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Abstract
Background/Objectives—Monitoring changes in total fat mass and abdominal adiposity are
important in understanding the impact of different types of weight loss interventions on health risks.
Our objective was to assess the usefulness of anthropometry and bioelectrical impedance analysis
(BIA) in predicting fat mass changes during moderate weight loss.

Subjects/Methods—Fat mass changes were assessed in 34 overweight adults (24 females, 10
males) after a 12-week supervised weight loss induced by caloric restriction (−30% of requirement)
using BIA and DXA. Agreement between BIA and DXA measurements were assessed by Bland-
Altman plots. Linear regression modeling was used to predict body and truncal fat mass from
anthropometric measures.

Results—Diet intervention resulted in a significant decrease in body weight (− 7.86 ± 2.87 kg),
body mass index (BMI − 2.69 ± 0.98 kg/m2), total body fat (− 5.22 ± 2.32 kg), truncal fat (− 2.80 ±
1.94 kg) and waist circumference (− 5.52 ± 3.57 cm). BMI and body weight were highly correlated
with body fat (0.83 and 0.92 in females and 0.94 and 0.92 in males respectively) and truncal fat (0.75
and 0.87 in females; 0.90 and 0.84 in males respectively) during weight loss. Waist circumference
was more correlated with truncal fat in males than females (0.94 vs. 0.85 in females). Compared to
DXA, BIA underestimated total body fat changes in males (− 8.8 kg, p<0.001) and overestimated
total body fat changes in females (+ 2.1 kg, p< 0.001).
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Conclusions—Body mass index, body weight, and waist circumference provide simple and more
accurate than BIA estimates of relative changes in total and truncal fat during moderate weight loss
in adults.
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Introduction
Monitoring changes in body fat and abdominal adiposity are important in understanding the
impact of different types of weight loss interventions on health benefits and risks. There is
substantive evidence that abdominal excess fat is more correlated with obesity associated
complications than excess total body fat [1–10], and waist circumference (WC) has been
included among the diagnostic criteria for the metabolic syndrome [11].

The need for having a simple, inexpensive, noninvasive, and universally applicable technique
of measuring changes in body and truncal fat during weight loss is important in the context of
popularity of weight loss programs and obesity pandemic[12,13]. Accurate measurement of
body composition using reference standards is either cumbersome, as in the 4-compartment
model and underwater weighing, expensive as in magnetic resonance imaging (MRI) and
computerized tomography (CT), or involving a small dose of radiation as with dual energy x-
ray absorptiometry (DXA) and CT [14,15]. Additional limitations that include lack of
portability and scanner size that may be too small for some obese individuals are shared by
MRI, CT, and DXA [16]. Although bioelectrical impedance analysis (BIA) has emerged as a
popular method of assessing changes in body composition [17–19] [20,21], its accuracy to
identify these changes in overweight patients and during weight loss is not certain [22–25].

The use of BMI and WC in predicting health risks has been well recognized. Health risk has
been shown to increase in a graded fashion when moving from normal weight to obese BMI
categories and within each BMI category, individuals with high WC values are at a greater
health risk than those with normal WC values [26,27]. Further, recent studies testing
anthropometric parameters with non-invasive body fat estimates indicate that anthropometric
measures particularly WC may offer simple and practical method for assessing changes in
abdominal fat content [30–32]. However, the task of better characterization of anthropometric
parameters to gauge visceral adiposity is inherently complex due to multiple variables
including race and ethnicity, affecting body fat and its distribution [28,29].

Few studies have systematically examined anthropometric, total body fat, and abdominal fat
changes during moderate weight loss. Thus, the principal aim of the present study was to
compare the usefulness of simple anthropometric parameters and BIA in predicting changes
in body fat during moderate weight loss using DXA as a reference standard.

Materials/Subjects and Methods
Participants

Volunteers were participants of a 12-week study on the effect of energy restriction and calcium
on weight loss. Forty subjects were enrolled and 34, ten male and twenty four female, mean
age 38 ± 7 (range 25–47) years and BMI 36.1 ± 4.2 (range 28.9–45.5) kg/m2 (Table 1),
completed the study (i.e. ate the provided food during the entire study and returned for the final
12-week data collection visit). Volunteers were recruited through the Vanderbilt University
email system and through flyers placed on bulletin boards, elevators, and other visible places
around Medical Center. Exclusion criteria included drug therapy, smoking, special diet, taking
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dietary supplements for weight loss, regular participation in heavy physical activities,
pregnancy and lactation. Those with a history of diabetes, hypertension, renal, liver, or heart
disease, those with active thyroid disease or receiving thyroid hormone substitution, volunteers
with known or suspected drug or alcohol abuse or with any clinical condition rendering them
unfit to participate were also excluded from participation. This study was conducted at the
Vanderbilt University’s Clinical Research Center and was approved by the Institutional Review
Board. Each participant provided written consent before the study.

Weight loss study design
This study had a parallel design with a random assignment to either a dairy or non-dairy diet
containing 30% less energy than required. The study consisted of two phases: a 7-day lead in
phase and a 12-week intervention period of energy restriction. The individualized diet
contained approximately 70% (± 50 kcal) of daily energy requirements, 52–54% of energy
from carbohydrates, 26–29% of energy from fat, 17–21% of energy from protein, and 17–21
g of fiber. To assure sufficient micronutrients content of the diet, participants received
multivitamin supplement. After 6-weeks energy content of the diet was adjusted to reflect
changes in body weight (− 100 to 200 kcal/day). Participants were allowed moderate amounts
of calorie-free foods such as water, coffee (without sugar or milk), diet soft drinks, salt, and
pepper.

Anthropometric Measurements
The National Health and Nutrition Examination Survey (NHANES) protocols [33] were
followed for all anthropometric measurements. All testing took approximately 1-hour and was
conducted in the morning after a 12-h fast at the baseline and after a 12 weeks energy restriction
diet. Body weight was measured to the nearest 0.05 kg with a monthly calibrated digital scale
(Detecto-Medic, Detecto Scales, Inc, Northbrook, IL) 3 times per week to monitor study
compliance. Height was measured using stadiometer (Perspective Enterprises, Portage, MI).
Waist circumference was measured in standing position to the nearest 0.1 cm at the midaxillary
high point of the iliac crest at minimal respiration at the start and after 4, 8 and 12 weeks of
energy restriction diet. The averages of the two readings were used for analysis. All measurers
were performed by the same investigator (CAD).

Body composition
All weight measurements were performed with the same calibrated scale following the National
Health and Nutrition Examination Survey (NHANES) protocols as explained above.
Consequently measurements of body composition were done by feeding in the same weight
into both DXA and BIA software and the measurements were performed sequentially with BIA
performed after DXA while the volunteer was still on DXA table.

Dual energy X-ray Absorptiometry (DXA)—Body composition was determined by DXA
using narrow fan-beam technology (GE Lunar Prodigy™, enCORE™ software version 10.5,
Madison, WI) before and after a 12-weeks diet intervention. Fat mass (FM) and fat-free mass
(FFM) were determined and FFM was further divided into lean body mass (LBM) and bone
mineral content (BMC). Calibration was performed before each scan using standards to
simulate lean (0.6% NaCl), fat (stearic acid), and bone (hydroxapatite). Our laboratory’s intra-
assay coefficient of variation for %FM using DXA is 0.79 ± 0.49%. All subjects were scanned
in the supine position by the same investigator (CAD).

Bioelectrical impedance (BIA)—BIA was measured using the Quantum-II Desktop (RJL
Systems, Clinton Township, MI). Briefly, two signaling electrodes were placed on the dorsal
surface of the right foot between the second and third toe, as well as the dorsal surface of the
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right hand between the second and third digits. Two sensor electrodes were placed on the right
hand and right ankle. Participants were asked to remain motionless in the supine position with
legs and arms slightly abducted so there was no contact between the extremities and torso. The
measurement was done promptly after DXA measurement by the same investigator (CAD).
Data output included reactance, resistance and impedance. Data were entered into the software
program provided by the manufacturer (Cypress, RLJ Systems, Clinton Township, MI). Data
output included fat mass (kg), fat free mass (kg), total body water (kg), extracellular water (kg)
and intracellular water (kg).

Statistical Analysis
All data are presented as mean ± SD. The primary outcome was the fat mass measured by 2
different methods (DXA and BIA) at baseline and after weight loss for each subject. The
changes in the fat mass, weight, BMI, waist circumference and total body water measured by
BIA after weight loss from the baseline were tested using random effects models to take into
account correlation among the repeated measurements. The models included gender and time
interactions to test gender differences in the changes. Bland-Altman plots were used to assess
the agreement between the percentage of fat mass measured by DXA and those by BIA. The
95% limits of agreement are presented as the mean difference ± 2 SD of the differences. To
test gender differences in the agreements between methodologies (DXA and BIA), random
effects models included gender and methodology interactions. As secondary analyses, the
differences in the percentage of truncal fat mass between females and males were tested using
Wilcoxon rank-sum tests.

To predict fat mass and truncal fat from anthropometric variables, linear regression models
were developed. The predictors for fat mass included weight, weeks in a weight loss program,
and gender whereas those for truncal fat mass were weight, waist circumference, weeks in a
weight loss program and gender. The models allowed all interactions among the predictors.
Based on the predictive model equations, nomograms were developed to predict body and
truncal fat losses during moderate weight loss. To validate these nomograms, we used an
independent data set which consisted of 18 females and 6 males (age 42.9 ± 6.4, BMI 32.1 ±
3.1). The fat mass was predicted using the predictive equation, and Bland-Altman plots were
used to assess the agreement between the predicted fat mass and the fat mass measured by
DXA.

All tests were two-tailed, and a P-value of <0.05 was considered significant. Analyses were
performed with STATA 9.2 (StataCorp, College Station, TX) and R (www.r-project.org).

Results
Weight and body composition changes

The mean body weight decreased significantly by 7.3 kg in females (95% CI: −8.5 to −6.2 kg;
p < 0.001) and 9.2 kg in males (95% CI: −10.8 to −7.6 kg; p < 0.001). The mean WC was
significantly decreased by 4.5 cm for females (95% CI: −6.4 to −2.5 cm; p < 0.001) and by 6.1
cm for males (95% CI: −8.9 to −3.3 cm; p < 0.001). The BMI also significantly decreased by
2.7 kg/m2 for females (95% CI: −3.1 to −2.2 kg/m2; p < 0.001) and by 2.8 kg/m2 for males
(95% CI: −3.3 to −2.3 kg/m2; p < 0.001) (Table 1). Both the weight and WC registered a roughly
linear decrease during the study period. There were no differences between weight and fat loss
between the diets (dairy vs. no dairy, p > 0.05).

Fat mass, measured by DXA, also decreased significantly by −5.1 kg for females (95% CI:
−6.1 to 4.2 kg; p < 0.001) and by −5.4 kg for males (95% CI: −6.8 to −4.0 kg; p < 0.001). The
mean %BF loss was 1.94±2.39 in females, 2.34±2.34 in males, and 2.06±2.35 in total study
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population. The differences in fat mass loss between male and female were not significant (p
> 0.05). The truncal fat (%), measured by DXA, was significantly greater in males compared
to females both at baseline (medians 49.0% vs. 56.0%, p = 0.049) and after weight loss medians.
48.0% vs. 56.2%, p = 0.005). Fat mass measured by BIA was greater than that measured by
DXA in females (mean difference of 2.1 kg, p < 0.001) and smaller in males (mean difference
of 8.8 kg, p < 0.001).

Weight, BMI, and WC were significantly correlated with body and truncal fat in both sexes at
the baseline and more so after weight loss (Table 2).

Validation of prediction equations
The predicted fat mass was in good agreement with fat mass measured by DXA as shown in
Figure 1A. In males and females combined, the differences between the predicted fat mass and
the fat mass measured by DXA at the baseline and after weight loss were −0.06 ± 2.92 kg and
0.29 ± 2.84 kg, respectively. The same differences between BIA vs. DXA were 2.8 ± 6.48 and
2.3 ± 5.35 respectively (Figure 1B). Figure 2 depicts the difference of BIA and DXA fat mass
in %BF terms.

Prediction Nomograms for Body and Truncal fat
In line with correlation data (Table 2), nomograms based on predictive equations, showed that
the amount of body and truncal fat mass predicted by weight (Figure 3) and combinations of
WC and weight or BMI (Figure 4 and 5) respectively differed between females and males and
the relationship was nonlinear. Changes in body fat can be calculated from fat mass predicted
from the nomogram (Figure 3) by simply intersecting body weight in kg (x-axis) and time in
weeks (y-axis) during the study. Changes in truncal fat can be calculated from fat mass
predicted by intersecting body weight or BMI (x-axis) and WC in cm (y-axis) at baseline and
after time in weeks of diet intervention (Figure 4 and 5).

Discussion
In this study we examined the usefulness of simple anthropometric measurements to predict
changes in body and truncal fat during moderate weight loss. We found that predicted fat mass
based on regression modeling of anthropometric measures, was in closer agreement with DXA
measurements than BIA estimated fat mass (Figure 1 and Figure 2). We also found that
anthropometric measurements were more strongly correlated with body and truncal fat after
than before weight loss. This finding suggests that correlation between anthropometric
parameters and fat mass changes with body size. Instead of attempting to estimate fat mass by
using population specific equations we have developed simple nomograms relating
anthropometric measures with body and truncal fat mass during moderate weight loss in our
study population. Once authenticated with bigger studies, such nomograms could be simple,
practical, and very helpful in assessing body fat changes during weight loss in clinical practice.
They could be equally useful for epidemiological studies.

Our results are in line with past studies in children [34], adults [35], and elderly [36] reporting
the usefulness of anthropometric parameters as measures of obesity and visceral adiposity.
Although there is no consensus about the most sensitive and specific obesity indicator
associated with metabolic risk factors, recent data indicate that simple anthropometric
parameters were more strongly related to those risks compared to the measurement of body
composition [37–41]. Similar to our findings, Stevens et al have recently suggested using
validated prediction equations based on multiple anthropometrical measures, along with
demographic variables, for assessment of adiposity in large populations , whereas WC can
provide a feasible assessment of abdominal adiposity [42]. In clinical practice combination of
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BMI and WC is used for indirect assessment of adiposity. In our data (Table 2), compared to
weight, BMI was better correlated with body and truncal fat in males and in males and females
combined but weight was better correlated with body and truncal fat in females. Given its small
size, our data is not conducive to point out whether BMI + WC or weight + WC would be better
for indirect assessment of adiposity.

Limitations with the use of anthropometrical parameters for assessing body and truncal fat
seem at least equally workable when contrasted with the limitations of the currently available
techniques for measuring body and segmental fat including BIA. These techniques suffer from
methodological errors when collecting raw data. Instead of measuring body composition
directly, they predict it from measurements of body properties. And errors in assumptions by
which raw data are converted to final values [43]. Methodological differences in recording
anthropometrical parameter like WC seem to have overall insignificant effects on the recorded
values and their correlation with health outcome. The intra- and inter-observer reliability of
measuring waist circumference has recently been reported [44]. Even self-reported WC was
found to be sufficiently accurate [45,46]. Ross et al have also shown that WC measurement
protocol has no substantial influence on the association between WC, all-cause and CVD
mortality, CVD and diabetes [47].

Compared to DXA, BIA estimates of fat mass were significantly higher in women and lower
in men before and after moderate weight loss. The gender discrepancy in fat mass measured
by BIA may be reflective of difference in the regional distribution of fat in men and women
as measured with DXA. However, polarity of significant underestimation of body fat in men
and overestimation in women with BIA as compared to DXA both before and after weight loss
suggests a relative insensitivity of BIA and its ability for detecting segmental changes in body
composition in general and truncal fat in particular. It seems that with higher amounts of truncal
fat, BIA becomes less accurate in estimating total body fat mass. Our findings are similar to
studies which reported that BIA significantly under-predicted body fat content compared with
DXA in obese men [20], obese children [48], and abdominally obese women [15]. Additionally,
in abdominally obese women BIA underestimated fatness with greater mean bias for truncal
than total body fat [15] and in the same population it was shown that BIA has limited validity
for detecting larger fat losses [19]. Hemmingsson et al compared the ability of a new BIA
device ability to perform segmental body composition analysis and found that BIA data were
of lower quality than WC or BMI for detecting metabolic risk factors in abdominally obese
middle-aged women [49]. Bracco et al [50] has pointed out that given its larger diameter, trunk
contributes minimally to total body impedance as compared to extremities. Thus, BIA may
systemically underestimate android obesity.

There were some limitations to our study. First, use of DXA as the reference standard has
several well known limitations [43,51,52]. However, given comparability with other reference
techniques [52,53], DXA is considered a good reference standard for validation of new
techniques for measuring body composition. Second, hydration status might have impacted
BIA readings. Total body water after weight loss was 96% of the baseline values for females
(95% CI: 94% to 97%; P < 0.001) and 95% of the baseline values for males (95% CI: 93% to
97%; P < 0.001). However, the differences between BIA vs. DXA fat mass measurements at
the baseline and after weight loss were not significantly different indicating that impact of body
water changes on BIA estimates was not significant in this study. Although relatively small
sample size allowed collection of detailed individual-level data during controlled weight loss
but did not allow us drawing an equation directly predicting loss in body and truncal fat for a
given weight loss. That task would require a much lager sample given the complexity of
relationship between weight and body and truncal fat mass and its sensitivity to the race and
gender [28,29]. Further, we have not used %BF as the primary outcome since we did not
observe a strong association between %BF and weight in our data. The mean weight loss (~
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8kg or 9.3%) in our population was distributed between fat and fat free mass in such a manner
that the mean BF% loss was only ~2%. And when %BF = [(BF/ Wt) × 100] was regressed on
weight, the strong association between BF and weight was no more there. However, our study
goal was limited to test the utility of simple anthropometric parameters for predicting body and
truncal fat mass during moderate weight loss without using population-specific equations.
Future bigger studies will be more focused on general usefulness of our approach in research
and clinical practice.

In view of the results of present study and past reports we suggest that BIA estimation of body
fat changes during moderate weight loss in adults should be interpreted and applied to research
and clinical use with caution. Our results further indicate that BMI, body weight, and waist
circumference (WC) are good predictors of changes in total fat mass and truncal fat mass,
respectively. These changes are different in men and women and could be predicted using
simple nomograms. However, bigger studies with balanced demographic representation are
needed before any generalization of the present findings could be used in clinical practice.

Conclusions
Body mass index, body weight, and waist circumference provide simple and more accurate
than BIA estimates of relative changes in total and truncal fat during moderate weight loss in
adults.
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Figure 1.
1A- Comparison between the Predicted and DXA measured Fat Mass
Bland-Altman plot showing agreement between predicted vs. DXA (dual energy x-ray
absorptiometry)-measured fat mass (kg). The dashed line represents the means of difference
and upper and lower dotted lines represent ± 2 SD from the mean, i.e., 95% limit of agreement
(±1.96 SD). Open circles represent females and filled circles represent males.
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1B- Comparison between the BIA and DXA measured Fat Mass
Bland-Altman plot showing comparison between BIA vs. DXA (dual energy x-ray
absorptiometry)-measured fat mass (kg). The dashed line represents the means of difference
and upper and lower dotted lines represent ± 2 SD from the mean, i.e., 95% limit of agreement
(±1.96 SD). Open circles represent females and filled circles represent males.
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Figure 2.
Comparison between DXA and BIA Fat Estimates
Bland-Altman Plot showing difference in % Fat mass measured by DXA (dual energy x-ray
absorptiometry and BIA (bioelectrical impedance analysis) before (Left) and after (Right)
weight loss. The dashed line represents the means of difference and upper and lower dotted
lines represent ± 2 SD from the mean, i.e., 95% limit of agreement (±1.96 SD). n=33, data for
1 female participant is missing.
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Figure 3.
Relationship between Body Weight and Fat Mass
Nomogram showing relationship between Body Weight (kg) and Fat Mass (kg) during weight
loss. Difference of dashed (54.2 kg) and dotted (48.2 kg) intersections represents the predicted
fat mass loss (6 kg) for a female who lost 10 kg weight after 12 week diet intervention from a
baseline weight of 110 kg (week 0).
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Figure 4.
Relationship between Body weight, Waist circumference and Truncal fat
Nomogram showing relationship among body weight (kg), waist circumference (cm) and
truncal fat mass (kg) during weight loss in males (panel A) and females (panel B).
Panel B: Difference between dotted (27 kg) and dashed (23.5 kg) intersections (circled)
represent predicted truncal fat loss (3.5 kg) for a female who lost 10 kg of body weight and 5
cm of waist circumference from her baseline (week 0) weight 110 kg and waist circumference
110 cm after 12 weeks of diet intervention.
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Figure 5.
Relationship between Body mass index, Waist circumference and Truncal fat
Nomogram showing relationship among body mass index, waist circumference (cm) and
truncal fat mass (kg) during weight loss in males (panel A) and females (panel B).
Panel B: Difference between dotted (27 kg) and dashed (23.5 kg) intersections represent
predicted truncal fat loss (3.5 kg) for a female who lost 5 points of body mass index and 5 cm
of waist circumference from her baseline (week 0) body mass index of 45 and waist
circumference 110 cm after 12 weeks of diet intervention.
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