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ABSTRACT
Objective: To evaluate the relationship between waist circumference, as a measure of central fat
distribution, and lung ventilation function in both sexes among different weight categories in
comparison with body mass index (BMI).
Subjects and Methods: One hundred healthy adults from both sexes were volunteered in this
observational-cross-sectional study (53 males aged 19-69 years and 47 females aged 19-51 years).
Subjects were recruited from Mosul Medical College students, teaching as well as administration staff.
After collecting personal and health information necessary for the study, all subjects underwent
anthropometric measurements (height, weight, and waist circumference) before spirometry test using
computerized spirometer. The study was conducted in the Department of Medical Physiology-Mosul
Medical College.
Results: All spirometric data were within 80-120% of the normal predicted values, thus excluding the
possibility of any asymptomatic airway disease. A consistent negative correlation between, both waist
circumference and BMI, with FVC and FEV1 were clearly observed in both sexes. Unlike BMI, waist
circumference revealed stronger and significant negative correlation with lung function especially in
male subjects. The significant negative correlation between waist circumference and FVC and FEV1
was more evident in overweight and obese subjects.
Conclusion: Waist circumference, as a measure of body fat distribution, seems more reliable
predictor of poor lung function, secondary to overweight and obesity, than BMI. This might be
attributed to the fact that BMI relies only on body weight and height without consideration to the
distribution of body fat, muscle and bone mass which might possess a more significant role.
Keywords: Waist circumference, body fat distribution, lung function tests.

اﻟﺨﻼﺻﺔ
 ووﻇﺎﺋﻒ اﻟﺮﺋﺔ ﻓﻲ آﻼ اﻟﺠﻨﺴﻴﻦ، آﻤﻘﻴﺎس ﻟﺘﻮزﻳﻊ اﻟﺪهﻮن ﻓﻲ اﻟﺠﺴﻢ، ﻟﺘﻘﻴﻴﻢ اﻟﻌﻼﻗﺔ ﺑﻴﻦ ﻣﺤﻴﻂ اﻟﺨﺼﺮ:هﺪف اﻟﺒﺤﺚ
.وﻟﻤﺨﺘﻠﻒ اﻟﻔﺌﺎت اﻟﻮزﻧﻴﺔ و ذﻟﻚ ﺑﺎﻟﻤﻘﺎرﻧﺔ ﻣﻊ ﻣﻘﻴﺎس آﺘﻠﺔ اﻟﺠﺴﻢ
. ﺷﻤﻞ اﻟﺒﺤﺚ ﻣﺌﺔ ﻣﺘﻄﻮع ﻣﻦ اﻷﺻﺤﺎء اﻟﺒﺎﻟﻐﻴﻦ ﻣﻦ ﻃﻠﺒﺔ آﻠﻴﺔ ﻃﺐ اﻟﻤﻮﺻﻞ وﻣﻨﺘﺴﺒﻴﻬﺎ ﻣﻦ آﻼ اﻟﺠﻨﺴﻴﻦ:ﻃﺮﻳﻘﺔ اﻟﺒﺤﺚ
 ﺗﻢ ﻗﻴﺎس اﻟﻄﻮل واﻟﻮزن وآﺬﻟﻚ ﻣﺤﻴﻂ اﻟﺨﺼﺮ ﻟﺠﻤﻴﻊ ﻋﻴﻨﺔ،ﺑﻌﺪ أﺧﺬ آﺎﻓﺔ اﻟﻤﻌﻠﻮﻣﺎت اﻟﺸﺨﺼﻴﺔ واﻟﻄﺒﻴﺔ اﻟﻤﺘﻌﻠﻘﺔ ﺑﺎﻟﺒﺤﺚ
اﻟﺒﺤﺚ وذﻟﻚ ﻗﺒﻴﻞ إﺟﺮاء ﻓﺤﺺ وﻇﺎﺋﻒ اﻟﺮﺋﺔ ﺑﺎﺳﺘﺨﺪام ﺟﻬﺎز ﻓﺤﺺ وﻇﺎﺋﻒ اﻟﺘﻨﻔﺲ اﻻﻟﻜﺘﺮوﻧﻲ )اﻟﺴﺒﺎﻳﺮوﻣﻴﺘﺮ( وﻗﺪ ﺗﻤﺖ
.اﻟﺪراﺳﺔ ﻓﻲ ﻓﺮع اﻟﻔﺴﻠﺠﺔ اﻟﻄﺒﻴﺔ ﻓﻲ آﻠﻴﺔ ﻃﺐ اﻟﻤﻮﺻﻞ
 أﻇﻬﺮت ﻧﺘﺎﺋﺞ اﻟﺒﺤﺚ ان ﺟﻤﻴﻊ أﻓﺮاد اﻟﻌﻴﻨﺔ آﺎﻧﻮا ﺿﻤﻦ اﻟﻤﺪﻳﺎت اﻟﻄﺒﻴﻌﻴﺔ اﻟﻤﺘﻮﻗﻌﺔ ﻟﻘﻴﺎﺳﺎت وﻇﺎﺋﻒ اﻟﺮﺋﺔ:ﻧﺘﺎﺋﺞ اﻟﺒﺤﺚ
 وﻗﺪ أﺷﺎرت اﻟﻨﺘﺎﺋﺞ اﻳﻀﺎ اﻟﻰ وﺟﻮد ﻋﻼﻗﺔ ﻋﻜﺴﻴﺔ ﺑﻴﻦ آﻞ ﻣﻦ.( ﻻﺳﺘﺒﻌﺎد إﻣﻜﺎﻧﻴﺔ وﺟﻮد اي أﻣﺮاض ﺗﻨﻔﺴﻴﺔ%١٢٠-٨٠)
.ﻣﺤﻴﻂ اﻟﺨﺼﺮ وﻣﻘﻴﺎس آﺘﻠﺔ اﻟﺠﺴﻢ ﻣﻊ ﺣﺠﻢ اﻟﺰﻓﻴﺮ اﻟﻘﺴﺮي اﻟﻜﻠﻲ وﺣﺠﻢ اﻟﺰﻓﻴﺮ اﻟﻘﺴﺮي ﻓﻲ اﻟﺜﺎﻧﻴﺔ اﻻوﻟﻰ ﻓﻲ آﻼ اﻟﺠﻨﺴﻴﻦ
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اﻻ ان هﺬﻩ اﻟﻌﻼﻗﺔ اﻟﻌﻜﺴﻴﺔ آﺎﻧﺖ أﻗﻮى وذات دﻻﻟﺔ اﺣﺼﺎﺋﻴﺔ ﺑﺎﻟﻨﺴﺒﺔ ﻟﻤﺤﻴﻂ اﻟﺨﺼﺮ ﺧﺼﻮﺻﺎ ﻟﺪى اﻟﺬآﻮر وآﺬﻟﻚ ﻣﺠﻤﻮﻋﺔ
.اﻷﺷﺨﺎص ذوي اﻟﻮزن اﻟﺰاﺋﺪ واﻷﺷﺨﺎص ذوي اﻟﺴﻤﻨﺔ
 أآﺜﺮ ﻗﺪرة ﻋﻠﻰ ﺗﻮﻗﻊ اﻟﺘﺄﺛﻴﺮات اﻟﺴﻠﺒﻴﺔ ﻟﺰﻳﺎدة، آﻤﻘﻴﺎس ﻟﺘﻮزﻳﻊ اﻟﺪهﻮن ﻓﻲ اﻟﺠﺴﻢ، ان ﻣﺤﻴﻂ اﻟﺨﺼﺮ:اﺳﺘﻨﺘﺎﺟﺎت اﻟﺒﺤﺚ
اﻟﻮزن واﻟﺴﻤﻨﺔ ﻋﻠﻰ وﻇﺎﺋﻒ اﻟﺮﺋﺔ ﺑﺎﻟﻤﻘﺎرﻧﺔ ﻣﻊ ﻣﻘﻴﺎس آﺘﻠﺔ اﻟﺠﺴﻢ واﻟﺬي ﻳﻌﺘﻤﺪ ﻋﻠﻰ وزن اﻟﺠﺴﻢ وﻃﻮﻟﻪ ﻓﻘﻂ دون اﻷﺧﺬ
.ﺑﻨﻈﺮ اﻻﻋﺘﺒﺎر ﺗﻮزﻳﻊ اﻟﺪهﻮن ﻓﻲ أﻧﺤﺎء اﻟﺠﺴﻢ وآﺬﻟﻚ آﺘﻠﺔ اﻟﻌﻀﻼت واﻟﻌﻈﺎم واﻟﺘﻲ رﺑﻤﺎ ﻟﻬﺎ اﻟﺪور اﻷهﻢ

I

t is well known in medical practice that
prediction of lung function is largely
dependent on body anthropometry especially
body height, weight, and body surface area.
Body mass index (BMI), a measure of body
weight in relation to height, is currently used to
determine how thin or fat a person is.
However, some argue that the error in the BMI
is significant and it is not generally useful in
evaluation of health (1,2). Professor Eric Oliver
from University of Chicago for political science
says "BMI is a convenient but inaccurate
measure of weight, and should be revised(3).
The National Institute of Health had recently
reported some shortcomings of BMI. Because
the BMI is dependent only upon weight and
height, it makes simplistic assumptions about
distribution of muscle and bone mass, and
thus may overestimate adiposity on those with
more lean body mass (e.g. athletes) while
underestimating adiposity on those with less
lean body mass (e.g. the elderly). A further
limitation relates to loss of height through
aging. In this situation, BMI will increase
without any corresponding increase in
weight(4).
Current studies on obesity revealed that
health may be negatively affected when
excess body fat has accumulated to a certain
extent. Respiratory system involvement

included obstructive sleep apnea, obesity
hypoventilation syndrome and asthma. Several
studies have reported a negative correlation
between BMI and forced vital capacity (FVC)
"a measure of the total volume of air that can
be forcefully exhaled" and the forced
expiratory volume in one second (FEV1), "a
measure of the maximum volume of air
expired in one second(5,6,7). Although the
influence of obesity on pulmonary function
tests (PFTs) has been examined, there are
limited studies to evaluate the association
between body fat distribution and pulmonary
function tests in overweight and moderate
obesity(8). This study was attempted to
evaluate the relationship between waist
circumference "as a measure of central
obesity in terms of body fat distribution" and
pulmonary ventilation among different body
weight groups in both sexes, in comparison
with BMI.

Subjects and methods
One hundred healthy adults (53 males and 47
females) among Mosul Medical College
students, teaching and administration staff
volunteered in the present study. Details of
age and anthropometric measurements are
shown in table (1).

Table (1): The anthropometric characteristics of subjects according to gender. Values are expressed
as range (mean± SD).
Parameter
Age (year)
Height (Cm)
Weight (Kg)
Body mass index
Waist circumference (cm)

© 2010 Mosul College of Medicine

Total (n=100)
19-69
33.75±12.74
150-183
166.64±9.43
44-123
80.41±18.42
18.5-40
29.33±5.98
58-133
95.67±18.13

Male (n=53)
19-69
36.64±13.71
150-183
172.01±8.17
47-123
88.23±16.97
19-40
30.41±5.88
64-133
102.45±15.98

Female (n=47)
19-51
30.48±10.79
150-179
160.57±6.71
44-110
71.59±15.96
18.5-40
28.11±5.93
58-126
88.02±17.48
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Subject data sheet included all personal and
health information necessary for the study.
Our study group fulfilled the following criteria:
1. No history of any significant pulmonary or
cardiac diseases. Never smoker.
2. Clear chest on physical examination.
3. Absence of any neuromuscular or
musculoskeletal disorders which could
affect spirometry test.
Anthropometric measurements: Height,
weight and waist circumference were
measured by using standard techniques as
follows: height to within 0.5 cm, without shoes;
weight to within 100 g, without heavy clothing;
and waist circumference to within 0.1 cm by
using plastic measuring tape, with the waist
defined as midway between the lowest rib and
the iliac crest as the participant breathed out
gently(9).
Spirometry: Forced vital capacity (FVC) and
forced expiratory volume in 1 second (FEV1)
were measured by using electronic spirometer
(Discovery-2 version 8B Futurmed-America
Inc.-Granada Hills, USA). Standard procedure
were adopted following the recommendations
of the American Thoracic Society (ATS) (10).
The forced expiratory vital capacity procedure
was described and demonstrated to the
subject before the test, emphasizing the tight
fit between lips and tongue and encouraging
the subject to breathe out as long and
forcefully as possible. The best of three
technically satisfactory maneuvers was
recorded. The SPSS statistical package

(windows version 8.0) was used to analyze the
data.

Results
Table (1) shows the anthropometric data of
subjects distributed according to gender. The
study groups included normal weight,
overweight as well as obese subjects for both
sexes.
The percent predicted values for lung
function parameters in both sexes are given in
table (2). As expected, all spirometric
parameters were well within the normal
predicted range (80-120%) insuring the
absence of any asymptomatic airway disease:
thus subjects perfectly fulfilled the criteria for
inclusion in the study.
Table (3) revealed a consistent negative
correlation between both waist circumference
and BMI with FVC and FEV1in both sexes.
Unlike BMI, waist circumference revealed
stronger and significant negative correlation
with lung function especially in male subjects.
Table (4): waist circumference and BMI
continued to show negative correlation with
lung function parameters FVC and FEV1 after
redistributing the study group through different
weight categories (normal weight, overweight
and obese). The relationship was weaker and
not significant in the normal weight group
compared to that of overweight and obese
groups. On the other hand, the
relation
between spirometric parameters and BMI was
weak and not significant among all body
weight categories.

Table (2): Spirometric parameters according to gender. Percent predicted values are given expressed
as range (mean±SD).
Parameter
FVC
FEV1
FEV1%
PEF
FMF

Total (n=100)

Male (n=53)

Female (n=47)

82-116
(96.97±15.55)
87-120
(93.19±15.77)
83-115
(98.33±12.31)
80-110
(95.96±9.08)
88-111
(99.63±9.2)

88-116
(93.66±13.59)
90-120
(94.49±16.87)
88-115
(101.35±8.23)
86-110
(97.38±9.57)
90-111
(101.6±9.7)

82-110
(88.7±13.88)
87-110
(91.72±14.46)
83-99
(94.91±15.07)
80-95
(94.36±8.29)
88-102
(97.41±8.12)

FVC=Forced Vital Capacity, FEV1=Forced Expiratory volume in the first second, FEV1%= Percent Forced
Expiratory volume in the first second, PEF=Peak Expiratory Flow rate, FMF=Forced Midexpiratory Flow.

© 2010 Mosul College of Medicine
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Table (3): Correlation between waist
circumference and BMI regarding their
relationship with FVC and FEV1 according to
gender.
FVC

Waist
circumference

Body mass
index

Total
(n=100)
Male
(n=53)
Female
(n=47)
Total
(n=100)
Male
(n=53)
Female
(n=47)

FEV1
R
P

r

p

-0.44

**

-0.32

**

-0.50

**

-0.46

**

-0.33

*

-0.32

*

-0.15

NS

-0.14

NS

-0.12

NS

-0.16

NS

-0.09

NS

-0.13

NS

FVC=Forced
Vital
Capacity,
FEV1=Forced
Expiratory volume in the first second.
** correlation is significant at the 0.01 level (2tailed).
* correlation is significant at the 0.05 level (2-tailed).

Table (4): Correlation between waist
circumference and BMI regarding their
relationship with FVC and FEV1 according to
body weight.
FVC

Waist
circumference

Body mass
index

Normal
weight
(n=28)
Overweight
(n=31)
Obese
(n=41)
Normal
weight
(n=28)
Overweight
(n=31)
Obese
(n=41)

FEV1
r
P

r

p

-.15

NS

-.13

NS

-.45

*

-.42

*

-.39

*

-.31

*

-.17

NS

-.04

NS

-.15

NS

-.06

NS

-.23

NS

-.07

NS

FVC=Forced
Vital
Capacity,
FEV1=Forced
Expiratory volume in the first second
* correlation is significant at the 0.05 level (2-tailed).

Discussion
Waist circumference and (BMI) are indirect
ways to assess body composition. Body mass
index (BMI) has long been used as a simple
© 2010 Mosul College of Medicine

means of assessing whether someone's
weight put their health at risk. But increasingly,
the value of this familiar measure is being
called into question because it has been found
that measurement of body fat and its
distribution may be more important (6,9). Waist
circumference
measurement
has
been
increasingly related to ill health (9). It reflects
total and abdominal fat accumulation and is
not greatly influenced by height (11). However,
other studies have shown that abdominal
adiposity is an important indicator of reduced
lung function in men; however, among women,
the relationship is less clear (12,13). In
accordance with previous studies, our results
in table (3) show a consistent negative
correlation
between
BMI
and
waist
circumference with both FVC and FEV1 in
both sexes (12,14). The reason for this
significant negative association is not entirely
clear, but it seems likely that a large waist
circumference could have mechanical effects
on lung function, that is, at least partially
affecting movement of the diaphragm and
chest wall. However, a large waist
circumference is associated with fat, a
metabolically active tissue, and other biologic
effects cannot be ruled out (5). Apart from
other spirometric parameters measured in the
present study, only FVC and FEV1 was
considered owing to their stronger predictive
power for restrictive impairment of lung
function currently observed in obesity (15,16).
Referring
back
to
table
(3),
waist
circumference
revealed
stronger
and
significant relation with FVC and FEV1 in both
sexes especially males (r = -0.50 for FVC and
-0.46 for FEV1 for waist circumference
compared to –0.12 for FVC and –0.16 for
FEV1 for BMI). This is in accordance with
RaidaI et al study (7) which reported that body
fat distribution has independent effect on lung
function that were more prominent in men than
women. In an Australian study of the effects of
body composition and fat distribution on
ventilatory function, Lazarus et al.(17)
investigated a single measurement, FVC only,
and observed that it was significantly
negatively correlated with waist circumference
in men but not in women. On the other hand,
15
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the predominance of waist circumference over
BMI might be partially explained by the study
of Han et al in 1997(11) who concluded that
height and age had limited influences on the
differences in waist among Caucasian subjects
of different stature and waist alone may be
used to indicate adiposity or to reflect
metabolic risk factors. In contrast, the
influence of height on body weight, and
consequently on BMI, was important. The
present study also enquired whether the
negative relation of BMI and waist
circumference with lung function is maintained
through different body weight categories For
that reason, subjects were regrouped into
different weight categories according to the
international classification of obesity for Asian
populations (18) as follows:
1. Normal weight group: BMI=18.5-25.
2. Overweight group: BMI=25-30.
3. Obese group (class I, class II): BMI=30-40.
Subjects with BMI ≥ 40 (class III obesity)
were excluded from the study because
measurement of waist circumference in this
category adds little to the predictive power of
BMI as most individuals with this BMI have an
abnormal waist circumference (8). In addition to
difficulty collecting such obese subjects.
Data given in table (4) reveal that the
negative relation of BMI and waist
circumference with lung function continued
through different body weight categories.
However, the relationship was stronger and
significant with waist circumference, rather
than BMI, in the overweight and obese groups.
This finding agrees with previous studied on
different lung function parameters in relation to
body fat distribution on men and women
separately which concluded that lung volumes
(Forced vital capacity FVC, Total lung capacity
TLC, Functional residual capacity FRC, and
Expiratory reserve volume ERV) were all
substantially affected in overweight and obese
subjects. Apart from impact of obesity on lung
volumes, other studies mentioned an effect of
obesity on lung diffusion as well. Prefault et al
(19)
showed a reduced DLCO and carbon
monoxide transfer coefficient in 20% of obese
persons, and it was related to the disorder in
ventilation distribution and significant decrease
© 2010 Mosul College of Medicine
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in closing volume at the end of expiration;
however, Rubinstein et al (20) found an
increase in CO diffusion.

Conclusion
Lung ventilation function is affected in
overweight and obese persons in relation to
body fat distribution especially in men.
Therefore, pulmonary function tests, especially
lung volumes, must be interpreted carefully in
this population. Accordingly, it seems
reasonable
to
consider
the
waist
circumference
measurement
before
interpreting the spirometry report of obese
subjects.
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