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Abstract

In 74 women with polycystic ovary syndrome, treated for 4 years with metformin (MET) and diet, we prospectively assessed whether, and

to what degree, weight loss, reduction of insulin resistance, and amelioration of coronary heart disease risk factors could be sustained. We

hypothesized that response to MET-diet would not differ by pretreatment body mass index (BMI) classes b25 (normal), z25 to

b30 (overweight), z30 to b40 (obese), and z40 (extremely obese).
Median Percent body weight loss category

BMI Weight (kg) % Weight loss 5%-10% 10%-15% 15%-20% z20%

Entry 33.8 90.5

1-y treatment 30.1 81 8.1 32% 21% 14% 4%

2-y treatment 30.2 82 8.5 27% 23% 11% 8%

3-y treatment 30.8 83 7.8 23% 19% 12% 10%
Metformin-diet was successful in producing stable ~8% weight reduction for all 4 years (trend P b .0001). Percentage of reductions in

weight on MET-diet was significant (P b .05) and did not differ among the 3 highest BMI categories (z40, z30 to b40, z25 to b30), but

were not significant in the normal-weight category (BMI, b25). On MET-diet, median homeostasis model assessment of insulin resistance

(HOMA-IR) was 33% lower than entry at 1 year, 50% at 2 years, 51% at 3 years, and 50% at 4 years (trend, P b .0001). On MET-diet,

median low-density lipoprotein cholesterol (LDL-C) was 6% lower than entry at year 1, 6% at year 2, 7% at year 3, and 11% at year 4 (trend

P b .0001). On MET-diet, median high-density lipoprotein cholesterol (HDL-C) was 3% higher than entry at year 2, 8% higher at year 3, and

11% higher at year 4 (trend P b .0001). Percentage of reductions in HOMA-IR, LDL-C, triglyceride, and systolic blood pressure, and

increments in HDL-C did not differ (P N .1) in the 4 BMI categories. By stepwise regression, weight loss was a significant (P V .01)

positive explanatory variable for reduction in HOMA-IR for all 4 follow-up years. Metformin-diet in women with polycystic ovary syndrome

effectively and safely reduces weight and LDL-C while raising HDL-C, and maintains these outcomes stable over 4 years.

D 2006 Elsevier Inc. All rights reserved.

4-y treatment 30.0 83 8.2 16% 18% 15% 8%
1. Introduction

Polycystic ovary syndrome (PCOS) affects approximate-

ly 6% of adult whites [1], 13% of Hispanics [2], and 8% of
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African Americans [3]. The PCOS phenotype commonly

includes rapid weight gain from menarche to young

adulthood [4], biochemical and/or clinical hyperandrogen-

ism (severe acne, hirsutism), oligoamenorrhea, polycystic

ovaries, and usually, but not always, insulin resistance (IR)

[3-14]. During the passage from adolescence to young

adulthood, phenotypic and clinical abnormalities of PCOS

worsen, and are commonly accompanied by infertility,
perimental 55 (2006) 1582–1589
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frequent first-trimester miscarriage, and increased likelihood

of gestational diabetes [4,10,11,15,16].

In adult women with PCOS, there is an increase in

subclinical atherosclerosis as diagnosed by increased carotid

intima-media thickness (IMT) [5,6]. An actual increase in

ischemic myocardial infarction and stroke has not been

demonstrated by prospective studies of well-characterized

populations of women with PCOS [7]. However, adult

women with PCOS appear to be at increased risk for

atherosclerotic cardiovascular disease, attributed in part to

their hyperandrogenemia and to their metabolic syndrome

that includes central obesity, hyperglycemia, type 2 diabetes

mellitus, hyperlipidemia, hypofibrinolysis, hypertension,

and hyperinsulinemia [8-10].

Low-energy [11,12], high-protein, low-carbohydrate diet

and intensive exercise [13,14], as well as metformin (MET)-

diet, benefit adults with PCOS [15-19]. Lifestyle modifica-

tion alone, MET alone, and their combination improve

weight, endocrinopathy, and menstrual abnormalities in

PCOS [14,18,20-22]. Moran et al [23] gave a 6-kJ diet,

either low protein (55% carbohydrate, 15% protein) or high

protein (45% carbohydrate, 30% protein), to women with

PCOS and after 16 weeks reported 7% weight loss in the

low-protein diet and 8.2% weight loss in the high-protein

diet. Moran et al [24] have reported that appetite regulation,

as measured by subjective short-term hunger and satiety and

ghrelin homeostasis, may be impaired in PCOS. Although

short-term energy restriction successfully improves endo-

crine function and leads to weight loss in PCOS [23], longer-

term energy restriction is often unsuccessful [25].

Metformin augments diet-induced weight loss in women

with PCOS [26]. Pasquali et al [26] gave a 5.02- to 5.858-kJ

diet (50% carbohydrate, 20% protein) to women with PCOS

and then added MET 1700 mg/d, reporting a 8.7% weight

loss on MET-diet vs 4.9% on placebo-diet after 28 weeks on

therapy. Comparing 12 months MET-diet in women with

PCOS in the top and bottom quintiles for homeostasis

model assessment of IR (HOMA-IR) [27], we reported that

weight fell by 7% in both quintile groups (P b .0001).

Insulin, IR, and insulin secretion fell in the top quintile

insulin-resistant group by 60%, 64%, and 39% (all P b

.0001), with smaller reductions in the bottom quintile group

by 18%, 13% (P N .05 for both), and 22% (P b .01),

respectively [27]. Metformin-diet metabolic effects were

much more marked in women in the top vs the bottom

quintile for IR [27].

Rapid weight gain from menarche, which characterizes

PCOS [4,28], has major cardiovascular health consequences

in adulthood as well as adverse behavioral effects during

adolescence [29]. Childhood low-density lipoprotein cho-

lesterol (LDL-C) and BMI predict carotid IMT in young

adults [30]. Increased carotid IMT is observed among

overweight (BMI, z95th percentile) children who became

obese (BMI, z30 kg/m2) adults [31]. However, IMT was

not increased among overweight children who were not

obese in adulthood or among thinner children who became
obese adults [31]. Cardiovascular risk in young adulthood is

closely related to the degree of adiposity as early as 13 years

of age [32].

In 74 women with PCOS, treated for 4 years with MET

and diet, we prospectively assessed whether, and to what

degree, weight loss, reduction of IR, and amelioration of

coronary heart disease risk factors could be sustained. We

hypothesized that response to MET-diet would not differ

by pretreatment BMI classes b25 (normal), z25 to

b30 (overweight), z30 to b40 (obese), and z40 (ex-

tremely obese) [33].
2. Materials and methods

2.1. Study design, cases

The study was carried out following a protocol approved

by the Jewish Hospital (Cincinnati, OH) institutional review

board, with signed informed consent.

The diagnosis of PCOS was made based on the revised

2003 Rotterdam European Society for Human Reproduction

and Embryology/American Society for Reproductive Med-

icine (ESHRE/ASRM) consensus criteria [34], with cases

meeting 2 or more of the following 3 criteria after exclusion

of other pathologies (pituitary insufficiency, persistent

hyperprolactinemia, congenital adrenal hyperplasia, etc):

1. oligoamenorrhea or anovulation;

2. clinical [35] and/or biochemical signs of

hyperandrogenism;

3. polycystic ovaries.

Additional exclusion criteria in our study were preme-

narchal status at study entry, serum creatinine of more than

1.5 mg/dL, type 1 diabetes mellitus, type 2 diabetes mellitus

on pharmacologic therapy, hypothyroidism, pregnancy, and

concurrent use of estrogen-progestin oral contraceptives.

Cases were referred for evaluation by their pediatricians,

gynecologists, or by other family members with PCOS. All

postmenarchal women who fulfilled the Rotterdam PCOS

definition [34] were included in the study without known

selection bias. At the initial outpatient visit, weight and height

were measured, and blood was obtained after an overnight

fast for measurement of thyroxine, thyrotropin, hepatic and

renal function, complete blood count, serum insulin, glucose,

testosterone, estradiol, progesterone, lipid profile, and

plasminogen activator inhibitor activity [28,36,37]. Homeo-

stasis model assessment of IR was calculated as perMatthews

et al [38]. After a 5-minute resting period, seated blood

pressure [39] was obtained by a single observer.

Subjects were initially instructed one on one by

registered dietitians, with follow-up reinstruction once per

year. Dietary energy (26% protein, 44% carbohydrate [42%

of carbohydrate complex], 30% fat) was targeted to 6.28 kJ

to 7.53 kJ/d if BMI was less than 25 (normal), or to 5.02 kJ

to 6.28 kJ/d if BMI was 25 or more (overweight) [33].

Metformin was given along with diet (2550 mg/d).



Table 1

Body weight, HOMA-IR, triglycerides, HDL-C, LDL-C, SBP, and DBP (median and median of percent changes) in 74 women with PCOS at pretreatment and

on follow-up at years 1 to 4 on MET-diet

Pretreatment On MET-diet

(year 1)

On MET-diet

(year 2)

On MET-diet

(year 3)

On MET-diet

(year 4)

Significance of changes4

Weight (kg) 90.5 81 82 83 83 Pretreatment higher than on MET-diet, P b .0001

�8% �9% �8% �8% Stable during years 1-4, P = .63

IR 3.48 1.99 1.97 1.94 1.71 Pretreatment higher than on MET-diet, P b .0001

�33% �50% �51% �50% Stable during years 1-4, P = .16

TG (mg/dL) 123 90 93 92 101 Pretreatment higher than on MET-diet, P b .0001

�17% �20% �16% �11% Stable during years 1-4, P = .72

HDL-C (mg/dL) 46 45 47 50 50 Pretreatment did not differ from on

MET-diet year 1, P = .65

�3% +3% +8% +11% Year 1 was lower than years 2-4, P = .0004

Stable during years 2-4, P =.18

LDL-C (mg/dL) 119 107 106 105 103 Pretreatment higher than on MET-diet, P b .0001

�6% �6% �7% �11% Stable during years 1-4, P = .85

SBP (mm Hg) 124 120 121 122 118 Pretreatment higher than on MET-diet, P b .0001

�7% �5% �5% �7% Stable during years 1-4, P = .47

DBP (mm Hg) 82 74 75 76 76 Pretreatment higher than on MET-diet, P b .0001

�7% �6% �3% �5% Year 1 was lower than years 3 and 4, P b .036

Stable during years 2-4, P = .37

TG indicates triglycerides.

4 Repeated-measures ANOVA.

Fig. 1. Mean pretreatment entry body weight (kg), mean body weight

at years 1, 2, 3, and 4 on MET-diet, and mean percent change in weight

during therapy in the full cohort (solid line). Mean pretreatment entry body

weight (kg) and mean body weight at years 1, 2, 3, and 4 on MET-diet

compared with pretreatment entry after categorization [33] by pretreatment

BMI as normal (b25), overweight (z25-30), obese (z30 -40), and

severely obese (z40).
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Outpatient visits were repeated after an overnight fast

every 2 months for 4 years, with measurement of weight,

insulin, glucose, testosterone, estradiol, progesterone, lipid

profile, and systolic blood pressure (SBP) and diastolic

blood pressure (DBP). At yearly follow-up, renal and

hepatic function was remeasured. At each visit, medication

use was recorded. No quantitative measures of dietary

adherence were obtained. Our goal was to assess sustain-

ability of weight loss, reduction of HOMA-IR, and

amelioration of atherogenic-metabolic risk factors over

4 years of therapy with MET-diet, and to determine if

response to MET-diet differed by BMI class.

2.2. Statistical methods

All statistical evaluations were done using SAS (SAS/

STAT software, 9.1, SAS Institute, Cary NC). Measure-

ments taken at pretreatment baseline were compared with

measurements taken at years 1 to 4 on MET-diet by the

mixed-model repeated-measures analysis of variance ad-

justed for baseline values for each parameter. This allowed

analysis for trend over time, and between measures at

baseline, and years 1, 2, 3, and 4 (Table 1). Body mass index

category was added as a class variable to the mixed model

(Fig. 1) to assess whether response to MET-diet differed

by BMI category (z40 [extremely obese], z30 but

b40 [obese], z25 but b30 [overweight], b25 [normal]

[33]). To assess whether response to MET-diet differed by

4-year completion of the study protocol vs noncompletion,

we added completion category as a class variable to the

mixed model.

Stepwise regression models were run for changes at years

1, 2, 3, and 4 with the dependent variables being changes in

atherosclerosis risk-metabolic syndrome variables including

weight, IR, triglyceride (TG), LDL-C, high-density lipo-
protein cholesterol (HDL-C), SBP, and DBP. Explanatory

variables included age, race, response variables at pretreat-

ment, pretreatment weight, MET dose, duration on MET, as

well as change in weight and/or change in IR (Table 1). In

the stepwise regression models with change in triglyceride

or HDL-C as dependent variable, change in HDL-C or

triglycerides was added, respectively, to the explanatory

variable list.

With a = .05 and 80% power, assuming, from our

previous experience, weight loss on MET-diet of 7% F 11%
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(SD), and compared with an assumed 2% or less weight loss

without MET-diet, the sample size should be 32 or more.
3. Results

3.1. Cases

The 74 women in the current report came from a group of

1002 women with PCOS referred to our center for diagnosis

and treatment of PCOS who met the Rotterdam diagnostic

criteria [34]. Of the 1002 women, 314 were initially studied

less than 4 years ago and did not have long enough follow-

up to be eligible for the current 4 years or more follow-up

study, leaving 688 eligible women. Of these 688, 414 had

only an initial evaluation without follow-up MET-diet

therapy, leaving 274 eligible women. Of these 274 women,

89 had follow-up for z1 but b2 years, 42 for z2 but

b3 years, and 21 for z3 but b4 years, leaving 122 women

with 4 years or more of follow-up. Of these 122 women,

74 with complete measures at pretreatment baseline and

years 1, 2, 3, and 4 comprised the current cohort, whereas

48 did not have complete data over 4 consecutive years.

Comparisons were made against the 200 women (follow-

up: z1 but b2 years [n = 89], z2 but b3 [n = 42], z3 but

N4 [n = 21], z4 [n = 48] with incomplete data for 4 years)

to assess for selection bias in the 74 studied women. These

comparisons included pretreatment age, BMI, glucose,

HOMA-IR, race, and percentage of weight loss, and

reduction of HOMA IR on MET-diet.

The 74 women with complete 4-year data did not differ

(P N .1) from the 200 women with incomplete data for any

pretreatment characteristics or for change on MET-diet in

HOMA-IR and weight.

By selection, the 74 women with PCOS met the

Rotterdam diagnostic criteria [34] and had complete 4-year

follow-up data. There were 70 white women, 1 African

American, and 3 other. Mean F SD and median age were

31 F 9 and 32 years; mean F SD and median BMI, 34.9 F
7.6 and 33.8 kg/m2; and mean F SD and median weight,

95.8 F 21.6 and 90.5 kg. At study entry, 5 (7%) of women

had BMI of less than 25 (normal), 15 (20%) were overweight

(BMI, 25-30), 39 (53%) were obese (BMI, z30-40), and

15 (20%) were severely obese (BMI, z40) [33].

Mean F SD and median fasting HOMA-IR were 4.50 F
3.65 and 3.48; mean F SD and median triglyceride,

140 F 85 and 123 mg/dL; mean F SD and median LDL-C,

118 F 30 and 119 mg/dL; and mean F SD and median

HDL-C, 47 F 11 and 46 mg/dL.

MeanF SD and median MET dose were 2395F 476 and

2550 mg/d. Adherence to MET was excellent, in part

because only branded Glucophage (Bristol-Myers Squibb,

Princeton, NJ) was used because it has a much less marked

adverse gastrointestinal side effect profile than the generic.

Serial, 4-year determinations of fasting glucose, renal,

and hepatic function revealed no adverse effects of

diet-MET.
Despite pretreatment severe obesity, MET-diet was

successful in producing stable ~8% weight reduction for

all 4 years (decreasing trend P b .0001) (Table 1, Fig. 1).

In women with baseline BMI of z40 (extreme obesity),

z30 to b40 (obese), and z25 to b30 (overweight) on

MET-diet, there were significant decreasing trends in weight

(Fig. 1). In the small group of women with BMI of less than

25 (normal weight), there was no significant trend over time

in weight (Fig. 1). Percentage of reductions in weight was

significant in the groups with BMI of z40, z30 to b40,

and z25 to b30 and did not differ (P N .1) in the 3 highest

BMI categories. After the first year’s reduction in weight on

MET-diet, for the full cohort of 74 women, there were no

differences (P z .5) in weight between years 1 to 4 of

follow-up (Table 1).

On MET-diet at year 1, median HOMA-IR (1.99) was

33% lower than entry levels (3.48), 50% lower at 2 years,

51% lower at 3 years, and 50% lower at 4 years (decreasing

trend, P b .0001) (Table 1). After the first year’s reduc-

tion in HOMA-IR on MET-diet, for the full cohort of

74 women, there were no differences (P N .15) in HOMA-

IR between years 1 to 4 of follow-up (Table 1). Percentage

of reductions in HOMA-IR did not differ (P N .1) in the

4 BMI categories.

On MET-diet at year 1, median LDL-C (107 mg/dL)

was 6% lower than entry levels (119 mg/dL), 6% lower at

year 2, 7% lower at year 3, and 11% lower at year

4 (decreasing trend, P b .0001) (Table 1). After the first

year’s reduction in LDL-C on MET-diet, for the full cohort

of 74 women, there were no differences (P = .9) in LDL-C

between years 1 to 4 of follow-up (Table 1). Percentage

of reductions in LDL-C did not differ (P N .1) in the

4 BMI categories.

On MET-diet at year 1, median HDL-C (45 mg/dL) was

slightly, but not significantly, lower than entry levels

(46 mg/dL, P = .65), and then rose during year 2 to

47 mg/dL, 3% higher than levels at baseline (P = .077).

High-density lipoprotein cholesterol was 8% higher than

entry at year 3 and 11% at year 4 (increasing trend, P b

.0001) (Table 1). Percentage of increments in HDL-C did

not differ (P = .4) in the 4 BMI categories.

On MET-diet at year 1, median triglyceride (90 mg/dL)

was 17% lower than entry levels (123 mg/dL), 20% lower at

year 2, 16% lower at year 3, and 11% lower at year

4 (decreasing trend, P b .0001) (Table 1). After the first

year’s reduction in triglyceride on MET-diet, for the full

cohort of 74 women, there were no differences (P = .7) in

triglyceride between years 1 to 4 of follow-up (Table 1).

Percentage of reductions in triglycerides did not differ

(P = .9) in the 4 BMI categories.

On MET-diet at year 1, median SBP (120 mm Hg) was

7% lower than entry levels (124 mm Hg), 5% lower at year

2, 5% lower at year 3, and 7% lower at year 4 (decreasing

trend, P b .0001) (Table 1). After the first year’s reduction

in SBP on MET-diet, for the full cohort of 74 women, there

were no differences (P = .47) in SBP between years 1 to
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4 of follow-up (Table 1). Percentage of reductions in SBP

did not differ (P = .69) in the 4 BMI categories.

On MET-diet at year 1, median DBP (74 mm Hg) was

7% lower than entry levels (82 mm Hg), 6% lower at year 2,

3% lower at year 3, and 5% lower at year 4 (decreasing

trend, P b .0001) (Table 1). After the first year’s reduction

in DBP on MET-diet, for the full cohort of 74 women, there

were no differences (P = .4) in DBP between years 2 to 4 of

follow-up (Table 1). Percentage of reductions in DBP was

larger in the BMI category of z30 to b40 (P = .019) than

in the other 3 categories, which did not differ.

By stepwise regression, with change in weight as the

dependent variable, and pretreatment weight, age, race,

change in IR, and MET dose and duration as explanatory

variables, for all 4-year follow-ups, the greater the reduction

in IR on MET-diet, the greater the reduction in weight

(partial R2 = 7%-25%, P b .05), (Table 2).

In a stepwise regression model with change in IR as the

dependent variable and MET dose, treatment duration,

pretreatment weight and IR, age, race, and change in

weight on therapy as explanatory variables, for all 4-year

follow-ups, the higher the entry IR, the greater the

decrement in IR on MET-diet (partial R2 for entry IR

ranged from 61% to 81%, P b .0001) (Table 2). The

greater the decrement in weight on treatment, the greater

the reduction in IR (partial R2 ranging from 2% to 9%,

P b .04) (Table 2).
Table 2

Significant explanatory variables for changes in 74 women with PCOS during

HDL-C, LDL-C, SBP, and DBP

Dependent

Variable

1 y 2 y

Explanatory

variable

Partial R2, P Explanatory

variable

Partial R2,

Decrease

in WT

A in IR+ 8%, .021 A in IR+ 13%, .002

Decrease Entry IR+ 61%, b .0001 Entry IR+ 70%, b .00

in IR A in WT+ 2%, .040 A in WT+ 5%, .0007

Entry WT� 2%, .013 Entry WT� 1%, .047

Age + 2%, .034

Decrease Entry TG+ 19%, .0002 A in WT+ 11%, .005

in TG Duration� 7%, .013 Entry TG+ 9%, .0090

A in WT+ 8%, .0074

Entry WT� 4%, .037

Increase

in HDL-C

Entry HDL-C� 9%, .011 Entry HDL-C� 18%, .000

Entry WT� 7%, .020 A in WT+ 8%, .0084

A in WT+ 6%, .025 Entry WT� 11%, .001

Decrease

in LDL-C

Entry LDL-C+ 31%, b .0001 Entry LDL-C+ 41%, b .00

A in WT+ 13%, .0002

Decrease Entry SBP+ 56%, b .0001 Entry SBP+ 36%, b .00

in SBP Entry WT� 11%, .0001 Entry WT� 7%, .021

MET dose+ 3%, .019

A in WT+ 3%, .025

Decrease Entry DBP+ 52%, b .0001 Entry DBP+ 29%, b .00

in DBP Entry WT� 14%, b .0001 Entry WT� 17%, .000

A in WT+ 3%, .032 A in WT+ 8%, .0049

MET dose+ 3%, .018

WT indicates weight; A in, decrease in; z in, increase in; +, positive association
Decrements in triglycerides were related throughout the

4-year follow-up period to entry triglycerides (partial R2

ranging from 9% to 34%, P b .006) (Table 2). Decrements

in triglycerides were also related to decrements in weight

(partial R2 ranging from 8% to 14%, P b .007) (Table 2).

Decrements in LDL-C were related to entry LDL-C for

all 4 years, with partial R2 ranging from 31% to 50% (P b

.0001), and to decrements in weight for year 1 (Table 2).

Increments in HDL-C were inversely related to entry

HDL-C for all 4 years, with partial R2 ranging from 9% to

32% (P V .01), and positively related to decrements in

weight for years 1, 2, and 4 (partial R2 ranging from 6% to

8%) (Table 2). The higher the entry weight, the smaller

the increments in HDL-C (partial R2 ranging from 7% to

11%) (Table 2).

Decrements in SBP were related to entry SBP, with

partial R2 ranging from 35% to 56%, P b .0001 (Table 2).

At years 1 and 3, the greater the decrement in weight, the

greater the decrement in SBP. The greater the entry weight,

the smaller was the reduction in SBP on MET-diet (partial

R2 ranging from 7% to 24%) (Table 2).

Decrements in DBP were related to entry DBP with R2

ranging from 29% to 52% (P b .0001) (Table 1). For all

4 years, the greater the decrement in weight, the greater the

decrement in DBP (Table 2). The higher the entry weight,

the smaller was the decrement in DBP on MET-diet (partial

R2 ranging from 13% to 24%) (Table 2).
4 years on MET-diet from pretreatment entry in weight, IR, triglycerides,

3 y 4 y

P Explanatory

variable

Partial R2, P Explanatory

variable

Partial R2, P

3 A in IR+ 7%, .029 A in IR+ 25%, b .0001

01 Entry IR+ 81%, b .0001 Entry IR+ 61%, b .0001

A in WT+ 4%, b .0001 A in WT+ 9%, b .0001

Entry WT� 4%, b .0001 Entry WT� 4%, .0015

Age+ 1%, .019

9 Entry TG+ 34%, b .0001 Entry TG+ 18%, .0004

A in WT+ 10%, .0009 A in WT+ 14%, .0005

Entry WT� 5%, .028

A in IR+ 7%, .0089

2 Entry HDL-C� 30%, b .0001 Entry HDL-C� 32%, b .0001

Entry WT� 7%, .0075 A in WT+ 7%, .0088

1 Duration+ 5%, .023 Entry WT� 8%, .0035

01 Entry LDL-C+ 50%, b .0001 Entry LDL-C+ 47%, b .0001

01 Entry SBP+ 35%, b .0001 Entry SBP+ 38%, b .0001

Entry WT� 24%, b .0001 Entry WT� 19%, b .0001

A in WT+ 6%, .0060

Age� 6%, .0036

Duration + 3%, .026

01 Entry DBP+ 34%, b .0001 Entry DBP+ 29%, b .0001

2 Entry WT� 24%, b .0001 Entry WT� 13%, .0016

A in WT+ 9%, .0005 A in WT+ 5%, .047

Age� 4%, .011

Duration+ 4%, .0067

with dependent variable; �, inverse association with dependent variable.
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4. Discussion

If IR and compensatory hyperinsulinemia are central to

the pathophysiology of PCOS [14,23,26,28,40-52], then the

success of long-term MET-diet therapy in PCOS should be

closely related to reduction in IR and reduction in hyper-

insulinemia. In the current study, on MET-diet, there were

significant reductions in HOMA-IR at each year of follow-

up, ranging from 33% after 1 year to 50% at year 4.

Reduction in IR was a significant independent variable

associated with reduction in weight at all 4-year follow-ups.

Moreover, a major independent determinant of change in IR

on MET-diet was entry-pretreatment IR, accounting for 61%

of the variance in the decrement in IR at year 1, 70% at year

2, 81% at year 3, and 61% at year 4. Hence, the greater

pretreatment IR, the greater was the reduction in IR on

MET-diet, such that MET-diet would optimally benefit

women with higher pretreatment IR. In a similar fashion,

MET-diet therapy would provide more benefit for women

with higher pretreatment LDL-C, triglyceride, SBP, and

DBP, and lower HDL-C.

In the current study, MET-diet was equally effective in

the 3 heaviest BMI groups in regard to weight loss, and

equally effective in all 4 BMI groups for changes in IR,

LDL-C, HDL-C, TG, and SBP. These findings are

congruent with those of Harborne et al [53] who gave

MET 1.5 or 2.55 g to women with PCOS who were obese

(BMI, 30-37) and morbidly obese (BMI, z37), reporting

significant weight loss in both groups and a dose response

for weight loss in the obese group only. Our findings were in

contrast to those of Ehrmann et al [54] in obese women with

PCOS (mean BMI, 39), where 2.55 g/d MET failed to

improve hyperinsulinemia and androgen excess.

Because, in the current study, only 5 (7%) of 74 women

had normal BMI (b25), our assessments of the effects of

MET-diet in normal-weight women are necessarily limited

by small numbers. Although women with pretreatment BMI

of less than 25 differed from the other 3 BMI categories

for weight loss (did not have significant weight loss on

MET-diet), they did not differ from the other 3 (heavier)

BMI categories for percent change on MET-diet in IR,

LDL-C, HDL-C, triglycerides, or SBP. Women with BMI of

less than 25 did not differ from those with BMI of z25 to

b30 or z40 for change in DBP on MET-diet, but had

smaller decrements in DBP on MET-diet than women with

BMI of z30 to b40. Thus, excepting weight loss, women

with BMI of less than 25 shared the other benefits of

MET-diet equally with those women who were overweight,

obese, or extremely obese. Nestler and Jakubowicz [48]

have reported that MET treatment reduces hyperandroge-

nemia in lean women. We [27] have previously reported

that women with PCOS in the bottom pretreatment quintile

for IR (the leanest at pretreatment) nevertheless experienced

significant metabolic and menstrual benefits. In nonobese

women with PCOS, Sahin et al [55] reported significant

decrements in weight, free testosterone, and measures of
IR. In nonobese (mean BMI, 21.4) adolescents with

anovulatory hyperandrogenism given 1.275 g MET, Ibanez

et al [56] reported that 78% ovulated within 6 months.

Maciel et al [57] reported that nonobese women with PCOS

had better response to MET 1.5 g for 6 months than

obese women, with decrements in insulin, testosterone,

and androstenedione.

Relatively short-term studies in women with PCOS have

shown that hypoenergetic diet alone for 16 weeks [23] will

produce 7% to 8.2% weight loss and hypoenergetic diet plus

1700 mg MET for 28 weeks will produce 8.7% weight loss

compared with 4.9% on diet-placebo [26]. However, longer-

term energy restriction is often unsuccessful in women with

PCOS [25]. Our study is encouraging in as much as it

reveals that weight loss of ~8% was maintained over 4 years

by MET-diet, along with reduction in IR.

Although our study was not placebo-controlled, and is

small, reductions in body weight can be compared with

those in the much larger, placebo-controlled study of obese

patients (PCOS not specified) receiving orlistat (360 mg/d)

for 4 years [58]. Before treatment, orlistat study participants

[58] had BMI of 30 or more. Of orlistat-treated patients,

only 52% completed treatment compared with 34% of

placebo recipients (P b .0001). Mean weight loss after

4 years was significantly greater with orlistat (5.8 vs 3.0 kg

with placebo, P b .001). By comparison, in the current

study, mean weight loss on MET-diet at 4 years was 7.5 kg,

and the median percentage of weight loss was 8.2%.

Beyond weight loss and reduction in IR, long-term

treatment with MET-diet may be antiatherogenic

[28,41,59-61] by virtue of reductions of LDL-C and incre-

ments in HDL-C, as in the current study. To the extent

that PCOS is associated with higher risk of atherosclerosis

[62-64], reduction of weight, IR, LDL-C, triglyceride, SBP,

and DBP, and increments in HDL-C should protect against

atherosclerosis [65] and should have promise in primary

prevention of type 2 diabetes mellitus [66-71].

A major limitation of the current study is that it does not

allow an independent assessment of diet effect alone

[23,25]; this could be observed in a MET-diet vs placebo-

diet comparison [26]. This restricts our conclusions beyond

that MET-diet results in a sustained ~8% weight loss

over 4 years, accompanied (at year 4) by reductions in

HOMA-IR (50%), LDL-C (11%), TG (11%), SBP (7%),

DBP (5%), and increments in HDL-C (11%). Independent

assessment of MET effect is not possible, given the present

study design. Although the 74 women with complete 4-year

data did not differ for pretreatment characteristics or follow-

up changes in HOMA-IR or weight loss on MET-diet with

the 200 women with incomplete 4-year follow-up, it is

possible that our cohort of 74 women may represent a self-

selected group of MET-diet achievers. However, in women

with PCOS, long-term diet alone is not very successful,

either for weight loss or improvement of endocrine function

[25,26,72], whereas, in the current study, MET-diet offered

4-year success. Better agents for weight loss are needed in
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PCOS. Although median pretreatment weight (90.5 kg) was

successfully reduced after 4 years on MET-diet to 83 kg

(median reduction 8.2%, P b .0001), the women remained

obese (median BMI, 30.0).
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