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Background: Chronic Obstructive Pulmonary Disease (COPD) is the leading cause of morbidity
and mortality across the globe. Currently, there is a dearth of biomarkers which can accurately
diagnose and evaluate the prognosis of the disease. Systemic Surfactant Protein- A (SP-A) levels
are generally higher in smokers compared to non-smokers as well as elevated in COPD patients as
compared to controls. The objective of the study was to estimate and compare plasma surfactant
protein-A levels in male and female COPD patients and healthy subjects and to evaluate the role
of SP-A as a possible bio-marker for COPD patients. Methods: A Comparative study, conducted
at the department of Physiology & Cell Biology, University of Health Sciences, Lahore between
August 2013 and April 2015. A total of 84 subjects of both sexes between 30-80 years of age were
included in this study. Subjects were taken from local community and were divided into four
groups (A- D). COPD was diagnosed on the basis of relevant history and spirometry showing post
bronchodilator FEVI/FVC <0.70. Results: Plasma SP-A levels were not different between
controls and COPD patients and between male and female COPD patients. However, SP-A levels
were directly correlated with cotinine levels (= 0.503, p=0.001). Female patients were usually
more symptomatic than males and developed COPD at an earlier age compared with male
patients. Conclusion: Plasma SP-A levels were not significantly different between groups. Plasma
cotinine levels (an indication of the tobacco use) were positively correlated with plasma SP-A
levels in study subjects. Female patients developed COPD at an early age compared to male

counterparts with similar tobacco exposure.
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INTRODUCTION

Chronic Obstructive Pulmonary Disease (COPD) is a
major cause of morbidity and mortality across the globe.
Prevalence of COPD is rapidly increasing in developing
countries and it is projected to be the 3™ leading cause of
mortality in developing counties by 2030." COPD has
been characterized as a preventable and treatable disease
state characterized by irreversibility of the airflow
obstruction.” Risk factors for COPD include genetic as
well as environmental factors. Tobacco smoking and air
pollution such as the use of biomass i.e. burning of
wood, coal and animal dung for cooking and heating are
identified as two of the most common causes of COPD.?
In addition to this, fumes from factories, occupational
dust and smoke from vehicles are also among the
causative factors.® Previously COPD was considered as
the disease of the male, but due to increasing trend of
smoking in children, adolescents and females and
increased exposure to second hand smoke, the number of
female COPD patients is increasing day by day.’

Due to heavy existing disease burden and rapid
increase in number of COPD patients, there is dire need
to develop biomarkers to assess the disease progression
at an early stage. C-reactive Protein (CRP), fibrinogen,
Krebs von den Lungen-6 (KL-6), Matrix
metalloproteinases MMPs and surfactant proteins have

been evaluated as potential candidate biomarker for
COPD but still there is lack of data regarding
normal levels of various biomarkers implicated for
diagnosis of COPD.6 Lungs become more
permeable with infection and injury which leads to
increase leakage of various proteins across the
blood-lung barrier. Due to this leakage, systemic
SP-A levels are generally higher in active smokers
compared to non-smokers as well as elevated in
COPD patients as compared to controls.7,8 The
present study was designed to compare SP-A levels
in male and female COPD patients as well as
between COPD and control subjects.

MATERIAL AND METHODS

This was a comparative study which was
conducted at the Department of Physiology & Cell
Biology, University of Health Sciences, Lahore
from August 2013 to April 2015. The approval of
the study was taken from Institutional Ethical
Research Committee and Review Board after
which sampling was done. Sample size was
calculated by using (Sample Size determination in
Health Version 2.0.21, World Health Organization)
the following formula keeping the power of study
equal to 95% and level of significance equal to 5%.
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n=(Z 18+ Z 1-0/2)* (o)
(1 — 2y’

A total of 84 subjects of both sexes (male or female)
were included in this study. Study subjects were taken
from nearby Government Hospitals and local
community and were divided into four groups (A-D).
Group “A” included male current smoker controls that
had not developed COPD. Group “B” included male
patients having diagnosis of COPD on spirometry.
Group “C” included female current smoker controls
and Group “D” included female patients having
COPD. COPD was diagnosed on the basis of relevant
history and spirometry showing post bronchodilator
FEVI1/FVC <0.70.

Written informed consent was taken from all
the subjects and Socio-demographic information
(name, age, sex, occupation, full address etc.) was
obtained along with other relevant clinical information.
Height was measured in centimeters from the highest
point of the vertex when the subject was standing in the
anatomical position. Weight was measured in
kilograms, while all the subjects were bare-footed and
was wearing minimal clothing. After that, spirometry
procedure as standardized by American Thoracic
Society was clearly explained to all the subjects and
then demonstrated for proper understanding by the
subjects. The subjects were informed about possible
risks/discomfort associated with spirometry. They were
also briefed about the purpose of the study. All the
subjects were then given the opportunity to ask any
question related to procedure and study. Subject’s age,
sex, weight, and height was recorded and entered into
the spirometer so that predicted curves and values can
be calculated by the spirometer. Spirometry of all the
recruited subjects was performed early in the morning
at around 9° clock. 200 pg of inhaled salbutamol was
administered in all male and female COPD patients
having airway obstruction as defined by the Global
Initiative for Chronic Obstructive Lung Disease.
Spirometry was then again performed in COPD
patients after 15-20 minutes of salbutamol inhalation to
confirm the irreversibility of the test.
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Blood sample was taken either from medial cubital
vein or dorsal hand veins after cleansing the skin with
disinfectant solution (70% isopropyl alcohol) in a
circular manner moving outwards. Five (5) ml of the
blood was collected using a sterile Sml syringe and was
then put in a vacutainer® tube containing Na-citrate as
an anti- coagulant’ The vacutainer tubes were
centrifuged at 3000 rpm for 10 minutes to separate the
plasma. The plasma was then pipetted out in aliquots
which were then stored at -80 °C till used for testing.
Plasma levels of surfactant protein-A and cotinine were
measured using commercially available ELISA kits
manufactured by Glory Science, Texas, USA.

All the data were entered and analyzed using
SPSS version 20. Shapiro-Wilk test was used to test the
normality of the data. Normally distributed quantitative
variables were described using Mean+S.D. while non-
normally distributed variables were described using
median (IQR). Parametric (two-tailed independent
sample t-test & ANOVA) and Non- parametric (Mann-
Whitney U & Kruskal-Wallis) tests were used to
compare various study parameters between groups.
Pearson correlation was applied to observe correlations
between parameters. A p-value of <0.05 was
considered as statistically significant.

RESULTS

A total of 84 subjects were divided into four equal
groups. Summary of physiological, anthropometric and
biochemical parameters is detailed in Table-1.

Plasma cotinine (p=0.854) and SP-A levels
(p=0.629) were not statistically different between control
and COPD patients (Table 2). Plasma cotinine levels
showed a positive correlation (p<0.001) with plasma
surfactant protein-A levels (Figure-1). Female patients
were more symptomatic (69 female vs 49 male) and
develop COPD at an earlier stage when compared to
male counterparts using independent sample “t” test (p <
0.009). The most frequent complaint from all study
groups was dyspnea (n=48, 57.1%) followed by cough
(n=28, 33.3%) and sputum production (n=20, 23.8%)
respectively (Figure-2)

Table-1: Summary of physiological, anthropometric and biochemical parameters of study groups A, B, C and D.

Study parameters Group A Group B Group C Group D p-value
(Male Smoker) (Male COPD) (Female Smoker) (Female COPD)
Age (years)*** 52.00 65.00 45.00 55.00 <0.001*

(38.00-55.00)

(56.00-76.50)

(40.00-50.00) (45.00-65.50)

Anthropometric parameters

Height (m°)** 2.79+0.25 2.80+0.22 2.41+0.16 2.46+0.17 <0.001*
Weight (Kg)** 73.24+13.70 61.29+10.63 61.76+9.67 54.62+11.45 <0.001*
Body Mass Index 26.16+3.75 21.86+3.14 25.64+3.88 22.30+5.08 0.001*
(Kg/m?)**

Biochemical Parameters

Surfactant Protein-A 70.35 77.42 80.53 75.08 0.675
(ng/ml)*** (58.28-77.42) (63.16-88.19) (56.22-105.17) (62.55-84.78)

Cotinine (ng/ml) 3.19 342 3.50 3.27 0.428
o (2.74-3.69) (3.09-4.05) (2.97-3.89) (2.84-3.50)

*p <0.05 is considered statistically significant. **One-way ANOVA test was used for normally distributed values. ***Kruskal-Wallis test
was used for non-parametric values.
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Table-2: Comparison of various study parameters between control Subjects and COPD patients

Study parameters Control COPD p-value
(n=42) (n=42)
Age (years)*** 47.00 59.50 0.001*
(40.00-53.25) (50.75-70.00)
Anthropometric parameters
Height (m”)** 2.60+0.28 2.63+0.26 0.624
Weight (Kg)** 67.50+13.07 57.95+11.42 0.001*
Body Mass Index (Kg/m~)** 25.90+3.78 22.08+4.17 <0.001*
Biochemical Parameters
Surfactant Protein-A (ng/ml)*** 71.93 76.64 0.629
(58.90-84.39) (63.16-84.58)
Cotinine (ng/ml)*** 3.30 333 0.854
(2.84-3.75) (2.95-3.67)

Degree of freedom (df) = 82. * p<0.05 is considered statistically significant. **Two tailed independent sample “t”
distributed values. ***Mann- Whitney U test was used for non-parametric values.

test was used for normally

Table-3: Comparison of various study parameters between Male and Female COPD Patients

Study parameters Male COPD Female COPD P-value
(n=21) (n=21)
Age (years) ** 64.95+11.58 55.29£11.10 0.009*
Anthropometric parameters
Height (m”) ** 2.80+0.22 2.46+0.17 <0.001*
Weight (Kg) ** 61.29+10.63 54.62+11.45 0.058
Body Mass Index (Kg/m”) *** 20.94 23.19 0.930
(19.84-23.45) (17.12-26.55)

Biochemical Parameters
Surfactant Protein-A (ng/ml) ** [ 73.94+£21.67 [ 74.67£17.53 [ 0.905
Cotinine (ng/ml) ** 3.44+0.58 | 3.24+0.45 | 0.217

Degree of freedom (df) = 40. *p< 0.05 is considered statistically significant. **Two tailed independent sample “t” test was used for normally

distributed values. ***Mann- Whitney U test was used for non-parametric values
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Figure-1: Scatter-plot showing correlation
between plasma cotinine and plasma SP-A Levels
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Figure-2: Overall comparison of symptoms and
other co-morbidities in study groups

DISCUSSION

The results of the present study show that COPD
patients were significantly older in age than
controlled  group.  Various  anthropometric
measurements e.g. age, weight and body mass
index were significantly different in control and
COPD groups. The same findings were reported
by other scholars while comparing control,
asthmatic and COPD subjects.'™"' Mean age for
the male COPD patients was 64.95 yrs which was
significantly higher (P<0.05) than the average age
(55.29 yrs) recorded for female COPD patients
(Table-1). Our findings suggest that females
develop COPD at an earlier age than males even
with lower smoking history. Baig et al'* in a study
comparing frequency of post-tuberculosis COPD
patients in Rawalpindi, Pakistan reported 56.4
years and 44.2 years as the average age for males
and females respectively. The lower age reported
by Baig er al'® may be due to the fact that
tuberculosis makes the patients more prone to
develop COPD. Results from a large study from
Ottawa, Canada also indicated younger age group
for controls as compared to COPD patients."> Mean
ages comparable to our results were also reported
by other researchers for the same local study
population from which the present study subjects
were recruited.'" Development of COPD in females
at a younger age may be attributed to smaller lung
volume in women, possibly exposing them to a
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greater amount of tobacco smoke per unit lung
tissue compared to men when they smoke the same
or higher number of cigarettes. Moreover, in the
lower social strata of population of the third world
countries, there is generally one room available to
the whole family which suffices for all daily chores
like kitchen, sitting and bed room. This room is
invariably less ventilated thus exposing the
children also to the smoke of cigarette and smoke
coming from the cow dung and other bio-material
burning used for cooking. Exposure to second hand
smoke due to burning of biomass fuel is another
probable cause of this difference.'*'® Studies
from Pakistan, India and other under-developed
countries have already reported respiratory
problems in females due to the use of biomass
fuel for cooking in rural areas. Finally, genetic
susceptibility to smoke and hormonal factors may
also come into play for this variation between male
and female groups.'”™!

The most frequent symptom reported by all
the study subjects was dyspnea (57.1%) followed
by cough (33.3%) and sputum production (23.8%)
respectively. The prevalence of the symptoms in
COPD patients was higher, i.e., dyspnoea (78.6%),
cough (50%) and sputum production (28.6%)
moreover, the prevalence was higher in females
compared with male counterparts. Previously, the
prevalence of these symptoms was reported from
Brazil in the same order but with higher
percentages.” In a pan-European cross- sectional
study breathlessness (72.5%), sputum production
(63.6%) and cough (58.7%) was experienced by
COPD patients in 7 days prior to interview.” This
large difference in %age of patients complaining
dyspnea may be due to difference in smoking
habits, exposure to second hand smoke and various
levels of pollution in the environment of these
different countries. The other possibility may be
due to proportion of chronic bronchitis and
emphysema variant of COPD patients in study
populations both of which show different
symptoms.***’

Median value for plasma surfactant
protein-A levels in all females included in the
present study, was higher than males but this
difference was not significant statistically (Table-1).
Similarly, the median Plasma SP-A levels in
COPD patients was higher than control subjects
but it was also not significant (p=0.629) (Table-2).
Due to much variability in SP-A values in our
study subjects which points to the difference in
their background and smoke exposure, the relevant
data were not normally distributed and therefore
values are also given as median (inter-quartile
range). Significantly elevated SP-A levels were
reported in smokers as compared with non-
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smokers.” In the present study, no significant
difference was seen between male and female
smokers. Our results are consistent with previously
reported trends in SP-A levels where researchers
reported no significant difference in SP-A levels
between male and female smokers.”® The higher
levels in females in our study were possibly due to
the increased smoke exposure because of cigarette
and second hand smoke. Our results are consistent
with the Mutti, et al*’ but contrary to previously
reported studies by Ohlmeier e al”® and Ishikawa
et al®® comparing SP-A levels between controls and
COPD patients.””?’ Scientists have reported
varying degree of elevation in SP-A levels in
various lung pathologies, in different population
and even in sub-type of the same disease.”””’
Studies have reported elevated SP-A levels in
various fluids in smokers as well as in non-smokers
having various lung pathologies.”**' Elevation in
SP-A levels in some lung pathologies may be
extreme while in others there may be only mild to
moderate elevation. The inconsistency in response
to injury to the respiratory epithelium may partly
be explained on the basis of gender differences,
genetic, susceptibility of the individuals towards
harmful effects of smoking and variable
bronchodilator response.’>** This variability in SP-
A level is in accordance with previous studies
reporting very high variability in SP-A levels
among study subjects from different
populations.”** In the present study, the median
plasma cotinine level in control group (smokers
only) was not different from the COPD patients
and also between males and females. This
difference may be explained because of poor
smoking history, social constraints, variability in
daily smoking and preference of smoking
brand.***

The results of the present study clearly
show that there are differences between earlier
studies and this study. There can be many reasons
for this which include race, genetic back-ground,
smoking history, pack years, exposure to the
second hand smoke, biomass smoke, general
environmental conditions etc. Another possible
factor may be the fact that COPD patients were on
steroid treatment and exacerbation free at least for
last one month. Although no effect of steroids has
been discovered on SP-A levels but due to anti-
inflammatory properties of the steroids it may be
deduced that they can decrease SP-A levels in
patients. Finally, the very limited number of the
patients and controls included in this study are
probably a major deficiency. Therefore, we
recommend that a large-scale study with good
numbers of subjects and other related parameters
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may be designed and executed, so that meaningful
influences are deduced.

CONCLUSION

Plasma surfactant protein-A levels are higher in
females compared to their male counterparts but
are not statistically significant. No significant
difference in cotinine and plasma SP- A level was
found between control and COPD subjects. Plasma
cotinine levels are positively correlated with
plasma SP-A levels in study subjects. COPD
patients are older than controls and female patients
develop COPD at a younger age than males with
the same exposure to smoke and were more
symptomatic.

Limited sample size due to resource
constraints was the main limitation of the study.
The others include lack of availability of diagnosed
female COPD patients. Studies with larger sample
size should be done to confirm and validate the
results of the present study in entire population.
There is dire need of assigning definite cut of SP-A
values to control, smokers and COPD patients.
Similarly, no definite cut-off values have been
assigned to cotinine in local population.

ACKNOWLEDGEMENT

The research was supported by grant from
University of Health Sciences, Lahore. Special
thanks to all the participants of the study, to Hafiz
Usman Ahmad and other staff of Physiology &
Cell Biology Department.

AUTHORS’ CONTRIBUTION

HMW: Conceived the idea and designed the study.
Recruited subjects, did spirometry and clinical
analysis. Statistical analysis, manuscript preparation
and editing. Read and approved final manuscript.
RAK: Recruited subjects, did spirometry and
clinical analysis. Manuscript preparation and
finalization. KPL: Supervisor of the overall project.
Edited, finalized and approved final manuscript.

REFERENCES

WHO. Chronic respiratory diseases; Burden of COPD.
[Internet]. World Health Organization; 2017. [cited 2017
Oct 4]. Available from:
http://www.who.int/respiratory/copd/burden/en/

van Geffen WH, Kerstjens HAM, Slebos DJ. Emerging
bronchoscopic treatments for chronic obstructive pulmonary
disease. Pharmacol Ther 2017;179:96-101.

Barnes PJ, Burney PGJ, Silverman EK, Celli BR, Vestbo J,
Wedzicha JA, et al. Chronic obstructive pulmonary disease.
Nature Reviews. Dis Primer 2015;1:15076.

Paulin LM, Diette GB, Blanc PD, Putcha N, Eisner MD,
Kanner RE, et al. Occupational exposures are associated with
worse morbidity in patients with chronic obstructive
pulmonary disease. Am J Respir Crit Care Med
2015;191(5):557-65.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

J Ayub Med Coll Abbottabad 2020;32(1)

El Hasnaoui A, Rashid N, Lahlou A, Salhi H, Doble A,
Nejjari C. Chronic obstructive pulmonary disease in the adult
population within the Middle East and North Africa region:
rationale and design of the BREATHE study. Respir Med
2012;106(Suppl 2):S3-15.

Chen YW, Leung JM, Sin DD. A Systematic Review of
Diagnostic Biomarkers of COPD Exacerbation. PLoS One
2016;11(7):e0158843.

Mazur W, Toljamo T, Ohlmeier S, Vuopala K, Nieminen P,
Kobayashi H, et al. Elevation of surfactant protein A in
plasma and sputum in cigarette smokers. Eur Respir J
2011;38(2):277-84.

Tlumets H, Mazur W, Toljamo T, Louhelainen N, Nieminen
P, Kobayashi H, er al. Ageing and smoking contribute to
plasma surfactant proteins and protease imbalance with
correlations to airway obstruction. BMC Pulm Med
2011;11:19.

Delobel J, Rubin O, Prudent M, Crettaz D, Tissot JD, Lion N.
Biomarker analysis of stored blood products: emphasis on
pre-analytical issues. Int. J. Mol. Sci., 2010; 11(11): 4601—
4617.

Dima E, Rovina N, Gerassimou C, Roussos C, Gratziou C.
Pulmonary function tests, sputum induction, and bronchial
provocation tests: diagnostic tools in the challenge of
distinguishing asthma and COPD phenotypes in clinical
practice. Int J Chron Obstruct Pulmon Dis 2010;5:287-96.
Shakoori TA, Sin DD, Ghafoor F, Bashir S, Bokhari SN.
Serum surfactant protein D during acute exacerbations of
chronic obstructive pulmonary disease. Dis Markers
2009;27(6):287-94.

Baig IM, Saced W, Khalil KF. Post-tuberculous chronic
obstructive pulmonary disease. J Coll Physicians Surg Pak
2010;20(8):542—4.

Dales RE, Vandemheen KL, Clinch J, Aaron SD. Spirometry
in the primary care setting: influence on clinical diagnosis
and management of airflow  obstruction.  Chest
2005;128(4):2443-17.

Tan WC, Sin DD, Bourbeau J, Hernandez P, Chapman KR,
Cowie R, et al. Characteristics of COPD in never-smokers
and ever-smokers in the general population: results from the
CanCOLD study. Thorax 2015;70(9):822-29.

Gnatiuc L, Caramori G. COPD in nonsmokers: the biomass
hypothesis--to be or not to be? Eur Respir J 2014;44(1):8-10.
Gunen H, Hacievliyagil SS, Yetkin O, Gulbas G, Mutlu LC,
Pehlivan E. Prevalence of COPD: first epidemiological study
of a large region in Turkey. Eur J Intern Med
2008;19(7):499-504.

Antuni JD, Barnes PJ. Evaluation of Individuals at Risk for
COPD: Beyond the Scope of the Global Initiative for Chronic
Obstructive Lung Disease. Chronic Obstr Pulm Dis
2016;3(3):653-67.

Aryal S, Diaz-Guzman E, Mannino DM. Influence of sex on
chronic obstructive pulmonary disease risk and treatment
outcomes. Int J Chron Obstruct Pulmon Dis 2014;9:1145-54.
Dienye P, Akani A, Okokon 1. Respiratory effects of biomass
fuel combustion on rural fish smokers in a Nigerian fishing
settlement: A case control study. Afr Health Sci
2016;16(2):516-23.

Po JY, FitzGerald JM, Carlsten C. Respiratory disease
associated with solid biomass fuel exposure in rural women
and children: systematic review and meta-analysis. Thorax
2011;66(3):232-9.

Akhtar T, Ullah Z, Khan MH, Nazli R. Chronic bronchitis in
women using solid biomass fuel in rural Peshawar, Pakistan.
Chest 2007;132(5):1472-5.

de Oliveira JC, de Carvalho Aguiar I, de Oliveira Beloto AC,
Santos IR, Filho FS, Sampaio LM, et al. Clinical significance
in COPD patients followed in a real practice. Multidiscip
Respir Med 2013;8(1):43.

Kessler R, Partridge MR, Miravitlles M, Cazzola M,
Vogelmeier C, Leynaud D, et al. Symptom variability in

http://www.jamc.ayubmed.edu.pk 7



24.

25.

26.

217.

28.

29.

patients with severe COPD: a pan-European cross-sectional
study. Eur Respir J 2011;37(2):264-72.

Lim S, Lam DC, Muttalif AR, Yunus F, Wongtim S, Lan le
TT, et al. Impact of chronic obstructive pulmonary disease
(COPD) in the Asia-Pacific region: the EPIC Asia
population-based survey. Asia Pac Fam Med 2015;14(1):4.
Halldin CN, Doney BC, Hnizdo E. Changes in prevalence of
chronic obstructive pulmonary disease and asthma in the US
population and associated risk factors. Chron Respir Dis
2015;12(1):47-60.

Robin M, Dong P, Hermans C, Bernard A, Bersten AD,
Doyle IR. Serum levels of CC16, SP-A and SP-B reflect
tobacco-smoke exposure in asymptomatic subjects. Eur
Respir J 2002;20(5):1152—-61.

Mutti A, Corradi M, Goldoni M, Vettori MV, Bernard A,
Apostoli P. Exhaled metallic elements and serum

pneumoproteins in asymptomatic smokers and patients with
COPD or asthma. Chest 2006;129(5):1288-97.

Ohlmeier S, Vuolanto M, Toljamo T, Vuopala K, Salmenkivi
K, Myllarniemi M, et al. Proteomics of human lung tissue
identifies surfactant protein A as a marker of chronic
obstructive  pulmonary disease. J Proteome Res
2008;7(12):5125-32.

Ishikawa N, Hattori N, Tanaka S, Horimasu Y, Haruta Y,
Yokoyama A, et al. Levels of surfactant proteins A and D
and KL-6 are elevated in the induced sputum of chronic
obstructive pulmonary disease patients: a sequential sputum
analysis. Respiration 2011;82(1):10-8.

30.

31.

32.

33.

34.

35.

36.

J Ayub Med Coll Abbottabad 2020;32(1)

Liang S, Li N, Heizhati M, Yao X, Abdireim A, Wang Y, et
al. What do changes in concentrations of serum surfactant
proteins A and D in OSA mean? Sleep Breath
2015;19(3):955-62.

Greene KE, King TE Jr, Kuroki Y, Bucher-Bartelson B,
Hunninghake GW, Newman LS, er al. Serum surfactant
proteins-A and -D as biomarkers in idiopathic pulmonary
fibrosis. Eur Respir J 2002;19(3):439-46.

Sin DD, Miravitlles M, Mannino DM, Soriano JB, Price D,
Celli BR, ef al. What is asthma-COPD overlap syndrome?
Towards a consensus definition from a round table
discussion. Eur Respir J 2016;48(3):664-73.

Serheim IC, Johannessen A, Gulsvik A, Bakke PS,
Silverman EK, DeMeo DL. Gender differences in COPD: are
women more susceptible to smoking effects than men?
Thorax 2010;65(6):480-5.

Behera D, Balamugesh T, Venkateswarlu D, Gupta A,
Majumdar S. Serum surfactant protein-A levels in chronic
bronchitis and its relation to smoking. Indian J Chest Dis
Allied Sci 2005;47(1):13-7.

Benowitz NL, Hukkanen J, Jacob P 3rd. Nicotine chemistry,
metabolism, kinetics and biomarkers. Handb Exp Pharmacol
2009;(192):29-60.

Alshaarawy O, Xiao J, Andrew ME, Burchfiel C, Shankar A.
Serum cotinine levels and prehypertension in never smokers.
Int J Hypertens 2013;2013:284524.

Submitted: 13 February, 2019 |

Revised: 16 June, 2019 |

Acceptance: 7 July, 2019 |

Address for Correspondence:
Hafiz Muhammad Waseem, Department of Physiology, Services Institute of Medical Sciences, Lahore-Pakistan
Cell: +92 334 4090180

Email: brilliantbrain@hotmail.com

http://www.jamc.ayubmed.edu.pk



