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Abstract 

Higher visceral adipose tissue (VAT) is associated with higher levels of 

cardiometabolic risks factors.  Bosch et al. (1) identified sex-specific total body fat 

percent thresholds above which VAT increased significantly in a population that 

was 70% White and 21% Black and ranged in age from 19-47 years. These 

thresholds were strongly correlated to increased cardiometabolic risk factors. 

The purposes of this study were to confirm Bosch et al. (1) and examine the 

effects of ethnicity on the percent body fat threshold in a wider age range. First, 
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data were obtained from Black and White females (n=800) and males (n= 673), 

19-47 years of age to identify sex-specific body fat thresholds. Second, an 

expanded analysis, included data from 1,756 females and 1,455 males, 18-75 

years of age who were Asian (18.1%), Black (6.7%), Hispanic (19.8%) and White 

(55.4%). Piecewise regression was used to identify sex-specific thresholds in the 

Bosch replication. In the expanded data analysis, it was used to identify sex and 

ethnicity specific thresholds, whereas the expanded analysis examined sex and 

ethnicity specific thresholds. Results demonstrated, the threshold for females 

and males was 36.2% and 25.8%, respectively. The expanded analysis showed 

that ethnicity affected the percent fat threshold, particularly for Asian females. 

For females, the thresholds were 28.9% for Asian, 32.1% for Hispanic, 34.2% for 

White, and 35.6% for Black. For males the thresholds were 22.9% for White, 

24.0% for Black, 24.3% for Hispanic, and 25.3% for Asian. While statistical 

comparison between the two studies and amongst the ethnicities could not be 

done, this study largely confirms the Bosch et al (1) thresholds. In addition, it 

shows that the Asian female threshold is lower, but thresholds among the other 

ethnicities are similar. This research is important because replication of studies 

with a different sample helps confirm or contradict previous findings and adding 

other variables, such as ethnicity, helps further explain why differences may 

occur.  
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Introduction 

Adult obesity is defined as having a body mass index equal to or greater than 30 

kg/m2 (2). While excess weight is associated with higher chances of cardiovascular 

disease, cancer, and stroke, the location and type of excess weight is important (6,7,8). 

Specifically, visceral adipose tissue (VAT), the fat that surrounds internal organs in the 

android area, is positively correlated with cardiometabolic risk factors such as 

hypertension, dyslipidemia, and insulin resistance (3). 

Until recently, the only methods for measuring VAT were computerized 

topography (CT) scans and magnetic resonance imaging (MRI). Having recently been 

validated against CT scans and MRI’s, Dual Energy X-Ray Absorptiometry (DXA) is now a 

viable method for measuring VAT (4,5). DXA is an attractive method for measuring VAT 

because of the lower radiation emission, quick measurement, and lower cost compared 

to CT and MRI.  

Recently, using DXA technology, Bosch et al. (1) showed that VAT does not 

increase linearly with an increase in total body fat percentage. Instead, a total body fat 

percent threshold was identified (males, 23.4%; females, 38.3%) above which VAT 

increases more rapidly. Importantly, these thresholds were also strongly associated with 

an increase in cardiovascular risk factors. While these thresholds were determined with 

a large sample size of men and women, it is important to replicate this work in a 

different subject population. In addition, the potential effect of age and ethnicity were 

not examined by Bosch et al. (1). Since VAT varies with ethnicity and age, these factors 

may affect the VAT threshold. Therefore, the purposes of this study were to replicate 

the Bosch et al. (1) sex-specific VAT thresholds and to determine if age and ethnicity 

affect the VAT thresholds. 
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Methods  

Subjects 

A total of 3,211 (1,756 females and 1,455 males) participants,18-75 years of age, 

who had a DXA scan conducted at The Fitness Institute of Texas between 2008-2016, 

were included in this study (Sample A). A subset of Sample A was used to match Bosch’s 

age range and ethnicity (Sample B). Self-selected ethnicities were Asian (18.1%), Black 

(6.7%), Hispanic (19.8%) and White (55.4%). This study was approved by the University 

of Texas at Austin Institutional Review Board and written consent was obtained from 

each participant. 

Body Composition Measurement and Protocol 

Total body composition was measured using two different DXA machines (Lunar 

Prodigy and IDXA, GE Medical Systems Ultrasound & Primary Care Diagnostics, LLC, 

Madison, WI) and analyzed using enCoreTM Software (version 15). Several technicians 

performed and analyzed the scans over the years of data collection and uncertain scans 

were evaluated for either inclusion or exclusion by one technician. Exclusion criteria 

included those previously established in this laboratory (11), and inability to measure 

VAT. Height and weight were measured on a portable stadiometer (Perspective 

Enterprises, PE-AIM-101, Portage, MI) and an electronic scale (SECA, 769 Physician 

Scale, Hamburg, Germany), respectively, with no shoes. Participants were asked to not 

eat or perform vigorous exercise two hours prior to testing, to dress in lightweight 

clothing, and not to wear metal. Participant’s total fat mass, lean mass, bone mass, total 

region body fat percentage, and VAT mass were estimated under a standard positioning 

protocol (11).  
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Statistical Analysis 

Descriptive statistics from both Bosch et al. (1) and Sample B are presented for 

comparison. Using the full sample (Sample A), demographic and body composition 

characteristics were compared across gender and ethnicity groups with independent t-

tests. All descriptive analyses were conducted using SPSS. 

A set of segmented linear regression models were specified to estimate 

thresholds at which the relationship between body fat percentage and VAT mass 

potentially changes. This type of piecewise regression model is preferable when the 

threshold(s) is unknown a priori and a linear relationship is assumed within each 

segment. Single break-point analyses were carried out using the segmented package in 

R, which uses an iterative least-squares method to fit a pair of non-continuous linear 

slopes around an estimated level of body fat percentage. Initial values for the break-

points were set at 20% body fat for all analyses. With Sample B, separate segmented 

models were estimated for males and females, thus closely replicating the Bosch 

analysis. With Sample A, separate segmented models were estimated for each gender 

and ethnicity category.  
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Results  

Sex-Specific Total Body Fat Percent Thresholds 

A comparison of demographic and body composition characteristics of the 

subset of the total number of participants is outlined in Table 1. The number of both 

male and female participants in the current study is approximately twice that of Bosch 

et al. (1), and both samples are similarly distributed across age. Both gender groups in 

Bosch et al. (1) had higher mean values for weight, fat mass, body fat percentage and 

VAT mass. Lean mass for males in Sample B was higher than in Bosch sample; however, 

the lean mass for females in Sample B was lower than in the Bosch sample.  

Table 1. Demographics and body composition differences by study and gender (Ages 19-47 yrs) 

Study Bosch FIT Bosch FIT 

Gender Females 
 (n=324) 

Females 
 (n=800) 

Males 
 (n=399) 

Males  
(n=673) 

Age (yrs) 34.0 ± 7.0 30.2 ± 8.9 33.0 ± 8 30.3 ± 8.5 

Height (cm) 164.3 ± 9.0 165.6 ± 6.8 177.6 ± 7.8 179.2 ± 6.9 

Weight (kg) 79.1 ± 19.8 68.7 ± 13.7 87.2 ± 19.5 86.5 ± 16.1 

Body Fat (%) 41.4 ± 8.9 31.2 ± 7.7 26.8 ± 10.0 21.9 ± 7.9 

Fat Mass (kg) 31.5 ± 13.9 22.4 ± 9.5 23.9 ± 12.7 19.8 ± 10.7 

Lean Mass (kg) 46.2 ± 14.5 43.8 ± 6.2 61.2 ± 15.3 63.4 ± 8.8 

VAT Mass (g) 600 ± 600 297 ± 411 900 ± 900 661 ± 766 

Values are mean ± SD  
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Figures 1a and 1b present the estimated body fat percentage thresholds for 

females and males separately. A threshold of 36.2% body fat was identified for females, 

corresponding to a VAT mass of 222.6 g. In males, the threshold was lower at 25.8% 

body fat, corresponding to a VAT mass of 558.3 g. The sex-specific thresholds are 

somewhat similar to those found in the Bosch study (23.4% for males, 38.3% for 

females). Unlike in the Bosch study, which found non-significant pre-threshold slopes 

for both females and males, the initial slopes estimated for Sample B were significantly 

positive for both gender subgroups. Among females, the pre-threshold slope was 

estimated as 𝛽 = 9.7 (SE = 2.03, p < .05, 95% CI = 5.72, 13.69), and the post-threshold 

slope as 𝛽 = 97.6 (SE = 4.51, p < .05, 95% CI = 88.70, 106.40). For males, the pre-

threshold slope was estimated as 𝛽 = 27.4 (SE = 4.22, p < .05, 95% CI = 19.11, 35.68), 

and the post-threshold slope as 𝛽 = 144.7 (SE = 6.32, p < .05, 95% CI = 132.30, 157.10).  
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Figure 1a. Segmented linear regression in the Bosch replication in Sample B for females 
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Figure 1b. Segmented linear regression in the Bosch replication in Sample B for males 
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Table 2 presents the differences in body composition for participants categorized 

as either below or above the body fat percentage threshold, separated by gender. Both 

females and males had significantly more subjects below the threshold than above the 

threshold.  

Table 2. Demographics and body composition variables above and below body fat percent 

thresholds in Sample B (Ages 19-47 yrs)  

 Females < 36.2% Females >36.2% Males < 25.8% Males > 25.8% 

 (n=577) 
 

(n=223) (n=476) (n= 197) 

Age (yrs) 29.4 ± 8.8 32.4 ± 8.6 28.8 ± 8.2 33.8 ± 8.1 

Height (cm) 65.2 ± 2.7 65.1 ± 2.5 70.5 ± 2.7 70.6 ± 2.7 

Weight (kg) 63.6 ± 9.4 82.1 ± 14.2 81.1 ± 10.8 99.5 ± 19.2 

Body Fat (%) 27.9 ± 5.3 41.1 ± 3.8 17.8 ± 4.7 31.8 ± 4.9 

Fat Mass (kg) 17.9 ± 5.0 34.1 ± 8.7 14.6 ± 4.8 32.3 ± 10.8 

Lean Mass (kg) 43.1 ± 6.1 45.5 ± 6.3 63.2 ± 8.3 63.9 ± 9.8 

VAT Mass (g) 141 ± 153 701 ± 568 341 ± 278 1436 ± 987 

Values are mean ± SD 

 

 

 

 

 

 

 



9 
 

Segmented Linear Regression Using Full Sample 

Descriptive statistics for the full sample of females and males (Sample A) are 

given in Tables 3 and 4, respectively, along with any significant differences identified by 

the independent t-tests across gender and ethnicity groups. Among ethnicities, White 

females and males were significantly older than Asians, Blacks, and Hispanics, while 

Blacks and Hispanics were significantly older than Asians. Among weight, Asian males 

and females tend to be lighter than the other ethnic groups. Body fat percentages for 

female Hispanics were significantly higher compared to Asians and Whites. Body fat 

percentages for male Hispanics and Whites were significantly higher than Blacks, while 

White males were significantly higher than Asians. VAT mass was significantly higher in 

White females and males against Asians and Blacks. White males had a significantly 

higher VAT mass than Hispanic males, but there was no significant difference between 

White and Hispanic females.  

Table 3. Demographic and body composition values for Sample A females (Ages 18-75 yrs) 

Ethnicity Asian 
(n=296) 

  Black 
(n=121) 

Hispanic 
(n=356) 

White 
(n=983) 

All 
(n=1756) 

Age (yrs) 23.6 ± 6.8c 27.1 ± 10.7a 26.8 ± 10.4 38.1 ± 14.0a,b,c 32.6 ± 13.7 

Height (cm) 160.9 ± 6.1 165.0 ± 7.4a 160.5 ± 6.0b 165.3 ± 6.4a,c 163.6 ± 6.7 

Weight (kg) 58.9 ± 11.6c 75.0 ± 15.6a,c 65.5 ± 14.2 68.3 ± 12.9a,b,c 66.6 ± 13.8 

Body Fat (%) 31.8 ± 6.0c 32.9 ± 8.0 34.4 ± 6.8 32.6 ± 7.8c 32.8 ± 7.4 

Fat Mass (kg) 19.2 ± 7.4c 25.4 ± 10.4a 23.3 ± 9.4 22.9 ± 9.3a,b 22.5 ± 9.3 

Lean Mass (kg) 37.5 ± 5.4c 46.9 ± 7.4a,c 40.0 ± 5.9 42.9 ± 5.8a,b,c 41.7 ± 6.4 

Bone Mass (kg) 2.2 ± 0.3c 2.7 ± 0.3a,c 2.3 ± 0.3 2.4 ± 0.3a,b,c 2.4 ± 0.3 

VAT Mass (g) 225 ± 350c 284 ± 360 375 ± 434 410 ± 494a,b 363 ± 457 

Values are mean ± SD; 
a =  different than Asian, b=different than Black, c= different than Hispanic (p<.05)  
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Table 4. Demographic and body composition values for Sample A males (Ages 18-75 yrs) 

Ethnicity Asian 
(n=285) 

Black 
(n=95) 

Hispanic 
(n=279) 

White 
(n=796) 

All 
(n=1455) 

Age (yrs) 24.6 ± 7.8b,c 30.0 ± 10.7 28.4 ± 11.3 37.2 ± 14.1a,b,c 32.5 ± 13.4 

Height (cm) 174.4 ± 6.7b 178.4 ± 5.8 173.8 ± 6.7b 179.0 ± 7.0a,c 177.03 ± 7.2 

Weight (kg) 75.0 ± 11.5b,c 90.0 ± 17.7 82.6 ± 16.4b 86.7 ± 15.5a,c 83.8 ± 15.9 

Body Fat (%) 21.8 ± 6.7c 20.4 ± 8.2 24.3 ± 7.8b 23.4 ± 8.0a,b 23.1 ± 7.8 

Fat Mass (kg) 16.8 ± 7.2c 19.5 ± 12.0 20.9 ± 10.6 21.1 ± 10.6a 20.1 ± 10.2 

Lean Mass (kg) 55.2 ± 7.0b,c 66.9 ± 8.5 58.6 ± 8.3b 62.4 ± 8.4a,b,c 60.5 ± 8.8 

Bone Mass (kg) 3.0 ± 0.4b 3.5 ± 0.5c 3.1 ± 0.4 3.3 ± 0.4a,b,c 3.2 ± 0.5 

VAT Mass (g) 370 ± 447c 523 ± 651 696 ± 778 892 ± 911a,b,c 728.5 ± 824 

Values are mean ± SD; 
a =  different than Asian b=different than Black c= different than Hispanic (p<.05) 
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Results from the set of segmented linear regressions fit to each gender*ethnicity 

subgroup are provided in Figures 2a-2h. Notice that a single-threshold model was 

estimated for all subgroups except for Hispanic females and Asian females. For the 

subgroups, the presence of influential points in the upper range of body fat percentages 

and VAT mass caused the single-threshold models to produce break-points that were 

incongruent with the visual inspection of the scatterplot. Specifically, break-points 

above 40% body fat were estimated for both Hispanic and Asian females. The 

estimation of a two-threshold model yielded more visually compatible slopes, in 

addition to increasing the R-squared values for both subgroups.  
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Figure 2a. Segmented linear regression on gender*ethnicity subgroups in Sample A White 
females  
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Figure 2b. Segmented linear regression on gender*ethnicity subgroups in Sample A Hispanic 
females 
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Figure 2c. Segmented linear regression on gender*ethnicity subgroups in Sample A Black 
females 
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Figure 2d. Segmented linear regression on gender*ethnicity subgroups in Sample A Asian 
females 
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Figure 2e. Segmented linear regression on gender*ethnicity subgroups in Sample A White males 
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Figure 2f. Segmented linear regression on gender*ethnicity subgroups in Sample A Hispanic 
males 
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Figure 2g. Segmented linear regression on gender*ethnicity subgroups in Sample A Black males 
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Figure 2h. Segmented linear regression on gender*ethnicity subgroups in Sample A Asian males 
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A visual inspection of the scatterplots in Figure 2a-2h shows that for most 

gender*ethnicity subgroups, there is more variability in VAT mass among participants 

above the body fat percentage threshold than for those below. In order to attempt to 

explain this additional variability, age and ethnicity were added as covariates in multiple 

linear regression models applied to post-threshold participants, for both males and 

females separately (overall body fat threshold for males in Sample A = 23.9%, females = 

34.6%). Specifically, the two-way interactions between each covariate and body fat 

percentage were estimated to assess whether the impact of body fat on VAT mass is 

affected in any way by age or ethnicity. Table 5 contains the regression coefficients for 

the sex-specific multiple regressions. For post-threshold females (N = 683), the impact of 

body fat percentage is amplified for older participants, controlling for ethnicity (𝛽 = 

0.28, SE = .003, p < .001). Further, body fat percentage has a significantly lower impact 

on VAT mass for Black females compared to their White counterparts of a similar age (𝛽 

= -3.05, SE = 1.44, p < .05). For post-threshold males (N = 629), age has a similarly 

significant impact on the relationship between body fat percentage and VAT mass. 

Controlling for ethnicity, body fat percentage has a greater impact on VAT mass for 

older male participants (𝛽 = 0.81, SE = .006, p < .001). The relationship is attenuated for 

Asian males compared to their White counterparts of a similar age (𝛽 = -0.11, SE = 2.3, p 

< .001). 

Table 5. Regression coefficients from sex-specific multiple linear regression models, post-
threshold for Sample A  

 Males >= 23.9% body fat Females >= 34.6% body fat 

 𝛽 SE 𝛽 SE 

intercept -2.254e+03*** 1.42e+02 -2.5343+03*** 1.458e+02 

%BF 1.194e+02*** 4.703e+00 8.041e+01*** 3.650e+00 

%BF*age 8.101e-01*** 5.698e-02 2.752e-01*** 2.914e-02 

%BF*Black -5.702e+00 3.534e+00 -3.047e+00* 1.442e+00 

%BF*Hispanic -3.764e+00 1.922e+00 7.067e-01 9.670e-01 

%BF*Asian -1.140e+01*** 2.301e+00 5.118e-01 1.286e+00 

Note: Age is centered for post-threshold males and females, separately. The reference 
category for ethnicity is White. *p < .05; **p < .01; ***p < .001. %BF = percent body fat.  
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Discussion  

The present study confirms that there is a percent body fat threshold at which 

VAT increases and a gender difference with females having a higher threshold than 

males. Females have a higher threshold even when body fat percentage and fat mass is 

larger than males. Hormonal differences between genders is most likely the cause due 

to the difference in regional fat accumulation. Estrogen tends to cause women to 

accumulate more peripheral subcutaneous adipose tissue and testosterone causes men 

to accumulate more fat in the abdominal region (9). This replication study showed a 

lower body fat percentage threshold for females and higher threshold for males 

compared to Bosch et al (1). It is important to note that we cannot determine whether 

these differences are statistically significant. FIT’s higher threshold for males may be 

explained by the sample size being younger and having lower body fat percentage and 

VAT mass. Although these same characteristics were seen in the females, a lower body 

fat percent threshold was determined in the FIT cohort. Other variables not measured in 

this replication study, such as smoking habits, physical activity, and cardio metabolic 

factors, may be the cause.  

Establishing ethnicity body fat thresholds or breakpoints within the expanded 

research shows that certain ethnicities may accumulate VAT mass differently. Black 

females exhibited the highest breakpoint at 35.6% and White males exhibited the 

lowest at 22.8%. Previous research has shown that African Americans have higher VAT 

mass than Caucasians (10). The Black female threshold supports this finding unlike the 

Black males. This could be explained by the Black male sample being slightly older than 

the Asian and Hispanic samples. White males exhibited the lowest total body fat 

percentage although Asians have shown to carry more VAT mass (11). This could be 

explained by our White male population being older, but doesn’t explain why Asians 

were the lowest among the females. Black females and males exhibited the greatest 
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amount of lean mass and further research on the effects of lean mass in relation with 

VAT mass may be warranted.  

There are some limitations to this study. First, both replicated and expanded 

study samples were primarily White and younger. Future research should explore a 

sample size that is evenly distributed by ethnicity. Second, two different DXA machines 

were used to measure total body composition which may have an effect on the 

estimation of VAT. Third, the study did not break Hispanics and Asians into their country 

of origin. There are many subgroups under these ethnicities that exhibit different fat 

accumulation and genetic disparities that may affect VAT mass.  

In summary, males and females have a significant difference in body fat percent 

threshold where VAT mass increases significantly. This study confirms similar sex-

specific thresholds found by Bosch et al. (1) and shows that VAT mass is elevated in the 

older population and those who have higher body fat percentage. This study was unable 

to distinguish significance of body fat percent thresholds for VAT mass accumulation 

among the ethnicities, but shows that differences do occur.  
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