammatory states,
and while the diagnosis of MetS in COPD has been extensively studied, the diagnosis of COPD in MetS is poorly studied. The study
focuses on determining the presence of COPD in persons living with diabetes and MetS in Malta, and aims to identify differences in
biomarkers between MetS subjects with and without COPD.

Materials and Methods: Diabetic MetS subjects at Malta’s main general hospital were assessed through St George’s Respiratory
Questionnaire for COPD (SGRQ-C), modified Medical Research Council scale (mMRC), COPD Assessment Test (CAT), Centre for
Epidemiological Studies Depression scale (CES-D), Functional Assessment of Chronic Illness Therapy (FACIT) Fatigue scale,
Spirometry, Six Minute Walk Test (6 MWT), BODE index (composed of Body Mass Index, Obstruction, Dyspnoea, Exercise capacity)
and routine blood tests. They were divided into three groups: the main study group consisted of MetS subjects with COPD, one control
group consisted of MetS subjects with a smoking history but not COPD, and the other control group consisted of diabetic MetS
subjects with no smoking history.

Results: A total of 67 MetS subjects were included. Those with COPD had significantly worse outcomes in SGRQ-C scores, mMRC,
CAT, spirometry, BODE, CES-D and FACIT Fatigue scale than smokers without COPD and non-smokers. 25-hydroxy-vitamin
D levels were significantly lower in MetS subjects with COPD compared to smokers without COPD (p=0.030) and non-smokers
(»=0.043). C-reactive protein (p=0.036), triglycerides (p=0.023) and total cholesterol (p=0.039) were significantly higher in MetS
subjects with COPD compared to smokers without COPD.

Discussion: Screening for depression and fatigue in subjects with COPD and MetS is recommended. Low vitamin D, high CRP, high
triglyceride and high total cholesterol levels are correlated with a COPD diagnosis within the local MetS population, and monitoring
these parameters would enable timely management.
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Introduction
Research on biomarkers in Chronic Obstructive Pulmonary Disease (COPD) is beneficial because it may lead to the
emergence of future treatments. The Evaluation of COPD Longitudinally to Identify Predictive Surrogate End-points
(ECLIPSE) study was a multi-centre research project which identified numerous COPD biomarkers. The cases in the
ECLIPSE study were Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage II-IV COPD patients aged
between 40 and 75 years, and the two control groups consisted of smokers without COPD and non-smokers.'

COPD and Metabolic Syndrome (MetS) are both pro-inflammatory states which appear to be linked.” MetS is a multi-
faceted disease comprising several interrelated components that increase the risk of atherosclerosis and type 2 diabetes.’
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The American Heart Association (AHA) and National Heart Lung and Blood Institute (NHLBI) define MetS as three out
of five of abdominal obesity, high triglycerides (or on triglyceride-lowering treatment), low levels of high density
lipoprotein (HDL) cholesterol (or on HDL-improving treatment), high blood pressure (or on anti-hypertensive treatment),
and high fasting glucose (or on glucose-lowering treatment).*

The diagnosis of MetS in COPD has been previously studied to a significant degree. In contrast, international data on
COPD in MetS is lacking. The study therefore aimed to focus on COPD in MetS, which is of particular importance in
Malta, where one quarter of the adult population is obese and one-tenth is diabetic.”® The presence of COPD actually
worsens MetS through increased systemic inflammation, chronic oxidative stress, physical inactivity and the conse-
quences of systemic steroids.” This results in worse respiratory and cardiovascular outcomes for people living with both
conditions.”

The study aimed to identify differences in biomarkers in Maltese MetS subjects with and without COPD. A similar
approach to the ECLIPSE study was adopted, within the context of diabetics with MetS in Malta. The study hypothesis
was that there is a significant difference in clinical and blood parameters when comparing MetS subjects with COPD and
MetS subjects without COPD.

Materials and Methods

Research Study Enrolment
Research subjects were enrolled into the study from the Diabetes clinic at the main general hospital in Malta. The
enrolment period was from March 2021 to December 2022, and the convenience sampling method was used. Using
a sample size calculator, it was determined that at least 66 participants were required (66 from an estimated diabetic adult
population of 35,000 gives a margin of error of 9.93%).

The study included all persons living with type 2 diabetes aged 40 to 75 years who were willing to participate in the
research project. All participants were fully informed about the study’s purpose, and formal written consent was obtained.

Each subject was interviewed to check for any exclusion criteria. The exclusion criteria comprised a history of
respiratory disease, diabetes or pre-diabetes other than type 2 diabetes, malignancy in the past 5 years, other inflamma-
tory disorders, and infection or use of systemic steroids in the past 4 weeks. Individuals receiving vitamin
D supplementation were also excluded, as were those unable to give consent.

Following this initial step, the remaining participants were invited to attend for the respiratory assessment session
which was scheduled shortly after the date of enrolment.

Respiratory Assessment Session

Assessment of all research subjects was performed at the outpatients department of the main general hospital, following
an overnight fast of eight hours. Demographics, drug history, smoking history and exacerbation history were recorded.
The St George’s Respiratory Questionnaire for COPD patients (SGRQ-C)® was carried out, followed by the COPD
Assessment Test (CAT)’ and the modified Medical Research Council (mMRC) score.'® Risk for depression was
evaluated using the Centre for Epidemiological Studies — Depression (CES-D) scale,'’ and fatigue was evaluated
using the Functional Assessment of Chronic Illness Therapy (FACIT) Fatigue scale.'

The following parameters were measured: waist circumference (at upper part of iliac crests following expiration),
blood pressure (using manual sphygmomanometer), height (using stadiometer) and weight. The six-minute walking
distance (6MWD) was obtained following a six-minute walk test (6MWT) in accordance with the local hospital protocol
based on the American Thoracic Society 2002 guidelines.'® Spirometry was performed using a portable Medical
International Research® Spirolab III® spirometer in accordance with the 2019 joint American Thoracic Society and
European Respiratory Society Technical Statement on Standardisation of Spirometry.'* Reversibility testing was per-
formed in order to obtain the post-bronchodilator FEV, (Forced Expiratory Volume in 1 second), FVC (Forced Vital
Capacity) and FEV/FVC ratio. Fractional Exhaled Nitric Oxide (FeNO) testing was performed using a portable
Bedfont®™ NObreath® FeNO monitor. Body Mass Index (BMI) was calculated from height and weight. BODE index
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was calculated from BMI, Obstruction (FEV; from spirometry), Dyspnoea (mMRC scale) and Exercise capacity
(6MWD).

Venous blood was analysed in the same local laboratory. Phlebotomy was performed in accordance with the Clinical
and Laboratory Standards Institute recommendations.'> The following blood tests were requested: complete blood count
(CBC), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), renal profile, procalcitonin, ferritin, fibrinogen,
25-hydroxy-vitamin D, liver function tests, lipid profile, glycosylated haemoglobin (HbAlc), fasting blood glucose,
N-terminal pro brain natriuretic peptide (NT-proBNP) and creatine kinase (CK).

Through this assessment, persons living with type 2 diabetes were screened for MetS and for COPD. The diagnosis of
MetS was based on AHA and NHLBI criteria.* The diagnosis of COPD was based on the GOLD definition, which is
a fixed ratio of post-bronchodilator FEV/FVC < 0.7.'° However, later in the analysis COPD was also defined as FEV;
/FVC < LLN (Lower Limit of Normal), and a sensitivity analysis using the LLN instead of the fixed ratio was performed
in order to identify true obstruction, particularly since several participants were obese. The Global Lung Function
Initiative (GLI) 2012 equations were used to calculate the predicted FEV;/FVC ratio and the LLN.'” As in the ECLIPSE
study, there were three study groups. Study Group 1 was the main study group, which consisted of MetS subjects with
COPD. Study Group 2 consisted of MetS subjects with a smoking history but not COPD. Study Group 3 consisted of
diabetic MetS subjects with no smoking history.

Statistical Analysis

Data analysis was carried out through the Statistical Package for the Social Sciences (SPSS®) Version 29.0.0.0. Two
study groups at a time were compared using the independent samples ¢-test or the Mann Whitney U-test, where a p-value
of <0.05 indicated that there was a statistically significant difference between the two groups. The normality of the
clinical or blood parameter was checked using the Shapiro—Wilk test, where a Shapiro—Wilk p-value of >0.05 indicated
a normal distribution. The independent samples f-test was used when the parameter was normally distributed in both
study groups, while the Mann Whitney U-test was used when the parameter was not normally distributed in both study
groups. Both tests were used when the parameter was normally distributed in one group but not in the other. Levene’s
p-value was noted in order to check if the variances were significantly different, where a Levene’s p-value of >0.05
indicated that the variances were not significantly different and therefore the independent samples ¢-test p-value where
equal variances assumed was noted. The results of the comparison were displayed with an error bar graph. However the
method used to determine the presence of a statistically significant difference was the p-value of the hypothesis test rather
than whether or not there was an overlap in confidence intervals on the error bar graph (the latter method may lead to
type II errors).

Results

Enrolment Process

104 persons at Diabetes clinic aged 40—75 years accepted to participate in the study. Of these, 37 were excluded from the
study in view of one or more exclusion criteria (Figure 1). There were no eligible participants who were unable to give
consent.

Demographics

A total of 67 persons living with type 2 diabetes were recruited into the study (Figure 1). All of these were found to meet
the criteria for MetS since they all received a statin and an anti-hypertensive agent. The participants were divided into
three study groups, as shown in Table 1. This table also shows the gender distribution and the smoking status of
participants in each study group.

Study Groups | vs 2
Table 2 compares the clinical and blood parameters in Study Group 1 vs 2, with the statistically significant p-values
shown in bold.
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104 persons aged 40-75 yrs accepted
to participate from Diabetes clinic

37 persons fit one or
more exclusion criteria

9 had known respiratory disease

12 had type 1 diabetes

6 had pre-diabetes

2 had malignancy in past five years

3 had history of other inflammatory disorders

4 had an infection in past four weeks

2 received systemic steroids in past four weeks

8 were receiving vitamin D supplements

67 persons included
in research study

Figure | Study Participant Enrolment Process.

Figures 2-5 are graphs displaying the comparison of CRP, 25-hydroxy-vitamin D, triglycerides, and total cholesterol
levels respectively between Study Groups 1 and 2. The error bars represent 95% confidence intervals.

Study Groups | vs 3
Table 3 compares the clinical and blood parameters in Study Group 1 vs 3, with the statistically significant p-values

shown in bold.
Figure 6 is a graph displaying the comparison of 25-hydroxy-vitamin D levels between Study Groups 1 and 3. The
error bars represent 95% confidence intervals.

Study Groups 2 vs 3

There were no significant differences in the clinical and blood parameters between Study Groups 2 and 3.
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Table | Distribution of Participants According to Study Group

% Male Gender within

Study Group

% Current Smokers
within Study Group

% Previous Smokers
within Study Group

Study Group Number of Participants
(% Distribution)

Study Group | 24 (35.8%)

MetS + COPD

Study Group 2 23 (34.3%)

MetS + smoker

Study Group 3 20 (29.9%)

MetS + non-smoker

All Groups 67 (100%)

58.3%

69.6%

55.0%

61.2%

54.2%

17.4%

0%

25.4%

45.8%

82.6%

0%

44.8%

Table 2 Comparison of All Parameters Between Study Groups | (MetS + COPD) and 2 (MetS + Smoker)

Parameter Group | Mean Group 2 Mean Comparison of Groups | and 2:
(with SD) (with SD) Hypothesis Test and p-value

SGRQ-C Total Score 41.7 (SD 18.4) 6.3 (SD 8.3) MWU <0.001

SGRQ-C Symptoms Score 53.9 (SD 19.6) 8.8 (SD 12.5) t-test <0.001, MWU <0.001

SGRQ-C Activity Score 67.7 (SD 23.5) 10.4 (SD 15.8) t-test <0.001, MWU <0.001

SGRQ-C Impacts Score 21.8 (SD 19.6) 3.0 (SD 7.1) MWU <0.001

mMRC 2.4 (SD 1.3) 0.5 (SD 0.6) MWU <0.001

CAT 19.8 (SD 6.7) 4.0 (SD 5.3) t-test <0.001, MWU <0.001

CES-D 9.2 (SD 11.9) I.1 (SD 2.5) MWU 0.004

FACIT Fatigue Scale 40.0 (SD 12.1) 50.0 (SD 3.5) MWU <0.001

6MWD (m) 359.0 (SD 114.4) 417.2 (SD 76.2) MWU 0.106

FeNO (ppb) 12.2 (SD 12.5) 10.9 (SD 8.5) t-test 0.671, MWU 0.924

FEVI (%) post-bronchodilator 64.6 (SD 17.0) 95.3 (SD 20.1) t-test <0.001, MWU <0.001

BODE 2.8 (SD 1.8) 0.3 (SD 0.8) t-test <0.001, MWU <0.001

White Cell Count (x1049/L) 9.9 (SD 2.2) 9.0 (SD 2.6) t-test 0.225, MWU 0.131

Neutrophil Count (x1079/L) 6.1 (SD 1.8) 5.3 (SD L.5) t-test 0.092

Lymphocyte Count (x1079/L) 2.6 (SD 0.7) 2.4 (SD 0.8) t-test 0.427, MWU 0.419

Eosinophil Count (x1079/L) 0.2 (SD 0.1) 0.5 (SD 1.4) MWU 0.831

Haemoglobin (g/dL) 14.0 (SD 1.7) 14.0 (SD 1.51) t-test 0.923

Red Cell Distribution Width (%) 13.9 (SD 1.7) 13.6 (SD 1.1) t-test 0.567, MWU 0.975

Platelets (x1079/L) 282.0 (SD 59.3) 254.6 (SD 79.8) t-test 0.187, MWU 0.058

Mean Platelet Volume (fL) 10.9 (SD 1.2) 1.1 (SD 1.0) t-test 0.516, MWU 0.354

Creatinine (umol/l) 93.0 (SD 40.0) 89.0 (SD 34.0) MWU 0.663

ESR (mm I° Hr) 17.6 (SD 16.5) 20.2 (SD 19.4) MWU 0.974

C-Reactive Protein (mg/L) 8.6 (SD 16.6) 6.0 (SD 10.7) MWU 0.036

Procalcitonin (ng/mL) 0.1 (SD 0.0) 0 (SD 0) t-test 0.332, MWU 0.450

Ferritin (ng/mL) 89.6 (SD 89.2) 84.0 (82.1) MWU 0.865

Fibrinogen (g/l) 3.5 (SD 0.7) 3.2 (SD 0.9) t-test 0.384

25-OH-Vitamin D (ng/mL) 18.1 (SD 10.7) 25.9 (SD 13.1) t-test 0.030

Alkaline Phosphatase (U/l) 105.2 (SD 48.9) 84.5 (SD 19.3) t-test 0.064, MWU 0.349

Total Cholesterol (mmol/l) 4.3 (SD 1.0) 3.8 (SD 0.7) t-test 0.060, MWU 0.039

LDL Cholesterol (mmol/l) 2.1 (SD 0.7) 1.8 (SD 0.7) t-test 0.198, MWU 0.115

HDL Cholesterol (mmol/l) 1.2 (SD 0.3) 1.2 (SD 0.3) t-test 0.573

Triglycerides (mmol/l) 2.2 (SD 1.4) 1.5 (SD 0.5) t-test 0.023, MWU 0.128

HbAlc (%) 7.9 (SD 1.2) 7.8 (SD I.1I) t-test 0.614

Glucose (mmol/l) 8.2 (SD 3.6) 6.5 (2.8) t-test 0.078, MWU 0.101

NT-proBNP (pg/mL) 565.4 (SD 1725.0) 177.7 (SD 302.9) MWU 0.425

Creatine Kinase (U/l) 116.7 (SD 66.0) 140.5 (SD 77.1) t-test 0.263, MWU 0.255

Note: The statistically significant p-values are shown in bold.
Abbreviations: SD, standard deviation; t-test, independent samples t-test; MWU, Mann Whitney U-test.
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Figure 2 Comparison of CRP between MetS + COPD (Study Group I) and MetS + smoker (Study Group 2).
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95% CI 25-OH-Vitamin D (ng/mL)

MetS + COPD MetS + smoker
Study Group

Figure 3 Comparison of 25-hydroxy-Vitamin D between MetS + COPD (Study Group 1) and MetS + smoker (Study Group 2).

Discussion

In order to study the presence of COPD in MetS, one can analyse the results of Study Groups 1 (COPD and MetS
subjects) vs 2 (MetS subjects who did not have COPD but had a smoking history) as well as the results of Study Groups
1 vs 3 (MetS subjects who did not have COPD and were non-smokers).

Subjects with both COPD and MetS had significantly higher SGRQ-C Total, Symptoms, Activity and Impacts scores
than the other two study groups. Similarly, they also had a higher mMRC score and CAT score than the controls. These
respiratory symptom score differences are likely to be due to the airflow obstruction which is characteristic of COPD.

An interesting finding is that subjects with both COPD and MetS also had a higher CES-D score (reflecting increased
risk for depression) and a lower FACIT Fatigue score (reflecting more fatigue) than the control groups. Depression is
known to be a common co-morbidity in COPD, and a 2017 systematic review on COPD reported a depression prevalence
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Figure 4 Comparison of Triglycerides between MetS + COPD (Study Group |) and MetS + smoker (Study Group 2).
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p=0.039
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MetS + COPD MetS + smoker
Study Group

Figure 5 Comparison of Total Cholesterol between MetS + COPD (Study Group |) and MetS + smoker (Study Group 2).

of 30%."® There may therefore be a role for screening COPD patients for depression and referring for treatment in order
to improve quality of life. Fatigue has also been found to be widely prevalent in COPD previously; a 2021 systematic
review on COPD reported a fatigue prevalence of 17-95%." Screening for fatigue is important because this condition
may have economic and social repercussions which may need addressing.

Subjects in the main study group (COPD and MetS) had a significantly lower FEV, value than Study Groups 2 and
3 — this can also be explained by the persistent airflow obstruction characteristic of COPD. Since the BODE index
reflects FEV; and mMRC, then it follows that Study Group 1 had a significantly higher BODE index than Study Groups
2 and 3.

CRP was found to be significantly higher in participants with COPD and MetS than in MetS subjects who did not
have COPD but had a smoking history. For more than two decades, CRP has been extensively studied as a biomarker of
systemic inflammation, which is characteristic of COPD.?*?* Chandatre et al showed in a 2025 Indian study that mean

International Journal of Chronic Obstructive Pulmonary Disease 2026:2| hetps: 7



Gauci et al

Table 3 Comparison of All Parameters Between Study Groups | (MetS + COPD) and 3 (MetS + Non-Smoker)

Parameter Group | Mean Group 3 Mean Comparison of Groups | and 3:
(with SD) (with SD) Hypothesis Test and p-value

SGRQ-C Total Score 41.7 (SD 18.4) 5.1 (SD 6.4) t-test <0.001

SGRQ-C Symptoms Score 53.9 (SD 19.6) 6.9 (SD 7.9) t-test <0.001, MWU <0.001

SGRQ-C Activity Score 67.7 (SD 23.5) 13.5 (SD 16.1) t-test <0.001, MWU <0.001

SGRQ-C Impacts Score 21.8 (SD 19.6) 0.6 (SD 1.6) MWU <0.001

mMRC 2.4 (SD 1.3) 0.6 (SD 0.8) MWU <0.001

CAT 19.8 (SD 6.7) 2.3 (SD 2.5) t-test <0.001, MWU <0.001

CES-D 9.2 (SD 11.9) 2.1 (SD 6.0) MWU 0.008

FACIT Fatigue Scale 40.0 (SD 12.1) 50.7 (SD 1.7) MWU <0.001

6MWD (m) 359.0 (SD 114.4) 33.8 (SD 6.9) MWU 0.795

FeNO (ppb) 12.2 (SD 12.5) 13.6 (SD 9.1) t-test 0.692, MWU 0.315

FEVI (%) post-bronchodilator 64.6 (SD 17.0) 101.0 (SD 16.9) t-test <0.001, MWU <0.001

BODE 2.8 (SD 1.8) 0.4 (SD 1.0) t-test <0.001, MWU <0.001

White Cell Count (x1079/L) 9.9 (SD 2.2) 9.3 (SD 2.2) t-test 0.339

Neutrophil Count (x1079/L) 6.1 (SD 1.8) 5.6 (SD 1.8) t-test 0.339

Lymphocyte Count (x1079/L) 2.6 (SD 0.7) 2.6 (SD 0.9) t-test 0.879, MWU 0.888

Eosinophil Count (x1079/L) 0.2 (SD 0.1) 0.2 (SD 0.1) MWU 0.207

Haemoglobin (g/dL) 14.0 (SD 1.7) 13.7 (SD 1.5) t-test 0.626

Red Cell Distribution Width (%) 13.9 (SD 1.7) 13.9 (SD 1.7) MWU 0.832

Platelets (x079/L) 282.0 (SD 59.3) 275.0 (SD 80.4) t-test 0.741

Mean Platelet Volume (fL) 10.9 (SD 1.2) 11.3 (SD 0.9) t-test 0.215, MWU 0.089

Creatinine (umol/l) 93.0 (SD 40.0) 81.0 (SD 20.6) t-test 0.229, MWU 0.389

ESR (mm 1° Hr) 17.6 (SD 16.5) 16.4 (SD 12.0) t-test 0.775, MWU 0.991

C-Reactive Protein (mg/L) 8.6 (SD 16.6) 3.8 (SD 4.6) MWU 0.077

Procalcitonin (ng/mL) 0.1 (SD 0.0) 0.1 (SD 0.1) MWU 0.654

Ferritin (ng/mL) 89.6 (SD 89.2) 90.8 (SD 83.3) MWU 0.715

Fibrinogen (g/l) 3.5 (SD 0.7) 3.2 (SD 0.7) t-test 0.290

25-OH-Vitamin D (ng/mL) 18.1 (SD 10.7) 24.7 (SD 10.1) t-test 0.043

Alkaline Phosphatase (U/l) 105.2 (SD 48.9) 86.3 (SD 32.2) MWU 0.273

Total Cholesterol (mmol/l) 4.3 (SD 1.0) 4.1 (SD 0.9) t-test 0.454

LDL Cholesterol (mmol/l) 2.1 (SD 0.7) 2.0 (SD 0.8) t-test 0.632

HDL Cholesterol (mmol/l) 1.2 (SD 0.3) 1.2 (SD 0.3) t-test 0.651

Triglycerides (mmol/l) 2.2 (SD 1.4) 1.6 (SD 0.7) t-test 0.097, MWU 0.352

HbAlc (%) 7.9 (SD 1.2) 7.9 (SD 2.0) t-test 0.995

Glucose (mmol/l) 8.2 (SD 3.6) 6.4 (SD 2.4) t-test 0.050, MWU 0.061

NT-proBNP (pg/mL) 565.4 (SD 1725.0) 175.6 (328.8) MWU 0.243

Creatine Kinase (U/l) 116.7 (SD 66.0) 153.1 (SD 169.0) t-test 0.337, MWU 1.000

Note: The statistically significant p-values are shown in bold.
Abbreviations: SD, standard deviation; t-test, independent samples t-test; MWU, Mann Whitney U-test.

CRP level was significantly higher in stable COPD patients compared to controls, and that CRP increases with GOLD
stages®* Participants with recent exacerbations were excluded in both the local study and the Indian study, and therefore
both studies conclude that high CRP levels in the clinically stable phase of COPD are due to persistent low-grade
systemic inflammation irrespective of acute triggers. Even small rises in CRP are clinically meaningful because they
indicate low-grade inflammation and increased cardiovascular risk.?> Chandratre et al suggest that CRP may be used to
monitor the progression of COPD, and that it may aid COPD therapy decisions, though clinical trials are needed in this
respect.”*

Levels of 25-hydroxy-vitamin D were lower in the main study group (COPD and MetS) than in the two control
groups who did not have COPD. A high prevalence of vitamin D deficiency has been described in COPD and is due to

several factors such as lack of sunlight exposure, smoking, poor diet, co-morbidities and persistent inflammation.*®*’

International Journal of Chronic Obstructive Pulmonary Disease 2026:21
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—_ p=0.043

95% CI 25-OH-Vitamin D (ng/mL)
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Figure 6 Comparison of 25-hydroxy-Vitamin D between MetS + COPD (Study Group 1) and MetS + non-smoker (Study Group 3).

This is particularly relevant to the study population since exposure to sunlight in Malta is usually above average due to
the Mediterranean climate (Koppen classification).”® Vitamin D levels were inversely associated with risk and severity of
COPD according to a 2016 systematic review and meta-analysis,” suggesting a role for screening for vitamin
D deficiency in COPD patients and in smokers, and consequently supplementing Vitamin D if deficient.

Triglyceride levels were higher in COPD and MetS subjects than in MetS participants who did not have COPD but
had a smoking history. The finding of higher triglyceride levels in COPD patients has been previously described.*® High
serum triglyceride levels are associated with increased insulin resistance, which contributes to COPD progression
through several mechanisms, including the activation of inflammatory pathways resulting in small airway fibrosis and
alveolar wall destruction.*'*? Another theory is that high serum triglyceride levels may lead to increased intracellular
lipid molecules and therefore increased rigidity of the lung parenchyma, resulting in increased airway resistance and
airflow limitation, though this mechanism is not fully understood.*® These relationships suggest there may be a role for
screening for and treating high triglyceride levels in COPD clinic. A 2020 Taiwanese study concluded that statins and
fibrates reduced COPD risk in hyperlipidaemic patients in a dose-dependent manner.>*

Total cholesterol levels were higher in COPD and MetS cases than in smoking controls with MetS but not COPD. The
low density lipoprotein (LDL) cholesterol and HDL cholesterol components did not show significant differences. The
authors hypothesize that remnant cholesterol (the portion of cholesterol which is not found in LDL or HDL cholesterol)
is responsible for this relationship with COPD risk. A 2025 Chinese study by Feng et al also showed an association
between high remnant cholesterol and increased COPD risk, possibly because remnant cholesterol accumulates in arterial
walls, resulting in local and systemic inflammation, increasing risk of inflammatory conditions including COPD.*>
Feng et al recommend lifestyle changes to lower remnant cholesterol levels and consequently decrease COPD risk,
though this approach requires further investigation.*

Taken together, the results provide further evidence that increased systemic inflammation and metabolic disturbances
are connected and central to the pathophysiology of COPD in MetS. Although spirometric screening for COPD in the
asymptomatic general population is generally not recommended (since early detection of COPD was not found to alter
the prognosis), there is no guidance on screening for COPD in people living with MetS, both symptomatic and
asymptomatic.”” Further studies are recommended to evaluate whether an earlier diagnosis of COPD in MetS is

associated with better outcomes.
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We note that there was a statistically significant difference in CRP, triglycerides and total cholesterol between Groups
1 and 2 but not between Groups 1 and 3. This is likely to be due to the heterogeneity in statin use across the study
population: different statins would affect the CRP, triglycerides and total cholesterol to a different extent.

Strengths and Limitations

This study is important because there is a lack of data on the diagnosis and presence of COPD in MetS, both in the local
population and internationally. Although the total number of participants was not large, each participant was assessed in
great detail through several robust tools. Moreover, the presence of two control groups allowed for contrast between the
three sample populations, through the utilisation of the independent samples #-test or the Mann Whitney U-test which
compared two groups at a time.

An important limitation is the small sample population size, which may decrease statistical power. This was partly
due to the exclusion criteria, which were essential to decrease confounding factors. Furthermore, the coronavirus disease
19 pandemic may have affected the research study enrolment phase. While excluding participants on vitamin
D supplementation was done to reduce confounding, this may reduce generalizability, since several COPD patients
receive vitamin D supplementation.

The cross-sectional design signifies that the study can measure correlations, but not determine causality. An element
of bias may have been introduced by the convenience sampling method, and by confounding factors such as age, gender,
smoking status and drug history. Moreover, those with a smoking history may have been more likely to accept to
participate in the study than non-smokers, as the former may have been more concerned about the possibility of smoking-
related lung disease and may have viewed the study as a health check-up.

Another limitation was due to the potential reduction in FVC due to obesity in MetS subjects, which would result in
a higher FEV/EVC ratio, potentially missing a true diagnosis of COPD.*® The sensitivity analysis using the LLN (rather
than the fixed FEV/FVC ratio ratio) for COPD diagnosis identified 2 obese smokers who were likely underdiagnosed
with COPD.

A further limitation was due to the AHA and NHLBI criteria for MetS. Whereas the researchers adhered to this
definition, we believe that some type 2 diabetics were misclassified as MetS simply because they were receiving a statin
and an angiotensin converting enzyme inhibitor (ACEI) for prognostic benefit and therefore fulfilled at least three AHA
and NHLBI criteria. Moreover, the heterogeneity in statin use across the study population may have an impact on the
results; we suggest further studies with possible subgroup analyses to evaluate the effects of statins.

Conclusions

The presence of COPD in MetS is correlated with higher levels of respiratory symptoms, depression, fatigue, CRP,
triglycerides and total cholesterol, as well as lower lung function and 25-hydroxy-vitamin D levels. Monitoring CRP and
screening for depression, fatigue, high triglycerides, low vitamin D, and high remnant cholesterol levels may be
beneficial in people with MetS and COPD.
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