Received: 27 October 2020

Revised: 26 May 2020

'.) Check for updates

Accepted: 21 January 2021

DOI: 10.1111/crj.13336

ORIGINAL ARTICLE

WILEY

Association between insulin resistance and BMI with FEV, in
non-hypoxemic COPD out-patients

Faisal Faiyaz Zuberi'

'Department of Pulmonology, Ojha Institute
of Chest Disease, Dow University of Health
Sciences, Karachi, Pakistan

2Department of Internal Medicine,
University of Oklahoma Health Sciences
Center, Oklahoma City, OK, USA

3Department of Medicine, Dow University
of Health Sciences, Karachi, Pakistan

Correspondence

Faisal Faiyaz Zuberi, Department of
Pulmonology, Ojha Institute of Chest
Disease, Dow University of Health
Sciences, A-112, Al-Habib Pride, CL-8/5,
Civil Lines, Karachi, Pakistan.

Email: faisal @zuberi.net

1 |

INTRODUCTION

| Nimrah Bader’ | Tazeen Rasheed® | Bader Faiyaz Zuberi®

Abstract

Objectives: This study was conducted to determine the impact of insulin resistance
using Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) score and
BMI in non-hypoxemic out-patients with COPD on FEV, using linear and polyno-
mial regressions and to determine their correlation.

Methods: COPD patients of both genders were included after informed consent.
Fasting blood sugar and serum insulin were done to calculate HOMA-IR, which
were segregated into two groups of > 3 and < 3 labeled insulin resistance present and
absent, these were compared with BMI. Patients were segregated into GOLD Grade
1-4 per GOLD Guidelines and compared with HOMA-IR and BMI. Curve and linear
regressions, multivariate and univariate analysis of HOMA-IR with BMI, FVC, and
FEV, were done.

Results: A total of 273 subjects were inducted after informed consent. There was a
linear correlation between HOMA-IR and BMI (r2 0.498, P < 0.001) and nonlinear
correlation between HOMA-IR and FEV 1 (r2 0. 617, P < 0.001) which showed little
evidence of association above FEV1 > 60 predicted, but a clear negative association
below that. Significant increase in HOMA-IR was seen from GOLD-2 to 3 and from
GOLD-3 to 4 classes. The impact of HOMA-IR on FEV1 was 49.9% (P < 0.001) on
FVC was 43.7%.

Conclusions: The results indicate that there is a high prevalence of IR in non-
hypoxemic COPD. A nonlinear association is present between FEV1 and HOMA-IR
which is most evident with FEV1 <60% predicted.
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type II diabetes mellitus (T2DM) and has higher frequency
of blood eosinophilia in moderate to severe cases.>* In a

Chronic obstructive pulmonary disease (COPD) is a group
of chronic inflammatory pulmonary disorders that are char-
acterized by partially reversible airflow obstruction which
are often secondary to significant exposure to noxious
gases.1 COPD is increasingly been regarded in the context
of a “cardiopulmonary continuum™ and is associated with
a 2- to 3-fold increased risk for cardiovascular diseases and

study by Mathers CD et al it was predicted that the preva-
lence of COPD and its resultant mortality would increase
several folds by the year 2030.> COPD and obesity are
widespread clinical conditions with significant impact on
health in our society. It is likely, that prevalence of both
these disorders will increase in future leading to increase
burden on health resources of our country. Although
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impact of both these disorders is well documented in ep-
idemiological studies but the exact nature of their relation
with Insulin Resistance (IR) is still unclear.®” IR is related
to many clinical diseases/states like diabetes, hyperten-
sion, and obesity and all these have great impact on health,
morbidity, and all-cause mortality in population.g’9 Itisa
common condition, present in about 10% of world’s adult
population,10 and its prevalence is showing increasing
trend due to sedentary lifestyles and increasing prevalence
of obesity."' IR has an established role in many clinical dis-
orders like polycystic ovaries,'? cardiovascular mortality,8
and end stage renal disease.”

Metabolic Syndrome (MetS) which was previously called
Syndrome X, is a complex clinical disorder which is char-
acterized by the presence of risk factors including excess
abdominal obesity or body mass index (BMI) > 30 kg/mz,
elevated blood pressure, proatherogenic blood lipid profile,
and impaired fasting blood glucose with or without insulin
resistance.'>'* Significant association between MetS and
COPD has been documented by various studies'>!” the prev-
alence of these disorders is expected to increase in future due
to sedentary life style.12 Obesity, COPD, and IR are related
in complex interactions of genetic and environmental factors.
These factors play an important role in initiating and prop-
agating a low-grade systemic inflammatory response in all
three conditions. COPD is characterized by persistent airflow
obstruction and inflammation while extra-pulmonary mani-
festations and co-morbidities increase its severity. Despite all
these facts, the evidence related to frequency of IR in COPD
and its relation to BMI, is very scanty and is have not been
reported from our area.

The Homeostasis Model Assessment of Insulin Resistance
(HOMA-IR) was developed to use in epidemiological studies
and it is an alternative to glucose clamp. It is used as sur-
rogate measure of IR in vivo and is comparable to glucose
clamp in terms of precision and reproducibility and it re-
quires only a single measurement of glucose and insulin in
fasting.18 Thus, it is a handy and easily available tool to mea-
sure insulin resistance.

The current study was planned to determine the fre-
quency of insulin resistance in non-hypoxemic patients
with COPD and to determine its impact and correlation
with BMI and FEV in our population. The study will lead
to first time documentation interaction of these four condi-
tions in our area and will help to identify patients at risk.
This will lead to better understanding and management of
these disorders. IR leads to obesity and increases the risk
of diabetes in future. Diagnosis of this condition will help
in better management and overall reduction in risk factors.
It will help to formulate better exercise and dietary plans in
these patients.
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2 | MATERIALS AND METHODS
2.1 | Operational definition

2.1.1 | CoOPD

COPD will be diagnosed with Spirometry as per GOLD
guideline of post-bronchodilator FEV,/FVC <0.70."°

2.1.2 | Non-hypoxemia
Non-hypoxemia will be diagnosed if SpO, is > 94% on pulse
oximetry

2.1.3 | GOLD Grade

GOLD-1-Mild: FEV, > 80% predicted
GOLD-2-Moderate: 50% < FEV, < 80% predicted
GOLD-3-Severe: 30% < FEV, < 50% predicted
GOLD-4-Very Severe: FEV, < 30% predicted

2.1.4 | Insulin resistance
Insulin Resistance will be labeled if HOMA-IR score is >
3.0."%2 HOMA-IR will be calculated with formula:

HOMA — IR = Fasting Glucose (mg/dl) X Fasting Insulin /405

2.1.5 | Body mass index (BMI):
Body Mass Index will be calculated by the formula BMI =
weight (kg)/height (m)*. Asian BMI classification was used
in this study.

Underweight: < 18.5 kg/m*

Normal: 18.5-22.9 kg/m*

Overweight: 23.0-27.5 kg/m2

Obese: >27.5 kg/m*

2.2 | Study design

Cross-section Observational Study

2.3 | Setting

Clinics of Ojha Institute of Chest Diseases and Dow Medical
College & Ruth KM Pfau Civil Hospital Karachi, Pakistan.
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2.4 | Sample size

Using reported frequency of 62%," power of 95%, and alpha
of 0.05; sample size was calculated as 228. Sample size cal-
culation was done by PASS 2019 software.

2.5 | Inclusion criteria

Current smokers of both genders of age 25-70 years were
included after informed consent. Patients presenting with
symptoms suggestive of airway disease were evaluated in
clinics for COPD. COPD was diagnosed as per operational
criteria.

2.6 | Exclusion criteria

Patients with pulse oximetry SpO, of < 94% were excluded.
Patients with pulmonary tuberculosis, pleural effusion, and
heart failure and previously diagnosed cases of diabetes mel-
litus were excluded.

2.7 | Data collection procedure

Study has ethical approval from IRB of Dow University of
Health Sciences vide its letter number IRB-1420/DUHS/
Approval/2019 dated 04-11-2019. Pulse oximetry was done
of all patients satisfying COPD criteria and those with oxy-
gen saturations of > 94% were included in study for further
workup after informed consent. Demographics like age, gen-
der, weight, and height were recorded. BMI calculations were
done. Spirometry was done using Vitalograph Spirometer as
per standard departmental protocol and FEV values were re-
corded. An 8-hour fasting sample of blood was withdrawn
for blood sugar and serum insulin were done on same sample
for the calculation of Insulin Resistance Index (HOMA-IR).
Insulin resistance was labeled if HOMA-IR score of > 3.0.'8

2.8 | Data analysis procedure

Mean + SD of age, BMI, FEV,, and HOMA-IR were calcu-
lated and compared with gender using independent samples
t-test. Data from BMI were recoded into a new variable as per
Asian BMI guidelines into underweight, normal, overweight,
and obese categories. These categories were compared with
gender using 2 test. HOMA-IR values were compared with
BMI categories using one-way ANNOVA test with post hoc
analysis. Values of FEV, were recoded into new variable as
per GOLD Guidelines into GOLD Grade 1 to 4 and com-
pared with gender by )(2 test and with HOMA-IR values by

WILEY-

one-way ANNOVA with post hoc test. Mean of HOMA-IR
was tested with reported cut off value of 3.0 for presence of
IR using one-sample #-test. Data were recoded into new vari-
able for HOMA-IR values of > 3 and < 3 to create groups
with insulin resistance present and absent and were com-
pared with BMI Groups using )(2 test. Correlation between
HOMA-IR, BMI, FVC, and FEV, was done using Pearson
bivariate correlation test as a prerequisite for Multivariate
analysis (MANOVA). All these variables correlated sig-
nificantly as reported in Table 4 fulfilling its pre-condition.
MANOVA was done using HOMA Groups as independent
variable and BMI, FEV,, and FVC as dependent variables.
Linear and polynomial (quadratic) regressions were fitted to
the relationship between HOMA-IR as dependent variable
and FEV1 as the independent variable.

Significance was set at < 0.05. SPSS version 26 was used
for analysis.

3 | RESULTS

A total of 273 subjects fulfilling selection criteria was in-
ducted after informed consent. Study was conducted during
the period of 05 November to 04 May 2020 at outpatient clin-
ics of Ojha Institute of Chest Diseases, Dow Medical College
& Ruth KM Pfau Civil Hospital Karachi, Pakistan. These in-
cluded 161 (59.0%) males and 112 (41.0%) females. Mean
age of males was 60.1 & 10.3 years that of females was 56.3
+ 9.5 years. Mean age was significantly higher in males on
Student’s r-test, #(271) = 3.1, P = 0.002. BMI was calculated
from data of height and weight and no significant difference
was found in BMI values among gender #207.9) = 0.118,
P = 0.906. No significant difference was present in FEV,
values among gender on Student’s z-test #217.9) = —549,
P = 0.583. Fasting glucose values in males were signifi-
cantly higher as compared to females 7 (225.5) = 3.6, p <
.001. Fasting insulin was significantly less in males #(264.7)
= —3.5, P = 0.001. No statistical difference was found in
HOMA-IR values among gender #271) = —0.64, P = 0.525.
Details are given in Table 1.

3.1 | BMI analysis

BMI Groups were calculated as per Asian Guidelines de-
scribed in methods, the breakup showed that 56 (20.5%) were
underweight, 124 (45.4%) were normal, 77 (28.2%) were over-
weight, and 16 (5.9%) were in obese group of BMI. On anal-
ysis with 2 test no significant difference was found in BMI
Groups with gender. )(2 (df=3,N=273)=6.0; P =0.112.
Effect of BMI categories was studied on HOMA-IR scores
by one-way ANNOVA test. It showed significant impact
of BMI Groups on HOMA-IR scores, F(1, 269) = 253.72,
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TABLE 1
fasting insulin, and HOMA-IR with gender and statistical significance

Comparison of age, BMI, FEV1,FVC, fasting glucose,

Gender

Male Female

Mean SD Mean SD Sig.
Age 60.1 10.3 56.3 9.5 0.002
BMI 21.3 3.5 21.2 4.3 0.906
FEV, 46.4 13.0 47.3 14.9 0.583
FVC 47.8 15.2 51.3 20.6 0.126
Fasting glucose 100.6 9.7 96.1 10.6 <0.001
Fasting insulin 12.5 1.9 13.2 1.5 0.001
HOMA-IR 3.1 5 3.1 5 0.525

P < 0.001. Post hoc multiple comparisons were done to see
the significance among various BMI Categories. There was
progressive increase in HOMA-IR scores from underweight
to normal (P < 0.001), normal to overweight (P < 0.001),
and overweight to obese (P < 0.001). Details are given in
Table 2. There was strong positive correlation between
HOMA-IR and BMI when tested with Pearson correlation
test r = 0.78, n =273, P < 0.001. This is also shown in scat-
ter plot in Figure 1.

3.2 | FEV, analysis

Patients were segregated on basis of FEV, as per GOLD
Grade. In GOLD-1(mild) there were 14 (5.1%), in GOLD-2
(moderate) there were 48 (17.6%), in GOLD-3 (severe) there
were 203 (74.4%), and in GOLD-4 (very severe) there were 8
(2.9%) patients. There was no significant difference in GOLD
Grade among gender. ;(2 df=3,N=273)=43; P=0.227.
Strong negative correlation existed between HOMA-IR and
FEV, showing progressive decrease in HOMA-IR values
as FEV, increases, r = —0.707, n = 273, P < 0.001. The
R squared value for a linear regression between HOMA-IR
and FEV1 was 0.498, but a quadratic equation had signifi-
cantly better fit than the linear regression (P < 0.01), with a
R squared value of 0.617. It can be seen in Figure 2 that the

TABLE 2 ANNOVA post hoc analysis of BMI categories with
HOMA-IR with significance

Mean

Groups Mean + SD diff. Sig.

1. Underweight 2.59 +£0.31 -0.42 <0.001
Normal 3.01 £0.38

2. Normal 3.01 £0.38 -0.43 <0.001
Overweight 3.44 +0.30

3. Overweight 3.44 +0.30 —0.53 <0.001
Obese 3.99 +0.10

association between HOMA-IR and FEV1 was largely con-
fined to patients with an FEV1 <60% predicted.

3.3 | FVC analysis
Strong negative correlation existed between HOMA-IR and
FEV, showing progressive decrease in HOMA-IR values as
FEV, increases, r = —0.731, n = 273, P < 0.001. Mean FVC
+ SD values according to GOLD Grade were as under:

GOLD-1:97.3 +6.3

GOLD-2: 71.8 = 12.1

GOLD-3:41.3+4.9

GOLD-4: 30.0 + 0.0

3.4 | HOMA-IR analysis with GOLD grade
Comparison of HOMA-IR scores with GOLD Grade was
done with ANNOVA showing significant difference in
HOMA-IR scores in GOLD Grade, F (1, 269) = 95.70,
P < 0.001 (Figure 3). Post hoc multiple comparison to see
the difference of HOMA-IR scores with GOLD Grade. There
was progressive increase in HOMA-IR scores. Increase in
GOLD-1 to GOLD-2 was not significant (P = 0.202), but
all the rest were very significant; GOLD-2 to GOLD-3
(P < 0.001) and GOLD-3 to GOLD-4 (P < 0.001).

3.5 | Insulin resistance

HOMA-IR value of > 3.0 is defined as insulin resistance,
using this cut off value mean HOMA-IR values were assessed
in our study subjects of those with values > 3.0 and those
with values < 3.0 using one-Sample z-test which showed sig-
nificant difference t (272) = 3.44, P = 0.001. Patients were
segregated into two groups based on cut off 3.0 into patients
with insulin resistance (IR) present and IR absent and were
analyzed with BMI Groups by 2 test. Significant increase in
frequencies of IR was seen in patients with higher BMI, )(2
(df =3,N =273) = 106.14, P < 0.001. Details are given in
Table 3.

3.6 | Multivariate analysis (MANOVA)

Multivariate analysis was performed using HOMA-IR Group
as independent variable (Fixed Factor) and BMI, FEV1, FVC
as dependent variables. However, prior to conducting the
MANOVA, a series of Pearson correlations were performed
between all the dependent variables to test the MANOVA
assumption that the dependent variables should be correlated
with each other in the moderate range. As detailed in Table
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Simple Scatter with Fit Line of HOMA-IR by BMI
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FIGURE 1 Scatter plot of HOMA-IR with BMI

4 all dependent variables correlated significantly (P < 0.001)
suggesting the appropriateness of a MANOVA testing.

A one-way multivariate analysis of variance (MANOVA)
was conducted to test the hypothesis that there would be one
or more mean differences between HOMA-IR status (present
and absent) and BMI, FEV1, and FCV. There was statisti-
cally significant difference in BMI, FEV1, and FVC based
on HOMA-IR status F (3, 269) = 78.2, P < 0.001, Wilk’s
Lambda = .534, partial 5* = 0.466.

A univariate ANOVA analysis was subsequently done on
all dependent variables keeping alpha = 0.025. HOMA-IR
had significant effect on all three studied dependent vari-
ables, BMI [F(1, 271) = 183.21, P < 0.001, partial 5* =
0.403], FEV1 [F(1, 271) = 190.06, P < 0.001, partial 7* =
0.412], and FVC [F (1,271) = 210.558, P < 0.001, partial 7°
= 0.437]. Post hoc analysis was not performed as HOMA-IR
had fewer than three groups.

4 | DISCUSSION

We in this study have documented significant association
between HOMA-IR and BMI with FEV,. We also docu-
mented high frequency of IR in non-hypoxemic COPD
out-patients and have also documented that HOMA-IR nega-
tively correlates with FEV,. We also report negative correla-
tion of HOMA-IR with FEV,. Thus, an association between

25.00 30.00

HOMA-IR and FEV, is documented. Patients of COPD
with IR are at greater risk of poor lung function. Findings
similar to our study were also reported by Lee YB et al in
Korean population in which they also presented similar data
of negative correlation of HOMA-IR with FEV,.*' A small
study from Pakistan also showed higher values of HOMA-IR
scores in COPD patients as compared to controls but they did
not check for any correlation and cause/effect relationship
between HOMA-IR and FEV, variables.”

It has been reported earlier that systemic inflammation
due to diabetes and insulin resistance could lead to deterio-
ration in lung function.”? Insulin resistance and obesity are
associated with systemic inflammation.?*” In our study the
association of insulin resistance and FEV, was strongest in
FEV, < 50, this could be due to greater systemic inflamma-
tion present in severe insulin resistance.

Our study showed non-significant increase in HOMA-IR
between GOLD-1 and GOLD-2 but significant increase in
HOMA-IR values between GOLD-2 and GOLD-3 and fur-
ther significant increase between GOLD-3 and GOLD-4.
This shows IR occurs more significantly in higher GOLD
Grade. These are important finding reported by our study.
IR has been reported to play a part in impairment of pul-
monary function in COPD patients that could affect the
COPD outcomes.”® IR correlates with MetS which has its
own set of complications, presence of IR in COPD patients
will put them at risk of these complications.”**" It has
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Simple Boxplot of HOMA-IR by GOLD Grade

435
3.85
K 335 -
<
=
(o]
I
285
235 = I -
l °6466
63 65
1.85
Gold-1 Mild Gold-2 Moderate Gold-3 Severe Gold-4 Very Severe
GOLD Grade

FIGURE 3 Box Plot of HOMA-IR with GOLD Grade

been demonstrated that IR in non-hypoxemic patients with In our study we also documented a positive correlation
COPD was related to systemic inflammation. This relation- of HOMA-IR with BMI in COPD patients. Thus, patients
ship may indicate a contributory factor in the excess risk ~ who are obese are more at risk for having IR. IR is known to
of cardiovascular disease and type II diabetes in COPD.*! be associated with MetS and with presence of IR in COPD
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TABLE 3 Cross-tabulation of HOMI-IR groups with BMI groups

BMI Groups
Underweight
HOMA-IR Groups IR Present Count 10
% 17.9%
IR Absent Count 46
% 82.1%
Total Count 56
% 100.0%

patients, they are also at risk of developing MetS. This effect
has been reported by Piozzolla G et al and have shown sig-
nificant presence of MetS at 62% in COPD patients.15 COPD
may be considered as a risk factor for new onset (T2DM) be-
cause of multiple complex patho-physiological mechanisms
namely oxidative stress, inflammation, insulin resistance,
weight gain, and changes in the metabolism of adipokines.
Insulin resistance (IR) is the decreased tissue response to
normal levels of circulating insulin and is associated with an
increased risk for cardiovascular disease and metabolic dys-
function. IR has been associated with increased cytokines, in-
cluding interleukin-6 and tumor necrosis factor alpha soluble
receptor, both of which are elevated in patients with COPD.*
COPD and IR together makeup a downward spiral, meaning
COPD worsens the condition of IR which afterwards could
lead to worsening of COPD.

Recently, there has been increasing interest in the rela-
tionship between IR, increase in BMI, obesity, and COPD.
It has been suggested that decrease in oxidative capacity
and systemic hypoxia may play a role in the pathogenesis of
COPD in obese patients. In our study there was no signifi-
cant difference in the BMI and FEV, values among gender.
Our study demonstrated significantly high prevalence of IR
in non-hypoxemic COPD patients and its strong correlation
with BMI and FEV,. Our results were similar to study done
by Bolton CE et al in which fasting plasma glucose, insu-
lin, and inflammatory mediators were measured in 56 COPD
patients and 29 healthy subjects. The results of their study

TABLE 4 Pearson's correlation

Normal Overweight Obese Total
75 77 16 178
60.5% 100.0% 100.0% 65.2%
49 0 0 95
39.5% 0.0% 0.0% 34.8%
124 77 16 273
100.0% 100.0% 100.0% 100.0%

reported that there were greater insulin resistance in non-
hypoxemic patients with COPD as compared with healthy
subjects. Additionally their study also demonstrated increase
in the levels of circulating inflammatory mediators specifi-
cally interleukin-6 and tumor necrosis factor a soluble recep-
tor.®! A number of studies have demonstrated that increasing
BMI and obesity is more prevalent in patients of COPD as
compared to the general population.33’34 Obesity in turn re-
sults in expiratory airflow limitation and worsening dyspnea
due to its extrapulmonary restrictive component, which re-
sults in functional decline. Vaz D et al. in their study reported
that insulin resistance in patients of COPD was associated
with greater severity of airway obstruction and lower FEV,
as compared to patients without IR.* This was similar to our
study which demonstrated negative correlation of HOMA-IR
with lung function.

IR has known associations with diabetes mellitus (DM),
metabolic syndrome (MetS), and obesity,“’36 and some new
associations are reported recently including mental health
and COPD.'*!> MetS is one of the comorbidities complicat-
ing the clinical course of COPD and functional decline in the
patients of COPD. An association between MetS and COPD
has been observed in several studies. The overall prevalence
of MetS is reported to be 21%—50% in patients of COPD.**’
Therefore, coordinated management of diverse aspects of
COPD is needed to improve the quality of life and morbid-
ity in these patients. Our study limitations were that we did

between BMI, FEV-1, FVC & FVC BMI FEV'IM FVC , HOMA-IR
BMI Pearson correlation 1 -0.893" 08307  0.780"
Sig. (two-tailed) 0.000 0.000 0.000
FEV-1 Pearson correlation ~ —0.893" 1 0.954™ -0.707""
Sig. (two-tailed) 0.000 0.000 0.000
FvVC Pearson correlation -0.830" 0.954™ 1 -0.731"
Sig. (two-tailed) 0.000 0.000 0.000
HOMA-IR Pearson correlation 0.780" —-0.707"" -0.731"" 1
Sig. (two-tailed) 0.000 0.000 0.000

**Correlation is significant at the 0.01 level (two-tailed).
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not checked for inflammatory markers and for MetS in our
patients.

5 | CONCLUSIONS

Our study indicates strong associations insulin resistance,
BMLI, and FEV,. Causalities in these relationships are yet to
be determined, although on balance it is more likely that low
lung function leads to insulin resistance, but mechanisms are
not yet identified.
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