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Effect of inhaled corticosteroids on 
systemic inflammation in asthma

found to have systemic inflammation as evidenced by increased 
levels of  plasma fibrinogen and serum amyloid A.[1] Serum 
C reactive protein (CRP) levels have been used extensively as a 
surrogate marker of  systemic inflammation in several chronic 
diseases as well to predict adverse cardiovascular events.[2,3] 
Estimation of  high sensitivity CRP (hs-CRP) with its enhanced 
sensitivity is useful in conditions with low grade systemic 
inflammation like asthma. Defining the role of  hs-CRP in 
asthma has been a topic of  interest in recent research.

Serum CRP levels were found to be correlating with asthma 
and its characteristics like bronchial hyperresponsiveness,[4] 
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Abstract

Original Article

Background: Recent research using serum high sensitivity C-reactive protein (hs-CRP) has 
evidenced existence of low grade systemic inflammation in asthmatics whose correlation 
with various clinical indices is not fully studied. Objective: To investigate the relationship 
between systemic inflammation and various clinical and treatment characteristics of asthma. 
Materials and Methods: Forty asthmatics (22 steroid inhaling and 18 steroid naïve) and 
40 healthy subjects matched for age and sex were examined cross-sectionally. Along with 
clinical assessment, serum hs-CRP levels were measured for all subjects using latex enhanced 
immunoturbidometry method. Results: Serum hs CRP levels were significantly higher in 
steroid naïve asthmatics when compared to normal subjects (0.93 ± 1.18 vs 0.24 ± 0.31 mg/dL, 
respectively; Mann-Whitney U test, P < 0.001). This association persisted after adjusting for 
age, gender, body mass index (BMI), and socioeconomic status (adjusted odds ratio 10.47; 95% 
CI 1.88-58.3; P < 0.01). Steroid inhaling asthmatics had serum hs-CRP levels comparable with 
control group (0.17 ± 0.18 vs 0.24 ± 0.31 mg/dL respectively, P > 0.05). Among the clinical and 
treatment related variables, duration of inhaled steroids usage alone correlated significantly with 
serum hs-CRP levels (Pearson correlation coefficient r = 0.449, P < 0.05), which was independent 
of age, BMI, duration of illness, and frequency of emergency visits. Conclusion: This study 
confirms the existence of low grade systemic inflammation in asthma which is effectively 
controlled by inhaled steroids. Such an effect of inhaled steroids appears to be more pronounced 
in recent users than that of long-term users, possibly due to lower adherence rate among the latter.
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INTRODUCTION

Asthma is characterized by airway inflammation and 
hyperresponsiveness. Besides local inflammation, asthma is also 
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FEV1 level,[5] control of  symptoms,[6] and sputum 
cytology.[7] Several other studies have denied some of  the 
above mentioned associations,[8,9] thereby emphasizing the 
need for further evaluation of  the unique role of  hs-CRP 
in asthma. Also, the effect of  inhaled steroids needs to 
be studied. Given the association of  higher CRP levels 
with cardiovascular disease,[3,10] diabetes mellitus[11] and 
metabolic syndrome,[12,13] any potential ‘anti-inflammatory’ 
effect of  inhaled steroids on CRP level will influence the 
long-term prospects of  asthma in addition to controlling 
airway inflammation. This study attempts to characterize 
the relationship between hsCRP, asthma, and its treatment.

MATERIALS AND METHODS

This was a case-control study involving 40 asthmatic 
patients attending the chest clinic of  a tertiary care center. 
Their diagnosis was established based on clinicoradiological 
and pulmonary function testing (PFT) criteria suggested by 
the Expert Panel Report III[14] of  the National Institute of  
Health, USA. All asthmatic subjects were defined either as 
“steroid naïve” if  never taken inhaled steroids in the past 
or “steroid inhaling” if  taking inhaled steroids for at least 
2 months prior to the recruitment. Forty normal subjects 
were recruited for control group. All study subjects were 
aged between 18 and 40 years and were never smokers. 
Asthmatics did not have acute exacerbation within 2 weeks 
prior to the recruitment nor did they have any clinically 
evident focus of  infection. Subjects with current or past 
history of  diabetes mellitus, cardiovascular diseases, 
malignancy, and systemic inflammatory disorders were 
excluded. Similarly subjects with current or recent history 
of  intake of  oral steroids more than 5 mg/day and/or any 
other anti-inflammatory drugs were excluded. This study 
was approved by institutional ethics committee and all 
subjects gave written informed consent before enrollment.

Sociodemographic variables and disease characteristics 
including duration of  illness, comorbidities, exposure to 
environmental triggers, number of  emergency department 
visits for acute wheezing during last 6 months prior to 
enrollment, usage of  inhaled corticosteroids, and its 
duration were evaluated. Venous blood samples were 
taken from all study subjects after at least 4 h of  fasting. 
The samples were allowed to clot and then centrifuged at 
3,000 rpm for 5 min. Serum collected from the centrifuged 
sample was used to measure hs-CRP level by a high 
sensitivity CRP assay (latex immunoturbidometry method) 
with measurement range of  0.01-2 mg/dL (Cobas Integra 
400 plus with Roche reagents, USA).

Statistical analysis
Statistical analysis was carried out using Statistical Package for 
Social Sciences (SPSS) 17 software. The data was examined 

initially for normality of  distribution and homogeneity 
of  variance. The comparison of  quantitative variables 
between the groups was carried out by using Student’s t-test. 
Categorical variables were compared by using Chi-square 
test and odds ratio were evaluated. Correlations between 
serum hs-CRP and variables like age, body mass index (BMI), 
duration of  illness, frequency of  emergency department 
visits during last 6 months, and duration of  usage of  inhaled 
steroids were analyzed using Pearson’s correlation tests. 
A P value of  <0.05 was considered significant.

RESULTS

A total of  80 subjects completed the study whose data was as 
follows: 40 normal subjects were compared with 22 steroid 
inhaling asthmatics and 18 steroid naïve asthmatics. 
Their sociodemographic and disease characteristics are 
summarized in Table 1. Age and BMI were marginally 
different in asthma subgroups as compared with control 
subjects. Other characteristics like gender, socioeconomic 
status,[15,16] education level, and dwelling were matched 
across the groups. All of  the study subjects had mixed diet 
habits and were nonsmokers. None reported any significant 
comorbid history. Comparing disease characteristics among 
asthmatics, mean duration of  illness was 10.08 ± 9.17 and 
7.86 ± 6.36 years among steroid naïve and steroid inhaling 
groups, respectively (P > 0.05). Mean duration of  usage 

Table 1: Sociodemographic and disease 
characteristics of study subjects
Sociodemographic and 
disease characteristics

Steroid 
naïve 

asthmatics 
(n=18)

Steroid 
inhaling 

asthmatics 
(n=22)

Normal 
subjects 
(control) 
(n=40)

Age (years) 33.28±5.43 30.55±6.55 29.93±6.17$

Gender (%)
Female 11 (61.1) 12 (54.5) 25 (52.1)
Male 7 (38.9) 10 (45.5) 15 (47.9)

BMI (kg/m2) 24.94±3.81 22.35±3.08 24.81±4.44#

Socioeconomic status* (%)
Class I and II 8 (44.4) 15 (68.1) 23 (57.5)
Class III, IV, and V 10 (55.6) 7 (31.9) 17 (42.5)

Education (%)
Higher secondary 
and above

8 (44.4) 9 (40.9) 21 (55.3)

Up to high school 10 (55.6) 13 (59.1) 19 (44.7)
Dwelling (%)

Urban 9 (50) 13 (59.1) 27 (67.5)
Rural 9 (50) 9 (40.9) 13 (32.5)

Duration of illness (years) 7.86±6.36 10.08±9.17 -
Duration of ICS 
intake (years)

0 2.11±1.86 -

At least one EDV during last 
6 months (%)

16 (88.9) 14 (63.6)£ -

BMI=Body mass index, EDV=Emergency department visits, ICS=Inhaled 
corticosteroids. $steroid naïve vs control, P=0.052; #steroid inhaling vs steroid naïve, 
P<0.05; steroid inhaling vs control, P<0.05; *socioeconomic status according to 
modified Prasad scale (19, 20); £0.05> P<0.1
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of  inhaled steroids was 2.11 ± 1.86 years. Inhaled steroid 
dose among steroid inhaling asthmatics ranged from 
200 to 400 µg per day. Sixteen (88.9%) of  steroid naïve 
asthmatics reported to have visited emergency departments 
for wheezing at least once during last 6 months prior to 
the study, compared to 14 (63.6%) of  steroid inhaling 
asthmatics reporting the same (P = 0.067).

Serum hs-CRP levels were significantly higher in steroid naïve 
asthmatics when compared to normal subjects (0.93 ± 1.18 
versus 0.24 ± 0.31 mg/dL, respectively; Mann-Whitney 
U test, P < 0.001) [Figure 1]. After adjusting for age, 
gender, BMI, and socioeconomic status; serum hs-CRP 
level remained significantly associated with steroid naive 
asthma (adjusted odds ratio 10.47; 95% CI 1.88-58.3; 
P < 0.01). Serum hs-CRP levels among steroid inhaling 
asthmatics were comparable with control group (0.17 ± 0.18 
versus 0.24 ± 0.31 mg/dL respectively, P > 0.05).

Table 2 shows the correlation coefficients of  serum hs-CRP 
with various clinical and treatment indices of  asthma. 
Among steroid inhaling asthmatics, duration of  inhaled 
steroids usage alone correlated significantly with serum 
hs-CRP levels (Pearson correlation coefficient r = 0.449, 
P < 0.05) [Figure 2]. This correlation persisted after 
controlling for age, BMI, duration of  illness, and frequency of  
emergency department visits during last 6 months (r = 0.535, 
P < 0.05). Among steroid naïve asthmatics none of  the 
studied indices correlated with hs-CRP levels.

DISCUSSION

This study has confirmed the existence of  low grade 
systemic inflammation in asthma and that it could be 

Figure 1: Bar chart representing mean value of serum high sensitivity 
C-reactive protein (hs-CRP) levels among three study groups. Error bars 
show standard error of the mean and number over error bar indicates 
sample size of the respective groups. Steroid naïve asthmatics had 
higher mean hs-CRP compared to healthy control (**P < 0.01)

Figure  2: Graphical representation of correlation between serum 
hs-CRP level and duration of usage of inhaled corticosteroids among 
asthmatics (n = 22; Pearson’s correlation coefficient r = 0.449, P < 0.05)

effectively controlled by intake of  inhaled corticosteroids, 
to the level which is comparable with normal subjects. This 
study is also unique in evaluating the correlation between 
serum hs-CRP and various clinical variables related to the 
disease and its treatment, particularly the duration of  usage 
of  inhaled steroids.

Many researchers, using various biomarkers, have evidenced 
the existence of  low grade systemic inflammation in 
addition to airway inflammation in asthma. Some of  the 
studies have used hs-CRP as a surrogate marker for this 
systemic inflammation and found significantly elevated 
levels in asthmatics. Our study is one of  the few that has 
demonstrated the beneficial effect of  inhaled steroids 
in controlling this low grade systemic inflammation. 
Takemura et al.,[7] in their study compared 22 steroid naïve 
and 23 steroid inhaling asthmatics with 14 normal subjects 
and found that mean serum hs-CRP level was significantly 

Table 2: Correlation between serum hs‑CRP level 
and clinical and treatment characteristics among 
asthmatics

Serum hs‑CRP in mg/L

Steroid naïve 
asthmatics 

(n=18)

Steroid inhaling 
asthmatics 

(n=22)

r P value r P value
Age (years) −0.155 0.538 0.35 0.120
BMI (kg/m2) 0.094 0.711 0.284 0.212
Duration of illness (years) −0.192 0.445 0.272 0.234
No. of ED visits during last 
6 months

0.077 0.794 −0.220 0.364

Duration of ICS 
intake (years)

- - 0.449 0.041*

BMI=Body mass index, ED=Emergency department, ICS=Inhaled corticosteroids, 
r=Pearson’s correlation coefficient, hs‑CRP=High sensitivity C‑reactive protein. 
*Two‑tailed significance
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higher in steroid naïve asthmatics, whereas the level in 
steroid inhaling asthmatics was comparable with normal 
subjects. Another study by Kasayama et al.,[17] showed 
similar results and the authors also found that treatment 
of  asthma with inhaled steroids for 3 months significantly 
reduced serum CRP level. Our findings are consistent with 
the above mentioned studies, thereby clearly demonstrating 
the salutary effect of  inhaled steroids upon the serum CRP 
levels. We found a 10.47-fold increase in risk of  diagnosing 
steroid naïve asthma for every 1 standard deviation (SD) 
increase in the serum hs-CRP level above the mean value. 
This risk was independent of  age, gender, BMI, and 
socioeconomic status.

We found that among steroid inhaling asthmatics hs-CRP 
significantly correlated with the duration of  usage of  
inhaled steroids, which was independent of  other important 
confounders like age, BMI, duration of  illness, and 
asthma control as determined by frequency of  emergency 
department visits during last 6 months. The correlation 
coefficient was positively oriented (r = 0.449, P < 0.05) 
indicating that higher hs-CRP levels were associated with 
longer duration of  use of  inhaled steroids. This finding 
appears to be paradoxical, since our results and other 
references cited earlier indicated that inhaled steroids 
lowered the CRP level in asthmatics. This paradox could 
partly be explained in our study population, by possible 
lower adherence rate in long-term users than those 
who were recently started on inhaled steroids. Such a 
behavior pattern is reported to be common among the 
patients with various chronic disease settings including 
asthma.[18,19] A recent study reported that adherence rates 
among asthmatics decreased over time, even in patients 
who had received the medication free of  charge.[20] This 
behavioral pattern of  compliance and other reasons need 
to be evaluated for its potential influence on the effect of  
inhaled steroids on hs-CRP level in asthmatics. Our initial 
study design did not envisage such an evaluation and hence 
we could not confirm the above proposed mechanism. 
Nevertheless, our findings on positive correlation between 
hs-CRP and duration of  inhaled steroid use, is undeniable. 
To our knowledge this is the first report on differential 
effect of  inhaled corticosteroids on high sensitivity 
C-reactive protein (hs-CRP) levels in asthma. Such a 
‘confounding’ influence was never considered in any of  
the older studies that evaluated the relationship between 
hs-CRP and asthma, whose results may be challenged by 
this previously unknown effect. We recommend that future 
studies on systemic inflammation in asthma, should address 
this important confounder.

In the present study, meticulous steps were taken to 
minimize the confounding effects of  various factors 
on the association between asthma and hs-CRP. All the 

subjects in our study were never smokers, and did not 
have past or current history of  comorbidities that could 
have possibly influenced the CRP levels in serum. They 
were also free from recent or ongoing infections and 
asthma exacerbations. Our study also had the strength 
of  1:2 case/control comparison of  asthmatic subgroups 
with 40 normal subjects which enhanced the power of  
the study. Despite above merits, this study has various 
limitations. Lung function testing, although was used 
for diagnosis of  asthma prior to the study, it was not 
reevaluated during the study and hence its effect on 
hs-CRP level could not be studied. However, it is to be 
understood that asthma severity involves both the severity 
of  underlying airway obstruction (as indicated by % of  
predicted forced expiratory volume in 1 second (FEV1)) 
and its responsiveness to treatment. Thus, assessment of  
severity of  asthma based on lung function alone does not 
reflect the actual phenotype of  disease. An assessment of  
asthma control based on symptomatology and response to 
treatment is more relevant. Global Initiative for Asthma 
guidelines 2012 recommends classifying asthma severity 
on the basis of  intensity of  treatment required for a 
good control whose defining criteria includes frequency 
of  exacerbation.[21] We used frequency of  emergency 
department visits prior to recruitment, as a marker of  
asthma control which did not correlate with hs-CRP. 
Smaller sample size prohibited conclusive interpretation 
of  some of  our important findings. However, the sample 
gave adequate power to the study calculated based on 
standard deviation and the difference between the mean 
values of  the study groups. Initial hypothesis leading to 
the study design did not foresee the paradoxical finding 
of  correlation between duration of  inhaled steroid usage 
and hs-CRP level. Thus, the treatment compliance was 
not evaluated, which in ideal situations could have been of  
great use in interpreting this important finding. However, 
such evaluation is known to be notoriously unreliable and 
subjective. We also believe that onetime assessment during 
the study could not have reliably reflected the dynamics 
of  treatment compliance through the duration of  inhaled 
steroid usage, a factor that is important in control of  airway 
and systemic inflammation.

Summarizing the results of  our study, we conclude that low 
grade systemic inflammation exists in asthma which can 
be controlled effectively by use of  inhaled corticosteroids. 
Such an effect of  inhaled steroids appears to be more 
pronounced in recent users than that of  long-term users 
and was independent of  age, BMI, duration of  illness, 
and frequency of  emergency department visits for acute 
wheezing. Exact mechanism of  above findings is not known, 
although a possible low level of  adherence to inhaled 
steroids in long-term users may be speculated to cause such a 
differential effect on systemic inflammation. Further studies 
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are required to confirm the above proposed mechanism and 
its clinical applications. We recommend future studies to 
consider this confounding effect while exploring systemic 
inflammation in asthma. Given the salutary effect of  inhaled 
steroids on systemic inflammation we also recommend 
studies to investigate the role of  hs-CRP as a surrogate 
marker of  treatment adequacy and compliance in asthma.
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