
Introduction

Obesity and ischaemic heart disease are both

among the most common diseases observed in de-

veloped countries. The close relationship between

obesity and early coronary heart disease, non-

insulin dependent diabetes mellitus and dyslipi-

demia is already well established (1). Obesity is

also found responsible for respiratory system dis-

orders (2,3). In many obese people respiratory

function tests and arterial CO2 levels are generally

normal, but specific changes can be observed in

the respiratory mechanics and gas exchange (4).

Hypoventilation, hypercapnia and somnolence
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may be present in some of the patients (5). As a

result of these changes, obstructive sleep apnea

and obesity related hyperventilation syndrome can

develop. Burwell and et al. termed a syndrome of
gross obesity, somnolence, periodic breathing,

cyanosis, right heart failure, raised PaCO2 and

polycythaemia as ‘Pickwickian syndrome’ in the

honour of the fat boy Joe in Dickens’ Pickwick

Papers who displayed some of those features (6). 

Lung capacity is reduced in obese people; especi-

ally when they are in the supine position, expira-

tory reserve volume (ERV) is decreased (7). In

some obese patients respiratory function tests were

reserved better than expected due to the increase in
muscle volume (8,9). Respiratory function tests

have been applied to many obese patients but the

effect of body fat distribution on these tests is not 
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mornings while the patients were seated. Among

all the respiratory function test parameters, vital

capacity (VC), forced vital capacity (FVC), forced
expiratory volume in 1 sec (FEV1), FEV1/FVC,

maximum expiratory flow as 25% and 50% of vi-

tal capacity is forced (FEF 25%, FEF50%), total

lung capacity (TLC), residual volume (RV), func-
tional residual capacity (FRC), expiratory residual

volume (ERV) and inspiration capacity (IC) were

mainly analysed as these parameters are widely

used in obesity studies. 

The weight of the patients was measured with a

classical weight beam scale and height with a sta-

diometer. All the measurements were taken with
house clothing without shoes in the fasting pati-

ents. Body mass index was calculated by dividing

the weight in kilograms into the square of height in

meters. All the circumferences were measured
with a nonelastic meter while the patients were in

an upright position. Waist circumference was the

smallest diameter between the costae and the pro-

cessus spina iliaca anterior. Hip circumference was
the largest diameter between the gluteus maximus

at the back and symphsis pubis at the front (11).

Waist/hip ratio (WHR) was calculated by dividing

the waist circumference into hip circumference,
both in centimeters. Midarm circumference was

measured on the midpoint between the acromion

and olecranon and the neck circumference was

measured just beneath the laryngeal protrusion
(12). 

The skinfold thicknesses (sft) were measured on

the non dominant side of the body. Biceps sft was

measured directly on the biceps muscle; triceps sft
was measured directly on the posterior triceps

muscle between the acromion and olecranon proc-

cessus. Suprailiac sft was measured on the mid-

axillary line and umbilical sft was measured 3-4
cm’s next to the umbilicus on the horizontal plane.

Subscapular sft was measured just beneath the

scapula. Skinfold thickness was assessed with a
Lange skinfold caliper in milimeters (13).

Patients with WHR less than 0.80 were grouped as

peripheral obesity group (POG) and patients with

WHR equal to or greater than 0.80 were grouped
as central obesity group (COG). Patients with BMI

greater than 40 kg/m2 were defined as morbidly
obese.

fully established. The respiratory function test re-

sults are expected to detoriate more in patients

with upper body obesity (android, central obesity)
than in patients with lower body obesity (gyneoid,

peripheral obesity) (10). The increase in abdominal

fat mass acting on the diaphragm might also be ex-
pected to alter respiratory function (7,9). The aim

of the present study was to investigate the effect of

total body fat and its distribution on respiratory
functions in obese female patients.

Materials and Methods

One hundred sixteen female patients being fol-

lowed up at the Obesity Outpatients’ Clinic of the
Internal Medicine Department were included in the

study. None of the patients had a history of

smoking or a respiratory disorder. Obesity was
defined as a body mass index (BMI) greater than

27 kg/m2. The age of the patients varied between
14 and 65 with a mean of 36.1 ± 11.4 years (me-
dian 36.0). The mean BMI of the patients was

36.72 ± 6.05 kg/m2. 

Forty two females among the medical students and

staff of the Faculty were included in the study as
the control group. The mean age of the control

group was 26.60 ± 6.72 (median 26.00) years. The

mean BMI of the control group was 22.16 ± 1.56

kg/m2. 

After taking medical history and performing a

physical examination, demographical (age, maxi-
mum and minimum blood pressure), anthropo-

metric (height, weight, BMI, waist and hip circum-

ferences, waist/hip ratio, midarm and neck circum-

ferences), and plicometric (triceps, biceps, suprai-
liac, supscapular and umbilical skinfold thicknes-

ses) parameters were investigated. After a fourteen

hour overnight fasting blood samples were taken
for the evaluation of biochemical and hematolo-

gical parameters (serum glucose, creatinine, uric

acid, cholesterol, HDL-cholesterol, LDL-choleste-
rol, VLDL-cholesterol, triglyceride, fructosamine

and hemoglobin, hematocrit and erythrocyte vo-

lume) both in the obese patient and the control

group.

Spirometry was performed by the Respiratory

Diseases Department using a calibrated ‘Sensor

Medics 2400, Bilthover, Netherland’ during the 
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Results

A. Obese patients and normal control group: Age,

weight, BMI, waist and hip circumference, WHR,

triceps, biceps, suprailiac, umbilical and subsca-

pular sft, midarm and neck circumferences, serum

glucose, fructosamine, cholesterol, VLDL-choles-

terol, tryglyceride, uric acid and creatinine levels

were significantly higher in the obese patient

group. There was no difference in hematological

parameters between the control and obese patient

group. Forced vital capacity, FEV0.5, FEV3, maxi-

mum expiratory midflow (FEF 25-75%), FIV1/

FIVC, VC, FRC and ERV were significantly lower

in the obese patient group than in the control group

(Table1).

The blood pressure was measured with a standard
anerobic sphingomanometer after three minutes

rest. Biochemical parameters were evaluated with
a DAX-72 autoanalyzer and hematological para-
meters with a H-2 hemogram analyzer at the cent-

ral biochemical laboratory.

The demographic, spirometric, biochemical and

hematological parameters of the normal control
group and obese patients, mildly and morbidly
obese patients as well as POG and COG patients

among themselves were compared. 

The statistical analysis was performed with a

dBase IV V 2.0 (Borland, USA) and SPSS (Sta-
tistical Package for Social Sciences)/PC plus V 4.0
(SPSS Inc, Chicago, Illinois, USA) using unpaired

t-test and regression analysis.
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Table 1.  The anthropometric, biochemical and respiratory parameters in obese patients and control group.

Obese Normal control   p ≤

patients   group

Age (years) 36.16 ± 11.37 26.60 ± 6.72 0.001*

Weight (kg) 88.84 ± 15.36  55.67 ± 4.82 0.001*

BMI (kg/m2) 36.72 ± 6.05 22.16 ± 1.56 0.001*

Waist circumference (cm) 97.02 ± 12.82 70.40 ± 5.36 0.001*

Hip circumference (cm) 120.79 ± 11.55 98.29 ± 4.97 0.001*

WHR 0.80 ± 0.07 0.72 ± 0.04 0.001*

Triceps Sft (cm)     3.28 ± 0.89 1.40 ± 0.51 0.001*

Biceps Sft (cm) 2.72 ± 0.90 0.82 ± 0.40 0.001*

Suprailiac Sft (cm) 4.06 ± 1.22 1.94 ± 0.66 0.001*

Umbilical Sft (cm) 4.45 ± 1.15 2.10 ± 0.76 0.001*

Subscapular Sft (cm) 3.75 ± 1.20 1.38 ± 0.40 0.001*

Neck circumference (cm)   38.33 ± 2.65   33.20 ± 6.85 0.001*

Midarm circumference (cm) 34.62 ± 3.96 26.95 ± 9.85 0.001*

Glucose (mg/dL) 102.75 ± 25.25 88.86 ± 8.22 0.001*

Fructosamine (mmol/L)     2.28 ± 0.33 2.17 ± 0.19 0.045*

Cholesterol (mg/dL) 208.78 ± 40.14 186.60 ± 53.80 0.006*

VLDL-cholesterol (mg/dL) 35.03 ± 21.16 22.50 ± 35.93 0.008*

Tryglyceride (mg/dL) 175.16 ± 105.78 112.50 ± 179.67 0.008*

Uric acid (mg/dL) 4.56 ± 1.37 3.20 ± 0.80 0.001*

Creatinine (mg/dL) 0.92 ± 0.11 0.88 ± 0.09 0.024*

FVC (L)  3.29 ± 0.61 3.50 ± 0.60 0.045*

FEV0.5 (L)  2.06 ± 0.41 2.28 ± 0.38 0.026*

FEV3 (L) 3.14 ± 0.64 3.54 ± 0.62 0.013*

FEF25-75% (L/san) 3.06 ± 0.89 3.62 ± 0.95 0.001*

FIV1/FIVC (%) 82.81 ± 8.89 87.38 ± 7.66 0.004*

VC (L)     3.30 ± 0.58 3.69 ± 0.60 0.022*

FRC (L)     2.66 ± 1.72 3.11 ± 0.66 0.040*

ERV (L) 0.72 ± 0.32 1.22 ± 0.28 0.001*



B. Mildly and morbidly obese patients: Age,

weight, BMI, waist and hip circumference, WHR,

triceps, biceps, suprailiac, umbilicus and subsca-

pular sft’s, midarm and neck circumferences,

maximum and minimum blood pressures, serum

glucose levels were significantly higher in the mor-

bidly obese patients (Table 2). Vital capacity was

3.37 ± 0.55 L for mildly obese and 3.11 ± 0.65 L

for morbidly obese patients (p=0.05). Functional

residual capacity was 130.05 ± 123.01% for mildly

and and 90.44 ± 68.18% for morbidly obese

patients (p= 0.012). Expiratory reserve volume

was significantly lower in the morbidly obese

patients (0.48 ± 0.22 L, p<0.001). Serum fructosa-

mine, cholesterol, VLDL-cholesterol, tryglyceride,

uric acid and hematological parameters did not

differ between the two groups.

C. Centrally and peripherally obese patients:

Weight, BMI, waist circumference, WHR, triceps

and subscapular sft’s midarm and neck circumfe-

rences, maximum and minimum blood pressure,

serum glucose,VLDL-cholesterol, tryglyceride and

uric acid levels were significantly higher in the

centrally obese group (Table 3). Age, height, hip

circumference, biceps, suprailiac and umbilical

sft’s, serum fructosamine, cholesterol, HDL-, LDL-

cholesterol, creatinine and hematological para-

meters were not significantly different between the

two groups (Table 3). Among all the other tests,

only expiratory reserve volume (0.66 ± 0.36 L for

centrally, 0.79 ± 0.26 L for peripherally obese pa-

tients, p=0.023) and FRC were significantly lower

in the centrally obese group (98.56 ± 52.63% for

centrally obese and 143.67 ± 151.09% for periphe-

rally obese patients, p= 0.038). 

D. Significant correlations between anthropometric

parameters and respiratory function tests are shown

in Table 4. There was a negative correlation bet-

ween BMI and FEF50%, FVC and ERV, between

WHR and FVC, ERV, VC and FEF50%. There
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Table 2.  The anthropometric, biochemical and respiratory parameters in mildly and morbidly obese patients.

Mildly obese Morbidly obese p ≤

 patients patients

Age (years) 35.08 ± 11.34 39.13 ± 11.11 0.090

Weight (kg) 82.18 ± 9.88 107.13 ± 12.62 0.000*

BMI (kg/m2)   33.76 ± 3.49 44.85 ± 3.60 0.000*

Waist circumference (cm) 91.46 ± 7.93 112.26 ± 11.25 0.000*

Hip circumference (cm) 115.68 ± 7.35 134.81 ± 9.11 0.000*

WHR     0.79 ± 0.06     0.84 ± 0.07 0.002*

Triceps Sft (cm) 2.98 ± 0.72     4.09 ± 0.14 0.000*

Biceps Sft (cm)     2.43 ± 0.74     3.52 ± 0.84 0.000*

Suprailiac Sft (cm)     3.81 ± 1.04     4.76 ± 0.26 0.000*

Umbilical Sft (cm)     4.18 ± 1.04     5.22 ± 1.11 0.000*

Subscapular Sft (cm)     3.42 ± 0.97     4.86 ± 1.25 0.000*

Neck circumference (cm)   37.60 ± 2.46   40.40 ± 2.03 0.000*

Midarm circumference (cm)    33.34 ± 3.19   38.87 ± 3.29 0.000*

Glucose (mg/dL)   99.58 ± 12.57 111.23 ± 43.23 0.000*

Fructosamine (mmol/L)     2.24 ± 0.25     2.37 ± 0.47 0.099

Cholesterol (mg/dL) 207.71 ± 40.79 211.65 ± 38.83 0.643

VLDL-cholesterol (mg/dL)   32.77 ± 21.81   41.03 ± 18.22 0.064

Triglyceride (mg/dL) 163.83 ± 109.20 205.13 ± 91.08 0.064

Uric acid (mg/dL)     4.49 ± 1.37     4.71 ± 1.37 0.478

Creatinine (mg/dL)     0.94 ± 0.11     0.88 ± 0.09 0.022*

FVC (L)     3.36 ± 0.56     3.09 ± 0.71 0.034*

VC (L)     3.37 ± 0.55 3.11 ± 0.65 0.050*

FRC (%) 130.05 ± 123.01   90.44 ± 68.18 0.012**

ERV (L)     0.80 ± 0.31     0.48 ± 0.22 0.001*



Table 3.  The anthropometric, biochemical and respiratory parameters in centrally and peripherally obese patients.

Peripherally obese    Centrally obese p ≤

 patients patients

Age (years) 34.69 ± 11.54 37.53 ± 11.14 0.181

Weight (kg) 86.41 ± 15.27 91.12 ± 15.22 0.099

BMI (kg/m2)   35.29 ± 5.78 38.06 ± 6.04 0.013*

Waist circumference (cm) 90.29 ± 9.28 103.30 ± 12.53 0.000*

Hip circumference (cm) 120.50 ± 10.84 121.07 ± 12.26 0.793

WHR     0.75 ± 0.04     0.85 ± 0.45 0.000*

Triceps Sft (cm) 3.11 ± 0.84     3.44 ± 0.90 0.042*

Biceps Sft (cm)     2.57 ± 0.79     2.86 ± 0.98 0.081

Suprailiac Sft (cm)     3.87 ± 1.19     4.24 ± 1.23 0.108

Umbilical Sft (cm)     4.43 ± 1.29     4.47 ± 1.00 0.834

Subscapular Sft (cm)     3.40 ± 1.11     4.11 ± 1.18 0.003*

Neck circumference (cm)   37.09 ± 2.51   39.45 ± 2.27 0.000*

Midarm circumference (cm)    33.84 ± 3.71   35.40 ± 4.09 0.048*

Glucose (mg/dL)   96.45 ± 11.71 108.61 ± 32.29 0.010*

Fructosamine (mmol/L)     2.22 ± 0.27     2.33 ± 0.37 0.103

Cholesterol (mg/dL) 202.33 ± 38.97 214.80 ± 40.60 0.098

VLDL-cholesterol (mg/dL)   29.27 ± 22.22   40.30 ± 18.82 0.005*

Triglyceride (mg/dL) 146.37 ± 111.07 201.51 ± 94.10 0.005*

Uric acid (mg/dL)     4.26 ± 1.46     4.86 ± 1.21 0.031*

Creatinine (mg/dL)     0.93 ± 0.10     0.92 ± 0.11 0.547

FVC (L)     3.34 ± 0.51     3.24 ± 0.69 0.357

VC (L)     3.34 ± 0.50 3.27 ± 0.65 0.539

FRC (%) 143.67 ± 151.09   98.56 ± 52.63 0.038*

ERV (L)     0.79 ± 0.26     0.66 ± 0.36 0.023*

was also a negative correlation between weight

and both FEF50% and ERV. There was no parti-

cular correlation between neck circumference and

these parameters (data not shown).

Table 4.  The significant correlations between respiratory functions

and anthropometric measurements.

Weight BMI WHR

(kg) (kg/m2)

FVC (L) r:-0.0551 r:-0.1859 r:-0.2133

p=0.491 p=0.019* p=0.007*

FEF25%(L/san) r:-0.1036 r:-0.1602 r:-0.0869

p=0.226 p=0.061 p=0.311

FEF50%(L/san) r:-0.1572 r:-0.2208 r:-0.1821

p=0.049* p=0.005* p=0.022*

VC (L) r:-0.0199 r:-0.1804 r:-0.2171

p=0.827 p=0.046 p=0.016*

ERV (L) r:-0.4240 r:-0.5562 r:-0.3994

p<0.001* p<0.001* p<0.001*

Discussion

Starting from 1936 with Kerr and Lagen, attention
has been given to the fact that  some obese persons

develop respiratory signs and symptoms (14).
Later, in 1956, ‘Pickwickian syndrome’ was defi-

ned but still, disturbances in respiratory function in
obese subjects were under investigation. Especi-

ally after 1990, increased risk of cardiovascular
and metabolic diseases associated with obesity led

to more detailed studies of total body fat content
and the effects of its distribution.   

As Raison (19) indicated, the most encountered
disturbances in respiratory function associated

with obesity are the reduction in FRC, ERV and
hypoxaemia. We also found that, FRC, VC and

ERV were significantly lower in the obese pati-
ents, than in the control lean group. Expiratory re-

sidual volume is one of the most sensitive res-
piratory function tests applied to obese people and

it is nearly always decreased among them (14,15). 
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The decrease in ERV increases the inspiratory

force leading to Pickwickian syndrome at the end.
The deterioration of chest wall compliance in
obese persons negatively affects the respiratory

functions. Upper airway resistance may also incre-
ase in them but we could not establish any correla-

tion between neck circumference and the respira-
tory functions. Inspiratory functions are generally
mainted as observed in our groups (16,17). 

In the age-matched mildy and morbidly obese pa-
tients, FRC, ERV and VC were markedly reduced

in the severely obese patients with BMI over 40.
This finding was consistent with Raison’s (19) and
Collins’s (18) observations. 

In the centrally obese patients only a decrease of
ERV, indicating a restrictive type of abnormality

in respiratory functions, was observed when com-
pared to the peripherally obese age matched group.
A greater deterioration of respiratory functions is

expected in centrally obese patients than in perip-
herally obese patients because the abdominal fat

limits the movement of the diaphragm. In a study
of obese male patients (18), FVC, FEV1 and TLC
were found to be significantly lower in patients

with upper body obesity.

The limited change in respiratory function tests in

our centrally obese patients could be a result of the
anthropometric parameters used. The measurement
of body fat distribution depending on the WHR

scala may not truly reflect the intrathoracic fat de-
position. 

In our study reductions in FVC1, FEF25%, FEF
50% and VC are related to the degree of obesity
i.e., higher BMI or weight levels are associated

with lower FVC, FEF25%, FEF50% and VC. As
an index of abdominal fat distribution, WHR cor-

relates negatively with both FVC and VC.

In conclusion, the amount and distribution of body
fat contribute to alterations in respiratory function

tests in obese females but, excluding central and
morbid obesity, deterioration of respiratory func-

tion tests in obese female patients could point to an
intrinsic pulmonary disease.
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