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Polycystic ovary syndrome, or PCOS, 
is an enigmatic condition. It pre-
sents with varying levels of severity of 

those symptoms and conditions associated 
with it—clinical hyperandrogenism (hirsut-
ism, acne, alopecia), obesity, and menstrual 
disturbance. Although its exact cause is un-
known, at least half of all women with PCOS 
are overweight or obese. What does obesity 
and, more specifically, insulin resistance, 
contribute to the pathogenesis of PCOS, and 
why is it important to screen your patient 
with PCOS for insulin resistance? 

In part 2 of this 4-part series, which will 
continue to be posted here on the OBG Man-
agement Web site, we address these ques-
tions. [Editor’s note: As they are published, 
future installments of this series will contin-
ue to be collected on a single Web page for 
ease of access.]

The roles of obesity and insulin 
resistance 

QCan you define obesity and explain how 
its associated insulin resistance comes 

into play in the pathology of PCOS? 
 Overweight: BMI ≥ 25 kg/m2 
 Obesity: BMI ≥ 30 kg/m2 
 Morbid obesity: BMI ≥ 40 kg/m2 
PCOS is associated with truncal fat distri-
bution, manifesting as an increased waist-
to-hip ratio. According to the Centers for 
Disease Control and Prevention (CDC), 
more than one-third of the population was 
obese in 2009 and 2010.1 Approximately 50% 
to 65% of women with PCOS are overweight 
or obese, and most of them have the truncal 
fat distribution phenotype. 2

Obesity is associated with an increase 
in insulin resistance (IR) and hyperinsu-
linemia. IR can be characterized as impaired 
action of insulin in the uptake and metab-
olism of glucose. Impaired insulin action 
leads to elevated insulin levels. Insulin syn-
ergizes with abnormally high secretion of 
luteinizing hormone (perhaps induced by 
hyperinsulinemia) to promote excess an-
drogen production by intraovarian theca 
cells and an arrest of follicular development 
resulting in chronic anovulation. 
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Polycystic ovary syndrome: How are 
obesity and insulin resistance involved?

 Which of my patients with PCOS do I screen for insulin 
sensitivity? What screening tests are available, and which are 
most appropriate? Two experts continue to tackle a long list of 
questions that your clinician–colleagues have been posing.
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In addition, hyperinsulinemia causes 
a decrease in hepatic sex hormone binding 
globulin, resulting in free circulating andro-
gens and, thus, hirsutism and acne issues. 
While this picture tends to be more pro-
nounced in women who have PCOS and are 
obese, it is important to realize that a non-
obese patient with PCOS also may have IR, 
which suggests that insulin plays a major 
role in the pathogenesis of this disease.3,4 

QDoes hyperandrogenism cause the 
insulin resistance or does insulin resis-

tance cause the hyperandrogenism? 
Most of the evidence suggests that hyper-
insulinemia causes hyperandrogenism and 
not the reverse. Weight loss and insulin 
sensitizers are associated with a reduction 
in androgens, particularly testosterone and 
androstenedione. Gonadotropin-releasing 
hormone–analogs, which reduce androgen 
secretion from the ovaries, do not result in a 
reduction in insulin.3,4 

Screening for insulin 
resistance: The rationale

QHow prevalent are insulin resistance, 
impaired glucose tolerance, and dia-

betes in PCOS, and what is the best way to 
screen for them? 
The documented prevalence of IR and type 2 
diabetes mellitus (DM) in women with PCOS 
suggests that impaired glucose tolerance 
(IGT) is present in 31% to 35% of women with 
PCOS5,6—and DM, classified according to 
World Health Organization (WHO) criteria, is 
present in 7.5% to 10% of women with PCOS. 

The prevalence of IR and DM are con-
siderably lower in women without PCOS. 
According to the Third National Health and 
Nutrition Examination Survey, in US women 
of similar age, the prevalence of IR is 1.6%, 
and the prevalence of DM is 2.2%.7 
2003 consensus: Screen for IGT in obese 
PCOS patients. In view of the high preva-
lence of IR and IGT, a 2003 PCOS consensus8 
established that obese women with PCOS 
should be screened for insulin sensitiv-
ity and undergo screening for the metabolic 

syndrome, including glucose intolerance. 
For nonobese women, the consensus rec-
ommended screening only if additional risk 
factors are present. 

Unfortunately, IGT also occurs inde-
pendent of obesity. In lean women with 
PCOS, 5% may have IGT, while 2% are frankly 
diabetic. Moreover, the conversion from nor-
mal glucose tolerance to IGT in patients with 
PCOS can be as high as 16% per year,9 while 
the conversion rate from IGT to DM among 
women with PCOS has been reported to be 
as high as 2% per year. 
2007 position statement: Screen for IGT 
in all PCOS patients. A position statement 
by the Androgen Excess–PCOS Society on 
glucose intolerance and PCOS recommends 
screening for IGT in all PCOS women, re-
gardless of BMI, at least once every 2 years.10

Screening for insulin 
resistance: The methods 
There are two ways to determine insulin 
 sensitivity:
• direct infusion of IV glucose and/or insulin 
• indirect assessment using surrogate mark-

ers (such as fasting glucose and insulin, or 
C-peptide, and oral glucose tolerance test 
[OGTT]).

Direct infusion of IV glucose or insulin 
reveals how insulin disposes of glucose from 
the blood stream; however, this method is 
expensive, time consuming, and potentially 
dangerous due to possible hypoglycemia. 
Indirect assessments are less complex to per-
form and correlate reasonably well with the 
results of the more invasive direct measures. 

QWhat are the current direct-infusion 
methods to measure insulin sensitivity? 

Direct infusion of glucose and insulin
The hyperinsulinemic euglycemic clamp 
is the gold standard, but drawbacks relegate 
it to medical research only. This method 
measures the amount of glucose necessary 
to compensate for an increased insulin level 
without causing hypoglycemia. Numerous 
blood samplings (every 5 to 10 minutes) are 
taken to monitor serum glucose so that a 
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steady “fasting” level can be maintained. The 
degree of insulin resistance is measured by 
the amount of glucose that is taken up by tis-
sues during the procedure.11–14  

The “clamp” technique is the most 
scientifically sound method for measur-
ing insulin sensitivity, and it’s the standard 
against which all other tests are usually 
compared. Because the clamp technique is 
expensive, time consuming (about 2 hours), 
and labor intensive, however, it is not practi-
cal and is rarely performed in clinical care. It 
is primarily used in medical research. 
Frequently sampled IV glucose tolerance 
tests: “minimal model.” The frequently 
sampled IV glucose tolerance test estimates 
insulin sensitivity through a computer-based 
mathematical analysis of the glucose-insulin 
dynamics. Though this test still requires  
11 to 34 blood samples over a 3-hour period, 
it is less labor intensive than the clamp tech-
nique. However, in contrast to the clamp, it 
does not distinguish between peripheral and 
hepatic glucose utilization.15 

Direct infusion of insulin
Insulin sensitivity test. This test involves 
IV infusion of a set glucose load and a fixed-
rate infusion of insulin over approximately 
3 hours. The mean plasma glucose concen-
tration over the last 30 minutes of the test 
reflects insulin sensitivity. Although lengthy, 
the insulin sensitivity test is less labor inten-
sive and requires fewer blood samples than 
the clamp technique.16 
Insulin tolerance test. This test is a simpli-
fied version of the insulin sensitivity test, as it 
measures the decline in serum glucose after 
an IV bolus of insulin is administered. Several 
insulin and glucose levels are sampled over 
the following 15 minutes. In contrast to the 
clamp and the minimal model, the insulin tol-
erance test primarily measures insulin-stimu-
lated uptake of glucose into skeletal muscle, 
and insulin sensitivity values reflect the rate 
of decline of log transformed glucose values.17 

Direct infusion of glucose
Continuous infusion of glucose with 
model assessment. This method utilizes 

a constant IV glucose infusion; samples for 
glucose and insulin are drawn at 50, 55, and 
60 minutes. A mathematical model is then 
used to calculate insulin sensitivity. The re-
sults are correlated with clamp techniques; 
however, few laboratories have used this 
continuous-infusion method for insulin sen-
sitivity testing in women with PCOS.18

Unfortunately, all of these methods re-
quire IV access and multiple venipunctures, 
making them relatively impractical for office 
assessment. To overcome these obstacles, 
alternative tests have been developed in-
cluding fasting methods and the OGTT, the 
latter of which does not require IV access 
and does correlate reasonably well with dy-
namic clamp techniques.

QWhat are the current indirect assess-
ments to measure insulin sensitivity? 

Fasting methods 
Fasting insulin. The measurement of fast-
ing serum insulin is simple and inexpensive. 
Generally, a fasting level of 30 µU/mL indi-
cates greater insulin resistance in a diabetic 
individual than in a normoglycemic patient. 
However, fasting insulin levels may be in 
the “normal” range in up to 40% of PCOS 
patients who have impaired glucose toler-
ance diagnosed by the OGTT. It has been 
suggested by some investigators that a 
fasting insulin greater than 20 µU/mL in 
white women and greater than 23 µU/mL 
in Mexican-American women probably in-
dicates insulin resistance in women with 
PCOS. Some have also advocated averaging 
two or three readings to account for day-to-
day variability.19–21

Fasting plasma glucose. This is a sim-
ple blood test taken after 8 hours of fast-
ing. Fasting plasma glucose (FPG) levels 
are considered normal up to 100 mg/dL 
(or 5.5 mmol/L). Levels between 100 and 
125 mg/dL (5.5 to 7.0 mmol/L) are con-
sidered impaired fasting glucose or pre-
diabetes. These levels are considered to 
be risk factors for DM and its complica-
tions. DM is diagnosed when FPG levels 
are 126 mg/dL (7.0 mmol/L) or higher. 
A “normal” result on the FPG test is not  



Oral glucose  
tolerance test is the 
current standard in 
practice for  
diagnosis of 
impaired glucose  
tolerance and  
diabetes mellitus

OBG Management  |  October 2012  |  Vol. 24  No. 104e

Polycystic ovary syndrome

obgmanagement.com

always reliable. Repeat testing with the 
OGTT is recommended if risk factors are 
suggestive for the presence of DM or a pre-
diabetic condition. 

Glucose/insulin ratio 

The glucose/insulin (G/I) ratio has become 
very popular since its first description in 
1998 as an accurate index of insulin sen-
sitivity in women with PCOS. The ratio of 
glucose to insulin is easy to calculate, with 
lower values depicting higher degrees of 
insulin resistance. A G/I ratio of less than 
4.5 has been shown to be sensitive (95%) 
and specific (84%) for insulin resistance in 
women with PCOS, compared with a con-
trol group. The normal range for G/I ratios 
may vary in different ethnic groups and 
have not been fully validated in nonobese 
patients.22–25 

Homeostatic model assessment 
First described in 1985, homeostatic model 
assessment (HOMA) has been used widely 
in clinical research to assess insulin sensitiv-
ity. Rather than using fasting insulin or a G/I 
ratio, the product of the fasting values of glu-
cose (expressed as mg/dL) and insulin (ex-
pressed as µU/mL) is divided by a constant: 
I0 x G0 ÷ 405.

The constant 405 should be replaced 
by 22.5 if glucose is expressed in SI units 
(mmol/L). Unlike fasting insulin and the G/I 
ratio, the HOMA calculation compensates 
for fasting hyperglycemia. The HOMA value 
correlates well with clamp techniques and 
has been used frequently to assess chang-
es in insulin sensitivity after treatment. 
HOMA also has been used to study insulin  

resistance among PCOS patients of differing 
ethnic origins.12,24–26

Quantitative insulin sensitivity check 
index 

Like HOMA, quantitative insulin sensitivity 
check index (QUICKI) can be applied to nor-
moglycemic and hyperglycemic patients. It is 
derived by calculating the inverse of the sum 
of logarithmically expressed values of fasting 
glucose and insulin: 1 ÷ [log(I0) + log(G0)].

Many investigators believe that QUICKI 
is superior to HOMA as a way of determining 
insulin sensitivity, although the two values 
correlate well. As the SI decreases, QUICKI 
values decrease.27 

Oral glucose tolerance test 
As OGTT does not require IV access, it is the 
current standard in practice for diagnosis of 
IGT and DM. It provides a better assessment 
of IGT and DM than fasting techniques be-
cause these patients may have normal fast-
ing glucose values despite abnormal 2-hour 
fasting levels. The OGTT uses a 50-, 75-, or 
100-g glucose load and measures glucose 
and insulin at various intervals over 1 to  
3 hours. The WHO currently recommends a 
75-g oral dose in all adults. A 50-g dose is 
used to screen for gestational diabetes over 
an hour, and the 100-g load over 3 hours if 
abnormal.28 See TABLE for normal and ab-
normal values. Insulin sensitivity has been 
assessed by calculating insulin area under 
the curve (AUC insulin), AUC glucose/AUC 
insulin, and by an insulin sensitivity index 
(ISI) that applies only the glucose and in-
sulin values from 0 and 120 minutes into a 
complex mathematical formula.13,25,29–31

Criteria for diagnosis of diabetes
Venous plasma glucose (mg/dL)

Fasting Level* 2-hour postglucose load**

Normal/Low risk ≤99 ≤139

Prediabetes/Increased risk 100–125 140–199

Diabetes ≥126 ≥200

*Fasting is defined as no caloric intake for at least 8 h

**OGTT using a glucose load or 75 g as described by the World Health Organization

SOURCe: American Diabetes Association. Standards of medical care in diabetes—2012. Diabetes Care. 2012;35 (suppl 1):s11–s63. 
doi:10.2337/dc12-s011.
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Test for glycosylated hemoglobin
Tests for blood levels of glycosylated he-
moglobin, also known as hemoglobin A

1c
 

(HbA
1c

) are not currently used for an initial 
diagnosis because normal HbA

1c
 levels do 

not necessarily rule out diabetes, but they 
are strongly associated with complications 
of diabetes. The test is not affected by food  
intake so it can be taken at any time. A nor-
mal HbA

1c
 level is below 7%. 

References  
1. Fryar CD, Carroll M, Ogden CL. NCHS Health E-Stat. 

Prevalence of overweight, obesity, and extreme obesity 
among adults: United States, trends 1960–1962 through 
2009–2010. Centers for Disease Control and Prevention 
Web site. http://www.cdc.gov/nchs/data/hestat/obesity_
adult_09_10/obesity_adult_09_10.html. Updated September 
13, 2012. Accessed October 4, 2012. 

2. Gambineri A, Pelusi C, Vicennati V, Pagottu U, Pasquali R. 
Obesity and the polycystic ovary syndrome. Int J Obes Relat 
Metab Disord. 2002;26(7):883–896.

3. Speroff L, Fritz MA. Clinical Gynecologic Endocrinology 
and Infertility, 7th ed. Philadelphia, PA: Lippincott Williams 
& Wilkins; 2005.  

4. Nestler J. Metformin for the treatment of the polycystic ovary 
syndrome. N Eng J Med. 2008;358(1):47–54.

5. Ehrmann DA, Barnes RB, Rosenfield RL, Cavaghan MK, 
Imperial J. Prevalence of impaired glucose tolerance and 
diabetes in women with polycystic ovary syndrome. Diabetes 
Care. 1999;22(1):141–146.

6. Legro RS, Kunselman AR, Dodson WC, Dunaif A. Prevalence 
and predictors of risk for type 2 diabetes mellitus and 
impaired glucose tolerance in polycystic ovary syndrome: a 
prospective, controlled study in 254 affected women. J Clin 
Endocrinol Metab. 1999;84(1):165–169.

7. Nelson KM, Boyko EJ. Predicting impaired glucose tolerance 
using common clinical information: data from the Third 
National Health and Nutrition Examination Survey. Diabetes 
Care. 2003;26(7):2058–2062.

8. Rotterdam ESHRE/ASRM-sponsored PCOS Consensus 
Workshop Group. Revised 2003 consensus on diagnostic 
criteria and long-term health risks related to polycystic ovary 
syndrome (PCOS). Hum Reprod. 2004;19(1):41–47.

9. Legro RS, Gnatuk CL, Kunselman AR, Dunaif A. Changes in 
glucose tolerance over time in women with polycystic ovary 
syndrome: a controlled study. J Clin Endocrinol Metab. 
2005;90(6):3236–3242. 

10. Salley KE, Wickham EP, Cheang KI, Essah PA, Karjane 
NW, Nestler JE. Glucose intolerance in polycystic ovary 
syndrome—a position statement of the Androgen Excess 

Society. J Clin Endocrinol Metab. 2007;92(12):4546–4556. 
11. DeFronzo RA, Tobin JD, Andres R. Glucose clamp technique: 

a method for quantifying insulin secretion and resistance. 
Am J Physiol. 1979;237(3):E214–223.

12. Mather KJ, Hunt AE, Steinberg HO, et al. Repeatability 
characteristics of simple indices of insulin resistance: 
implications for research applications. J Clin Endocrinol 
Metab. 2001;86(11):5457–5464.

13. Yildiz BO, Gedik O. Insulin resistance in polycystic ovary 
syndrome: hyperandrogenemia versus normoandrogenemia. 
Eur J Obstet Gynecol Reprod Biol. 2001;100(1):62–66.

14. Jayagopal V, Kilpatrick ES, Holding S, Jennings PE, Atkin SL. The 
biological variation of insulin resistance in polycystic ovarian 
syndrome. J Clin Endocrinol Metab. 2002;87(4):1560–1562.

15. Bergman RN, Hope ID, Yang YJ, et al. Assessment of insulin 
sensitivity in vivo: a critical review. Diabetes Metab Rev. 
1989;5(5):411–429.

16. Wallace TM, Matthews DR. The assessment of insulin 
resistance in man. Diabet Med. 2002;19(7):527–534.

17. Akinmokun A, Selby PL, Ramalya K, Alberti KG. The short 
insulin tolerance test for determination of insulin sensitivity: 
a comparison with the euglycaemic clamp. Diabet Med. 
1992;9(5):432–437.

18. Legro RS, Castracane D, Kauffman RP. Detecting insulin 
resistance in polycystic ovary syndrome: purposes and 
pitfalls.  Obstet Gynecol Surv. 2004;59(2):141–154.

19. Laakso M. How good a marker is insulin level for insulin 
resistance? Am J Epidemiol. 1993;137(9):959–965.

20. DeFronzo RA, Ferrannini E. Insulin resistance. A multifaceted 
syndrome responsible for NIDDM, obesity, hypertension, 
dyslidemia, and atherosclerotic cardiovascular disease. 
Diabetes Care. 1991;14(3):173–194.

21. Kidson W. Polycystic ovary syndrome: a new direction in 
treatment. Med J Aust. 1998;169(10):537–540.

22. Zawadski JK, Dunaif A. Diagnostic criteria for polycystic 
ovary syndrome: towards a rational approach. In: Dunaif A, 
Givens JR, Hasseltine FP, Merriam GR, eds. Polycystic ovary 
syndrome. Boston, MA: Blackwell Scientific Publications; 
1992:377-84.

23. Ducluzeau PH, Cousin P, Malvoisin E, et al. Glucose-to-
insulin ratio rather than sex hormone-binding globulin and 
adiponectin levels is the best predictor of insulin resistance 
in non-obese women with polycystic ovary syndrome. J Clin 
Endocrinol Metab. 2003;88(8):3626–3631.

24. Kent SC, Legro RS. Polycystic ovary syndrome in adolescents. 
Adolesc Med. 2002;13(1):73–88.

25. Kauffman RP, Baker VM, Dimarino P, et al. Polycystic ovarian 
syndrome and insulin resistance in white and Mexican 
American women: a comparison of two distinct populations. 
AM J Obstet Gynecol. 2002;187(5):1362–1369.

26. Radziuk J. Insulin sensitivity and its measurement: structural 
commonalities among the methods. J Clin Endocrinol 
Metab. 2000;85(12):4426–4433.

27. 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(1):144–147.

28. World Health Organization. Definition, diagnosis and 
classification of diabetes mellitus and its complications. 
1999:52. 

29. Matsuda M, DeFronzo RA. Insulin sensitivity indices 
obtained from oral glucose tolerance testing: comparison 
with the euglycemic insulin clamp. Diabetes Care. 
1999;22(9):1462–1470.

30. Yeni-Komshian H, Caratoni M, Abbasi F, Reaven GM. 
Relationship between several surrogate estimates of insulin 
resistance and quantification of insulin-mediated glucose 
disposal in 490 healthy nondiabetic volunteers. Diabetes 
Care. 2000;23(2):171–175.

31. Ganda OP, Day JL, Soeldner JS, Connon JJ, Gleason RE. 
Reproducibility and comparative analysis of repeated 
intravenous and oral glucose tolerance tests. Diabetes 
1978;27(7):715–725.

In the next installment: The authors 
begin by addressing recent data that 
have drawn attention to the long-term 
metabolic risks of PCOS by answering: 
››  “What is metabolic syndrome and what 

are the current diagnostic criteria?”
››  “We know metformin is used to treat 

insulin resistance…but what about  
hyperandrogenism, anovulation, infer-
tility, weight loss, and early pregnancy 
loss?” 


