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Abstract

Objective and methods: Given the profound weight loss after gastric banding and bypass we
compared fat compartmentalization by whole body magnetic resonance imaging in women and men
after these procedures to two groups of non-surgical controls who were either matched for age, weight
and height or were of lower body mass index (BMI).

Result: In women post-surgery (n=17; BMI 31.7 kg/m?) there was lower visceral adipose tissue
(VAT) (1.4 vs 2.5 kg; P<0.01) compared with matched controls (n=59; BMI 32.1 kg/m?). In contrast,
VAT (5.3 vs 5.4 kg) was nearly identical in men post-surgery (n=10; BMI 34.1 kg/m?) compared
with matched controls (n=10; BMI 32.1 kg/m?) even though the degree of weight reduction was not
significantly different from women (27.4 vs 32.6%). Furthermore, VAT when adjusted for total
adipose tissue (TAT) was 43% less in women post-surgery (1.2 vs 2.1 kg; P=0.03) than in controls
with lower BMI (25.1 kg/m?). After adjustment for TAT, subcutaneous adipose tissue in women
post-surgery was significantly greater than matched controls (35.1 vs 34.2 kg; P=0.03). There was
asignificant negative correlation of VAT and the degree of weight loss in women (r=—0.57; P=0.018)
but this relationship was not significant in men (r=—0.39; P=0.27). Skeletal muscle was lower in both
sexes compared with matched controls (women, 21.8 vs 23.1 kg; men, 32.5 vs 35.5 kg).

Conclusion: Prospective studies are necessary to confirm if there is a sexual dimorphism in the
effects of bariatric surgery on body composition.
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Introduction

Accumulation of visceral adipose tissue (VAT) is associated with increased insulin resistance
and cardiovascular risk [1-3]. Conversely, reduction of VAT by diet is associated with
improved glucose tolerance [4]. Weight loss induced by bariatric surgery is associated with
even more profound metabolic improvements including remission of type 2 diabetes [5]. Given
the strong associations between visceral adiposity and cardiometabolic disease risk [6] it is
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important to identify how bariatric procedures may affect the various fat depots and to
determine if there are differences between procedures and different outcomes in men and
women.

Several studies showed that after diet or drug-induced weight loss there was preferential
mobilization of VAT in both men and women [7-11], yet relatively few studies have measured
body composition after bariatric surgery using in-vivo measurement techniques such as
magnetic resonance imaging (MRI) and computed tomography (CT), that allow for the
quantifications of adipose tissue sub-depots, specifically subcutaneous adipose tissue (SAT)
and VAT [12]. In one study of six women there was a preferential reduction of VAT at 8 weeks
after laparoscopic adjustable gastric banding (BND) while patients were still undergoing rapid
weight loss [13], however, a preferential decrease in VAT compared with abdominal SAT was
not detected in another study of ten women at 12 weeks post-BND [14]. A larger study showed
a greater reduction in VAT compared with SAT at one year following BND, unfortunately,
results from men and women were combined so any possible sex differences could not be
ascertained [15]. Using single slice measurements at the fourth lumbar vertebra level obtained
by CT, Olbers et al showed that after one year there was a greater reduction in VAT in women
following Roux-en-Y gastric bypass (GBP) compared with vertical banded gastroplasty,
however in men, reduction in VAT was not significantly different between these procedures
[16]. From these few studies, it appears that there may be sex differences in the degree of
change in body composition with surgically induced weight loss and that these changes may
also be dependent upon the type of surgical procedure. None of these studies examined non-
surgical control groups for comparison of body composition, and to our knowledge,
quantification of specific fat depots after BND or GBP with whole body MRI in a weight stable
population has not been reported. Therefore, the main objective of this present study was to
perform whole body MRI in weight stable women and men who had previously undergone
substantial weight loss after BND or GBP and compare body composition to two non-surgical
control groups from our historical database: one group was matched for age, weight and height
and the other consisted of non-obese controls with significantly lower body mass index (BMI).

Study subjects

Two groups who had previously undergone either BND or GBP, and were weight stable,
defined by a change in body weight < 5% over the prior 3 months were studied for analysis of
body composition by MRI: women (n=17) and men (n=10). Body composition was compared
to control groups from a historical database (D.G.) consisting of healthy women (n=59) and
men (n=10) without a history of weight loss who had previously undergone cross-sectional or
longitudinal non-interventional studies and whose mean age, weight and height were matched
to the surgery groups. Surgery groups were also compared to lower BMI (< 27 kg/m?) female
(n=7) and male (n=9) controls from the database. Adults with a body width greater than 48 cm
(which is the upper limit of the MRI field of view for body composition analysis), diabetes,
use of medications that may affect body weight or composition, claustrophobia, or cosmetic
surgery (other than facial) were excluded from the study.

Body composition

Total-body skeletal muscle (SM) and total-body adipose tissue mass, including total (TAT),
SAT, VAT, and intermuscular (IMAT), were measured from multi-slice MRI images across
the whole body on a 1.5 T scanner (6X Horizon; General Electric, Milwaukee) as previously
described [17]. The protocol involved the acquisition of approximately 40 axial images of 10-
mm thickness at 40-mm intervals across the whole body. SliceOmatic image analysis software
(version 4.2; Tomovision, Montreal, Canada) was used to analyze images. MRI volume
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estimates were converted to mass by using assumed density of 1.04kg/L for skeletal muscle

and 0.92kg/L for AT [18]. The technical errors for four repeated readings by the same observer
of MRI-derived SAT, VAT, and IMAT volumes are 1.7%, 2.3% and 5.9%, respectively. Due
to the upper limit of the 48 cm field of view and/or the physical limitations of positioning, such
as inability to fully extend arms overhead, data are incomplete for some parameters in certain
male subjects in the surgery group. The number of men on whom data were available for the
specified variables are as follows: TAT, n=8; SAT, n=8; IMAT, n=9; SM, n=9; VAT, n=10.

Hormone analysis

Plasma leptin measurements were performed in duplicate on blood samples collected in EDTA
tubes with a human RIA kit (LINCO Research, Inc., St. Charles, MO) using a 12°I-iodinated
human leptin tracer.

Statistical methods

Results

SAS v9.1 software (SAS Institute, Cary, NC) was used for data analysis. Separate unadjusted
analysis of variance models were used to assess group differences between the surgery group
and the BMI-matched non-surgical control group, and between the surgery group and the non-
surgical lean control group. Separate models were constructed for women and men given the
known sex differences in VAT volume [19] and leptin levels [20], and the potential sex
differences in body composition after surgery. Analysis of covariance was used to estimate
group differences while controlling for the confounding influence as follows: TAT and SM
were adjusted for total body weight, age and height; VAT, SAT and IMAT were adjusted for
TAT, age and height. Linear regression analysis was used to determine the relationships
between VAT and body weight, BMI, TAT or percent weight loss. A P-value of < 0.05 was
considered statistically significant. Mean values + SEM are reported.

Comparison of women post-surgery to matched non-surgical controls

Surgery and control groups of the same sex were matched for mean age, weight and height
(Table 1). In women post-surgery, VAT was 44% less than in control subjects, and the
difference remained significant after adjustment for TAT and menopausal status. Surgery in
women was also associated with significantly less SM compared with controls both before and
after adjustment for age, height and total body weight. Although unadjusted values for SAT
were not different, when adjusted for TAT, SAT was greater in the surgery group (35.1 kg)
compared with matched controls (34.2 kg; P=0.03). TAT and IMAT were similar between
control and surgery subjects. VAT correlated with TAT in both groups and with percent weight
loss after surgery (Fig. 1). TAT, but not VAT, correlated with total body weight in both groups

(Fig. 1).

Comparison of women post-surgery to non-obese non-surgical controls

Body composition after surgery was also compared with a database of non-obese (BMI < 27
kg/m?2) controls (Table 1). When adjusted for TAT, the amount of VAT in the post-surgery
group was 43% less (1.2 kg) compared with VAT in women with lower BMI (2.1 kg; P=0.03).
The difference remained significant when adjusted for menopausal status. TAT and SAT were
non-significantly different between groups after adjustments for body weight and TAT,
respectively.

Comparison of men post-surgery to BMI-matched non-surgical controls

In contrast to women, VAT in men post-surgery was similar to non-surgical controls (Table
2). SM was significantly lower post-surgery (32.5 kg) compared to matched controls (35.5 kg;
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P=0.0099) after adjustments for age, height and total body weight. IMAT was significantly
greater in the surgery group, however, after adjustment for TAT this difference was no longer
significant. VAT correlated with TAT, but not with total body weight, in both groups (Fig. 1).
VAT did not correlate with percent weight loss.

Comparison of men post-surgery to non-obese non-surgical controls

TAT, VAT, SAT and IMAT were all significantly lower in the non-obese controls compared
with the post-surgery group (Table 2), however, when adjustments were made as described in
Table 1, none of these differences remained statistically significant. SM was significantly lower
post-surgery (31.8 kg) compared to non-obese controls (35.7 kg; P=0.022) after adjustments
for age, height and total body weight.

Comparison of BND vs GBP in women

Age, menopause status, weight, BMI and post-operative period were not significantly different
in BND and GBP groups (Table 3). Weight loss in women tended to be greater in GBP
compared with BND (P=0.065). Comparison of body composition in women post-BND and
GBP did not reveal significant differences, however, after adjustment for percent weight loss,
TAT (31.1vs 39.1 kg; P=0.042) and SAT (28.8 vs 35.8 kg; P=0.045) were significantly lower
in the BND patients (Table 3). Following GBP there were strong correlations between VAT
and TAT and percent weight loss, whereas these relationships were not significant in the BND

group (Fig. 2).

We have previously reported that absolute leptin levels tended to be greater in women post-
BND vs. GBP (P=0.079) who were matched for BMI, but for whom body composition analysis
was not performed [21]. We now show that leptin levels per kg TAT were not significantly
different between BND and GBP groups (P=0.109; Table 3), and that values were nearly
identical after adjustment for weight loss (0.47 vs 0.42 ng/ml/kg, respectively; P=0.6).
Comparison of the different surgical procedures in men was not performed due to the fewer
number of subjects.

Discussion

To date, most investigations using CT or MRI to evaluate body composition after bariatric
surgery have involved acquisition of single slice cross-sectional abdominal images, however,
the accuracy of the estimation of total VAT from single slice measurements is largely dependent
upon the level studied [12,22,23], and the association between VAT and the presence of
cardiometablic risk also depends on the site of measurement [24]. In this report we used whole
body MRI to demonstrate that in women, surgery was associated with significantly lower VAT
compared with matched controls. In contrast, men post-surgery had nearly an identical amount
of VAT compared with controls. The shorter duration after surgery at the time of study in men
(19 vs 25 months, P=0.046) is unlikely to contribute to the difference in VAT, since both sexes
were studied at a minimum of three months of weight stability. In addition, multiple regression
analysis confirmed that the difference in VAT between sexes was not dependent upon percent
weight loss (P=0.54). When adjusted for body weight, age and height, SM was lower in both
sexes after surgery compared with their respective matched controls. Less SM may be one of
the causes of lower resting energy expenditure shown in women after BND and GBP [25,26].

While generalized adiposity is clearly associated with insulin resistance and the accompanying
metabolic complications, data on the association with adipose tissue accumulation in particular
anatomical compartments are somewhat discrepant [27,28]. As reviewed by Garg, most studies
have demonstrated a strong association between VAT and insulin resistance [27]. However, it
is unclear whether greater VAT is a marker of insulin resistance or plays a causal role [29,
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30]. In one study, reduction in VAT was associated with improvement in oral glucose tolerance
even after adjusting for overall weight loss [31]. In another study, insulin sensitivity correlated
with generalized and regional adiposity, however, the magnitude of improvement in insulin
sensitivity was predicted by the percent decrease in VAT, but not by other changes in body
composition [32]. Decreasing SAT by large volume liposuction does not appear to significantly
alter insulin sensitivity in obese women [33], however, some studies have shown an association
between SAT or particular subdivisions of SAT and insulin resistance [27,34,35].

Weight loss after bariatric surgery is usually associated with an improvement in insulin
resistance [5,36]. Busetto et al reported that in six pre-menopausal non-diabetic women at
baseline there was no significant correlation between insulin levels and fat distribution
measured by MRI, whereas after a 16% reduction in total body weight and 36% reduction in
VAT at 24 wks post-BND there was a significant correlation between the percentage change
of insulin levels from baseline with changes in both VAT and abdominal SAT [13]. We
previously demonstrated that women who had lost weight after BND or GBP had significantly
lower fasting insulin levels and HOMAIR compared with BMI-matched controls who did not
undergo weight reduction [21,37]. Collectively, these data suggest that the lower amount of
VAT inwomen post-bariatric surgery may be a major contributor to reduced insulin resistance.
In non-diabetic men who have not undergone weight loss (n=9; BMI 36 kg/m?) we observed
that HOMA-IR was markedly greater compared to the post-surgery group in this study (5.1 vs
2.1 pU-mol~1.173; JK unpublished observations) despite similar BMI values. Although indirect,
these results suggest that in men the benefits of weight loss are still manifested with regard to
insulin resistance even though the amount of VAT and SAT are equivalent to matched controls.
In fact, Smith et al have shown that in men, but not in women, deep SAT explained a greater
proportion of the variance in fasting insulin than superficial SAT or VAT [35]. Other factors
such as fat cell size, cortisol metabolism, levels of intraheptatic fat, adiponectin and/or
inflammatory markers [38] likely play important roles in metabolic improvement.

Comparisons of gastric banding with Roux-en-Y gastric bypass have shown that the latter
procedure is more effective in producing improvements in insulin resistance and even
remission of type 2 diabetes [36]. Whether this difference is due to differences in the degree
of weight loss, body fat distribution and/or certain hormones is unclear [39]. In this small study
we were unable to detect a significant difference in VAT mass between these procedures in
women, however, SAT was significantly greater in the GBP group when values were adjusted
for weight loss. It is unlikely that sex hormones contributed to this difference, since both groups
had a similar distribution of menopausal women. Kelley et. al. have shown that SAT in the
abdomen may be divided into superficial and deep compartments and it is only the latter
compartment that has a significant negative relation to insulin resistance [34]. Unfortunately,
we did not delineate between these compartments, neither did we subdivide VAT into intra-
and retroperitoneal compartments which also may be functionally distinct [27]. Our data also
suggest that determinants of VAT mass may be different in BND compared with GBP since
significant correlations between VAT and TAT and percent weight loss were detected only in
the latter. However, given the small sample size we cannot rule out entirely that more subtle
interactions exist between VAT and TAT and percent weight loss after BND.

Another important difference in outcome after gastric banding compared with gastric bypass
is that the latter procedure usually results in greater weight loss [36]. Since leptin is an
adipocyte-derived hormone that mediates several aspects of energy homeostasis [40], we
compared leptin levels in women after BND and GBP. Similar, to our previous data [21],
absolute values of leptin were greater in BND compared with GBP, but the difference was not
statistically difference. We now have been able to demonstrate that when adjusted for TAT
and percent weight loss, leptin values are nearly identical between both procedures. It,
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therefore, seems unlikely that the differences in weight loss are due to the effect of these
procedures on leptin concentrations.

A limitation of this study is the lack of information on pre-operative body composition and
metabolic data such as glucose and insulin values. Therefore, we cannot comment on the
relative change in different anatomic compartments, changes in insulin resistance and
comparisons of metabolic parameters with our control populations. Nor are we able to
determine if there were differences in physical activity between groups since this variable was
not measured. Prospective studies are warranted to determine the contribution of the change
in different anatomical compartments to the change in insulin sensitivity, however, most
current MRI scanners have limited field of view and maximum body weight restrictions that
prohibit complete visualization of all tissues in morbidly obese patients. Clearly there are sex
differences in body composition that deserve further investigation and additional subjects
should be studied to address whether the different bariatric procedures result in subtle
differences in body composition and insulin sensitivity that could not be detected in this small
study. Our data are consistent with current clinical recommendations advising patients after
surgery to engage in regular physical activity in order to maximize muscle mass and metabolic
rate, thus aiding weight reduction and weight loss maintenance.
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Figure 1.

Relationships between TAT and body weight, and between VAT and TAT and percent weight
loss in women (left panel) and men (right panel). Open circles and squares represent non-
surgical controls matched for age, weight, and height to the post-surgery subjects represented
by closed circles and squares. Solid lines represent linear regression from post-surgery subjects;
dotted lines represent linear regression from non-surgical matched controls. r indicates Pearson
correlation coefficients.
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Relationships between VAT with TAT and percent weight loss in women post-BND (left panel)
and post-GBP (right panel). Solid lines represent linear regression. r indicates Pearson

correlation coefficients.
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Table 1

Characteristics of women post-surgery with matched and non-obese controls.

Characteristic Non-obese Matched Surgery
controls controls 7 BND/ 10 GBP
(n=7) (n=59) (n=17)
Age (yr) 48.9+4.4 474 +16 485+22
Wt (kg) 74.0 +1.3%* 86.9+1.4 83.3+23
BMI (kg/m?) 251+ 05" 321+05 317+11
Wt loss (%) na na 32617
[21-49]
Post-op period na na 251+20
(mo)
TAT (kg) 268 +21%* 39.0+1.1 358+138
VAT (kg) 16+047 254021t 1402
SAT (kg) 242 + 1.9** 34.9 + l.OT 329+1.7
IMAT (kg) 09+0.2 16+0.1 15+0.3
SM (kg) 23120 233+05*T 21.1+0.7

Numbers represent unadjusted mean valuestSEM. Numbers in brackets represent range.
*
P<0.05

*%k
P<0.01

Fok

*
P<0.001 compared with surgery group.

TPSO.OS

TTP<O.01 compared with surgery group after values were adjusted as follows: TAT and SM were adjusted for total body weight, age and height; VAT,
SAT and IMAT were adjusted for TAT, age and height. na = not applicable.
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Table 2

Characteristics of men post-surgery with matched and non-obese controls.

Characteristic Non-obese Matched Surgery
controls controls 4 BND/ 6 GBP
(n=9) (n=10) (n=10)
Age (yr) 529+34 543+35 55.0+3.9
Wt (kg) 868+ 1.6 1003+28 103.4 £ 3.9
BMI (kg/m?) 26.0+ 03 321+1.0 341+1.3
Wt loss (%) na na 27427
[18 —47]
Post-op period na na 19.2+1.1
(mo)
TAT (kg) 215+13"* 33916 34.3+3.0
VAT (kg) 26+03"" 54+05 53+0.9
SAT (kg) 18.2 + 1.0*** 27.0+1.3 289+22
IMAT (kg) 07+ 0.1*** 15+ 0'1* 25+05
SM (kg) 346+127 352414t 32820

Numbers represent unadjusted mean valuestSEM. Numbers in brackets represent range.

*
P<0.05

*

*
P<0.01

Fok

TPSO.OS

Tt

P<0.01 compared with surgery group after SM was adjusted for total body weight, age and height. na = not applicable.

3
P<0.001 compared with surgery group.
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Table 3

Comparison of band and bypass surgery in women.

Patient characteristic

and measurement BND (n=7) GBP (n=10)
Age (yr) 446+30 51.2+28
Weight (kg) 825+35 839+32
BMI 319+22 315+1.2
Post-op period (mo) 247+31 253+28
Weight loss (%) 28826 352120
TAT (kg) 337+217 372:26
VAT (kg) 153+0.29 1.24+0.28
SAT (kg) 310217 342:24
IMAT (kg) 1.09+0.21 1.77 £0.40
SM (kg) 208+10  21.3+0.9
Leptin (ng/ml) 18.6 £3.6 141+24

Leptin/ kg TAT (ng/ml/kg) 0.54 +0.10

0.37 £0.05

Numbers represent unadjusted mean values+SEM. There were no significant differences between groups in unadjusted values.

TP§0.05 compared with GBP group after values were adjusted for percent weight loss.

Int J Body Compos Res. Author manuscript; available in PMC 2010 June 25.

Page 13



