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Abstract
This study aimed to evaluate the influence of insulin resistance status on weight changes in non-
obese women who followed a home-based exercise program and slight caloric restriction over a
period of 12 months. Middle-aged (25–45 yr), non-obese (body mass index of 23–29.9 kg/m2)
women were randomly assigned to control (CG) or home-based exercise group (HB). The HB
group received a booklet explaining the physical exercises to be practiced at home at least three
times per week (40 min/session). Both groups were required to follow a small energy restriction of
100–300 calories per day. For the analysis, women were stratified in two groups according to
baseline insulin sensitivity: NIR (non-insulin resistant; n=121) and IR (insulin resistant; n=64).
Women classified as IR at baseline had greater weight loss after 12 months of follow-up (−1.6 kg
vs. −1.1 kg; p=0.01), and HB exercise helped to reduce weight only among NIR women (−1.5 vs.
−0.7; p=0.04); no differences were observed between intervention groups for IR women (−1.5 vs.
−1.7; p=0.24). There were no differences between IR and NIR groups for lipid profile after
adjustment for weight changes. Insulin resistance facilitated weight loss, and home-based exercise
promoted greater weight loss only in non-insulin resistance women.
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Introduction
Lifestyle interventions focused on diet and physical activity remain cornerstones of the
treatment and prevention of diabetes and obesity [1–3], although the results regarding the
role of physical activity on prevention of weight regain are still controversial [4].
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A meta-analysis by Wu et al. [5] reinforced the long-term role of physical activity on weight
control, although other studies have reported that the inclusion of physical activity in
addition to an energy restriction did not facilitate weight loss [6,7].

It has been postulated that insulin resistance (IR) is a physiological adaptation to obesity that
limits fat deposition and leads to weight stabilization [8,9]. Swinburn et al. [10] followed
weight changes over 3 years for 192-non diabetic Pima Indians, and they found that insulin-
resistant subjects gained less weight than insulin sensitive subjects (3.1 vs. 7.6 kg). Similar
results were found in the Rancho Bernardo Study [11] in which insulin-resistant individuals
had a threefold increased likelihood of losing 10 kg or more compared with those without
insulin resistance during the 8 years of follow-up.

Other studies have found a different relationship between IR and weight change, including a
study conducted by Houmard et al. [12]. This study, which included 3389 postmenopausal
women of diverse ethnic groups, demonstrated that IR was a significant predictor of weight
gain. Additionally, Johnson et al. [13] examined the influence of baseline insulin sensitivity
on longitudinal changes in body fat mass during growth in children, and they showed that
insulin sensitivity was negatively associated with the increase in fat mass over time.

The identification of people who are at risk of gaining body weight or who are less able to
lose weight during treatment is important for the development of successful strategies for the
prevention of obesity. IR is one of the potential factors that could be used to identify these
individuals. However, the results from studies of the relationship between IR and weight
change have been primarily observational and are still inconclusive. Only few small
experimental studies of short duration have been conducted, and their results were
controversial [14–16]. Therefore, we analyzed the data from an experimental study on diet
and exercise among non-obese women to evaluate the influence of insulin resistance status
on weight changes during 12 months of follow-up.

Materials and methods
The present study was a secondary analysis of a randomized controlled trial primarily
designed to compare the effects of low and high glycemic index diets on weight changes in
non-obese women. The full description and results of the dietary intervention have been
published elsewhere [17]. The trial had a factorial design, with half of the dietary
intervention group also receiving instruction on a home-based exercise program to follow
for 12 months; and the other half received only the dietary intervention.

In short, 644 women were screened, and 230 were ineligible based on the criteria of
eligibility. To be eligible, the women had to be between 25 and 45 years of age with a body
mass index (BMI) of 23–29.9 kg/m2, not pregnant, and not breastfeeding. Women with
physician-diagnosed thyroid disease or diabetes or who were menopausal were not eligible
to participate. Recruitment was conducted at two primary health care centers affiliated with
Rio de Janeiro State University, in Brazil. Of the 644 women screened, 414 were eligible
and 203 completed the 2 run-in periods and were randomly assigned to the intervention or
control groups. All participants received information about the goal of the study, which was
to promote weight loss during the follow-up period. The study was approved by the
Institutional Review Boards of the Harvard School of Public Health and of Rio de Janeiro
State University.

Intervention
Women were randomly assigned to one of two groups for the exercise intervention: the
control group (CG) or the home-based exercise group (HB). The HB group received a
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booklet explaining the physical exercises to be practiced at home at least three times per
week, 40 minutes per session, at a low to moderate intensity (available at www.nebin.org).
The exercise program consisted of stretching exercises and an aerobic circuit with
continuous movements involving large arm and leg muscles as well as exercises using a ball
or ropes, stair climbing, and standing up from a chair (balls and ropes were given to the
participants). A more detailed description of the exercise intervention can be found in
Mediano et al. [7].

Compliance with the exercise program was assessed once per month by having the women
mark the days on which they exercised on a specific card printed with the days of the week.
Both groups received dietary counseling aimed to reduce caloric intake by 100–300 calories
per day.

Measurements
Weight was measured monthly. Circumferences and fasting blood samples were collected at
baseline and after 3, 6, and 12 months of follow-up. Height was measured to the nearest 0.5
cm with a wall-mounted stadiometer, and body weight was measured by using the same
calibrated digital scale for all participants. Circumferences were determined with the
participants standing, taken at the largest girth of the hip and smallest girth of the waist. All
measurements were performed in the morning, and blood samples were collected after a 10-
hour fast. Aliquots of plasma and serum were isolated from the blood samples and frozen at
−70°C within 2 h of being drawn.

Plasma lipids and glucose were measured using Gold Analisa kits with an intra-assay
coefficient of variation (CV) varying from 0.9% to 1.2% and an inter-assay CV from 1.9%
to 2.7%. The LDL and VLDL cholesterol concentrations were calculated based on the
triacylglycerol measurements according to the Friedewald equation [18]. Serum insulin
concentrations were determined by radioimmunoassay using an ImmuChem™ 125/RIA kit
with an intra-assay CV varying from 4.2% to 8.2% and an inter-assay CV from 6.4% to
8.8%. Relative insulin resistance (HOMA-IR) was estimated according to the formula
[(glucose in mmol/L × insulin μU/ml)/22.5].

Data analysis
Women were stratified in one of two groups (NIR: non-insulin resistant; and IR: insulin
resistant) according to the Brazilian criteria for insulin resistance, which state a cut-off value
of 2.71 [19]. The baseline characteristics of the groups were compared using Student's t-test.
Temporal changes according to exercise groups and insulin resistance were evaluated by
repeated random regression analysis using PROC MIXED in SAS (version 9.1; SAS
Institute Inc, Cary, NC), including all subjects regardless of loss to follow-up or compliance.
To evaluate the differences between the insulin resistance groups, the models included time,
IR and the time × IR interaction adjusted for baseline values and dietary and exercise
interventions. The term of interest was time × IR. The effects of exercise stratified by insulin
resistance included time, exercise and the time × exercise interaction, adjusted for baseline
values and type of diet. In this case, the term of interest was the time × exercise interaction.
Residual plots of all models were examined, and their distribution did not show major
deviations from the regression assumptions. Statistical significance was set at p<0.05 for all
analyses.

Results
A total of 185 of the 203 women had HOMA-IR baseline values and were included in the
analysis (NIR=121; IR=64). There were no major differences between the IR groups at

Mediano and Sichieri Page 3

Diabetes Res Clin Pract. Author manuscript; available in PMC 2012 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.nebin.org


baseline, except for the expected differences in waist circumference, waist-to-hip ratio, and
measures of glucose metabolism (glucose, insulin and HOMA-IR) (Table 1). When the NIR
and IR groups were further stratified by exercise intervention, there were differences
according to exercise with respect to height, BMI and waist-to-hip ratio in the IR group
(Table 2).

Women classified as IR at baseline experienced greater weight loss after 12 months of
follow-up in comparison with women in the NIR group (−1.6 vs. −1.1 kg; p=0.01),
independent of the interventions (Table 3). Changes in BMI showed a similar pattern, with
greater reduction for IR women in comparison with NIR women after 12 months (−0.6 vs.
−0.4 kg/m2; p=0.007). No statistically significant differences were found between the
groups with respect to changes in the waist circumference and the waist-to-hip ratio (Table
3).

When women were further stratified by exercise groups, the HB group showed a higher
reduction in body weight only for NIR women (−1.5 vs. −0.7; p=0.04), with no differences
observed between physical activity groups for IR women (−1.5 vs. −1.7; p=0.24) (Figure 1).
Changes in BMI showed a similar pattern, with a greater reduction for the HB women in the
NIR group (−0.6 vs. −0.2; p=0.03), with no differences observed between exercise groups
for IR women (−0.6 vs. −0.7; p=0.22). There was no difference between exercise groups
with respect to waist circumference or waist-to-hip ratio changes (Table 4).

The lipid profile changes during the follow-up stratified by IR groups are shown in Table 5.
The IR group had a greater reduction in VLDL-c (−1.7 vs. 1.9 mg/dl; p=0.008) and
triacylglycerols (−8.3 vs. 7.6 mg/dl; p=0.008) in comparison with the NIR group. However,
when these results were further adjusted for weight change, there was no difference between
the groups (p>0.10).

The compliance with the exercise protocol was 78.2%, 79.5% and 86.1% for months 3, 6
and 12, respectively. The HB exercise group had almost the same percentage of loss to
follow-up as the non-exercise group.

Discussion
The main finding of the present study was that women with baseline IR lost more weight
and BMI during 12 months of follow-up than women without IR, independent of the type of
intervention. In some observational studies, baseline insulin resistance, measured in a
variety of ways, has been associated with greater weight loss [20,21], and a reverse
association, that is, that insulin resistance is associated with future weight gain, was seen in
others [13,22]. No association has also been reported [14,23].

One of the large studies was conducted by Meyer-Davis et al. [24], who studied 1194 adults
aged 39–69 years and showed that baseline fasting insulin levels (a surrogate marker for
insulin sensitivity) were inversely associated with 5-year weight changes even after the data
were adjusted for potential confounders. In another study, Travers et al. [25] evaluated the
relationship between insulin resistance and future fat accumulation in a 3-year prospective
study of 111 healthy children. In this study, baseline insulin sensitivity was divided into
tertiles for each gender, with the lowest tertile representing the most insulin-resistant
children. For girls, those in the lowest tertile maintained their body fat percentage over 3
years, while girls in the middle and upper tertiles increased in their body fat percentage. For
boys, those in the lowest tertile showed a decrease in their body fat percentage, whereas
boys in the middle and upper tertiles maintained their body fat percentage.
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It has been postulated that obesity mediates the association between insulin resistance and
weight changes [20]. Howard et al. [12] showed that insulin resistance predicted weight gain
only among leaner women and that the reverse association was observed among heavier
women, in which insulin resistance was a predictor of weight loss. Nonetheless, in the
Rancho Bernardo Study [11], IR predicted weight loss even among normal weight
individuals, in agreement with our findings.

These inconsistencies among studies may be explained by the fact that, in most studies,
participants with large girths, which are associated with insulin resistance, also have greater
adiposity. This problem was overcome in our study because the IR group and NIR group
had similar BMIs and were not obese, although the IR group had greater average waist
circumference and waist-to-hip ratio. Studies have shown that visceral adipose tissue is more
resistant to the antilipolytic effects of insulin than subcutaneous fat [26]. Conversely,
catecholamines have a lipolytic effect that acts predominately on the adipocytes of visceral
tissue [27]. Therefore, it could be postulated that insulin-resistant individuals, who have
greater visceral fat mass, are more prone to greater weight loss than other individuals with
the same adiposity without insulin resistance.

In addition, among IR individuals, insulin is a determinant of reduced weight gain through
the direct effect of insulin on the central nervous system, resulting in satiety and reduced
food intake over the time [8,9]. Insulin resistance may also have peripheral effects that lead
to decreased carbohydrate oxidation, which would, in turn, increase fat oxidation, thus
limiting fat storage and leading to weight loss or attenuation of weight gain [28].

Another important finding of the present study was that physical activity enhanced weight
loss only among women without baseline insulin resistance, who had a difficult time losing
weight. In the IR group, the effect of the small amount of energy expenditure due to physical
activity may have been blunted by the higher lipolytic effect of high insulin levels.
However, in the NIR group, physical activity may have contributed to the energy deficit and
to an increase in fat metabolism, thus promoting greater weight loss [29–32]. Since all
analyses were adjusted for type of diet, the factorial design of the study (diet and exercise),
and the fact that all participants were advised to reduce energy intake, we could attribute
most of this weight change differences to the home-based exercise.

The greater weight loss among women with baseline insulin resistance was also associated
with a greater reduction of VLDL-c and triacylglycerols in comparison with those without
insulin resistance. Weight loss has been recognized to promote improvements in the lipid
profile, thus reducing the cardiovascular risk associated with dyslipidemia commonly
observed in overweight and obese individuals [33,34].

A possible limitation of the present study was the use of the HOMA-IR index to classify
women according to baseline insulin resistance, but HOMA-IR is feasible and has been
validated by several studies [35,36]. In addition, although the compliance with the exercise
protocol was high, a lack of a direct measurement to evaluate physical activity could be
considered a limitation. Our previous results showed increased HDL cholesterol in the HB
group, a marker of greater physical activity levels [7].

To conclude, our findings indicate that baseline insulin resistance facilitated weight loss
among non-obese women and that home-based exercise promoted greater weight loss only
among non-insulin-resistant women, who had greater difficulty losing weight. The major
changes observed in the lipid profiles for the IR group were associated with greater weight
loss observed in this group than in the NIR group.
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Figure 1.
Weight changes according to physical activity intervention stratified by insulin resistance.
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Table 1

Means and (standard deviation) of baseline characteristics of participants by insulin resistance.

Variable NIR (n=121) IR (n=64) p-valuea

Age (years) 37.4 (5.4) 37.7 (5.3) 0.70

Body weight (kg) 67.9 (6.9) 68.6 (7.2) 0.53

Height (m) 160.5 (6.0) 160.1 (6.6) 0.72

Waist circumference (cm) 80.8 (5.4) 82.7 (4.9) 0.02

Hip circumference (cm) 104.5 (5.7) 103.9 (5.7) 0.52

Body mass index (kg/m2) 26.3 (2.0) 26.7 (1.8) 0.21

Waist-to-hip ratio 0.77 (0.05) 0.80 (0.06) 0.004

Total cholesterol (mg/dl) 190.5 (33.1) 193.8 (41.7) 0.56

HDL cholesterol (mg/dl) 43.1 (15.2) 43.7 (16.6) 0.78

LDL cholesterol (mg/dl) 130.1 (33.5) 131.8 (38.1) 0.76

VLDL cholesterol (mg/dl) 17.4 (7.9) 18.3 (11.0) 0.51

Triacylglycerol (mg/dl) 86.0 (38.7) 91.3 (55.0) 0.45

Glucose (mg/dl) 82.0 (9.8) 93.3 (20.0) > 0.001

Insulin (μU/ml) 9.5 (2.0) 15.9 (4.3) > 0.001

HOMA -IR 1.90 (0.41) 3.57 (0.94) > 0.001

NIR - non-insulin resistant IR - insulin resistant

a
Student's t test

Diabetes Res Clin Pract. Author manuscript; available in PMC 2012 June 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mediano and Sichieri Page 10

Ta
bl

e 
2

M
ea

ns
 a

nd
 (s

ta
nd

ar
d 

de
vi

at
io

n)
 o

f b
as

el
in

e 
ch

ar
ac

te
ris

tic
s o

f p
ar

tic
ip

an
ts

 b
y 

in
su

lin
 re

si
st

an
ce

 a
nd

 p
hy

si
ca

l a
ct

iv
ity

.

V
ar

ia
bl

e
N

IR
 (n

=1
21

)
p-

va
lu

ea
IR

 (n
=6

4)
p-

va
lu

ea
H

B
 (n

=5
7)

C
G

 (n
=6

4)
H

B
 (n

=3
3)

C
G

 (n
=3

1)

A
ge

 (y
ea

rs
)

36
.7

 (5
.3

)
38

.0
 (5

.4
)

0.
16

36
.5

 (5
.4

)
39

.0
 (5

.0
)

0.
07

B
od

y 
w

ei
gh

t (
kg

)
68

.5
 (6

.0
)

67
.4

 (7
.7

)
0.

38
68

.3
 (7

.3
)

68
.9

 (7
.2

)
0.

74

H
ei

gh
t (

m
)

16
0.

8 
(5

.7
)

16
0.

1 
(6

.3
)

0.
50

15
8.

4 
(7

.1
)

16
1.

9 
(5

.6
)

0.
04

W
ai

st
 c

irc
um

fe
re

nc
e 

(c
m

)
80

.4
 (5

.1
)

81
.1

 (5
.6

)
0.

51
83

.6
 (4

.8
)

81
.7

 (5
.0

)
0.

14

H
ip

 c
irc

um
fe

re
nc

e 
(c

m
)

10
4.

5 
(5

.5
)

10
4.

2 
(6

.0
)

0.
65

10
3.

3 
(5

.4
)

10
4.

5 
(6

.1
)

0.
38

B
od

y 
m

as
s i

nd
ex

 (k
g/

m
2 )

26
.5

 (1
.8

)
26

.2
 (2

.1
)

0.
55

27
.2

 (1
.8

)
26

.2
 (1

.6
)

0.
03

W
ai

st
-to

-h
ip

 ra
tio

0.
77

 (0
.0

5)
0.

78
 (0

.0
5)

0.
25

0.
81

 (0
.0

6)
0.

78
 (0

.0
5)

0.
05

To
ta

l c
ho

le
st

er
ol

 (m
g/

dl
)

18
9.

9 
(3

3.
0)

19
1.

0 
(3

3.
4)

0.
85

19
4.

0 
(4

3.
6)

19
3.

6 
(4

0.
2)

0.
97

H
D

L 
ch

ol
es

te
ro

l (
m

g/
dl

)
40

.4
 (1

2.
6)

45
.4

 (1
6.

9)
0.

07
42

.5
 (1

4.
4)

45
.0

 (1
8.

8)
0.

55

LD
L 

ch
ol

es
te

ro
l (

m
g/

dl
)

13
2.

7 
(3

4.
3)

12
7.

8 
(3

2.
8)

0.
42

13
2.

0 
(3

9.
3)

13
1.

5 
(3

7.
4)

0.
96

V
LD

L 
ch

ol
es

te
ro

l (
m

g/
dl

)
16

.8
 (8

.0
)

17
.9

 (7
.8

)
0.

44
19

.5
 (1

4.
2)

17
.0

 (6
.0

)
0.

38

Tr
ia

cy
lg

ly
ce

ro
l (

m
g/

dl
)

82
.0

 (3
8.

5)
89

.6
 (3

8.
8)

0.
28

97
.5

 (7
0.

7)
84

.8
 (3

0.
5)

0.
36

G
lu

co
se

 (m
g/

dl
)

81
.6

 (7
.7

8)
82

.4
 (1

1.
3)

0.
66

97
.2

 (2
6.

0)
89

.1
 (1

1.
8)

0.
10

In
su

lin
 (μ

U
/m

l)
9.

6 
(2

.0
)

9.
3 

(2
.1

)
0.

44
16

.3
 (5

.2
)

15
.5

 (1
3.

2)
0.

48

H
O

M
A

 -I
R

1.
93

 (0
.4

0)
1.

88
 (0

.4
3)

0.
57

3.
74

 (1
.0

1)
3.

39
 (0

.8
2)

0.
13

N
IR

 - 
no

n-
in

su
lin

 re
si

st
an

t I
R

 - 
in

su
lin

 re
si

st
an

t

a St
ud

en
t's

 t 
te

st

Diabetes Res Clin Pract. Author manuscript; available in PMC 2012 June 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mediano and Sichieri Page 11

Ta
bl

e 
3

C
ru

de
 m

ea
ns

 (s
ta

nd
ar

d 
de

vi
at

io
n)

 a
nd

 a
dj

us
te

d 
ch

an
ge

s f
ro

m
 b

as
el

in
e 

(Δ
) f

or
 a

nt
hr

op
om

et
ric

 c
ha

ra
ct

er
is

tic
s d

ur
in

g 
th

e 
fo

llo
w

-u
p 

by
 in

su
lin

 re
si

st
an

ce
.

3 
m

on
th

s (
N

IR
=7

2 
IR

=3
9)

6 
m

on
th

s (
N

IR
=5

1 
IR

=2
8)

12
 m

on
th

s (
N

IR
=6

5 
IR

=4
1)

p 
va

lu
ea

M
ea

n 
(s

d)
Δ 

a
M

ea
n 

(s
d)

Δ 
a

M
ea

n 
(s

d)
Δ 

a

B
od

y 
W

ei
gh

t (
kg

)

N
IR

67
.1

 (7
.7

)
−
0.
5

66
.7

 (7
.7

)
−
0.
7

66
.9

 (7
.4

)
−
1.
1

0.
01

IR
67

.8
 (6

.9
)

−
0.
5

67
.7

 (7
.6

)
−
0.
8

66
.4

 (5
.8

)
−
1.
6

B
od

y 
M

as
s I

nd
ex

 (k
g/

m
2 )

N
IR

26
.0

 (2
.1

)
−
0.
2

25
.9

 (2
.2

)
−
0.
3

25
.8

 (2
.2

)
−
0.
4

0.
00

7
IR

26
.5

 (2
.0

)
−
0.
2

26
.3

 (1
.6

)
−
0.
3

25
.7

 (1
.8

)
−
0.
6

W
ai

st
 C

irc
um

fe
re

nc
e 

(c
m

)

N
IR

80
.2

 (6
.0

)
−
0.
4

80
.2

 (5
.8

)
−
0.
7

78
.8

 (5
.6

)
−
1.
3

0.
41

IR
81

.8
 (5

.0
)

−
0.
8

82
.0

 (4
.4

)
−
1.
2

80
.3

 (5
.0

)
−
2.
0

W
ai

st
 -t

o-
 h

ip
 ra

tio

N
IR

0.
78

 (0
.0

5)
0.

00
07

0.
78

 (0
.0

5)
0.

00
07

0.
77

 (0
.0

5)
0.

00
07

0.
47

IR
0.

80
 (0

.0
6)

−
0.
00
3

0.
81

 (0
.0

6)
−
0.
00
4

0.
79

 (0
.0

5)
−
0.
00
6

a = 
M

od
el

 b
as

ed
 o

n 
re

pe
at

ed
 m

ea
su

re
s i

nc
lu

de
 ti

m
e,

 in
su

lin
 re

si
st

an
ce

 a
nd

 ti
m

e 
× 

in
su

lin
 re

si
st

an
ce

 in
te

ra
ct

io
n 

ad
ju

st
ed

 fo
r b

as
el

in
e 

va
lu

es
 a

nd
 in

te
rv

en
tio

n

Diabetes Res Clin Pract. Author manuscript; available in PMC 2012 June 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mediano and Sichieri Page 12

Ta
bl

e 
4

C
ru

de
 m

ea
ns

 (s
ta

nd
ar

d 
de

vi
at

io
n)

 a
nd

 a
dj

us
te

d 
ch

an
ge

s f
ro

m
 b

as
el

in
e 

(Δ
) f

or
 a

nt
hr

op
om

et
ric

 c
ha

ra
ct

er
is

tic
s d

ur
in

g 
th

e 
fo

llo
w

-u
p 

by
 in

su
lin

 re
si

st
an

ce
an

d 
ph

ys
ic

al
 a

ct
iv

ity
.

3 
m

on
th

s (
N

IR
=7

2 
IR

=3
9)

6 
m

on
th

s (
N

IR
=5

1 
IR

=2
8)

12
 m

on
th

s (
N

IR
=6

5 
IR

=4
1)

p 
va

lu
ea

M
ea

n 
(s

d)
Δ 

a
M

ea
n 

(s
d)

Δ 
a

M
ea

n 
(s

d)
Δ 

a

B
od

y 
W

ei
gh

t (
kg

)

N
IR

H
B

67
.9

 (6
.8

)
−
0.
6

67
.4

 (7
.5

)
−
0.
9

67
.8

 (7
.3

)
−
1.
5

0.
04

C
on

tro
l

66
.4

 (8
.4

)
−
0.
3

65
.8

 (8
.0

)
−
0.
4

66
.0

 (7
.4

)
−
0.
7

IR

H
B

66
.6

 (4
.9

)
−
0.
5

67
.6

 (8
.4

)
−
0.
9

67
.0

 (5
.0

)
−
1.
5

0.
24

C
on

tro
l

69
.5

 (9
.0

)
−
0.
3

67
.8

 (6
.9

)
−
0.
7

66
.0

 (6
.8

)
−
1.
7

B
od

y 
M

as
s I

nd
ex

 (k
g/

m
2 )

N
IR

H
B

26
.1

 (2
.1

)
−
0.
3

26
.0

 (2
.2

)
−
0.
4

25
.8

 (2
.4

)
−
0.
6

0.
03

C
on

tro
l

25
.9

 (2
.1

)
−
0.
1

25
.8

 (2
.2

)
−
0.
2

25
.9

 (2
.2

)
−
0.
2

IR

H
B

26
.6

 (2
.1

)
−
0.
2

26
.6

 (1
.8

)
−
0.
3

26
.2

 (1
.8

)
−
0.
6

0.
22

C
on

tro
l

26
.4

 (2
.0

)
−
0.
1

25
.9

 (1
.5

)
−
0.
3

25
.0

 (1
.6

)
−
0.
7

W
ai

st
 C

irc
um

fe
re

nc
e 

(c
m

)

N
IR

H
B

79
.5

 (5
.2

)
−
0.
4

80
.7

 (5
.8

)
−
0.
7

79
.3

 (6
.4

)
−
1.
1

0.
42

C
on

tro
l

80
.8

 (6
.8

)
−
0.
4

79
.5

 (5
.8

)
−
0.
7

78
.4

 (4
.9

)
−
1.
4

IR

H
B

82
.3

 (5
.2

)
−
0.
9

83
.6

 (3
.8

)
−
1.
5

82
.3

 (2
.9

)
−
2.
4

0.
93

C
on

tro
l

81
.3

 (4
.9

)
−
0.
6

80
.4

 (4
.5

)
−
1.
0

79
.1

 (5
.6

)
−
1.
8

W
ai

st
- t

o-
 h

ip
 ra

tio

N
IR

H
B

0.
77

 (0
.0

4)
0.

00
02

0.
78

 (0
.0

5)
−
0.
00
00
6

0.
77

 (0
.0

6)
−
0.
00
04

0.
77

C
on

tro
l

0.
79

 (0
.0

5)
0.

00
1

0.
78

 (0
.0

5)
0.

00
2

0.
77

 (0
.0

4)
0.

00
2

IR

Diabetes Res Clin Pract. Author manuscript; available in PMC 2012 June 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mediano and Sichieri Page 13

3 
m

on
th

s (
N

IR
=7

2 
IR

=3
9)

6 
m

on
th

s (
N

IR
=5

1 
IR

=2
8)

12
 m

on
th

s (
N

IR
=6

5 
IR

=4
1)

p 
va

lu
ea

M
ea

n 
(s

d)
Δ 

a
M

ea
n 

(s
d)

Δ 
a

M
ea

n 
(s

d)
Δ 

a

H
B

0.
82

 (0
.0

6)
−
0.
00
6

0.
83

 (0
.0

6)
−
0.
00
8

0.
80

 (0
.0

6)
−
0.
01
2

0.
77

C
on

tro
l

0.
78

 (0
.0

5)
−
0.
00
03

0.
78

 (0
.0

6)
−
0.
00
06

0.
78

 (0
.0

5)
−
0.
00
3

H
B

 - 
H

om
e-

ba
se

d 
ex

er
ci

se
 g

ro
up

a = 
M

od
el

 b
as

ed
 o

n 
re

pe
at

ed
 m

ea
su

re
s i

nc
lu

de
 ti

m
e,

 tr
ea

tm
en

t a
nd

 ti
m

e 
× 

tre
at

m
en

t i
nt

er
ac

tio
n 

ad
ju

st
ed

 fo
r b

as
el

in
e 

va
lu

es
 a

nd
 ty

pe
 o

f d
ie

t s
tra

tif
ie

d 
by

 in
su

lin
 re

si
st

an
ce

Diabetes Res Clin Pract. Author manuscript; available in PMC 2012 June 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mediano and Sichieri Page 14

Ta
bl

e 
5

C
ru

de
 m

ea
ns

 (s
ta

nd
ar

d 
de

vi
at

io
n)

 a
nd

 a
dj

us
te

d 
ch

an
ge

s f
ro

m
 b

as
el

in
e 

(Δ
) f

or
 li

pi
d 

pr
of

ile
 d

ur
in

g 
th

e 
fo

llo
w

-u
p 

by
 in

su
lin

 re
si

st
an

ce
.

3 
m

on
th

s (
N

IR
=7

8 
IR

=4
3)

6 
m

on
th

s (
N

IR
=6

8 
IR

=4
1)

12
 m

on
th

s (
N

IR
=5

1 
IR

=2
3)

p 
va

lu
ea

M
ea

n 
(s

d)
Δ 

a
M

ea
n(

sd
)

Δ 
a

M
ea

n(
sd

)
Δ 

a

To
ta

l C
ho

le
st

er
ol

 (m
g/

dl
)

N
IR

19
1.

1 
(3

8.
3)

−
1.
5

18
4.

7 
(3

3.
6)

−
2.
4

18
7.

1 
(3

7.
4)

−
4.
1

0.
75

IR
19

6.
5 

(3
9.

5)
−
0.
4

18
6.

9 
(4

1.
0)

−
0.
7

20
3.

7 
(3

6.
3)

−
2.
9

H
D

L-
ch

ol
es

te
ro

l (
m

g/
dl

)

N
IR

46
.9

 (1
0.

6)
4.

1
51

.4
 (1

1.
4)

7.
6

55
.3

 (1
5.

5)
14

.3
0.

96
IR

44
.2

 (1
0.

8)
2.

2
50

.5
 (1

3.
4)

6.
6

55
.9

 (1
1.

3)
12

.4

LD
L-

ch
ol

es
te

ro
l (

m
g/

dl
)

N
IR

12
7.

5 
(3

8.
0)

−
5.
4

11
7.

4 
(3

4.
0)

−
10
.4

11
1.

4 
(3

4.
8)

−
19
.6

0.
25

IR
13

3.
8 

(3
9.

2)
−
2.
2

12
4.

1 
(3

8.
2)

−
5.
5

13
1.

0 
(3

7.
3)

−
12
.5

V
LD

L-
ch

ol
es

te
ro

l (
m

g/
dl

)

N
IR

16
.7

 (8
.6

)
0.

01
15

.9
 (7

.7
)

0.
8

20
.5

 (1
0.

9)
1.

9
0.

00
8

IR
18

.4
 (1

1.
0)

−
0.
5

16
.0

 (7
.5

)
−
0.
4

16
.7

 (8
.8

)
−
1.
7

Tr
ia

cy
lg

ly
ce

ro
l (

m
g/

dl
) N

IR
78

.9
 (4

0.
0)

−
1.
4

75
.9

 (3
5.

8)
2.

0
10

0.
4 

(5
5.

3)
7.

6
0.

00
8

IR
92

.0
 (5

5.
2)

−
2.
4

79
.9

 (3
7.

6)
−
1.
9

83
.7

 (4
3.

7)
−
8.
3

a = 
M

od
el

 b
as

ed
 o

n 
re

pe
at

ed
 m

ea
su

re
s i

nc
lu

de
 ti

m
e,

 in
su

lin
 re

si
st

an
ce

 a
nd

 ti
m

e 
× 

in
su

lin
 re

si
st

an
ce

 in
te

ra
ct

io
n 

ad
ju

st
ed

 fo
r b

as
el

in
e 

va
lu

es
 a

nd
 in

te
rv

en
tio

n

Diabetes Res Clin Pract. Author manuscript; available in PMC 2012 June 1.


