
In Adult Twins, Visceral Fat Accumulation Depends More on 
Exceeding Sex-Specific Adiposity Thresholds than on Genetics

Tyler A Boscha, Lisa Chowa, Donald R. Dengelb, Susan J Melhornc, Mary Webbc, Danielle 
Yanceyc, Holly Callahanc, Mary Rosalyn B De Leonc, Vidhi Tyagid, and Ellen A Schurc

a Department of Medicine, University of Minnesota Medical School, MMC 101, 420 Delaware St 
SE, Minneapolis, MN 55455, USA

b School of Kinesiology, University of Minnesota, Minneapolis, 1900 University Avenue SE, MN 
55455, USA

c Department of Medicine, University of Washington, Box 359780, 325 Ninth Avenue, Seattle 
98104 Seattle, WA 98109, USA

d Simmons College, 300 Fenway, Boston, MA 02115

Abstract

Objective—We recently reported sex-specific percent body fat (%BF) thresholds (Males = 23%, 

Females =38%) above which, visceral adipose tissue (VAT) significantly increases. Using 

monozygotic (MZ) and dizygotic (DZ) twins, we examined the influence of genetics on regional 

fat distribution measured by dual-energy x-ray absorptiometry, above and below these sex-specific 

thresholds for VAT accumulation.

Methods—Fifty-eight twin pairs (44 MZ, 14 DZ) were recruited from the University of 

Washington Twin Registry. Segmented linear regression was used to assess the threshold between 

VAT mass and %BF by sex and by zygosity. To assess the effect of genetics on VAT 

accumulation, Dunnett’s T3 compared MZ and DZ pairs whether the twin pairs were both above 

the adiposity threshold or not.

Results—%BF thresholds for VAT accumulation were identified (%BF: M=20.6%, F=39.4%). 

Zygosity-specific thresholds were not significantly different (p>0.05). If at least one twin was 
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below threshold, DZ twins still exhibited greater within-pair differences than MZ pairs in %BF 

(p=0.023) but not VAT (p=0.121).

Conclusions—Using a twin study approach, we observed no difference by zygosity for the 

threshold as which VAT accumulates. Additionally, for the first time we observed that while total 

BF is influenced by genetics, VAT accumulation may depend more on whether a person’s %BF is 

above their sex-specific adiposity threshold. These results suggest there may not be a genetic 

predisposition for VAT accumulation but rather it is a result of a predisposition for total fat 

accumulation.
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1. Introduction

Although total body fat has long been recognized as a hallmark of obesity, the regional 

deposition of body fat has recently gained importance in our understanding of the 

detrimental health effects of obesity. Twin cohorts have identified the important role of 

genetics in total and regional fat accumulation (1-6). Additionally, overfeeding studies have 

been used to demonstrate that variability in changes in weight, total body fat mass as well as 

regional fat mass also have genetic influences (7, 8). Taken together, these studies suggest 

that non-proportional accumulation of fat in different regions (i.e. abdominal, hip/gluteal) is 

influenced to some degree by genetics.

Studies in twins have reported that monzygotic (MZ) twins have significantly lower within-

twin pair variability for both total and regional fat distribution than dizygotic (DZ) twins (1, 

4, 6). Heritability (h2) of total and regional fat has been identified ranging from 0.40-0.90 

using twin and family cohorts (9-11). Pérusse et al. (1996) reported that visceral adipose 

tissue (VAT) has a stronger genetic component than abdominal subcutaneous adipose tissue 

(10). These studies provide evidence of a genetic predisposition toward increased VAT 

accumulation, which is important given the established association between VAT, 

dyslipidemia, insulin resistance and hypertension (12-15).

Recently, we identified sex-specific %BF thresholds (males ~23%; females ~39%) in adults, 

above which, the accumulation of VAT increases dramatically (14, 16). This suggests that 

total body fat and percent body fat (%BF) have a non-linear relationship with VAT and that 

the amount of VAT accumulation is strongly influenced by these thresholds. With strong 

heritability of total body fat, assessing the genetic components of VAT in the context of 

these thresholds is warranted. The purpose of this study was to identify sex-specific and 

zygosity-specific %BF thresholds for VAT accumulation, using dual energy x-ray 

absorptiometry (DXA), in adult MZ and DZ twins and to measure the between and within 

pair variance for total and regional fat in twin pairs that are both above threshold or have at 

least one twin below the %BF thresholds. We hypothesized that within pair variability for 

VAT would be dependent on twins being above or below threshold.
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2. Material and methods

Fifty-eight same-sex twin pairs (44MZ, 14 DZ) age 19-48 yrs (mean age 28 yrs) were 

recruited from the University of Washington Twin Registry (Males n=27, Females n=31). 

Zygosity determination and registry composition are described elsewhere (17). Participants 

were recruited based on standard BMI criteria for normal, overweight and obese (18-24.9, 

>24.9-29.9, >30 kg/m2 respectively). Recruitment specifically targeted twin pairs with at 

least one having a BMI>30 kg/m2. However, an additional group of normal weight 

(BMI<25 kg/m2) and overweight (BMI>24.9-29.9 kg/m2) twin pairs were recruited to 

increase the range of adiposity. Pairs were excluded if they had any major medical problems 

(e.g. diabetes, eating disorders), history of weight loss surgery, or pregnant. The study 

protocol was approved by the University of Washington Institutional Review Board, and 

written informed consent was obtained from all participants.

2.1 Procedures

All testing was performed in the morning after the participants had fasted for a minimum of 

12 hours. Height and weight were determined in participants in hospital gown and without 

shoes using a wall-mounted stadiometer and an electronic scale (SR555i, SR Instruments), 

respectively. Body mass index (BMI) was calculated as the body weight in kilograms 

divided by the height in meters squared. Normal-weight was defined as 18.5-24.9 kg/m2, 

overweight as 25.0-29.9 kg/m2, and obese as >30 kg/m2 (CDC). Physical activity was 

assessed by the short-form International Physical Activity Questionnaire (18). A 24-hour 

dietary recall was used to assess caloric intake. Fasting blood was drawn for measurement of 

insulin and glucose. Samples were centrifuged at 4°C and plasma was stored at −80°C. 

Plasma glucose was determined by hexokinase method (Roche Model P Chemistry 

autoanalyzer; Roche Diagnostic Inc., Indianapolis, IN) and insulin by immunoenzymatic 

method (Tosoh 2000; San Francisco, CA). Homeostasis model of insulin resistance 

(HOMA-IR) was calculated as described previously (19).

2.2 Body Composition and Visceral Adipose Quantification

Total body composition was measured using DXA, (Prodigy, General Electric Medical 

Systems, Madison, WI, USA) and the scans were analyzed using enCore™ software 

(platform version 13.6, General Electric Medical Systems, Madison, WI, USA). Estimates of 

abdominal visceral and subcutaneous adipose tissue were obtained using the method 

described previously for adults (20). The estimation of VAT using DXA was recently 

validated in adults (20) and has been shown to provide a reliable estimate in children (21). 

Android fat (abdominal) was measured using a region-of-interest automatically defined with 

a caudal limit placed at the top of the iliac crest and its height set to twenty percent of the 

distance from the top of the iliac crest to the base of the skull (22). The gynoid region (hip/

gluteal) is located mid-pelvis to mid-thigh, with the upper limit set below the iliac crest a 

distance 1.5 times the height of the android region and the lower limit set a distance of 2 

times the height of the android region (22). Subcutaneous fat and visceral fat were estimated 

within the android region as described previously (20). All scans were reviewed for accurate 

placement of the android box by the same technician.
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2.3 Statistical Analysis

Averages between each twin pair were stratified by zygosity to compare demographic, 

physical activity, and dietary recall for the whole sample. Data are presented as means

±standard deviation (SD). If data was not normally distributed it is presented as median and 

interquartile range (25%, 75%). Segmented linear regression “segmented package” (23, 24) 

was used to evaluate break-points (thresholds) in the relationship between VAT mass and 

%BF in both males and females. Briefly, the segmented analysis uses the linear regression 

(adjusted for zygosity) and estimates a new model having a change-point linear relationship 

with the specified variables. The break-point is determined at the point where the slope of 

the linear relationship changes the most based on least squares estimates above and below. 

This method of segmented linear regression has been detailed previously (16, 23-25). To 

assess zygosity-specific thresholds we combined males and females by subtracting the sex-

specific %BF thresholds from the absolute body fat for each individual and segmented linear 

regression evaluated significant thresholds between VAT mass and difference from the 

adiposity thresholds. After assessment of thresholds, we assessed between- and within-twin 

pair differences for total body fat and VAT above and below threshold by zygosity. For this 

analyses, we used a subset of the total sample of twins with at least one twin with a BMI>25 

kg/m2. 14 normal weight twin pairs were removed due to the fact that all DZ pairs had at 

least 1 twin classified as overweight/obese based on BMI. A two way -ANOVA with an 

interaction for zygosity and threshold compared differences for between twin averages for 

age, physical activity, diet and total and regional subcutaneous body fat between groups. 

Specific group differences were assessed using Dunnett’s T3 because of the differences in 

twin pair between each group. (26). Differences for between and within twin-pair variability 

of total fat and VAT in MZ and DZ twins above and below thresholds were assessed for 

significance using Dunnett’s T3 (26). Between pair differences were calculated by taken the 

average for each twin pair and within-pair differences were calculated by taken the 

difference between each pair. Significance level was set at p<0.05 for the group 

comparisons. All analyses were completed in R (27).

3. Results

3.1 Effect of zygosity on baseline variables

Table 1 presents a comparison of the population by zygosity. DZ twins had a significantly 

(0.013) higher BMI than MZ twins, which is likely a result of recruitment as the majority of 

normal-weight pairs were MZ twins. All other variables were similar between MZ and DZ 

twins. All values for the 24-hour dietary recall were verified, the extreme high and low 

values were given by twin pairs trying to gain and lose weight, respectively. Interestingly, 

the majority of the twins were categorized by the IPAQ as moderate or high activity levels 

(MZ=79/88; DZ=21/28).

3.2 Effect of gender on percent body fat threshold

Figure 1 presents the sex-specific percent body fat thresholds within the population. In 

males, a threshold was observed at 20.6% body fat (95% CI: 11.8, 29.4%). The slope of 

VAT, with increasing %BF, below threshold was 3.5 (95% CI: −252.2, 259.2, p=0.978) and 

the slope above threshold was 106.8 (95% CI: 73.1, 140.6; p <0.001). The slopes above and 
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below threshold were significantly different (p<0.001). In females, a higher %BF threshold 

was observed at 39.4% body fat (95% CI: 31.4, 47.3). The slope of VAT before the 

thresholds was 19.2 (95% CI: −31.6, 70.0; p=0.452) and the slope above threshold was 79.7 

(95% CI: 45.4, 114.0; p <0.001). The slopes above and below threshold were significantly 

different (p<0.001). There was no gender-related difference (p>0.05) between the slopes 

either above or below threshold.

3.3 Zygosity specific thresholds

Figure 2 presents the zygosity-specific thresholds for the population. Because of the 

relatively small sample size, especially for DZ twins, males and females were combined for 

the analysis by subtracting the sex-specific body fat thresholds identified in Figure 1 from 

the absolute percent body fat of each individual. Zygosity-specific thresholds were identified 

in the relationship between VAT mass and difference from %BF thresholds. In MZ twins, a 

threshold was identified at −0.6%, and in DZ twins a threshold was identified at 4.0%. These 

zygosity-specific thresholds were not significantly different (p>0.05). The slope of VAT for 

MZ twins below thresholds was 14.0 (95%CI: −50.4, 78.3; p=0.667) and the slope above 

threshold was 86.8 (95% CI: 65.0, 108.7; p<0.001). In DZ twin pairs, the slope of VAT 

mass below threshold was 11.7 (95% CI: −120.9, 144.3; p=0.856) and the slope above 

threshold was 130.6 (95% CI: 47.3, 213.8; p<0.001).

3.4 Zygosity differences on between-twin variability above and below threshold

Based on the sex-specific thresholds identified in Figure 1, twin pairs were classified as 

“above threshold” if both twins were above the %BF threshold or “below threshold” if one 

or both twins were below the %BF threshold. Of note, DZ twins had a greater proportion 

(5/6) of discordant twins (i.e., 1 twin above threshold and 1 twin below threshold) compared 

to MZ twins (1/5). However, the proportion difference biases towards significant differences 

in comparing within twin variability for %BF and VAT. Table 2 presents a comparison of 

the threshold groups by zygosity for the 44 twin pairs classified as overweight/obese by 

BMI. All values are the between twin averages for each pair. MZ twins had a greater 

percentage with both twins above threshold (84% vs 57%) compared to DZ twins. Age and 

physical activity levels were similar across the groups. Interestingly DZ twins below 

threshold had similar total and regional subcutaneous (i.e. android, gynoid) fat mass as MZ 

and DZ twins above threshold for all measurements. MZ twins below threshold had 

significantly lower body fat across all measurements compared to MZ and DZ twins above 

threshold, but were similar to DZ twins below threshold.

3.5 Threshold effect on genetic variability of VAT and Insulin Resistance

Table 3 presents the between- and within-twin pair measures for total fat mass, %BF and 

VAT and a surrogate measure of insulin resistance (HOMA-IR) calculated for pairs above 

and below the thresholds and stratified by zygosity. The between twin variability was 

computed by taking the average value for each twin pair. Within-pair differences were 

computed by taking the difference in values within each twin pair. There were no significant 

differences between MZ and DZ pairs in the between pair measures in pairs above the 

threshold, reflecting a similar range of body composition and insulin resistance between the 

groups. However, MZ twins had significantly lower within-twin variability for total fat, 
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%BF and VAT measurements but no difference for HOMA-IR. Similar to twins above 

threshold, there were no significant differences in between twin variability for MZ and DZ 

twins below threshold. Likewise, within-twin variability for total fat mass and %BF were 

significantly lower (p=0.009 and p=0.023 respectively) in MZ twins compared to DZ twins 

below threshold. However, when comparing within-twin variability for VAT and HOMA-

IR, no differences were observed between MZ and DZ twins below threshold. As expected, 

between twin average HOMA-IR was significantly higher in MZ twins above threshold 

compared to below (2.7±1.3 vs 1.1±0.6, p<0.034). This same observation was not observed 

in DZ twins above and below threshold (2.4±1.2 vs 2.1±1.5, p=0.785). Similarly within-twin 

variability was not different above or below threshold for MZ and DZ twins below threshold 

(p>0.05 for both).

4. Discussion

The purpose of this study was to examine the effect of the %BF thresholds on VAT 

accumulation in a group of MZ and DZ twins. The sex-specific %BF thresholds identified in 

this current study, males = 20.6% and females = 39.4% body fat, are consistent with our 

previously reported thresholds (14, 16) and did not differ based on zygosity. These 

thresholds had a strong influence on VAT variability between twin pairs. If both twins were 

not above threshold, then VAT was not significantly more variable among the DZ twin pairs 

even though DZ twins were more variable in their %BF than MZ twins. Taken together, the 

results of this study suggest within-twin pair variability for VAT and VAT% is influenced 

by the %BF thresholds for VAT accumulation and not solely by genetics; if both twins were 

not above threshold VAT was similar between and within twin pairs regardless of zygosity. 

Additionally we observed higher average HOMA-IR in twin pairs above threshold 

suggesting that insulin resistance tracks with these changes in VAT accumulation. This 

study provides further support for a threshold capacity in preferential subcutaneous 

deposition of excess fat and suggests that VAT accumulation is, at least in part, driven by 

total body adiposity itself rather than any genetic predisposition.

Significant variation exists in changes in weight, total fat mass and regional fat mass after 

long term overfeeding in identical twins, suggesting that genetic factors are involved in total 

and regional fat accumulation (8). Since these classic studies, others have provided evidence 

to support a role for genetic influences on total and regional fat distribution. These studies 

have estimated the range of genetic influence for total body fat (h2) from 0.40-0.90 and 

0.40-0.80 for trunk, abdominal and visceral fat accumulation depending on the methods used 

for measuring fat mass (i.e. skinfolds, DXA, computed tomography) (1-3, 9-11). Taken 

together, previous data suggest strong evidence for genetic influence on total and regional 

fat. This study expands upon previous work, by measuring differences in VAT accumulation 

between MZ and DZ twins with respect to recently reported VAT accumulation thresholds 

(14,16). Additionally similar to our recent report (14), insulin resistance was significantly 

increased in twin pairs above threshold. Our results suggest that the threshold also 

influences changes in HOMA-IR. MZ twin pairs above threshold had a significantly higher 

average HOMA-IR. While this same observation was not observed in DZ pairs, most of the 

DZ pairs below threshold were discordant for threshold. In those twins discordant for 
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threshold, the twin above threshold had higher HOMA-IR than their twin pair below 

threshold but it was not significant (3.1±2.6 vs 1.8±1.0 n=5 pairs).

To illuminate the influence of genetic factors on VAT accumulation, we examined between- 

and within-twin pair variability of total and regional fat in MZ and DZ twin with respect to 

sex-specific %BF thresholds for increased VAT. The results of this study support the strong 

influences of genetics on total body fat. However, increased levels of VAT and within-twin 

variability in VAT and VAT% were dependent on being above %BF thresholds, suggesting 

total body fat or %BF may have a greater influence on VAT differences than genetic 

components. Regardless of threshold, within-twin variability was always higher in DZ twins 

for measures of total body fat (%BF, BMI, total fat mass) compared to MZ twins. 

Additionally, in DZ twins below threshold between- and within-twin variability for regional 

measurements of subcutaneous fat mass (i.e. gynoid, trunk) were higher than MZ twin pairs 

below thresholds but similar to MZ and DZ twins above threshold. These results suggest 

preferential accumulation of fat in subcutaneous depots in individuals below threshold and 

that the differences in VAT variability between MZ and DZ twins is strongly influenced by 

within-twin %BF differences only when both twins are above threshold.

One of the challenges in assessing the role of genetics in regional and VAT distribution is 

controlling for the influence of total fat mass, while some studies have adjusted for total fat 

mass (10, 14), the multicollinearity between total and regional fat makes the interpretation 

difficult since you cannot have increases in VAT without increases in total fat mass. In the 

present study, we controlled for the relationship in total fat mass by also measuring VAT%; 

VAT% takes into account the differences in total fat mass by expressing VAT as a 

percentage of total fat mass. We observed similar differences above and below thresholds 

for total VAT and VAT%.

In this study, %BF thresholds for VAT accumulation were comparable regardless of 

zygosity. The consistency in the identified thresholds supports a sex-specific physiological 

limit to subcutaneous fat storage such that regardless of genetics, reaching this threshold 

results in a proportional shift in fat accumulation to the visceral region. It is important to 

note that genetics, in regards to sex, still plays an important role in VAT accumulation. The 

sex-specific thresholds demonstrate the genetic differences between males and females that 

result in a greater subcutaneous storage capacity for females. Sex differences in adipocyte 

number, size increases (hypertrophy vs hyperplasia) and regional storage depots have been 

identified previously which all have strong genetic influences (7, 28-30). We acknowledge 

that above threshold there is still variability in VAT and VAT% that could be genetically 

influenced. However, we hypothesize that these differences are based on the genetic ability 

to store fat subcutaneously (i.e. number of adipocytes, hyperplasia vs hypertrophy), which is 

supported by the sex-specific %BF thresholds and similar zygosity-specific thresholds 

identified in this study. While total body fat seems to be strongly influenced by genetics, we 

observed that VAT is dependent on surpassing sex-specific adiposity thresholds. As such, 

twin congruence in VAT accumulation may reflect genetic predispositions for increased 

total adiposity more so than a strong genetic component as previously reported.
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The strengths of this study are the use of both MZ and DZ twin pairs with a wide range of 

adiposities and the use of sophisticated methods for measuring total and regional body 

composition. One limitation to this study was the sample size difference between MZ and 

DZ pairs and the imbalance in normal weight participants between MZ and DZ groups. 

Additionally our sample size below threshold may have limited our ability to detect a 

difference between zygosity. However, as stated previously, this comparison was biased 

towards significant differences with a greater proportion of DZ twin pairs discordant for the 

threshold. Another limitation is that this study was cross-sectional and had limited racial 

diversity. Thus causality cannot be determined and generalization is limited.

In conclusion, we identified sex-specific %BF thresholds in a genetically informative 

sample of twins that are consistent with previously reported thresholds and are not 

significantly influenced by zygosity. Additionally, the within-twin pair variability for VAT 

and VAT% is influenced by the %BF thresholds; if both twins are not above thresholds there 

is not a significant difference in VAT or VAT% even with dramatic differences in total body 

fat. The findings, coupled with previous reports observing robust genetic influence on total 

BF accumulation, imply that previous observations may have overestimated the heritable 

influences on VAT accumulation. Further research is needed to assess the mechanism 

behind a subcutaneous threshold resulting in a shift in fat accumulation, however because of 

the strong relationship between total BF and VAT above threshold we suggest the use of 

VAT% to account for the differences in total BF between and within twin pairs. The higher 

VAT% in twin pairs above threshold suggests a proportional shift in the amount of fat stored 

in VAT. We conclude that while total BF is influenced by genetics, VAT accumulation also 

depends on whether a person’s %BF is above his or her sex-specific adiposity threshold.
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Figure 1. 
Sex-specific percent body fat thresholds for males (open triangles) and females (open 
circles) for VAT mass.
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Figure 2. 
Zygosity-specific thresholds for VAT mass based on the difference from the sex-specific 

adiposity thresholds, MZ (open triangles), DZ (open circles).
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Table 1

Demographic, physical activity and diet by Zygosity

mean(SD)

MZ (n=44pairs) DZ (n=14pairs) p-value Range

Sex (pairs) M=21/F=23 M=6/F=8

Race (pairs)

White 38 8

African American 2 3

Other 4 3

Age (years) 28.4 (9.0) 27.5 (8.6) 0.592 18-48

Height (cm) 172.3 (9.8) 169.9 (8.2) 0.198 153.9-193.0

Weight (kg) 86.1 (22.3) 92.7 (19.5) 0.141 46.5-143.5

BMI (kg/m2) 28.7 (5.8) 32.0 (6.1) 0.013 18.9-43.6

*IPAQ-Vigorous
(METmin/week)

480 (0,1220) 200 (0, 1110) 0.821 0-7200

*IPAQ-Moderate
(METmin/week)

1018 (120, 1440) 440 (110, 1440) 0.416 0-5040

*IPAQ-Walk
(METmin/week)

792 (396, 2772) 1254 (272, 4158) 0.448 0-4158

IPAQ-Total
(METmin/week)

3535 (2650) 3766 (3442) 0.748 0-13758

IPAQ Category

1 - low 7 7

2 - moderate 35 6

3 - high 44 15

Sitting (min/day) 339 (177) 398.9 (191.0) 0.162 20-840

24 hour diet recall
(kilocalories)

2134 (990) 2097 (685.0) 0.828 676-6560

*
Data was not normally distributed and is presented as median (25th, 75th) quartiles BMI = body mass index, IPAQ = international physical 

activity questionnaire
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Table 2

Descriptive characteristics, physical activity and body composition of each group Values are the mean of the 

between twin averages

mean(sd)

Both twins
Above threshold

MZ pairs
(n=26pairs)

Both twins
Above threshold

DZ pairs
(n=8pairs)

1 or both twins
Below threshold

MZ pairs
(n=5pairs)

1 or both twins
Below threshold

DZ pairs
(n=6pairs)

Sex F=13/M=13 F=3/M=5 F=4/M=1 F=5/M=1

Age (years) 30.9A (9.8) 28.8A (8.1) 29.3A (9.2) 25.8A (6.1)

IPAQ Total
(METmin/wk)

3429A (2729) 4054A (4171) 2593A (2122) 3382A (2251)

24-hr diet recall
(kilocalories)

2079A (749) 2245A (817) 2021A (1854) 1901A (410)

Sitting (min/day) 381A (191) 462A (210) 247A (174) 320A (134)

BMI (kg/m2) 32.4A (3.5) 32.9A (4.4) 26.9B (2.2) 30.8AB (1.9)

Percent Fat (%) 40.6A (7.6) 39.4A (8.1) 30.0B (7.6) 38.6AB (8.8)

Total Fat (kg) 38.5A (9.9) 37.7A (14.3) 21.6B (7.7) 33.7AB (11.6)

Total Lean (kg) 56.5A (13.8) 55.6A (10.5) 49.8A (6.7) 52.1A (10.3)

Android Fat (kg) 3.7A (1.2) 3.5A (1.7) 1.5B (0.9) 2.7AB(1.3)

Gynoid Fat (kg) 6.3A (1.8) 6.4A (2.6) 3.8B (1.3) 6.1A* (2.0)

If groups do not share a letter within the same row they are significantly different (p<0.05)

IPAQ – international physical activity questionnaire,

*
trend towards significance (p=0.06)
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Table 3

Comparison of genetic effect in MZ and DZ twin pairs on between and within pair differences of total and 

regional fat measurements.

Both twins within the pair are above threshold [mean difference between and within pairs (sd)]

MZ (n=26 pairs) DZ (n=8 pairs) Δ (95% CI) p-value

*Between twin pair
Total Fat (kg)

39.2 (8.3) 37.7 (11.4) 1.5 (−12.5, 15.6) 0.970

*Between twin pair
Percent Fat (%)

41.0 (7.3) 39.4 (7.2) 1.6 (−5.1, 8.2) 0.606

*Between twin pair
VAT (g)

1320 (626) 1192 (686) 128 (−498, 754) 0.648

*Between twin pair
VAT% (%)

3.5 (1.8) 3.1 (1.8) 0.4 (−1.3, 2.0) 0.678

*Between twin pair
HOMA-IR

2.7 (1.3) 2.4 (1.2) 0.3 (−1.1, 1.8) 0.926

† Within twin pair Total
Fat (kg)

6.1 (6.1) 15.3 (9.7) −9.2 (−16.4, −2.1) 0.007

† Within twin pair
Percent Fat (%)

3.1 (2.9) 6.9 (4.3) −3.8 (−7.6, −0.1) 0.041

† Within twin pair
VAT (g)

352 (350) 820 (504) −468 (−912, −24) 0.036

† Within twin pair
VAT% (%)

0.46 (0.46) 1.35 (0.46) −0.89 (−1.32, −0.46) <0.001

† Within twin pair
HOMA-IR

1.1 (0.9) 1.3 (1.3) −0.2 (−1.9,1.4) 0.964

At least 1 twin is below threshold [Mean difference between and within pairs (sd)]

MZ (n=5 pairs) DZ (n=6 pairs) Δ (95% CI) p-value

*Between twin pair
Total Fat (kg)

21.6 (7.0) 33.7 (5.7) −12.0 (−28.6, 4.6) 0.148

*Between twin pair
Percent Fat (%)

29.6 (7.6) 38.6 (7.2) −9.0 (−20.2, 2.2) 0.061

*Between twin pair
VAT (g)

407 (269) 534 (284) −127 (−596, 342) 0.487

*Between twin pair
VAT% (%)

1.7 (0.9) 1.4 (0.6) 0.3 (−1.2, 1.7) 0.659

*Between twin pair
HOMA-IR

1.1 (0.6) 2.1 (1.5) −1.0 (−3.6, 0.9) 0.370

† Within twin pair Total
Fat (kg)

5.2 (6.6) 19.5 (2.6) −14.3 (−26.7, −2.8) 0.009

† Within twin pair
Percent Fat (%)

4.4 (3.1) 10.2 (2.5) −5.8 (−11.3, −0.2) 0.023

† Within twin pair
VAT (g)

189 (177) 549 (450) −360 (−908, 187) 0.121

† Within twin pair
VAT% (%)

0.43 (0.76) 0.80 (0.78) −0.37 (−1.8, 1.1) 0.471

† Within twin pair 0.7 (0.9) 0.9 (0.8) −0.2 (−1.1,0.7) 0.708
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HOMA-IR

VAT = visceral adipose tissue, VAT% = percent of fat stored in the visceral region

*
Between twin pair variability was computed by taking the average value for each twin pair (T1 + T2/2), then calculating group means and 

variance from the pair averages for MZ and DZ groups.

†
Within twin pair variability was computed by taking the difference in values within each twin pair (T1-T2), then calculating group means and 

variance from the pair differences for MZ and DZ groups.

Metabolism. Author manuscript; available in PMC 2016 September 01.


