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ABSTRACT 
Background: Cigarette smoking is a major risk factor for airflow 
limitation in addition to its other multi-systemic deleterious effects. Peak 
expiratory flow (PEF) measurement offers an opportunity to assess 
ventilatory function abnormalities in cigarette smokers. 
Objective: The objective of this study is to determine ventilatory 
function using peak expiratory flow rate among adult male cigarette 
smokers in comparison with matched predicted value.  
Methodology: This is a cross-sectional study among 150 current cigarette 
smokers aged 18-60years that were consecutively sampled in Sokoto 
metropolis. Peak expiratory flow was measured using Mini Wright’s 
Peak Flow Meter and adapted questionnaire was used to record all 
measurements and relevant data. Comparison was made between the 
measured and predicted peak expiratory flow rate. 
Result: A total of 150 male subjects who were predominantly below the 
age of 40years (76%) with mean age of 34.27±8.91years participated in 
this study. The mean pack-years and cigarette smoking index were 
8.71±8.92 and 163.98±192.62, respectively. While the mean age of 
cigarette smoking commencement was 16.90±4.17years (9-36years).The 
mean measured PEF was 405.63±76.5 with the age group mean 
consistently decreasing with advancing age. Similarly, the difference 
between measured PEF and predicted PEF was significant and the 
magnitude of difference increased with advancing age. There was a 
negative correlation between PEF and pack-years smoked. 
Conclusion: Cigarette smoking is associated with decline in ventilatory 
function. The intensity of cigarette smoking and advancing age were the 
main predictors that determine the airflow status among cigarette 
smokers. 
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INTRODUCTION 
Cigarette smoking is a common social habit in 
the developed and developing countries 
despite its attendant multi-systemic 
deleterious effects. World Health 
Organization (WHO) report on global tobacco 
epidemic country survey revealed cigarette 
smoking prevalence of 17.4% and 1% among 
Nigerian males and females respectively.1 
Furthermore, WHO has estimated that 
tobacco use (smoking and smokeless) is 
currently responsible for the death of about 
six million people across the world each year 
with many of these deaths occurring 
prematurely.1 

 
The numerous constituents of cigarette have 
been proven to have toxic and carcinogenic 
effect on lung tissues.2,3,4 Worthy of mention 
is the fact that progressive decline in lung 
function is one of the common deleterious 
effect of cigarette smoking.3, 4 The alteration in 
lung function is attributed to the chemical 
injury and inflammatory response of the 
lungs/airways to nicotine and other 
constituents of cigarette smoke.4 

Tobacco smoking affects the lungs and airway 
among other multi-systemic involvement. 
Clinical manifestations of tobacco smoking on 
the respiratory system include; cough with or 
without expectoration, difficulty in breathing, 
noisy breathing and eventually decline in 
lung function.4 The single most important risk 
factor for accelerated decline in lung function 
is cigarette smoking.4 However, other risk 
factors which may act in concert with 
cigarette smoking include airway hyper-
responsiveness, air pollution and 
occupational exposure to organic and 
inorganic dust.4 

Peak Expiratory Flow Rate (PEFR) is one of 
the common lung function indices that is 
useful in detection, monitoring and 
prognostication of airflow limitation.4,5 
Measuring of PEFR has the advantage of 
being inexpensive, fast, sufficiently 
reproducible and reliable test of lung 
function. Noteworthy, is the demonstrable 

effect of cigarette smoking on the 
lungs/airway which result in alteration of 
PEFR.4, 6,7,8 

The objective of this study is to assess 
characteristics, predictors and prospect of 
peak expiratory flow rate among cigarette 
smokers. The outcome would validate the 
ability of PEF to detect, and prognosticate 
airflow limitation. Furthermore, 
communication of result of PEFR to study 
participants may inform cigarette smoking 
cessation decision and limit morbidity and 
mortality. 

In view of the rising incidence of tobacco 
smoking related illnesses, especially Chronic 
Obstructive Pulmonary Disease (COPD), it 
will be prudent if the affected patients are 
detected early and managed.4 This is 
important because, currently there is no 
treatment that can reverse the natural history 
of airflow limitation in the advanced stage.  

Furthermore, early stage airflow limitation is 
neither appreciated by the subject, nor readily 
recognized by the health care providers 
clinically. Symptomatic patients may also 
adapt to their condition or neglect their 
symptoms. When case finding is limited to 
symptomatic smokers, there may be the risk 
of missing quite a significant number of 
subjects who are at risk of developing airway 
obstruction. All these facts emphasize the 
need for better ways by which tobacco 
smoking-related diseases can be detected 
early. 

This work is justified by the dearth of 
published studies which have attempted to 
assess ventilatory function of cigarette 
smokers using peak flow meter in Nigeria. It 
is a pioneer study that has attempted to 
identify the ventilatory function predictors of 
cigarette smokers. 

 
METHODOLOGY 
This is a cross-sectional study conducted in 
Sokoto metropolis , Sokoto State, North-West 
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Nigeria, after obtaining ethical approval from 
the Ethics and Research Committee of 
Usmanu Danfodiyo University Teaching 
Hospital, Sokoto.   

One hundred and fifty healthy adult male 
subjects who were active cigarette smokers 
(someone who at time of the study had 
smoked at least 100 cigarettes and still smokes 
every day or on some days) and within the 
age bracket of 18-60years were recruited 
through consecutive non-probability 
sampling technique after giving written 
consent.9 Subjects with chest deformity, 
previous pulmonary surgery and any illness 
that would affect performance of ventilatory 
function test were excluded. 

The subjects recruited were administered a 
questionnaire partly adapted from the 
European Community Respiratory Health 
Survey questionnaire to record their 
identification, demographic data, duration of 
cigarette smoking, quantity of cigarette 
smoked (pack-years and smoking index) and 
other clinical evaluation details.10 The weight 
(using Hana mechanical Weighing scale, 
model BR9012) and height (using Seca 
Freestanding Mobile Stadiometer) of the 
subjects were measured to the nearest 0.1kg 
and 0.1cm, respectively. 

Peak expiratory flow was measured using 
Wright’s mini Peak Flow Meter (Standard 
range peak flow meters, code no-3103387, 
Clement Clark). The details of PEF 
measurement was explained and 
demonstrated to the subjects. Furthermore, 
participants practice the procedure 
satisfactorily and all doubts if any were 
clarified. All measurements were taken 
between 0700-1200HOURS in standing 
position and with a nose clip. The best of 
three PEF readings that achieved at least a 
grade B American Thoracic Society criteria 
was chosen for analysis.11 Regression 
equation obtained by using a curvilinear 
formulae and representative of the subject 
under study was used to obtain the predicted  

PEF values for each of the subjects.12 

The data collected were analyzed using 
Statistical Package for Social Sciences version 
19 (IBM SPSS version 19, SPSS Inc, Chicago, 
IL60606-6307, USA). Mean±standard 
deviation was calculated for age, weight, 
height and BMI. Paired t-test was used to 
compare means of numerical variables. The 
relationship between pack years and PEF was 
tested using Pearson product moment 
correlation coefficient. Multiple linear 
regression was used to identify predictors of 
PEF decline. Statistical significance was 
specified by ‘p’ value <0.05. 

RESULT 
A total of 150 male subjects with mean age of 
34.27±8.91 participated in this study. The 
youngest and oldest participants in this study 
were aged 20years and 58years, respectively. 
One hundred and fourteen subjects (76%) 
were <40years of age.  The mean pack-years 
of cigarette smoking was low (8.71 ± 8.92). 
Table 1 depicts the anthropometric and socio-
demographic characteristic of the participants 

The mean age of cigarette smoking 
commencement was 16.90±4.17years (9-36 
years). The mean pack-years and cigarette 
smoking index were 8.71±8.92 and 
163.98±192.62, respectively. Daily cigarette 
stick smoked increased from initial value of 
3.69 to current value of 13.29. Other smoking 
characteristics among study subjects are 
displayed in Table 2. 

The mean PEFR decreases with advancing 
age with the ≤29year and ≥ 50year groups 
having mean PEFR of 413.82 and 320.45, 
respectively. Comparison of measured PEFR 
and Predicted PEFR was significant in all age 
groups (p<0.001). 

The age, height and pack-years were better 
predictors of PEFR at p-value of 0.05, see Table 
4. 
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 Table 1. Anthropometric and socio-demographic 
parameters of study participants 

Anthropometric/ 
socio-demographic 
 parameters 

Frequency 
(%)    

Mean (SD) 

Age (years) 
≤ 29 
30-39 
40-49 
≥ 50 
 
Weight (kg) 
≤ 50 
51-60 
61-70 
71-80 
81-90 
≥ 91 
 
Height (meter) 
≤1.50 
1.51-1.60 
1.61-1.70 
1.71-1.80 
≥ 1.81 
 
Pack years 
≤ 10 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 
≥ 71 

 
51 (34.0) 
63 (42.0) 
25 (16.7) 
11 (7.3) 

 
 

11 (7.3) 
45 (30.0) 
60 (40.0) 
22 (14.7) 
9 (6.0) 
3 (2.0) 

 
 

3 (2.0) 
23 (15.3) 
53 (35.3) 
62 (41.3) 
9 (6.0) 

 
 

110 (73.3) 
25 (16.7) 
10 (6.7) 
0 (0.0) 
1 (0.7) 
0 (0.0) 
3 (2.0) 
1 (0.7) 

34.27 (8.91) 
 
 
 
 
 
64.92 (10.10) 
 
 
 
 
 
 
 
 
1.69 (0.10) 
 
 
 
 
 
 
 
8.71 (8.92) 

 

 
 
 

 
Table 2. Smoking characteristics of study subjects 
 

 
 
 
Table 3. Peak expiratory flow rate result of  
cigarette smokers by age group and predicted 
values 
 

 
 
 
 
 
 
 
  
 
 

 

  

Table 4: Multiple linear regression analysis of PEFR 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 159.114 119.745  1.329 .186 
Age (years) -2.042 .828 -.238 -2.466 .015 
Weight (kg) .531 .593 .070 .894 .373 
Height (meter) 170.613 71.624 .185 2.382 .019 
Pack years -7.204 2.215 -.840 -3.252 .001 

 
CHARACTERISTICS 

  VALUE 
Mean±SD 

Age at cigarette smoking onset (yrs) 
Initial daily cigarette number 
Current daily cigarette number 
Pack years 
Smoking index 
Smoking duration  (Years) 

16.90±4.17 
3.69±2.59 
13.29±10.28 
8.71±8.92 
163.98±192.62 
17.36±8.45 

Age 
 group  
(years) 

Measured 
PEFR(litre) 
mean (SD) 

Predicted  
PEFRa (litre) 
mean (SD) 

 
 p value 

≤ 29 
30-39 
40-49 
≥50 
Total  

413.82 (66.4) 
413.06 (67.1) 
381.40 (68.7) 
320.45 (52.9) 
405.63 (76.5) 

446.92 (22.6) 
439.36 (26.8) 
415.84 (29.8) 
376.82 (25.5) 
433.42 (32.0) 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
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Figure 1. Correlation between PEFR and Pack              
years 

 
The best line of fit for the relationship 
between pack-years and PEFR shows a 
negative correlation (r2=0.028). 

DISCUSSION 
The subjects in our study were predominantly 
young (<40 years) constituting 76% of the 
study participants. This is probably due to 
early indulgence in cigarette smoking 
habits.13,14 Our  findings are similar to those 
by Hammad, et al, who observed  that 64 
subjects (64%) in their study were below the 
age of 40years.15 Ours, however, contrasts 
with the hospital-based study by Mistry, et al,  
whose participants were majorly middle or 
advanced age cigarette smokers.16 

Our finding of low mean pack-years and 
mean smoking duration may not be unrelated 
to the predominantly young age of our study 
participants. This finding is in accordance 
with the result in Tikrit and Ahmedabad, in 
which 66% and 80.1%, respectively, of the 
study participants smoked less than a packet 
of cigarette daily.15,17 However, other studies 
reported higher pack-years among study 
participants.7,18 

The mean measured PEFR (405.63 ±76.5) from 
our study is comparable to those in the 
studies by Chauhan, et al,  and Tambi, et al.7,18 
A  significant difference between measured 
PEFR and predicted PEFR was observed in 

our study and this difference increased with 
advancing  age. 

Furthermore, it suggests that age could have 
contributed significantly to the extent of decline 
observed in addition to that attributed to 
cigarette smoking. The disparity in the 
measured and predicted PEFR re-emphasizes 
the airflow limitation attributable to 
inflammatory effect of cigarette smoke content 
on the airway that culminates in the decline of 
ventilatory function among cigarette 
smokers.2,3,4 Other studies have obtained similar 
results in Gujarat, Rajasthan, Tunisia and 
Ahmedabad.15,18,19,20 

The number of pack-years smoked in our study 
had a significant effect on the PEFR (r = - .166). 
This relationship is attributable to the adverse 
effects of cigarette smoke on the airway which 
result in wall thickening, airway narrowing and 
deformity with airflow limitation.3,4 Our results 
concur with those from Saad, et al, and 
Chauhan, et al, who in their studies similarly 
demonstrated a negative correlation between 
pack-years smoked and PEFR.18,20 The 
difference in magnitude of correlation in the 
index study (weak negative correlation) as 
compared to our studies may be related to the 
predominantly young study population with 
low mean pack-years and smoking duration. 
The findings by Kiter, et al, differ with our result 
on the basis that they got an insignificant 
correlation between cigarette use and PEFR 
which they attributed to a problem with 
quantification of narghile (water-pipe tobacco 
smoking).21 

The ventilatory function of cigarette smokers 
decline over time but, there is no consensus on 
the timing, susceptibility and determinants. Our 
finding that pack-years is the main predictor of 
decline in PEFR is consistent with previous 
studies.15,18 Similarly, multiple linear regression 
from this study additionally suggested that age 
is a predictor of airflow limitation and this 
finding is in tandem with the result of the 
study by Paula, et al.22 

CONCLUSION  
The PEFR is low among cigarette smokers. This 
is probably due to the deleterious effects of 
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cigarette smoke on the airway. A decline in 
PEFR among cigarette smokers correlated with 
advancing age and intensity of cigarette 
smoking. The absolute PEFR values are low in 
comparison with values obtained using 
prediction formulae for age, height and weight. 
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