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Impact of weight loss-associated changes in detailed body
composition as assessed by whole-body MRI on plasma insulin
levels and homeostatis model assessment index
M Pourhassan1, C-C Glüer2, P Pick3, W Tigges3 and MJ Müller1

BACKGROUND/OBJECTIVES: We assessed the effect of weight loss-associated changes in detailed body composition on plasma
insulin levels and homeostatic model assessment (HOMA) index to calculate the magnitude of reduction in different adipose tissue
depots required to improve insulin sensitivity.
SUBJECTS/METHODS: A total of 50 subjects aged 20–69 years were studied. The participants were compiled from low-calorie diet
interventions and bariatric surgery and differed in their baseline body mass index (BMI; range 21.6–54.4 kg/m2) and degree of
weight losses (range − 3.3 to − 56.9 kg). Detailed body composition and liver fat were measured using whole-body magnetic
resonance imaging (MRI). Insulin resistance was assessed by HOMA.
RESULTS: Mean body weight decreased by − 16.0 ± 13.6 kg. Significant changes were observed in total adipose tissue (TATMRI,
range − 0.5 to − 36.0 kg), total subcutaneous adipose tissue (SATMRI), visceral adipose tissue (VATMRI), skeletal muscle, liver fat,
plasma insulin levels and HOMA. Decreases in insulin and HOMA were correlated with reductions in TATMRI, SATMRI, VATMRI (just
with HOMA) and liver fat. Losses of 2.9 and 6.5 kg body weight, 2.0 and 5.0 kg TATMRI as well as 1.6 and 6% liver fat were required to
decrease plasma insulin levels by 1 μU/ml and HOMAadjusted for baseline HOMA by 1 point. Multiple regression analysis showed that
baseline liver fat and changes in liver fat explained 49.7% and 55.1% of the variance in weight loss-associated changes in plasma
insulin and HOMA, respectively.
CONCLUSIONS: Decreases of adipose tissues and liver fat are the major determinants of reduction in plasma insulin levels and
improvement in HOMA index.
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INTRODUCTION
Insulin resistance is frequently associated with obesity and is
considered an important link between adiposity and the related
risk for cardiovascular disease and type 2 diabetes.1,2 The
association of obesity with insulin resistance does not depend
on the degree of obesity alone. Fat mass, fat distribution and
hepatic fat add to the variance in insulin sensitivity.3,4 Visceral
adipose tissue (VAT) is considered a major determinant of
metabolic disorders,5 but a causal relationship between VAT and
metabolic abnormalities remains unclear. Loss of VAT has a
therapeutic role in obesity management.6 In addition, most
studies have shown that VAT is associated directly with liver fat
content,7,8 and higher liver fat content is correlated with VAT.7,9,10

Therefore, it is possible that liver fat loss, not VAT loss, is a better
predictor of metabolic risk factor for obesity-related metabolic
disorders.
Weight loss-associated changes in individual fat depots

indicated that the reductions in subcutaneous adipose tissue
(SAT11) and liver fat12 were correlated with improvement in insulin
sensitivity in obese individuals following a low-calorie diet and a
weight loss of − 11.2 and − 8.5 kg, respectively. Overweight
patients are encouraged to lose 5–10% of their body weight to
improve insulin sensitivity,1,13 but quantitative data supporting

this recommendation are limited. One study showed improve-
ments in insulin sensitivity and cardiovascular risks with 10–15%
decreases in body weight.14 In addition, the study by Hamman
et al.15 revealed that there was a 16% reduction in risk for
progression to diabetes with 1 kg of weight loss and that 5%
weight loss would produce about 50% reduction in the incidence
of type 2 diabetes. The results of the Look AHEAD trial13

demonstrated a strong relationship between glycemic measures
and weight loss, with improvement beginning at 2.5–5% weight
loss. These studies indicated an average reduction in body weight
and risk factors, but little research has been conducted to identify
the associations between magnitude of weight loss and individual
body components—that is, different adipose tissue depots, such
as SAT, VAT or liver fat—along with subsequent improvements in
insulin sensitivity.
The choice of method used to measure insulin sensitivity is

important. Although changes in insulin sensitivity—that is, the
responsiveness of target tissue (mainly skeletal muscle (SM),
liver and adipose tissue) to metabolic actions of insulin, such as
insulin-mediated glucose disposal and inhibition of hepatic
glucose production16,17—often develop simultaneously, the
degree of the effect may be different among the various
tissues.18 The hyperinsulinemic–euglycemic clamp is considered
the gold standard for measuring whole-body insulin sensitivity.19
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In addition, surrogate measures of insulin sensitivity that have
been developed from measurements of glucose and insulin in
fasting state20,21 are primarily related to hepatic insulin action and
not to insulin sensitivity in SM. In our previous study,22 homeostatic
model assessment of insulin resistance (HOMA-IR) has been
validated against clamp data, and M-value was significantly
correlated with HOMA-IR (r=− 0.69, Po0.05). In this study, an
estimate of fasting insulin sensitivity was obtained by HOMA-IR.
The aim of our study was to assess the relationship between

weight loss-associated changes in detailed body composition and
plasma insulin levels and HOMA to calculate the magnitude of
reduction in different adipose tissue depots required to improve
insulin sensitivity. Whole-body magnetic resonance imaging (MRI)
was used to assess body composition.

MATERIALS AND METHODS
This was a post-hoc analysis of previously obtained data of 50 subjects
(22 women and 28 men), aged 20–69 years with body mass index (BMI)
ranging from 21.6 to 54.4 kg/m2, who had been assessed at two different
occasions at the Institute for Human Nutrition at Christian-Albrechts-
University, Kiel, Germany. Subjects were compiled from different studies in
the investigators’ archived databases (see below). The sample size was
chosen by power analysis using the software G*Power (version 3.1.9.2,
Düsseldorf, Germany). The participants were compiled from low-calorie
diet interventions as well as bariatric surgery and differed in their initial
body weight and weight losses. Net weight changes were calculated, and
subjects were grouped into three categories as follows:

Group 1
The original study population comprised 32 subjects who were recruited
between February 2010 and September 2012. The study protocol and
experimental data of the participants have been described previously.22,23

Briefly, subjects had participated in a controlled nutritional intervention
study and consumed a low-calorie diet, by which their daily energy intake
was reduced by 50% of energy requirements with a follow-up period of
3 weeks. Out of the 32 subjects, baseline and follow-up whole-body MRI
scans were measured in 17 subjects (aged 20–29 years, mean BMI 24.6 kg/m2)
who were selected for the analysis. This trial was registered at clinicaltrials.
gov as NCT01737034.

Group 2
The original study population comprised 96 overweight subjects who were
recruited between 2006 and 2009. Subjects participated in a 6-month
intervention study. Details of the study design and recruitment procedure
have been described elsewhere.24,25 Out of 96, 30 subjects with weight loss
of 43% of the initial body weight were considered as weight losers.26 Out
of 30, baseline and follow-up of whole-body MRI results of 17 subjects
(mean follow-up period of 3.0 ± 2.6 years) were selected for the analysis.

Group 3
Thirty-two extremely obese subjects (aged 24–68 years, mean BMI 46.7 kg/m2)
were studied between 2009 and 2010. Subjects underwent bariatric
surgery with a follow-up period of 6 months. Baseline and follow-up
whole-body MRI scans were measured in 17 subjects.
In all groups, exclusion criteria were smoking, pregnancy, acute or

chronic disease and use of any medication that could influence energy
metabolism or body composition. The study protocol had been approved
by the local ethical committee of the Christian-Albrechts-University zu Kiel,
Germany, and each subject provided informed written consent before
participation.

Anthropometric measurements and detailed body composition analysis.
Body weight was measured to the nearest 0.1 kg on an electronic Tanita
scale. Height was assessed using a stadiometer (Seca, Hamburg, Germany)
to the nearest 0.5 cm.
Volumes of four internal organs (brain, heart, liver and kidneys), SAT, VAT

and SM were measured by using transversal MRI images as described
previously.24,27 Briefly, scans were obtained using a 1.5T Magnetom Vision
scanner (Siemens, Erlangen, Germany). Brain and abdominal organs were
examined with a T1-weighted sequence (FLASH) (time to repeat (TR):

177.8 ms for abdominal organs; TR: 170.0 ms for the brain; time of echo
(TE): 4.1 ms/echo). Electrocardiogram-triggered, T2-weighted, turbo spin-
echo ultrashot scans (HASTE) (TR: 800.0 ms; TE: 43 ms/echo) were used to
examine the heart. The slice thickness ranged from 6 mm for the brain to
7 mm for the heart to 8 mm for internal organs without interslice gaps.
Cross-sectional organ areas were determined manually using segmenta-
tion software (SliceOmatic, version 4.3; Tomo-Vision Inc., Montreal,
Canada). Volumes of SAT, VAT and SM were examined with T1-weighted
gradient echo sequences (TR: 575 ms; TE: 15 ms) as described previously.28

Continuous transversal images with an 8-mm slice thickness and 2-mm
interslice gaps were obtained and analyzed from the wrist to the ankle
using SliceOmatic software. Images in abdominal and thoracic regions
were measured with subjects holding their breath. Volume data were
transformed into organ and tissue weights using the following densities:
1.036 g/cm3 for the brain, 1.06 g/cm3 for the heart and liver, 1.05 g/cm3 for
kidneys, 0.92 kg/l for VAT and 1.04 for SAT.29,30

Liver fat was determined in a subgroup of 28 subjects by MRI
(Magnetom Avanto 1.5-T Siemens) along with the two-point Dixon
method with a volume interpolated breath-hold examination as previously
described.22,31 Data of two and four subjects in groups 1 and 3,
respectively, were disregarded for analysis of liver fat because of non-
attendance at one time point (for example, at follow-up) or low quality of
images. There are no liver fat data available in group 2.
Briefly, a T1-weighted gradient echo sequence with in-phase and out-of-

phase imaging was performed using the following variables: repetition
time, 10.4 ms; echo time, 4.76 (in-phase) and 7.14 (opposed-phase) ms; flip
angle, 10°; matrix, 80 3128; and field of view, 440 mm. Fat-only and water-
only images were calculated from in-phase and opposed-phase images as
follows: water only = 1/2 × (in phase +opposed phase); fat only = 1/2 × (in
phase-opposed phase). Forty adjacent slices were acquired within a 19-s
breath-hold to cover the liver with a slice thickness of 5-mm and 1-mm
interslice gap. Images were analyzed and processed using ImageJ software
(US NIH)32 to calculate hepatic fat fraction images from fat-only and water-
only images. A single continuous region of interest was defined
(20.62× 20.62) in each of five adjacent hepatic fat fraction images and
was placed in the liver parenchyma, avoiding major blood vessels. The
region of interest was placed in the same area for all repeated
measurements. The quantity of liver fat was determined as percentage
of the total liver core and was averaged for the five hepatic fat fraction
images. The intra-organ fat percentage was evaluated from two liver
regions of interest, defined and averaged by one observer.

Clinical and metabolic variables. Blood samples were taken after an 8-h
overnight fast and analyzed according to standard procedures. Plasma
insulin and plasma glucose levels were measured using a radio-
immunoassay (Adaltis, Rome, Italy) and hexokinase enzymatic method
respectively. An estimate of fasting insulin sensitivity obtained by HOMA-IR
was calculated as fasting insulin (μU/ml) x fasting glucose (mmol/l)/22.5.20

Statistical analysis
The statistical analysis was performed using SPSS statistical software (SPSS
Statistics for Windows, IBM Corp, Version 22.0, Armonk, NY, USA). Differences
between variables and between baseline and follow-up were analyzed using
paired samples t-test for normally distributed variables. Differences in
variables between three groups at baseline were analyzed by one-way
analysis of variance with post-hoc t-test (with Bonferroni correction) in
normally distributed variables. In addition, differences in liver fat between
group 1 and group 3 were analyzed using an unpaired t-test in normally
distributed variables. HOMA was adjusted for their baseline values by using a
regression analysis. A stepwise regression analysis was performed to explain
the effect of body composition (as an independent variable) on the variance
in changes in plasma insulin levels and changes in HOMA. Pearson’s
correlation coefficient was calculated for relations between variables. All tests
were two-tailed, and Po0.05 was accepted as the limit of significance.

RESULTS
An overall 44% of subjects were women, and 56% of subjects were
men. The age range was between 20 and 69 years. Of 50
participants, 68% of study participants were obese (Table 1). Mean
body weight decreased in the total population as well as in each
group. Weight loss was associated with significant decreases in
total adipose tissue (TATMRI), SAT of the trunk (SATtrunk MRI), SAT of
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the extremities (SATextremities MRI) and VATMRI as well as sizes of
total and regional SMMRI, total organ masses, plasma insulin,
glucose and HOMA in the whole population (Table 1).
At baseline, 86% of the total population was hyperinsulinemic

(plasma insulin levels 48.4 μU/ml). With weight loss, the
percentage of subjects with insulin 48.4 μU/ml significantly
decreased to 38%.
Mean plasma insulin, HOMA and liver fat declined by

− 10.9 ± 8.6 (μU/ml, P= 0.000), − 3.5 ± 2.4 (P= 0.000) and − 6.7%
(P= 0.005, Table 1), respectively, whereas magnitude of the
reductions was significantly higher in bariatric surgery subjects
(group 3) compared with that in others (insulin, − 17.4 vs 7.7 μU/ml;
HOMA, − 6.6 vs − 1.8; liver fat, − 15.7% vs 1.1%, respectively). This
effect depended on baseline plasma insulin, HOMA and liver fat.
The results clearly indicate that subjects with high plasma insulin,
HOMA and liver fat at baseline tended to greater decreases in
plasma insulin, HOMA (Figure 1d) and liver fat (Figure 1f) with
weight loss (both P= 0.000). In addition, despite the significant
differences in mean weight changes between groups 1 and 2
(P= 0.007), no differences were observed in terms of changes in
glucose levels, insulin and HOMA (P= 0.551, P= 0.896 and
P= 0.916, respectively; Table 1).
Reductions in plasma insulin levels were correlated with

decreases in body weight (r= 0.54, P= 0.000), TATMRI (r= 0.48,
P = 0.000) and liver fat (r = 0.70, P = 0.000), whereas no associa-
tion was observed between reduction in insulin and decrease
in VATMRI (r = 0.24, P = 0.092). In addition, decreases in
HOMAadjusted for baseline HOMA were associated with reductions
in body weight (r= 0.85, P= 0.000, Figure 1a), TATMRI (r= 0.68,
P= 0.000, Figure 1b), VATMRI (r= 0.39, P= 0.005; Figure 1c) and liver

fat (r= 0.71, P= 0.000, Figure 1e). Furthermore, significant correla-
tions were observed between changes in liver fat and decreases in
TATMRI (r= 0.67) and VATMRI (r= 0.73, both P= 0.000).
The amount of body weight, TAT and liver fat percentage

required to decrease plasma insulin levels by 1 μU/ml is 2.9 kg,
2.0 kg and 1.6%, respectively. Moreover, loss of − 6.5 kg weight
(5–10%), − 5.0 kg TATMRI, − 1.2 VATMRI kg and − 6 % liver fat was
required to decrease HOMAadjusted for baseline HOMA by 1 point.
To test the effect of changes in body composition in response

to weight loss on the variance in changes in plasma insulin
(dependent variable), we performed a series of stepwise multiple
regression analyses. In a first analysis, we included baseline insulin,
weight, TATMRI, total SMMRI, age as well as changes in TATMRI and
changes in total SMMRI. Baseline insulin explained 82.5% of the
variance in changes in insulin. In a second analysis, we added
baseline and changes in SATextremities MRI, SATtrunk MRI, VATMRI,
SMextremities MRI and SMtrunk MRI and baseline insulin. Baseline
insulin and baseline SATextremities MRI explained 82.5% and 2.1% of
the variance in changes in insulin, respectively, and changes in
SMtrunk MRI explained an additional 1.7%. When baseline and
changes in liver fat percentage were included in the second
model (except baseline insulin), only baseline liver fat percentage
explained 49.7% of the variance in changes in insulin.
We also performed a similar series of stepwise multiple

regression analyses to test the effect of changes in body
composition in response to weight loss on the variance in
changes in HOMA (dependent variable). In a first analysis, we
included baseline HOMA, weight, TATMRI, total SMMRI, age as well
as changes in TATMRI and changes in total SMMRI. Baseline HOMA
and baseline TATMRI explained 93.5% and 1.4% of the variance in

y = 0.2007x - 1.5788 
R2 = 0.4692

-10

-8

-6

-4

-2

0

-40 -35 -30 -25 -20 -15 -10 -5 0Δ
H

O
M

A
 a

dj
us

te
d 

fo
r b

as
el

in
e 

H
O

M
A

ΔTATMRI (kg)

y = 0.837x - 2.4488 
R2 = 0.1536

-10

-8

-6

-4

-2

0

-5 -4 -3 -2 -1 0 1Δ
H

O
M

A
 a

dj
us

te
d 

fo
r b

as
el

in
e 

H
O

M
A

ΔVATMRI (kg)

y = 0.1575x - 0.9792 
R2 = 0.7375

-12

-10

-8

-6

-4

-2

0

-60 -50 -40 -30 -20 -10 0Δ
H

O
M

A
 a

dj
us

te
d 

fo
r b

as
el

in
e 

H
O

M
A

Δ body weight (kg)

y = -0.9202x + 7.227 
R2 = 0.8701

-40
-35
-30
-25
-20
-15
-10

-5
0
5

10

0 10 20 30 40 50

Δ
 li

ve
r f

at
 (%

)
liver fat (%) T0

y = -0.8528x + 1.1138 
R2 =0.9348 

-20

-15

-10

-5

0

5

0 5 10 15 20 25

Δ
H

O
M

A

HOMA T0

y = 0.166x - 2.9818 
R2 = 0.5076

-10
-9
-8
-7
-6
-5
-4
-3
-2
-1
0

-40 -30 -20 -10 0 10Δ
H

O
M

A
 a

dj
us

te
d 

fo
r b

as
el

in
e 

H
O

M
A

Δ liver fat (%)

Figure 1. Relationship between changes in HOMAadjusted for baseline HOMA vs (a) changes in body weight, (b) changes in total adipose tissue
(TATMRI) measured by MRI, (c) changes in visceral adipose tissue (VATMRI) measured by MRI and (d) association between changes in HOMA vs
baseline HOMA in the total study population of 50 subjects differing with respect to weight changes. Relationship between changes in liver
fat percentage measured by MRI vs (e) changes in HOMAadjusted for baseline HOMA and (f) baseline liver fat in a subgroup of 28 subjects. Solid
lines are regression lines.
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changes in HOMA, respectively. In a second analysis, we added
baseline and changes in SATextremities MRI, VATMRI, SATtrunk MRI,
SMextremities MRI and SMtrunk MRI and baseline HOMA. Baseline
HOMA and baseline SATextremities MRI explained 93.5% and 2.1 % of
the variance in changes in HOMA, respectively, and changes in
SATextremities MRI explained an additional 1.0%. When baseline and
changes in liver fat were included in the second model (except
baseline HOMA), only changes in liver fat percentage explained
55.1% of the variance in changes in HOMA.
In order to determine the independent association of either VAT

loss or liver fat loss with metabolic function, we evaluated groups
of participants who differed in liver fat loss ( Figure 2a; n= 14,
P= 0.007) but matched on VAT loss ( Figure 2a; n= 14; P= 0.157),
or differed in VAT reduction ( Figure 2b; n= 14; P= 0.024) but
matched on liver fat loss ( Figure 2b; n= 14; P= 0.794). The results
showed that reduction in liver fat rather than decrease in VAT was
associated with significant decreases in plasma insulin ( ) and
HOMA (● Figure 2a). In contrast, no differences in plasma insulin
loss and HOMA loss were observed between subjects with
different VAT loss, matched on liver fat loss (Figure 2b).
Changes in SMMRI relative to changes in TATMRI were larger in

group 1 (1.2 ± 0.9) with low TAT MRI at baseline compared with
those in the others (group 2: 0.1 ± 0.3; group 3: 0.3 ± 0.2; all
P= 0.000). In the whole population, changes in SMMRI/TATMRI ratio
(ΔSMMRI/ΔTATMRI) were significantly associated with baseline
TATMRI. Subjects with low TATMRI at baseline tended to have
greater increases in SMMRI/TATMRI ratio.

DISCUSSION
Treating obese patients typically aims to reduce body weight and
improve metabolic risks. The associations between loss in
individual adipose tissue depots and liver fat and metabolic risk
are unclear. Although a 5–10% weight reduction appears to have a
beneficial effect on metabolic risk factors and improves the
metabolic parameters, there are no cutoff values of different
adipose tissue depots reduction (for example, TAT, VAT) or ectopic
fat reduction for improving the metabolic disorders. To address
this question, we investigated a group of weight loss subjects with
a BMI range from 21.6 to 54.4 kg/m2 to determine a target value of
weight loss and reduction of individual adipose tissue depots for
improving plasma insulin levels and HOMA.
Our results show that the amount of body weight, TATMRI

and liver fat percentage required to decrease plasma insulin levels
by 1 μU/ml are 2.9 kg, 2.0 kg and 1.6%, respectively, whereas
reductions of − 6.5 kg (5–10%) body weight, − 5.0 kg TATMRI,
− 1.2 kg VATMRI and − 6% liver fat are required to reduce HOMA by
1 point (Figure 1).
Despite the fact that baseline BMI and the magnitude of weight

losses differed between groups, significant improvements in risk
factors were observed in normal weight, obese and severely obese
subjects. Larger weight losses were accompanied with more
advanced improvements in insulin sensitivity. Our finding is in line
with one study that reported that the odds of clinically significant
improvements in most risk factors were even greater in those who
lost 10–15% of their body weight.13 A study by Wing et al.33
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indicating a weight loss of 4.5 kg at 2 years reduced the risk of
developing type 2 diabetes by 30% in diabetic overweight and
obese individuals. Su et al.34 have demonstrated that weight loss
of 8 kg in moderately obese individuals (mean BMI 30.2 ± 1.0) is
accompanied by significant decreases in plasma glucose and
insulin concentrations in response to an oral glucose challenge
and degree of insulin resistance. Furthermore, Wing et al.35 have
shown that modest weight loss of 10 kg in 1 year due to a
behavioral weight loss program in patients with type II diabetes
leads to reduce fasting blood glucose by 1.6 mmol/l. In this study,
loss of 2.9 kg body weight and 2.0 kg TATMRI was required to
decrease plasma insulin levels by 1 μU/ml.
In addition, the decreases in individual fat depots and liver fat

were associated with significant reduction in plasma insulin and
HOMA index. However, the results of correlation analyses revealed
that the relationships between liver fat loss and improving
metabolic risks were more significant than relationships with
adipose tissue depots loss (that is, Pearson’s correlation coefficient
reached 0.71 in terms of liver fat loss and HOMA improvement
compared with 0.39 for VATMRI). Individual contribution to insulin
sensitivity has to be demonstrated owing to the interrelation of fat
depots. Therefore, we assessed groups of patients who differed in
liver fat loss (%, high or low reduction) but matched on VAT loss
(kg) compared with subjects who differed in VAT reduction
(kg, high or low reduction) but matched on liver fat loss content.
In subjects matched for liver fat loss, a twofold difference in VAT
volume between low and high VAT loss groups was not associated
with a detectable improvement in insulin sensitivity. In contrast,
subjects with high loss of liver fat were accompanied by
significant reduction in plasma insulin and HOMA. These results
are in agreement with other studies on the role of liver fat rather
than VAT in improving hepatic insulin sensitivity.9,36,37 Our data
demonstrated that liver fat, not VAT, is a better predictor of
obesity-related metabolic dysfunction and suggested that asso-
ciation between VAT and metabolic disorders is due to a direct
relationship between VAT and liver fat. However, the mechanism
responsible for ectopic triglyceride accumulation is still unknown
but one hypothesis is that fat accumulation in non-adipose tissues
is due to insufficient adipose tissue capacity to store triglycerides.

Study strengths and limitations
Our findings are based on indirect indices of insulin resistance and
therefore the results need to be interpreted cautiously. It is unclear
whether the underlying assumptions of the HOMA index are
fulfilled during caloric restriction. Hence, we have performed the
analysis using measured insulin to prevent any assumption
regarding the HOMA index. In addition, HOMA index does not
provide information about the relative contributions of the liver vs
SM to the observed reduction in whole-body insulin sensitivity.
However, HOMA index has been shown to be significantly related
to whole-body insulin sensitivity measured with the insulin
clamp.22,38 Moreover, these analyses examined the effect of
weight loss; but physical activity and fitness have not been
addressed, which may be the important independent determi-
nants of weight loss/or changes in risk factor.39 Study strengths
included the use of whole-body MRI technology to assess regional
changes in individual fat mass and fat-free mass components with
weight changes.
Altogether, the present evidence suggests that losses of 6.5 kg

(5–10%) body weight, 5.0 kg TATMRI and 6.0% liver fat are
considered meaningful markers of weight loss success for medical
treatment, which have a positive impact on metabolic risk
factors. However, increased amounts of weight loss (415%)
provided even greater benefits. Detailed changes in tissue masses
and liver fat add to the explanation for improvement in insulin
sensitivity.
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