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The role of fat mass index in determining obesity

Gerson Peltz, MD, MPH, Maria Teresa Aguirre, MS, Maureen Sanderson, PhD, and Mary K.
Fadden, MPH, PA

University of Texas Brownsville, Center of Biomedical Studies, 80 Fort Brown — 1.828 LHSB,
Brownsville, Texas 78520

Abstract

Objective—To compare body mass index (BMI), percent body fat (PBF), and fat mass index
(FMI) and to investigate the accuracy of FMI as a convenient tool for assessing obesity.

Design—Anthropometric measurements and bioelectrical impedance analyses were performed
on 538 Mexican Americans (373 women and 165 men). Correlations between BMI and PBF and
between FMI and PBF were investigated. The percentage of persons misclassified as obese using
different classifications was calculated. Multiple linear regression analysis was performed to
generate predictive models of FMI for males and females separately.

Results—BMI and PBF were correlated in men (rho = 0.877; p < 0.0001) and women (rho =
0.966; p < 0.0001); however, 20% and 67.2% of the men and 9.2% and 84.2% of women,
classified as normal weight and overweight by BMI, respectively, were diagnosed as obese by
PBF. FMI and PBF were also correlated in men (rho = 0.975; p < 0.0001) and women (rho =
0.992; p < 0.0001). Four percent of the men classified as normal weight and 65.5% classified as
overweight by BMI were obese by FMI, while 71.3% of women classified as overweight by BMI
were obese by FMI. Misclassification of obesity between FMI and PBF categories was observed
in 5.4% of men and 7.8% and women.

Conclusions—The discrepancy observed between BMI and PBF reflects a limitation of BMI.
Conversely, FMI accurately assessed obesity in our study of Mexican Americans, but further
studies are necessary to confirm our findings in different ethnic groups.

Keywords
Fat mass index; body composition; obesity

Introduction

In recent decades, there has been an alarming increase in the rates of overweight and obesity
on a global scale (World Health Organization, 2000). Due to the health risks associated with
obesity, efforts have been made to properly quantify body fat in individuals and in different
populations (Stein and Colditz, 2004). Body adiposity cannot be measured directly, and
although there are numerous techniques for accurately assessing total body fat such as
underwater weighing (UWW) (Segal et al., 1988) and dual energy X-ray absorptiometry
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(DEXA) (Lohman et al. 2000; Kontogianni et al., 2005) these methods are not practical for
use in large epidemiological studies.

Body mass index (BMI) which is defined as weight in kilograms divided by height in meters
squared, is commonly used to determine overweight and obesity in clinical and field
research settings (World Health Organization, 2000; Stein and Colditz, 2004; Snijer et al.,
2006; McTigue et al., 2003). However, BMI does not distinguish between lean and fat body
mass (Stein and Colditz, 2004; Frankenfield et al., 2001; Snijder et al., 2006; Peltz et al.
2007). Various methods that are simple to perform have been used to estimate body
adiposity. For instance, skinfold thickness measurement, a method that assesses body fatness
through the use of calipers at particular body sites, has showed a strong correlation with
body adiposity measured by reference methods (Heimmel et al., 2007; Nooyens et al., 2007;
Webber et al., 1994; Chumlea et al., 2000; Pollock and Jackson, 1984; Lohman, 1981;
Martin et al., 1985). By using generalized equations for men and women, skinfold measures
can predict estimates of body fat from body density (Jackson and Pollock, 1985; Durnin and
Womersley, 1974; Brozek et al., 1963; Siri, 1993). Limitations of this method include
reproducibility, inter- and intra-individual variation (Martin et al., 1985; Himes et al., 1979),
and the difficulty in obtaining accurate measures in very obese subjects (Webber et al.,
1994; Chumlea and Guo, 2000; Mei et al., 2002; Bray et al., 1978). In addition, site-specific
selection for skinfold thickness measurements based on sex has been recommended
(Nooyens et al., 2007; Kagawa et al., 2007; Marini et al., 2007; Lee and Nieman, 2002).

The distribution of body fat is also a well-established predictor of cardiovascular disease,
metabolic disturbances, certain cancers, and premature mortality (Snijder et al., 2005; Zhang
etal., 2007; Zhu et al., 20033, Calling et al. 2006; Sanchez-Castillo et al., 2003; van der
Brandt and Goldbohm, 2006). There are sex differences between fat depots, as women have
greater abdominal subcutaneous fat and far less intra-abdominal fat than men (Schreiner et
al., 1996). Waist circumference (WC) and waist-to-hip ratio (WHR) are accurate predictors
of disease and have shown to be better markers of all-cause mortality than BMI (vander
Brandt and Goldbohm, 2006; Calling et al., 2006; Simpson et al., 2001; Zhang et al., 2007).
A limitation of this method is that established cutoff points for abdominal obesity as set out
by the World Health Organization (2000) may not be appropriate for non-Caucasian or non-
adult age groups (Snijder et al., 2005). Still the method is simple and easy to perform,
requiring only measurements of the appropriate body sites with a non-elastic measuring
tape.

Another, more sophisticated, approach to assessing body fatness is bioelectrical impedance
analysis (BIA). This method is convenient for body composition analysis and is widely
implemented in clinical and research settings (Pietrobelli et al., 2004; Ellis et al., 1999; Sun
et al., 2003). Impedance is the frequency-dependent opposition of a conductor to the flow of
an alternating electric current. Resistance is the pure opposition of the conductor to the
alternating current, and reactance is the dielectric component of impedance (Chumlea and
Sun, 2005). Estimates of total body water (TBW), fat-free mass (FFM) and fat mass (FM)
can be made using predictive equations that include impedance values (Ellis et al., 1999;
Kyle et al., 2004). The percentage of body fat (PBF) can then be calculated using FM and
body weight.

BIA has been validated as a measure of body adiposity when compared to reference
methods such as UWW and DEXA (Segal et al., 1988; Pietrobelli et al., 2004; Sun et al.,
2003; Kyle et al., 2001). Although BIA has been shown to be a suitable, efficient, and safe
method for clinical and field epidemiologic research (Kontogianni et al., 2005; Frankenfield
etal., 2001; Peltz et al., 2007; Sun et al., 2003; Barbosa Silva, et al., 2005; Heymsfield et al.,
1997), one of the major limitations of this method is that it requires predictive equations for
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the determination of FFM that are specifically developed for different populations,
ethnicities, age groups, and both sexes (Peltz et al., 2007; Chumlea et al., 2000; Kyle et al.,
2001; Heymsfield et al., 1997).

There is still a need for an even more simplified approach to assessing body fat content in
large epidemiological studies and in the clinical setting as well. BMI is routinely and very
conveniently used, requiring only height and weight to calculate, but the categorization of
obesity is broad and imprecise. On the other hand, BIA is considered to be reliable but not
very convenient. Although BIA is portable and less costly than DEXA and UWW, the
logistics of the procedure must be planned in advance. Different types of BIA analyzers are
available and certain devices are multi-frequency whereas others operate by single-
frequency. Single-frequency instruments operate at 50 kHz, and although multi-frequency
instruments provide a better estimate of intracellular (ICW) and extracellular (ECW) water,
an improvement in body composition estimates with the use of multi-frequency instruments
when compared to single-frequency instruments has not been consistently shown (Dittmar
and Reber, 2001; Simpson et al., 2001). Nonetheless, multi-frequency analyzers are more
useful in research and clinical settings involving end-stage renal disease and dialysis
evaluation (Chumlea and Sun, 2005). Some instruments are tetrapolar and require subjects
to lie down on an examining bed or stand on a scale whereas some are octapolar and require
subjects to grasp grips in each hand while standing on a scale. Results of some BIA
instruments are presented as TBW, FFM, and FM based on proprietary, built-in predictive
equations that preclude the investigator from using equations that better fit the specific
population under study. In addition to logistics, BIA requires dietary restrictions that if not
strictly adhered to will produce imprecise results.

A potential indicator of body adiposity that may prove to be highly useful in field research is
the fat mass index (FMI). This index was first introduced in a study involving nutritional
assessment (Vanltallie, 1990) and is calculated by taking the body fat mass component from
BIA and dividing by height squared. This study examines the relationship among BMI, PBF,
and FMI in a population of Mexican American college students and proposes FMI cut-off
points for this population. In addition, we developed a predictive model of FMI that can be
used in field studies requiring body composition assessment in Mexican American young
adults without the need for sophisticated equipment or techniques subject to operator error.
Although it can be argued that FMI, BMI, and PBF are composed of the same variables and
are one and the same, they each categorize overweight and obesity differently. BMI takes
into account body weight and body height while FMI requires information on body weight,
body height, and fat mass content. Height is positively correlated with weight, although for
calculation of BMI and FMI, this confounding variable is removed (Wells et al., 2007).
Therefore, the comparison between BMI and FMI is directly influenced by fat mass content,
which is the desired variable to be measured in obesity studies. On the other hand, in studies
on body composition, FMI has shown superiority over PBF since PBF is not corrected by
height (Vanltallie, 1990). Because FMI takes height into account, it reduces the bias
associated with PBF.

Materials and Methods

Subjects

Participants for this study consisted of a convenience sampling of 538 Mexican American
college students (373 women and 165 men) attending the University of Texas at Brownsville
& Texas Southmost College (UTB/TSC) and recruited from September 2004 through
December 2005. VVolunteers were recruited through classroom presentations and flyers
posted throughout campus by research staff. Subjects were defined as Mexican Americans
by using self-reported ancestry information. A participant was eligible for enroliment, if all

Am J Hum Biol. Author manuscript; available in PMC 2011 September 1.
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four grandparents were of Mexican ancestry. The sole criterion for exclusion of a participant
was pregnancy. The response rate was 90% among those who indicated they were interested
in participating in the study. The study protocol was approved by the UTB/TSC Institutional
Review Board. A signed written informed consent was required from all participants before
participating in the study. All anthropometric measurements and BIA were performed in
duplicate during weekdays from 7:30 to 10:30 AM at the Student Health Services, the UTB/
TSC campus student health clinic, by trained research staff. Participants were asked to
refrain from eating, drinking, and exercising for 6 hours prior to being examined and were
also asked to abstain from consuming alcohol within 48 hours or diuretics within 7 days of
their appointment at the clinic. Only those individuals who reported good health and
followed the dietary recommendations participated in this study, while those who did not
follow protocol were rescheduled. Women who perceived they were retaining fluids due to
their menstrual cycle did not undergo testing. Participants were asked to urinate within 30
minutes of the measurements.

Weight and height measurements

Body weight in kilograms and body height in meters were measured for each subject while
they wore an examining gown and no shoes. Body weight was measured to the nearest 0.1
kilogram with portable electronic digital scales (Tanita BWB-800S, Arlington Heights, IL).
Body height was measured using a vertical wall-mounted stadiometer (Tanita HR-100),
Arlington Heights, IL) and was recorded to the nearest 0.001 meter. BMI was calculated as
weight in kilogram divided by height in meters squared.

Waist circumference and waist-to-hip ratio

Waist circumference (WC) and hip circumference (HC) were taken with a non-elastic tape
measure in meters. WC was measured at the smallest circumference between the costal
margin and the iliac crest, and HC was measured at the widest circumference between the
waist and the thigh. Waist-to-hip ratio (WHR) was calculated as WC divided by HC.

Bioelectrical impedance analysis

A BIA analyzer (BIA Quantum II, RJL, Systems, Inc., Detroit, MI) was used to measure
resistance (R) and reactance (Xc) at 50 kHz frequency at controlled room temperature.
Subjects were placed in a supine position with arms and legs abducted approximately 45° to
each other assuring no contact between the thighs and between the arms and the trunk.
Shoes and socks were removed, and contact areas were scrubbed with alcohol immediately
before electrode placement. Source electrodes were placed proximal to the metacarpo-
phalangeal joint on the dorsal surfaces of the right hand and distal to the transverse arch on
the superior surface of the right foot. Sensor electrodes were placed at the midpoint between
the styloid processes and between the medial and lateral malleoli on the right ankle. R and
Xc were recorded to the nearest ohm (). The following FFM predictive equations validated
for Mexican Americans (Sun et al., 2003) were applied to individual BIA resistance data in
order to estimate FFM for each subject:

Men: FFM = -10.68 + (0.65 height?) / resistance + (0.26 weight) + (0.02 resistance)
Women: FFM = -9.53 + (0.69 height?)/ resistance + (0.17 weight) + (0.02 resistance)

where FFM is measured in kilogram, height? / resistance in 0.01 m? / Q, and resistance in Q.
FM and percent body fat (PBF) were calculated as follows:

FM (kg) = body weight (kg) — FFM (kg)

Am J Hum Biol. Author manuscript; available in PMC 2011 September 1.
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PBF = [FM (kg) / body weight (kg)] x 100.

Definitions of obesity

A BMI of 25-29 kg/m? was considered overweight, and a BMI > 30 kg/m?2 was considered
obese for both men and women (World Health Organization, 2000). In agreement with
previous studies, a PBF of > 25% in men and = 35% in women was considered obese
(Deurenberg, et al., 1998; World Health Organization, 1995; De Lorenzo, et al., 2003). ROC
analyses were performed to generate FMI cutoffs for men and women, and cut-off values of
> 6.6 kg/m? in men and > 9.5 kg/m? in women were found to be indicative of obesity.
Values of WC > 1.02 m (102 cm) in men and > 0.88 m (88 cm) in women indicate
abdominal obesity (World Health Organization, 2000).

Statistical analysis

Results

All statistical analyses were performed using SPSS, version 16.0. The distribution of all
variables was tested using the One-Sample Kolmogorov-Smirnov Test. Since the majority of
variables were non-normally distributed, summary statistics are presented as median and
interquartile range (IQR). Statistical analyses are presented by sex and include the Mann-
Whitney U test and chi-square test for comparing the medians between groups. Spearman
correlation coefficients (rho) were used to examine the correlations between BMI, PBF, and
FMI. Multiple linear regression analysis was performed with FMI as the dependent variable
to create predictive models of FMI for Mexican Americans. The following independent
variables were assessed: age, WC, BMI, BMI2, HC, and WHR. Analyses were performed
separately for men and women because of the higher fat mass at any given height seen in
women compared to men. The coefficients of determination (R2) were reported as a measure
of the proportion of variability of FMI explained by the independent variables. To test
whether the equations adequately predicted FMI in our entire study sample, we randomly
split the dataset into two in order to (a) derive predictive equations in one dataset and (b)
predict FMI in the other dataset. Statistical significance was set using a type | error level of
0.05.

From Table 1, the median age in men and women was 22.0 years. Men were taller, weighed
more, had greater FFM, and had slightly greater average BMI than women. Both men and
women were below the cutoff points for abdominal obesity. Women had significantly
greater PBF (35.6% versus 27.1%, p<0.0001) and FMI (9.0 versus 7.3, p<0.0001) than men.
BMI distribution was relatively similar in men, with the lowest percentage in the normal
weight category (30.0%), while in women the highest percentage was found in the normal
weight category (46.6%). PBF cutoffs placed 64.2% of the men and 53.5% of the women in
the obese category, while FMI cutoffs showed that 58.8% of the men and 46.7% of the
women were obese.

As seen in Table 2, among men, correlation coefficients between BMI categories and PBF
decrease as BMI categories increase (rho = 0.644 in normal weight, rho = 0.516 in
overweight, and rho = 0.492 in obese categories) (p < 0.0001). In women, the correlation
was strongest in the normal weight category (rho = 0.890), slightly weaker in the obese
category (rho = 0.819) and weakest in the overweight category (rho = 0.715) (p < 0.0001).
In addition, correlation coefficients between BMI and PBF across all BMI categories were
higher in women than in men. Among men and women correlation coefficients between
FMI and PBF were relatively similar (rho = 0.926 in normal weight and rho =0.914 in
obese categories in men, and rho = 0.978 in normal weight and rho = 0.961 in obese

Am J Hum Biol. Author manuscript; available in PMC 2011 September 1.
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categories in women) (p < 0.0001), with women appearing to have a slightly higher
correlation in the obese category than men.

Table 3 shows that the percentage of men classified by BMI as being normal body weight
and as overweight but classified as obese by PBF was 20.0% and 67.2%, respectively. In
women, 9.2% and 84.2% of those classified by BMI as being normal body weight and as
overweight, respectively, were found to be obese by PBF. In both sexes, 100% of those
classified as obese by BMI were also obese by PBF. When comparing BMI and FMI
categories, 4% and 65.5% of the men in the normal and overweight BMI categories,
respectively, were obese by FMI, whereas 71.3% of the women in the overweight BMI
category were obese by FMI. In men, 5.4% classified as non-obese by FMI were classified
as obese by PBF, and in women, 7.8% classified as non-obese by FMI were classified as
obese by PBF (data not shown).

BMI shows a slightly curvilinear relationship with PBF (rho =0.877, p < 0.0001), and a
more linear relationship with FMI (rho = 0.956, p < 0.0001) in men (Figure 1). The
curvilinear relationship between BMI and PBF is more accentuated in women than in men
(rho = 0.966, p < 0.0001), with BMI showing a distinct linear relationship with FMI (rho =
0.990, p < 0.0001) (Figure 2).

From Table 4, FMI was significantly predicted by BMI and BMIZ in both men and women.
The following predictive equations explained approximately 92% of the variance of FMI in
men and approximately 99% of the variance of FMI in women.

FMI = -8.350 + 0.6 (BMI) — 0.001 (BMI?2) for men
FMI = -8.657 + 0.682 (BMI) + 0.001 (BMI2) for women.

Adding age, WC, and HC to the model marginally improved the model's predictability. A
Bland-Altman plot comparing measured and predicted FMI for both men and women, shows
good agreement between the methods with a mean difference of -0.2900 (Figure 3).

Discussion

Faced with the current, global epidemic of obesity, it has become necessary to validate
simple and accurate tools for the diagnosis of obesity. Many health problems are associated
with obesity, especially cardiovascular disease, type-2 diabetes, metabolic disorders, and
certain cancers (Snijder et al., 2006; van den Brandt and Goldbohm, 2006; Flegal et al.,
2004; Hogan et al., 2003), and approximately 300,000 deaths each year in the U.S. have
been attributed to obesity (Stein and Colditz, 2004). It is of high relevance to investigate the
rates of obesity in the Lower Rio Grande Valley LRGV), a four county area of almost 1
million inhabitants in the southern most region of Texas that is 81.4% Mexican American
(U.S. Census Bureau, 2005). The rates of chronic diseases associated with obesity in the
LRGV are among the highest in the U.S. For instance, the prevalence of type-2 diabetes in
Mexican Americans in the LRGV has been estimated to range from 15.9% to 39% (Bastida
etal., 2001; Hanis et al., 1983; Mier et al., 2007; Villas, 1999).

The ability to estimate or quantify fat stores accurately is central to the prevention and
treatment of obesity-related conditions. Of the most common methods used, we chose to
compare BMI and BIA in a Mexican American population and were able to demonstrate a
strong correlation between BMI and PBF as estimated by BIA. BMI, however, cannot
differentiate between FM and FFM. This is strongly evidenced by the fact that 46.2% of the
men and 50.7% of the women categorized as being normal body weight or as overweight by
BMI were actually obese when examined by BIA. Although all of the methods commonly

Am J Hum Biol. Author manuscript; available in PMC 2011 September 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Peltz et al.

Page 7

used in assessing body fat content are intrinsically limited (Chumlea and Guo, 2000), this
underestimation of obesity by BMI is a critical limitation of this method.

To our knowledge, this is the first study that shows discrepancies between BMI and PBF
estimated by BIA in Mexican American college students. This unequivocal discrepancy
between the two methods was previously observed in four distinct populations. In a random
study of 141 predominantly white American adult men and women conducted in the New
England area, 30% of the men and 46% of the women with a BMI below 30 were found to
have PBF beyond the obesity cutoff points when analyzed by BIA (Frankenfield et al.,
2001). In a study conducted in Greece, of 115 perimenopausal women considered obese by
BIA, only 30.6% were classified as obese by BMI (Kontogianni et al., 2005). In a study of
637 women in Iran, 18.3% were found to be obese by BMI, whereas 39.4% were actually
obese by BIA (Amani, 2007). In a study conducted in Chile of 433 women and 264 men,
64% of the women and 23.6% of the men with a BMI below 30 were found to be obese by
BIA (Carrasco et al., 2004).

In addition to underestimating obesity, it appears that the discrepancies between BMI and
PBF are more pronounced in women than in men across ethnic groups. The higher PBF
normally observed in women is not accounted for when using BMI. For instance, in our
study, the median BMI for men was 27.3 and the median PBF was 27.1, whereas in women,
the median BMI was 25.4 and the median PBF was 35.6. Similarly, in a study of 8,259 non-
Hispanic white and non-Hispanic black adults who participated in the Third National Health
and Nutrition Examination Survey (NHANES I11), women showed a higher percentage of
body fat when compared to men of a comparable BMI. Non-Hispanic white men had a mean
BMI of 26.7 and a mean PBF of 22.1, whereas non-Hispanic white women had a mean BMI
of 26.1 and a mean PBF of 32.0. Non-Hispanic black men had a mean BMI of 26.7 and a
mean PBF of 22.4, whereas non-Hispanic black women had a mean BMI of 28.8 and a mean
PBF of 35.9 (Zhu et al., 2003Db). In another study of 15,912 non-Hispanic white, non-
Hispanic black, and Mexican Americans who participated in the same survey, Mexican
American men and women in the 20-29.9 year age group had a mean BMI of 25.6 and 26.1
respectively, whereas their mean PBF was 24.1 and 35.8, respectively (Chumlea et al.,
2002). The accepted BMI cutoff points as defined by the World Health Organization (2000)
are the subject of controversy, prompting the suggestion of lower cutoffs for BMI by sex
and for specific ethnic groups (Frankenfield et al., 2001; Snijder et al., 2006; Amani, 2007;
Sanchez-Castillo et al., 2000; Deurenberg, 2001; Zhu et al., 2003b; Shiwaku et al., 2004).

Despite its limitations, BMI is continually used in clinical and epidemiological studies and is
considered an accurate predictor of morbidity and mortality associated with obesity
(Kontogianni et al., 2005; Frankenfield et al., 2001). In a mortality study of 8,029
predominantly white American women, aged 65 years and older, it was determined that BIA
was not better than BMI in predicting obesity-related mortality (Dolan et al., 2007).
Moreover, a study conducted with more than 12,000 men and women who participated in
the NHANES I11 that examined the correlations between both BMI and BIA with four
biological markers known to reflect obesity-related medical conditions, found that BMI had
the highest correlations across biological markers. Although no direct comparison between
BIA and BMI in assessing body adiposity was conducted during the study, the authors
suggested that BIA is not superior to BMI as a predictor of overall adiposity in a general
population (Willett et al., 2006).

Predictive equations for the assessment of FFM validated for Mexican-Americans were used
in this study (Sun et al., 2003). Although BIA is not a reference method to evaluate
adiposity, we previously observed a strong agreement between BIA using RJL Quantum |1
and air-displacement plethysmography (BOD POD) in Mexican Americans (Peltz et al.,

Am J Hum Biol. Author manuscript; available in PMC 2011 September 1.
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2007). The Lin's concordance correlation coefficient between FM in kilograms by BIA and
FM in kilograms by BOD POD was 0.96 (95% limits of agreement: -5.99, 7.12) and 0.93
(95% limits of agreement: -5.62, 7.59) for men and women, respectively.

Our results showed the correlation between BMI and PBF to be in agreement with previous
studies in several populations. BMI and PBF have been shown to be strongly correlated in
Greek women (rho = 0.83, p < 0.001) (Kontogianni et al., 2005), and in Iranian women (rho
=0.77, p < 0.001) (Amani, 2007), as well as in a NHANES Il1 study of multiethnic
American men and women (rho = 0.65 and rho = 0.74 in men and women, respectively)
(Willett et al., 2006). A study of predominantly white women in the New England area, aged
65 years and older showed a strong correlation (rho = 0.87, p < 0.001) between BMI and
PBF (Dolan et al., 2007), and a Swedish follow-up cancer study also showed a strong
correlation in women (rho = 0.83, p < 0.001) with a weaker correlation in men (rho = 0.59,
p <0.001) (Calling et al., 2006).

Alternative simple and inexpensive approaches for assessing body adiposity have been
suggested. For instance, some authors have used FM and FFM corrected by body height
(FM index and FFM index, respectively) in studies evaluating morbidity and mortality
related to obesity (Frankenfield et al., Vanltallie et al., 1990; Zhu et al., 2003a). FM and
FFM are known to change with height, weight, sex, and age (Forbes and Reina, 1970; Eto et
al., 2004; Kyle et al., 2003). Increased height or weight may result in an increase in both
compartments. Because PBF provides a good estimate of body adiposity, we chose to
compare FMI to PBF. Further, we tested the accuracy of predictive equations of FMI to
categorize obesity.

FMI accurately classified obesity when compared to PBF in 94.6% of the men and in 92.2%
of the women. Our ROC analysis between FMI and PBF showed an area under the curve of
0.99 for men and 0.99 for women. The validity of using FMI to categorize obesity in men
and women was determined using recommendations proposed by the WHO for selecting
cutoffs (World Health Organization, 1995). The sensitivities of FMI for men and women
were 92% and 87%, respectively for PBF. Specificities were 100% for both men and
women. FMI was predicted using only BMI and BMIZ as independent variables with an R2
value of 0.92 in men and 0.99 in women (p < 0.0001). Adding WC and HC to the model
marginally increased R? among men. Since the median values for WC in men and women
were well below established cutoff points for abdominal obesity (World Health
Organization, 2000), this may explain the minimal contribution of these variables. In order
to maintain the simplicity of the model, BMI and BMI2 were selected as independent
variables. A non-randomized study conducted with 2,986 white men and 2,649 white
women, from 15 to 98 years of age in Geneva, Switzerland, which also used BMI and BMI2
as independent variables, showed an R? value for men of 0.77 and 0.88 for women
(p<0.001) (Kyle et al., 2003). In a separate study of the same Swiss group, R? values of 0.77
in men and 0.88 (p < 0.001) in women were found using only BMI as the independent
variable (Schutz et al., 2002). In a New England study with 53 men and 88 women, using
regression equations that predicted FMI with BMI and BMI? as independent variables, R2
values of 0.99 in men and 1.00 in women were reported which are very similar to our
findings (Frankenfield et al., 2001).

To our knowledge, few studies have explored the use of FMI as proxy of obesity. A study of
Japanese children ages 3 to 5 years, evaluated the validity of FMI and BMI against PBF by
BIA as the reference method (Eto et al., 2004). Correlations between FMI and BMI resulted
in correlation coefficients of 0.472 in boys (p < 0.001) and 0.442 in girls (p < 0.001).
However, similar to our findings, the correlations between FMI and PBF were higher (rho =
0.96, p < 0.001) in both boys and girls (Eto et al., 2004). In the aforementioned Swiss study,
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the mean FMI in the overall age group was 4.9 1.8 kg/m? in men and 6.6 + 2.4 in women
(Kyle et al., 2003), compared to our results, of 7.8 + 3.3 kg/m? in men and 10.3 + 5.2 kg/m?
in women. In the same study, men with non-obese PBF values of 9.0% to 21.2% had
corresponding FMI values of 1.8 to 5.2 kg/m? and women with non-obese PBF values of
20.6% to 33.7% had corresponding FMI values of 3.9 to 8.2 kg/m? (Kyle et al., 2003). Our
study shows that in men, the non-obese PBF mean was 19.5% with a corresponding FMI
mean of 4.8 kg/m2, and in women the non-obese PBF mean was 28.9% with a
corresponding FMI mean of 6.8 kg/m2. Our FMI means fell within the upper range of the
Swiss normal FMI ranges in both men and women. This was not unexpected, as Mexican
Americans have the highest percentage of body fat across all age groups when compared to
non-Hispanic whites and non-Hispanic blacks (Chumlea et al., 2002). In a subsequent study
from the same group, obesity was defined as FMI greater than 8.2 kg/m? in men and 11.8
kg/m?2 in women (Schutz et al., 2002) which are greater than our FMI cutoffs of > 6.6 kg/m?
in men and > 9.5 kg/m? in women in our study. This difference can be explained by the fact
that FMI cutoffs in the Swiss group were derived from BMI and not from PBF cutoffs
(Schutz et al., 2002).

FMI increased linearly with BMI in the Swiss study as well as in our study. The overall
sensitivity of FMI vs. BMI of the Swiss study was 77.4% and the specificity was 84%
compared to our sensitivity of 77% and specificity of 76%. These findings, although limited,
show an interesting agreement with our results, which collectively contribute to the concept
of developing one set of recommended ranges that are not affected by height (Kyle et al.,
2003).

The usefulness of FMI has not been fully explored, conceivably due to the lack of specific
cutoffs (Frankenfield et al., 2001; Vanltallie et al., 1990; Eto et al., 2004; Schutz et al.,
2002). In addition, there is a general acceptance that BMI is the simplest and most
convenient method of assessing body adiposity. However, since BMI is mathematically
equal to the sum of FMI and FFMI (Eto et al., 2004; Schutz et al., 2002; Wells et al., 2002),
the use of FMI as a measure of adiposity is more appropriate and relates to the adiposity
content of BMI.

Our study emphasizes three key points. First, BMI is not reliable or sufficient for identifying
individuals with obesity. Given that our findings are in agreement with other similar studies
conducted in different populations, we speculate that any report addressing the incidence of
obesity based solely on BMI has the potential to be substantively biased. Second, PBF is
superior to BMI in correctly classifying obesity based on accurate estimates of body fatness.
Third, FMI can be accurately predicted from BMI and BMIZ2, and is as convenient to use as
BMI and PBF in epidemiological studies. Aside from the potential benefits to
epidemiological studies of obesity, results from this study might ignite exploratory research
in other areas of biomedicine and anthropology. For instance, the observation of ongoing
changes in body composition across different ethnicities and its relationship with obesity has
demonstrated that obesity affects individuals no matter their cultural background and
economic status.

This study is not without limitations. It may not reflect the results of a similar study
conducted by random sampling. Risk factors for obesity were not examined. Direct
comparison to reference methods for the assessment of body adiposity was not performed,
which limits the study conclusions. Women outnumbered men by 2.26:1. This skew towards
females was also observed in a feasibility study of screening for Chlamydia trachomatis
conducted among college students attending the University of Antwerp, Belgium, in which
participation was composed of 77.8% females and 22.2% males (Colliers A et al., 2009). In
our study, most of the recruiters were females, and this may have biased the recruiting
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process. Equal attention was given to males and females during recruitment, and future
studies should focus on enhancing male recruitment. A report from the National Academy of
Sciences (NAS) on women and health research showed an unconscious bias toward
inclusiveness (i.e., male investigator may tend to include people who are more like the
investigator; similarly, women may feel uncomfortable with male researchers). Societies are
stratified by sex and race, and different groups within societies also stratify along various
lines. The report notes the difficulties (if not near impossibility) of disentangling the
research process from the world within which it is conducted. Thus, one way to avoid the
subtle bias of inclusion in a white, male—dominated scientific research community is to
encourage more women and minorities to become researchers (Executive Summary, 1994).

Limitations of BIA include the assumption that the human body is analogous to a geometric
model that is uniform in cross-sectional area and composition (Lukaski, 1989; Lukaski et al.,
1985). Total body water is estimated at 73% of fat free mass, but this is not a constant
between individuals of different race, sex, age, and health status (Lukaski, 1987; Lohman,
1986). Therefore, predictive equations must be appropriately developed to avoid
misclassification (Kontogianni et al., 2005). Body fat is overestimated in lean individuals
and underestimated in very obese individuals (Chumlea and Guo, 1994).

Conclusion

Although BMI is the most common tool used to evaluate obesity in clinical and
epidemiological studies, it cannot directly measure body fat. The large discrepancy observed
between BMI and PBF clearly reflects the major limitation of BMI. Although it may be a
convenient method, it cannot be completely relied upon as a measure of adiposity, and its
limitations must be taken into account when interpreting body weight classifications based
on BMLI. It is of critical importance that a standardized method that is also accurate,
economical, and convenient for measuring body fat and assessing obesity be globally
implemented in field research. BIA appears to be an acceptable alternative provided specific
predictive equations are applied accordingly, and FMI appears to provide not only accuracy,
but an economical advantage together with convenience.
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FIGURE 1.

Scatterplot showing the relationship between PBF, BMI, and FMI in Mexican-American
men. Circles show PBF vs. BMI and squares show FMI vs. BMI.
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Scatterplot showing the relationship between PBF, BMI, and FMI in Mexican-American
women. Circles show PBF vs. BMI and squares show FMI vs. BMI.

Am J Hum Biol. Author manuscript; available in PMC 2011 September 1.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Peltz et al.

2.004

0.004

-2.00-

Measured - Predicted FMI

-4.001

-25D

T T T T
0.00 1000 20.00 3000

Mean of Measured and Predicted FMI

FIGURE 3.

Bland-Altman plot showing the agreement between FMI based on measured fat mass/
(height)? and predicted fat mass/(height)? in Mexican American men and women.
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Comparison of men and women for anthropometric measures!

Men (n=165) Women (n=373)  P-value
Median (IQR) Median (IQR)
Number (%) Number (%)
Age (years) 22 (9.0) 22 (9.0) NS
Height (m) 1.729 (.080) 1.60(0.085) <0.0001
Weight (kg) 79.8 (27.5) 64.5 (21.4) <0.0001
WC (m) 0.90 (0.195) 0.808 (0.182) <0.05
HC (m) 1.022 (0.14) 1.022 (0.152) NS
WHR 0.8693 (0.0911)  0.7843(0.0957)  <0.001
FFM (kg) 59.2 (11.7) 419 (7.7) <0.0001
FM (kg) 22.2 (14.1) 22.8 (14.9) NS
BMI (kg/m?) 273(7.2) 25.4 (8.2) <0.05
Normal 50 (30.0) 174 (46.6) <0.001
Overweight 58 (35.0) 101 (27.1) <0.01
Obese 57 (35.0) 98 (26.3) <0.05
PBF (%) 27.1(9.2) 35.6 (11.5) <0.0001
Non-obese 59 (35.8) 173 (46.5) <0.001
Obese 106 (64.2) 199 (53.5) <0.001
FMI (kg/m2) 7.3 (4.5) 9.0 (5.9) <0.0001
Non-obese 68 (41.2) 202 (54.3) <0.001
Obese 97 (58.8) 170 (46.7) <0.01

Differences between men and women using Mann-Whitney U Test for continuous variables and chi-square test for categorical variables.

Page 18

BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist-to-hip ratio; FFM, fat-free mass; FM, fat mass; PBF,

percent body fat; FMI, fat mass index; IQR, interquartile range; NS, not statistical significant.
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Spearman correlation coefficients between BMI or FMI and PBF

Menl Women?2

rho P rho P
BMI
Overall 0.877 <0.0001 0.966 <0.0001
Normal 0.644 <0.0001 0.890 <0.0001
Overweight ~ 0.516 <0.0001 0.715 <0.0001
Obese 0.492 <0.0001 0.819 <0.0001

Men Women

rho P rho P
FMI
Overall 0.975 <0.0001 0.992 <0.0001
Non-obese L  0.926  <0.0001 0.978 <0.0001
Obese 2 0.914 <0.0001 0.961 <0.0001

1FMI non-obese cut-off in men <6.6; obese >6.6

2FMI non-obese cut-off in women <9.5; obese >9.5
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TABLE 3

Number and percentage of participants obese by PBF and FMI in each BMI category

Men Women

BMI (kg/m?) Number Percentage Number Percentage

obese by PBF  obese by PBF  obese by PBF  obese by PBF
Normal 10 20.0% 16 9.2%
Overweight 39 67.2% 85 84.2%
Obese 57 100.0% 98 100.0%

Number Percentage Number Percentage

obese by FMI  obese by FMI  obese by FMI  obese by FMI
Normal 2 4% 0 0%
Overweight 38 65.5% 72 71.3%
Obese 57 100.0% 98 100.0%

Am J Hum Biol. Author manuscript; available in PMC 2011 September 1.
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