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Introduction

Mississippi has the second highest adult obesity rate in the
United States. One-third of the adult population (37.3%) in the state
of Mississippi falls into the obese category as measured by body
mass index (BMI). The condition of being obese or overweight is
defined as having abnormal or excessive body fat accumulation
that may harm one's health [1]. These high rates of obesity are con-
cerning because of their association with increased risk for chronic
diseases such as type 2 diabetes, hypertension, cancer, and cardio-
vascular diseases [2]. There are numerous methods that can be
used to assess adiposity: BMI, skinfold measures, dual-energy x-
ray absorptiometry (DXA), waist-to-hip ratio, waist circumference,
underwater weighing (hydrostatic weighing), and bioelectrical
impedance analysis (BIA) [3]. BMI (kg/m2) is one of the most com-
monly used measures for estimating and monitoring body compo-
sition within populations, more so than any of the previously listed
measurements.

BMI was initially devised by the mathematician Adolphe Quete-
let with the assumption that “the transverse growth is less than
the vertical,” which led to the derived meaning used today as the
ratio of weight (kg) over height (m) squared [4,5]. In 1972, Ancel
Keys became the first scientist to use the modern term body mass
index, and it was not until 1998 that the National Heart, Lung, and
Blood Institute released a classification of BMI results that would
allow patients to be separated into six categories that were corre-
lated with level of health risk [6,7]. The BMI categories included in
the evidenced-based clinical guidelines were labeled underweight,
normal weight, overweight, class I obesity, class II obesity, and class III
obesity. The categories released in 1998 are still used today [6].

Researchers and clinicians prefer to use BMI as an indicator of
body composition owing to ease of calculation, low cost, and the
lack of participant preparation needed [8]; however, BMI has limita-
tions, including the inability to distinguish between lean body mass
and fat mass [9] and not being sex-, race-, or age-sensitive. Men and
women have different minimum necessary fat percentages, with
women having a higher necessary fat requirement owing to
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hormones and childbearing ability [10]. Nevertheless, BMI catego-
ries are the same for both women and men. There are also differen-
ces in fat percentage and weight associated with aging because
muscle mass often decreases with age and an increasingly limited
mobility level [9,11]. Batsis et al. [12] conducted a study reviewing
the accuracy of BMI in the elderly population by comparing it with
DXA scan results. They concluded that BMI is not the best measure
of obesity for this age group because it tends to underestimate the
presence of obesity [12]. Another study aimed at reviewing the accu-
racy of BMI through the use of BIA determined that BMI accuracy
decreased as the age of the study group increased [13]. Young ath-
letic individuals have an increased BMI owing to increased muscle
mass. An example of this can be seen in American football player Jer-
maine Mayberry, who weighs approximately 326 lb (148 kg) and
measures 604" (196 cm) tall with a BMI of 39.6 kg/m2. If he were to
be categorized only by BMI, he would be close to class III obesity.
However, he has a body fat percentage (BF%) of »19%, putting him
in a healthy category. Therefore, BMI is not the most effective mea-
sure of health because it does not take BF% into consideration and
does not give accurate information when compared with other tech-
niques like BIA, DXA, or BOD POD [14�16].

BIA is a recommended method for cross-sectional studies
because of its ability to assess a larger number of participants in a
short period of time and its excellent correlation with DXA [17].
The BIA method provides a fairly accurate estimation of fat-free
mass (FFM) and BF% in participants with different characteristics
such as age, sex, and ethnicity. Ramírez-V�elez et al. [18], who stud-
ied 1687 Colombian collegiate students, confirmed the validity of
BIA for measuring BF% with a comparable method for measuring
BF%. Furthermore, Aandstad et al. [19] used several validated meth-
ods to predict BF%, such as DXA, skinfold thickness, and BIA in
65 men and women. The results showed that BIA was the most
reliable method in both sexes and especially in women, with 95%
limits of agreement below§1% points [19].

Recent studies have demonstrated variations in body composi-
tion between different races [20]. A study conducted with 894
Taiwanese participants and using BMI, regional fat percentage, and
BF% determined by BIA, revealed misclassification among BMI and
BF% categories [21]. Participants were separated into high and low
BF% by a fat percentage specified as 24% in men and 31.4% in
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Table 1
International classification of weight by BMI in adults

Classification BMI (kg/m2)

Principal cutoff points Additional cutoff points
Underweight <18.50 <18.50

Severe thinness <16 <16
Moderate thinness 16�16.99 16�16.99
Mild thinness 17�18.49 17�18.49

Normal range 18.50�24.99 18.50�22.99
23�24.99

Overweight �25 �25
Preobese 25�29.99 25�27.49

27.50�29.99
Obese �30 �30

Obese class I 30�34.99 30�32.49
32.50�34.99

Obese class II 35�39.99 35�37.49
37.50�39.99

Obese class III �40 �40
BMI, body mass index
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women. The study found that although 8.3% of the women and
23.2% of the men could be classified as overweight or obese accord-
ing to BMI, 14.8% of the men and 27.3% of the women were catego-
rized as having an increased BF% according to the preset BF%
guideline. The study concluded that multiple screening methods
should be used to assess health status rather than BMI alone within
this population. It is very clear when reviewing these studies that
the general BMI scale used in the United States is inaccurate in
Asian populations. This has been recognized in Asian countries and
a lower BMI scale is being used. The Asian BMI scale classifies nor-
mal weight as BMI between 18.5 and 23 kg/m2 compared with the
scale used for all populations in the United States, which specifies
normal BMI as between 18.5 and 24.9 kg/m2 [22]. Another study
conducted in three research locations in the United Kingdom, the
United States, and Japan, reviewed BMI and BF% of Asian, white,
and black populations using DXA [23]. The study revealed that
black women typically had the highest BMI of the groups studied;
whereas Asian men had the lowest. The study also showed that
compared with the other two ethnic groups studied, the Asian pop-
ulation had a significantly increased BF% regardless of BMI. Blacks
also were found to have a lower mean BF% than white participants,
which was more pronounced with increased age. Studies show
that overall, Asian populations tend to have a higher BF% than
whites at the same BMI [24]; whereas black populations have
lower BF% than the white population within that BMI range [20].

The Department of Nutrition for Health and Development uses
the BMI categories to track obesity nationally and globally [25].
The underweight, normal, overweight, and obese categories were
determined so weight of populations could be compared [22]. To
date, there is no specific BF% that would be considered obese by
the World Health Organization. Studies have defined >25% BF in
men and >35% BF in women as obese; however, these are estima-
tions based on BF% in whites, which correlate with BMI categories
within the white population [26].

In 2015, about 1.5 million Mississippi adults were categorized
as overweight or obese according to BMI [27]. BMI is widely used
in various settings as a tool to measure obesity. There are many
studies that show inaccuracies when using BMI as a measure of
health within different populations. The present study focused on
determining the accuracy of BMI as a method of categorizing young
adults in weight categories. The effects of ethnicity and sex on BMI
and BF% categories in college-age students also were assessed.

Materials and methods

Study population

This was a cross-sectional study consisting of 362 men and women, 18 to 25 y
of age. Physical characteristics of participants are presented in Table 2. Self-
reported healthy participants were recruited from the university's campus via
classroom announcements and e-mail. Participants were invited for one visit to
the Nutritional Performance Assessment Composition Testing laboratory located
on the university campus.

Data collection

Each participant had his or her height measured by a stadiometer (235 Heigh-
tronic Digital), and the total BF% of each participant was measured using a single-
frequency (50-kHz) bioelectrical impedance analyzer system (TBF-300 A, Tanita
Corp, Tokyo, Japan). The manufacturer's instructions provided for the Tanita were
followed. The results from the Tanita were reflected on a printout that included
weight, BMI, BF%, basal metabolic rate, BIA, FFM, total body water, desirable range
of fat percentage, and fat mass. BMI values were calculated using the standard
BMI equation (kg/m2). Two to three pounds were added for clothing depending on
how participants were dressed (e.g., heavy winter or light summer). Participants
were asked to avoid eating or drinking for 4 h before the visit. Participants gave
consent for their information to be used in the study. Confidentiality was main-
tained during measurements and archiving of data. The study was approved by
the university's Institutional Review Board.
Statistical analysis

Participants were separated into two groups according to sex. Basic descriptive
statistics for participants’ data were expressed as means § standard deviation (SD).
Differences between means were calculated using one-way analysis of variance.
Body adiposity was classified using both BMI and BF% criteria. BMI was classified
according to criteria fromWorld Health Organization 2000 (Table 1). BF% categories
were classified according to criteria for both age and sex (Table 2) [23,28]. Weighted
k (Kw) statistics were calculated to assess agreement. Statistical analysis of data was
conducted using the SPSS version 24 (IBM, Armonk, NY, USA). All reported P-values
were two-tailed and P< 0.05 was considered statistically significant.
Results

Baseline group characteristics

In all, 362 students participated in this study: 80.4% (n = 291)
were women and 19.6% (n = 71) were men. In the women's category
27% (n = 78) were African American, and 73% (n = 213) were Cauca-
sian. In the men's category 66% (n = 47) were black, and 34% (n = 24)
were white. Table 3 presents the physical characteristics of the par-
ticipants.

The Kw statistic was used to demonstrate the agreement and
degree of disagreement between BMI and BF% for both sexes, black,
and white students. k < 0.20 was considered poor agreement,
between 0.21 and 0.40 was fair, between 0.41 and 0.60 was moder-
ate, between 0.61 and 0.80 was good, and between 0.81 and 1.00
was excellent. P < 0.05 was considered statistically significant. Mod-
erate agreement was found for women (Kw= 0.414) and fair agree-
ment for men (Kw= 0.215). Fair agreement was found for black
women (Kw= 0.368) and moderate agreement for white women
(Kw= 0.410). Poor agreement was found for black men (Kw= 0.144)
and fair agreement for white men (Kw= 0.246). See Table 4 for
agreement (k analysis) between BMI and BF% by sex and race.
Comparison between BMI and BF% categories in women and men

This information suggests that in women there is an agreement
between the underweight BMI category and underfat BF% category;
however, there is a large discrepancy between the other categories,
with the largest being normal BMI and healthy BF% categories.
There was a 25.1% difference between the number of participants
labeled as normal by BMI and the number labeled as healthy by
BF% (Table 5). Unlike the women's underweight BMI and underfat
BF% populations, which proved to be closely related, the analyzed



Table 3
Physical characteristics of the participants (data expressed as mean § SD)

Men(n = 71) Women(n = 291) Total(N = 362) P-value*

Age (y) 20.73 § 2.24 20.51 § 3.27 20.62 § 2.75 0.583
Height (cm) 175.87 § 7.62 166.42 § 8.23 170.99 § 7.92 0.001
Weight (kg) 80.66 § 17.36 65.38 § 16.14 73.02 § 16.75 0.001
Body mass index (kg/m2) 26.14 § 5.01 24.07 § 5.40 25.10 § 5.20 0.003
Body fat (%) 19.30 § 7.57 28.29 § 8.95 23.79 § 8.26 0.000

*P values are given for comparison between men and women.

Table 4
Interpretation of k analysis between BMI and BF% for black and white men and women

Participants k value 95% CI Agreements

All women 0.414 0.338 to 0.490 Moderate
All men 0.215 0.085 to 0.345 Fair
Black women 0.368 0.236 to 0.499 Fair
White women 0.410 0.316 to 0.504 Moderate
Black men 0.144 �0.103 to 0.392 Poor
White men 0.246 0.082 to 0.409 Fair

BF%, body fat percentage; BMI, body mass index

Table 5
Comparison of BMI and BF% categories in women and men.

Underweight (BMI) Underfat (BF%) Normal (BMI) Healthy (BF%) Overweight (BMI) Overfat (BF%) Obese (BMI) Obese (BF%)
n (%) n (%) n (%) n (%)

Women 49 (16.8) 49 (16.8) 217 (74.1) 141 (49.1) 18 (6.2) 56 (19.2) 8 (2.7) 45 (15.2)
Men 6 (8.4) 0 (0.0) 57 (80.2) 40 (56.3) 6 (8.5) 14 (19.7) 2 (2.8) 17 (23.9)

BF%, body fat percentage; BMI, body mass index

Table 2
Classification of weight status by BF% in women and men [23,28]

Women (BF%) Men (BF%)

Age (y) Underfat Healthy Overfat Obese Underfat Healthy Overfat Obese

20�40 <21 22�33 34�39 >40 <8 9�19 20�25 >26
41�60 <23 24�35 36�40 >41 <11 12�22 23�27 >28
61�79 <24 25�36 37�42 >43 <13 14�25 26�30 >31
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data for the male population reveals that the underweight BMI and
underfat BF% categories were very different.

When looking at the male participants, BMI was not accurate
for any category. The largest disconnects occurred in the normal/
healthy population and the obese populations (Table 5). The Kw
value for the entire male population showed minimal (fair) agree-
ment (Table 4).
Comparison of BMI and BF% categories in black students

Among black women, the underfat BF% and underweight BMI
categories were fairly close. The normal and healthy groups for the
black women showed the greatest disparity. The largest classifica-
tion discrepancies in the black female population were between
the normal/healthy groups and the obese categories (Table 6).
Table 6
Comparison of BMI and BF% categories in black women and men.

Underweight (BMI) Underfat (BF%) Normal (BMI) Healthy (
n (%) n (%)

Women 11 (14.1) 9 (11.5) 50 (64.1) 26 (33.
Men 4 (8.5) 0 (0.0) 35 (74.4) 11 (45.

BF%, body fat percentage; BMI, body mass index
Comparison of normal BMI with BF% categories among men and
women of both races

To better understand the misclassification of populations using
BMI, we focused on those whose BMI fell within the normal range.
A graphical comparison of participants in the normal BMI category
with BF% categories is presented in Figure 1.

Discussion

The results from the present study are in agreement with some
studies and in disagreement with others. Pasco et al. found that
17.3% of women and 31.6% of men were observed as obese accord-
ing to BMI but were reclassified according to BF% criteria [29]. The
study suggested that BMI underestimates adiposity in young and
elderly men [29]. A study of 637 healthy women,18 to 40 y of age,
BF%) Overweight (BMI) Overfat (BF%) Obese (BMI) Obese (BF%)
n (%) n (%)

3) 10 (12.8) 19 (24.4) 7 (9) 24 (30.8)
9) 6 (12.8) 7 (29.1) 2 (4.2) 6 (25)
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Fig. 1. Comparison of participants with normal body mass index (BMI) against body fat percentage (BF%) categories: (A) black men, (B) white men, (C) black women, and (D)
white women.
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observed that BIA and BMI methods had similar detection of nor-
mal and obese women with 27.67 § 7.3 kg/m2 and 25.97 § 4.7
kg/m2 [30]. On the other hand, comparing the BIA and DXA in 27
children and adolescents (6�18 y of age), Eisenk€olbl et al. [31]
found that BIA measurements of BF% of obese participants were
10.6% lower than DXA results and suggested that BIA can be used
for measuring but with an SE of 10. Singh Chahar studied 30 men,
26 to 49 y of age, and found that the mean and SD values for BF%
measurements by skinfold thickness, BMI, and BIA for his study
were 19.95 § 5.9, 19.67 § 4.3, and 9.40 § 4.1, respectively, which
means BIA tends to underestimate body fat compared with other
methods [32].

Previous studies provided evidence that BMI is less accurate
when used in older populations, which is likely due to the natural
decrease in muscle mass and increase in fat mass that occurs dur-
ing aging and is also less accurate in younger populations owing to
increased muscle mass [12,16]. In those studies, the BMI error was
toward under classifying normal-weight participants as obese.
Studies also pointed toward large discrepancies in BF% and BMI
categories being attributed to ethnicity. The black population



A.C. Saddam et al. / Nutrition 63�64 (2019) 9�13 13
tended to have a lower BF% and white populations a higher BF% at
the same BMI category [24].

One study conducted in Mississippi observed the opposite. A
greater percentage of black women in the normal BMI category
were classified as overfat (35%) or obese (19%) by BF% compared
with white women in the normal BMI group, which only reclassi-
fied 22% of participants as overfat and 7% of participants as obese
by BF%. This suggests that black women are more likely to be mis-
classified by BMI than white women and that BMI underestimates
the number of women who are overweight or obese.

Similarly, as with obese women, obese men, especially black
men, were underreported by BMI. This data conflicts with previous
studies comparing black populations with white populations [23].

Clinical implications

This research suggested several clinical applications. The study
found that BMI significantly underreported obesity overall, as well
as the severity of obesity in patients within the normal BMI range.
Because obesity is one of the most significant risk factors for devel-
opment of many chronic diseases including diabetes, hypertension,
and cancer, such misdiagnosis can result in delayed prevention
measures and disease detection. Owing to the misdiagnosis of
obese patients, early intervention strategies may not be used. If a
patient with a normal BMI is diagnosed as overweight or obese by
BIA or other assessment methods, recommendations for lifestyle
changes leading to reduction of fat tissue can be made earlier and
full development of disease prevented.

This study also suggested that data from the Centers for Disease
Control and Prevention regarding obesity in the state of Mississippi
are incorrect and the obesity epidemic is even more severe than
the data indicate. The Centers for Disease Control and Prevention
data are based on BMI categories, which this study proved to be
incorrect, specifically within the young adult population [33]. Data
also suggest that in states with increased minority populations,
such as Mississippi, data may be skewed even more than it is in
states with smaller minority populations [34].

Conclusion

The results of this study demonstrated that BMI and BF%, as
measured by BIA, are influenced by sex and ethnicity in a college-
age population. Therefore, age, sex, and ethnicity should be consid-
ered when interpreting BMI and BF% in cross-sectional studies.
BMI is not an accurate measurement of body composition in young
adults. Other techniques such as BIA should be used to assess
weight status of young adults. We suggest that future studies
should further investigate differences in body composition among
different populations, and BF% and BMI guidelines should be estab-
lished based on individual age groups and ethnicities.
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