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Insulin sensitivity is associated with thigh adipose tissue
distribution in healthy postmenopausal women

Amy M. Goss and Barbara A. Gower
Department of Nutrition Sciences, University of Alabama at Birmingham, Birmingham, AL, USA

Abstract

Objective—Evidence suggests intermuscular adipose tissue (IMAT) may be linked to insulin
resistance, whereas thigh subcutaneous adipose tissue (SAT) may be related favorably with
indices of metabolic health. However, whether adipose tissue depots of the thigh are differentially
related to insulin sensitivity independent of total adiposity and other adipose tissue depots has not
been determined. The objective of this study was to identify independent associations of the
subcompartments of adipose tissue of the thigh with insulin sensitivity among 97 healthy early
postmenopausal women.

Materials/Methods—Computed tomography (CT) scans of the mid-thigh were used to assess
Thigh-SAT, Thigh perimuscular adipose tissue (PMAT), and Thigh-IMAT. CT scans at the L4-L5
intervertebral space were used to assess intra-abdominal adipose tissue (IAAT) and Abdominal-
SAT. Total body fat was measured by dual-energy X-ray absorptiometry (DXA). The insulin
sensitivity index (S;) was assessed by using a frequently sampled intravenous glucose tolerance
test with minimal model analysis.

Results—Results indicated S; was positively associated with Thigh-SAT independent of total fat
mass and other adipose tissue compartments. Among all women combined, S, was inversely
associated with Thigh-IMAT independent of total fat mass. However, the relationship between S,
and Thigh-IMAT was independent of IAAT only among women with high levels of Thigh-IMAT
and IAAT.

Conclusions—This is the first study to demonstrate independent, opposing relationships of
Thigh-SAT and Thigh-IMAT with insulin sensitivity in healthy postmenopausal women. Further
research is needed to determine if these associations are causal in nature.
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Introduction

Adipose tissue depots are differentially associated with risk of diseases such as type 2
diabetes and cardiovascular disease. Whereas intra-abdominal adipose tissue (IAAT) is
associated with glucose intolerance and insulin resistance, thigh adipose tissue is associated
favorably with measures of glucose and lipid metabolism®:2. However, it is unknown
whether differences in fat distribution have causal associations with metabolic health or
primarily reflect underlying metabolic processes that affect both glucose/lipid metabolism
and the location of triglyceride storage.

Further, the nature of the relationship between leg fat and insulin sensitivity is not entirely
clear. While some studies demonstrate relationships linking proportionally greater leg fat to
favorable fasting insulin and glucose concentrations and blood lipid profile3, other studies
have demonstrated an inverse relationship between leg fat and insulin sensitivity4:°.
Discrepancies among studies may be explained by differences in adjustment for confounders
in statistical models and differences in the specific adipose tissue compartments examined.
The thigh region is comprised of multiple adipose tissue compartments including
subcutaneous adipose tissue (SAT), perimuscular adipose tissue (PMAT), and intermuscular
adipose tissue (IMAT). Lipid is also found within muscle cells as intramyocellular lipid
(IMCL). Further, divergent relationships may exist as to the way in which these adipose
tissue compartments contribute to metabolic health. Whole body-IMAT is proposed to be an
adipose tissue depot similar in size to IAATS7. Evidence suggests adipose tissue infiltration
in skeletal amuscle, like IAAT, is associated with greater circulating inflammatory markers
and may contribute to insulin resistance and other cardio-metabolic disease risk factors8:.
Conversely, Thigh-SAT may be positively related to insulin sensitivity when examined
independently of the other adipose tissue depots of the thigh1®:11, Thus, use of total thigh fat
as an independent variable does not allow for visualization of the opposing effects of the
individual compartments, and may lead to discrepant results depending upon the extent to
which each of the compartments contributes to the total measure. No study has
simultaneously shown independent, opposing relationships among these thigh adipose tissue
depots and a robust measure of insulin sensitivity.

Among the studies that have aimed to characterize the multiple adipose tissue compartments
of the thigh and their contributions to metabolic health, differences in the definition of
Thigh-IMAT, study populations, and scan location and modality may have lead to
discrepant results. Although Thigh-IMAT is often considered as all adipose tissue deposited
beneath the fascia lata within and adjacent to skeletal muscle, sub-compartments within
Thigh-IMAT have been identified®. Goodpaster et al described the adipose tissue
compartments of the thigh as Thigh SAT, Thigh-PMAT (also described as subfascial
adipose tissue), and Thigh-IMAT®. With this characterization, Thigh-IMAT was inversely
associated, Thigh-PMAT tended to be inversely associated, and Thigh-SAT was not
associated with insulin sensitivity in subjects with obesity and type 2 diabetes®. These
relationships were not independent of total body fat. Other study populations within which
Thigh-IMAT and insulin resistance are associated include elderly men or those with at least
one risk factor for diabetes®. No study has examined the relationship of insulin sensitivity
with thigh adipose tissue distribution in a healthy, relatively homogeneous study population,
specifically early postmenopausal women. These associations may be important considering
that changes occur in both disease risk!2:13 and body fat distribution4:15 following
menopause.

The primary purpose of this study was to investigate independent associations of Thigh-
SAT, Thigh-PMAT, and Thigh-IMAT with insulin sensitivity in healthy early
postmenopausal women. A secondary aim was to identify associations between Thigh-
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IMAT and other adipose tissue compartments such as IAAT, Thigh-PMAT, and Thigh-SAT.
We hypothesized that Thigh-SAT would be positively associated with, and Thigh-IMAT
and Thigh-PMAT would be inversely associated with, insulin sensitivity, and furthermore,
that Thigh-IMAT would be positively associated with IAAT.

Methods and Procedures

Subjects were 97 healthy postmenopausal women aged 45-60 years who participated in one
of two studies at the University of Alabama at Birmingham (UAB). Metabolic testing and
body composition assessment took place under controlled conditions during an in-patient
visit to the Department of Nutrition Sciences and the General Clinical Research Center
(GCRC) at UAB. Women who experienced a natural menopause, with the time of cessation
of menstruation of at least 6 months, or hysterectomy, and FSH level >30 IU/mL (FSH
ranged 44-138 1U/mL) were included in the study. Fifty-two percent of the women recruited
for the study were using hormone replacement therapy (HRT) and had been using HRT for
an of average 2.8 yrs. Among the women recruited, 9% were African American (n=9) and
91% European American (n=78). Five of the African American women were HRT users.
None of the women smoked. The protocol was approved by the Institutional Review Board
for Human Use at UAB, and all subjects signed an informed consent prior to testing.

Body composition and fat distribution

Mid-thigh and abdominal cross-sectional tissue areas were analyzed by computed
tomography (CT) scanning using a HiLight/Advantage scanner (General Electric,
Milwaukee, WI). Thigh muscle and thigh adipose tissue areas were determined using a one
slice mid-thigh (between the superior border of the patella and the inferior anterior iliac
crest) CT scan. A scout scan was conducted to identify the L4-L5 intervertebral spaces and
was followed by a 5-mm scan of the abdomen at the identified site. Scans were later
analyzed for cross-sectional area (cm2) of adipose tissue and muscle tissue using
SliceOmatic image analysis software (version 4.2: Tomovision, Montreal, Canada). The
abdomen scan was used to analyze IAAT and Abdominal-SAT. Thigh-IMAT and Thigh-
PMAT were separated from Thigh-SAT by manually drawing a line along the fascia lata
surrounding the thigh muscle. Subsequently, Thigh-IMAT was partitioned from Thigh-
PMAT by manually drawing a line around the muscle itself to capture adipose tissue located
directly between and within muscle groups.

Total and regional body composition were measured by dual-energy X-ray absorptiometry
(DXA) using a Lunar DPX-L densitometer (LUNAR Radiation Corp., Madison, WI).
Subjects were scanned in light clothing while lying flat on their backs with arms at their
sides. DXA scans were performed and analyzed with adult software version 1.5g. The
software provided measures of total fat (kg), total lean (kg), and leg fat (kg).

Insulin sensitivity testing

Glucose tolerance and insulin sensitivity were measured by frequently sampled intravenous
glucose tolerance (FSIGT) test! and details were described elsewherel”:18, In brief, the
FSIGT test involves intravenous glucose administration (11.4 g/m2)at time “0”, and
subsequent tolbutamide injection(125 mg/m?) or insulin infusion (0.02 units/kg over 5 min)
20 minutes later. For both tests, three samples were collected prior to glucose
administration, and glucose and insulin values averaged to determine mean fasting values.
For the tolbutamide-modified test, 29 additional blood samples (2 ml each) were collected at
time points +2 to +180 minutes relative to the initiation of glucose administration. For the
insulin-modified test, 31 additional blood samples (2 ml each) were collected at time points
+2 to +240 minutes. All samples were analyzed for insulin and glucose concentrations. The
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insulin sensitivity index (S;) was calculated using MINMOD computer software (version
3.0)1920_ In this study, the tolbutamide-modified method was used for 81 women and the
insulin-modified method was used for 16 women. S; values from tolbutamide-modified tests
are reported to be approximately 16% higher than those from insulin-modified tests?L.
Between-study differences in FSIGT were accounted for statistically by including a variable
for FSIGT method (“test type” variable) in analyses as previously described??.

Assay of glucose and insulin

Glucose was measured in 10 pl sera using an Ektachem DT 11 System (Johnson and Johnson
Clinical Diagnostics, Rochester, NY). For the majority of the postmenopausal women (those
who had the tolbutamide-modified FSIGT), insulin was assayed in duplicate 200 pl aliquots
with “Coat-A-Count” kits (Diagnostic Products Corporation, Los Angeles, CA). In our
laboratory, this assay has a sensitivity of 1.9 wlU/ml, a mean intra-assay coefficient of
variation of 5%, and a mean interassay coefficient of variation of 6%. For the remainder of
the women (those who had the insulin-modified FSIGT), insulin was assayed in duplicate
100 .l aliquots with reagents from Linco Research Products Inc. (St. Charles. MO). In our
laboratory, this assay has a sensitivity of 3.35 wlU/ml, a mean intra-assay coefficient of
variation of 3.49%, and a mean interassay coefficient of variation of 5.57%. Commercial
quality control sera of low, medium, and high insulin concentration are included in every
assay to monitor variation over time. Difference in methodology was accounted for by
inclusion of a “test type” variable in analyses.

Statistical methods

Descriptive statistics were computed for all study variables of interest. Variables known to
deviate from a normal distribution, such as S, were log 10 transformed prior to statistical
analysis. All statistical tests were two-sided and were performed using a type | error rate of
0.05. Statistical analyses were performed using SAS (version 9.1; SAS Institute, Inc., Cary,
NC). Pearson correlation coefficients were calculated to determine associations of S; with
Thigh-SAT, Thigh-PMAT, Thigh-IMAT, IAAT, Abdominal -SAT, and total fat mass.
Partial correlation coefficients were calculated to determine associations of S; with Thigh-
SAT, Thigh-PMAT, Thigh-IMAT, IAAT, and Abdominal-SAT adjusted for total fat mass.
Thigh-IMAT was further adjusted for thigh muscle area. Multiple linear regression analysis
was conducted to determine independent associations of S; with Thigh-SAT, Thigh-IMAT,
total fat, and IAAT. This model was also adjusted for thigh muscle area. All final models
were adjusted for “test type.” HRT use was also tested as in all models as a confounding
variable; however, HRT use was not significant and subsequently was excluded from
models.

To further explore the interrelationships among IAAT, Thigh-SAT, and S, subjects were
characterized into four fat distribution phenotype groups based on IAAT and Thigh-SAT.
The median IAAT (103.2 cm?) and median Thigh-SAT (238.5 cm?2) were used to classify
subjects into 1 of 4 groups including 1) high IAAT/high Thigh-SAT, 2) high IAAT/low
Thigh-SAT, 3) low IAAT/high Thigh-SAT, and 4) low IAAT/low Thigh-SAT. Analysis of
covariance (ANCOVA) was used to compare group differences in S, adjusted for total fat.
Additionally, because IAAT has a profound effect on hepatic S; that may mask other
contributions to whole-body insulin sensitivity, subjects were dichotomized into 2 groups,
low (<103.2 cm?) or high (>103.2 cm?2) IAAT using the median IAAT value of the entire
study population. Multiple linear regression analysis was conducted to determine
independent associations of S; and Thigh-IMAT, % fat, and IAAT within each group.

Pearson correlation coefficients were calculated to determine associations among fat
distribution variables: Thigh-SAT, Thigh-PMAT, Thigh-IMAT, IAAT, and Abdominal-
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SAT. Partial correlation coefficients were also calculated to determine associations among
Thigh-SAT, Thigh-PMAT, Thigh-IMAT, IAAT, and Abdominal-SAT independent of total
fat mass.

Subject characteristics are shown in Table 1. Pearson simple correlation analysis indicated
all fat distribution variables were significantly inversely associated with S; and positively
associated with HOMA-IR (Table 2). Partial correlation analysis indicated that Thigh-IMAT
and IAAT were inversely associated with S| independent of total fat mass. Partial correlation
analysis also indicated that Thigh-SAT was positively associated with S, independent of
total fat (Table 2). Multiple linear regression analysis indicated that S; was positively
associated with Thigh-SAT and inversely associated with IAAT independent of total fat
mass and other leg fat variables (Table 3).

Subgroup analysis by fat distribution phenotype (Figure 1) indicated subjects in the high
IAAT/low Thigh-SAT group had significantly lower adjusted S; when compared with all
other subgroups (high IAAT/high Thigh-SAT; p=0.01, low IAAT/high Thigh-SAT;
p<0.001, low IAAT/low Thigh-SAT; p=0.005). There were no other significant between-
group differences in adjusted S;. Multiple linear regression analysis by subgroup (“high” or
“low” IAAT) indicated that S; was inversely associated Thigh-IMAT independent of %fat
and IAAT amongst subjects with >130 cm? IAAT, and S; was inversely associated with
IAAT and %fat amongst subjects with <130 cm? IAAT (Table 4).

Simple correlation coefficients among all fat distribution variables are shown in Table 5a.
All variables were significantly positively associated. The highest correlation coefficients
calculated were between Abdominal-SAT and thigh SAT (r=0.73), IAAT and Thigh-IMAT
(r=0.69), and IAAT and Abdominal-SAT (0.69). Partial correlation coefficients for adipose
tissue compartments of the thigh and IAAT adjusted for total fat mass are shown in Table
5b. Thigh-IMAT was significantly positively associated with IAAT and Thigh-PMAT.
Thigh-SAT was significantly inversely associated with IAAT independent of total fat.

Discussion

The major finding of this study is that Thigh-SAT was positively and independently
associated with S, whereas Thigh-IMAT was inversely associated with S;. This is the first
study to demonstrate opposing relationships between thigh adipose tissue compartments of
the thigh and S; among postmenopausal women. Our findings suggest maintenance of
greater Thigh-SAT and lesser Thigh-IMAT may promote or reflect favorable metabolic
health among early postmenopausal women.

In this study, Thigh-SAT, after adjustment for total adiposity, was positively and
independently associated with insulin sensitivity in all women combined. When women
were divided based on their fat distribution pattern, those with low Thigh-SAT/high IAAT
had lower S;. These findings agree with other studies linking greater Thigh-SAT, relative to
other fat depots, to favorable metabolic indices%11:23, However, few other studies have
used well-accepted measures of insulin sensitivity. Among obese HIV-positive women,
Thigh-SAT was positively associated with S from FSIGT1 I. However, to our knowledge,
this is the first study to observe an independent association of Thigh-SAT with S; among
healthy postmenopausal women.

The physiological basis for the positive association between Thigh-SAT and S; is not clear.
Subcutaneous adipose tissue under normal conditions sequesters nonesterified fatty acids
released from adipose tissue, and fatty acids from dietary sources?4. It has been suggested
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that under certain pathological conditions, such as obesity, there is a down regulation of
lipid storage to subcutaneous depots resulting from a maladaptive response to postprandial
increases in fatty acids?®. A reduction in the uptake of triglyceride to subcutaneous adipose
tissue depots may lead to greater lipid storage to ectopic depots known to be adversely
associated with both hepatic and peripheral insulin sensitivity24:25, It is possible that other
factors involved in regulating insulin sensitivity, such as genotype, dietary intake, physical
activity, and inflammation, are also responsible for the degree of triglyceride storage to
subcutaneous depots, thus mediating the association between insulin sensitivity and
subcutaneous adipose tissue. Although in the present study we cannot draw cause—and-effect
conclusions, we believe our findings support the hypothesis that Thigh-SAT either exhibits
protective effects on insulin sensitivity, or reflects a metabolic state compatible with
maintenance of relatively high insulin sensitivity among

In our study, greater Thigh-IMAT was associated with lower insulin sensitivity, independent
of total body fat. Few studies have examined the relationship between Thigh-IMAT and
insulin sensitivity using appropriate measures of insulin sensitivity, such as clamp or FSIGT,
and appropriately adjusting for other confounding variables. In a study involving middle-
aged men and women, calf IMAT was significantly inversely associated with glucose
infusion rate from the hyperinsulinemic euglycemic clamp®. Among subjects with obesity
and type 2 diabetes, an inverse association was observed between insulin sensitivity assessed
by hyperinsulinemic euglycemic clamp and Thigh-IMAT®. However, neither study
considered whether the relationship was independent of total fat mass. Similarly in a study
of premenopausal women, whole-body IMAT was inversely associated with insulin
sensitivity in both African Americans and Caucasians; however this relationship was not
adjusted for total adiposity26. Thus, our study is the first to demonstrate that Thigh-IMAT is
associated with a robust measure of insulin sensitivity after accounting for total body
adiposity.

Although our observed association between Thigh-IMAT and S; was independent of total
fat, it was not independent of IAAT. In all women combined, IAAT but not Thigh-IMAT
was independently associated with S;. However, when women were divided based on their
degree of intra-abdominal adiposity, Thigh-IMAT was independently associated with S
among those women with high, but not low, IAAT. In this group, IAAT was not
independently associated with S, possibly because all women had levels of IAAT above the
threshold for metabolic dysfunction26:27, It has been suggested that IAAT specifically
impairs hepatic insulin sensitivity by increasing exposure of the liver to fatty acids. In
contrast, due to its location, Thigh-IMAT is likely to affect skeletal muscle insulin
sensitivity. Because the S; index we used captures both hepatic and peripheral insulin
sensitivity, it may be difficult to isolate relationships that are specific to skeletal muscle in
subjects with high volumes of IAAT. Thus, when variance attributable to IAAT was
minimized, the association of Thigh-IMAT with insulin sensitivity was apparent. However,
it is also possible that the greater Thigh-IMAT in the women with greater IAAT played a
role in the stronger association of Thigh-IMAT with Sl in this group.

A secondary aim of this study was to characterize the associations of Thigh-IMAT and
Thigh-PMAT with other adipose tissue depots. Our results suggested a positive,
independent, relationship between Thigh-IMAT and IAAT, in agreement with other
studies®’. These results support the concept of coordinated accumulation of ectopic adipose
tissue. While the mechanisms leading to this coordinate deposition are unclear, lipid
deposition to both IAAT and Thigh-IMAT may result from the downregulation of lipid
uptake by the subcutaneous adipose tissue depots. An estrogenic hormone profile is also
thought to direct lipid deposition to the subcutaneous depots28. Therefore, among
postmenopausal women, decline in circulating estrogen may further contribute to a shift in
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lipid deposition from subcutaneous depots to ectopic depots. Our results also indicated that
Thigh-IMAT and Thigh-PMAT are highly correlated. However, only Thigh-IMAT was
independently associated with S,. Therefore we recommend that these adipose tissue
compartments be separated when conducting analyses concerning thigh fat distribution and
metabolic health.

This study has several strengths. Measures of fat distribution and body composition were
obtained using DXA and CT scanning. To our knowledge, this is the only study identifying
independent relationships of the adipose tissue compartments of the thigh with S; among
healthy early postmenopausal women. Limitations to this study include the cross-sectional
study design and relatively small number of subjects. We did not have statistical power to
examine potential race/ethnicity differences in the relationships of interest. We did not
assess hepatic fat content or liver function; therefore, we were unable to identify
independent relationships of hepatic fat with other ectopic lipid depots and insulin
sensitivity, or the extent to which observed associations of IAAT, Thigh-SAT, and Thigh-
IMAT with metabolic outcomes were independent of hepatic fat. Further, we did not assess
IMCL which may also adversely affect insulin sensitivity.

In conclusion, results suggested that among healthy early postmenopausal women,
maintenance of greater Thigh-SAT may exhibit protective effects on insulin sensitivity, or
may reflect a fat distribution pattern synonymous with good metabolic health. Thigh-IMAT
was inversely and independently associated with insulin sensitivity among women with high
but not low levels of IAAT. These results identify independent, opposing relationships of
adipose tissue depots of the thigh with metabolic health among a relatively homogenous
population of healthy postmenopausal women, thus emphasizing the importance of
considering fat distribution phenotype in identifying risk of development of metabolic
disease among otherwise healthy, aging women. Further studies are needed to determine
whether a cause-and-effect association exists between Thigh-SAT and insulin sensitivity,
and to also determine whether adipose tissue infiltration in skeletal muscle independently
influences peripheral insulin sensitivity.
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Figure 1.

S| adjusted means by fat distribution phenotype group (S; adjusted for total fat and FSIGT
method). Subjects with high IAAT/low Thigh-SAT had significantly lower adjusted S; than
all other groups. There were no other significant between-group differences. NS; not
significant, *P<0.01
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Table 1

Subject characteristics (n=97)

Variable Mean+SD
Age (yrs) 50.8+2.8
BMI (kg/m2) 26.2+4.7

Fasting Insulin (uIU/ml)  9.9+5.1
Fasting Glucose (mg/dL) 94.4+8.7
SI [x10™*min~Y(ulU/ml)] 5.7+37

Total Fat (kg) 27.3+9.1
Total Lean (kg) 389+4.4
Thigh Muscle (cm?) 2135+31.1
Thigh-SAT (cm?) 256.4 +91.1
Thigh-PMAT (cm?) 15.9+6.2
Thigh-IMAT (cm?) 109 +53
IAAT (¢m?2) 11414514

Abdominal-SAT (cm?) 316.8 £ 122.4

BMI, body mass index; Sj, insulin sensitivity index; SAT, subcutaneous adipose tissue; PMAT, perimuscular adipose tissue; IMAT, intermuscular
adipose tissue; IAAT, intra-abdominal adipose tissue.
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Table 2

Pearson simple and partial correlation analysis with S; as the dependent variables

Si

Simpler  Partial r

Thigh-SAT -0.36™ 0347
Thigh-PMAT -0.377 0.07
Thigh-IMAT -054™  —0.24%
IAAT -0.40" -0.36™""

Abdominal-SAT  —0.53™*" 0.03

Total fat —0.617"

All partial correlations adjusted for total fat mass. Thigh-IMAT is also adjusted for thigh muscle area; S|, insulin sensitivity index; SAT,
subcutaneous adipose tissue; PMAT, perimuscular adipose tissue; IMAT, intermuscular adipose tissue; IAAT, intra-abdominal adipose tissue;

Ak
p<0.001;
Ak

p<0.01;

*
p<0.05
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Table 3

Multiple linear regression models with S; as the dependent variables

Variable estimate + SEE ~ Std P

Thigh-SAT 0.96 +0.30 0.48 <0.01
Thigh-IMAT 0.00 +£0.01 0.05 0.72

Total fat -1.42+0.41 -0.71 <0.001
IAAT -0.00 +0.00 -040 <0.01

Model adjusted for thigh muscle area and test type; data reported as standardized B; S|, insulin sensitivity index; SAT, subcutaneous adipose tissue;
IMAT, intermuscular adipose tissue; IAAT, intra-abdominal adipose tissue.
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Table 4

Multiple linear regression models with S; as the dependent variable

High IAAT (>103.2cm?)  Low IAAT (<103.2 cm?)

Std B P Std B P
Thigh-IMAT ~ -0.81 0.01 0.12 0.48
IAAT -0.05 0.80 -0.33 0.05
% Fat 0.28 0.24 -0.37 0.03

Page 14

Models also adjusted for test type. Data reported as standardized B; S|, insulin sensitivity index; IMAT, intermuscular adipose tissue; IAAT, intra-

abdominal adipose tissue
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Table 5

Pearson simple (a) and partial (b) correlation analysis among fat distribution variables

a. Simple (r) Thigh-IMAT  Thigh-PMAT  Thigh-SAT  Abdominal-SAT
IAAT 0.69™ 052" 054 069
Abdominal-SAT 063" 055 0.73™

Thigh-SAT 0.49™ 052"

Thigh-PMAT 0.627°*

b. Partial (r) Thigh-IMAT  Thigh-PMAT  Thigh-SAT  Abdominal-SAT
IAAT 025 <0.01 —0.29 % 0.18
Abdominal-SAT 0.20 -0.01 009
Thigh-SAT -0.09 002 e e
Thigh-PMAT 0.38*

Data for partial analysis are adjusted for total fat mass; SAT, subcutaneous adipose tissue; PMAT, perimuscular adipose tissue; IMAT,
intermuscular adipose tissue; IAAT, intra-abdominal adipose tissue;

Ak
p <0.001;
*:

ok
p<0.01;

*
p<0.05
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