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ABSTRACT
Background: Pulmonary function testing is a routine procedure for the assessment and monitoring of
respiratory diseases.
Aim: To estimate the values of peak expiratory flow rate (PEFR), forced expiratory volume in first second
(FEV1), forced vital capacity (FVC) and ratio between FEV1/FVC among smoking and nonsmoking
students, staff and workers at Al-Zarqa Private University and to study the effect of age, gender and body
mass index (BMI) on these variables.
Subjects and methods: A cross-sectional research design was used. The study was conducted at Al-Zarqa
Private University, Jordan. Two hundred and thirteen healthy smokers and nonsmokers were approached
through probability sampling among the students, staff and workers of Al-Zarqa Private University were
screened through a questionnaire and spirometric test. Data from 213 subjects was used for analysis.
Subjects were excluded if pregnant, or with cardiopulmonary disease body, mass index (BMI) not ranging
from 17-25, FEV1/FVC% less than 70 or with no reproducible results.
Results: Mean FVC, FEV1 FEV1/FVC% and PEFR were found to be lower in smokers than the nonsmokers,
there were significant differences between mean spirometric values smoking and nonsmoking in age 20-30
years and 30-39and 40-49.
Conclusion: The mean FVC, FEV1 and PEFR were lower in smoker. In order to generalize these reference
values, a larger study following the ATS criteria is needed. Health education campaign needed to keep
community aware of the risk of smoking.
Key words: Smoking, pulmonary function tests, spirometer, nonsmokers, body mass index.
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W

HO estimated that 51% of adult

important

male

mortality in chronic tobacco smokers

Jordanians

are

smokers,

causes

of

morbidity

and

which place Jordan as number 4 in

worldwide.7

smoking

conditions namely chronic bronchitis,

Smoking

among

Arab

prevalence

females

includes

three

is

emphysema and bronchial asthma which

estimated as 11% which makes Jordan as

gradually cause chronic obstruction to

number 3 in the Arab world regarding

the airflow in small airways less than

female smokers. The country number of

2mm in diameter. These obstructions in

Jordan reached 32 in the work as

airways invariably affect the parameters

cigarettes’ consumption. It is estimated

of pulmonary function e.g. forced vital

to be 1832 cigarettes per person per year.

capacity

The total spending per person per year

Volume in the First Second (FEV1) and

on cigarettes is estimated to be 139

Peak Expiratory Flow Rate.7 Water pipe

Jordan Dinar (JD) which ranks Jordan as

tobacco smoking (nargilah) is highly

the country number 62 in the world. In

prevalent in Jordan, although its use is

my opinion, these statistics are slightly

associated with male gender and upper

underestimated and the real figures are

middle

probably higher.1

widespread

across

Pulmonary function testing is a routine

sociodemographic

classes.

procedure

for

surveillance

monitoring

of

the

in

countries.

COPD

assessment

and

(FVC),

income

Forced

levels;

and

Expiratory

also

it

is

other
Continued
educational

diseases.2

interventions emphasizing the harm and

Spiromeric values vary according to age,

addictiveness of water pipe tobacco

height, sex, and body size.3,4 Most of the

smoking may be valuable in Jordan.8

respiratory

studies regarding the effect of obesity on
pulmonary function tests have been

Material and Method

conducted in males, in the age group of 5

A cross-sectional study was conducted

to 16 years or they have been carried out

at Al-Zarqa Private University-Jordan.

in the elderly age groups.5,6

Two hundred and thirteen of healthy

Tobacco has remained as one of the

smokers and nonsmoker voluntarily

most

agreed to participate in the study. They

important

predisposing

factors

responsible for so many respiratory and

were

cardiovascular

Chronic

sampling among the student's staff and

Obstructive Pulmonary Diseases (COPD)

workers who were screened through a

has been recognized as one of the most

questionnaire and spirometric testing.

diseases.

selected

through
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A structured tool of four sections was

hard and fast as possible to assess and

used: First:

monitor respiration and estimate the

questions

personal data

related

to

includes

(age,

gender,

PEFR.

Each

individual

made

three

faculty type, occupation) and questions

attempts and the largest values for each

related to smoking, (onset of smoking,

parameter were used as recommended

duration, and number of cigarette per

by the ATS.10

day).

(Anthropometric

Data of the subjects that did not match

measurements) includes weight and

the acceptability and reproducibility

height to body mass index (BMI).

criteria of ATS was discarded. The

According to guidelines stated by the

acceptability criteria of ATS includes

National Institutes of Health, weight

satisfactory

status

four

(extrapolated volume of less than 5% of

categories: Underweight (BMI 18.5),

FVC or 0.15 L, whichever is greater),

normal weight (BMI between 18.5–

minimum FVC exhalation time of 6

24.9), overweight (BMI) between (25-

seconds

29.9), and obese (BMI ≥30).9 Third:

plateau on time-volume curve, free of

(Spirometric

artifacts like coughing, glottis closure

FVC:

Second:

was

classified

measurements)

Forced

Forced

into

vital

expiratory

include,

capacity
volume

FEV1:
in

first

during

or

start

of

the

reasonable

exhalation,

duration

leak,

test

of

obstructed

mouth piece or early termination and

second, and PEFR: Peak expiratory flow

end of test criteria.10

rate.

The reproducibility criteria of ATS is
that the difference among two largest

Procedure

FVC and FEV1 values should not

A permission to conduct the study was

exceed

obtained

spirometer provided values with the

from

the

university

0.2

L.10

The

computerized

was

graph for FVC, FEV1 and PEFR. All

explained and demonstrated to the

displaceable volumes were reported in

subjects. Each subject was fulfilled the

liters.

administrator.

The

procedure

questioner and weighed in kilogram
(kg) in indoor clothing without shoes.

Results

Standing height was measured without

Data

shoes. The subjects breathed in as

nonsmokers was analyzed.

from

213

smokers

and

98

deeply as possible and then blew out as
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Table (1): the finding included 213

Discussion

subjects with mean age 25.34±7.73

Spirometry is a frequently performed

years.

lung function test and an important

Most

of

them

were

male

(75.12%). About half of sample (53.05

tool

%) was students. In regards to type of

examinations of pulmonary diseases.

work, it was found that about half of

The interpretation of lung function

sample (53.99%) was smokers with

relies on the comparison to reference

mean duration of smoking 5.82 year

values

and mean cigarette per day 24.18.

population. The results of the current

Concerning the mean of height, weight,

study have highlighted the importance

and BMI were 176.94, 73.28, and 24.22

of obtaining reference values and to

respectively. Also mean of spirometric

develop prediction equations for these

values of FVC (L) FEV1 (L) FEV1/FV%

variables in our population. The mean

PEFR were4.38, 2.23, 75.60, and 560.35

values of FVC, FEV1, FEV1 / FVC % and

respectively.

PEFR in males and females were 4.38,

Table (2): shows that there is statistical

2.23, 75.60, 75.60 and560 respectively,

difference between mean spirometric

comparable to those of other local

values FVC (L), FEV1 (L), FEV1/FEV%,

studies.11-18

PEFR)

Although

among

smokers

and

in

medical

derived

the

surveillance

from

mean

a

values

healthy

of

the

nonsmokers.

spirometry variables were found to be

Table (3): shows that there is statistical

higher in males than females in all age

difference between mean spirometric

groups, the difference in FVC was

values FVC (L), FEV1 (L), FEV1/FEV%,

significantly higher in the younger age

PEFR) for male and female.

groups (more than 30 years). It was also

Table (4): Shows there is no statistical

observed that this difference in the

difference between mean spirometric

mean values of FVC declined with

values FVC (L) FEV1/FEV%, PEFR) for

subsequent increase in the age groups.

BMI, but FEV1 (L) there is statistical

This finding was in line with other

difference.

international

Table (5): shows that there is significant

observed in the current study that the

differences between mean spirometric

mean FVC and FEV1 declined in female.

values smoking and nonsmoking in age

These changes were in affirmation with

20-30 years and 30-39and 40-49.

the observations made in other studies
and

can

be

studies.19,20

associated
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It

to

was

normal
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physiology. A study done by Dockery et
al.,

21

Studies have found that measures of

has found that the pre-adolescent

body weight and fat were inversely

girls have larger airways relative to lung

related to the spirometric variables.

size than the boys. Another study found

Adiposity,

that airways of women (20 -36 years of

abdomen was considered to restrict the

age) had 17% smaller diameter than the

normal

airways of mature men (23-48 years of

diaphragm).23 Age was found to be

age).19 These observations suggest the

necessary independent variable for all

possibility that the geometry of female

spirometric parameters.

especially

movements

of
of

chest
chest

and
and

lungs may be different from male lungs.
In a study on the morphometry of the

Conclusion

lungs of 36 boys and 20 girls from 6

We conclude that mean FVC, FEV1 and

weeks to 14 years of age, boys tended

PEFR were higher in nonsmoker in each

to

of

age group. Lung function changes from

stature).20 That study further observed

adolescence to old age but it’s differing

that although the number of alveoli per

in males and females. BMI was not

unit volume and area was identical in

significantly associated with the most

boys and girls, the total number of

of spirometric values. In order to

alveoli was larger in boys than girls

generalize these reference values, a

resulting in larger lung volumes in boys.

larger study following the ATS criteria

As a result of larger lung volume but

is needed. As the demographic and

proportionately

conducting

anthropometric characters change with

airways at similar stature, boys are

the passage of time, a larger study

expected to have lower FEV1/FVC % at

following the criteria set by ATS is

every age compared to girls of similar

required for this purpose.

have

larger

lungs

per

smaller

unit

stature. Another variable which females
consistently failed to exceed was PEFR.

Recommendations

As PEFR is the most effort dependent

As previous studies recommended that

pulmonary function, the difference may

university

reflect

information about smoking cessation.24,

gender

differences

in

effort

curricula

must

include

rather than in the function. However,

25

more studies are required to explain the

cigarette smoking is mainly a problem

gender differences in the lung function.

of male students; the smoking cessation

The current study indicates that
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support for youths in this country is

children and adolescents. Archives of

urgently needed. The smoking epidemic

Iranian medicine, 2000; 3(3):109–13.

is so huge that every effort is needed to

5.Ray CS. Sue Dy, Bray G, Hansen JE,

launch an effective campaign to protect

WassermanK. Effects of obesity on

our people and maintain a good quality

respiratory function. Am Rev Respir

health life.

Dis 1983; 128(3): 501–506.
6.Sahebjami H. Dyspnea in obese healthy
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ANNEX
Table 1. Characters of study subjects (N=213)
Variables
Age(years):

No

%

< 20

20

17.70

20-29

56

49.56

30-39

19

16.81

40-60

18

15.93

Male

160

75.12

Female

53

24.89

Student

113

53.05

Worker

78

36.62

Staff

22

10.33

Yes

115

53.99

No

98

46.01

Mean± SD
Sex:
Type of work:

Smoking:

25.34±7.73

Duration of smoking

Mean± SD 5.82± 4.96

Cigarette per day

Mean± SD 24.18± 10.51

Height

Mean± SD 176.94± 42.78

Weight

Mean± SD

BMI:

Underweight*

29

13.62

Normal**

90

42.25

Overweight***

61

28.64

Obese****

33

15.49

Mean± SD

73.28± 16.83

24.22±3.94

Mean Spirometric

Spirometric Values

Mean± SD

Values

FVC (L)

4.38±1.32

FEV1(L)

2.23±1.16

FEV1/FV%
PEFR
BMI: Body Mass Index *Underweight (BMI ≤ 18.5),

75.60±20.31
560±67.35
**normal (BMI between 18.5-

24.9), ***Overweight (BMI between 25-29.9), **** obese (BMI ≥ 30).
FVC: Forced vital capacity FEV1: Forced expiratory volume in first second
PEFR: Peak expiratory flow rate L: Liters SD: Standard deviation
Pulmonary Function Test: The value among smokers and nonsmokers
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Table 2. Comparison of mean spirometric values among smokers and nonsmokers
Variables

Smokers

Non Smokers

(Mean± SD)

(Mean± SD )

FVC(L)

3.22±1.15

4.55±1.47

6.85**

FEV1(L)

2.23±1.11

2.21±1.23

4.147*

FEV1/FV%

82.2±20.51

70.06±5.03

3.27*

382.50±60.69

535.3±45.26

3.68*

PEFR

T-Value

FVC: Forced vital capacity FEV1: Forced expiratory volume in first second
PEFR: Peak expiratory flow rate L: Liters SD: Standard deviation
*P=<0.05
**P=<0.01
NS=Not Significant
Table 3. Comparison of mean spirometric values among males and females
Variables

Male

Female (N=53)

T-Value

(N=160)
(Mean± SD)

(Mean± SD )

FVC(L)

5.41±.38

3.26±.11

6.55**

FEV1(L)

4.20±.46

2.29±.18

2.45*

80.61±2.66

94.24±1.34

3.31*

618.82±87.97

474.39±59.79

3.02 *

FEV1/FV%
PEFR

FVC: Forced vital capacity FEV1: Forced expiratory volume in first second
PEFR: Peak expiratory flow rate L: Liters SD: Standard deviation
*P=<0.05
**P=<0.01
NS=Not Significant
Table 4. Different between spirometric values for BMI of Study Samples
Spirometric
Value

BMI
Underweight

Normal

FOverweight

Obese

Sign

Value
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(Mean± SD)

(Mean± SD )

(Mean± SD )

(Mean± SD)

FVC(L)

4.62±0.18

4.23±0.10

4.50±0.15

4.31. ±0.39

0.85

NS

FEV1(L)

2.81±0.24

3.14±0.10

2.07±0.13

2.88±0.24

4.63

**

FEV1/FV%

79.72±3.94

81.41±2.14

748.51±2.56

78.38±3.24

2.47

NS

0.93

NS

PEFR

553.90±61.46 512.77±70.18 472.77±67.24 363.01±42.36
BMI: Body Mass Index

FVC: Forced vital capacity FEV1: Forced expiratory volume in first second
PEFR: Peak expiratory flow rate L: Liters SD: Standard deviation
*P=<0.05
**P=<0.01
NS=Not Significant
Table 5. Mean spirometric values among males and females in different age groups
Age groups

FVC (L)

FEV1 (L)

FEV1/FV% PEFR

P-

(in years)

Mean

Mean

Mean (SD) (l/min)

Value

(SD)

(SD)

Smoking <20
Non Smoking <20
Smoking 20-29
Nonsmoking 20-29
Smoking 30-39
Nonsmoking 30-39
Smoking 40-49
Nonsmoking 40-49

Mean (SD)

3.15

2.98

94.62

474

(± 0.09)

(± 0.04)

(± 2.08)

(± 42.25)

5.24

4.19

80.13

619.83

(± 0.58)

(± 0.35)

(± 2.63)

(± 75.59)

3.14

2.58

82.66

412

(± 0.58)

(± 0.45)

(± 6.81)

(± 67.35)

4.06

3.25

80.25

604

(± 0.48)

(± 0.39)

(± 5.08)

(± 76.73)

3.07

2.37

77.14

382

(± 0.29)

(± 0.29)

(± 4.42)

(± 43.56)

3.64

2.8

76.81

535.7

(± 0.57)

(± 0.47)

(± 4.57)

(± 68.34)

3.07

2.54

87.14

436.82

(± 0.29)

(± 0.29)

(± 4.42)

(± 43.56)

4.04

3.38

86.81

635.7

(± 0.59)

(± 0.47)

(± 5.57)

(± 78.34)

0.08

<0.02

<0.01

<0.01

FVC: Forced vital capacity
Pulmonary Function Test: The value among smokers and nonsmokers
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FEV1: Forced expiratory volume in first second
PEFR: Peak expiratory flow rate L: Liters SD: Standard deviation
*P=<0.05
**P=<0.01
NS=Not Significant
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