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ABSTRACT

Some of the respiratory structures and functions vary with the gender. Only 2-3 parameters of the forced vital
capacity (FVC) were studied earlier in both sexes in Libyan population. In the present study, we have measured all
the parameters of forced expiratory vital capacity in homogenous age group (18-20 years) of 50 male and 58
female Libyan medical students. All the values of FVC including forced expiratory volume in 1 second (FEV,), forced
expiratory flow rates (FEF) at 0.2 to 1.2 L, 25-75% of FVC and 75-85% of FVC were found to be significantly higher
in male compared to female subjects. Instantaneous expiratory flows at 75%, 50% and 25% of remaining FVC in
lung (Vimax7s%, VMaxsgy, and Vmax,sy,) were found to be significantly higher in male compared to female subjects.
However FEV;% (ratio of FEV; to FVC) and FEF,s.s54 / FVC ratio were significantly higher in female compared to
male subjects. The differences of these dynamic respiratory functions in male and female subjects may have some

influences in clinical manifestation of airway disease.
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INTRODUCTION:

It has long been recognized that some respiratory
structures and functions vary with gender and the
variations takes place as early as fetal life. Evidence
suggests that, between 25-32 weeks of gestation, the lung
of human female fetuses had greater histological maturity
than those of male fetuses . The female fetus have
increased deflation stability index by retaining more air in
their lungs during deflation ?. Earlier work suggests that
the respiratory response to hypoxic stimuli differs in
different sexes and that may occur during the first week of
life. This response is increased in females at the time of
puberty ®\. Up to puberty pulmonary volume increases
steadily in both sexes, while around puberty there is
marked increase in some pulmonary indices noted in boys
“ This may be correlated with height and body built, but
not depends on their sex hormone B) pubertal growth
surge in lung function lags a few months behind the surge
of height &), Being dependent on body size the lung
function values leveled off in girls at the age of around 15
years and in the boys around 18 years ) reaching
maximum values (at their peak values during total life
span) and from the early 20s there is a gradual decline in
most pulmonary indices, the pattern may vary between the
individuals 7.

After the onset of puberty the reproductive life in women
is much protracted, dynamic and having cyclical changes
than in men. Evidence suggests that female reproductive
hormone modulates some of the respiratory functions ®.
Data from both human and animal studies suggests that
sex hormone may contribute to disease pathogenesis or
serve as protective factors, depending on the disease
involved . Thus gender differences are an important
determinant of clinical manifestation of airway disease **.
Till date detail study of pulmonary function, especially
airways function, in young adult Libyan men and women
are scanty and in most cases ' ** predicted equation but
not absolute values were given. Therefore, further studies
of influence of gender on absolute values of lung and
airways function in healthy nonsmoker male and female
Libyan subjects of early adulthood age was undertaken in
order to interpret values made in those with respiratory
disease.

MATERIALS AND METHODS:

The present study on pulmonary function was
carried out in the department of physiology, faculty of
medicine of Garyounis University, Libya. Included in this
study were age matched (age range 18-20 years) eligible
consenting male and female medical students who had no
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evidence of cardiopulmonary, renal, gynecologic or any
other medical disorders. All students were white and were
not engaged in regular physical or sports activities.
Smokers, ex-smokers and passive smokers were excluded.
Subjects were also excluded if satisfactory measurements
could not be taken because of lack of cooperation or an
inability to perform the tests. The study group comprises of
50 male and 58 female subjects. The female subjects were
studied once only irrespective of the different phases of
their menstrual cycle.

Spirometric tests were conducted with a wedge
bellow spirometer, Vitalograph (Vitalograph Medical
Instruments Ltd.,, Buckingham, England). Details of
methods, concerning the measurements of forced
expiratory spirometry with similar instrument were
reported earlier “. In brief, the specific measurements of
forced expiratory spirogram included forced vital capacity
(FVC), forced expiratory volume in first one second (FEV,),
FEV, expressed as a percentage of FVC (FEV,y), maximum
forced expiratory flow rate at 0.2 lit. to 1.2 lit. of FVC
(FEFg2.15 1), maximum mid expiratory flow rate at 25% to
75% of FVC (FEF;s.75¢), maximum end expiratory flow rate
at 75% to 85% of FVC (FEFs.5%), and instantaneous flow
(Vimax) at 75%, 50% and 25% of remaining FVC. The ratio of
FEF,s5. 754 to FVC was calculated. The expiratory efforts, with
nose clipped, were maintained in most trials for 6 seconds.
The best effort of three values within 5% or 100 ml of each
other was used for analysis. The maximum FVC and FEV;
were recorded, and flow rates were calculated from the
curve with the greatest sum of FVC and FEV;. All values
were corrected for body temperature and pressure
saturated with water vapor.

The experiment was carried out under similar
environmental conditions during the morning hours. Room
temperature was between 18-20°C. On the day of the
experiment, the subjects were asked to come to the
laboratory without any exertion. On arrival their height and

weight were recorded. Weight was recorded to the nearest
0.1 kg, and heights were recorded to the nearest 0.5 cm.
Body mass index (BMI) was calculated (weight divided by
height squared). During the study, each subject was given
adequate demonstration of precisely how the tests
(spirometry) were to be performed and proper execution
of spirometry was demanded on each attempt. To make
spirometry more reproducible on each attempt, the
subject was encouraged to make a maximum effort.

For each of the spirometric tests in both male and female
subjects, the difference between the means SD was
evaluated with the unpaired Student's t-test. The alpha
error for a significant test was set at 5% level (p<0.5). The
percentage difference between the groups was assessed
for each of the spirometric tests.

RESULTS:

Characteristics of the subjects included in the study
are shown in Table 1. Male subjects of similar age were
taller and had a greater mean body weight and body mass
index (BMI) than the female counterpart. None of the
subjects in this study were obese.

Table 2 show spirometric data in male and female

subjects. Mean FVC and FEV; were greater (p<0.001) in
male as compared to female subjects, 26.3% and 23.7%
respectively. However, the FEV,% was 4.2% more (p<0.001)
in female than in male subjects.
Similarly, all the forced expiratory flow rates, FEFg,.1,,
FEF;5.750, and FEF;sgse, Were significantly higher, 17.7%
(p<0.001), 10.3% (p<0.001) and 13.4% (p<0.01)
respectively, in male compared to female subjects. But the
ratio of FEF,s.;54 to FVC was 16.6% more (p<0.05) in female
compared to male subjects.

The instantaneous flows (V.,.x at 75, 50 and 25
percent of remaining FVC) were significantly higher, 18.7%
(p<0.001), 10.6% (p<0.01) and 13.6% (p<0.01) respectively,
in male subjects as compared to female subjects.

Table 1: Physical characteristics of the subjects.

Variable Male (n = 50) Female (n = 58) P —value
Age (year) 18.92 + 0.695 18.88 £ 0.422 NS
Height (cm) 173.68 + 6.908 164.31+6.272 <0.001
Weight (kg) 69.72 + 9.829 58.24 +8.712 <0.001
BMI (kg/m?) 23.09 + 2.680 21.52 +2.804 <0.01

Data are presented as mean £ SD.
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Not Significant. BMI = Body Mass Index.
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Table 2: Spirometric data in male and female subjects.
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Parameters Male Female % difference | P - value
(n=50) (n=58) from male

FVC (L) 4.56 + 0.569 3.36+0.423 -26.3 <0.001
FEV.(L) 4.04 +0.539 3.08 £ 0.351 -23.7 <0.001
FEV,% 88.82 +5.15 91.90+4.206 +4.2 <0.001
FEFo,_12 (L/sec) 7.28 +1.848 5.99+1.259 -17.7 <0.001
FEF,5_ 759 (L/sec) 4.25 +0.652 3.81+0.609 -10.3 <0.001
FEF5_ 750 /FVC 0.95+0.158 1.14 £ 0.206 +16.6 <0.001
FEF;s5_gse (L/sec) 2.23+0.673 1.93+0.488 -134 <0.01
Vimax7s% (L/sec) 6.82+1.718 5.54+1.092 -18.7 <0.001
Vimaxsox (L/sec) 4.72+0.853 4.22 +0.746 -10.6 <0.01
Vimaxzs% (L/sec) 2.78£0.748 2.40+0.633 -13.6 <0.01

Data are presented as mean % SD.

DISCUSSION:

The pulmonary function test is an important
investigative method in clinical medicine. Normally the
pulmonary function varies with different ethnic groups,
socioeconomic status, age, body size, exercise, smoking
habits etc. In the present study, a narrow age range (18-20
years) of subjects were selected from both male and
female nonsmoking groups of same socioeconomic status
in order to minimize the effect of these variables on
respiratory function and allow a more direct evaluation of
differences, if at all, due to gender. We have selected the
age range of 18-20 years because pulmonary functions
reach maximum values around this period and then start
declining with the increase of age ®°”). Earlier studies in
Libyan population were limited to measure few parameters
of the forced expiratory vital capacity test >, present
study has covered almost all the spectrum of forced
expiratory vital capacity maneuver. We have expressed all
the parameters in terms of absolute values. The
comparison with normal absolute values may influence
decisions which have important implications both on
individual and on health care system. Even the values can
be easier to apply in the field studies.

Our results reveal the difference between male
and female student for all the lung function indices. The
absolute values of all the volumes and flow rates were
found in general, to be higher in age matched males.
However, volume adjusted flow rates, FEV; to FVC ratio
and FEF,s5.;5¢ to FVC ratio were found to be higher in
females compared to males and is consistent with the
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trend of results reported earlier *. The values of FVC, FEV,
and flow rates in male subjects are in close agreement with
the previously reported study in Libyan men “?. However,
absolute values of lung function in Libyan women were not
reported earlier. The greater body built including the
thoracic and lung size and the greater muscular effort may
be the prime determinants of higher FVC observed in male
subjects ™ *® ) Forced expiratory volume in one second
evaluates the flow resistive properties of both large and
small airways, which was about 23% less in females. The
lower flow rates at large lung volumes, such as FEFg ;.15
and V. in female students might have caused by either
decrease in large airways function or a decrease in effort,
inasmuch as these flows are largely effort dependent.
Although our subjects performed tests using maximum
effort, a decrease in expiratory muscle power in female
subjects cannot be entirely ruled out. Small airways
function as indicated by FEF,s754 and Viasorw and most
peripheral airways function indicated by FEF;5.555 and
Vmaxas% Were found to be 10% (p<0.001) and 13% (p<0.001)
lower in female compared to male subjects. Normally
these tests, the flow rates at lower lung volume, have a
wide normal range; but trend of changes in one subject can
show narrow range of variability "®. However, these
parameters of FVC maneuver and flow volume curve
evaluate peripheral airways where disease of chronic
airflow obstruction are thought to originate “®. Our all
subjects were in normal and good health during this study.
Even in past (at least last six months before the test) they
did not suffer from any cardio-respiratory illness.
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Therefore, it is not the disease, but possibly the size of the
airways are responsible for this lower small airway function
observed in female subjects compared to male. It is evident
that airway sizes including lungs are small in young women
compared with the young men .

In the present study, however, we have found that
the pulmonary function in female compared to male are
more in terms of flow rates in comparison to FVC. In other
words, flow rates that are compensated for volume such as
FEV:% and FEF,s.54/FVC were found greater in female
subjects. This result is consistent with other previous
findings > % This is probably due to the airway tends to
grow faster than parenchymal tissue of lung in young
females. The growth of airways tends to lag behind that of
parenchyma in young males in a phenomenon known as
dysanaptic growth, resulting in relatively narrower airways
in young males than in young females . Dysanapsis (low
size bronchi relative to lung volume), as indicated by low
FEF,s.754 / FVC, evaluates airway hyper responsiveness,
could potentially predispose to lung pathology and is
speculative to be a risk factor for developing COPD and
wheezing ® % 2% Epidemiological studies have
demonstrated greater small airway dysfunction in men
than women . Even the incidence of morbidity and
mortality due to asthma are found to be less in females
than in males “®. The females probably escape from
dysanapsis. It is evident that the adult female lung is the
result of proportional growth of its airways in relation to
lung parenchyma Y. These dimensional advantages in
female airway functions are thought to be due to not only
anatomical but physiological also. The influence of their
reproductive hormones, especially of estrogen and
progesterone cannot be ignored. Estrogen relaxes airway
smooth muscle by decreasing intracellular calcium, thus
facilitating bronchodilation ?”. Several lines of evidence
indicate that progesterone also improve respiratory
dynamics, particularly small airways function, as small
airways are rich in beta receptors *® and progesterone
have marked beta receptor activity *°.

In conclusion, the study of pulmonary function was
conducted in age matched healthy male and female
medical students. Although the total number of subjects in
this study was limited to 108, the fact that the age, obesity,
level of fitness, tobacco use and ethnicity could be ignored
as variables made it simpler to identify differences
between the genders. We found that absolute values of
FVC, FEV,, forced expiratory flow rates and instantaneous
flows at different lung volumes were all less for female
than male subjects of the same age. However, both the
ratio of expiratory flow rates (FEV; to FVC and FEF;s s5¢ to
FVC) were more in female, emphasizes the key importance
of airway dynamics which is better in female compared to

© 2012 JBPR. All Rights Reserved.
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male subjects. Hence, gender differences in lung function
could be an important determinant of the clinical
manifestation of airway disease. Further studies might be
performed to broaden these findings to wider age group as
well as groups of different socioeconomic status and in
females during their all the three phases of menstrual
cycle.
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