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Abstract

Objectives. Obesity and asthma are the common conditions that describe the distinctive nature of inflammation. The
high-sensitivity C-reactive protein (hs-CRP) and fraction of exhaled nitric oxide (FENO) levels are known to influence the
atopic status. This study was undertaken to compare these inflammatory markers and atopic profile between non-obese
and obese asthmatic patients.

Methods. Two hundred asthma patients aged between 11-58 years were enrolled for this study and divided into two
groups: non-obese [body mass index (BMI) <25 kg/m?) (n=100) and obese (BMI>30 kg/m?) (n=100)]. All the subjects were
assessed for the pulmonary function test (PFT), hs-CRP from blood serum, FENO and skin prick test (SPT) against the
battery of 58 common aero-allergens and subjects having at least one SPT positive were labelled as atopics.

Results. Of these 200 patients, 135 (67.5%) were atopics [n=80 (59.3%) non-obese; and n=55 (40.7%) obese]. The BMI for
the non-obese and obese group was 22.4 and 33.9 Kg/m?, respectively. The functional residual capacity percent (FRC%)
of non-obese and obese were (111.2+24.6 versus 88.54+19.99 (P<0.001) and expiratory reserve volume (ERV%) predicted
was (97.750+33.571 versus 70.9+24.8; P<0.001). Both FRC% and ERV % were significantly lower in the obese group. Levels
of FENO of non-obese were significantly higher than the obese (38.08+3.13 versus 30.77+3.02; P=0.0685). The hs-CRP was
significantly higher in obese atopics in comparison to non-obese (15.33+23.66 versus 21.60+45.35; P<0.001).

Conclusions. Obese patients with asthma have a higher hs-CRP level. Thus, while interpreting hs-CRP level in obese
patients, atopic status must be evaluated. [Indian J Chest Dis Allied Sci 2021;63:7-12]
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Introduction Inflammatory markers like C-reactive protein (CRP)
levels and fraction of exhaled nitric oxide (FENO)
levels are actively and independently linked with
the respiratory impairment and more frequently
hyper-responsiveness. These markers suggest that
both respiratory impairment and bronchial hyper-
responsiveness are associated with a systemic
inflammatory process in patients with bronchial

asthma.® Obesity aggravates inflammation in bronchial

Obesity and asthma are the common conditions which
describe the distinctive nature of inflammation.! The
relationship between obesity and asthma is complex and
from the past studies it is understood that prevalence
of asthma and obesity increases dramatically.? Obesity
even in the absence of intrinsic lung disease causes
physiological impairment in lung functions due to
mass loading of the respiratory system.® Obesity is

a well-established risk factor for diabetes mellitus,
hypertension, sleep apnoea, stroke, cardiovascular
disease, arthritis, and many other diseases. This finding
supports, adds asthma to this list and should provide
yet one more piece of information to force obese
individuals to lose weight and to support the aggressive
implementation of public health measures to support
the attainment to this goal.**

asthma leading to increased severity of asthma and
decreased hyper-responsiveness to the treatment, thus,
leading to an increase in morbidity and mortality in
obese asthmatics compared to non-obese asthmatics.
Studies” have established differential expression of
inflammatory genes including cytokines, chemokines,
and complement protein collectively termed as
adipokines in the adipose tissue of obese in comparison
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to lean human-beings. The present hypothesis is that
this inflammation spills over into the blood, leading
to inflammatory stimulation at sites distant to the
adipose tissue.” Adipokines like interleukin-6 (IL-6),
tumour necrosis factor-alpha (TNF-a) plasminogen
activator inhibitor 1, vascular endothelial growth
factors (VEGF) and monocyte chemotactic protein have
been independently associated with inflammation in
bronchial asthmatic patients, and thus, could be a link
between obesity and asthma.?

This study was undertaken to measure the
parameters, like complete pulmonary function test,
atopic profile and inflammatory markers like (hs-CRP
and FENO) of obese and non-obese asthma patients and
to show that the inflammation of asthma is aggravated
by the obesity.

Material and Methods

Patients diagnosed with bronchial asthma as per
Global Initiative for Asthma (GINA) guidelines (2016)°
were enrolled for this study from the out-patient
department of Vallabhbhai Patel Chest Institute. Two
hundred asthmatics (120 females) aged between 11-
58 years were recruited and divided into two groups.
Group 1 included 100 non-obese (body mass index
[BMI] <25.0 kg/m?) asthma patients (52 females) and
Group 2 included 100 obese (BMI >30.0 kg/m?*) asthma
patients (68 females). Investigations including complete
pulmonary function test with diffusion capacity, blood
(serum) sampling for hs-CRP, skin prick test (SPT) and
FENO level measurements were done.

Pulmonary function testing was performed on a
dry, rolling-seal spirometer of the Benchmark model/
CPL lung function machine (PK. Morgan, Kent, UK).
The procedure was done as per the guidelines of the
American Thoracic Society (ATS)."® Maximal expiratory
flow volume curves were obtained as per the ATS
recommendations. Dynamic lung volumes, like forced
vital capacity (FVC) and forced expiratory volume in
the first second (FEV,) was measured and static (or
absolute) lung volumes, like vital capacity, residual
volume and total lung capacity were measured as per
the guidelines.! The diffusion capacity of the lungs was
analysed by using single breath method (SBDLCO).
Helium gas is used to calculate total lung capacity and
the exhaled carbon monoxide was used to calculate the
amount of carbon monoxide transferred to the blood.

Skin prick testing to common aeroallergens and
food allergens was done in all the patients as per the
standard guidelines of ATS." Atopy was defined as a
positive SPT (wheel diameters of >3 mm areas compared
to buffer saline as a negative control) for at least >1
aeroallergens.”” Before performing SPT, oral drugs
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including anti-histamines, steroids and any other drugs
considered to affect SPT will be stopped two weeks
prior to the tests, but inhaled drugs were continued as
per requirement of the patient.

The hs-CRP levels were quantitatively measured by
enzyme-linked immunosorbent assay (ELISA) using the
ACCUBIND automated (URIT-660) analyzer. The mean
absorbance value for each set of references, i.e. standard,
controls and sample were calculated. The absorbance
for serum reference was plotted (y-axis) versus the
corresponding CRP concentration (x-axis) in mg/L.
The assessment of exhaled nitric oxide was performed
using breath exhaled NO analysis (online method) on
breath analyser CLD 88SP (M3014) chemiluminescence
(NIOX) analyser in accordance with 2005 ATS/ERS
(European Respiratory Society) recommendations.'

Statistical Analysis

Statistical analysis was done by using Statistical
Package for the Social Sciences (SPSS; 16.0 version
windows; SPSS, Chicago, IL, USA). The data are
presented as mean + standard deviation. The difference
in the mean baseline values of various assessment
among group 1 (non-obese) and group 2 (obese) was
done using student’s t-test. The correlation between
any two parameters between the groups or within the
same group were made by using Pearson’s correlation
coefficient. A P-value of <0.05 was considered as
statistically significant.

Results

The demographic characteristics of 200 study patients
(80 males and 120 females) of both the groups are shown
in table 1. The patients were divided into two groups:
Group 1 non-obese patients (n=100) with bronchial
asthma with normal weight and Group 2 obese patients
(n=100) with bronchial asthma. The mean of age in
group 1 and group 2 was (29.2+9.3 versus 36.4+8.4 years).
Overall, 135 (67.5%) patients were atopic, of which 80
(59.3%) patients were non-obese and 55 (27.5%) were
obese. The duration of the disease illness in group 1
and group 2 was (6.242+5.76 versus 6.367+4.66 years;
P<0.001), and it was statistically significant.

The mean levels of PFT parameters in both the
groups are presented in table 2. The levels of FEV,/FVC
ratio (74.73+£12.16 versus 72.21+£12.16; P=0.014), forced
expiratory flow at 25-75% (FEF, ., ), (57.84+28.59 versus
53.28+27.91; P=0.025), peak expiratory flow rate (PEFR)
(87.774£23.06 wversus 83.34+26.11; P=0.020), slow vital
capacity (91.98+14.24 versus 86.79£17.61; P=0.023), and
functional residual capacity (FRC) (111.2+24.60 versus
88.54+19.99; P<0.001) was significantly high in patients
of group 1. Inspiratory capacity (IC) of group 1 patients
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was lower compared to group 2 and also shows a
statistical significance between these two groups
(88.69+22.80 wversus 96.75+23.36; P=0.014). Expiratory
reserve volume (ERV) (97.75+33.57 versus 70.90+24.80;
P=0.014), residual volume (RV) (121.86+36.68 versus
102.16+34.68; P=0.050), total lung capacity (87.12+4.39
versus 51.53+2.83; P<0.001), and alveolar volume (VA)
(83.99415.15 versus 72.20+13.32; P=0.019), of the group 1
was significantly higher compared to group 2. Single
breath diffusing capacity corrected for VA (DLCO/VA)
for the group 1 patients was significantly lower
compared to group 2 (113.39+20.79 versus 115.94+25.57;
P=0.044), which is statistically significant.

Onthe correlation of lung volumes, group 2 had lower
levels of functional residual capacity, the difference
being statistically significant (P<0.001). The residual
volume/total lung capacity ratio was statistically higher
in group 2 (P<0.050). A statistical significant difference
was observed for diffusion capacity (P=0.059), alveolar
volume (0.019) and their ratio (P=0.044). The severity of
asthma in patients of both the groups is shown in table 3.

The difference of atopic profile between non-obese
(n=80) with normal BMI and obese (n=55) asthmatic
individuals for common aeroallergens was not found
to be statistically significant (P=<0.050). Similarly, on
analysis of SPT for food allergens, the P-value that
derived for these variables between non-obese (n=49)
and obese (n=46) patients is not statistically significant.

The mean level of exhaled breath analysis of FENO
in group 1 was 38.00£3.13 ppb (parts per billion)
and 30.77+3.02 ppb in group 2; the difference being
statistically insignificant (P=<0.050) (Table 1). The mean

Table 1. Demographic characterstics of the patients of both
the groups

Variables Group 1 Group 2 P-value

(n=100)
(Obese)

(n=100)
(Non-obese)

Sex (Male/Female)  48/52 32/68 P<0.001
Age (years) 29.249.3 36.4+8.4 P<0.001
Height (cm) 160.4+9.6 158.1+9.9 P<0.001
Weight (kg) 58.1+10.7 84.5+13.1  P<0.001
BMI (kg/m?) 22.4+3.2 33.9+4.4 P<0.001
Duration of illness  6.24245.76 6.367+4.66  P<0.001
(years)

hs-CRP (mg/L) 15.33+2.36 21.60+4.53  P<0.001
FENO (ppb) 38.00+£3.13 30.77£30.23  0.068

Data are presented as mean+ standard deviation

Definition  of BMI=Body mass
CRP=C-reactive protein, FENO=Fraction of exhaled nitric

abbreviations: index,

oxide, ppb=Parts per billion
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Table 2. Comparison of pulmonary function tests in Group 1
and Group 2

Variables Group 1 Group 2 P-value
(n=100) (n=100)
(Non-obese) (Obese)
FVC (% Predicted)  91.96+13.94  85.77+£15.54  0.065
FEV, (% Predicted) 78.39+18.06 ~ 72.94+17.44  0.079
FEV,/FVC 74731216 7221+12.16  0.014
(% Predicted)
PEFR,, .. 87.77+23.06  83.34+26.11  0.020
(% Predicted)
FEF,, .. (% Predicted) 57.84+28.59  53.28+27.91  0.025
SVC (% Predicted)  91.98+14.24  86.79+17.61  0.023
FRC (% Predicted)  111.2+#24.60  88.54+19.99  0.00
IC (% Predicted) 88.69+22.80  96.75+23.36  0.014
ERV (% Predicted)  97.75+#33.57  70.90£24.80  0.014
RV (% Predicted) 121.86+36.68 102.16+34.68 0.050
TLC (% Predicted)  87.12+4.39 51.53+2.83 0.000
RV/TLC (% Predicted) 50.62+3.10 51.50+2.80 0.082
DLCO (% Predicted) 108.96+26.29 98.18+25.80  0.059
VA (% Predicted) 83.99+15.15  72.20+13.32  0.019
DLCO /VA 113.39+20.79 115.94+25.57 0.044
(% Predicted)
Definition of abbreviations: FVC=Forced vital capacity,

FEV1=F0rced expiratory volume in one second, PEFR=Peak
expiratory flow rate, FEF=Forced expiratory flow, SVC=Slow
vital capacity, FRC=Functional residual capacity, IC=Inspiratory
capacity, ERV=Expiratory reserve volume, RV=Residual
volume, TLC=Total lung capacity, DLCO=Single breath
diffusing capacity, VA=Alveolar volume, DLCO/VA=Single
breath diffusing capacity corrected for alveolar volume.

Table 3. Severity of asthma in Group 1 and Group 2

Variable Group 1 Group 2 P-value
(n=100) (n=100)
(Non-obese) (Obese) No.
No. (%) (%)
Obstruction (<80% 64 (64) 69 (69) 0.456
FEV,/FVC)
Mild (=70 FEV,) 36 (36) 32 (32) 0.553
(% Predicted)
Moderate (60-69 12 (12) 17 (17) 0.318
FEV,) (% Predicted)
Moderately severe 10 (10) 6 (6) 0.300
(50-59 FEV,)
(% Predicted)
Severe (35-49 FEV,) 5 (5) 12 (12) 0.077
(% Predicted)
Very Severe (<35 1(1) 2(2) 0.563

FEV,) (% Predicted)

Definition of abbreviations: FEV = Forced expiratory volume in
1 second, FVC=Force vital capacity
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hs-CRP level for the group 1 was 15.33+2.36 mg/L and
for the group 2 was 21.60+4.53 mg/L. The difference
was statistically significant and higher in group 2 in
comparison to group 1 (P<0.001).

Discussion

The present investigation demonstrated a strong
correlation between hs-CRP and exhaled nitric oxide
and atopic status in non-obese and obese bronchial
asthmatic patients. Asthma and obesity curve is
J-shape,® the prevalence increases at both extremes
of BMI*® These conclusions have been consistently
shown not only in western population but also in
Chinese population in previous studies.'*'®> These
factors influencing the development and expression
of asthma are divided into host and environment,
among which the host factor that includes are
genetically predisposing genes to atopy and airway
hyper-responsiveness, obesity and sex.'!” Obesity is
a systematic pro-inflammatory state correlated with
increased levels of inflammatory markers.

In our study, we observed that obese group had
significantly decreased FRC and ERV in comparison
to the non-obese group. These findings are in contrast
with previous studies.’®!” The presumable explanation
for this is an increase in intra-abdominal pressure
on the diaphragm and in fat mass on the chest wall
leading to mass loading of the thorax, thus increases
the deflationary pressure and reducing the conformity
of the lung and the respiratory system. Patients may
be mildly hypoxaemic, possibly due to ventilation-
perfusion mis-match at the base of the lungs, where
micro-atelectasis is likely to occur.” Weight loss leads
to a reversal of these changes.? For all of these changes,
the distribution of fat, that is, upper versus lower body
may be more important than BML

In a study, it was observed that there was a significant
reduction in FVC, FEV, and FEF 25-75% in the obese
patients compared to normal lean individuals.?’ There
was asignificant difference in the lung functionsbetween
obese and normal lean subjects.”’ However, dynamic
lung volume including vital capacity (VC) and total
lung capacity is often normal in obese individuals.”>*
In the present study, these volumes were within 95%
confidence limits for the predicted value.

The mechanisms include the possibility that
abdominal fat deposition leads to re-distribution
of blood to the thoracic compartment that reduces
VC. In obese patients, the diaphragm is in the upper
position, which results in a low FRC. Such modification
in resting end-expiratory lung volume may result in
a massive change in airway resistance related to an
increase in transmural pressure across the bronchial
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wall. In addition, chest wall resistance and increased
respiratory resistance could also be due to the existence
of upper airway obstruction and fat deposition or lax
pharyngeal muscle tone in obesity.?* * A study reported
that in obesity there is a disproportionate reduction
in FVC, demonstrating BMI is significantly associated
with the FEV,/FVC ratio.” In the present study, the
FEV_ /FVC ratio in obese group was reduced. However,
the difference with non-obese asthmatics group was not
significant. In a correlative study” of obese and non-
obese asthmatics, it was reported that there were no
significant differences in FEV1/FVC ratio between the
groups. The system of the small airway collapsibility
has been co-related to the lower content of collagen in
small airways, greater inflammation in the outer wall
in comparison to the inner wall and inflammation of
peribronchiolar region.? %

Results of the present study did not find any
significant difference in the atopic profile of non-obese
and obese patients with bronchial asthma in contrast
with another study.” However, there are few reports
of cross-sectional data showing a correlation between
BMI and increase in skin reactivity.?” The results of the
present study did not show any significant difference
in positive reactivity to food allergens between the
groups. Asthma developed in about 5% of individuals
who suffer from food allergy and current asthma was
reportedly triggered by food among 6-8% of children
and 2% of adults.?**

Obesity is connected with an increase in plasma
hs-CRP levels which may be due to the presence of
adipocyte-derived interleukin-6.2>** The hs-CRP is also
associated with the degree of airway inflammation
and airflow obstruction serves as a surrogate marker
of this condition. These studies identified a significant
interaction between obesity and asthma on hs-CRP and
states that the presence of asthma further increased
CRP levels (P=0.013). Concurrently, significantly
raised the level of IL-6 was observed in obese asthma
as compared to non-obese asthma group (P<0.0001).
Both*®* the overweight (BMI, 25-29.9 kg/m? and
obese (BMI, 230 kg/m? person were more likely to
have increased CRP levels than their normal weight
equivalent to (BMI< 25 kg/m?) more so on obese
women.* In the present study, the obese groups also
had higher hs-CRP levels in comparison to non-obese
groups, so these results reach the statistically significant
difference between these groups.

Exhaled nitric oxide assessment is relatively
simple, non-invasive and well-tolerated method and is
commonly used as a clinic for the assessment of airway
inflammatory biomarkers. Other studies showed
that excess of body weight might be associated to
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abnormalities of respiratory NO levels, as an impaired
systemic NO in production has been reported in obese
with a sub-clinical low-grade inflammation or by
interacting with the change in conducting airway and
lung volume.”?® However, in our study exhaled FENO
level did not show any significant difference between
obese and non-obese asthmatics.

Conclusions

In the present study, we observed that in obese
asthmatic patients, the hs-CRP level was higher in
comparison to non-obese asthmatics. There was no
significant difference in between the groups for non-
invasive inflammatory marker (FENO) and skin prick
test to common aeroallergens and food allergens. The
parameters, like FRC and ERV in obese asthmatics is
significantly lower. Obesity and asthma have been
shown to co-exist together but systemic and airway
inflammation appears to operate independently of
each other. Thus, while interpreting hs-CRP and FENO
levels in obese and non-obese patients, atopic status
must be evaluated.
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