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Role of interluekin-6 and insulin resistance as screening markers for
metabolic syndrome in patients of chronic obstructive pulmonary disease.

A hospital based cross-sectional study
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Abstract

Chronic obstructive pulmonary disease (COPD) is usually
associated with a variety of extra-pulmonary manifestations.
Metabolic syndrome (MetS) is one such entity that has been
scarcely studied in Indian patients. Availability of a good screening
marker may help in timely detection of this co morbidity in COPD

Correspondence: Dr Deepak Aggarwal, Professor, Department of
Pulmonary Medicine, Government Medical College and Hospital, sec-
tor 32, Chandigarh 160030, India.

Mobile: +91.9646121584.

E-mail: drdeepak@hotmail.com

Key words: HOMA-IR; insulin resistance syndrome; cross-sectional
study.

Contributions: All the authors made a substantive intellectual contri-
bution, have read and approved the final version of the manuscript and
agreed to be accountable for all aspects of the work.

Conflict of interest: The authors declare that they have no competing
interests, and all authors confirm accuracy.

Ethics approval: This study was approved by the Institutional Ethics
Committee of Government Medical College and Hospital, Chandigarh,
India (No. GMC/TA-1/(19-D)/2014/43649 dated 08.12.2014).

Informed consent: Written informed consent was taken from all the
study participants.

Received for publication: 21 July 2021.
Accepted for publication: 20 December 2021.

Publisher’s note: All claims expressed in this article are solely those of
the authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article or claim that may be
made by its manufacturer is not guaranteed or endorsed by the publisher.

©Copyright: the Author(s), 2021

Licensee PAGEPress, Italy

Monaldi Archives for Chest Disease 2022; 92:2024
doi: 10.4081/monaldi.2021.2024

This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial International License (CC BY-NC 4.0)
which permits any noncommercial use, distribution, and reproduction in
any medium, provided the original author(s) and source are credited.

OPEN 8ACCESS

patients. We conducted a cross sectional study to evaluate the
prevalence of MetS among COPD patients and to evaluate the role
of Interleukin-6 and insulin resistance (as measured by HOMA-IR)
as screening markers for MetS in COPD. A total of 100 stable
COPD patients were evaluated for MetS using US National
Cholesterol Education Program Adult Treatment Panel III (2005)
guidelines. Interleukin-6 and HOMA-IR (for insulin resistance)
were measured and compared between COPD patients with and
without MetS. ROC analysis was done to find the best cut-off value
and sensitivity and specificity of both the molecules in detecting
MetS. In the results, the mean age of the study cohort was 59.9+8.7
years (males=93). Forty five COPD patients (45%) fulfilled the cri-
teria for MetS. Patients with MetS were comparatively younger
(57.949.5 vs 61.6+7.8 years; p=0.037) but had longer duration of
preceding COPD (9.942.8 vs 6.0£2.2 years; p<0.001) as compared
to those without MetS. Both IL-6 and HOMA index were statisti-
cally higher (p<0.05) in COPD—MetS patients as compared to the
other group. At cutoff value of 36.3 pg/ml for IL-6 and 1.61 for
HOMA index, IL-6 and HOMA-IR had sensitivity 91.1% and
82.2% respectively in detecting MetS among COPD patients. To
conclude, metabolic syndrome is a common comorbidity seen in
COPD patients. Interleukin-6 has a better sensitivity than HOMA-
IR in screening MetS among COPD patients.

Introduction

Chronic obstructive pulmonary disease (COPD) is a debilitat-
ing airway disease affecting 4-5% of the Indian population [1].
According to World health organization, it is the third leading
cause of disease related death worldwide [2]. Current evidence
labels it as a systemic disease with a number of associated extra-
pulmonary/systemic manifestations, notably, osteoporosis, dia-
betes mellitus (DM), cardiovascular diseases and depression [3].

Metabolic syndrome (MetS), also called insulin resistance
syndrome or syndrome X is a constellation of metabolic risk fac-
tors namely insulin resistance, abdominal obesity, elevated blood
pressure and lipid abnormalities (elevated level of triglycerides
and low level of high-density lipoprotein (HDL) cholesterol) that
increases the risk of developing cardiovascular disease and DM.
This syndrome has been reported in COPD patients, in the range
of 21-58% in different studies [4-9]. There is scarcity of data from
India with two previous studies projecting the prevalence at 27.8%
[5] and 54% [10].

Occurrence of MetS in COPD has been attributed to certain
common pathogenetic mechanisms/factors like systemic inflamma-
tion, adipose tissue inflammation, physical inactivity, smoking and
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genetics [11,12]. Role of systemic inflammation is supported by
increased levels of certain pro-inflammatory cytokines like
Interleukin-6 (IL-6) both in COPD and MetS [13-15]. Systemic and
adipose tissue inflammation associated with COPD also results
insulin resistance (IR) which is considered the harbinger of MetS.
Previous studies have also been found higher level of IR in COPD
patients as compared to controls [16,17]. This might increase future
risk of cardiovascular diseases and DM in COPD patients [18].

With the change in lifestyle, the prevalence of MetS is rapidly
increasing in India. It is estimated that approximately 40% of north
Indian population is affected by MetS [19]. Despite COPD and
MetS being common in India, the data on the prevalence of MetS
in COPD is scarce [5,10]. Moreover, there is an impending need
for an effective screening marker that can timely detect MetS
among COPD patients. Interleukin-6 and HOMA-IR are 2 promis-
ing markers that have been sparingly evaluated in COPD patients.
Hence, the present study was conducted to determine the preva-
lence of MetS among COPD patients in this geographical region as
well as to evaluate the role of IL-6 and HOMA-IR as screening
markers for MetS in COPD.

Materials and Methods

This was a cross-sectional study conducted in a tertiary care
hospital over a period of 2 years. Patients of stable COPD attend-
ing the pulmonary OPD, irrespective of their disease stage and
duration, were consecutively enrolled. COPD was diagnosed
according to GOLD guidelines [20], by the presence of persistent
respiratory symptoms and airflow limitation, as reflected by post-
bronchodilator FEV,/FVC <0.70. Clinical stability was ascertained
by the absence of exacerbation in the preceding 6 weeks. Patients
with concomitant i) obstructive sleep apnea; ii) lung cancer; iii)
super added lower respiratory tract infection; iv) cardiac disease;
or v) those having any evidence of systemic infection were exclud-
ed as they may confound the values of the markers under evalua-
tion. Based on the results of systematic review [4], a sample size
of 87 was required to detect 34% prevalence of metabolic syn-
drome in COPD with 95% confidence level and 10% permissible
error (OpenEpi, v. 3). After adjusting for drop outs/incomplete
data, it was decided to enroll 100 COPD patients. Informed written
consent was taken from all the subjects. The study was approved
by the Institutional Ethics Committee of the Hospital.

Methods

All patients were subjected to detailed history and clinical
examination highlighting their demographics, duration of COPD
and smoking status. They were subjected to routine spirometry
according to standard guidelines [21]. The test was performed
using spirometer make Spiro Analyser, model no. ST-90 (Fakuda
Sangyo Co. Ltd, Tokyo, Japan) and their post bronchodilator
FEV,, FVC and FEV/FVC values were measured. The severity of
airflow limitation was graded into 4 GOLD stages (1-4) based on
recent GOLD guidelines [20].

All subjects were asked to come fasting on subsequent day
when they were evaluated for the presence of MetS using US
National Cholesterol Education Program Adult Treatment Panel 111
(2005) guidelines [22]. As per these guidelines, the diagnosis of
MetS require the presence of >3 criteria out of a total of 5. These
criteria include fasting blood sugar, waist circumference, blood
pressure, high density lipoprotein and triglycerides. Waist circum-
ference was measured at the midpoint between lower costal margin
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and superior iliac crest in the mid axillary line. Blood pressure was
measured twice using sphygmomanometer in a seated position
after 10 minutes resting. Two readings of systolic and diastolic
blood pressure were recorded in 5 minutes interval and the average
was used for data analysis. Fasting blood glucose, triglycerides and
HDL cholesterol were measured in 10 ml of fasting venous blood
sample by standard method on Random Access Chemistry
Analyzer modular P-800. Based on the values and the number of
criteria fulfilled, patients were diagnosed to have MetS.

Thereafter, sample for insulin and IL-6 levels were collected
from all subjects in citrate vials. Insulin resistance was measured
by HOMA-IR, that was calculated using the following equation:
(fasting insulin (uU/ml) X fasting glucose (mmol/1))/22.5

Subsequently, 1L-6 levels and HOMA-IR values were com-
pared in COPD patients with and without MetS.

Statistical analysis

Quantitative data was summarized as mean + SD or median
(interquartile range), as appropriate, and categorical variables were
presented as n (%). Comparison of quantitative and categorical
variables between the COPD patients with and without metabolic
syndrome were done using student T test/Mann-Whitney test and
Chi square test/Fischer exact test, respectively. Spearman correla-
tion coefficient was used to find correlation between IL-6 and
HOMA-IR. Multiple logistic regression analysis was performed
using forward LR approach and odds ratio (OR) (with 95% confi-
dence interval) was calculated to find association between differ-
ent variables and MetS in the COPD patients. Receiver operating
characteristic (ROC) curves were calculated to find maximal cut-
off values of IL-6 and HOMA-IR for detecting MetS and sensitiv-
ity and specificity were calculated for those cut-off values among
the patients. All statistical tests were two-sided with p<0.05 taken
as statistically significant. All statistical calculations were done
using computer program SPSS (IBM SPSS Statistics 21.0;
Armonk, NY, USA).

Results

COPD patients mainly comprised of elderly (mean age
59.9+48.7 years) males (n=93). Mean duration of COPD symptoms
was 7.843.2 years. Mean post bronchodilator FEV,% was
48.9+19.3 (Table 1). Thirty-eight patients presented in moderate
stage (n=38) of the disease followed by 32 and 22 in severe and
very severe stage, respectively.

Prevalence of metabolic syndrome in COPD patients

Forty five patients out of the study cohort (45%) fulfilled the cri-
teria for MetS. Out of the 5 components of MetS, elevated blood
pressure was the most common (n=38) followed by elevated fasting
blood glucose (n=37), elevated triglycerides (n=34), reduced HDL
(n=27) and elevated waist circumference (n=7). Patients with MetS
were relatively younger (57.94£9.5 vs 61.6£7.8 years; p=0.037), had
poorer lung function (FEV,% 44.9+17.2 vs 52.3+20.5; p=0.05) and
longer duration of COPD (9.942.8 vs 6.0+2.2 years; p<0.001) than
the other group (Table 1). However, there was no significant differ-
ence in the distribution of GOLD stage between the 2 groups
(p=0.10) (Figure 1). Number of patients with diabetes was higher in
the COPD-MetS group (n=19; 42.2%) as compared to COPD with-
out MetS (n=3; 0.05%) (p<0.001).

On multivariate logistic regression analysis, patient age (adjust-
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ed OR: 0.89; 95% CI: 0.83-0.96; p=0.002) and duration of COPD
(adjusted OR: 2.05; 95% CI:1.5-2.7; p<0.001) were the independent
factors that predicted MetS in COPD patients (Table 2).

Metabolic syndrome
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Figure 1. Bar graph showing the distribution of patients with
MetS in different COPD GOLD stages.

Relation of IL-6 and HOMA-IR levels with MetS in
COPD patients

Both IL-6 and HOMA-IR levels were higher in COPD patients
with MetS as compared to the other group (p<0.001) (Table 3).
There was a significant correlation between IL-6 and HOMA-IR
levels (Pearson r=0.51; p<0.001). On subgroup analysis, IL-6 lev-
els were also significantly raised in COPD-MetS as compared
COPD-non-MetS in both diabetic (MetS 67.8+27.5 vs non-MetS
16.8+13.1; p<0.001) and non-diabetic (MetS 59.5+£30.5 vs non-
MetS 24.4420.3; p=0.004) patients.

On ROC curve analysis, IL-6 showed a better performance
than HOMA-IR in detecting metabolic syndrome (area under
curve 89% vs 78%). At cut off value of 36.3 pg/ml for IL-6 and
1.61 for HOMA-IR, IL-6 was found to have a better sensitivity
than HOMA-IR (91.1% vs 82.2%) in detecting MetS in COPD
patients (Figures 2 and 3).

Discussion

The present study showed a high prevalence (45%) of MetS in
COPD patients. Both IL-6 and HOMA-IR were significantly high-
er in COPD patients with MetS; however, IL-6 seemed to have a
better sensitivity (91.1%) than HOMA-IR (82.2%) in detecting
MetS among COPD patients.

Table 1. Comparison of parameters between COPD patients with and without MetS.

Age (years) 59.9+8.7 57.9+9.5 61.6+7.8 0.037
Males (m) 93 41 52 0.69

BMI (kg/m?) 243+ 5.5 23.7£5.5 24.8+5.6 0.33

Smokers (n) 95 44 51 0.37

Pack years 21.2+132 213117 212143 0.98

Alcohol (n) 72 33 39 0.82

FEV: (% predicted) 48.9+19.3 44.9+17.2 52.3+20.5 0.057
Duration of COPD symptoms (years) 7.8+3.2 9.9+2.8 6.0+2.2 <0.001
BMI, body mass index; FEV;, forced expiratory volume in 15t second. All values are mentioned a mean £SD or n.

Table 2. Logistic regression analysis to evaluate association between metabolic syndrome and different patient parameters.

Age 0.95 (0.91-0.99) 0.04 0.89 (0.83-0.96) 0.002

Males 0.59 (0.13-2.8) 0.50

Pack years 0.99 (0.97-1.02) 0.711

FEVi% 0.98 (0.96-1.001) 0.06

Duration of symptoms 1.86 (1.4-2.4) <0.001 2.05 (1.5-2.7) <0.001

Table 3. Comparison of IL-6 and Homa-IR levels in COPD patients with and without MetS.

66.5+27.8
45428

IL-6 (pg/ml)
Homa-IR

22.8+20.7
1.9+1.8

<0.001
<0.001

OPEN 8 ACCESS

[Monaldi Archives for Chest Disease 2022; 92:2024]



The prevalence of MetS in COPD has been highly variable in
previous studies, with figures ranging between 21-58% [4-9]. This
non-uniformity in the prevalence figures is not only due to differ-
ence in the study designs and the diagnostic criteria used for MetS,
but also reflect multifactorial dependence of MetS. Hypertension
was the most prevalent MetS component seen in the present study
that was similar to previous studies [4,23]. The present study eval-
uated common patient and disease related factors that might pre-
dispose COPD patients to MetS. The results showed that age was
an independent factor that predicted MetS in COPD in a logistic
regression model (adjusted OR=0.89; 95% CI-0.83-0.96;
p=0.002). This is in contrast to a Polish study in which age was sta-
tistically similar in the 2 groups [7]. However, another study
demonstrated a higher prevalence of MetS in younger patients with
less severe COPD and defined it as a separate phenotype of COPD
[24]. Apart from age, duration of COPD symptoms was another
factor that was associated with MetS (adjusted OR=2.05; 95% CI-
1.5-2.7; p<0.001). The above findings imply that the patients who
develop COPD at a younger age were more likely to develop MetS
and the likelihood increased with the duration of COPD.

Association between presence of metabolic syndrome and lung
function in COPD is an area that lacks clarity in previous studies.
One evidence suggests a relatively high prevalence of MetS in
patients with mild to moderate disease [10,25-27]. This is attrib-
uted to presence of cachexia and wasting in severe and very severe
COPD patients that apparently lowers the incidence of MetS in
later stages. However, few other studies have failed to prove any
association between MetS and the COPD stage [6,7] that was also
seen in the present study (Figure 1). A systematic review estab-
lished that MetS was more prevalent in overweight and obese
female patients [4]. In contrast, no such association was seen in the
present study. Apart from obesity, there was no difference in smok-
ing addiction between the COPD patients with and without MetS,
that was similar to previous studies [7,10]. However, a low per-
centage of non smokers (5%) among the COPD patients might
have affected the results. A French study showed that current
smokers are more prone to develop MetS primarily through sys-
temic inflammatory response [28]. Moreover, a positive associa-
tion of smoking with hypertension [29] and diabetes [30] also val-
idates its role in predisposing MetS in COPD patients.

—_ press

The present study evaluated the role of Interleukin-6, a pro-
inflammatory cytokine, as a screening marker for MetS in COPD
patients. The results showed significantly high levels of IL-6 in
COPD-MetS patients as compared COPD-non-MetS (p<0.001),
with a sensitivity of 91.1% in detecting MetS. The results were fur-
ther validated on sub-group analysis in which IL-6 levels were also
elevated in non-diabetic COPD patients with MetS (COPD-MetS
59.5+30.5 vs non-MetS 24.44+20.3 pg/ml; p=0.004). Moreover, the
lack of correlation between IL-6 levels and pack years of smoking
(Pearson r=0.10; p=0.29) also negated the confounding effect of
smoking on IL-6 levels. The results are in coherence with a previ-
ous study that also showed a statistically significant correlation
between IL-6 levels and incidence of metabolic syndrome
(p=0.021) [13]. Apart from IL-6, other markers of systemic inflam-
mation like C-reactive protein and fibrinogen have also been stud-
ied for their potential association with COPD and MetS [31-33].
However, IL-6 was selected for evaluation in the study as it is a
primary cytokine regulator of CRP production, fibrinogen and
thrombocytosis that confirmed its suitability for evaluation as a
potential screening marker [31,34].

Interestingly, there was no correlation between the IL-6 levels
and the FEV, values in the current study (Pearson r= -0.13;
p=0.21) that was similar to the previous study [13]. However, data
from the Framingham Heart Study showed a significant negative
correlation between IL-6 levels and FEV, values [35]. Further
research with large sample size and adjusting for confounders
might help to clarify the relationship.

Insulin resistance (IR) is an independent risk factor for MetS
and its cardiovascular complications. It is postulated that poor oxy-
genation in COPD leads to adipose tissue hypoxia and inflamma-
tion, lipid dysregulation and hypoadiponectinemia that adversely
affects insulin signaling. The cascades of events lead to hyperinsu-
linemia that causes endothelial dysfunction leading to hyperten-
sion and further insulin resistance. Previous studies have demon-
strated increase in IR in COPD-MetS as compared to those without
MetS [24,36]. The present study also validated the previous find-
ings (HOMA-IR in COPD-MetS 4.5+2.8 vs COPD 1.9+1.8;
p=0.001). On ROC curve analysis, IL-6 showed a better perform-
ance in detecting MetS as compared to HOMA-IR (area under
curve - interleukin-6 89% vs HOMA-IR 78%) in the study. At cut-

1
084 05
Eos Zros
= z
z =
g H
& 04 #
0 0]
o r r r s 0 T T T T
0 02 04 08 08 10 on 0z . as L w
1 - Specifieity 1 - Specificity
Area under curve
Area under curve
(95% C1) p-value ‘Value Sensitivity Specificity (95% CI) p-value Value Sensitivity Specificity
0.89 (0.84-0,96) <0.001 36.30 91.1 74.5 0.78 (0.68-.088) =0.001 1.61 §2.2 745

Figure 2. ROC curve, sensitivity and specificity of IL-6 for the
detection of metabolic syndrome in COPD patients.

Figure 3. ROC curve, sensitivity and specificity of HOMA-IR for
the detection of metabolic syndrome in COPD patients.

[Monaldi Archives for Chest Disease 2022; 92:2024]

OPEN 8ACCESS



—_ press

off values of 36.3 for IL-6 and 1.61 for HOMA-IR, IL-6 had a bet-
ter sensitivity than HOMA-IR in detecting MetS (99.1% vs
82.2%). Both markers also showed a moderately positive correla-
tion with each other (Pearson r= 0.51; p<0.001) that was also
demonstrated in a previous study (r=0.276, p=0.039) [18]. The
above results reaffirm the role of common/interlinked inflammato-
ry pathway in the pathogenesis of MetS.

The present study is one of the first studies from this geographi-
cal region to give a comprehensive picture on the prevalence of MetS
in COPD patients as well as the role of IL-6 and HOMA-IR in screen-
ing MetS. However, the cross sectional design limited its ability to
evaluate dynamic changes in the markers with time. Future studies
using longitudinal design may help to further add to the evidence.

To conclude, COPD patients are frequently associated with
MetS. The combined COPD-MetS seems to be a specific pheno-
type that is common in younger patients with early onset of COPD.
With a higher sensitivity and equal specificity, IL-6 seems to be a
better screening marker than HOMA-IR in detecting MetS in these
patients. The results suggest that all COPD patients, particularly
young and those with early disease onset should be screened using
these biomarkers for early detection and treatment of MetS.
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