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Polycystic ovarian syndrome (PCOS) while clinically heterogeneous, commonly exhibits
hyperandrogenism, ovulatory dysfunction and is associated with obesity, insulin resistance,
and subfertility (1, 2). Overall, insulin resistance and the compensatory hyperinsulinemia
affects some 65–70% of women with PCOS (3,4), with 70–80% of obese (BMI >30) and
20–25% of lean (BMI<25) women exhibiting these characteristics. Part of the insulin
resistance appears to be independent of obesity and related specifically to PCOS, with
abnormalities of cellular mechanisms of insulin action and insulin receptor function having
been documented (5,6).

The hyperinsulinemia appears to be an important factor in maintaining hyperandrogenemia,
acting directly to induce excess androgen production by theca cells and also as a co-
gonadotropin, augmenting the effect of the increased LH stimulus seen in a majority of
women with PCOS (7). The elevated insulin may exert other actions having been implicated
in the central actions of androgen in impairing progesterone inhibition of the GnRH pulse
generator (9,10). In vitro, insulin increased mRNAs for adrenal steroidogenic enzymes (11)
and acutely enhanced adrenal secretory responses to ACTH (12).

In accord with the high prevalence of insulin resistance and obesity, glucose intolerance,
type 2 diabetes, dyslipidemia and increased evidence of inflammation are more common in
women with PCOS (4). Similarly many women demonstrate features consistent with the
metabolic syndrome and elevated triglycerides, LDL and decreased HDL are well
recognized (14).

The above outlines the importance of insulin resistance, compensatory hyperinsulinemia and
its consequences, the majority of which have negative effects on both metabolic and
reproductive health. Options for treating insulin resistance/hyperinsulinemia include life
style modifications, exercise, dieting and weight loss, or administration of the
thiazolidinediones (TZDs) or metformin. Given the high prevalence of obesity in women
with PCOS, efforts to achieve weight reduction are an important component of treatment of
the disorder. When effective, often as part of an organized program of lifestyle modification
together with exercise and diet, weight loss has been shown to reduce hyperandrogenism,
increase ovulation and rates of conception, together with improving the metabolic
pertubations (15,16). The main limitations to this mode of therapy reflect the difficulties of
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maintaining changes over a prolonged period of time, and recedivism is unfortunately all to
common in the absence of ongoing organized programs. The thiazolidinediones,
(pioglitazone and rosiglitazone are presently available) have been shown to be effective in
controlled trials, reducing plasma androgens and improving insulin sensitivity and glucose
tolerance (17,18). While effective, TZDs have significant practical limitations in that they
induce weight gain, and more recently have been associated with increased coronary artery
disease and myocardial infarction. World wide, we have over 40 years experience using the
biguanide metformin, which is FDA approved for managing type 2 diabetes mellitus.
Present understanding of the mechanism of metformin action is incomplete, but it activates
the adenosine monophosphate (AMP)-activated protein kinase (AMPK) pathway (19).
AMPK activation appears to be a mechanism reducing hepatic glucose production and
increasing insulin sensitivity in peripheral tissues, with additional effects of lowering plasma
free fatty acids.

Metformin has been demonstrated to be effective in normalizing several parameters in
women with PCOS. Meta analyses (21,22) reviewed some 30 trials and revealed that
ovulation was enhanced compared to placebo alone, and resulted in fewer multiple
pregnancies while being less effective than clomiphene citrate per se. Other data suggest that
metformin is effective in improving ovulation rates in women with clomiphene resistance.
Further support for the effectiveness of metformin is seen from a large meta analysis of
subjects at risk for diabetes mellitus, including those with and without PCOS and those with
and without obesity (23). Overall, treatment with metformin for at least 8 weeks reduced
weight, fasting glucose, triglycerides and LDL by 4.5–5.6%, fasting insulin by 14%,
calculated insulin resistance (HOMA-IR) by 22% and reduced new onset diabetes by 40%.
Importantly in PCOS metformin for up to 6 months reduced hirsutism and in most studies
significantly reduced androgen levels, with reductions in testosterone being between 25–
50% (24,25). Other studies have not revealed as great a reduction in testosterone and
metformin alone is not as effective as a combined oral contraceptive, though the
combination may enhance responses (26).

Thus in women without evidence of renal or hepatic disease, metformin appears effective in
reducing the negative effects of PCOS on both reproductive and metabolic health. A main
limitation can be side effects, which are predominantly gastroenterological consisting of
bloating, abdominal discomfort, nausea and diarrhea. The latter is usually dose dependant
and can be minimized by gradually building up the dose of metformin, starting at 250–
500mg per day taken just before the main meal and increasing over a period of 1–2 months,
reaching doses of 2,000–2,500mg per day. If GI side effects intervene, reducing the dose to
the prior symptom free level for a period of 7–10 days, can often be followed by a
resumption of the dosage increase.

The above sections emphasize the overall positive action of metformin in reducing signs and
symptoms of PCOS. They also bring to mind the question of whether we should be more
aggressive in treating younger subjects who are obese and have hyperandrogenemia (HA).
Paralleling the marked increase in obesity in the last 30–40 years, HA is relatively common
being present in 60–70% of pre and post pubertal girls with marked obesity (BMI >90–
95%ile for age) (27,28, 29). Given that hyperandrogenemic syndromes prior to puberty are a
risk factor for subsequent development of PCOS (30), and approximately half of HA
adolescents have already developed resistance to progesterone inhibition of the GnRH pulse
generator (9), efforts to ameliorate the excess androgen production would seem appropriate.
Indeed abnormal regulation of GnRH/LH secretion with persistently rapid GnRH pulse
secretion is already present in premenarchal adolescent girls with HA (31), suggesting that
prepubertal androgen excess may modify hypothalamic set points for steroid feedback
during pubertal maturation (32). In adults impairment of progesterone inhibition of GnRH
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pulse frequency can be corrected by prior androgen receptor blockade (33), but may not
simply reflect the degree or duration of HA. The only significant difference between HA
girls resistant to and those who remained sensitive to progesterone feedback, was that
fasting insulin levels were elevated in progesterone resistant girls (9, 10). It remains
unknown whether blockade of androgen action or reduction in plasma insulin or androgen
levels during pubertal maturation will correct these hypothalamic feedback abnormalities.
However metformin for 3 months improved glucose intolerance, decreased testosterone and
fasting insulin values, and reduced the exaggerated adrenal androgen responses to ACTH
stimulation in obese adolescents (34). Additional evidence shows that low sex hormone
binding globulin (SHBG) levels, HA and elevated insulin in the early teen years, predict
subsequent development of the metabolic syndrome and class 3 obesity by the middle of the
third decade (35). This in turn provides support to the concept that adolescent girls with this
disorder should receive the earliest possible treatment.

In sum, a majority of women and adolescent girls with PCOS have insulin resistance and
consequent hyperinsulinemia. The latter commonly leads to hyperandrogenemia with
negative effects on reproductive function, impairing normal regulation of GnRH secretion
by steroids during pubertal maturation. Together, the increased LH drive and co-
gonadotropin action of insulin on the ovary maintain hyperandrogenemia. The majority of
evidence in adult women indicate that treatment of insulin resistance, either by lifestyle
changes or metformin, leads to improvement in reproductive and metabolic abnormalities
and probably reduces future development of diabetes and arterial disease. It remains
unknown whether reducing insulin and thus androgen excess over a period of months to
years, will allow reversal of abnormal hypothalamic steroid feedback and restoration of
normal LH secretion. However present evidence would support every effort to reduce
hyperinsulinemia and its consequences both before and during puberty in
hyperandrogenemic girls. In addition to treating adults perhaps we should be more
aggressive and take the lead of our pediatric colleagues, many of whom have already
adopted metformin as a standard treatment in light of the difficulties of maintaining diet and
life style restrictions in the younger age group.
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CON

Andrea Dunaif, MD
I do not support the use of insulin sensitizing drugs (ISDs) in all women with PCOS. First,
insulin resistance is a common but not universal feature of PCOS, even when diagnosed
using the NIH criteria (1). It is a less common finding in the additional PCOS phenotypes
diagnosed using the Rotterdam criteria (2). Many studies have shown that both lean and
obese women with PCOS have insulin resistance (1). However, from the first studies to
assess insulin sensitivity in PCOS using the “gold standard” method, the hyperinsulinemic
euglycemic clamp (4), it was evident that some women with PCOS diagnosed by NIH
criteria had insulin sensitivity that was well within the range of that in reproductively normal
control women of comparable age, weight and ethnicity(3). Further, studies using the
euglycemic clamp have found no evidence for insulin resistance (for example 5) in some
populations of lean women with PCOS.

Insulin sensitivity varies by PCOS phenotype(6, 7). Studies stratifying affected women
according to the Rotterdam diagnostic criteria have shown that women with the most
marked metabolic abnormalities are those with hyperandrogenism and chronic anovulation
(i.e. NIH criteria), independent of polycystic ovaries (PCO)(2). Other Rotterdam
phenotypes, PCO and hyperandrogenism with ovulatory cycles or anovulation and PCO
without hyperandrogenism, have much milder metabolic dysfunction or are metabolically
normal (8, 9). Moreover, women with PCO morphology according to Rotterdam criteria and
regular cycles are metabolically normal, although they may have subtle hormonal
abnormalities (10).
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Second, ISDs are not a panacea, even for classic NIH PCOS (11). Meta-analyses of
metformin (12) indicate that it improves menstrual regularity and ovulation rates in PCOS.
Thiazolidinediones (TZDs) appear to have similar efficacy but there are fewer RCTs(12). A
large RCT (13) showed that clomiphene citrate was superior to metformin when the relevant
fertility endpoint, live births, was examined. Metformin is not recommended as a first-line
therapy for infertility in PCOS (14). Further, a recent RCT showed that metformin treatment
from the first trimester through pregnancy did not reduce pregnancy complications or alter
birthweight in PCOS (15). Metformin and other ISDs reduce hirsutism but appear to be
inferior to antiandrogens and contraceptive steroids (16). ISDs are also not recommended as
first-line therapy for hirsutism (17).

Meta-analyses (12, 18) of metabolic endpoints in women with PCOS indicate that
metformin has modest efficacy for reducing circulating glucose and insulin levels as well as
for reducing systolic blood pressure. However, the results of recent meta-analyses differ
with those limited to women with PCOS showing no benefit of metformin on lipid
parameters or body weight (12). The meta-analysis of Salpeter and colleagues (18) that
contained RCTs in women with PCOS as well as in other groups of subjects, found a
beneficial effect of metformin on body weight and lipid parameters. There are limited RCTs
of metabolic endpoints with TZDs. There is significant heterogeneity in many of the
endpoints examined in the meta-analyses, most likely because of differences in diagnostic
criteria and body weight as well as other potential differences, such as ethnic/racial
differences in the PCOS cohorts studied(12). Further, many of the RCTs limited to PCOS
examining metabolic endpoints have been small and/or metabolic parameters have not been
the primary endpoints of the trial(12, 18).

What can be extrapolated from large RCTs of ISDs for metabolic endpoints in other
cohorts? The efficacy of ISDs, both metformin and TZDs, for diabetes prevention has been
demonstrated in individuals with prediabetes(19), which, given the high risk of glucose
intolerance in women with PCOS(2), likely contained more than the 7% population
prevalence of affected women among the younger female participants. In the Diabetes
Prevention Program (DPP)(20), metformin both reduced incident metabolic syndrome and
reversed prevalent metabolic syndrome in individuals with prediabetes but this effect was
less pronounced in women. Metformin also resulted in modest weight loss that was greatest
at one year of therapy but was maintained at 10 years (21, 22). Hyperinsulinemia is an
independent risk factor for cardiovascular disease (CVD) (23). However, there is no
evidence to support treating insulin resistance per seto reduce CVD events. The PRO active
Study (24), a large RCT examining standard T2D therapy compared to standard therapy
with TZD in patients with T2D, who are at very high risk for CVD, found no significant
reduction in the primary endpoint of mortality from any cause, non-fatal myocardial
infarction, acute coronary syndrome, coronary revascularization, stroke, leg amputation or
revascularization of the leg.

Third, isolated insulin resistance cannot be reliably diagnosed with surrogate markers (25,
26). Fasting insulin levels reflect insulin secretion and clearance as well as insulin resistance
(26) and not sufficiently predictive of euglycemic clamp measures of insulin action to be
used for the diagnosis of insulin resistance in individuals patients (25). Other fasting
measures, such ashomeostatic model assessment (HOMA) (27), fasting glucose:insulin ratio
(G:I ratio) (28), and quantitative insulin sensitivity check index (QUICKI) (29), are all based
on fasting glucose and insulin levels and essentially provide identical information (26). As
discussed above, even when insulin resistance is assessed using the euglycemic glucose
clamp, it is clear that some women with PCOS have normal insulin sensitivity (3).
Therefore, in clinical practice, treatment of should be directed to the presumed sequelae of
insulin resistance, metabolic syndrome, dysglycemia (impaired fasting glucose [IFG],
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fasting glucose ≥100 mg/dl and/or impaired glucose tolerance [IGT], 2 h post-glucose ≥140
mg/dl) or prediabetes and type 2 diabetes (T2D)(30–32)and/or to those features of PCOS
shown to improve with ISD therapy (11, 33)

The increased cardiovascular disease risk (34, 35) and more recent concerns about increased
risk for bladder cancer (36)substantially constrain the use of TZDs in otherwise healthy
young women (11). The remaining ISD, metformin, appears to be quite safe (18, 32).
Metformin is appropriate as a first-line therapy for T2D or combined glucose intolerance
(IFG and IGT)in women with PCOS, as it is in the general population (31, 32). Metformin is
a reasonable treatment option for affected women who have impaired glucose tolerance.
Metformin may also beneficial for women with PCOS with metabolic syndrome and/or
obesity(18, 20, 37). Contraceptive steroids and antiandrogens are superior to metformin for
the treatment of hirsutism (38). Clomiphene citrate is the recommended first-line therapy for
ovulation induction in PCOS (14).

In summary, there are no data to support treating all women with PCOS with metformin on
the assumption that they are insulin resistant. Further, fasting insulin and glucose levels as
well as calculations based on these parameters are not sensitive and specific for the
diagnosis of insulin resistance (26, 39). This fact coupled with the lack of data to support
treating insulin resistance per se indicates that the metabolic evaluation of women with
PCOS should focus on detecting conditions for which intervention may be warranted: IFG,
IGT, metabolic syndrome and LDL levels. Moreover, RCTs are needed in women with
PCOS to assess the efficacy of ISDs in ameliorating metabolic endpoints since much of the
current information comes from studies investigating non-metabolic primary endpoints in
PCOS or from studies in non-PCOS populations.

References
1. Dunaif A. Insulin resistance and the polycystic ovary syndrome: mechanism and implications for

pathogenesis. Endocr Rev. 1997; 18:774–800. [PubMed: 9408743]
2. Moran L, Teede H. Metabolic features of the reproductive phenotypes of polycystic ovary

syndrome. Hum Reprod Update. 2009; 15:477–88. [PubMed: 19279045]
3. Dunaif A, Segal KR, Futterweit W, Dobrjansky A. Profound peripheral insulin resistance,

independent of obesity, in polycystic ovary syndrome. Diabetes. 1989; 38:1165–74. [PubMed:
2670645]

4. DeFronzo RA, Tobin JD, Andres R. Glucose clamp technique: a method for quantifying insulin
secretion and resistance. Am J Physiol. 1979; 237:E214–E23. [PubMed: 382871]

5. Ovesen P, Moller J, Ingerslev HJ, Jorgensen JO, Mengel A, Schmitz O, et al. Normal basal and
insulin-stimulated fuel metabolism in lean women with the polycystic ovary syndrome. J Clin
Endocrinol Metab. 1993; 77:1636–40. [PubMed: 8263152]

6. Dunaif A, Graf M, Mandeli J, Laumas V, Dobrjansky A. Characterization of groups of
hyperandrogenic women with acanthosis nigricans, impaired glucose tolerance, and/or
hyperinsulinemia. J Clin Endocrinol Metab. 1987; 65:499–507. [PubMed: 3305551]

7. Robinson S, Kiddy D, Gelding SV, Willis D, Niththyananthan R, Bush A, et al. The relationship of
insulin insensitivity to menstrual pattern in women with hyperandrogenism and polycystic ovaries.
Clin Endocrinol (Oxf). 1993; 39:351–5. [PubMed: 8222298]

8. Barber TM, Wass JAH, McCarthy MI, Franks S. Metabolic characteristics of women with
polycystic ovaries and oligo-amenorrhoea but normal androgen levels: implications for the
management of polycystic ovary syndrome. Clin Endocrinol (Oxf). 2007; 66:513–7. [PubMed:
17371468]

9. Jovanovic VP, Carmina E, Lobo RA. Not all women diagnosed with PCOS share the same
cardiovascular risk profiles. Fertil Steril. 2010; 94:826–32. [PubMed: 19501355]

Marshall and Dunaif Page 7

Fertil Steril. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



10. Johnstone EB, Rosen MP, Neril R, Trevithick D, Sternfeld B, Murphy R, et al. The polycystic
ovary post-Rotterdam: A common, age-dependent finding in ovulatory women without metabolic
significance. J Clin Endocrinol Metab. 2010

11. Dunaif A. Drug insight: insulin-sensitizing drugs in the treatment of polycystic ovary syndrome--a
reappraisal. Nat Clin Pract Endocrinol Metab. 2008; 4:272–83. [PubMed: 18364705]

12. Tang T, Lord JM, Norman RJ, Yasmin E, Balen AH. Insulin-sensitising drugs (metformin,
rosiglitazone, pioglitazone, D-chiro-inositol) for women with polycystic ovary syndrome, oligo
amenorrhoea and subfertility. Cochrane Database Syst Rev. 2010; 20:CD003053. [PubMed:
20091537]

13. Legro RS, Barnhart HX, Schlaff WD, Carr BR, Diamond MP, Carson SA, et al. Clomiphene,
metformin, or both for infertility in the polycystic ovary syndrome. N Engl J Med. 2007; 356:551–
66. [PubMed: 17287476]

14. European Society for Human Reproduction and Embryology/American Society for Reproductive
Medicine. Consensus on infertility treatment related to polycystic ovary syndrome. Fertil Steril.
2008; 89:505–22. [PubMed: 18243179]

15. Vanky E, Stridsklev S, Heimstad R, Romundstad P, Skogoy K, Kleggetveit O, et al. Metformin
Versus Placebo from First Trimester to Delivery in Polycystic Ovary Syndrome: A Randomized,
Controlled Multicenter Study. J Clin Endocrinol Metab. 2010; 95:E448–E55. [PubMed:
20926533]

16. Costello M, Shrestha B, Eden J, Sjoblom P, Johnson N. Insulin-sensitising drugs versus the
combined oral contraceptive pill for hirsutism, acne and risk of diabetes, cardiovascular disease,
and endometrial cancer in polycystic ovary syndrome. Cochrane Database of Systematic Reviews.
2007:CD005552.

17. Martin KA, Chang RJ, Ehrmann DA, Ibanez L, Lobo RA, Rosenfield RL, et al. Evaluation and
treatment of hirsutism in premenopausal women: an endocrine society clinical practice guideline. J
Clin Endocrinol Metab. 2008; 93:1105–20. [PubMed: 18252793]

18. Salpeter SR, Buckley NS, Kahn JA, Salpeter EE. Meta-analysis: metformin treatment in persons at
risk for diabetes mellitus. Am J Med. 2008; 121:149–57. e2. [PubMed: 18261504]

19. Crandall JP, Knowler WC, Kahn SE, Marrero D, Florez JC, Bray GA, et al. The prevention of type
2 diabetes. Nat Clin Pract Endocrinol Metab. 2008; 4:382–93. [PubMed: 18493227]

20. Orchard TJ, Temprosa M, Goldberg R, Haffner S, Ratner R, Marcovina S, et al. The effect of
metformin and intensive lifestyle intervention on the metabolic syndrome: the Diabetes Prevention
Program randomized trial. Ann Intern Med. 2005; 142:611–9. [PubMed: 15838067]

21. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker EA, et al.
Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N Engl J
Med. 2002; 346:393–403. [PubMed: 11832527]

22. Knowler WC, Fowler SE, Hamman RF, Christophi CA, Hoffman HJ, et al. Diabetes Prevention
Program Research Group. 10-year follow-up of diabetes incidence and weight loss in the Diabetes
Prevention Program Outcomes Study.[Erratum appears in Lancet 2009 Dec 19;374(9707):2054].
Lancet. 2009; 374:1677–86. [PubMed: 19878986]

23. Despres JP, Lamarche B, Mauriege P, Cantin B, Dagenais GR, Moorjani S, et al. Hyperinsulinemia
as an independent risk factor for ischemic heart disease. N Engl J Med. 1996; 334:952–7.
[PubMed: 8596596]

24. Dormandy JA, Charbonnel B, Eckland DJ, Erdmann E, Massi-Benedetti M, Moules IK, et al.
Secondary prevention of macrovascular events in patients with type 2 diabetes in the PROactive
Study (PROspective pioglitAzone Clinical Trial In macroVascular Events): a randomised
controlled trial. Lancet. 2005; 366:1279–89. [PubMed: 16214598]

25. Ferrannini E, Balkau B. Insulin: in search of a syndrome. Diabet Med. 2002; 19:724–9. [PubMed:
12207807]

26. Hucking K, Watanabe RM, Stefanovski D, Bergman RN. OGTT-derived measures of insulin
sensitivity are confounded by factors other than insulin sensitivity iItself. Obesity. 2008; 16:1938–
45. [PubMed: 18670420]

Marshall and Dunaif Page 8

Fertil Steril. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



27. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model
assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia. 1985; 28:412–9. [PubMed: 3899825]

28. Legro RS, Dunaif A. Fasting glucose to insulin ratio or product of glucose and insulin? J Clin
Endocrinol Metab. 1999; 84:383.

29. Hrebicek J, Janout V, Malincikova J, Horakova D, Cizek L. Detection of insulin resistance by
simple quantitative insulin sensitivity check index QUICKI for epidemiological assessment and
prevention. J Clin Endocrinol Metab. 2002; 87:144–7. [PubMed: 11788638]

30. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al. Diagnosis and
management of the metabolic syndrome: An American Heart Association/National Heart, Lung,
and Blood Institute Scientific Statement. Circulation. 2005; 112:2735–52. [PubMed: 16157765]

31. Nathan DM, Buse JB, Davidson MB, Ferrannini E, Holman RR, Sherwin R, et al. Medical
management of hyperglycemia in type 2 diabetes: a consensus algorithm for the initiation and
adjustment of therapy: a consensus statement of the American Diabetes Association and the
European Association for the Study of Diabetes. Diabetes Care. 2009; 32:193–203. [PubMed:
18945920]

32. Nathan DM, Davidson MB, DeFronzo RA, Heine RJ, Henry RR, Pratley R, et al. Impaired fasting
glucose and impaired glucose tolerance: implications for care. Diabetes Care. 2007; 30:753–9.
[PubMed: 17327355]

33. Lord JM, Flight IH, Norman RJ. Insulin-sensitising drugs (metformin, troglitazone, rosiglitazone,
pioglitazone, D-chiro-inositol) for polycystic ovary syndrome. Cochrane Database Syst Rev. 2003;
3:CD003053. [PubMed: 12917943]

34. Singh S, Loke YK, Furberg CD. Long-term Risk of Cardiovascular Events With Rosiglitazone.
JAMA: The Journal of the American Medical Association. 2007; 298:1189–95. [PubMed:
17848653]

35. Lincoff AM, Wolski K, Nicholls SJ, Nissen SE. Pioglitazone and Risk of Cardiovascular Events in
Patients With Type 2 Diabetes Mellitus. JAMA: The Journal of the American Medical
Association. 2007; 298:1180–8. [PubMed: 17848652]

36. Lewis JD, Ferrara A, Peng T, Hedderson M, Bilker WB, Quesenberry CP, et al. Risk of Bladder
Cancer Among Diabetic Patients Treated With Pioglitazone. Diabetes Care. 2011; 34:916–22.
[PubMed: 21447663]

37. Diabetes Prevention Program Research Group. 10-year follow-up of diabetes incidence and weight
loss in the Diabetes Prevention Program Outcomes Study. Lancet. 2009; 374:1677–86. [PubMed:
19878986]

38. Martin KA, Chang RJ, Ehrmann DA, Ibanez L, Lobo RA, Rosenfield RL, et al. Evaluation and
Treatment of Hirsutism in Premenopausal Women: An Endocrine Society Clinical Practice
Guideline. J Clin Endocrinol Metab. 2008; 93:1105–20. [PubMed: 18252793]

39. Diamanti-Kandarakis E, Kouli C, Alexandraki K, Spina G. Failure of mathematical indices to
accurately assess insulin resistance in lean, overweight, or obese women with polycystic ovary
syndrome. J Clin Endocrinol Metab. 2004; 89:1273–6. [PubMed: 15001622]

Marshall and Dunaif Page 9

Fertil Steril. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


