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Pioglitazone treatment in type 2 diabetes mellitus when
combined with portion control diet modifies the
metabolic syndrome

A. K. Gupta, S. R. Smith, F. L. Greenway and G. A. Bray

Pennington Biomedical Research Center, Louisiana State University System, Baton Rouge, LA, USA

Background: Treatment with thiazolidinediones (TZDs) produces weight gain.

Objective: To test whether a portion control diet could prevent weight gain during treatment with pioglitazone in
patients with type 2 diabetes mellitus (T2DM).

Design: This 16-week randomized, open-label, parallel arm study compared three groups: (i) pioglitazone plus the
American Diabetes Association diet (Pio + ADA); (ii) pioglitazone plus a portion control weight loss diet (Pio + PC);
(iii) metformin plus the American Diabetes Association diet (Met + ADA). All participants received the same advice
about calorie reduction, lifestyle change and exercise.

Methods: Fifty-one men and women with T2DM, naive to TZDs, were randomized to a 16-week study. Pioglitazone
(Pio) was titrated to a dose of 45 mg/day and metformin (Met) to a dose of 2 g/day. Fasting blood was collected for
lipids, insulin and glycosylated haemoglobin A1lc (HbA1c) at baseline and 16 weeks.

Results: Forty-eight of fifty-one randomized subjects completed the study. Patients treated with Pio + ADA gained
2.15 £ 1.09 kg (mean + SD) compared with a weight loss of 2.59 + 1.25 kg (p < 0.05) in the Pio + PC group, and

a weight loss of 3.21 + 0.7 kg (p < 0.05) in the Met + ADA group. Waist circumference and visceral adipose tissue
decreased significantly more in the Pio + PC group than in the Pio + ADA group. High-density lipoprotein cholesterol
levels were significantly increased in the Pio + PC group compared with the Met + ADA group. Pioglitazone reduced
insulin resistance (homeostasis model assessment of insulin resistance (HOMA-IR)) more than metformin. No significant
differences between groups were seen for glucose, insulin, HbA1c or low-density lipoprotein cholesterol levels.
Conclusions: Pio + PC, prevented weightgain, reduced waist circumference and visceral fat compared with Pio + ADA diet.
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but have a low expression in the liver and a very low ex-

Introduction

pression in muscle. PPAR-y receptor activation increases
Thiazolidinediones (TZDs) are potent agonists of the per- glucose and lipid uptake, increases glucose oxidation,
oxisome proliferator-activated receptor-y (PPAR-y), and decreases free fatty acid concentration and decreases
these receptors are highly expressed in the adipose tissue insulin resistance [1]. PPAR-y receptor activation also
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stimulates adipocyte differentiation resulting in more
and smaller fat cells [2]. Visceral fat either does not
change significantly [3] or decreases [4,5]. Hepatic fat is
significantly decreased with improvements in glycaemic
control and correction of dyslipidaemia [5]. Intra-
myocellular lipids significantly decrease, along with an
improvement in the glycaemic control [5]. Insulin action
is improved by various mechanisms: increasing expres-
sion, synthesis and release of adiponectin from fat cells;
increasing expression of genes that increase glucose oxi-
dation and lowering plasma free—fatty acid levels [6].

Treatment with TZDs increases body weight [3,7]. In
a prior study from this laboratory, pioglitazone produced
a net increase in body weight of 1.68 kg after 3 months and
3.88 kg after 6 months of treatment [3]. Most of this weight
(3.5 kg) was fat, as determined by dual energy x-ray absorp-
tiometry (DEXA). Subcutaneous adipose tissue (SAT) and
visceral fat (VAT) were determined by multi-slice abdomi-
nal computerized tomography (CT). Subcutaneous fat was
significantly increased by +0.82 kg at 3 months and
+1.37 kg at 6 months by treatment with pioglitazone com-
pared with placebo. In contrast, visceral fat did not change
during treatment (difference between placebo and pioglita-
zone at 3 months was —0.09 kg and at 6 months was
+0.02 kg). Because there was no change in energy expendi-
ture measured by resting metabolic rate, we concluded that
the weight gain of 3.9 kg (3.5 kg of fat) over 24 weeks was
attributable to a small increase in energy intake of about
175 kcal/day. While both VAT and SAT are significantly
associated with blood pressure, fasting plasma glucose, tri-
glycerides, high-density lipoprotein cholesterol (HDL-C)
and with increased odds of hypertension (HTN), impaired
fasting glucose, diabetes mellitus and metabolic syndrome
(MetS) (p < 0.01), VAT is more strongly correlated with
metabolic risk factors than SAT [8].

Preventing or ameliorating the weight gain associated
with pioglitazone would improve its acceptance by patients
and physicians. A number of strategies are available to
reduce food intake that might be combined with pioglita-
zone for this purpose. The cornerstones of such treatments
are lifestyle changes, diet and exercise. The use of pharma-
cological agents might also be entertained. For this study,
we tested the hypothesis that combining pioglitazone with
a portion control diet would prevent weight gain by prevent-
ing the increase in food intake normally associated with
pioglitazone use. A portion control diet can involve use of
preprepared diet drinks, meal bars or frozen entrees. For this
trial, we used a preprepared liquid diet. As a positive con-
trol, we included a group treated with metformin, but with-
out the portion control diet because metformin is weight
neutral or produces a small weight loss [9]. Finally, we
have measured changes in subcutaneous and visceral fat.

© 2008 The Authors
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Materials and Methods

Study Participants

Men and women aged 35-75 years who had type 2 diabe-
tes mellitus (T2DM) but who had not been treated with
TZDs were recruited. They were each provided with an
informed consent approved by the Institutional Review
Board that they signed after reading it and having their
questions answered. T2DM was diagnosed in one of three
ways: (i) a confirmed fasting plasma glucose of >126 mg/
dl on two occasions, (ii) a glucose >200 mg/dl 2 h after
a 75-g glucose load or (iii) on current treatment with a sin-
gle oral antidiabetic drug other than a TZD. Patients could
be treated with diet, metformin or sulphonylureas and
had to be willing to be randomized to one of the three arms
of the trial. Fasting plasma glucose at entry had to be
<200 mg/dl. Use of adequate contraceptive control was
required for women. This could include oral contracep-
tives, tubal ligation, hysterectomy or postmenopausal
status, as defined by more than 6 months without a men-
strual cycle and follicle stimulating hormone level of >40
mlIU/ml. Patients on a stable dosage of medication for
chronic medical conditions were included. Patients were
excluded if they had significant renal, cardiac, liver, lung
or neurological disease, although controlled hyperten-
sion was acceptable, if baseline blood pressure was less
than 140/90 mmHg on medications. Patients with prior
use of one of the two available TZDs (rosiglitazone or
pioglitazone), patients receiving p-blockers, patients cur-
rently pregnant, smokers, subjects who abused alcohol or
drugs were also excluded. If liver function tests at base-
line (alanine transaminase or alkaline phosphatase) were
greater than 2.5 times the upper limit of normal, the sub-
jects were not enrolled. Metal objects that would interfere
with the measurement of visceral fat by CT, such as
implanted rods or surgical clips, prevented patients from
participating. In addition, patients taking drugs known to
affect energy metabolism or body weight, such as orlistat,
sibutramine, ephedrine or corticosteroids, were excluded.

Clinical Protocol

This 16-week-long clinical trial was registered with http://
www.ClinicalTrials.gov/ NCT00219440. A flow chart for
participants in this trial is shown in figure 1. A total of 247
individuals responded to recruitment materials of which
143 were excluded on telephone interview for not meeting
the inclusion criteria. The remaining 104 individuals were
screened in the clinic. Of these, 53 were rejected (7 sub-
jects changed their mind, 13 did not meet the inclusion
and exclusion criteria, 7 had low glucose, 2 had high
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Fig. 1 Disposition of subjects from screening through completion.

glucose, 6 had high blood pressure, 5 had other laboratory
abnormalities, 3 did not meet the criteria for recent weight
change, 3 were taking excluded medications, 1 did not
meet the BMI criteria, 1 had a scheduling conflict, 3 failed
to return to the clinic, 1 was non-compliant and 1 had to
be turned away as the study was full).

A total of 51 subjects meeting all criteria were random-
ized into one of the three treatment groups: (i) A group
treated with pioglitazone plus standard dietary advice
from the American Diabetes Association (Pio + ADA);
(ii) A group treated with pioglitazone who received the
portion-controlled diet (Pio + PC); and (iii) A group trea-
ted with metformin and the same dietary advice that was
given to the first group (Met + ADA). Patients were started
on pioglitazone ata dose 30 mg/day or metformin at a dose
of 500 mg/day. The haemoglobin Alc (HbAlc) target
was <7.0%. If, after 8 weeks, the HbA1c level was >7.0%
or the fasting plasma glucose level was >100 mg/dl, the
dosage of pioglitazone was increased to 45 mg/day. This
occurred in only one participant. The dose of metformin
was increased by 500 mg/day every week, based on subject
tolerance. A maximum dose of 2 g/day was taken as
1000 mg twice a day. As a safety criterion, individuals with
an increase in HbAlc > 11% or an increase in the fasting
plasmaglucose >240 mg/dl were tobe treated with sulpho-
nylurea and/or insulin. No participant met this criterion.

Diet

Energy requirements for each individual were deter-
mined using the WHO/FAO calculation and multiplying
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this value by an activity factor of 1.3 [10]. A diet that was
500 kcal/day less than this figure was developed for
each participant. In the portion-controlled group one
can of Glucerna®, which provided 290 kcal, was used
for breakfast and one for lunch along with black coffee
or tea. No formal compliance assessment was made
during the study, thus mirroring routine clinical prac-
tice where follow-up visits are usually 12-16 weeks
apart. The remainder of the calories needed to meet
each individual’s calculated energy needs was provided
in the evening meal that was based on foods preferred
by the participant in consultation with the dietitian. For
the other two groups, dietary advice was based on the
recommendations of the American Diabetes Association
at the same calorie level.

Glucerna

Glucerna Weight Loss Shakes (11 oz) are a 290-calorie
meal replacement that provides complete, balanced
nutrition for use in a reduced-calorie meal plan. It con-
tains a high-quality protein and is high in calcium and
fibre. It provides 100% of the daily value for vitamins C
and E and meets the American Heart Association
recommendations for fatty acid profile.

Evening Meal

The evening meal was designed by a dietitian but would
not be difficult to duplicate in clinical practice. It pro-
vided a balanced deficit in each macronutrient group

© 2008 The Authors
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based on the subject’s preferences and kcal level. A typi-
cal recommendation was 4—6 oz of lean meat, one to two
servings of starchy vegetables and two to four servings
(1/2 cup each) of other vegetables, one to two servings of
fruit along with one serving of milk.

Lifestyle Instruction

All subjects were instructed to perform physical exercise
of their choice for 30 min a day, five times a week. Amer-
ican Heart Association Step 1 instructions were provided
to all participants. Lifestyle (physical exercise) and diet
(ADA diet) instructions were provided to the participants
at the beginning of the study. They then progressed
through the trial without a formal assessment, mirroring
routine clinical care, where follow-up visits are usually
12-16 weeks apart.

End-points

The primary end-point for this trial was the change in
body weight from baseline to 16 weeks. Secondary end-
points were the change in body fat, change in visceral fat,
HbA1c, fasting glucose, lipids and blood pressure.

Statistical Analyses

Participants were randomized using a random number
generator. The data were analysed by analysis of variance
with baseline data as co-variates. A Tukey’s post hoc
analysis was performed to evaluate differences between
groups. Sample size was based on the variance of
response to pioglitazone and placebo in our previous
study [3].

Results

Forty-eight of the 51 randomized subjects, 95%, com-
pleted the 16-week trial (figure 1). Table 1 shows the
baseline demographic, body composition and clinical
laboratory characteristics of the subjects in the three
randomized groups separated by gender where appro-
priate. The adequacy of our randomization is shown by
the fact that the three groups were not statistically dif-
ferent at the beginning of the study. They were obese as
indicated by an average BMI of 35.5 kg/m?®. They were,
on average, 57.3 years of age. Their average waist cir-
cumference was 111 cm, and their body fat was 39%.
VAT weighed 5.9 kg. DSAT and SSAT, as measured by
CT, were similar in all three groups. The diabetes in
these patients was well controlled at baseline, as indi-
cated by an average HbA1c of 6.2%. Their blood pres-
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Table 1 Baseline characteristics of the participants

Pioglitazone Metformin
group group

Variable ADA diet PC diet ADA diet
Number 14 18 16
Gender (M/F)  4/10 6/12 6/10
Race (% white) 78.5 50 62.5
Age (years) 59.2 + 25 557+ 24 56.9 + 2.0
Weight (kg) 98.5 + 34 953 +£ 4.5 97.8 +£ 3.8
BMI (kg/m?) 357+ 1.7 343+ 14 36.4+ 1.7
Waist
circumference
(cm)

Men 109 £ 6 1M0+7 103+ 5

Women 113+ 3 102 + 4 114 +5
Visceral fat (kg)

Men 6.7+ 1.6 8.0+13 52+ 05

Women 56 £ 0.5 44+ 04 51+ 05
Body fat (%)

Men 32+3 32+4 28+ 3

Women 45 £+ 1 42 +1 45 + 2
Computed

tomography

VAT (kg) 6.1+ 0.5 6.3+05 544 0.8

DSAT (kg) 59+ 06 52 +05 51+ 0.6

SAT (kg) 10.1 £ 2.2 89 +1.7 82+18
HbA1c (%) 6.2 +02 6.4 +0.2 6.0+ 0.2
Glucose (mg/dl) 140 + 8 136 £ 5 129+ 6
Insulin (uU/ml)  19.4 + 1.8 18.8 + 2.2 18.8 + 2.0
HOMA-IR 2.66 + 0.22 2.72 +0.48 2.73 £ 0.29
Cholesterol 188 £ 9 183+ 6 185 + 10
(mm Hg)
LDL-C (mg/dl) 98 + 8 102 £ 6 102 +£ 8
HDL-C (mg/dl) 46 + 3 44 + 2 48 + 2
TG (mg/dl) 301 + 105 243 + 59 173 £ 23
Blood pressure 123 +4/74 £ 2 127 £3/80 £2 124 +4/78 £ 2
(SBP/DBP)

DBP, diastolic blood pressure; HbA1lc, haemoglobin Alc; HDL-C,
high-density lipoprotein cholesterol; HOMA-IR, homeostasis model
assessment of insulin resistance; LDL-C, low-density lipoprotein cho-
lesterol; SBP, systolic blood pressure.

Data are mean =+ s.e.m.

There is no significant treatment effect in post hoc test (with Tukey’s
adjustment).

sure (125/77 mmHg) and lipids (total-C 185 mg/dl, low-
density lipoprotein cholesterol (LDL-C) 100 mg/dl,
HDL-C 46 mg/dl and triglycerides (TG) 239 mg/dl) were
also well controlled.

Weight loss in the three treatment groups over time is
shown in figure 2. The group that received pioglitazone
plus the ADA diet gained weight steadily increas-
ing by 2.15 + 1.09 kg (mean + SD) at the end of the
study (figure 2). The metformin-treated group receiving
a similar ADA diet lost the greatest amount of weight
—3.21 + 0.7 kg. Subjects in the group receiving the
portion-controlled diet in addition to pioglitazone showed
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Fig. 2 Changes in body weight during treatment for

4 months with pioglitazone and a standard diabetic diet,
pioglitazone and a portion control diet or metformin and
a standard diabetic diet.

a steady weight loss that averaged —2.59 + 1.25 kg during
the 16-week trial.

Table 2 shows the change from baseline in the body
composition, clinical and laboratory parameters. Piogli-
tazone plus the portion control diet group lost signifi-
cantly more weight and decreased waist circumference
and visceral fat significantly more than the pioglitazone
plus ADA group. Total body fat by DXA and deep sub-
cutaneous fat by CT decreased significantly more in the
metformin plus ADA diet group than in the pioglitazone

Table 2 Changes from baseline to 16 weeks

A. K. Gupta et al.

plus ADA group. HDL-C increased in both pioglitazone-
treated groups, and this was significantly more in the
portion-control group than in the metformin plus ADA
group. Insulin resistance as measured by homeostasis
model assessment of insulin resistance (HOMA-IR) de-
creased significantly from baseline. The two groups
treated with pioglitazone had a significantly (p < 0.05)
greater decline in HOMA-IR than the metformin group.
Several parameters, including glucose, insulin, haemo-
globin Alc, triglycerides and subcutaneous fat, did not
show differential changes between treatment groups,
while the blood pressure did.

Discussion

The present study has shown that a portion control diet
can prevent weight gain in diabetic patients treated with
pioglitazone over 16 weeks. Previous studies have shown
that the weight gain during treatment with pioglitazone
increases with dosage (from 15 to 45 mg/day), ranging
from 0.3 to 3.6 kg in monotherapy trials and from 0.9 to
5.5 kg in combination with other antidiabetic drugs [11].
Thus, the weight gain in our pioglitazone + ADA diet
group was comparable to other data and highlights the
clinical finding that a portion control diet can prevent
this weight gain, offering a potential way to prevent or
reduce the weight gain associated with TZDs. A 2.7%
(of the initial body weight) weight loss over 16 weeks in

Pioglitazone group

Metformin group

Variable ADA diet PC diet ADA diet
Number 14 18 16
Body weight (kg) 2.15 + 1.09*% —2.59 + 1.26¢% -3.21 £ 0.7¢
Wiaist circumference (cm) —0.06 + 1.08* —4.72 + 1.631 —1.45 4+ 1.01%,1
Total body fat (DXA, kg) 111 £ 0.47* —0.04 + 0.44%,1 —0.54 £ 0.35%
Computed tomography

VAT (kg) —0.15 + 0.10* —0.69 + 0.14%1 —0.23 + 0.09*,1

DSAT (kg) 1.06 + 0.36* 0.23 + 0.38%,1 —0.14 + .15¢

SAT (kg) —-0.18 £ 0.92 —0.25 + 0.25 0.49 £ 0.84
Glucose (mg/dl) —17.92 + 4.71 —17.16 + 4.96 —-12.11 £ 4.80
Insulin (uU/ml) —-6.19 + 1.31 —4.90 + 1.70 -0.04 £ 2.70
HOMA-IR —0.85 + 1.01* —0.84 + 0.91%,1 —0.19 + 0.91%
HbA1c (%) —0.09 +£ 0.13 —-0.42 £ 0.17 —-0.24 £ 0.14
LDL-C (mg/dl) 14.30 + 4.43 8.85 + 6.45 —2.54 + 5.36
HDL-C (mg/dl) 6.20 + 1.94%,1 8.11 + 1.70* 1.67 £ 091t
Triglycerides (mg/dl) —155.6 +£ 95.6 —72.8 +38.8 —23.7 £ 14.7
SBP (mmHg) 8. £ 0.9* -78 £ 0.71 —-25+0.3%
DBP (mmHg) 1+ 0.2% —6.4 +£ 0.6t —2.4+0.2¢t

DBP, diastolic blood pressure; DXA, dual energy x-ray absorptiometry; HbA1c, haemoglobin A1c; HDL-C, high-density lipoprotein cholesterol;
HOMA-IR, homeostasis model assessment of insulin resistance; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure.

Data are mean =+ s.e.m.

Different symbols (e.g. * vs. 1): significant difference with p value <0.05 (Tukey’s adjustment) among treatments.
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the Pio + PC group compares favourably with a 5.24%
weight loss over 24 weeks, a 4.35% weight loss over
52 weeks in T2DM [12] and a 7.8% weight loss in the
obese at 12 weeks [13]. Longer term weight loss studies
[14] have used matched controls gaining weight over
time to calculate the weight loss in overweight subjects
using a portion control strategy to obtain weight loss.

Although the current trial only lasted 16 weeks, pub-
lished data would suggest that portion control diets can
be effective for a year or more [12,15]. In a 4-year study of
portion control diets in obese patients in an out-patient
setting, weight loss was maintained for 4 years [13]. In
the Look AHEAD trial, diabetic patients lost an average
of 8% of their body weight in 1 year using a strategy that
included a portion control diet [14,16]. Thus, in both dia-
betic and non-diabetic subjects, this dietary approach
may be useful in helping produce and maintain weight
loss. This study with pioglitazone suggests a further ave-
nue for use of this strategy to prevent weight gain.

Weight loss is an important component in preventing
and treating DM and the MetS [17,18]. The Diabetes Pre-
vention Program (DPP) showed that a 7% weight loss
along with 150 min of exercise a week reduces the inci-
dence of diabetes by 58% in subjects with impaired glu-
cose tolerance [9]. Although maintaining increased
physical activity is an important measure to help sus-
tain weight loss [19], the DPP data indicate that almost
all the benefit was because of weight loss, not exercise.
In the DPP, a kilogram of weight loss resulted in a 16%
reduction in risk, after adjustment for changes in diet
and activity [9]. The Look AHEAD trial [16] also demon-
strates that weight loss in diabetic subjects (in the inten-
sive lifestyle intervention group) significantly improves
glycaemic control and lipoprotein metabolism along
with a reduction of blood pressure, despite a decrease in
medications use.

Calorie restriction with or without exercise improves
insulin sensitivity and beta-cell function, reduces fat cell
size and ectopic lipid deposition in overweight subjects
[20]. Weight loss by calorie restriction, with or without
exercise, also results in reduction in fat cell size. Treat-
ment with pioglitazone increased new small fat cells in
the subcutaneous compartment [2]. We would suggest
that subjects in the pioglitazone plus portion control
group improved insulin sensitivity by decreasing fat cell
size and reducing the total quantity of body weight and
visceral fat through activation of PPAR-y receptor.

Metformin is widely used in the treatment of diabetes
and is weight neutral or produces weight loss [9,21]. In
the Diabetes Prevention Program [9], a double-blind
randomized trial of metformin in patients with impaired
glucose tolerance showed that it could significantly

© 2008 The Authors
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reduce body weight and reduce the incidence of diabe-
tes over 2.8 years by 31%. Other data also suggest that
metformin can reduce body weight [22]. Metformin was
thus selected as the comparator for the pioglitazone-
portion control diet group. Although the weight loss with
metformin plus the ADA diet and pioglitazone plus the
portion control diet were almost identical, there were
a number of differences between pioglitazone and metfor-
min, including change in deep subcutaneous fat and
a borderline difference in visceral fat. Total body fat mea-
sured by DXA and deep subcutaneous fat measured by
CT were both significantly higher in the pioglitazone
plus ADA group than the metformin + ADA diet group
reflecting the weight gain with pioglitazone unless a
weight loss therapy similar in effect to the portion control
diet is implemented during pioglitazone therapy.

Both pioglitazone and metformin improved insulin
resistance, as measured by HOMA-IR [23]. This was the
result of the significant reductions from baseline in both
glucose and insulin concentrations in all three groups.
However, the subjects treated with pioglitazone had
a greater decrease in HOMA-IR than the metformin
group, indicating that the weight gain usually associ-
ated with pioglitazone does not impair its effect in
improving diabetic control.

Pioglitazone also improved HDL-C. In the pio + ADA
group HDL-Cincreased by 13% and in the Pio + PCgroup
it increased 18% when compared with a 4% increase in
the metformin group, again indicating that the effect of
pioglitazone was independent of weight change. Increase
in HDL-C, the driver of the reverse cholesterol transport
pathway [24,25] has recently been shown to reverse ath-
erosclerosis in the CHICAGO trial [26]. In this trial of
diabetic subjects, there was a significant increase in
HDL-C after 24 weeks in the pioglitazone-treated group
compared with the glimepiride-treated group. This
increase was maintained throughout the follow-up at
72 weeks and was accompanied by a significant slowing
in progression of carotid artery intima-media thickness.
The Quebec Heart Study has shown that for every 10%
reduction in HDL-C, the risk for coronary artery disease
(CAD) increased by 13% [27]. Conversely, a 10%
increase in HDL-C should result in 13% reduction in
CAD risk. The 13 and 18% increase in HDL-C in the
Pio + ADA and the Pio + PC groups, in our study,
might thus translate into a reduction of 17 and 23%,
respectively, in CVD risk. The GALI study has demon-
strated a significant decline in triglycerides, a signifi-
cant increase in HDL-C and no change in non-HDL-C
lipoproteins during treatment with pioglitazone when
compared with treatment with rosiglitazone [28]. A
decrease in LDL-C particle number with an increase in
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particle size (smaller number of large buoyant less ath-
erogenic particles) was also demonstrated in the piogli-
tazone group. Pioglitazone lowers triglycerides by
increasing lipoprotein lipase mass and inhibiting
plasma apoC-III production rates [29]. PPAR-y stimula-
tion with pioglitazone produces beneficial changes in
lipoprotein particle composition with reduction of tri-
glyceride content, in very low—density lipoprotein, inter-
mediate density lipoprotein and high-density lipoprotein
(HDL) [30].

Although the LDL-C increased in both pioglitazone-
treated groups and decreased in the metformin group,
cardaic risk ratios (Total-C/HDL-C, LDL-C/HDL-C and
TG/HDL-C) declined in all groups. Pio + ADA (from 4.1
to 3.6, from 2.14 to 2.09 and from 3.8 to 2.8),
Pio + PC (from 4.2 to 3.9, from 2.3 to 2.2 and 3.7 to 2.9)
and Met + ADA (from 3.8 to 3.6, from 2.1 to1.9 and 3.6 to
3.1, respectively) indicating an improved CVD risk profile.

Waist circumference decreased implying areduction in
visceral fat and an improved cardiometabolic risk profile
[31,32]. Subjects between 40 and 70 years of age, with
blood pressures between 115/75 to 185/115, double
their cardiovascular disease risk with a rise of 20 mmHg
systolic blood pressure (SBP) or a rise of 10 mmHg dia-
stolic blood pressure (DBP) [33]. There was a significant
decrease in blood pressure in the Pio + PC group when
compared with the Pio + ADA diet group, the benefit of
weight loss. A drop of 8 mmHg in SBP and a 6 mm in
DBP in the Pio + PC group could account for a sub-
stantial cardiovascular disease risk reduction. The obese
T2DM subject in the pioglitazone plus portion group
positively modified all the parameters of the MetS, in-
cluding a reduction in systolic and diastolic blood pres-
sure, triglycerides, glucose, waist circumference and an
increase HDL-C.

The strengths of the present study include the fact that
participants were randomized to treatment groups and
that more than 90% completed the study. In addition,
there was a clear separation in weight changes with a loss
of weight occurring in the group receiving metformin plus
ADA diet and the group receiving pioglitazone plus por-
tion control diet and a gain of weight in the pioglitazone
plus ADA diet group. Although the study was only
16 weeks in duration, other data would suggest that the
portion control effect can remain effective for more than
a year. The Pio + PC group also had a significant decline
in visceral adipose tissue (vs. Pio + ADA).

In summary, we found that pioglitazone plus a portion
control diet significantly reduced weight gain, visceral fat
and waist circumference when compared with pioglita-
zone used with the ADA diet. Pioglitazone treatment in
well-controlled obese T2DM, when compared with met-
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formin treatment, significantly modified the parameters
of the MetS and reduced cardiovascular risk.
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