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REFERENCE VALUES OF BODY COMPOSITION FOR ADULT
FEMALES WHO ARE CLASSIFIED AS NORMAL WEIGHT,
OVERWEIGHT OR OBESE ACCORDING TO BODY MASS INDEX
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Objective. The aim of this study was to establish reference values for body composition as
measured by Bioelectrical Impedance Analyser (BIA) in adult females without any endocrinolog-
ical and/or metabolic disorders, according to their body mass index (BMI) grouped as normal,

overweight, obese and morbid obese.

Patients and Methods. This study was performed in a total of 327 adult females. In addition to
the estimation of their body weight, height, waist and hip circumference, their body composition
was measured by BIA. The results were statistically evaluated by a computer program usig ANO-

VA test.

Results. Together with the increase of BMI also the percentage of body fat and basal metabo-
lism (BM) increased significantly, while the percentage of body water, fat free mass as well as lean/
fat ratio showed a significant decrease. In addition, waist and hip ratio, percentage of body fat and
BM showed a significant positive corelation with BMI.

Conclusion. These results are recommended to be used as reference values for the studies on
body composition, especially to predict the degree of body fatness of obese patients and also nutri-
tional status of patients who need nutritional supports.

Key Words: Body mass index — Body composition — Bioelectrical impedance analyser — Refer-

ence values

Obesity appears an important public health prob-
lem defined as the increase of fat tissue in the body
which leads to increased morbidity and mortality and
shows negative influence on the duration and quality
of life. In addition to physiological aspects, it also shows
some social and psychological aspects (Tuzun 1999;
Korucan et al.2000). In parallel with the technological
advances the ease in obtaining, purchasing and con-
suming various kinds of food has increased. However,
in contrast, physical inactivity, consumption of more
cigarettes and alcohol, stress and weakness of the mech-

anisms for coping with stress are other environmental
factors which make it easier for obesity to develop
(BrornTORP 1993; SiERVOGEL et al. 2000). Nowadays,
increasing prevalence of obesity in all age groups of
several countries is regarded a disease which must be
treated (KorucaN et al. 2000). However, in order to
define someone as obese, his body weight, body com-
position and fat distribution in the body should be cor-
rectly determined first. It should not be forgotten that,
when using only the evaluation of body weight, there
are subjects who are accepted to be falsely obese as
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they have a lot of muscle mass. In addition, there are
others who have normal body weight but are accepted
to be obese as based on body fat composition and other
metabolic parameters (Korucan et al. 2000; BRocHu et
al. 2000). Thus, it is quite important to diagnose obesi-
ty correctly in order to prevent the organic, metabolic,
and psychosocial problems it might cause. On the oth-
er hand, the measurement of body composition is highly
helpful in understanding whether the appropriate indi-
vidual has a need for any nutritional support.

So far, several methods were developed to detect
body composition in humans (ArsLAN 1992; ELLIs
2000). Although direct methods to evaluate body com-
position do exist, they are not easily applicable in rou-
tine clinical practice. So, the applicable methods are
indirect. Among them the reliability of bioelectrical
impedance analysis (BIA), which was repeatedly con-
firmed, appears a practical method using the conduc-
tivity of the body, namely of the tissues (WAGNER and
Heywarp 2000; RosenBauM et al. 2000; Cooper et al.
2000; PicHARD et al. 2000; Lukaskr 2000; KyLE et al.
2000). However, since the body composition might vary
according to age, sex, ethnic background, nutritional
status, exercise, climate, presence of some illnesses and
administration of some drugs, it appears important to
know the body composition standards for different con-
ditions. However, there are only few reference values
available for this purpose (WaGNER and HEywarp 2000;
PicHARD et al. 2000; AtkiN and Davies 2000; KYLE et
al. 2000). Although reference values of body composi-
tion for different age groups obtained by BIA are avail-
able in the literature, there are no reference values for
body composition of healthy adults matched for age,
sex, and body mass index. Although BIA has been used
in some studies performed in our country, the number
of examined subjects was low and, in addition, the main
aim never was to evaluate the effect of the treatment
used on the changes of body composition in the inves-
tigated group of patients.

Nowadays, it is known that, in the determination of
risk factors for various chronical diseases and even for
dementia, body fat ratio and fat distribution is more sig-
nificant than only BMI. Although BMI is widely accept-
ed as a simple marker of adiposity in population-based
studies, and is recognised as an instrument to diagnose
obesity for all age groups, it should be more properly seen
as an index of weight excess, rather than body fatness
(Cerepa et al. 2007). The disadvantage of BMI measure-
ment is that it does not provide information on body com-
position or distinguish between fat and fat free-mass.

For this reason, we aimed to study how the body com-
position is being changed in relation to BMI in groups
of adult women, primarily liviving in Istanbul and to
apply the data to the patients of University Hospital in
this country. We hope that the results obtained will elu-
cidate the way for the later studies made in this area for
different diseases, different treatments or different re-
gions in this area. As a matter of fact, the results of this
study which were performed in a large group, could be
also beneficial and helpful for the other studies we made
so far (Ozenoglu et al. 2000, 2001a,b, 2004 a,b, 2006,
2007a,b). We suggest to use the results of this study as
reference values in similar studies, and also we choose
to share this study by publishing to be a countenance for
the investigators curious about the changes in the body
composition for different conditions, different groups,
different diseases and treatments in several countries.

Patients and Methods

Subjects. The examined group consisted of 327 female
subjects were included (all >18 years of age) who were
admitted to our department between 1999 and 2005 with
various complaints evaluated retrospectively. In all sub-
jects the age, sex, climate, nutrition, disease, treatment
and other variables known to be effective in body compo-
sition were evaluated. The were selected among the adult
women who had no history of any known long term dis-
ease disease and/or drug use, who lived in Istanbul and
applied to our hospital for different reasons. The partici-
pants who had not suffer from any endocrine-metabolic,
inflammatory, autoimmune, genetic or other long term
diseases disorders except of exogenous obesity, were al-
lotted to normal, overweight and obese group according
to their BMI. Mean age of subjects was 39.18+£12.02 years.
As apart of the nutritional status assessment, patients
height, weight, waist and hip circumference were deter-
mined; and the body composition measurement was per-
formed by BIA. BMI was calculated by adjusting the
known formula as weight (kg)/ height? (m?).

Examined groups. Subjects with BMI of 18.5-24.9
kg/m? were accepted to be normal, those with BMI of
25.0-29.9 kg/m? were allotted to overweight, these with
BMI of 30.0-39.9 kg/m? to obese and those with BMI
340 kg/m? to morbid obese group (Tuzun 1999; Ozeno-
GLU 2001a,b; PI Sunyer 1999; DEHooG 1996). Waist/
hip ratio (WHR) was obtained by dividing the waist
circumference by the hip circumference.

Body impedance analysis (BIA) depends on the
principle that fat is a bad conductor to the applied cur-
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Table 1
Mean values of BMI, waist and hip circumferences, and WHR in females

Degree of obesity BMI (kg/m?) Waist (cm) Hip (cm) WHR
Normal 21.52 £2.38% 69.41 +15.39™ 95.68 +£5.44™ 0.75 £0.050 ™
Overweight 27.18 + 1.35¢ 85.77 £ 6.81* 108.58 +4.57+ 0.79 £ 0.056*
Obese 34.37 £2.60 97.06 + 14.34 120.13 +10.17 0.81 +0.057
Morbid obese 46.88 +6.74 117.47 + 11.38 141.37 + 19.78 0.83 +£0.059
P 0.0001 0.0001 0.0001 0.0001

o = p<0.05: normal vs. overweight, [3 = p<0.05: normal vs. morbid obese, [ = overweight v morbid obese; p values
mean the trend and are calculated by one way ANOVA followed by Tuikey’s test

rent; however, lean body mass is a good conductor de-
pending on its content of water and electrolytes. In or-
der to determine the body impedance, two tetrapolar
electrodes are placed on the lateral surfaces of both the
right hand and the right foot while the subject is lying
down in supine position. There is a low current between
the electrodes. Depending on the amplitude of the cur-
rent, whole body water; or, in low frequencies only
extracellular water might be determined (ArsLaN 1992;
ErLis 2000; JeB 1998). As the method mainly mea-
sures body water, the hydration of the subject should
be normal. Errors in measurement might occur due to
the presence of metals on the bed or the subject, daily
variations in body weight and composition due to food
intake and exercise, intake of drugs, menstrual cycle in
females, and placing the electrodes incorrectly (ELLIS
2000). In this study, optimum care has been taken to
minimize errors in measurement and all measurements
were performed by the same observer in morning hours.
Temperature of the test room was provided to maintain
between 18-20°C. The resistance and reactance values
obtained by BIA, together with the age, sex, height and
weight of the subject were entered in a computer pro-
gramme to calculate body water, fat and lean body mass

and basal metabolism. Percentage values for body com-
position, and basal metabolism as kcal. which were
obtained automatically by a computer programme, were
mainly used in this study. Body fat and lean weight as
grams and water as liters were not included in this study.
As the body composition of females and males differ,
only female subject were taken into this study.

Statistical evaluation. ANOVA test was used in
comparing the anthropometric values and body com-
positions in percentages between groups who were
formed according to BMI.

Results

As shown in Table 1, positive interrelations between
the degree of obesity and BMI, waist and hip circum-
ferences as well as waist/hip ratio were increasing high-
ly significantly (p<0.0001). s the degree of obesity in-
creases, BMI, waist and hip circumferences also in-
creased significantly. WHR showed a parallel increase
with BMI significantly (p<0.0001). The percentages
of body water, fat mass (FM) and lean body mass
(LBM), and basal metabolism (BM) obtained by BIA
for females are in Table 2.

Table 2
Percentage of body composition and basal metabolism in females according to their BMI groups

Group Water (%) Fat mass (%) Lean-body mass (%) LBM/ EM BM (kcal)
Normal 59.61+5.01 Y& 22.78+4.58 78 77.22+4.58 8 3.58+1.16°Y%  1397.11+ 111.10°®
Overweight 52.15£3.23 # 29.69+£3.30# 70.31£3.30+ 2.35£0.37+ 1510.44+ 119.71 *
Obese 46.104+3.38T 35.01+3.251 64.99+3.251 1.8740.60" 1704.86% 135.241
Morbid obese 40.64+3.44 40.22+3.60 59.78+3.60 1.46+0.23 1978.95+ 198.62
P 0.0001 0.0001 0.0001 0.0001 0.0001

o = p<0.05: normal vs. overweight, ¥ = p<0.05: normal vs. obese, 3 = p<0.05: normal vs. morbid obese, € = p<0.05:
overweight vs. obese, |1 = overweight vs. morbid obese, = p<0.05: obese vs morbid obese; p values mean the trend and
are calculated by one way ANOVA followed by Tukey’s test
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Table 3
Correlations between various measurements in females
BMI Waist circumference Hip circumference WHR
Waist circumference 0.814%%**
Hip circumference 0.816%** 0.677%*%*
WHR 0.359%** 0.603*** 0.213%%*
Body water(%) -0.864%** -0.778*%* -0.7117%%* -0.416%%*
Fat mass(%) 0.858*** 0.769%*%* 0.696%** 0.418%**
Lean-body mass(%) -0.858*** -0.769%** -0.696%*** -0.418%***
LBM/ FM -0.681%** -0.575%** -0.548%** -0.248**
BM (kcal) 0.863%** 0.708%%** 0.755%** 0.282%**

** p<0.01, *** ise p<0.001

In parallel with the increase in BMI, the percentage
of body fat and BM increases; however, the percentag-
es of body water and lean body mass decreases signif-
icantly (p<0.0001).

The correlations of the various measurements made
in the study are shown in Table 3.

Highly significant positive correlation was found
between BMI and waist and hip circumferences and
between the percentage of body fat and BM, whereas
a negative correlation was present between BMI and
lean body mass, and the percentage of body water. In
addition, percentage of body fat had significant corre-
lation with waist and hip circumferences and WHR.

Discussion

In order to know the nutritional status, it is impor-
tant to determine the body composition which is vary-
ing according to the stages of growth and development,
age, sex, ethnicity, genetic and environmental factors,
nutritional and exercise habits, various diseases and
different therapies (DEHooG 1996; JEBB 1998; ELLIs
2000; WacNeEr and HEywarDp 2000). Nowadays, body
composition is evaluated at the anatomic, molecular,
cellular or tissue-system as well at the whole body lev-
el (WaNG et al. 1992; FULLER et al. 1992; HEYMSFIELD et
al. 1997; DEHooG 1996; BropiE ET AL 1998). Since any
direct in vivo measurements in humans cannot be per-
formed, the body composition should be determined
by indirect methods, while direct measurements might
be performed only in cadavers. Among indirect meth-
ods used in humans, there are anthropometric measure-
ments, isotope or chemical dilution, body density, con-
ductivity measurements, imaging methods, whole body
neutron activation analysis and dual-energy X-ray ab-

sorbiometry (DEXA) (WaNG et al. 1992; BRroDIE et
al.1998). Currently, BIA which depends on the con-
ductivity is one of the most preferred methods, since it
is easily performed, portable, risk free and also is more
economic when compared to other methods and yields
reliable results (DEHooG 1996; JEBB 1998; ELLIs 2000).

To predict the nutritional status of a patient and to
plan his nutritional treatment, it is helpfull to follow
the changes in body composition. Determination of the
body fat composition appears a particularly important
criterion, in understanding the risk not only for obesity
and related diseases but also for the development of
dementia. BMI, as a readily available measure of weight
excess, seems to be a good predictor of both vascular
dementia and Alzheimer’s Disease (AD) (Kivipelto et
al. 2005; Gustafson 2006; Gorospe and Dave 2007),
but this measure is limited by the lack of information
on body composition and the distribution of body fat.
Morover, several factors known to be involved in the
development of both vascular dementia and AD, such
as hypertension, insulin resistance, pro-inflammatory
molecules and atherosclerosis seem more strongly re-
lated to body fat distribution, particularly in visceral
adipose tissue (VAT) than to the BML

Regardless of BMI, patients with increased intraab-
dominal fat usually show an atherogenic lipid profile,
high fasting serum glucose and insulin level and high
blood pressure - all metabolic factors participating in
the atherosclerotic process. These factors in turn con-
tribute to the occurrence of coronary hearth disease,
stroke, as well as peripheral vascular disease (DESPRES
and LEMIEUX 2006; ScHNEIDER et al. 2007). Indeed, VAT
quantification implies imaging techniques and does not
fit in a clinical setting as easily as BMI. However, an-
thropometric surrogates, such as waist circumference
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(WC), waist to hip and waist to height ratios, and body
composition analyses with BIA are more readily avail-
able and are routinely used. In our study, highly signif-
icant positive correlation was found between BMI and
waist and/or hip circumference as well as the percent-
age of body fat. In addition, percentage of body fat
showed a significant correlation with waist and hip cir-
cumferences and WHR (Table 3).

In spite of having normal body weight, there might
be some subjects with insulin resistance, hypertension,
dyslipidemia, and above normal body fat mass (nor-
mal weight, metabolically obese) and, on the contrary,
it must not be forgotten that some others might be obese
in respect of body weight, but their metabolic parame-
ters might be normal which is contrasting to what is
being expected (obese, metabolically normal) (Koru-
gan et al. 2000; Brochu et al. 2000). On the other hand,
correct determination of the body composition in some
patients who need nutritional support for various rea-
sons is of utmost importance. Follow up of the chang-
es in body composition is useful not only for the deter-
mination of nutritional status and planning the therapy,
but also for the evaluation of the efficiency of adminis-
tered therapies in such disorders as hormones affect-
ing metabolism, diseases which make it obligatory to
use drugs affecting the metabolism, inborn disorders
of metabolism in which special diets have vital impor-
tance, inflammatory bowel diseases (IBD) which cause
deterioration of the patients’ nutritional status, chronic
renal failure, neurologic disorders, diseases like can-
cer, the presence of severe disease states or traumas.

Correct determination of the nutritional status in
patients with renal failure is important, since it is closely
related to the prognosis. In these patients, total body
water (TBW), hypertension and cardiac morbidity are
accepted to be independant prognostic markers. One
study which was planned to assess TBW and nutrition-
al status in end-stage renal failure patients, it was found
out that TBW varied greatly depending on the method
of calculation (Cooper et al. 2000).

IBD patients are frequently facing malnutrition re-
sulting either from malabsorption or decreased food
intake due to gastrointestinal symptoms. Several stud-
ies conducted in IBD patients in order to assess their
nutritional status revealed that body fat mass was sig-
nificantly decreased when compared to controls, while
the lipid oxidation rate was increased (Capristo et al.
1998, Mingrone et al. 1996, 1999). It was thought that
increased lipid oxidation and insufficient energy intake
could explain the decrement in fat mass, and it was put

forward that enteral diets relatively rich in fat might be
useful to sustain the nutritional status of these patients.

Determination of body composition is important for
some professions. It is desirable for athletes, artists,
ballet-dancers, people occupied in military and legal
jobs to keep a certain body fat standard. For instance,
Malina et al. (1982) studied the percentage and the dis-
tribution of fat of the athletes participating at Olympic
Games in Montreal in 1976. They reported that per-
centage of body fat was affected mostly by physical
activity, while the distribution of fat was dependent on
biological factors. Ity was found that the distribution
of body fat differs between whites and blacks; and that
blacks store more fat on the upper part of the trunk
when compared to whites (Wagner and Heyward 2000).
From these reasons, when determining body composi-
tion the age, sex, ethnic background, concurrent dis-
eases and therapies, nutritional habits, activity level,
socioeconomic and environmental factors should be
carefully investigated.

In order to be able of interpreting body composition
measurements, reference values formed under various
conditions are needed. However, the number of studies
about reference values obtained under various condi-
tions is limited. In this study, we aimed to determine
mean body composition values by grouping adult fe-
males according to BMI; and, we found out that the
body composition changed significantly in accordance
with BMI (Table 2). This finding shows that, while in-
terpretting the body composition of one individual, BMI
must be taken into consideration.

The first study, in which fat and lean-body mass were
determined in healthy subjects according to the sex and
age, was performed by PicHARD et al. (2000). In this
study, they attempted to determine fat and lean-body
mass in different decades by BIA, to detect changes in
these values with advancing age, and to develop per-
centile values for these parameters in a population con-
sisting of healthy whites (1838 males and 1555 females)
between 15-64 years of age. It was demonstrated that
mean fat mass and percentage of body fat in males in-
creased progressively, while in females such increase
occurred after 45 years of age. It was reported that the
data in that study could be used as a reference to eval-
uate whether the body composition of healthy and sick
subjects at certain ages was normal.

In another study (Kyle et al. 2000), 25th-75th per-
centiles of fat and lean-body mass was estimated in
4566 healthy females and males between 20-79 years
of age, the subjects being grouped into 20-39, 40-59,
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60-79 age ranges and measurements bing performed
with BIA. The authors concluded that the lean body
mass decreased and fat mass increased with age. More-
over, these reference percentile values made it possible
to interpret the results of BIA and to determine sub-
jects with abnormal muscle and fat mass.

There are different methods to assess the energy
needed for basal metabolism. One of these is indirect
calorimetry which depends on the measuring oxygen
used in biologic oxidations and gives correct and reli-
able results. However, its use is not widespread because
of the difficulties in practice. In daily life, to calculate
the energy requirements, methods which can be ap-
plied more practically and which depend indirectly on
the measurement and calculation are used. In our study,
it was found that energy for basal metabolism detected
by BIA increased significantly in parallel with the in-
crease in BMI (Table 2).

Barot et al. (1982) compared the measured resting
energy expenditure (REE) in 12 IBD patients, nine of
them having Crohn’s disease, with a calculated formu-
la according to Harris Benedict equation. They found
that there was no significant difference between these
two values in patients having >90 % of ideal weight,
while those with <90 % of ideal weight were hyper-
metabolic when compared to controls. Stokes and Hill
(1993) reported that resting metabolic rate detected by
measurement in 13 active Crohn’s patients was 14
% higher than that found by calculation.

Recently, we compared BM measured by BIA and
calculated by adjusting Harris Benedict equation in fe-
male patients with active IBD and women with normal
weight according to BMI (OzenocLu et al 2004), and
found that the value obtained by a direct measurement
was significantly higher than that obtained by
calculation (respectively, 1325.75+122.92 kcal vs.
1272.82+102.67 kcal, p=0.02). In this study in which
healthy women matched for age and BMI served as
controls, BM in the control group was significantly
higher than the calculated value (respectively,
1451.88+83.5 kcal vs. 1323.27£74.65 kcal, p<0.0001).

In another study (Ozenoglu et al. 2001), when com-
paring BM in healthy adult females and males with
normal weight by two different methods, we found that
in both sexes BM measured by BIA was significantly
higher than that calculated by Harris Benedict formula
(p<0.0001). In a different study (OzenocLuU et al. 2000)
we compared BM found by two different methods in
females who were either of normal weight, overweight
or obese according to BMI, had no endocrine-meta-

bolic disorder and no history of any drug usage; the
results revealed that BM measured by BIA was signif-
icantly higher than that calculated by Harris Benedict
equation (p<0.0001). Depending on the results that we
obtained in these studies, we concluded that not only
in healthy subjects, but also in patients with metabolic
diseases, the methods used to determine the body com-
position and basal metabolism based on direct mea-
surement might be more reliable in predicting energy
needs and planning nutritional therapy.

Obesity which is a major health problem in several
developing and developed populations, is an indepen-
dant risk factor for the development of coronary artery
disease (CAD). In addition0, obesity increases the risk
of CAD by its relation to insulin resistance, hyperte-
nion and dyslipidemia (PI Sunyer 1999; Siervogel et
al. 2000; Brochu et al 2000). Determination of body
fat is important in defining obesity which might im-
pair quality of life and cause increased morbidity and
mortality. Although such techniques as computed to-
mography (CT) and magnetic resonance (MR) make it
possible to evaluate regional body fat distribution and
abdominal fat depositions, their use for clinical and
epidemiological purposes is limited by their high ex-
penses. The determinants of body fat distribution, like
WHR, waist diameter, sagittal diameter, are important
alternatives in defining individuals with high risk.

WHR is a simple, useful and sensitive index of body
fat distribution. By using this anthropometric index
Bray and Gray (1998) put forward that WHR >0.95 in
males and WHR >0.85 in females might be useful for
the detection of high-risk subjects. Similarly, PauLioT
et al. (1994) reported that WHR >0.85 in females and
WHR>1.0 in males might be related to the changes in
glucose-insulin homeostasis and lipid-lipoprotein me-
tabolism. It was concluded that waist circumference
determined by CT and MR appeared a better indicator
of visceral fat than WHR (Korucan et al. 2000; Bro-
cHu et al. 2000). It is accepted that independently of
BMI and WHR, a waist circumference >80 cm in fe-
males and >94 cm in males increase the risk for com-
plications of obesity and mortality (ALBERTI et al 2006).
Under the light of this knowledge, females in our study
who were in obese groups (BMI >30.0 kg/m?) accord-
ing to BMI are accepted to have risk for obesity-relat-
ed diseases (Table 1). As waist circumference and BMI
show a very strong relation to the percentage of body
fat, while that of WHR is only weak, this confirms that
waist circumference is a more sensitive indicator (Ta-
ble 3).
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It is known that fat tissue forms 20-25 % of body
weight in an adult female and 12-15 % of that in a male
(DE Hooc 1996; Tuzun 1999; PI Sunyer 1999). Obesity
is accepted to be present when body fat exceeds 30 % in
females and 20 % in males. The results of this study are
compatible with available literature both for body com-
position and body circumference measurements.

In conclusion, correct determination of nutritional
status of an individual is important for planning thera-
py under various conditions and for evaluating
efficiency of administered therapies. Measurements
which depend only on height and weight are usually
misleading and insufficient in evaluation of the nutri-
tional status. However, as it is unfeasible to determine
body composition in the clinical practice, there is need
to develop the standards of methods of indirect
measurement.Body composition might show variations
according to age, sex, ethnic features, nutritional sta-
tus, genetic and environmental factors, level of exer-

cise, and even the presence of various diseases and
administered therapies. For this reason, whenever the
body composition of one individual is to be interpret-
ed, it will be useful to use reference values formed un-
der standardized conditions. In addition; whenever there
is no possibility of determining the body composition
of the individual, the usage of references in order to
predict his nutritional status approximately will lead to
more reliable results. To achieve this, it is obvious that
standardized indirect measurement must be developed
for both healthy individuals and stages of the disease.
We assume that the results of this study which was the
first to evaluate body composition by BIA in groups
matched for age, sex, and BMI- might be used as refer-
ence values. We also think that diet and exercise pro-
grams should be used for the treatment of obesity which
is defined as excess fat tissue in the body; and the effi-
cacies of diet and medications should be followed up
with measurements of body composition.
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