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Abstract
Background: Obesity is one of the major health issues worldvadd so is in Saudi Arabia. (It

has enormously contributed to the increase in enud of diabetes and cardiopulmonary
problems. However, very few studies are availabtene the effects of obesity on pulmonary
functions have been investigated in young healdnyd®.
The aim of this study was to examine the lung fiomcin the form of Peak Expiratory Flow Rate
(PEFR) in healthy adults grouped into non-obese;oese and obese. Moreover, Study graups
were analyzed for the PEFR changes in associatitn different obesity markers other than
BMI. This was to identify the obesity markers thraay have better association with lung
function impairment than Body mass index (BMI).
Methods: Young healthy students’ ages 18-19 years weretgeldor this study. Their height,
weight, waist & hip circumference and PEFR were snead. On the basis of BMI subjects were
divided in non-obesel8.5-24.9, pre-obese 25-298 alpese > 30.All the analysis were
performed using Graphpad Prism version 4 Mac (GQragtsoftware).
Results: Average values of all the morphometric parametgce@ height obtained from both
pre-obese and obese subjects when compared withbrese showed significantly higher values
Both the pre-obese and obese subjects showed i@ductPEFR compared to the non-obe
However, this reduction was found significant oimlyobese subjects. Further, PEFR showe
significant negative correlation with BMI, Waistraimference (WC), waist hip ratio (WHFE
and body fat percentage.

Conclusion: Obesity produces significant deterioration in tHeFR in young healthy subjec
and this deterioration is found to have significaeigative correlation with all the differe
obesity markers. This study also reveals that ab0% young students belong to either g
obese or obese group and this rising trend nedoks &mldressed.
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Introduction

Obesity is characterized by excess
deposition of fat. This is a serious issue
involving the people of both developing as
well as developed countries of the world
! The problem is recognized internationdlly
because of its increasing incidence and its
association with cardiovascular disedses
Stroke, Type2 Diabetés Hypertension,
Cancer3  Osteoarthritl§y  Respiratory
problems including AsthriaDepressiohas
well as reduction in the ability to perform
physical activitie® Further, incidence of
obesity is not confined to any particular age
group or socioeconomic class but is found in
people of all ages and socioeconomic classes
mainly because of sedentary life style and
excess energy intake. Moreover, obesity is
found to increase the chances of respiratory
symptoms, like breathlessness particularly
during exercis® and recognized as an
important risk factor in the development of
respiratory diseases like obstructive sleep
apnoea (OSAY) and obesity hypoventilation
syndrome (OHS}.Wheezing and bronchial
hyper- responsiveneSs often associated
with asthma are increasingly observed in
overweight and obese individuals. Recently,
Steele et af reported an inverse relation of
lung function with obesity and body fat in
young adults.

Obesity induced deterioration in lung
function is demonstrated by measuring lung
volume and capacities (spirometery).
However, many researchers for this purpose
used measurement of PEFR because of its
simplicity, convenience and cost-effective
advantag¥. Decrease in PEFR indicates a
restrictive pulmonary defect because of
mechanical limitation to the chest expansion
due to accumulation of excess fat that
interferes with movement of chest and
descent of diaphragii. PEFR is influenced
by many factors such as age, sex, posture,
obesity, environmental and racial factdfs
Various studies have reported that, the
markers of obesity like body mass index
(BMI), waist circumference (WC) and waist
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hip ratio (WHR) showed different
correlation with PEFR'™'® Even though
height, weight and BMI are accepted as
reliable tool for the identification of obesity
in epidemiological studies, they have some
limitations as it can’t distinguish between fat
mass and lean body mass and both of them
are reported to have opposite effects on lung
function ?°. Another disadvantage of using
BMl is that, it provides no information about
the body fat distribution whether central or
lower abdomingt. In fact a widely accepted
opinion is that, abdominal height is a better
marker of obesity as it is largely involved in
reducing lung function by restricting the
descent of the diaphragm compared to the
central obesity which will compress the
chest waft’. Effect of obesity on lung
function has been reported in different parts
of the world however; there is scarcity of
literature available regarding these effects in
the Saudi population where obesity is a
rising problem. Moreover, there are few
studies with stratification of younger age
subjects in non-obese, pre-obese and obese
categories. Therefore, the aim of this study
was to find out the effects of obesity on lung
function in young Saudi males and also to
examine a better marker of deteriorated lung
function in obese people other than body
mass index (BMI).

Material and Methods

A total number of 152 first year healthy
medical students aged between 18-19 years
were included in this study. All part|C|pantSLo
are from Makkah region. They are non- S
smokers and have no history of regularol

physical training, sports activity ori@
respiratory  diseases like, Bronchltlsg%%

Pneumonia, tuberculosis and Asthma durin
last three years. None of the subjects hag
cough, wheeze, dyspnoea or nasal catarrh &
the time of study. An informed verbal%
consent was obtained prior to part|C|pat|oncv$
in the study. Anthropometric measurementsw
such as; Weight, Height, WC and Hlpn.’.
circumference  were measured  using8

standard clinical protocot’. BMI of each §
=
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participant was calculated using the formula;
body weight (kilograms)/height (metef)
On the basis of BMI participants were
categorized as non-obese 18.5-24.9, Pre-
obese 25.0-29.9 and obese 30. Dividing the
value of waist circumference by the hip
circumference gives us the value of WHR.
BF % was estimated from the BMI along
with taking the age and gender into account
24 The following formula was used for this
purpose. Current BMI, age, and gender:
Adult Body Fat % = (1.20 x BMI) + (0.23 %
Age) -(10.8 x gender) - 5.4 [Gender values
for male =1, female = &},

PEFR was measured in standing position
with standard range FERRARIS Pocket
Peak flow meter” (Ferraris Medical Ltd.
London) as used in other studi&s It was
ensured that the subjects were relaxed before
performing the test. The procedure was
explained to the subjects and a
demonstration of manoeuvre was given to
them. After proper rest, subjects were

mouthpiece of the peak flow meter. To
maintain uniformity and to avoid any diurnal
variation in the tone of the bronchial tree all
measurements of PEFR were carried out
between 9-11am.

Satistical Analysis

The data was analyzed by student t-test to
determine the statistical significance
between two groups. For normally
distributed data, a P value of <0.05 was
considered significant.

To identify the best marker that affect the
PEFR among the different groups the
correlation coefficient was measured by
Pearson correlation. The confidence interval
was kept 95% with two tailed P values. All
the analysis was performed using Graphpad
Prism version 4 Mac (Graphpad software)
Results

The young healthy males of same age group
were categorized on the bases of their BMI
into three groups Non Obese, Pre Obese and
Obese. It was interesting to witness the

requested to take a deep breath and exhale as proportions of these young Saudis as 50%

forcefully as possible in one single blow into

the instrument with their nose closed. Three
satisfactory reading were taken and best of
the three was accepted in accordance with
American thoracic society recommendations
26 Close watch was made to ensure that a
tight seal was maintained between lips and

560

were Non Obese, 30% were Pre Obese and
there were about 20% Obese among the
students as well. We then observed the
PEFR among these different groups. As
expected there was declining trend seen in
the PEFR with increase in the BMI (Figure

1)
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Figure 1 Comparison of mean PEFR
The mean of PEFR measured from three different groups was compared. The Non Obese (n=76)
showed maximum mean. Wher eas, the lowest mean was seen among the Obese subjects (n=30).
Data are presented as mean+SD. *p<0.05 compared with Non obese.
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Obesity is known to reduce lung expansion
and hence the peak expiratory flow rate. It
was tempting to examine the correlation
between PEFR and obesity markers. We

noticed a significant correlation of PEFR
with different obesity markers as shown in
(Tablel).

Table1 Correlation Coefficient of obesity markers with PEFR

Parameters  BMI (kg/m2) WHR Eilfr?:ij:nference Body fat %age
Pearson r -0.161 -0.26 -0.237 -0.16

P value 0.043* 0.001**  p.003** 0.046*

R squared 0.02 0.068 0.056 0.02

Variables are expressed as mean £SD "=P<0.05
BMI=body mass index, WHR=waist hip ratio

Average values of morphometric
parameters, BMI, WC, WHR and BF%
obtained from healthy subjects (Table.2&3)
have shown that there are three distinct
groups among them. Moreover, the PEFR
measured has an inverse correlation with
these obesity markers. We then explored the
differences in Obesity markers and PEFR
between our three categories on the basis of

BMI. Initially a comparison was performed
between the obesity markers of Non Obese
vs. pre obese group. Despite the fact that we
observed a declining trend in the PEFR as
the BMI increases, statistically non-
significant  difference was witnessed.
Whereas, all the obesity markers showed a
significant difference in pre-obese compared
with non-obese as shown in (Table 2).

Table 2 Comparison of Mean Anthropometric data between Non-Obese and Pre-Obese

Parameters Non Obese Pre Obese
(n=76) (n=46)
Height (cm) 170.5+0.6302 170.21+0.862 L.Q
o
Weight (kg) 62.27 +0.982 79.48+0.9588*** N
n
(5]
W/H ratio 0.8238 + 0.0062 0.8741+0.0076*** 3
o
g
Waist Circumference (inch) 31.03 £ 0.3271 37.011+0.468%** 8
=
B. Fat %age 13.16 + 0.3166 20.86+0.2816*** 2
[8)
BMI (Kg/m?) 21.02 +0.26 27.4310.234*= §
PEFR (L/min) 528.6 + 6.968 516.8+13.38 é
Variables are expressedas mean + SD*=P<0.05 8
PEFR= Peak expiratory flow rate _5
(7]
=
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Thereatfter, the healthy Non Obese so to say
our control group was compared with the
obese subjects. Interestingly, we have a
statistically significant difference in the

PEFR. Perhaps more body fat limited the
lung expansion sufficiently, which in turn
affected the PEFR in this group (Table3).

Table 3 Comparison of Mean Anthropometric data between Non-Obese and Obese

Waist Circumference (inch)

Parameters Non Obese Obese
(n=76) (n=30)
Height (cm) 170.5+0.6302 170.5 +1.053
Weight (kg) 62.27 +0.982 102.5 + 3.7**
W/H ratio 0.8238 + 0.0062 0.8951 + 0.009***

31.03 £0.3271

B. Fat %age 13.16 £ 0.3166 30.01 £1.121**
BMI(Kg/m?) 21.02 £0.26 35.05 £0.934**
PEFR (L/min) 528.6 + 6.968 485 +12.87*

43.03 £ 0.93 **

Variables are expressed as mean + SD*=P<0.05
PEFR= Peak expiratory flow rate

Discussion

The significant reduction in PEFR in obese
subjects may be explained on the basis of
mass load of adipose tissue around the rib
cage, abdomen and in the visceral cavity that
results in a shift in the balance of
inflationary and deflationary pressure on the
lungs as reported by J.T. Sharp é{.@hese
obese subjects may also have limited lung
expansion and air flow because of the
restricted downward movement of the
diaphragm due to increase abdominal
adipose tissue leading to significantly
reduced PEFR® Reduction was observed
in total lung capacity (TLC) with an increase
in the body weight. This possibility is also
supported by the results of Thomas and
Milledge® who observed an increase in TLC
by reduction in the weight in obese and
morbidly obese subjects. We are of the
opinion that in our pre-obese and obese
subjects an increase abdominal fat as
indicated by significantly higher values of
WC and WHR is responsible for restricted
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diaphragmatic movement leading to the

reduced PEFR. However, this reduction is

found significant only in the obese subjects.

This indicates that, the level of adiposity

required to produce a significant reduction

in PEFR values might not be achieved in

pre-obese subjects and therefore they
represent non-significant reduction in PEFR.

Our results of PEFR in pre-obese subjects
are in accordance with another study that
reported non-significantly reduced PEFR InLO
30-40years of age healthy sedentary:
subjects. This means that not only young‘\'
males18-19 year of age but adults in the|r®
30-40years of age if pre-obese won't show®
significant reduction in PEFR. Reduction in 8
the volume of chest cavity produced as ad
result of deposition of fat in the sub- pIuran
space® might also be responsible to reduceg
the PEFR in pre-obese and obese subjectg
and again the degree of deposition might nog
be sufficient in pre-obese subjects tof4
produce a significant reduction. It is possible§
that our obese subjects have an increase'§

=
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airway resistance that might result in
significantly decreased PEFR as observed
by Ghobain et al®. Our opinion of
increased air way resistance as a possible
cause of decreased PEFR is further
strengthened by the study that showed
reduction in alveolar diffusion capacity
possibly due to structural alterations of the
lung interstice by lipid deposition in obese
children and/or a reduction in alveolar
surface aredThis was observed in
asthmatic and non-asthmatic  obese
childrer’?. Changes in lipid deposition in the
lungs are also report&tin another study of
diet induced obesity in rats, which may
affect surfactant function®.It is also
possible that the air way structures could be
remodeled by exposure to pro-inflammatory
adipokines, or damaged by the continual
opening and closing of small air ways
throughout the breathing cydfe

Pearson analysis shows significantly
negative correlation of PEFR with all the
obesity markers studied i.e. BMI, WC,
WHR and BF% across the entire spectrum
of non-obese, pre-obese and obese subjects.
This negative association of PEFR with
obesity markers particularly WC and WHR
iS representing primary restrictive lung
function pattern. This restrictive pattern may
be the result of limited diaphragmatic decent
or may be because of diminished rib cage
movement and thoracic compliance due to
fat deposition in the chest wall. Both of
these mechanisms lead to restricted
respiratory movemettt It is also interesting

to note that the results of PEFR obtained
from pre-obese and obese subjects as well as
the Pearson correlation of PEFR with
different obesity markers demonstrated an
impairment of the pulmonary function with
increasing obesity but not to such an extent
that it will be evident clinically. Earlier
several researchers also reported negative
correlation between measures of obesity
markers in general and abdominal obesity in
particular and  pulmonary  function
parameters. Yogesh Sexena reported an
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inverse correlation of PEFR with all obesity
markers but he found significant association
only with WHR in 20-40 years of age
healthy young maléd An inverse
association of abdominal height and WC
with pulmonary function in men and women
having BMI more than 25Kg/mhas been
establishet. In another study an inverse
relation between pulmonary function and
WHR both in men and women was
observed. However, others observed and
reported inverse relation of FEV1 with
WHR only in mer®. In present study
although PEFR showed significantly
negative correlation with all the obesity
markers but it is found to be stronger with
WC and WHR being 0.001 and 0.003
respectively as compared to BMI and BF%.
Further, significantly higher values of WHR
shown by the pre-obese and obese groups of
this study may be the result of decreased
physical activity and sedentary life style of
these subjects as it is reported that, increased
physical activity is related to lower WHR in
young adult men and wom&However,
this result differed from that of the study by
Collins et af® who reported more strong
negative correlation of lung function with
BMI than WHR. Further, breathing
mechanics involve contraction and descend
of diaphragm during inspiration to increase
the vertical diameter of thorax and intra-
thoracic negativity. In this connection trunk
obesity is more important than the overall
adipose tissue represented by BMI.WC as &

measure of abdominal fat depositiono
therefore, is reported to have moreS\
consistent predictability for pulmonary §

O

function than BMI that does not distinguish.S
between fat mass and muscle Masshese
researchers further reported that WHRS
compared to WC is a more convenientlyo
measured and is less likely to be influenced
by sex or degree of obesity. Lazarus é? al
also supported this view. Considering theg
results of this study and several earliel4
studies it can be stated that, as abdoming}
obesity plays more effective role in §

=
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restricting the lung function than the overall
obesity therefore, WC and WHR are better
anthropometric measurements that can be
used clinically to assess the impact of
obesity on pulmonary function rather than 4.
that of BMI.

Conclusion

It is an alarming sign that 50% young
healthy Saudi male students are either pre-
obese or obese and need to address seriously 5.
by promoting awareness regarding the
adverse effects of obesity, improving the
level of physical activity and through
changes in the life style. Nevertheless, 6.
obesity like in other areas of the world
impairs pulmonary function and the same is
seen with the Saudi population. However,
this reduction in PEFR was significant in the
obese subjects and even in this group not to
such an extent that become clinically
evident. An interesting feature of our study
that makes it different from earlier studies is
significant negative correlation of PEFR
with all the obesity markers. However, like
several other researchers we also support the
opinion that, WC and WHR are better
markers to represent obesity-induced 8.
deterioration in the lung function than BMI.

In the end we emphasize the need of a study

to examine the effect of obesity on various
pulmonary function parameters involving
both male and female Saudi subjects of 9.
different age groups as well as a longitudinal
study on university students to find out
effects of changes in age, body weight,
physical activity and smoking on lung
function parameters.
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