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BiYOELEKTRIKSEL EMPEDANS ANALIZi KULLANILARAK
KADINLARDAKI VUCUT YAG ORANI iLE KALP HASTALIGI ARASINDAKI
ILISKININ INCELENMESI

YUKSEK LiSANS TEZI
HALIZ ABDULRAHMAN HUSSEIN
OZET

Glinlimiizde, kardiyoviskiiler hastalik (CVD) insan Oliimlerinin 6nden gelen
sebeplerinden biridir. Viicuttaki yag dagilim sekli CVD risk faktorii ile kesitsel olarak
baglantilidir. Obeziteden kaynaklanan fazla viicut yagi1 bir ¢ok kronik hastaliklar i¢in risk
faktorii erken kardiyovaskiiler hastalik i¢in bir yatkinlik olarak kabul edilir. Bu tezin
amaci, Biyoelektrik Empedans Analiz (BIA) yontemini kullanarak belirli bir yas
araligindaki kadmlarm kalp hastalig1 riski (CVD) ile obezite (Yag dagilimi) iliskisini
belirlemektir.

Calismada 30-75 yas araliginda bulunan Kuzey Irak’in Duhok kentinden 209 kadin
iizerinde viicut yag oranin (BF) bel-kalca cevresinin orani (WHR) ile olan iligkisi
incelendi. Duhok’taki arastirma hastanesi ve laboratuarindan 209 hastanin tansiyonu
degerleri (SBP, DBP), antropometrik parametreler (BFR,WHR ve BMI) ve biyokimysal
Olcumleri (Seker, LDL-C, HDL-C, trigliserit seviyeleri ve Friedel denkleminden elde
edilen toplam kolestrol) alindi. Istatiksel analiz icin hastalar yaslarma gore iic gruba
ayrildilar. Calismada oOncelikle, obezite goriinlimii i¢in bel ¢evresi (WC), kalga gevresi
(HC), bel ve kalga oran1 (WHR), viicut kiitle oran1 (BMI), BIA kullanilark {ist ve alt viicut
yag yiizdesi (BF%) belirlendi and daha sonra BFR hesaplandi. CVD risk faktorleri (
tansiyon, seker, Trigliserid, Toplam kolestrol seviyesi, LDL ve HDL) belirlendi ve
aralarindaki iligki yas oranlarina gore istatistksel olarak incelendi. Bunlar arasindaki
iligkiyi belirlemek i¢in, her antropometrik parametre ile CVD risk faktorlerini hesaplayan
SPSS Version 20 istatiksel programi kullanild1.

Antropometrik parametre degerlerinin (BFR, WHR and BMI) artmasi ile % CV
risk faktoriinlerinin arasinda onemli derecede bir koralasyon oldugu tiim antropometrik
Olciimleri gosterdi. Ayrica, yasin ilerlemesi ile beraber %CV ve kardiyoviskiiler risk
faktorii de artmaktadir. Sonug olarak, bu li¢ anthropometrik parametre (WHR, BFR and
BMI) ile %CVD arasinda yakin bir iliski oldugu ve bu anthropometrik élgiimlerin, CV
risk faktorii arasinda da oldukga giiclii bir baginti oldugu bulundu.
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A STUDY TO DETERMINE THE ASSOCIATION OF BODY FAT RATIO WITH
HEART DISEASE RISKS IN WOMEN BY BIOELECTRICAL IMPEDANCE
ANALYSIS
(M.Sc. THESIS)

HALIZ ABDULRAHMAN HUSSEIN
SUMMARY

Nowadays, Cardiovascular disease (CVD) is one of the leading causes of mortality
of human. Body fat distribution has been cross-sectionally associated with CVD risk
factors. The excess body fat associated with obesity is considered a risk factor for many
chronic diseases and a predisposition to premature cardiovascular disease (CVD). The
purpose of this thesis is to determine the correlation of obesity (fat distribution) with heart
diseases risk of women in a certain age range by using Bioelectrical Impedance Analysis
(BIA) method.

The study is carried out to estimate the correlation of body fat ratio (BFR) with
waist— hip circumference ratio (WHR) on 209 Iraq women at ages 30-75 years in Duhok
city of Northern Iraq. The data of blood pressure (SBP,DBP), anthropometric parameters
(BFR, WHR, and BMI) and biochemical measurements ( fasting glucose (DM), LDL-C
and HDL-C levels, triglyceride levels, and total cholesterol which determined by
Friedewald equation were collected for the 209 subjects from the teaching hospital and
laboratory in Duhok. They were categorized according to their ages for the statistical
analysis. In the study, prevalence of obesity is first determined using waist circumference
(WC), hip circumference (HC), waist to hip ratio (WHR), body mass index (BMI) and
percent of body fat (BF%) upper and lower from BIA method and then BFR are evaluated.
The CVD risk factors ( Blood pressure, fasting plasma Glucose, Triglycerides, Total
cholesterol level, Low and High- density lipoprotein cholesterol level (LDL, HDL)) are
assessed, and their relationships were statistically examined according to the age group.
The correlation statistics is run for determining each anthropometric parameter with the
CVD risk factors by using SPSS Version 20.

The results showed that all anthropometric measurements were significantly
correlated with CV% risk factors with increasing anthropometric parameters (BFR, WHR
and BMI). It was also obtained that high risks of CV% factors as well as cardiovascular
risk factors increased with the ages. In conclusion, it was found that the three
anthropometric indexes (WHR, BFR and BMI) were closely related to CVD risk factors
and all anthropometric measurements were high significantly correlated with CV risk .
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1. INTRDUCTION
1.1. Overview

The increased focus on the study of human body is today closely related to health
problems such as obesity [1]. Obesity and overweight are currently considered major
public health problems both in developed and developing countries. The risk increases
with increasing adiposity which may lead to many diseases at any age. The prevalence of
obesity is high and increasing in developed regions like Europe, the United States, and
Oceania. This problem is today seen to affect the population of many countries in the
western world [2-5], and is gradually reaching to epidemic proportions in the 21st century.
This is apparently causing an epidemiological transition where there is a shift towards an
increase in non-communicable diseases and decline in communicable diseases [6,7]. It has
been reported that the major reasons of overweight and obesity are the lack of physical

activity and excess nutrition intake [8,9].

Adiposity has proven to be an important risk factor for cardiovascular disease
(CVD) [10,11]. The World Health Organization (WHO) reported cardiovascular diseases
to be death cause number one globally with 29% of all-cause deaths, corresponding to 17.1
million people in 2004 [12]. Researchers found that these mortality rates to be closely
associated with certain CVD risk factors [10,13].

In addition, obesity has been found to be one of the crucial risk factors of
cardiovascular diseases in the general population [14]. Cardiovascular diseases is,
nowadays, the leading cause of death for men and women both in the developed and
developing countries [15]. Although the prevalence of some CVD risk factors has
decreased economically in developed countries, the corresponding prevalence has
increased in economically developing countries like India [16,17]. It is estimated that half
of all cardiovascular deaths in India occur in the working-age population compared with
nearly one quarter in high-income countries [18]. The cardiovascular risks for men and
women could be associated with many factors such as age, smoking, hypertension, diabetic

and obesity [17].

Obesity is defined as a condition where there is an excess of body fat, and there are
several devices/methods to measure total body fat and its distribution [19,20]. Obesity lone
regards as cardiovascular risk factors, and there is also a relationship between obesity and

hypertension. Even in healthy young people who are obese, some degree of myocardial



dysfunction has been demonstrated echo cardio graphically which tends to be reversible
with weight loss [21]. Though numerous studies have examined the CVD risk factors in
young adult population in Iraq, the emphasis was mainly related to clinical cases in most of

these studies [22-24].

The classic risk factors for heart disease in the general population can be listed as
age, gender, family history of premature cardiovascular disease, and high fasting glucose
(diabetes mellitus), hypertension, smoking, high total and low-density lipoprotein (LDL-C)
levels, low high-density lipoprotein cholesterol (HDL-C) levels, high triglyceride levels,
and abdominal obesity [10,25]. The relation of obesity with diseases can be further
characterized by measuring the distribution of body fat. For example, an increased waist-
to-hip circumference ratio reflecting greater abdominal adiposity is associated with an
increase in hypertension [26-30]. Central distribution of body fat which suggests excessive
deposition of intra-abdominal fat is also found to be an important predictor of

cardiovascular risk [31, 32].

In recent studies of women [30] and men [33] in Gothenburg, Sweden, the waist-to-
hip ratio was also significantly higher in subjects who sustained a stroke than in those who
did not. An elevated waist-to-hip ratio has been further associated with increased rates of
coronary heart disease [28,30], and diabetes mellitus (DM) [28,34]. Most studies use
anthropometric measures to measure adiposity. Waist circumference (WC) and waist- to -
hip ratio (WHR) have been used as a measure of central obesity (where visceral adipose
tissue is stored), and body mass index (BMI) (Kg/m®) has been used as a measure of
general obesity [35]. However, after adjustment for these conditions, central body fat
distribution can be estimated from WHR. Anthropometric measurement still plays an
important role in clinical practice. As stated above the BMI is often used to reflect total
body fat amounts while the waist circumference, waist- to- hip ratio, and waist to height

ratio (WHtR) are used as surrogates for body fat centralization [ 36,37].

Though a number of techniques are available to measure body fat, anthropometry is
the simplest and most practical. Among them BMI gives a reasonable estimate of
adiposity. Use of BMI eliminates the problem of frame size and also allows classification
of overweight and obesity to be established. This provides a rational scheme for treatment.
Recently non HDL-C has been suggested as a better tool for the assessment of

cardiovascular risk and treatment than LDL-C [38].



A significant positive correlation of BMI and WHR with blood pressure was found
among affluent Punjabi girls of Delhi [39]. There are various anthropometric indices which
define obesity with relative ease and accuracy like BMI, WHR, WHtR and WC.
Accumulating evidences have elucidated that BMI and WHtR can serve as valuable
prognosticators for cardiovascular risk. A study conducted on Singaporean adult females
demonstrated that WHtR can act as a best screening tool for cardiovascular risk [40].
Another study also reported that WHtR is a simple and effective screening tool for
cardiovascular risk factors in both men and women [41]. WHR was reported to be
secondary to BMI as a predictor of cardiovascular risk in Canadian adult men and women
[42]. In Japanese men and women WHtR was found to be a better predictor of metabolic

risk as compared to other anthropometric indices [43].

A study conducted on a group of adult males and females in Taiwan, an increase in
BMI, WC, WHR, and WHtR was obtained for a higher risk of hypertension, diabetes,
dyslipidemia and impaired fasting glucose [44]. BMI and WC showed a significant
association with hypertension and WHR with diabetes 2 among adult males in Chennai,
India [45]. BMI and WC were reported to be useful screening tools among young obese
women to detect early cardiovascular risk [46]. BMI was reported to be more detrimental
to cardiovascular health among Aggarwal baniya females whereas among males it was

WHR [47].

General measures of obesity (weight, BMI, and percent body fat) and measures of
central fat distribution (waist circumference, waist-to-hip ratio, waist to thigh ratio, and
waist to height ratio) predict the risk of heart diseases prospective studies regardless of age
or ethnicity [34, 48-54]. The strong association between the quantity of intra-abdominal fat
and metabolic disorders, however, has led some to suggest that anthropometric
measurements that describe central fat distribution (such as waist circumference) may be
better than general measures of obesity as predictors of diabetes For example, in the San
Antonio Heart study [52], the waist circumference was the best predictor of diabetes risk in
a population of Mexican American among the variables BMI, WHR, HC, and the sum of
skin fold thicknesses. In other prospective studies, the risk of diabetes increased with
increasing quantities of central fat within a BMI category, suggesting that both measures

are important in predicting the risk of diabetes [50, 51, 53].



Epidemiological studies have demonstrated a rather close relation between
hypertension, obesity, and disturbances of glucose and lipid metabolism [55,56].
Hypertension individuals, selected at random from the population, frequently have obesity
and metabolic derangements, and conversely, there is a high prevalence of hypertension in
obese subject [57]. However, human obesity is not a homogenous condition. Several
studies have shown that the distribution of excess adipose tissue to central or peripheral
depots is associated with different prevalence rates of associated metabolic perturbations as

well as risk for development of cardiovascular disease [58, 59].

The majority of patient with high blood pressure are overweight, and hypertension
is more frequent in obese subjects [60]. For example, a 10 Kg overweight of body causes
to increase 3.0 mmHg higher systolic and 2.3 mmHg higher diastolic blood pressure. These
increases translate into an estimated 12% increased risk for cardio hard diseases (CHD)
and 24% increased risk for stroke [61]. Results from NHANES III reported more specific
estimates for the prevalence of high blood pressure per age and BMI group [62]. This
increase in blood pressure is the greatest when the obesity is of abdominal distribution [63-
67]. Hypertension appears to be related to both obesity (defined as enlargement of body fat
mass) as such and central distribution of body fat [68,69]. There is suggestive evidence that
hypertension associated with central excess of body fat is particularly harmful as a risk

factor for development of cerebrocardiovascular diseases [33, 68,69].

Although most of the co-morbidities relating obesity to coronary artery disease
increase as BMI increase, they are also related to body fat distribution. Long-term
longitudinal studies, however, indicate that obesity as such not only relates to but
independently predicts coronary atherosclerosis [70,71,72]. This relation appears to exist
for both men and women with minimal increases in BMI. In a 14-year prospective study,
middle-aged women with a BMI >23 but <25 had a 50% increase in risk of non fatal or
fatal coronary heart disease[70], and men aged 40 to 65 years with a BMI >25 but <29 had
a 72% increased risk [73]. The overall relation between obesity and coronary artery disease
morbidity and mortality is less clear for Hispanics [74], Pima Indians [75], and African-

American women [76].

The studies that analyzed the relation between anthropometric measures and
abdominal visceral fat reported waist circumference to be a better measure of central

obesity [35, 77-79]. Waist circumference and the waist —hip ratio are widely used as



indicators of abdominal adiposity in epidemiologic studies. It has been shown that WC is a
better marker of visceral fat as compared with WHR [80,81] and correlates more strongly
with cardiovascular disease risk factors [52,82-84]. WHR has also been shown to be a
good predictor of increased risk of diabetes [51,85] and CHD [50,86] which may be due to
attributes related to small hip relative to waist circumference. Cross-sectional and
prospective studies have found that when WC is taken in to account, a larger hip
circumference is associated with reduced risk factors for diabetes [87, 88] and
cardiovascular disease [89-98]. Both fat and lean tissue from the hip and thigh may
contribute, and regional differences in lipolysis may be involved in reduced disease risk
associated with relatively larger hip circumference. As far as we have investigated, few

prospective studies in literature have looked at HC as an independent predictor of DM and
CHD [89, 96, 99].

A recent systemic review investigated the importance of obesity and cardio
respiratory fitness related to the risks of and mortality due to CVD and diabetes type 2
[100]. It showed that BMI is the most frequently used measure of adiposity in the included
studies and raise a few questions about the overall applicability of the BMI. For instance,
BMI neither gives an indication of the relation between fat and fat-free mass nor does it
indicated fat distribution. For a given BMI, physically fit individuals have less total and
abdominal fat, compared with unfit individuals. A large muscle mass instead of fat mass
will also place people in higher BMI categories. This is supported by many studies
investigated the diagnostic accuracy of BMI to detect adiposity [77] . The studies also
found limited diagnostic performance of the BMI in correctly identifying individuals with
excess in body fat (BF), particularly in those with BMI < 30. Although BMI has a good
correlation with BF%, it fails to discriminate between BF% and lean mass [101]. In
addition to this weakness, BMI is also criticized due to that it makes no difference between
men and women even though a significant fat distribution between men and women is
known [101,102]. Also, age and ethnicity have an effect on body fat distribution and are
not differentiated in BMI [77,102, 103]. Although the relationship between anthropometric
adiposity measurements and CVD risk factors have been explored thoroughly in many
studies around the world, the results have been in agreement quantitatively with the studies

discussed above.



The main goal of this study is to determine the associated of body fat ratio with
heart disease risks (CVD) by using Bioelectrical Impedance Analysis method (hand-to-
hand and foot-to-foot) and to estimate the correlation of the measured body fat ratio with

waist—hip ratio for a group women aged 30-75years in Duhok city of Northern of Iraq .

In the next chapter, after the body composition and the measurement methods have
been reviewed using the literature material, among which we explain in detail the
advantages and disadvantages of BIA method being used in this study. The materials and
method and the statistical data have been given in chapter 3. The results and discussion are

presented in chapter 4. The thesis is ended up with the section of conclusion.



2. BODY FAT AND OBESITY IN HUMAN
2.1.Background

The body fat percentage of a human or other living being is the total fat divided by
total body mass and body fat includes essential body fat and storage body fat. Essential
body fat is necessary to maintain life and reproductive functions. The percentage of
essential body fat for women is greater than for men due to the demands childbearing and
other health functions. The percentage of essential fat is 2-5% in men, and 10-13% in
women [104]. Storage body fat consists of fat accumulation in adipose tissue which
protects internal organs in the chest and abdomen. The minimum recommended total body
fat percentage exceeds the essential fat percentage value reported above. There is no single
ideal percentage of body fat for everyone. Level of body fat epidemiologically dependends

on sex and age [105].

Many individuals have taken to self-monitoring body composition given by
physician recommendations or their own desire to reduce BF, often using portable and
cheap assessment tools. Individuals use body composition results from these devices to
help them make health-related decisions (dietary or physical activity changes, medications,
medical procedure) and also use this information to track progress of an exercise or
recommended diet program, or other health interventions [106]. Clinicians use body
composition information to identify patients at greater risk for developing CVD or DM to
diagnose individuals with metabolic syndrome or to monitor diseased state progression
[107]. In athletes of certain sports, previous researches suggest that there is an inverse
relationship between increased BF% and athletic performance [108]. Consequently,
monitoring BF% during an athletic training program becomes important to optimize
performance. Fitness centers and physicians are using portable body composition

assessment tools to guide health related decisions and recommendations[109].

Based on self-report information, data from 2007-2008 National Health and
Nutrition Examination Survey (NHANES) demonstrated that 34% of adults aged 20 years
and older are overweight, 34% are obese, and 6% are extremely obese, based on body mass
index (BMI) classifications[110]. Given the numerous health risks associated with being
overweight or obese, including coronary heart disease, diabetes mellitus (DM),

hypertension, hyperlipidemia, and certain types of cancer, Physicians are commonly



recommending that their patients lose weight and reduce their body fat (BF) level [111-
114].

2.2.Body Composition

The composition of the human body is mulltilevel, dynamic and complex. Different
models such as the basic two compartment model and multi-compartment model [115]
given in Figure 2.1 have been used to determine the compositions of human body. The
main three tissue components of body composition,which are adipose tissue, skeletal

muscle and bone, are linked to function, fitness and well being.

Body composition is not just limited to BF% or fat mass (FM), depending on the
number of compartments being assessed. Total body composition contains estimates of fat
free mass (FFM) that is further divided into lean body mass (LBM), bone mineral content
(BMC) and total body water (TBW) in addition to BF% or FM. These are considered as
separate compartments of body composition. Fat mass is comprised of essential lipids and
stored adipose tissue, and is present in many areas of the body. Subcutaneous fat lies just
under the skin throughout the body. This is the type of fat mass (FM) and can be seen and
felt by pinching the skin and the underlying fat tissue. There is also fat that is not
measurable without the use of imaging techniques called visceral fat. Visceral fat is
located in the abdomen around the organs, and fat free can also be found in the yellow
bone marrow in adults as well as within the muscle (intramuscular). TBW is the sum of
extracellular water (ECW) and intracellular water (ICW) [116]. The human body is made
of approximately 62% water, depending on hydration level of the individual [117]. And the
aqueous fraction of the fat free mass of the theoretical standard reference man is 73.8%.
Bon mineral content (BMC) is the ratio of BMC to bone size (g/cm®) and is commonly
used as a marker for determining osteopenia and osteoporosis [118]. These compartments
are then combined in different manners to create body composition models. Body
composition models can be divided into two, three, four, five or even six compartments
[115,119]. These multicomponent models are defined by five specific levels of measuring
body mass: atomic, molecular, cellular, tissue-organ and whole-body as demonstrated in

Figure 2.1 [120].

However, the most commonly used level in exercise physiology is the tissue-organ
level. The tissue-organ level is made up of compartments of adipose tissue, skeletal

muscle, visceral organs and bone. A widely used two-compartment model includes the



measurement of FM and FFM. A common three- compartment tissue-organ level model
would be one that includes BMC, FM and Mineral-free lean tissue. A benefit of using
these three compartment model is that there is no assumption in the hydration of FFM, and
therefore it dismisses the variation between individuals [121]. Another common three-
compartment model is one that consists of TBW, FM and FFM. And common four-
compartment model would include BMC, FM, FFM and TBW. A four-compartment model
is considered the most valid one because it controls for variability between individuals in
both BMD and TBW [121]. The whole-body level utilizes anthropometric measures, and

necessarily specific compartments. This would include measures of height, weight and

circumferences.
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Figure 2.1. Basic model and multi-compartment models for expressing human body
composition [122].

2.3. Factors Influencing Body Composition

There are three main elements in a simple model of body composition: body fat,
bone and lean. A large proportion of the lean mass is skeletal muscle. A variety of factors,
including genetics, age, lifestyle, social-economic and environmental factors, determine an
adult's body composition in the present and future [123]. For all individuals, there are
modifiable and non-modifiable factors in determining one's body composition. Body
composition can vary greatly across age, sex, stature and race, all of which are non-
modifiable. Age is an important aspect in a adult body composition. For example, after the

age of 30, bone and muscle mass generally decrease while fat mass increase with



increasing age.There is usually an increase in FM until about age 74, and then FM begins
to decrease slightly [124,125]. Additionally, older adults experience a decline in FFM,
mainly due to loss of bone mineral and skeletal muscle mass [112]. This decrease in
skeletal muscle, or sarcopenia, generally occurs after the age of 30-40 years and is
heightened after the age of 60 years [125]. The decline in skeletal muscle in older adults
has been noted to be higher in men than women [126]. Females reach their peak bone mass

between the ages of 20-25 years. But after that age, bones gradually lose their mass [127].

Genes influence body fat, bone and muscle. One obvious genetic difference is sex.
Sex differences in adult body composition are obvious across all ethnic groups, with males
being taller and heavier than females. Females have a greater average percentage body fat
and less muscle mass. On average, healthly females have 20-30 BF% while male have 10-
15 BF% [ 128]. In addition, females deposit fat differently to males. Females store more fat
in the thigh area and males tend to accumulate the fat at the abdominal area [129].
Furthermore, females have more SAT while males have more VAT for a fixed WC [130].
Males have greater BMD and a larger skeletal size than females [131]. These sex
difference in fat distribution among sexes, bone size and BMD are partly responsible for
the fact that males have a greater risk of CVD than females [132], and females are at

higher risk of osteoporosis than males [133].

Gesta et al.[134] conducted experimental studies on mice and on European subjects
to explore the genetic basis in differences in body fat distribution and development of a
dipocyte cell mass. They found that several different genes were strongly related to BMI
and WHR. The gene expression in VAT has the highest and most significant association
with WHR and BMI. In addition, another studies showed that total body fat and fat
distribution (measured by DEXA) was influenced by genetic factors [135]. Finally,
researches has shown in adult age that there is an increase in WC in both men and women
without an increase in weight [136]. This can be due to increased abdominal adiposity in
combination with overall sarcopenia. This increase in WC and abdominal adiposity can
increase the risk of chronic disease such as CVD and type 2 diabetes, associated with

premature death [115,137].

There are also differences in body composition between the sexes. Typically men
have more FFM and less FM as compared to women [138,139]. Janssen [139] found that

men, on average, have 36% more skeletal muscle than women. However the rate of
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decrease in skeletal muscle after the age of 45 is greater among men than women. It has
been found that women tend to have higher levels of subcutaneous fat as compared to men
[139]. This higher level of body fat is necessary for reproductive processes. Also BF
distribution may vary between sexes men tend to carry more fat in the android region, and
women tend to carry more FM in the gynoid region [136]. On average, women are also
more likely to have lower bone density than men over a span of 18-80 years [140-142]. In
addition, women typically experience a dramatic decrease in BMC and BMD during the
premenopausal and early postmenopausal years due to the decline in endogenous estrogen,
which age in preserving bone density [143]. On other hand, men tend to have higher BMD
because of testosterone until about the age of 50 [144]. However as men age their levels of
testosterone decrease and BMD declines [145]. The rate of decrease in bone mineral
density is greater in women immediately after menopause, but the rate in men and women

is the same once adults reach about 65-70 years of age [146].

Apart from sex and age differences in body composition, there are also differences
in body composition between races. Wagner and Heyward [147] stated that African,
Americans, on average, have higher bone mineral density and higher muscle mass than
Whites. Barondess et al. [148] conducted a study with black and white men to compare
bone mineral density. They discovered that the black men had a higher BMD(1.25 g/cm’)
than the white men (1.16 g/cm?). Casas et al. [149] found Hispanic women to have higher
percent body fat, total fat mass and BMI as compared to their White counterparts. In
another study done by Wulan et al.[150] found that Asians have higher body fat percentage
compared to Whites. Furthermore, there were also differences in body fat percent between
regions of Asia (Asian Indians, Malay, and Chinese). In brief, ethnicity includes multiple
environmental and genetic influences that have some relationships with the geographic
origins of ancestors [151]. In addition, ethnicity can provide information about culture,
diet, education, access to social services and socioeconomic status. Frequently, ethnicity is
used as a convenient proxy for genetic factors influencing body composition. Beside the
non-modifiable factors that can affect body composition, there are modifiable factors
which can affect body composition, lifestyle and disease state, and be acute or long-term

[152,153].

Acute factors could include hydration status and/or the use of diet or weight loss
medication. Long-term factors include physical activity, diet and weight loss surgery.

Increases in physical activity have the potential to increase FFM and decrease FM
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[153,154]. In contrast the decreases in physical activity can lead to losses in FFM and
increase in FM [155]. Diet has the ability to alter FFM and FM. High protein diets can
potentially increase the amount of skeletal muscle mass or FFM [156]. Changes in diet can
also increase or decrease the amount of FM. A substantial chronic decrease in calorie
consumption can lead to a decrease in FM. Conversely, a chronic increase in calorie
consumption can increase the total amount of FM. Weight loss surgery is also an acute and
long-term method of changing body composition for morbidly obese individuals. Weight
loss surgeries will, often, restrict the amount of food intake by the individual both before
and after the surgery, hence decreasing calories consumed daily [157]. As a result, the
individual will lose FM and maintain or potentially decrease FFM because there is less

body mass for the individual to carry around [158].

2.4. Body Fat, Obesity And Related Health Problems

Obesity is the condition of excessive body fat shortens life expectancy through
increasing a person's risk of type 2 diabetes, metabolic syndrome, cardiovascular disease
(CVD), cancer joint pain and degeneration [159]. The World Health Organization (WHO)
estimated that around 300 million people in the world were obese in 2003 [160]. The CVD
accounts for one third of the all deaths worldwide [161].Furthermore, apart from overall
obesity, the fat distribution can affect the specificity of determining the risk of diseases and

fatstored in the central region of the body is related to metabolic profile [115].

In a study on older Michigan adults (23 M and 31 F) over 60 years of age found
that abdominal fat (measured by DEXA) and WC were significantly related inversely to
insulin sensitivity [162]. Furthermore, the association was found independent of sex.
WHR was found not associated with insulin sensitivity in these older adults. Meanwhile,
the negative association between hip circumference (HC) or leg fat and metabolic profile
was found not only in white population over 50s [163] but also in other non-white

population over 20s (such as Micronesians, Melanesians, Indians and Creoles) [94].

A sectional study conducted in Taiwan on healthy Chinese males and females aged
17-81 years showed that a relative excess of fat in the central region of the body, assessed
by DEXA, was related to higher blood pressure, greater fasting and oral glucose tolerance
test 2-h plasma glucose, greater glycosylated hemoglobin, higher serum concentrations of
cholesterol, triglyceride and low density lipoprotein (LDL) cholesterol, and lower high

density lipoprotein (HDL) cholesterol level [164]. Furthermore, glucose tolerance status
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of these Chinese can be differentiated by using the pattern of body fat distribution assessed
by DEXA [165].

A Japanese study covering 128 overweight and obese Japanese females, aged 34-
66 years, showed that truncal fat, measured by DEXA, and visceral adipose tissue (VAT),
measured by computer assisted tomography (CT), were positively correlated with the
number of CVD risk factors at base line and after weight reduction [166]. Leg fat is
negatively associated with a number of CVD risk factors at base line and after weight
reduction. In addition, lean mass of the trunk and leg has a negative relationship with CVD
risk factors. CVD risk factors measured in the study include systolic blood pressure and
diastolic blood pressure, serum total cholesterol triglycerides, serum high density
lipoprotein (HDL), low density lipoprotein LDL, and fasting plasma glucose.Therefore,
increased abdominal fat is associated with metabolic distribution in different ethnic groups
including European, Indian and Chinese. The accumulation of VAT in the abdomen results
in such metabolic disturbances [167]. VAT is considered to have a more damaging effect

on person's health than subcutaneous adipose tissue (SAT) [115,168].

Many individuals have taken to self-monitoring body composition using portable,
inexpensive assessment tools given physician recommendation or their own desire to
reduce BF. Individuals use information about their body composition to help them make
health-related decisions (e.g., dietary or physical activity changes, medications, medical
procedures) and to track progress of an exercise or diet program, or other health
intervention [112]. Clinicians use body composition information to identify patients at
greater risk for developing chronic acquired diseases such as CVD or DM, hypertension,

diagnose individuals with metabolic syndrome, or monitor disease state progression [109].

2.5. Body Fat Measurement Methods

This section is devoted to introduction of the most common methods used to assess
body composition in human. Although there are many methods used to assess human body
composition, two general methods known as Field-based and Laboratuary will be
discussed. We are going to focused on the outcome measure of the body composition
assessment method, the operation mode and assumptions, the special considerations
(participant preparation, risks, etc.), the validity and reliability of each method, and the

advantages and disadvantages.
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2.5.1. Field-Based Methods

A field-based method for assessing body composition can be used in many different
locations and is not restricted to use in laboratory or clinical setting. While numerous body
composition assessments are available to measure BF distribution using the anthropometry
methods, the field-based methods, which are BMI, Skinfold measures, BIA and abdominal
circumference measures (WC and HC), will only be discussed in this section, There are
many common advantages to all of the field-based methods for assessing body
composition. First, most of the field devices are portable making them easy to use at home
or in fitness centers and clinics. Secondly, the majority of these methods are cost-efficient .
The low cost makes these devices more available and accessible to individuals and groups.
Field devices generally require relatively little technician skill or knowledge to operate.
Although many field devices have been created and are usually validated with laboratory
methods. Previous researches have demonstrated that most of the field devices, as the
details are discussed below, are less accurate and reliable than the laboratory methods

[169].

i) Body mass index(BM]I): 1t is an anthropometric method used to estimate obesity.
Body weight is the most frequently used measure of obesity . In general, persons with high
body weights typically have higher amounts of BF [ 170,171]. BMI is defined as weight in
kilograms divided by height in meters squared (Kg/m®). The results based on this
calculation is treated that individuals are classified as underweight, normal BMI and
overweight or obese. Underweight BMI is defined as BMI of (18.4) Kg/m® or lower,
normal BMI is defined as BMI of (18.5-24.9 )Kg/m’, overweight is defined as BMI of
(25.0-29.9) Kg/m* and obese is defined as BMI of (30.0) Kg/m® or more [107, 172]. The
assumption of BMI is that there are no differences between age and sex when classifying
adults in to obesity categories [36]. There are many advantages to using BMI to classify
the level of obesity. For example, it is the cost effective requiring minimal equipment.
There is no necessary participant compliance prior to taking measures and no risk to the
participant, and is a fast and easy measurement and calculation requiring minimal
technician experience. BMI is widely used in clinics, sports medicine, and in weight
reduction programs. It is simple, inexpensive, and noninvasive [173]. BMI is a good
indicator of heaviness and a decent indirect indicator of body fatness [174], and has been

shown to be an imprecise measure of BF% [175,176,177].

14



Although BMI is a common measure of body composition and easy to perform, it
has, however, some major drawbacks to using BMI. It does not take into account regional
fat distribution, muscle mass or bone mineral density and therefore may misclassify
individuals in to the categories of underweight, normal weight, overweight or obese [101,
105, 178]. For example, an individual could have a normal BMI, but still be classified as
overweight or lean based on estimations of BF%. This misclassification occurs due to the
known differences in mass between adipose tissue, muscle tissue, as well as the
individual's bone mineral density. Muscle tissue is more dense than adipose tissue,
1.34g/cm’ and 0.9 g/ cm’ respectively [117]. Therefore, an individual with more muscle
mass will have a greater body mass, all other things equal. Likewise, an individual who has
higher bone mineral content will have greater body mass, but all remaining things on the
body being equal. Consequently, an individual such as a body builder or an athlete with
more muscle mass or higher bone mineral density than the average adult may be
misclassified as overweight because of the additional mass of the muscle tissue and bone
[178]. They may be misclassified as overweight or even obese by BMI, however based on
a body composition measure, they may be considered lean or normal. On the other hand,
individuals with low muscle mass and high levels of fat can also be misclassified [179].
For example, at adults age, they gain more adipose tissue and lose muscle mass, perhaps
being classified as having a normal BMI, however, may actually be overweight or obese
based on a body composition measure [116]. Many studies have assessed the validity of
BMI as an indicator of obesity. Gallagher et al. [36] found that when they compared
young and old adults with the same BMI, the older adults actually had a higher BF%
indicating misclassification of obesity level. Similarly, they found that BMI cannot be used
when comparing obesity level between men and women because women, on average, have
a higher BF% than men. Kennedy et al.[179] found that there was a large discrepancy
between obesity level classified by BMI and that estimated from DEXA. They suggested
that using BMI as a classification of obesity level should be viewed with caution because it
may misclassify some individuals, and therefore ignore the possibility of health
interventions that may be necessary. In conclusion, BMI is widely used as a broad
indicator of obesity in large epidemiological studies, but is discouraged for use in small
sale studies and for clinical diagnosis of obesity [179]. BMI-based fails to take body fat
distribution in to account [180,181]. Body fat cannot be deduced accurately from BMI
[182].
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ii) Skinfold Measures(SF):The Skinfold estimation methods are based on a skinfold
test, also known as a pinch test, whereby a pinch of skin is precisely measured by calipers
at several standardized points on the body to determine the subcutaneous fat layer
thickness. It only measures one type of fat, subcutaneous adipose tissue SAT (fat under
the skin) as shown in Figure 2.2. [183]. Lohman estimated that one third of the human
body is made up of subcutaneous fat [184]. Secondly, it assumes that a Skinfold is a good
measure of subcutaneous fat [185]. Additionally, it assumes that water and mineral
contents are the same in all individuals [185]. SF thickness is a common and usually more
accurate alternative to BMI. It is cheap and easily performed in the field making it a
popular choice among practitioners. SF estimated of BF% are based on the assumptions
that SAT is representative of total body fat and that body fat is normally distributed
[186]. SF measurement are taken with a caliber at various sites on the body. The technician
pinches a fold of skin while only taking the subcutaneous fat and skin, not muscle tissue. A
calipermeasures the thickness of the fold that includes skin and subcutaneous fat. It is
based on the amount of sites used to measure SF (as well as an individual's race and sex),
and the prediction formulas are then used to estimated body density and BF% [187] . The
accuracy and reliability for the SF technique in estimating BF depends on the skill of the
technician. The selection of sites to administer the SF measure the size of the individual
being measured and also the prediction formula used (see Figure 2.2). Linsti et al. [185]
found that there were significant differences in SF estimates of BF when compared to
DEXA, but it is reported in refs. [188 and 189] that there is no significant difference
between the two. SF equation evaluated by Duz et al. [169] found that SF measures (12.4+
5.5% for males, 20.8+ 1.0% for females) significantly underestimated BF estimations
when compared to DEXA (18.5+ 6.2% for males, 28.4+ 1.3% ). In order to have proper SF
thickness measures, calibration of skin calipers is important. Although SF method is
portable, inexpensive and quick, it still requires a trained technician to obtain
measurements. Over the past thirty years, research has shown general agreement between
SF and older criterion methods, mainly HW [190, 188, 191]. However, more recent
researches indicate that the most popular equations inaccurately predict fatness compared

to the most current criterion measure, DXA [192].
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Figure 2.2. Skinfold measurements and measuring techniques[193].

Because the risk of disease is associated with visceral fat and not subcutaneous fat
deposits on the abdomen or trunk, the use of SF alone may not adequately categorize body
fat distribution. SF methods may prove to be the better methods for girth of the anatomical
areas or girths in combination with subcutaneous . However, none of these have been
investigated as much as the waist to hip ratio . The most common method is the WHR, for
which there are many different way to measure. The waist measurements were anywhere
between the 10™ rib and the iliac crest, whereas the hip measurements were anywhere

between the iliac crest and greater trochantor [194].

iii) Abdominal Circumference: Obesity is commonly associated with increased
amounts of intra-abdominal fat. A centralized fat pattern is associated with deposition of
both intra-abdominal and subcutaneous abdominal adipose tissue [195]. It should be noted
that abdominal circumference is an imperfect indicator of intra-abdominal adipose tissue as
it also includes subcutaneous fat deposition as well as visceral adipose tissue. This does not
preclude its usefulness as it is associated with specific health risks [196,197]. Persons in
the upper percentiles for abdominal circumference are considered obese and at increased
risk for morbidity, specifically type 2 diabetes and the metabolic syndrome, and mortality
[198,199]. There has been a steady increase in the prevalence of high abdominal
circumference in the general population from 10 to 20% in the 1960s to between 40 and
60% in the year 2000 [200]. Circumferences of other body segments such as the arms and

legs are possible [201], but there are few reference data available for comparative
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purposes. Furthermore, the calculation of fat and muscle area of the arm is not accurate or

valid in the obese.

The ratio of abdominal circumference (often referred to incorrectly as waist
circumference ) to hip circumference is a rudimentary index for describing adipose tissue
distribution or fat patterning [202, 203]. Abdomen—to- hip ratios greater than 0.85 cm
represent a centralized distribution of fat. Most men with a ratio greater than 1.0 and

women with a ratio greater than 0.85 are at risk for CVD, diabetes, and cancers [204,205].

WHR is the ratio of the circumference of the waist to that of the hips ( WHR=
WC/HC), and according to the organization's data gathering [206] the waist circumference
should be measured at the midpoint between the lower margin of the last palpable rib and
the top of the iliac crest using a stretch-resistant tape that provides a constant 100g tension.
HC should be measured around the widest portion of the buttocks, with the tape parallel to
the floor as shown in Figures 2.3 (a). [207]. Other organizations use slightly different
standards. The United States National Institutes of Health and the National Health and
Nutrition Examination Survey used results obtained by measuring at the top of the iliac
crest. Waist measurement are usually obtained by lay persons by measuring around the
waist at the umbilicus, but research has shown that these measurements may underestimate
the true waist circumference [207]. For both measurements, the individual should stand
with feet close together, arms at the side and body weight evenly distributed, and should
wear little clothing. The subject should be relaxed, and the measurements should be taken
at the end of a normal expiration. Each measurement should be repeated twice; if the
measurements are within 1 cm of one another, the average should be calculated. If the
difference between the two measurements exceeds 1 cm, the two measurements should be

repeated [207].

The WHR has been used as an indicator or measure of health of a person, and the
risk of developing serious health conditions. Research shows that people with apple-
shaped bodies (with more weight around the waist) face more health risks, at increased
risk for the health problems associated with obesity, such as diabetes, coronary heart
disease and high blood pressure, than those with Pear-shaped bodies who carry more
weight around the hips as shown in Figure 2.4. WHR is used as a measurement of obesity,

which in turn is possible indicator of other more serious health conditions. WHO steps
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states that abdominal obesity is defined as a WHR above 0.90 cm for males and above

0.85 cm for females, or a BMI above 30.0 Kg/m’[208].

@ v

Apple shaps

Figure.2.3. (a) The shape of obesity (“Apple” and “Pears”),(b) WHR measurement
places[135].

WHR has been found to be a more deficient predictor of mortality in older people
than waist circumference or BMI [209]. If obesity is redefined using WHR instead of BMI,
the proportion of people categorized as at risk of heart attack worldwide increases
threefold [210]. The body fat percentage is considered to be an even more accurate
measure of relative weight. Of these three measurements, only the WHR takes account of
the differences in body structure. Hence, it is possible for two women to have the same
BMI but vastly different WHR. Even in ancient civilizations globally, female
representations are most often in the 0.6-0.7 range for WHR, suggesting a preference
towards lower WHR [14]. WHR have been shown to be a better a predictor of CVD
disease than WC and BMI [211]. However, other studies have found that WC, not WHR,
to be a good indicator of cardiovascular risk factors [212], body fat distribution [213], and
hypertension in type 2 diabetes [214].

Visceral fat accumulation may underlie the adverse metabolic profile associated
with obesity. Indeed, WC and WHR, as indicators of abdominal adiposity [215], have been
shown to be better than BMI, an indicator of total adiposity [216], for identifying
individuals at higher risk of developing atherosclerotic diseases [217]. It is plausible that
BMI may be less sensitive than waist circumference or WHR at capturing the underlying
and disparate metabolic effects of fat depots. A case control study involving populations
worldwide recently reported that WHR was associated with acute myocardial infarction

independently, and is more strongly than BMI [14]. However, the prospective relation
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between fat distribution and coronary heart disease is less clear because findings have
been inconsistent [30,73,76,86 ,96 ,99]. Many prospective studies reported fewer coronary
heart disease events, whereas others relied on self-reported anthropometry. Comparison of

risks between sexes is limited because many studies involved only women or men.

Furthermore, WC and HC have been shown to have separate and opposite cross-
sectional associations with metabolic factors [90, 93]. The prognostic relevance of these
separate associations for future coronary heart disease events is less clear [96, 99]. They
examined the prospective relation between indices of fat distribution and future coronary
heart disease among men and women in the general population and determined whether
this association is independent of BMI and other conventional coronary heart disease risk
factors. Several previous studies have examined the association of BMI, WHR, or WC,
with coronary heart disease, the results of these studies have conflicted with some
suggesting that BMI was better than or at least as good as markers of abdominal obesity.
Others suggested that markers of abdominal obesity could be better than BMI, but only in
younger individuals or only in women. Further, none was able to clearly indicate whether
WC or WHR was the best predictor of myocardial infarction ,and the data relating hip size
to CVD are sparse. Most of these studies had few cardiovascular events (usually less than a
few hundred) and so their statistical power to compare different measure was low and the
apparent subgroup results reported may well be due to chance. WHR and WC measures
have the advantages of being quick, non-intrusive and useful for large scale population
surveys. The WHR is a simple measure that can be taken at home by anyone to monitor
their own body composition levels. WHR has disadvantages in making comparisons
between varying groups of people such as is often seen in different cultural groups . Asian
women, for example, have small hips and WHR measures are much less valid as an
indicator of health risk. Negroid women, on the other hand,have large hips and buttocks
and their health risk may be misinterpreted from WHR measures. Overall WHR, or waist
alone, may provide a quick and simple indication of health risk . Waist alone can then be
used to examine the success of a fat loss program in those groups where abdominal fat is

stored readily [86].

BMI is a frequently used measure of adiposity in both clinical and research settings.
However, WC has been used as a measure of abdominal adiposity in research settings and

has shown stronger associations with CVD risk factors than BMI [52,83]. Skinfold
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thickness is also used as ameasure of adiposity, but studies comparing its predictive ability
to other measures of adiposity have produced inconsistent findings [30]. An additional
measure of adiposity is bioelectrical impedance analysis BIA [218]. Which can be used to
estimate an individual's total body fat (TBF) and BF%. However, weather TBF and BF%
maintain stronger associations with CVD risk factors compared with simpler measures,
such as BMI or WC, remains unknown [219, 220]. BIA will be discussed further in the
BIA method section.

2.5.2. Laboratory- Based Methods

Laboratory-based methods for assessing body composition are often large, non
portable methods. There are common advantages of the laboratory-based methods for
assessing body composition. First, majority of these methods have demonstrated great
accuracy and have been validated against cadaveric analysis because exact measurements
can't be done in vivo for use in laboratory and clinical settings by pervious research [221].
Secondly, most, but not all, procedures using laboratory techniques are relatively quick.
There are common disadvantages associated with the laboratory-based techniques. The
majority of these methods require costly equipment, ranging from as little as USD $ 5,000
up to millions of dollars, resulting in many of these methods being inaccessible for most

clinicians, researches and the public.

In addition to being costly, most of the equipment is generally large and not
portable. Lastly, almost all methods require a trained and knowledgeable technician to
operate the equipment and analyze results. Dual-energy x-ray absorptiometry (DEXA),
hydrostatic weighing (HW), air displacement plethysmography (ADP) are all commonly

used laboratory methods for body composition analysis that will be discussed below.

DEXA: Although DXA was originally developed as a tool for measuring bone
mineral composition, it has been accepted as a valid method for measuring body
composition, specifically BF% [186]. In recent years DEXA has been considered a gold
standard method for assessing body composition [120]. It is an indirect method based on
attenuation of X-rays projected through the supine human body, the intensity of the beam
of the X-rays on the dorsal side of the body is related to the thickness, density and
chemical composition of the body [ 122]. High energy (70 KV) and low energy (40 KV)
X-rays are simultaneously applied but the radiation dose is much lower than that used in

CT (see Figure 2.4). The relative absorption ( R values ) of fat, lean and bone tissue are
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assumed to be based on theoretical and experimental studies. Therefore, DEXA not only
provides an image of theanatomical position of the bone in the body, but also estimates
three body composition values, or it assesses three compartments of the body : FM, BMC
and LM. Total body weight is determined by the sum of FM, and FFM. FFM is the sum of
BMC and LM, and the soft tissue mass (STM) is the sum of FM and LM [222]. Pritchard,
Nowson, Strauss, Carlson, Kaymakci and Wark [223] found that DEXA had greater
precision when estimating FM when compared to HW, with a coefficient of variability of

1.8% for percent BF and 2.1% for FM.

Figure 2.4. DEXA uses a whole body scanner and two different low-dose x-rays to read
bone mass and soft tissue mass [194].

DEXA is a quick, safe, can be used on almost all populations, and requires little
pre-testing guidelines to be followed by the individual [224,225]. There are disadvantages
of using DEXA to assess body composition. Because of the size of the Lunar Prodigy
table, there are usage restrictions based on a participant's size. The total table size is 262
cm long and 89 cm wide and however, the area for scan is much smaller. Individuals, who
are taller than 193 cm and wider than 60 cm, will not receive accurate assessments as their
entire body will not fit within the scan area. The weight limit for the device is 159.0 Kg,
limiting usage to those weighing at or less than amount. DEXA is an expensive and non-
portable device, and therefore may not be available for use by all individuals. DXA gives
estimates of whole body and lean muscle mass with a precision of error equal to or smaller
than other non-invasive methods [226]. Unfortunately, DXA is expensive and requires a
laboratory with a trained technician. Thus, most individuals do not have access to DXA

and instead are forced to use less accurate field methods such as BMI, SF, and BIA.
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Hydrostatic weighing (HW): HW has been considered a gold standard by some in
the field and has been used as a criterion method in validating new body composition
assessment methods HW also known as Hydrodensitometry or underwater weighing, is a
classic measure of body composition [224, 225]. HW estimates body composition in two
compartments- FFM and FM by first measuring body volume, then body density in terms

of body mass and volume is defined as [224].
Body density = Body mass / Body volume (2.1)

HW estimates body volume by using Archimedes principle, that is the low of
buoyancy. The principle state that (anybody partially or completely submerged in a fluid is
buoyed up by a force equal to the weight of the fluid displaced by the body) [224]. The
body is immersed in a tank of water and then weighed. Lean people more under water;
they sink. People with more fat weigh less under water; they float. Measurements of lung
capacity are also taken because the amount of air in lungs influences the weight. When
individual are submerged under water while under water mass or water displacement is
measured. Measure of body volume are corrected for residual air in the lungs and in the
gastrointestinal tract (see Figure 2.5.). There are four main assumptions for HW: 1) the
components of the fat and FFM are known and additive. i1) the density of all tissues is
constant for all individuals. ii1) lean body mass (FFM and bone) and FM, the proportions
of water, mineral and protein comprising the FFM are constant within and between
individuals, vi) the individual being measured difference from the reference body only in

the amount of BF or adipose tissue[ 112].

Figure 2.5. Hydrostatic weighing tank measuring BF based on Archimedes principle
[194].
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There are advantages to using HW to assess body composition. The method has been
demonstrated as accurate. Additionally a water tank is not necessarily needed. The
procedure can be done in any pool, of proper depth for complete submersion, which can be
accessed. However, there are disadvantages of using this technique due to the fact that
there are more practical techniques available for assessing body composition. There is
great amount of participant compliance required for accurate measurement. Participants
should follow specific pre-testing guidelines [112]. Additionally, the technique itself
requires a lot of participant compliance, and may be impossible for some participants to do.
For example, some individuals may not be able to correctly position their body, exhale
completely when under water, or remain still while under water [227]. Moreover, the
procedure is done multiple times until three trials are achieved [109]. Therefore, the
procedure can be very time consuming [227]. Lastly, a great deal of technician knowledge
and skill is required to complete the procedure. It is more difficult to find validity and
reliability information on HW because it is often used as a criterion measure for other

methods for assessing body composition.

Air Displacement Plethysmography (ADP): ADP employs a two-compartment model to
assess body composition is very similar to HW method and that first measures body
volume and calculate body density with air displacement instead of water displacement
[112]. Volume is measured using Poisson's low, a variation of Boyle's law that accounts
for adiabatic conditions in an enclosed chamber. The only commercially available ADP
device is the Bod Pod [228]. While inside the Bod Pod small pressure changes determine
the air displacement of the body, body volume is measured. Because body volume is
measured, measurements are taken for lung volume to estimate the most accurate total
body volume. Body fat percentage is then calculated from body density via the same
conversion formulas as HW. There are many assumptions when assessing body
composition with the ADP method. First, because the BOD Pod device measures body
volume, all of the four main assumptions from HW will apply here. Another assumption is
that all of the isothermic effects that affect body volume are being controlled: clothing,
body hair, and thoracic gas volume. The Bod Pod is a computerized, egg — shaped chamber
as seen in Figure 2.6. Using the same whole-body measurement principle as under water
weighing, the Bod Pod measures a subject mass and volume, from which their whole-body
density is determined. Using these data, body fat and lean muscle mass can then be

calculated [112].

24



Figure 2.6. Bod Pod chambers measuring body comosition[229].

There are many advantages of using ADP as a method for assessing body
composition. For example, the process is quick, safe, non-invasive, painless and
comfortable [109]. The system is computerized and does not require a lot of technical skill
to operate. Also, the Bod Pod device can be used on many different populations including
children, older adults and obese individuals[228]. Because of these advantages, ADP
using the Bod Pod may be preferable to utilizing HW [109]. However, there are
disadvantages to using ADP to assess body composition. First, there are assumptions of
tissue density that are made when measuring body volume. Second, method used to
measure the thoracic gas volume can be difficult for some individuals to do, and so that the
volume will need to be estimated causing room for error. Most research on the validity and
reliability of the Bod Pod has been done in the past 10 years and has used both DEXA and
HW as criterion methods. Results have been inconsistent across different populations [228]
[260]. Ball and Altina [230] point out that comparing the Bod Pod to HW as a criterion
method may not be appropriate because they are both assessing the body in two
compartments, and therefore HW is not technically more accurate than the Bod Pod. Ball
and Altena[230] found a large discrepancy when comparing the Bod Pod to DEXA as the
criterion, with a range of individual BF% differences from 6.6 to 9.0% . They also noted
that the difference in BF% increased as the individual's BF increased. Hence, it is
concluded that the estimations of BF% should be used with caution when classifying
individuals as obese. Ballard and colleagues [231], however, found with the Bod Pod that

mean results of BF% when compared to DEXA as the criterion did not differ significantly
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(p=1.0). They concluded that the Bod Pod is a valid and reliable method for assessing
BF%.

2.6 Bioelectrical Impedance Analysis ( BIA) Methods:

BIA is a simple, cheap, noninvasive, reproducible altemative for estimating body
composition used widely in both laboratories and field setting. BIA has gained acceptance
as an accurate method of estimating BF% in clinics, sports medicine, weight reduction
programs, hospitals, and laboratories, and across a spectrum of ages [174,178,232]. BIA is
based on the principle that lean tissue has greater electrolyte and water content than fat,
and as a result, has less impedance [187]. In short, BIA sends an alternating electrical
current via electrodes placed on the skin (usually on the wrist and ankle) to measure
resistance. Resistance is component of impedance and is converted to TBW, which is used
to estimated FFM [232]. Impedance to the flow of an electrical current is measured as an
electrical current passes through the body between two electrodes. The voltage drop in
electrical current between electrodes is due to the impedance of the current flow. Body
composition is estimated based on the principle that electrical current flows with less
impedance in areas that have high water and electrolytes, such as skeletal muscle,
compared to less hydrated tissues such as adipose tissue [233]. Whereas adipose tissue,
which contains very little water, is a poor conductor or it impedes or resists the flow of
electrical current [109]. Thus, the higher the TBW and FFM, the lower the resistance to the
electrical flow resulting in a lower impedance value [109]. Fat mass has high impedance
while FFM has low impedance [187]. BIA estimates TBW by way of electrical current
through segments of the body and ultimately predicts BF and FFM. BIA will be reviewed

extensively below [116].

Beginning in the 1930s, early studies using BIA and body composition focused on
the relation of impedance of the electrical current to TBW and to physiological variables
[224]. In (2004), clinically induced changes in hydration status were first correlated with
total body changes in resistance and capacitive reactance [234]. Also, pioneered work
relating biometrical impedance changes to dynamic changes in pulsatile blood flow to
organs, arterial pulse waveforms and respiration [235]. The applications of impedance
plethysmography, that is term given to the measurement of electrical impedance changes
across limbs, organs and other body sites to detect dynamic blood volume changes, have

been extensively validated by numerous investigators [236]. Most research was done using
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a frequency of 50 KHz to asses TBW as it is related to things such as blood flow.This low
frequency (50KHz)and the current only flows through ECW, and does not permeate the
cell membrane to assess ICW. However, at frequencies greater than 100 KHz, the ICW can
be assessed [109]. Multifrequancy BIA was introduced in the 1970s when assumptions of
BIA were more established to describe the proportion of extracellular water to TBW [116].
Multifrequency BIA was also used to assess body fluid distribution in diseased populations
such as those with congestive heart failure and renal disease [224] Until the mid 1980s,
BIA devices became available for commercial use and marketed as a way to measure body
composition, and thus provide estimates of absolute and /or relative fat mass [115]. Many
different BIA devices were on the market for assessing body composition in laboratories,
at home, fitness centers...etc. [116]. Because of the wide spread use of BIA technology, the
National Institute of Health (NIH) conducted a one-day summit where BIA researches and
industry experts discussed safety and standardization of BIA use as well as the validity of
the BIA devices to estimate body composition[173]. The experts concluded that BIA is a
safe method for assessing body composition such as body position, individuals with certain

diseases, individuals with body asymmetry and individuals that are severely obese.

Factors affecting impedance measures given the heavy reliance on water content
within tissues, hydration status is critical to valid and reliable measures of impedance
[237]. Factors influencing hydration status include food and/or water composition or lack
thereof, use of diuretics, alcohol consumption and exercise. The consumption of food and
water will directly increase the amount of fluid in the body. Use of diuretics will do exactly
the opposite, increasing the excretion of water from the body through urination.
Consumption of alcohol, a type of diuretic, will also result in dehydration through an
increase in urination. Exercise can affect BIA readings in two ways; the loss of fluid from
the body due to sweating and increased blood flow to the skeletal muscle and skin which
increases heat and will decrease the impedance of the current [114]. Careful control of all
of these variables in a free-living environment does not commonly occur when using a
hand-to-hand BIA. But because these variables should be controlled in order to obtain an

accurate estimate of BF, guidelines on pre-test instructions have been created.

A few published studies have investigated the BIA devices being used cureently in
many fitness facilities, laboratories, clinic and at home. However, the pre-testing
guidelines prevent BIA from being a practical way to get valid estimations of body

composition. Our body's impedance level can be altered by many factors besides body fat.
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For instance, the amount of water in our body, our skin temperature and recent physical
activity may adversely affect the results. Therefore, we may be able to get an accurate
measurement of our body fat using these scales. The most important rules to observe for
getting more accurate calculation of our body fat are not to eat or drink for 4 hours before
the body fat measurement test, and then not to have any exercise for 12 hours before the
test. Also the American college of sports medicine [104] suggested the following pre-test
guidelines to follow prior to taking BIA measurements. Before the test, No alcohol
consumption for previous 48 hours, no products with diuretic properties (e.g. , caffeine and
chocolate) for 24 hours, no exercise for the 12 hours immediately and no eating or
drinking for the 4 hours immediately void bladder within 30 minutes prior to the test. The
reason is that hydration level and pre-testing guidelines are so important in accurate
impedance measurement. Hence, many segmental devices at home users may not obtain

reliable or valid results if pre-testing guidelines are not followed.

BIA assesses body composition based on the impedance of an electrical current that
passes through a person's body using Ohm's law. A person's TBW determine the
impedance of the currents flow. As explained by [112], there are two bioelectrical
principles applied when using BIA. First, biological tissues act as conductors or insulators,
and the flow of current through the body will flow the path of least resistance [112].
Second, impedance is a function of resistance (R) and reactance (Xc) [117]. Impedance
(Z) 1s the frequency dependant opposition of a conductor to the flow of an alternating
current, Resistance ( R ) is defined as the pure opposition to the current flow through the
body. Reactance (Xc) is defined as the opposition to current flow caused by capacitance
(voltage storage) produced by the cell membrane [112]. Therefore, BIA does not
necessarily measured FM directly, rather it determine electrical impedance which can be
used to estimate TBW. Based on the assumptions concerning the aqueous fraction of the
FFM and BF via prediction equations have been generated [172]. The biological principle
of BIA measurements also follow certain assumptions. The estimation of body

composition measured by whole-body BIA is given by [238],
V=pL*¥R (2.2)

where V is the conductor volume and signifies the volume of TBW or FFM, p is the
specific resistivity of the body (ohm.cm), L the conductor or stature length (cm), and R is

the resistance (ohm) to the current [238,239]. The assumptions for this equation are that
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"the conductor has a homogenous composition, a fixed cross-sectional area and a uniform
distribution of current density" [238]. In brief, this assumes that the body is shaped like a
perfect cylinder, meaning that ICW and ECW ratios are constant providing uniform
conductance [240]. This is not the case and this assumption is routinely violated. Because
limbs have a smaller cross-sectional area than the trunk, "whole body impedance is
predominantly determined by resistance in the limbs" [240]. It is also assumed all cells
equally, and impedance is equal to resistance [240]. This assumption is also not met
because of different factors. An individual's hydration level can vary the throughout the
day. This could be due to activities that cause dehydration such as vigorous exercise or
consumption of medications or stimulants that have diuretic properties [198,116]. There
are also differences in hydrations level of FFM and fat tissue, with FFM being
approximately 73% water and fat tissue being relatively an hydrogenous [116]. Because
these assumptions are not met, regression analysis has been applied to previous research to
mathematically predict estimates of TBW, FFM, and FM from BIA impedance measures,
anthropometric measures and demographic variables. Over the years, many prediction
equations are developed by multiple researchers. These prediction equations were
originally based on cross-sectional studies using hydrostatic weighing as a criterion
measure [169]. Prediction equations most often take in to account not only impedance
values, but also anthropometric value such as height and weight and the individual's sex
and ethnicity to reduce inter-individual difference in impedance values [240]. It is difficult
to develop a BIA prediction equation for a diverse population because previous research
has shown that race and age may affect body composition and fat distribution [225]. Most
prediction equation have been developed and cross-validated for specific population
making results only generalizable to like groups [240,225]. Another factor that may affect
prediction equations is amount of body fat . Some equations overestimate BF% in lean
population and underestimate those that are obese [169,232]. Prediction equations are only
as accurate as the criterion method used to produce the equation [238]. If an equation is
based ona criterion measure that itself introduces errors when assessing body composition,
then that prediction equation will have similar errors of estimate. Because of all these
factors , an individual's estimated BF% could differ by as much as 10% when a specific

BIA equation is applied [172].

Impedance can be measured by both single-frequency (SF-BIA) and multi-
frequency (MF-BIA) devices. Most SF-BIA use a frequency of 50 KHz that usually passes
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from two different points in the via surface electrodes to estimate TBW and body
composition using multiple frequency across a large range to assess FFM, TBW, ICW and
ECW. SF-BIA is technically not measuring TBW, rather it takes a weighted sum of ECW
and ICW resistance measure[116]. With a combination of impedance values based on the
assumption that FFM is 73% water and other data, such as height, weight, age and sex,
body composition can be estimated. Common SF-BIA devices that are used in the field or
at home are hand-to-hand and foot-to-foot models, also referred to as segmental
impedance analyzers. These devices become available in the 1990s and are portable, cheap
and easy to use and required little to on technician user experience, quick, and painless
means of estimating body composition. Hand-to-hand BIA devices have two handles that
contain electrodes where the electrical current will be sent out via one electrode and
received by the other electrode (see Figure 2.7 (a)). Users of this device are instructed to
stand up right, firmly grip each to handle with arms outstretched at a 90- degree angle to
the floor and the current flows from the right to left hand (see Figure 2.7 (c)). The
technology assumes that the amount of body water in the arms is proportional to the whole
body [232]. There has been very little research done on the validity and reliability of the
hand-to-hand BIA devices.The results have been contradictory and inconclusive. A similar
segmental BIA device is the foot-to-foot device, there are electrodes built in to a digital
floor scale, there are usually four electrodes one for each heel and one for each ball of the
foot .Users sand upright, with bar feet positioned properly on the electrodes the electrical
current is sent out via the electrodes at the ball of the foot and received by the electrodes in
the heel of the foot [112] (see Figure 2.8). Body fat percent is the only result displayed for
most hand-to-hand and foot-to-foot devices. Similar to hand-to-hand devices, results of
validity studies on foot-to-foot devices has been contradictory. Either using a handhold
scale or standing on a BIA scale, a signal passes either from hand-to-hand or foot-to-foot.
The faster the signal travels, the more muscle you have, and the results are based on the
fact that water conducts electricity. Fat contains almost no water while muscle is about
70% water. This method can be accurate (4% margin of error) but the results are affected
by hydration, food intake and skin temperature. If you are dehydrated, your BF% will read
higher than it is. The tests should be taken at the same time of the day, preferably first

thing in the morning before breakfast, but after a glass of water.
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(d)

Figure 2.7.(a) Omron HBF 306 BF analyzer; (b) Hand to hand measurement, (c) Position
of body, (d)Omron HBF 300 BF analyzer [241].

Unlike SF-BIA, MF-BIA devices are able to distinguish between ICW and ECW using
combination of low and high frequencies, as low as 1 KHz up to over 1000 KHz [115]. It
is also important that multifrequancy impedance measures are able to precisely estimate
TBW, ICW and ECW, which was limited with single frequency impedance analysis. MF-
BIA has the ability to monitor changes in hydration level and fluid shifts in the body.
These devices (single and multi-NF) are helpful in monitoring patients with abnormal fluid
distribution such as final stage renal failure [115, 112]. However, in regards to body
composition estimates, previous research has shown that single and multifrequancy
impedance measures show similar results. According to Patel et al. [242], MF-BIA was
more accurate and less biased than SF-BIA for the prediction of ECW, whereas SF-BIA
compared to MF-BIA, was more accurate and less biased for TBW in critically ill subjects.
One example of a MF-BIA device is the tetra polar BIA which is considered a whole body
impedance analysis, which uses multiple frequencies. Technically, no measures of BIA can
be whole body because the head and neck are ignored [243]. While the patient is in a
supine position, electrodes are placed on the dorsal surfaces of the hand, wrist, foot and
ankle on the right side of the body. The position of the electrodes is very important as it
can affect the impedance values. A displacement of a mere Icm can result in a 2%

different in impedance [172]. The proximal electrodes are placed at the metacarpal-
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phalangeal and metatarsal-palangeal joints and the distal electrodes are placed at the
"piliform prominence of the wrist and between the medial and lateral malleoli of the ankle"
[172]. The electrical current is sent out via the distal electrodes (hand and foot)and
received by the proximal electrodes (wrist and ankle ) [116]. Based on measures of TBW,
estimations can be made of body BF%, FFM, ECW, and ICW. Previous research has found
whole body BIA measures to be accurate and reliable for estimating BF%, FFM and TBW
[237]. They concluded that whole-body BIA would be accurate for assessing body
composition for large epidemiological and field studies. More recently, it was found [3]
that tetra polar BIA have good relative an absolute agreement when assessing %FM,
percent skeletal muscle mass, and total body bone-free lean mass as compared to both
DEXA and MRI. They also concluded that tetra polar BIA would be a valid tool for
assessing body composition in individuals. Furthermore, it is discussed [244] that tetra
polar BIA is a reliable and valid tool for assessing body composition. When compared to

DEXA, tetra polar BIA had approximately a 1.8% prediction error in estimating BF%.

2.6.1. Validity of the hand—to-hand and foot-to-foot BIA devices

It has been achieved that there are not many publications available on the validity
of the hand-to-hand BIA device in estimating BF%. However, although a limited number
of studies has been published on the validity of the Omron HBF-306C released recently,
hand-to-hand device by Omron Healthcare will be used in this study. The measurement of
BF% has been taken by the Omron body fat monitor . An electrical current (50 pA usually
set a frequency of 50Hz) is applied to an extremity and resistance to this current. Due to
the specific resistivity and volume of the conductor, the FM and FFM are measured (see
Figure 2.7 (a)). There have been conflicting results on the validities because the number of
studies published have differed in age, race and sex, and all of which affected the
proprietary  prediction equation used in each of the hand-to-hand devices. Previous
acceptable studies for dissection purposes will be addressed in order by type of the device
examined. This will be followed by critical gaps in the literature based on the acceptable

studies that have been published and discussed in this section.

Gibson et al. [240] published a viable study of one of the earlier model of the
Omron hand-to-hand BF analyzers, the Omron HBF-300 (see Figure 2.7 (d)), with a
subject population of 25 men age 19-55 years, mean BF 18.7+ 8.1% and 23 women age

18-48 years , mean BF 21.8 £7.2% , both white and non-white. They compared the BF%
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from the BIA device with HW as the criterion method. Prior to all assessments , the
subjects were instructed to use all of the ACSM pre-testing guidelines. Results indicated
that approximately 70% of men and 66.6 % of women tested received an accurate estimate
of BF% from the hand-to-hand BIA. Accuracy was defined by an estimate within £ 3.5
BF% when compared to the HW method as the criterion method. The validity of Omron
BF-300 BF monitor in estimating BF% was compared to DEXA as the reference methodin
[169]. In this study it is not clearly stated if the subjects followed pre-testing guidelines to
control for hydration status. Among 18-26 year old males (n=104)andfemales (n=104)
college students. They obtained that BIA significantly underestimated BF% in females and
males such as 19.2+ 1.0% for females and 13.7+ 4.9% for males. However, more so in
females then compared to DEXA 28.4+1.3% for females and 18.5+6.2% for males. In
addition, they determined that the bias in BIA increased as body fat increased in
participants. They concluded that different prediction equations should be developed or
current prediction equations be revised to accurately represent a diverse population. A
study conducted [245] the validation of the Omron BF-306C hand-to-hand BF analyzer
using a four-compartment model as the reference method in Chinese, Malay and Indian
subjects. Participants age ranged from 18 to 70, and they were also purposefully selected to
include a large range of BMI values over the age span. Before assessments, subjects were
instructed to abstain from food and drink for at least 6 hours and were instructed to void
bladder just prior. Significant differences between BF% from BIA and the reference
method were found in Malay and Indian men who were higher in mean age and also had
the highest mean BF% based from the reference method among sex and ethnicities. They
also found that Indian subjects, who had larger arm span relative to their height

women(1.0+ 0.0) compared to the other ethnic groups, had higher impedance values.

Omron offers a revolutionary new way of measuring BIA that is faster, easier, less
intrusive and includes a lightweight portable device making this a simple one-step process.
A person inputs various personal information such as age, gender, weight and height, then
grips the device handles ( hand-to-hand ). Electrodes in the hand sensor pads send a low,
safe single through the body and so BF content and BMI is calculated automatically in

seconds.
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The steps of testing procedure of BIA are as follows:

1) one inputs the personal values of height, weight, gender, and age into the body

logic standing up with both feet slightly apart.

2) The subject should hold the grip electrodes and wrap the middle finger around
the groove in the handle. Place the palm of your hand on the top and bottom electrodes.
Puting the thumbs up and resting on the unit (see Figure 2.7 (b)).

3) The subject must hold arms straight out at a 90° angle to the body, and do not
move during measurement (see Figure 2.7 (c)).

4) Please confirm the ready to measure display. The READY indicator turns on.

5) Lastly, one push the start button. The display START turns on, then the unit
automatically detects that it is held and starts measurement, the BMI judgment bar turns on
immediately after the BF% and BMI are displayed [241].

There has been some research examining accuracy of pervious research associated
with young adults, rarely including subjects over the age of 60 year. This is important
because of the changes FM and FFM as adults age . Additionally, more research needs to
be done on the accuracy and reliability across sex, the amount of BF and BF distribution is
most often different between men and women. It is important to determine if the
differences alter the validity of the device . It is , therefore, critical to validate this device
across the two variables of age and sex. Lastly, although the concept of euhydration is
extremely important in the assessment of body composition with BIA devices, only one of
the previous validation studies on hand-to-hand BIA devices has controlled for hydration
using all of the ACSM pre-testing guidelines. This could be major limitation to all of the
validation studies previously conducted on hand-to-hand BIA devices.

Other new way of measuring BIA is (Body analyzer Scale Model BA 833, ADE
Fitness, Germany) foot-to-foot or leg-to-leg) BIA devices measure impedance across the
lower limbs, and the system's four electrodes are in the form of stainless steel foot pads
mounted on the top surface of platform scale. The subject only needs to stand barefoot on
the scale for simultaneous of body weight and impedance (see Figure 2.8), with manual
entry of the subject's gender and height into the system via a digital keyboard, and the
subject's percentage BF is displayed immediately . Because of its convenience, this leg-to-
leg BIA method of estimating BF has become increasingly popular with health
professionals, as well as the general public, for the assessment and monitoring of obesity

[246].
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Bioelectrical impedance measures the strength and speed of the electrical single
sent through the body (impedance measure). It then uses this measurement and information
such as height , weight , and gender to predict how much BF a person has. The Tanita is a
precision electric scale that has two built in footpad electrodes (pressure contact)[247]. The
Tanita method has all the advantages of traditional BIA as well as greater ease of use
speed, and portability, professional versions of the products can be found in hospitals,
health clubs , and researches labs and include comprehensive data such as BMI, BF%, fat
weight, TBW, FFM, the concept has been adapted for use as an affordable home

monitoring device.

2992 Pinst

bioelectrical impedance

Figure 2.8. Foot-to-Foot BF Analyzer (Model BA 833, ADE Fitness, Germany) [248].

Public along with fitness enthusiasts and patients with health risk can measure BF
as part of a regular healthy lifestyle. The same variables apply with regard to hydration
levels, and measuring should be done under consistent conditions [247] . In addition BW
and FM are measured using two (Body analyzer Scale Model BA 833, ADE Fitness,
Germany) foot-to-foot BF (BF monitor scale), gender , age, and height are entered
manually into the keypad interface.Then, the foot-to-foot equipment has two stainless-steel

foot-pad electrodes mounted on a platform scale.

Finally, because of the increase in overweight and obesity and the associated health
risks, many individuals are self-monitoring body composition. There are many methods
available to monitor body composition, more specifically BF , however, not all are readily
available or cost-effective for many individuals to use. Anthropometry provides the single
most portal, universally applicable, non-invasive and inexpensive techniques for assessing

the size, proportions and composition of human body. Anthropometry is particularly
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important during adolescence because it allows the monitoring and evaluation of the
hormone mediated changes in growth and maturation during this period. BMI is the most
commonly used measure of overall adiposity while circumference and SF are measures of
regional adiposity. Two commonly used indices, WHR measure central BF distribution. In
many studies worldwide [249], and in India as well have investigated regional adiposity

and body fat distribution among women [250].

BIA is the method that has been used to assess body composition since 1930s, but
as early as 1990s this technology has been commercially marketed as an easy to use,
inexpensive, portable hand-to-hand and foot-to-foot device. These hand-to-hand and foot-
to-foot devices are used to monitor BF% at home, fitness centers and clinics. Therefore, it
is of importance to note that these devices are valid in estimating BF. The studies
associated wtih the validity or reliability of these devices are still limited because they are
relatively new, and more research needs to be focused on the validity of hand-to-hand and
foot-to-foot devices in controlled and free living settings to see if hydration status does, in
fact, play role in accurate BF measures. Moreover, research on validity of these devices

needs to be expanded across both sexes and across young and adults.
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3. MATERIAL AND METHODS

This study was carried out during two months from June and July 2013 in Duhok
City, Iraq, and data was collected from two general health centers (Azadi Teaching
Hospital and General Central Laboratory Hospital). The study enrolled 209 unhealthy
women aged 30-75 years (the mean = 52.5), who will be called the subjects. Before taking
the tests, all subjects had been informed that data would be used for a research. They were
completely conscious of the importance of precision of information during examination
and through the questionnaire (see Appendix I). Upper and lower BF was assessed by
using two BIA devices (Omron HBF 306 BF analyzer hand-to-hand measurement) that is
faster, easier, less intrusive and includes a lightweight portable device. A person inputs
various personal information such as age, gender, weight and height, then grips the device
handles ( hand-to-hand ). Electrodes in the hand sensor pads send a low, safe single
through the body and so BF content and BMI is calculated automatically in seconds. And
(Body analyzer Scale Model BA 833, ADE Fitness, Germany foot-to-foot or leg-to-leg)
that BIA devices measure impedance across the lower limbs, and the system's four
electrodes are in the form of stainless steel foot pads mounted on the top surface of
platform scale. The subject only needs to stand barefoot on the scale for simultaneous of
body weight and impedance, with manual entry of the subject's gender and height into the

system via a digital keyboard, and the subject's percentage BF is displayed immediately .

3.1.Data Collection

A pre-tested questionnaire was covered the family history of CVD, and Anthropometric
measurements. The anthropometric data ( height, weight, WC, HC) was measured for each
subject using (Omron HBF-306C Hand-to-Hand) and (Body analyzer Scale Model BA
833, ADE Fitness, Germany). Foot-to-FootSF-BIA devices were used to estimate BF%.
Diftferent body tissues have different resistivity, and therefore the calculation can be made
with BIA method to estimate the BF% by passing small alternating current through the
body. In addition, clinical examination, 10 ml of venous blood was withdrawn for

estimating blood glucose, and lipid profile as well.
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3.2. Anthropometric Measurements

All objects have been instructed to takes off their shoes and heavy clothing items and
remove all items from their pockets before being weighed. In the same way, we make sure
that their hair styles do not affect accuracy of height measurement; body weight and height
were measured to the nearest 0.1 kg using a digital weighing machine, and 0.1 cm, using a
graduated elastic tape, respectively. To assess fat distribution, WC was measured in
standing position by using a non-extensible tape at the midpoint between the iliac crest and
the last rib. WC measurements should be made around a patient’s bare midriff after the
patient exhales while standing without shoes and with both feet touching and arms hanging
freely, cut off value for female (WC> 88 cm) were considered obesity [251]. WHO cut off
points were used as follows: high risk (WC > 80 cm ), and very high risk (WC > 88 cm)
for females [2]. And the HC was measured at the widest diameter over greater trochanter
by using a non-extensible tape. Hip and Waist circumference measurements were used to

calculate waist to hip ratio (WHR).

3.3. Body Fat Percentage Measurements

The BF% was measured via two different methods (hand-to-hand ) and (foot-to-
foot). Omron HBF-306C Hand-to-Hand BIA device was used to measurement the upper
BF % where the patient should be standing with raise arms horizontally and elbows extend
straight to form a 90° angle to the body. An electrical current 50 pA usually set a frequency
of 50 Hz was applied to an extremity and resistance to that current due to the specific
resistivity and volume of the conductor and then the FM was measured. In the same
manner, Body analyzer Scale Model BA 833, ADE Fitness, Germany Foot-to-Foot SF-
BIA device worked at 50 KHz and oscillating current of 800 pA to determine impedance
in ohms, was used for estimating the lower BF%. Personal data like gender, body height
and age were entered manually in the keypad interface and saved under selected
locations. The foot-to-foot equipment has two stainless-steel foot-pad electrodes mounted
on platform scale make sure patients heels are positioned on a heel electrode. The subjects
were stood with bare foot and weighted evenly distributed on the measurement platform,
and then the lower BF% and BMI were calculated without using jewelry or metal objects.
The analysis i1s based on the measure of body’s electrical resistance. We must be careful
that alow and safe electrical signal passes freely through fluids contained in lean tissue.

The body analyzer accurately measured the resistance and with reference to
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anthropometric data uses it to calculate elements of body composition. In order to assure
the accuracy of the measurements, the following recommendations were required: 4 hours
of absolute fasting; not perform vigorous exercise 12 hours before; not drink alcohol 48
hours before, and urinate at least 30 minutes before testing. For more precision, new term
was introduced to evaluate the BFR which calculated as upper BF (hand-to-hand) divided
by lower BF (foot-to-foot).

Moreover, it must be noted that for blood pressure assesstment, resting SBP and DBP
were measured by using a standard mercury sphygmomanometer and cuffs appropriate for

arm, and so the SBP and DBP was assessed.

3.4. Biochemical Measurements (Collection of Blood Samples)

Participants were instructed to attend the Lab-Department of Clinical Biochemistry
in general health centers in the morning after overnight fasting for 10-12 hours and
avoiding smoking and heavy physical activity for more than 2 hours before the
examinations. Blood samples were collected between 8:00-10:00 am., about 10 ml of
venous blood were withdrawn by venepunctre, using VACUTAINER from the antecubital
vein and collected in BD Vacutainer System CAT-plain tubes. After 25-30 mints., the
serum was separated by centrifugation using a HTACHI centrifuge (model O5P-21) at
5000 rpm for 10 minutes. Then, the serum was processed immediately for measuring
serum TG, HDL-ch, LDL-ch, blood sugar and serum creatinine by clinical chemistry
analyzer (open, automated, discreate, random access).TCHO for individuals with TG

concentration [] 400 mg/dl was calculated from the Friedewald equation [252].

TCHO = HDL + LDL + (TG/5) (3.1)

Moreover, the definition of risk factors are hypertension defined as a SBP > 140
mmHg and DBP > 90 mmHg [253], TCHO > 200 mg/dl , HDL [] 40 mg/dl, LDL> 130
mg/dl, TG > 200 mg/dl [254], and DM or FBS > 120 mg/dl [255]. Parental history of
coronary heart disease ( CHD)is positive if one or both parents died in the past due to

CHD[256] . The characteristics of the study are shown in Table 4.1.
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3.5. Statistical Analysis

All data were analyzed using the Statistical Package for Social Science SPSS 20
windows on an IBM PC compatible computer. Pearson’s correlation co- efficient (r) was
used to compare the correlations between variables, and to test relation among ages,
anthropometric, and related risk factors. Level of statistical signification was set as < 0.05.

Descriptive data were expressed with use of standard deviations of these r-values as
means + standard deviation (mean + SD) values. All the analyses were divided into three
groups to their ages as (I: 30-39; II: 40-64; and 1II > 65 year). Correlations were also
employed to assess the relationship between obesity and cardiovascular risk by comparing
various measures of obesity. BFR and WHR parameters were grouped according to the
case numbers in quartiles, BMI parameter was grouped according to the proposed criteria
for the Asia-Pacific region, where being overweight is defined as BMI > 23 kg/m’, and
obesity is defined as BMI > 25 kg/m” [257]. We analyzed the association between different
anthropometric indices and disease prevalence, or actual plasma concentrations blood

pressure values by testing their trends.
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4. RESULTS AND DISCUSSION

In this section we presents the results of the measurements and discuss the obtained
results. The study included simple anthropometric data BFR, BMI, (Waist, Hip)
circumferences, and WHR were used for screening individuals to detect cardiovascular
disease for the subjects. The correlation values between the antropometric data (BFR,
WHR, BMI) for each subject with risk factors of heart dieases according to age group were
presented in the tables. On the other hands, the CV risks with respest to antropometric data

are ploted in the figures given below.

The means and standard deviations of the anthropometric measurements and their
biochemical variables are given in Table 4.1. Anthropometric characteristics of the study
population were presented in Table 4.1. The participants (ranging from 30 to 75 years)
were separated to their age into three age groups as (30-39), (40-64) and older than 65
year. Mean age of these groups were (35.86 + 2.34), (51.96+ 6.56) and (71.09 £5.45)
years, respectively. The second group was the highest (152.08 + 6.16) while the heaviest
group was first one (82.23 + 13.17). The first group has large waist and hip circumference
(107+ 6.27) cm, (114.71+ 8.03) cm respectively and highest values of measuring BF%
(leg-to-leg 30.46 + 2.55) and (hand-to-hand 45.54 + 5.006), respectively. However the

ratio between them for both were highest in the third group.

In addition, the biochemical measurements of the study population were also present
in Table 4.1. The highest value measured of HDL was (35.16 & 9.25) for third group while
the highest values of LDL, TCHO, Glucose, SBP and DBP were in second group.
However, the first group was highest only in TG (184.17 £ 95.19) mg/dl .
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Table 4.1. Anthropometric indexes and Cardiovascular risk factors (CVD ) for women

(mean + SD).
Variables (n=209)

I (n=7) II(n=159) III (n=43)
Age (years) 35.86+2.34 51.96+6.56 71.09£5.45
Height(m) 150.29+7.99 152.0846.16 148.51+6.44
Weight(Kg) 82.23+£13.17 75.30£14.02 63.11£10.59
WC (cm) 107£6.27 106.64+10.84 103.09+10.06
HC (cm) 114.7148.03 110.05+10.52 103.71£10.25
WHR 0.93+0.047 0.97+0.061 0.99+0.046
BF%(L-L) 30.46£2.55 26.83+£5.33 22.56£5.25
BMI (Kg/m2) 35.1443.23 33.56£16.57 28.58+4.78
BF%(H-H) 45.54+5.006 44.194£8.42 40.41£8.61
BFR 1.49+0.141 1.67+0.26 1.83+0.36
HDL (mg/dl) 32.94£7.15 34.70£8.62 35.16£9.25
(LDL) (mg/dl) 117.61£18.43 118.364+29.73 116.77+33.50
TG (mg/dl) 184.17495.19 183.75499.52 173.95+84.06
TCHO (mg/dl) 187.394+29.88 189.81+38.29 186.73+43.19
Glucose (mg/dl) 134.14+44.97 143.27469.52 142.924+65.49
SBP(mmHg) 137.14+19.76 147.261+24.98 138.844+22.59
DPB (mmHg) 92.86+21.38 98.67£69.74 89.21+15.84

Age Groups: I, 30-39; II, 40-64; III > 65 years; HC, Hip Circumference; WC, Waist
Circumference; WHR, Waist-to-Hip-Ratio; BF%(L-L), Body Fat % (Leg-to-Leg); BMI,
Body Mass Index; BF%(H-H), Body Fat%(Hand-to-Hand); BFR, Body Fat Ratio; HDL,
High-Density-Lipoprotein; LDL, Low-Density-Lipoprotein; TG, fasting Triglyceride;
TCHO, Total Cholesterol; Glucose, fasting plasma glucose; SBP, Systolic Blood Pressure;
DBP, Diastolic Blood Pressure.
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In Table 4.2, the correlation between a WHR parameter and the CVD risks are shown

for the three groups. Positive associations existed between WHR and Glucose for groups

aged (30-39) and (40-64) years and with SBP for second group (40-64) and with TCHO for

the first group (30-39) and third group (= 65 year). While a negative associations existed
between WHR and SBP for group aged (30-39) and (= 65 year),and with HDL for both
groups (30-39) and (40-64), and also withTCHO for group aged (40-64)year.

Table 4.2. Pearson correlation between WHR groups and CVD risk factors for three age

groups.

WHR were classified into : 1, 0.8-089; 2, 0.9-0.95; 3, >0.95.

Age group CVD risk factors WHR groups
(years) (MeantSD) 1(n=24) 2(n=35) 3(n=150) Correlation

I 109.00+£22.62 | 114.00£15.55 | 164.33£57.32 0.925
1I Glucose (mg/dl) 131.67£61.23 | 125.114£56.99 | 149.88+73.08 0.796
111 170.00+0.00 125.08+44.92 | 145.14+69.13 -0.437
I 150.00+42.42 130.00+0.00 133.33+£5.77 -0.744
it SBP(mmHg) | 142.86+22.83 | 137.78422.58 | 150.41425.40 0.695
111 150.00+0.00 125.00+£13.78 | 140.83+23.34 -0.236
I 112.90+£33.23 | 127.30+£21.63 | 114.30£10.01 0.036
il LDL(mg/dl) | 111.49+30.08 | 124.51434.97 | 118.17+28.25 0.395
111 113.00+0.00 122.40+49.17 | 115.94+31.54 0.177
1 37.90+12.58 31.45£2.47 30.63+6.03 -0.890
1I HDL(mg/dl) 37.76%£10.42 34.034+6.78 34.2848.61 -0.754
111 28.00+0.00 36.154£9.40 44.75+58.57 0.993*
1 173.40+53.74 196.45+7.42 190.68+30.23 0.683
i TCHO(me/dl 717870243806 | 190.08+42.18 | 171.97437.12 | -0.450
111 170.80+0.00 191.78+£52.80 | 195.88+66.94 0.876

*, Correlation is significant at the 0.05 level (1-tailed).
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In Table 4.3, the correlation between a BFR parameter and the CVD risks are shown

for the three groups. The correlation between BFR and all CVD factors were almost

positive in all groups except with Glucose was negative for the second group, and with

SBP for the third group. However, high significant positive correlations existed between

BFR and Glucose (p<0.05) for first group (30-39) years and with LDL (p<0.01) for the

second group.

Table 4.3. Pearson correlation between Body Fat Ratio (BFR) groups and Cardiovascular

risk factors.

BFR groups classified in to:1, 1; 2, 1.5; 3, 2.

Age CVD risk factors BFR groups
(i‘;‘:f) (MeanzS.D.) 1(n=45) 2(n=35) 3(n=129) Correlation

I 116.67+14.43 | 138.00£63.64 | 156.50£75.66 | 0.989*
1l Glucose (mg/dl) 150.58+78.20 | 157.46286.60 | 136.75£60.39 | -0.704
fin 132.39+24.81 | 152.20£63.80 | 144.59+74.98 |  0.350
I 126.67£5.77 | 155.00£35.35 | 135.00+7.07 0.462
il SBP(mmHg) 142.12428.14 | 150.00423.57 | 1482142426 |  0.691
fin 143.33£25.00 | 136.00£20.73 | 137.93£22.7 | -0.472
I 108.77£17.97 | 124.70£16.54 | 123.80426.58 |  0.927
il LDL(mg/dl) 110.85£25.61 | 115.64£29.46 | 121.67430.81 | 1.000%*
fin 08.89122.68 | 139.70443.88 | 1183743259 |  0.225
I 20474352 | 37.50£13.15 | 33.60+5.51 0.667
il HDL(mg/dI) 33.80£6.82 | 33.3747.67 | 35.35£9.39 0.787
fin 30.16£5.01 | 36.88£1123 | 36.42+9.64 0.828
I 183.03+44.12 | 199.30£17.11 | 182.0227.83 1.138
il TCHO(mg/d]) 179.34+32.39 | 189.76£39.45 | 193.35439.48 |  0.942
fin 168.58+27.68 | 217.66261.58 | 187.03441.97 |  0.201

*, Correlation is significant at the 0.05 level (1-tailed).

** Correlation is significant at the 0.01 level (1-tailed).
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The associations between anthropometric measurements BMI and CVD factors and

age groups are presented in Table 4.4. The only positive relationships was found between

BMI and Glucose, SBP for the second group. While a significant positive relationships

were found between BMI and TCHO for both the second and third groups. However a high

significant negative relationships were found between BMI and HDL, LDL for both

second and third group, also with SBP for third group.

Table 4.4. Pearson correlation between Body Mass Index (BMI) groups and

Cardiovascular (CVD) risk factors for three age groups of women.

BMI groups classified in to :1, 18-22.9; 2, 23-24.9; 3,25-29.9; 4, >30Kg/m” .

Age group C;;?t:::k e 200 Correlation
(years) (MeanSD) 1(n=11) 2(n=16) 3(n=47) 4(n=135)

1 134.14+44.97 0

i glll‘;fgf)e 112.29420.40 | 115.22428.15 | 143.39+69.02 147.42473.28 0.887

1 153.75£70.98 | 162.00£77.43 | 127.69+40.37 147.09+80.67 - 0.381
1 137.14£19.76 0

I SBP(mmHg) | 133.57+28.68 | 128.89+11.66 | 143.87+25.64 150.54424.56 0.099

1 132.5045.00 | 138.57430.78 | 139.38422.64 140.00422.80 -0.011
1 117.61+18.43 0

i LDL(mg/dl) | 123.87431.79 | 110.59430.90 | 117.72427.55 118.82430.38 -0.591%

1 148.55£15.72 | 111.97440.26 | 116.51434.98 111.19430.13 -0.520
1 32.9447.15 0

1 HDL(mg/dl) | 34.1946.77 | 35543951 | 35.95+11.15 34.3147.91 -0.944%%

1 46.18+13.92 | STOHILIY 35 55.8 58 31.2445.06 L0.957%*
1 187.39429.88 0

I TCH(;(“‘g/ dl' | 186.17439.60 | 173.40£39.56 | 188.14£37.90 | 192.01%38.35 0.851%*

1 235.18+33.88 | 227801278 | 189 11446.30 175.75434.21 0.745%*

0

*, Correlation is significant at the 0.05 level (1-tailed).

** Correlation is significant at the 0.01 level (1-tailed).

45




In Figures 4.1 and 4.2 the relations between HC with BF% (Leg-Leg) and WC with BF%

(Hand-Hand) were found to be closely linear.
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Figure 4.1. Correlation of HC with BF%(L-L) for all participants (n=209).
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Figure 4.2.Correlation of WC with BF%(H-H) for all participants (n=209).

The previous relationships were drawn for each age group individually. Among figures
(4.3 and 4.4) and (4.5, 4.6) demonstrate that the higher correlation was found in the

second group.
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Figure 4.3.Correlation of HC with BF%(L-L) for age group (30 -39)year, (n=7)(left) and for
age group (40-64)year, (n=159) (right).
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Figure 4.4.Correlation of HC with BF%(L-L) for age group >65year (n=43).
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Figure 4.5. Correlation of WC with BF%(H-H) for age group (30.-39)years, (n=7)
(left)and for age group (40-64)years, (n=159) (right).
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Figure 4.6.Correlation of WC with BF%(H-H) for age group >65years, (n=43).

The prevalence of obesity based on WHR and BFR parameters is exhibiting in
Figure 4.7 as function of CV%. The risks became significantly increased with the two
parameters for all age groups. A good correlation for impact of the two parameters on
CV% was observed except for the second group. This impact was significantly increased

with age.
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Figure 4.7. Correlation of (WHR & BFR) with CV% risk factors for three age groups.

The prevalence of central obesity based on BF% (H-H) and WC parameters
exhibits in Figure 4.8. as function of CV%. The risks became almost significantly
increased with the two parameters for all groups. In general, the influence on CV% by the
central obesity BF% parameter was lower than WC parameter except for the second age

group. This influence was closely linear increased.
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Figure 4.8. Correlation of BF%(H-H) & WC with CV% risk factors for three age groups.

Also the prevalence of lower obesity based on BF% (L-L) and HC parameters is
exhibit in Figure 4.9. as function of CV%. The risks became almost significantly increased
with the two parameters for all age groups. In general, a matching influence on CV% by

the two parameters was observed for all groups. This influence was closely linear increased

with age.
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Figure 4.9. Correlation of BF%(L-L) & HC with CV% risk factors for three age groups.

Figure 4.10. display high significant correlation between CV% and BMI for both
first and second groups of age. The strongest correlation to CV% risk was observed in
second group. Unfortunately, no enough results were available to show this relation for the

first group.
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Figure 4.10. Correlation of BMI with CV% risk factors for three age groups.
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S. CONCLUSION

Obesity and overweight are currently considered major public health problems in
Northern Iraq as well as in many countries. The risk of increasing adiposity increases
excess mortality at any age. The importance of fat distribution has been realized in recent
years. It has now become obvious that metabolic complications of obesity are associated
with upper segment or abdominal obesity. The increased risk of CVD has been found in
individuals presenting with distribution of excess fat in the abdominal region. Obesity
itself is a cardiovascular risk factor. It is characterized by an increased amount of BF,
BMI, WC, HC, WHR and BFR which have been accepted as simple anthropometric
indexes for assessing BF amount and distribution and are useful indices for providing

important information to predict CVD.

Though a number of techniques are available to measure BF, BIA and anthropometry
methods, among which the simplest and most practical is BMI method which gives a
reasonable estimate of adiposity. The present study focused on the relation of
anthropometry parameters with CVD risk factors in obese Iraq women for age group (30-
75) years. The results showed that the three anthropometric indices (BMI, WHR, BFR)
were found to be closely related to CVD while the other studies published showed that the
WHR and BMI were the best predictor for assessing the risk of CVD [258,259]. Hence the

results of present study can be summarised as follows.

The characteristic of all participant subjects were given in detail in Table 4.1. It was
obtained that the association between Glucose, HDL and TCHO factors with WHR
parameter groups was strongly reinforced the view of influence of this parameter on the
CV risks, especially this correlation appeared explicitly for women older than 65 years in
HDL and TCHO factors while Glucose factor in the results of statistics showed
consistently (p< 0.05) for age group (30-39) years and (40-64) years as shown on Table
4.2. These results confirmed the study done in ref.[260]. In Table 4.3. The high association
between the risk factors (Glucose, HDL, LDL and TCHO) with BFR parameter groups was
observed especially Glucose, LDL and TCHO factors for the age group (30-39) years and
TCHO for second age group, a significant correlation was found between the results of
statistics of the BFR parameter and risk factors, which showed consistently (p<0.01 and p<

0.05) , respectively.
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A significant negative correlation of BFR parameter with Glucose factor for second
age group and with SBP factor for third age group observed in Table 4.3. In Table 4.2, a
negative correlation was found for WHR parameter with TCHO and HDL factors
forsecond age group, and for age grouped older than 65 years with Glucose and SBP
factors while for first age group with SBP and HDL factors and also for age grouped
older than 40 years. From Table 4.4 a high negative correlation was also observed for LDL
and HDL factors with BMI parameter for third age group in SBP factor. These results are
in a good agreement with ref.[261].

In Figure 4.7, the relationship between CV% risk factors with WHR and BFR
parameters confirmed the idea of utilize the two WHR and BFR as a good parameters to
predict the cardiovascular risks in obesity. The risks became significantly increased with
the two parameters for all age groups. Agood correlation for impact of the two parameters
on CV% was observed except for the second group. This impact was significantly
increased with age.In the contrary to our findings and others WHR parameter had a strong
correlation with metabolic syndrome in women [82, 261]. Hence, anthropometric measures

plays an important rule to indicate a central obesity pattern and an increased risk of CVD

[262,263].

Table 4.4 showed the association between Glucose, SBP, LDL, HDL and TCHO
factors with BMI parameter groups strongly reinforced the view of influence of this
parameter on the CV risk factors especially for women older than 40 years. Our study is in

agreement with [264] regarding BMI and BF%.

The linear relationship between CV% risk factors and BMI parameter confirmedin
Figure 4.10, that the BMI represent the CV risks in obesity women. This linearity were
obviously in age group (II) and (I1I), but unfortunately, was not so clear in the first group
due to the lack of data. The positive relationship between BMI and CVD mortality has also
been reported from large prospective Cohort studies[265]. However, in contrast correlation
between BMI and myocardial infarction among South Indians males and females was

reported [266].

From Figures (4.1 and 4.2),the variation of BF%(L-L) with HC parameters, and
BF%(H-H) with WC parameters with respect to age groups was increased linearly. showed
that the higher correlation between the age groups and these parameters was observed in

the second group showed in figures 4.3 and 4.4 and 4.5 and 4.6, respectively.
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Figure 4.8, and Figure 4.9, showedthe prevalence of central and lower obesity based
on BF%(H-H) and WC , and BF%(L-L) and HC parameters respectively as functions of
CV% risks. The risks became almost significantly increased with the four parameters for
all age groups. In general, the influence on CV% by the centralobesity BF% parameter was
lower than WC parameter except for the second age group. This influence was clearly
linear increase, and a matching influence on CV% by the two parameters BF%(L-L) and
HC was observed for all groups.Also this influence was closely linear increased with age.
Some studies have shown that WC is better correlate of CVD risk factors [267] while WC
was found to be a better estimate of abdominal visceral adipose accumulation. It has been
shown to be a better marker of visceral fat [268,269] and correlates more strongly with
CVD risk factors [82, 83,52]. When we compared the correlation of lower BF%(L-L) and
HC parameters with CV% risk factors, they havealso good correlations among all CVD
risk factors. These results are in agreement with the cross-sectional and prospective studies
which found that a larger HC is associated with risk factors for Glucose, and CVD [94,
270].

The main limitation of the present study was the use of cross-sectional data to assess
the ability of anthropometric measurements to predict CVD risk factors. Further
longitudinal analyses will provide stronger evidence of these associations. Another
limitation was that the analyses were conducted in an elderly population at high risk for
CVD. In our study, all anthropometric indices never the less provided information on CVD
risk factors although at various degree of importance.

In conclusion, it has ben shown that the parameters (BMI, WHR, BFR, WC and HC)
were closely related to the CVD risk factors of Iraq women aged (30-75) years.
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APPENDIX I

Self-Report-Heart disease

Female

The Questionnaire form

Sample number:

Name:
Age (years old):
Family history of CV risk factors Yes No
Previous and current diseases : Yes No
1- Anthropometric measurements :
Age Years
Height Cm
Weight Kg
Wrist Cm
Hip Cm
Blood pressure mmHg
2- Tanita (Leg-Leg)

Body Water Muscle Mass Body Fat%(L-L)

3- Omron (Hand-Hand)

BMI (Kg/m®)

Body Fat%(H-H)
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Biochemical Investigations (Lipid Profile):

Test Value
HDL mg/dl
LDL mg/dl
TG mg/dl
Total Cholesterol mg/dl
Glucose mg/dl
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