
Kai I. “Annie” Cheang, PharmD, MS, BCPS 

Scientific Value 

Annie.K.Cheang@gmail.com 

 

 

   

Literature Review Samples
 

Position Statements  White Papers  Case 
Reports  Review Articles  Book Chapters  

[Materials available in the public domain]



Case Report

Raspberry Leaf and
Hypoglycemia in Gestational
Diabetes Mellitus

Kai I. Cheang, PharmD, MS,
Thanh T. Nguyen, BS,
Nicole W. Karjane, MD,
and Kelsey E. S. Salley, MD

BACKGROUND: Raspberry leaf is commonly consumed

by pregnant women. Hypoglycemic effects have been

documented with other species within the plant family.

Whether raspberry leaf affects glycemic control in

gestational diabetes mellitus (GDM) is unknown.

CASE: A 38-year-old nulliparous woman with GDM

developed hypoglycemia requiring lowered insulin dose

after consuming raspberry leaf tea at 32 weeks of

gestation. The temporal relationship was confirmed by

the patient’s self-withdrawal and reintroduction of the

herb. Fetal surveillance and growth were reassuring. A

cesarean delivery was performed at 39 weeks of gesta-

tion. The neonate did not experience hypoglycemia or

other complications. Placental biopsy revealed normal

findings.

CONCLUSION: Consumption of raspberry leaf may

lead to reduced insulin requirements in GDM. Women

with GDM should be cautioned about its use and their

glucose levels more closely monitored.

(Obstet Gynecol 2016;128:1421–4)

DOI: 10.1097/AOG.0000000000001757

The use of alternative medicine in pregnancy has
gained interest from both patients and health care

providers. Among U.S. pregnant women, 29% re-
ported herbal medicine use,1 and 93.9% of midwives
reported recommending alternative medicine to their
pregnant patients.2 Raspberry leaf (Rubus idaeus, or

Rubus strigosus, plant family Rosaceae) is a commonly
used herbal product during pregnancy3 on the belief
that it could shorten labor.4 Based on our MEDLINE
search (1964–2016) with terms “glucose” (MeSH
term), “diabetes, gestational” (MeSH term), and rasp-
berry (all fields), “rubus” (MeSH term), “rubus idaeus”
(all fields), “rubus strigosus” (all fields), the effect of
raspberry leaf on glycemic control in women with
gestational diabetes (GDM) has never been docu-
mented. We present a case of hypoglycemia and
reduced insulin requirements in a woman with
GDM using raspberry leaf tea in the third trimester.

CASE

A 38-year-old Asian woman, gravida 2 para 0010, with
GDM presented at her routine prenatal visit at 32 weeks of
gestation and reported hypoglycemic episodes. Gestational
diabetes mellitus was suspected at 10 weeks of gestation
when her glucose was positive with urine dipstick. Her 50-
g glucose challenge yielded 199 mg/dL (1 hour). Hemo-
globin A1c drawn on the same day was 5.4%, suggesting
she did not have pre-existing diabetes. Her 3-hour glucose
challenge results were 84 mg/dL (fasting), 184 mg/dL
(1 hour), 156 mg/dL (2 hours), and 94 mg/dL (3 hours).
Her glucose had been under excellent control with medical
nutrition therapy, neutral protamine Hagedorn insulin
(NPH), and preprandial insulin lispro (dosed by carbohy-
drate counting). Self-monitoring of glucose was performed
at fasting, before and after meals, and at bedtime. Her
insulin requirements had been increasing throughout the
pregnancy. At 13 weeks of gestation, her lispro requirement
was 1 unit/15 g of carbohydrate without any NPH. Her last
dose increase was at 30 weeks of gestation (Table 1), 2
weeks before her report of hypoglycemic episodes (to
NPH 22 units twice daily and lispro 1 unit/3 g of carbohy-
drates). She reported no change in dietary or physical activ-
ity habits other than the addition of two servings of
raspberry leaf tea (dried red raspberry leaf as the only ingre-
dient) 3 days prior (at 32 2/7 weeks of gestation). She ini-
tiated the raspberry leaf tea in hopes that it might shorten
her labor. Examination of her glucose logs revealed good

Teaching Points

1. Clinicians should interview pregnant patients about
use of alternative medicine.

2. Use of raspberry leaf may lead to hypoglycemia and
lowering of insulin requirements in gestational dia-
betes mellitus treated with insulin.

3. Women with gestational diabetes mellitus should
be cautioned about use of raspberry leaf, and their
glucose levels should be more closely monitored.
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glycemic control since the last insulin adjustment 2 weeks
prior, and hypoglycemia was experienced only since the
addition of raspberry leaf tea with 2-hour postprandial glu-
cose of 52–66 mg/dL and bedtime glucose values as low as
48 mg/dL. She reported tachycardia and mild diaphoresis
with her hypoglycemia, which were self-treated with
orange juice.

Fetal surveillance was reassuring with moderate vari-
ability, present accelerations, and absent decelerations.
There was no evidence of uteroplacental insufficiency;
however, weekly fetal surveillance was recommended as
a result of concern about the hypoglycemic episodes.
Prandial insulin was decreased to lispro 1 unit/4 g of
carbohydrates.

At 33 2/7 weeks of gestation, a biophysical profile was
performed without a nonstress test, again with reassuring
findings. The biophysical profile score was 8 of 8. The
ultrasonogram revealed a viable, singleton intrauterine fetal
gestation in cephalic position with normal amniotic fluid, four
quadrant amniotic fluid index of 144 mm, placental grade I,
and appropriate fetal growth (66th percentile). The patient
reported that the hypoglycemic episodes had resolved.

On the next prenatal visit at 34 4/7 weeks of gestation,
the patient reported she had discontinued the raspberry leaf

tea twice (Table 1), because she suspected that its use may
have led to the hypoglycemia and reduced insulin needs.
Each time on the day after abstaining from raspberry leaf
tea, she experienced postprandial hyperglycemia (Table 1)
using the same dose of lispro. She self-adjusted her prandial
insulin coverage to lispro 1 unit/3 g of carbohydrate to pre-
vent further hyperglycemia.

Over the remaining course of her pregnancy, the patient
resumed drinking two servings of raspberry leaf tea per day.
Her lispro was adjusted to an insulin-to-carbohydrate ratio
of one to five in the morning and one to four in the
afternoon with NPH 18 units twice daily. Repeat ultraso-
nography at 37 and 39 weeks of gestation revealed normal
findings. One week before delivery, her NPH was
decreased to 18 units at bedtime only. Her glucose was
well controlled throughout the remainder of the pregnancy.
Her weekly fetal surveillance tests remained reassuring.

At 39 weeks of gestation, the patient underwent labor
augmentation with oxytocin as a result of prolonged
rupture of membranes and meconium-stained amniotic
fluid. A cesarean delivery was performed because of
active-phase arrest in the setting of suspected chorioam-
nionitis, which was treated with intrapartum antibiotics.
There was no intrapartum hyper- or hypoglycemia in the

Table 1. Temporal Relationship Between Raspberry Leaf Consumption and Glycemic Control (From the
Patient’s Glucose and Food Log)

Gestational
Week Insulin Dose*

Raspberry
Leaf Tea

Consumption†
Glucose

Reading‡ (mg/dL)

30 0/7 to 32 1/7 NPH 22 units;
lispro 1 unit/3 g carb

No At goal

32 2/7 Yes At goal
32 3/7 Yes 2 h PP 52–66; bedtime 48
32 4/7 Yes 2 h PP 54–63; bedtime 55
32 5/7§ Dose change: NPH 22 units;

lispro 1 unit/4 g carb
Yes At goal

32 6/7 to 33 2/7§ Yes At goal
33 3/7 No 1 h PP 118–145
33 4/7 No 2 h PP 155–163
33 5/7 Yes 2 h PP 114–144
33 6/7 Yes At goal
34 No 1 h PP 128–147
34 1/7 No 2 h PP 157–176
34 2/7 Dose change: NPH 22 units;

lispro 1 unit/3 g carb
No At goal

34 4/7§ to 35 3/7 No At goal
35 4/7 Dose change: NPH 22 units;

lispro 1 unit/4 g carb
Yes At goal

Remainder of
pregnancy

Dose gradually changed to NPH 18 units;
lispro 1 unit/5 g carb for morning meals,
1 unit/4 g carb for afternoon and evening

Yes At goal

NPH, neutral protamine Hagedorn; carb, carbohydrate; PP, postprandial, 1- or 2-hour postprandial as indicated (patient alternated between
checking 1-hour and 2-hour postmeal values).

Bold indicates hypoglycemia or hyperclycemia.
* NPH was administered twice daily at the listed dose.
† Raspberry leaf consumed was two servings per day.
‡ Glycemic goal was less than 90 mg/dL (premeal), less than 130 mg/dL (1 hour), less than 120 mg (2 hours).
§ Day of prenatal visit or fetal surveillance.
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mother. The patient delivered a live female neonate
weighing 3,490 g (75th percentile for gestational age)5 with
Apgar scores of 9 and 9 at 1 and 5 minutes, respectively.
The neonate did not experience hypoglycemia or other
complications but did receive prophylactic antibiotics.
Biopsy of the placenta revealed a term placenta and fetal
membranes with meconium-laden macrophages but no
additional abnormalities. Both the mother and neonate
were discharged home after routine postpartum care. The
mother’s 2-hour glucose challenge at her 8-week postpar-
tum visit yielded glucose of 79 mg/dL (fasting), 192 mg/dL
(1 hour), and 148 mg/dL (2 hours).

DISCUSSION

During pregnancy, placental production of various
anti-insulin hormones, cytokines, and growth factors6

exacerbate insulin resistance.7 Women with GDM
using insulin typically have progressive increments
in insulin need as pregnancy advances.8 Falling insu-
lin requirements have been associated with placental
dysfunction, preeclampsia, small-for-gestational-age
neonates, and a higher incidence of neonatal intensive
care admissions.9

Our case describes the occurrence of reduced
insulin requirements as gestation advances not result-
ing from placental insufficiency. We initially did not
suspect the patient’s self-medication with raspberry
leaf could have led to hypoglycemia because such
effects have not been documented in the literature.
However, using the Naranjo algorithm10 to assess cau-
sality, use of raspberry leaf tea probably had led to the
hypoglycemic episodes in this case. The hypoglyce-
mic effects followed a reasonable temporal sequence
after its use and were confirmed by the patient’s self-
withdrawal and reintroduction of the herb. In addi-
tion, alternative causes of hypoglycemia have been
ruled out. To wit, the patient reported no changes in
physical activity or dietary habits. Her insulin dose
had been stable for 2 weeks before the hypoglycemia.
The placenta was grossly normal on inspection as well
as microscopically.

There is a growing use of complementary and
alternative medicine during pregnancy. In the United
States, 29% of pregnant women reported self-medication
with herbal medicine.1 Most patients assume that herbal
therapy has the advantage of being “natural.” However,
there are often insufficient efficacy and safety data for
their use.13

Raspberry leaf (R ideus) has been used during
pregnancy primarily on the belief that it can shorten
labor,4 but available studies have shown no difference
in the need for labor augmentation, instrument-
assisted births, or duration of labor.4,12

The risks associated with raspberry leaf have not
been well studied. Blackberry leaves (Rubus fructicosis)
and raspberry leaves (R ideus) belong to the same
plant family, Rosaceae, and may have similar chem-
ical properties.13 Hypoglycemic effects of blackberry
leaves have been documented in animal models and
may be relevant to raspberry leaves. In diabetic rats,
R fructicosis extract significantly reduced glucose 2
hours after a single oral dose (P,.001) and persisted
up to 6 hours postdose.14 On continuous administra-
tion for 9 days, R fructicosis reduced blood glucose to
normal levels in diabetic rats (P,.001). In another
study, supplementation of rubus extract in rats on
a standard diet increased adipose tissue lipolytic activ-
ity and decreased plasma glucose.15 Decreased insulin
concentrations were also seen in female rats, suggest-
ing increased insulin sensitivity.

The extent to which hypoglycemic effects of
blackberry leaves can be extrapolated to raspberry
leaf tea in the amount typically consumed by pregnant
women is unknown. We did not initially suspect the
patient’s hypoglycemia was the result of use of rasp-
berry leaf tea because literature on its glycemic effect
is nonexistent. Additional fetal surveillance was per-
formed as a result of the unexpected reduction in
insulin requirements. We suggest that in women with
GDM using insulin, use of raspberry leaf may require
closer glucose monitoring to prevent inadvertent
hypoglycemic episodes. It will be prudent to interview
patients about use of alternative medicine when hypo-
glycemic episodes occur. Given the paucity of data
supporting the use of raspberry leaf in shortening
labor, women with GDM should be cautioned about
its use. For patients who prefer nondrug options and
whose GDM remain uncontrolled with medical nutri-
tion therapy, prospective clinical trials may be consid-
ered to evaluate the role of raspberry leaf in GDM.
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POSITION STATEMENT: Glucose Intolerance in
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Virginia, Virginia Commonwealth University, Richmond, Virginia 23298-0111

Objectives: Women with polycystic ovarian syndrome (PCOS) are at
increased risk for developing glucose intolerance and type 2 diabetes
mellitus (DM). Recommendations for the timing and method of
screening have varied. The purpose of this statement is to determine
the optimal screening method, timing of screening, and treatment
modalities for impaired glucose tolerance (IGT) among women with
PCOS.

Participants: The expert panel was appointed by the Androgen
Excess Society (AES) to review the literature and make recommen-
dations based on the available evidence. Meetings were open, and
there was no funding for the panel.

Evidence: A systematic review was conducted of the published, peer-
reviewed medical literature using MEDLINE to identify studies that
addressed the prevalence, risk factors, testing, and treatment for IGT
in both adults and adolescents with PCOS. Unpublished data were
not considered.

Consensus Process: The panel held meetings to review the litera-
ture and draft the statement as a committee. The AES board members
reviewed and critiqued the manuscript, and changes were made based
on their comments.

Conclusions: The panel recommends that all patients with PCOS be
screened for IGT with a 2-h oral glucose tolerance test. A few members
of the AES board recommend alternatively screening women with
PCOS for IGT and type 2 DM using an oral glucose tolerance test only
in patients with a body mass index of 30 kg/m2 or greater or in lean
patients with additional risk factors. Patients with normal glucose
tolerance should be rescreened at least once every 2 yr, or more
frequently if additional risk factors are identified. Those with IGT
should be screened annually for development of type 2 DM. PCOS
patients with IGT should be treated with intensive lifestyle modifi-
cation and weight loss and considered for treatment with insulin-
sensitizing agents. (J Clin Endocrinol Metab 92: 4546–4556,
2007)

THE POLYCYSTIC ovarian syndrome (PCOS) is a com-
mon endocrinopathy, affecting approximately 5–10%

of women of reproductive age (1–4). In its classical form, the
syndrome is characterized by oligo- or anovulation, bio-
chemical or clinical hyperandrogenism, and polycystic ovar-
ian morphology on ultrasonography (5). Although much
remains unknown regarding the underlying pathophysiol-
ogy of PCOS, a form of insulin resistance intrinsic to the
syndrome appears to play a central role in its development.
Among many women with PCOS, the observed insulin re-
sistance is partially explained by excess adiposity; however,
it is increasingly recognized that even lean women with
PCOS have increased insulin resistance compared with nor-
mal controls (6).

Given the significant metabolic burden of insulin resis-

tance seen in women with PCOS, affected women may have
an increased risk of impaired glucose tolerance (IGT) and
type 2 diabetes mellitus (DM). IGT is a known risk factor for
type 2 DM and the development of cardiovascular disease
(7). Because IGT is often asymptomatic, the screening of
women with PCOS for IGT has been recommended; how-
ever, recommendations have varied regarding the timing
and method of screening for IGT (8, 9). Because patients with
PCOS are at high risk for developing IGT, the early identi-
fication of affected patients and institution of lifestyle
changes or pharmacological treatments may help delay the
progression to type 2 DM. The following consensus recom-
mendations attempt to determine the optimal screening
method, timing of screening, and treatment modalities for
IGT among women with PCOS based on the currently avail-
able medical literature.

Process

A systematic review was conducted of the published, peer-
reviewed medical literature to identify studies assessing the
prevalence and risk factors for IGT in patients with PCOS, as
well as the testing and treatment of IGT in both adults and
adolescents using MEDLINE databases.

To review the natural history of PCOS and IGT, MEDLINE
was searched from 1966 through 2007. Medical Subject Head-
ings (MeSH) used included polycystic ovary syndrome

Abbreviations: ADA, American Diabetes Association; AES, Andro-
gen Excess Society; BMI, body mass index; CI, confidence interval; DM,
diabetes mellitus; DPP, Diabetes Prevention Program; GDM, gestational
diabetes mellitus; IDPP, Indian Diabetes Prevention Program; IFG, im-
paired fasting glucose; IGT, impaired glucose tolerance; MeSH, Medical
Subject Headings; NGT, normal glucose tolerance; OGTT, oral glucose
tolerance test; PCOS, polycystic ovarian syndrome; WHO, World Health
Organization.
JCEM is published monthly by The Endocrine Society (http://www.
endo-society.org), the foremost professional society serving the en-
docrine community.
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(which includes polycystic ovarian disease) or ovarian hy-
perandrogenism and diabetes, IGT, �-cell dysfunction, ges-
tational diabetes, or metabolic syndrome. Additional refer-
ences identified from these initial articles were also
considered.

To examine risk factors for IGT in PCOS, the MEDLINE
MeSH headings used were PCOS or ovarian hyperandro-
genism, and glucose intolerance and risk factors, with the
following limitations: major topic (PCOS) and English and
humans. Cross-referenced studies were also reviewed.

To review the measurements of IGT, MEDLINE was
searched using the terms IGT and measure. PCOS or ovarian
hyperandrogenism were added in a subsequent search. Fur-
thermore, the MeSH heading glucose intolerance with the
subheading diagnosis was searched by itself and combined
with the MeSH heading polycystic ovary syndrome. Sup-
plementary references were obtained from initial citations.

To review treatments for IGT, MEDLINE was searched
using the terms: type 2 diabetes prevention; PCOS and di-
abetes prevention; ovarian hyperandrogenism and diabetes
prevention; and IGT prevention, and IGT treatment with the
limits (clinical trial, metaanalysis, or randomized-controlled
trial). During evaluation, particular emphasis was placed on
identifying prospective randomized, controlled studies that
enrolled at least 100 subjects, included women as part of their
study population, involved an intervention and follow-up
period of at least 1 yr, and clearly defined the prevalence of
glucose intolerance at baseline and the end of the study
period.

To examine the development, measurement, and treat-
ment of IGT in adolescents, MEDLINE was searched using
the terms PCOS, glucose intolerance, and adolescents, and
ovarian hyperandrogenism and glucose intolerance. Insulin
resistance was also used as a search term, but only studies
that assessed IGT were reviewed.

Unpublished data or data published only in abstract form
were not included in the review.

Development of IGT and Type 2 DM

Insulin resistance is present in both lean and obese women
with PCOS compared with their body mass index (BMI) and
age-matched counterparts. A seminal study conducted by
Dunaif et al. (6) evaluated insulin sensitivity using the hy-
perinsulinemic-euglycemic clamp technique in lean and
obese women with and without PCOS. In this study women
with PCOS were more insulin resistant than women without
the disorder, at equivalent degrees of obesity. Insulin resis-
tance has been identified as a major risk factor for the de-
velopment of type 2 DM, and likely contributes to the high
prevalence of glucose intolerance in women with PCOS.

Prevalence of glucose intolerance in women with PCOS

In two of the largest studies (�100 women) to date that
documented the prevalence of IGT and type 2 DM in women
with PCOS, it is estimated that IGT is present in 31–35% of
women with PCOS (10, 11). In addition, type 2 DM, classified
according to the World Health Organization (WHO) criteria,
is present in 7.5–10% of women with PCOS. Compared with
the prevalence of IGT (1.6%) and DM (2.2%) found in U.S.

women of similar age in the Third National Health and
Nutrition Survey (12), the rates in women with PCOS are
considerably higher. In addition, IGT and type 2 DM are also
highly prevalent among adolescents with PCOS. In one
study, IGT was present in eight of 27 (29.6%), and type 2 DM
was present in two of 27 (7.4%) adolescent girls with PCOS
(13).

The majority of U.S. studies evaluating the prevalence of
glucose intolerance in PCOS primarily included obese
women, which aggravates their risk for glucose intolerance.
Studies on the prevalence of glucose intolerance are limited
in Europe where women with PCOS are substantially leaner.
However, it has been shown that glycemic abnormalities are
not restricted to Caucasian women with PCOS. A high prev-
alence of abnormal glucose tolerance has been documented
in Chinese (20.5%) and Thai (20.3%) women with PCOS (14,
15). Current studies also support abnormal glucose ho-
meostasis in Japanese women with PCOS (16, 17), although
one study (17) suggests that obesity may have a stronger
effect than the existence of PCOS. In Indian populations,
women with PCOS appear to have worse glucose tolerance
than Caucasian populations (18).

Conversion rates to IGT and type 2 DM

The conversion from IGT to frank diabetes is also sub-
stantially enhanced in women with PCOS. In an uncontrolled
study, Norman et al. (19) assessed 77 Australian women with
PCOS. During an average 6.2-yr follow-up, five of 54 (9.3%)
women with normal glucose tolerance (NGT) at baseline
developed IGT, and another four women (7.4%) progressed
from normoglycemia to type 2 DM. Among the 13 women
with IGT at baseline, seven of them (5.4%) developed DM at
follow-up. Furthermore, BMI at baseline appeared to be an
independent predictor of worsening glycemic control.

The enhanced rate of deterioration in glucose tolerance
was corroborated by Legro et al. (20), who assessed the
changes in glucose tolerance over time in 71 U.S. women with
PCOS and 23 control women who had baseline NGT. The
mean follow-up period was approximately 3 yr. In this study,
of 35 women with PCOS with NGT at baseline, 17 converted
to IGT, equivalent to a NGT to IGT conversion rate of 16%
per year. In addition, in this study the conversion rate from
IGT to DM among PCOS women was 2% per year. Con-
versely, seven women with PCOS who had abnormal glucose
tolerance at baseline reverted in their WHO glucose tolerance
category. The conversion rate from NGT to IGT in the control
women is less prominent. Of 23 control women who had
NGT at baseline, only five converted to IGT, which is less
than half the rate of women with PCOS. There are little data
on conversion rates from European countries.

Development of gestational DM (GDM)

Besides converting to IGT or type 2 DM, women with
PCOS are also at high risk for developing GDM. Polycystic
ovarian morphology is a common finding among women
with a history of GDM (21, 22). In a metaanalysis of 720
women with PCOS and 4505 controls, PCOS women have a
2.94 times [confidence interval (CI) for odds ratio 1.70–5.08]
higher risk of developing GDM than control women (23).
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This risk estimate was recently confirmed by a large database
study performed using a multiethnic population in the
Northern California Kaiser Permanente program (24).

Mechanisms of glucose intolerance in PCOS

Several mechanisms have been postulated to account for
the predisposition to the development of type 2 DM among
women with PCOS. Dunaif et al. (6, 25) demonstrated that
women with PCOS are insulin resistant, independent of obe-
sity. Although the nature of insulin resistance in PCOS is
currently unclear, defects in insulin receptor or post-receptor
signal transduction (25), altered adipocyte lipolysis (26, 27),
decreased glucose transporter 4 in adipocytes (28), and im-
paired release of a d-chiro-inositol mediator (29–31) have all
been implicated. Furthermore, many women with PCOS ex-
hibit �-cell dysfunction (32–35), rendering insulin response
to a glucose load insufficient for the degree of insulin resis-
tance in PCOS.

Current Controversies in Screening for
Glucose Intolerance

Given the presence of significant insulin resistance in the
syndrome, several organizations have made recommenda-
tions regarding screening for glucose intolerance in patients
with PCOS (Table 1).

A number of risk factors, including family history, ad-
vanced age, increased BMI, and a history of GDM, has in-
creased the risk of glucose intolerance in patients with PCOS.
Legro et al. (11) prospectively studied 254 women with PCOS
using the oral glucose tolerance test (OGTT) and showed that
PCOS women with a first-degree relative with DM were at
an increased risk for developing glucose intolerance. In a
smaller study of 122 women with PCOS, Ehrmann et al. (10)
found that those with type 2 DM were 2.6 times more likely
to have a first-degree relative with type 2 DM than patients
with NGT. In a separate study evaluating a population of 408
premenopausal women with PCOS, Ehrmann et al. (36) also
found a family history of type 2 DM in a first-degree relative
to be associated with a significantly higher risk for IGT and
type 2 DM in women with PCOS.

In addition to evaluating family history as a risk factor,

Legro et al. (11) also showed an increased risk for IGT in
women with advanced age, increased BMI, and increased
waist to hip ratios, which are identical risk factors for the
general population in developing IGT. This was corrobo-
rated in a cross-sectional study of 91 women with PCOS by
Trolle and Lauszus (37), who found women who were older
and had a higher BMI were more likely to have elevated
fasting glucose levels. In women with a history of GDM,
Koivunen et al. (38) found an increased prevalence of an
abnormal OGTT as well as a higher prevalence of PCOS (39.4
vs. 16.7%; P � 0.03) when compared with controls.

There remains some controversy in the practicality of
screening all patients with PCOS for IGT. Due to the time-
consuming nature of the OGTT, Mohlig et al. (39) investi-
gated the use of decision tree modeling in 118 women with
PCOS to determine whether the number of patients with
PCOS who should undergo the OGTT could be decreased.
The best decision tree used the homeostasis assessment
model for estimating insulin resistance, the proinsulin to
insulin ratio, proinsulin, 17-OH progesterone, and the ratio
of LH to FSH. The sensitivity of this tree was 100% and the
specificity was 74%, and it cut down on the number of OGTTs
by about 60%. The most suitable decision tree using medical
history and clinical parameters only used BMI (�25.7 kg/
m2), waist circumference (�76 cm), and waist to hip ratio
(�0.77). Applying the clinical data tree alone to a stratified
screening algorithm reduced the number of OGTTs in pa-
tients with PCOS by about 25%. This decision tree yielded a
sensitivity for the detection of IGT of 100%, with a specificity
of 32.3%. Thus, the use of this decision tree correctly iden-
tified all women with IGT. However, the widespread appli-
cation of this tree needs to be confirmed by larger studies.

Measurement of Glucose Intolerance

Presently, the only clinical method of identifying individ-
uals with IGT is by an OGTT, typically performed as a 2-h
OGTT (40). The WHO describes this test as a measure of
venous plasma glucose 2 h after a glucose load containing the
equivalent of 75 g anhydrous glucose dissolved in water (41).
The most current recommendations for diagnosing IGT from
the WHO and American Diabetes Association (ADA) slightly

TABLE 1. Screening for glucose intolerance in patients with PCOS—organization recommendations

Organization Recommendations

American Association of Clinical Endocrinologists Women with PCOS should have glucose levels measured. An oral glucose
challenge may be considered, particularly in obese women with PCOS
and those with a family history of type 2 DM (75).

American College of Obstetrics and Gynecology Screening for glucose intolerance should be performed in all patients
with PCOS with a fasting glucose level followed by a 2-h glucose level
obtained after a 75-g glucose load (76).

ADA Screening for DM should be performed in asymptomatic individuals
under the age of 45 yr if they are overweight (BMI 25 kg/m2) and have
additional risk factors, which include PCOS. The recommended
screening test is the fasting plasma glucose; an OGTT may be
considered in patients with IFG to define better the risk of diabetes
(77).

American Society of Reproductive Medicine and
the European Society of Human Reproduction
and Endocrinology PCOS Consensus Workshop
Group

Obese women with PCOS should be screened for the metabolic
syndrome, including screening for glucose intolerance with an OGTT.
Screening should be considered for nonobese PCOS women with PCOS
if there are additional risk factors for insulin resistance, such as a
family history of insulin resistance (78).
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differ (Table 2). The WHO criteria recommend first measur-
ing a fasting plasma glucose level, followed by a 2-h OGTT
only in individuals with impaired fasting glucose (IFG), i.e.
fasting plasma glucose level between 110 and 125 mg/dl
(6.1–6.9 mmol/liter). IGT is then defined as a 2-h fasting
glucose equal to or more than 140 mg/dl and less than 199
mg/dl (7.8–11.0 mmol/liter) (40). The ADA also defines IGT
as a 2-h plasma glucose of 140–199 mg/dl (7.8–11.0 mmol/
liter) but does not require a fasting glucose before the per-
formance of the OGTT (9).

Both the ADA and the WHO recommend using fasting
plasma glucose as the initial screening test for DM because
it is more convenient to patients, less costly, more reproduc-
ible, and easier to administer than the 2-h OGTT (9, 40).
Despite these disadvantages, the 2-h OGTT is more sensitive
and moderately more specific in diagnosing DM compared
with fasting plasma glucose (9). In addition to providing
information on both �-cell secretion and peripheral insulin
action, the OGTT provides a better assessment of IGT than
homeostatic techniques such as fasting glucose to insulin
ratio, fasting insulin, and homeostatic model assessment (42).
Reproducibility of the 2-h OGTT can be enhanced by paying
attention to the carbohydrate intake of the last meal before
a 2-h OGTT because low-carbohydrate intake may falsely
result in a diagnosis of IGT (43, 44), and by ensuring that the
2-h sample is collected within 120 � 5 min (40).

Several studies have shown that the fasting plasma glu-
cose and the OGTT do not identify the same group of patients
(45–48). The Diabetes Epidemiology: Collaborative Analysis
Of Diagnostic Criteria in Europe (DECODE) study (45) dem-
onstrated in a group of 1517 individuals with newly diag-
nosed DM that 40% met the criteria by fasting plasma glucose
only, 31% met the criteria by a 2-h OGTT only, and 28% met
both criteria. Therefore, nearly one third of individuals with
DM would have been missed using fasting plasma glucose
only. In a study of 5023 Pima Indians, Gabir et al. (48) re-
ported that IGT was more common than IFG (15 vs. 5%). In
fact, IGT, measured by an OGTT, is typically more common
in women, whereas IFG, measured by fasting plasma glu-
cose, is more common in men (40). In women with PCOS,
Legro et al. (11) revealed that the majority of PCOS women
with IGT have normal fasting glucose levels. In the PCOS
population studied, fasting plasma glucose measurements
by ADA criteria failed to diagnose 58% of women with DM
diagnosed by a 2-h OGTT. Therefore, in PCOS, measurement

of fasting blood glucose misses even more persons with IGT
and DM than in the general population.

IGT is a strong predictor for DM, as well as risk of car-
diovascular disease and premature mortality (7, 48–51). A
7-yr cohort study reported that IGT, but not IFG, is a risk
factor for cardiovascular disease (5). In the Diabetes Epide-
miology: Collaborative Analysis Of Diagnostic Criteria in
Europe study (45), hazard ratios (95% CI) for DM diagnosed
by a fasting plasma glucose were 1.6 (1.4–1.8) for all-cause
mortality, 1.6 (1.3–1.9) for cardiovascular mortality, and 1.6
(1.4–1.9) for noncardiovascular mortality, respectively. The
corresponding hazard ratios for DM by a 2-h OGTT were 2.0
(1.7–2.3), 1.9 (1.5–2.4), and 2.1 (1.7–2.5). In terms of preven-
tion, the ADA acknowledges that although the efficacy of
interventions for primary prevention of type 2 DM has been
well recognized in individuals with IGT, there are presently
no data regarding individuals with IFG who do not also have
IGT (9). Data are also nonexistent regarding primary pre-
vention of premature mortality and cardiovascular disease in
individuals with IFG only (40).

The OGTT is a simple test and can be performed in an
office laboratory setting. Based on current evidence and be-
cause the majority of women with PCOS have normal fasting
plasma glucose, the 2-h OGTT is the best screening measure
for glucose intolerance and diagnosis of type 2 DM in women
with PCOS.

Prevention and Treatment of Glucose Intolerance
in PCOS

A systematic review of the published peer-reviewed med-
ical literature did not reveal high-quality, prospective, ran-
domized-controlled trials addressing the prevention and
treatment of IGT specifically in women with PCOS. Conse-
quently, recommendations regarding the roles of lifestyle
modification and pharmacological therapy in the prevention
of type 2 DM in PCOS are primarily derived from studies
involving broader subject populations.

Lifestyle modification

The characteristics and results of five studies evaluating
the role of lifestyle modification, including dietary modifi-
cation and regular moderate activity, in preventing the de-
velopment of type 2 DM among high-risk individuals are
outlined in Table 3. Of note, there were significant variations

TABLE 2. Current WHO and ADA criteria for defining hyperglycemia

WHO (2006) ADA (2007)

2-h glucose/OGTT
NGT �140 mg/dl (7.8 mmol/liter) �140 mg/dl (7.8 mmol/liter)
IGT FG � 126 mg/dl (7.0 mmol/liter) if measured and

2-h glucose � 140 mg/dl (7.8 mmol/liter) and �
200 mg/dl (11.1 mmol/liter)

140 mg/dl (7.8 mmol/liter) to 199 mg/dl (11.0
mmol/liter)

Diabetes �200 mg/dl (11.1 mmol/liter) �200 mg (11.1 mmol/liter)
FG

Normal FG �110 mg/dl (6.1 mmol/liter) �100 mg/dl (5.6 mmol/liter)
IFG 110 mg/dl (6.1 mmol/liter) to 125 mg/dl (6.9 mmol/

liter)
100 mg/dl (5.6 mmol/liter) to 125 mg/dl (6.9 mmol/
liter)

Diabetes �126 mg/dl (7.0 mmol/liter) �126 mg/dl (7.0 mmol/liter)

FG, Fasting glucose.
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in the reported effects of lifestyle modification on the con-
version of IGT to DM among high-risk populations.

Two large intervention studies, the Diabetes Prevention
Program (DPP) (52) and the Finnish Diabetes Prevention
Study (53), demonstrated strikingly similar reductions (58%
relative risk reduction) in the conversion rate to DM among
overweight men and women with IGT randomized to treat-
ment with intensive lifestyle modification compared with
controls. Importantly, the study populations had mean BMI
measurements more than 30 kg/m2, and the goal of both
lifestyle treatment programs was a 5–7% reduction in body
weight. The specific interventions involved in the DPP in-
cluded a hypocaloric low-fat diet and a minimum of 150-min
moderate intensity physical activity a week.

Studies by Pan et al. (54) and Ramachandran et al. (55) also
demonstrated a significant but less dramatic relative risk
reduction (28–38%) in the conversion rate from IGT to dia-
betes with intensive lifestyle modification. The discrepancies
among the reported differences in risk reduction with life-
style modification may be partially explained by differences
in the study populations. The mean BMI measurements in
the studies by Pan et al. (54) and Ramachandran et al. (55)

were 25–26 kg/m2, lower than the mean BMI measurements
in the DPP and Finnish Diabetes Prevention Study.

A study by Wein et al. (56) involving 200 women with a
history of GDM and current IGT demonstrated a small but
nonsignificant reduction in the diabetes conversion rate; how-
ever, the study intervention included dietary modification
alone. Finally, one smaller study by Wing et al. (57) failed to
show a significant difference in the development of diabetes
with diet alone, exercise alone, or a combined intervention in
overweight subjects with a family history of diabetes.

Little is known regarding the role of exercise in preventing
the development of IGT and DM in nonobese women with
PCOS.

Pharmacological intervention

Pharmacological therapies, including insulin-sensitizing
agents, have also been shown to decrease the conversion rate
to overt DM among subjects with IGT, and randomized-
controlled trials evaluating pharmacotherapy that met the
specified criteria are outlined in Table 4. Treatment with
medications from a variety of different drug classes, includ-
ing the biguanide, metformin (52, 55), thiazolidinediones (58,

TABLE 3. Summary of randomized, controlled trials evaluating the role of lifestyle modification in preventing progression to DM among
high-risk populations

Study Knowler et al. (52) Pan et al. (54) Ramachandran et al. (55) Tuomilehto et al. (53) Wein et al. (56) Wing et al. (57)

No. of randomized
subjects

3234a 577b 531a 522 200 154b

Inclusion criteria Males and females,
BMI � 24 kg/m2

(22 kg/m2 in
Asians), IFG and
IGT

Males and females,
IGT

Males and females,
IGT

Males and females,
BMI � 25 kg/m2,
ages 40–65 yr,
IGT

Women with
history of GDM,
IGT

Males and females,
30–100% over
ideal body weight,
40–55 yr, parent
with DM

IGT/DM definition ADA 1997 WHO 1985 WHO 1999 WHO 1985 WHO 1985 WHO
Follow-up duration

(yr)
2.8 6 3 3.2 4.25 2

Age (yr) 50 45 45–46 55 25 46
BMI (kg/m2) 34 26 25–26 31 38–40 36
Intervention Diet and exercise,

�7% weight loss,
16-lesson
curriculum

Diet and exercise,
small group
support sessions

Diet and exercise Diet and exercise,
�5% weight loss

Diet alone Diet and exercise

Dietary education Hypocaloric, low-fat
diet

Hypocaloric diet to
induce 0.5–1.0
kg/month weight
loss in BMI
� 25 kg/m2

Hypocaloric, low-fat,
high-fiber diet

Low-fat, high-fiber
diet, sessions with
nutritionist

Standard dietary
advice, nutrition
telephone
follow-up every
3 months

Hypocaloric, low-fat
diet,
multidisciplinary
nutrition sessions

Exercise education Moderate activity
(150 min/wk)

Increase physical
activity 1–2 U/d

Moderate (30 min/d)
exercise

Moderate (30 min/d)
exercise,
supervised circuit
resistance training

1500 kcal/wk
moderate activity

Control intervention Standard lifestyle
modification
(single education
session)

General information
regarding DM
and IGT

General verbal and
written diet and
exercise
information

Standard dietary
advice

Provided self-help
manual

Diabetes incidence
intervention

4.8/100 person/yr 9.6/100 person/yr,
46.0%

39.3% 27/265, 3.2/100
person/yr, 10.2%

26.8% 5/32, 15.6%

Diabetes incidence
controls

11/100 person/yr 15.7/100 person/yr,
67.7%

55.0% 59/257, 7.8/100
person/yr, 23.0%

28.1% 2/31, 6.5%

RRR (95% CI) 58% (48–66%) 38% 28.5% (20.5–37.3%) 58% NS NS
Hazard ratio

(95% CI)
0.4 (0.3–0.7)

NS, Nonsignificant; RRR, relative risk reduction.
a Included a group randomized to treatment with medication.
b Included groups randomized to diet alone and exercise alone.
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59), the �-glucosidase inhibitor, acarbose (60), and the li-
poprotein lipase inhibitor, orlistat (61, 62), has prevented the
development of DM among high-risk populations with IGT.

In addition to intensive lifestyle modification, the DPP
evaluated the role of the insulin-sensitizing agent metformin
in the prevention of DM (52). In the DPP, the treatment arm
randomized to receive metformin 850 mg twice daily dem-
onstrated a 31% reduction in the relative risk of developing
DM compared with placebo treatment. Notably, the risk
reduction in the metformin treatment arm was less robust
than the response reported in the group receiving intensive
lifestyle modification (31 vs. 58%, respectively). Although the
DPP represents a large, well-designed control trial evaluat-
ing the efficacy of lifestyle modification and pharmacother-
apy in preventing DM, there were several limitations to the
study. First, there was no treatment arm in the DPP that
evaluated the combined effect of intensive lifestyle modifi-
cation and metformin therapy in high-risk individuals. Sec-
ond, some experts have suggested that treatment with met-
formin may merely mask the development of DM as opposed
to preventing the disease. In response to this debate, the DPP
Research Group published follow-up results reporting re-
peat OGTTs in a subset of subjects who received metformin
therapy after a washout period of 1–2 wk (63). Although the
reported incidence of DM increased in the metformin treat-
ment group after the washout period, the incidence of DM
in the metformin arm was still reduced by 25% compared
with the placebo group.

Similar to the DPP, the Indian Diabetes Prevention Pro-
gram (IDPP) evaluated the role of lifestyle modification and
metformin in the prevention of DM among overweight Asian
Indian men and women with IGT (55). The IDPP results
revealed significant, 28.5 and 26.4%, relative risk reductions
for the development of DM with intensive lifestyle modifi-
cation and metformin treatment, respectively. Although both
lifestyle modification and metformin therapy reduced the
incidence of DM in the IDPP, there was no added benefit
from the combination lifestyle modification and metformin
compared with either treatment alone. As outlined previ-
ously, the less robust reduction in DM risk reported with
lifestyle modification in the IDPP compared with the DPP
may be explained by differences in subject BMIs at baseline
between the two studies (25.7 � 3.3 kg/m2 in the IDPP
compared with 33.9 � 6.8 kg/m2 in the DPP).

Similar to metformin, the thiazolidinediones improve in-
sulin sensitivity and may prevent or delay the development
of DM in high-risk individuals. Randomized, placebo-con-
trolled trials involving the prevention of DM using thiazo-
lidinediones demonstrated a 62–89% relative risk reduction
with this class of medications (58, 59). Unfortunately, these
studies did not compare treatment with thiazolidinediones
with intensive lifestyle modification or other medications.
The DPP initially contained a treatment arm that was ran-
domized to receive the thiazolidinedione, troglitazone; how-
ever, given concerns of hepatotoxicity, the troglitazone arm
was discontinued in 1998 (64). Before its discontinuation, the
incidence of DM among the 585 subjects receiving troglita-
zone for a mean duration of 0.9 yr was statistically lower than
the incidence in both the placebo and metformin groups.
Furthermore, there was no statistical difference in the pro-

gression rate to DM between the troglitazone and intensive
lifestyle modification treatment arms. Despite these findings,
longer term studies are needed to compare the efficacy of
thiazolidinediones and other insulin-sensitizing agents and
lifestyle modification in preventing DM.

Prevention of glucose intolerance in PCOS

Although there are no published prospective, random-
ized-controlled trials that evaluate the prevention or treat-
ment of IGT specifically in women with PCOS, several small
studies do address the potential role of insulin-sensitizing
agents in this high-risk population. Unluhizarci et al. (65)
reported the impact of treatment with metformin 500 mg
twice daily for 3 months on IGT in 17 adult women with
PCOS (mean age 24.4 � 1.4 yr; mean BMI 29.7 � 1.4 kg/m2).
At baseline, five (31.6%) of the women demonstrated IGT. Of
these, two patients (40%) showed NGT after treatment with
metformin. In a study by Arslanian et al. (66), 15 obese ad-
olescents with PCOS and IGT (mean age 14.0 � 0.8 yr; mean
BMI 38.1 � 1.6 kg/m2) were treated with metformin 850 mg
twice daily for 3 months. At the end of the relatively brief
treatment period, approximately one half (n � 8) of the
adolescents had reverted back to NGT on repeat testing. In
a study by Dereli et al. (67), 40 women with PCOS, a BMI less
than 27 kg/m2, and IGT were randomized to treatment with
rosiglitazone with either 2 (n � 20) or 4 mg daily (n � 20) for
8 months. In addition to decreases in free testosterone levels
and improvements in ovulatory dysfunction in both treat-
ment groups, 19 (95%) and 15 (75%) of the women receiving
rosiglitazone 4 and 2 mg daily, respectively, had reverted to
NGT after 8-month treatment.

Finally, using a retrospective study design, Sharma and
Nestler (68) evaluated the role of metformin in preventing
the progression of glucose intolerance in PCOS. At baseline,
11 (22%) of the 50 nondiabetic women with PCOS had evi-
dence of IGT according to an OGTT. After a mean treatment
period of 2.4 yr, approximately half (n � 6) the women with
IGT at baseline had reverted to NGT with metformin ther-
apy. Furthermore, while receiving metformin (average treat-
ment period of 3.6 yr), only two (5.1%) of the 39 women with
NGT at baseline had converted to IGT, representing an an-
nual conversion rate of 1.6%. None of the women with IGT
at baseline converted to overt DM during treatment with
metformin. When compared with the 16% annual conversion
rate from NGT to IGT among drug-naive PCOS women
reported by Legro et al. (20), treatment with metformin ap-
peared to lead to an 8-fold decrease in the annual conversion
rate. Despite the limitations of these four studies, including
small sample size, lack of control groups, and the question
of whether glucose intolerance was prevented or merely
being masked, their results support the potential role of
insulin-sensitizing agents in the prevention of IGT and DM
in PCOS. However, well-designed, prospective, random-
ized-controlled trials are needed to evaluate more fully the
specific roles of lifestyle modification and insulin-sensitizing
agents in the prevention of IGT and its progression to type
2 DM among women with PCOS.
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Glucose Intolerance in Adolescents with PCOS
Development of IGT in adolescents

Data on glucose intolerance in adolescents with PCOS are
limited, and studies are difficult to interpret with confidence,
given the small numbers of participants in each study. As in
adult women, adolescents with PCOS are at increased risk for
developing glucose intolerance and DM compared with their
non-PCOS counterparts (11); however, the exact prevalence
of IGT in young women with PCOS is less clear. For example,
a Canadian study of 22 obese adolescents with PCOS re-
vealed baseline IGT in only one participant (4.5%) (70). In
contrast, small studies involving obese adolescents with
PCOS in the United States report rates of IGT as high as 33
(13) to 52% (35). These differences may be accounted for by
many factors, including, but not limited to, family history,
diet, BMI, and exercise habits. Even less is known regarding
the risk of IGT in nonobese adolescents with evidence of
PCOS or ovarian hyperandrogenism. In two small studies
involving a total of 39 nonobese adolescent girls with PCOS
by Ibanez et al. (71) and Silfen et al. (72), none of the nonobese
adolescents demonstrated IGT on the OGTT.

Measurements of glucose intolerance in adolescents

As in adults, screening for IGT with a fasting glucose level
is not reliable in adolescents, and tests of insulin resistance
such as the fasting glucose to insulin ratio and the homeosta-
sis assessment model for estimating insulin resistance are
poor predictors of IGT and DM in adolescents with PCOS
(13). Therefore, the most reliable screening test for IGT in
PCOS adolescents is the 2-h OGTT after a 75-g glucose load,
interpreted using ADA guidelines. Although the most ap-
propriate screening interval is not clearly defined, the con-
version from NGT to type 2 DM can occur in as little as 5 yr
(73), most likely because of the strong correlation of PCOS
and insulin resistance.

Treatment of IGT in adolescents

Although the literature regarding treatment of IGT specific
to adolescents is sparse, it seems reasonable to use a similar
approach to that used in adult women with PCOS. Diet and
exercise appear to be the most important aspects of treating
IGT and reducing progression to type 2 DM. As demon-
strated in the DPP (52), lifestyle intervention comprised of a
low-fat diet and 150-min exercise per week reduced the pro-
gression from IGT to type 2 DM by 58% compared with
placebo and was more successful than metformin therapy,
which reduced progression by 31%.

A small randomized-controlled trial comparing met-
formin to placebo for 12 wk in 22 adolescents with PCOS
showed no significant difference in IGT (70). Of note, how-
ever, the only subject with baseline IGT was in the metformin
group and showed persistence of her IGT at the study end.
There were no subjects in the placebo arm with baseline IGT,
but one developed IGT by the end of the 12-wk study.
Clearly, this study was underpowered, and the duration was
not sufficient to detect a true difference. Conversely, the only
study evaluating PCOS adolescents with baseline IGT
showed that treatment with metformin (850 mg twice daily)

resulted in conversion back to NGT in eight of the 15 subjects
after 3-month treatment (66). Limitations of this study in-
clude small sample size and lack of a control group; none-
theless, metformin may be a promising treatment for PCOS
adolescents with IGT.

Conclusion and Recommendations

Although the strengths of the studies reviewed vary con-
siderably, the expert panel concludes that there is sufficient
evidence to recommend support for the following recom-
mendations (Table 5). Because of the high prevalence of
glucose intolerance among patients with PCOS, screening is
a necessary part of the care of these patients who are at a
markedly increased risk for the development of type 2 DM.
Because an increased prevalence of both glucose intolerance
and type 2 DM has been found in various ethnic populations,
screening should be done regardless of ethnicity. Although
numerous risk factors such as obesity and age increase the
risk of glucose intolerance, women with PCOS of all ages and
weights appear to be at greater risk for glucose intolerance
than normal controls. Consequently, the panel recommends
that all women with PCOS be screened, even in the absence
of additional risk factors and regardless of BMI.

Multiple studies have shown that fasting glucose concen-
trations are not sufficiently sensitive to detect all patients
with PCOS who have IGT. Therefore, an OGTT is recom-
mended as the standard screening tool for IGT in these pa-
tients and should initially be performed at diagnosis. Al-
though prior studies have suggested women with PCOS and
NGT at baseline should be periodically rescreened for the
development of IGT, the ideal interval for screening remains
uncertain.

Acknowledging the presence of limited data, studies sug-
gest a high (16–19%) annual conversion rate from NGT to
IGT in PCOS, and the panel recommends screening PCOS
women with NGT at baseline and at least once every 2 yr or
earlier if additional risk factors are identified. However,
given the high risk of progression to overt diabetes, women
with PCOS who have IGT should be screened annually using
an OGTT.

Intensive lifestyle modification should be considered the
mainstay of treatment in all women with PCOS who have

TABLE 5. Androgen Excess Society screening and treatment
recommendations for IGT in PCOS

• All patients with PCOS, regardless of BMI, should be screened
for IGT using a 2-h OGTT.a

• Patients with NGT should be rescreened at least once every 2 yr
or earlier if additional risk factors are identified.

• Patients with IGT should be screened annually for the
development of DM.

• The mainstay of treatment for all patients with PCOS and IGT
should be intensive lifestyle modification as well as weight loss
in obese patients.

• Insulin-sensitizing agents, such as metformin and
thiazolidinediones, should be considered in patients with PCOS
and IGT.

• Adolescents with PCOS should be screened for IGT using a 2-h
OGTT repeated once every 2 yr. If IGT develops, they should be
treated with intensive lifestyle modification, and treatment with
metformin should be considered.
a See Minority Report.
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IGT to prevent progression to DM. Despite insufficient data
in lean women, it is reasonable to recommend that, in all
women with PCOS, a lifestyle modification program should
consist of at least 30-min moderate activity 5 d/wk. Further-
more, in overweight and obese women with PCOS, a hy-
pocaloric diet is recommended to achieve a minimum of
5–7% weight loss. However, many overweight and obese
women with PCOS find significant weight loss difficult to
achieve and maintain, and weight loss is not an option for
lean women with PCOS. Consequently, the addition of in-
sulin-sensitizing agents such as metformin and thiazo-
lidinediones should be considered in women with PCOS and
documented IGT if weight loss attempts fail or are not
possible.

Adolescents with PCOS, like their adult counterparts,
should be screened for IGT using an OGTT at least once every
2 yr after a normal screen and more frequently after an
abnormal screen. Adolescents should also be treated with
intensive lifestyle modification, including diet and moderate
exercise as initial therapy. The use of metformin or other
insulin-sensitizing agents to treat or prevent progression to
IGT may be considered but should not be mandated until
there have been well-designed, randomized-controlled trials
demonstrating their efficacy.

Minority Report

Notwithstanding the aforementioned recommendation to
screen all women with PCOS with a 2-h OGTT, it should be
noted that a few members of the Androgen Excess Society
Board did not agree with this recommendation. Indeed, ev-
idence regarding risk of IGT in lean PCOS women is limited
and still emerging (74). Therefore, these Board members
recommend screening for IGT and type 2 DM using an OGTT
only in obese PCOS patients with a BMI equal to or more than
30 kg/m2, or alternatively, screening lean patients only if
they have at least one additional risk factor for DM, including
advanced age, family history of DM, or a personal history of
GDM.

Future Directions

The panel also identified that additional research is needed
in several key areas. Large studies are needed to determine
the ideal frequency for rescreening women with both NGT
and IGT at baseline. Investigation into the utility of strati-
fying women with PCOS to determine who should be
screened for IGT should be examined, such as the role of
decision tree modeling. It would be ideal to have a registry
of patients seen at PCOS clinics that contained information
on more patients than a single investigator’s cohort that
could be a valuable research resource to address some of
these questions. In particular, further information is needed
regarding the risk of IGT and progression to DM in nonobese
women with PCOS. In addition, research is needed to de-
termine the long-term role of insulin-sensitizing medications
in preventing the progression to IGT and type 2 DM in both
lean and obese women with PCOS. Because the literature in
adolescents with PCOS is limited, the panel found several
areas that need to be investigated further. Large, multicenter
studies are needed to determine a more accurate incidence of

adolescents with PCOS and IGT. Randomized-controlled tri-
als are needed to investigate the efficacy of insulin-sensitiz-
ing agents vs. lifestyle modification vs. placebo in the pre-
vention of IGT and type 2 DM in this population, and studies
are needed to be done on the effect of oral contraceptives on
conversion to IGT and diabetes in adolescents with PCOS.
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Abstract The interactive nature of the 8th Annual Meeting

of the Androgen Excess and PCOS Society Annual Meeting in

Munich,Germany (AEPCOS 2010) andsubsequent exchanges

between speakers led to emerging concepts in PCOS regarding

its genesis, metabolic dysfunction, and clinical treatment of

inflammation, metabolic dysfunction, anovulation and hirsut-

ism. Transition of care in congenital adrenal hyperplasia from

pediatric to adult providers emerged as a potential model for

care transition involving PCOS adolescents.
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Introduction

Depending on the diagnostic criteria, PCOS is found in

*6–10 % (NIH) or *15 % (Rotterdam) of women in their

reproductive years [1] and is characterized by androgen

excess, ovulatory dysfunction, and polycystic ovaries [2].

While PCOS contributes to *75 % of anovulation-related

infertility [3], it also accounts for 12–28 % of overweight

and obese (BMI C 25) women, 15–36 % of women with

type 2 diabetes mellitus (type 2 DM) [4–7], and doubling of

the lifetime risk for cardiovascular disease [8]. Women

with ‘‘classic’’ PCOS, diagnosed by NIH criteria alone,

have greater risk of cardiovascular disease and type 2 DM

than those diagnosed by non-NIH criteria [8, 9]. Genetic

susceptibility loci for PCOS, identified by recent genome-

wide association studies, particularly implicate genes

involved in cytoplasmic function in multiple organ sys-

tems, including thyroid adenoma associated protein

(THADA) [10–12] and DENN/MADD domain containing

1A (DENND1A) [10, 11]. Polymorphisms of genes

involved in glucose homeostasis, including adipocyte fatty

acid binding protein (FABP4) [13] and adiponectin [14],

are also associated with PCOS, but PCOS-linked variants

differ from those associated with type 2 DM [15].

Typical of a complex disease, however, progress in

PCOS treatment has been limited due to incomplete

knowledge of its pathogenesis, despite its high heritability

[16, 17]. What is clear, nevertheless, is that pre- or peri-

pubertal metabolic dysfunction is one of the first pheno-

typic traits observed in adolescent girls likely to develop

PCOS [18, 19]. This is alarming as obesity now affects

*15 % of American children [20, 21]. Obesity commonly

associates with peri-pubertal hyperandrogenemia in girls

[22–26], a trait combination increasingly considered ante-

cedent to PCOS [27, 28].

AEPCOS 2010 provided an update regarding multiple

aspects of PCOS, including its potential genesis, inflammation

as an initiator of and/or contributor to PCOS, and emerging

treatment paradigms related to inflammation, metabolic dys-

function, anovulation, and hirsutism. While the major focus of

the meeting related to PCOS, three other relevant areas were

also highlighted: (1) transition of care in congenital adrenal

hyperplasia (CAH) from pediatric to reproductive/internal

medicine endocrinology [29, 30] that may provide a model for

clinical transition of PCOS adolescents, (2) androgen influ-

ences on the pilo-sebaceous unit and treatment options [31],

and (3) the recently formed Australian National Polycystic

Ovary Syndrome Alliance (http://www.adelaide.edu.au/robin

son-institute/mediareleases/pcos/), an organization compris-

ing PCOS patients and their close relatives, together with

researchers and health care professionals, that is developing

evidence-based guidelines and multidisciplinary care models

that promise comprehensive care solutions targeted on pre-

vention of PCOS complications [32].

Prenatal genesis of PCOS: is there a role for prenatal

androgens?

Female mammalian fetuses exposed to fetal male levels of

testosterone (T) express PCOS-like reproductive and met-

abolic traits in adulthood [2, 33–35]. Exposing fetal males

to similar gestational treatment [36, 37] induces abnor-

malities in male reproductive and metabolic function.

Reproductive consequences in T-exposed rams include

reduced number and motility of spermatozoa [38],

accompanied by higher numbers of Sertoli cells and fewer

germ cells per seminiferous tubule [39]. Endocrine

abnormalities accompanying male germ cell abnormalities

include increases in (1) FSH responsiveness to GnRH

analog treatment, (2) amplitude of spontaneously occurring

LH pulses, and (3) testicular receptor expression for FSH

and transforming growth factor-b1 (TGF-b1), together with

a negative correlation between anti-mullerian hormone

(AMH) and TGF-b3 expression [38, 39]. Taken together,

these findings suggest that prenatal exposure to exogenous

T in males may act as an endocrine disruptor, leading to an

altered adult testicular environment that includes disruption

of the blood–testis barrier and diminished spermatogenesis.

In humans, close male relatives of women with PCOS have

comparable metabolic dysfunction to their PCOS female

kin, including dyslipidemia and insulin resistance that are

accompanied by elevated DHEAS concentrations [40–44].

Results from T-exposed rams suggest that male relatives of

women with PCOS warrant investigation of their fertility.

In T-exposed female monkeys, daily subcutaneous

injections of T propionate into their dams contribute to

transient hyperglycemia derived from mild-to-moderate
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maternal glucose intolerance [45]. T-exposed females

exhibit subtle increases in both fetal and neonatal body size

and a degree of transient newborn hypoglycemia.

T-exposed female infants have a relative hyperinsulinemic

response to glucose [45]. Such insulin hypersecretion in

insulin sensitive, T-exposed female infants may explain

their modest weight gain, due to insulin’s anabolic actions,

that may lead to increased weight accumulation prior to

puberty. As preadolescent and adolescent daughters of

women with PCOS show subtle hyperinsulinemia from

insulin resistance before manifesting an obvious PCOS

phenotype [46, 47], prepubertal insulin defects may pro-

vide important developmental precursors in the expression

of adult PCOS [2], as suggested by both PA monkey and

sheep models [34, 45]. Evidence of fetal T-exposure pre-

ceding PCOS in women, however, is still inconclusive with

studies of umbilical cord blood showing increased [48] or

decreased [49] androgen levels among newborn daughters

of women with PCOS. Interestingly, an epigenomics study

of PA monkeys implicates altered TGF-b signaling in the

most significantly differentially methylated pathways in

both infants and adults [50], suggesting that PA monkeys

may epigenetically mimic PCOS in women. In support of

this notion, a dinucleotide repeat (D19S884) that maps to

intron 55 within the fibrillin 3 (FBN3) gene has been the

most consistent genetic region associated with familial

PCOS [51, 52]. Since the degree and type of fibrillin

expression contributes to differences in elasticity of cell-

extracellular matrix interactions and storage of TGF-b, fi-

brillins may provide gestationally relevant [53], tissue-

specific foundations for cell-mediated engagement of

extracellular matrix-stored TGF-b in proliferation, differ-

entiation, and apoptosis [54, 55] that may engender PCOS.

Pediatric to adult transition of endocrine clinical care

in CAH: lessons for management of adolescent girls

with PCOS

In order to enable patients with CAH to become productive,

responsible citizens, transition from pediatric to adult health

care needs to be a purposeful, planned transfer between

providers [56–58]. An assessment of patient readiness

should consider medical, psychosocial, educational, cogni-

tive, emotional, and vocational needs. Expectations and

differences in health care delivery systems between pediatric

and adult care will be experienced, including a shift in

treatment goals from a focus on linear growth and ‘‘on-time’’

puberty to concerns related to fertility, sexuality, bone

health, and risks for cardiovascular disease.

Adolescents may feel uncomfortable in both pediatric

and adult waiting rooms. Pediatricians, staff, and parents

may have difficulty ‘‘letting go’’ and transferring their

long-term relationship to adult healthcare providers. Over-

involvement of parents can lead to adolescents feeling

excluded and thwarted from participating in their own

health care; ultimately this undermines the adolescent’s

emerging autonomy and self-responsibility [59]. Parents

need to make the transition from being the ‘‘CEO’’ of their

child’s health care to becoming the consultant, and even-

tually, a bystander while the child ascends from a con-

sumer to the ‘‘CEO’’ [60]. There are thus relationship

reconfigurations from doctor–parent–patient to doctor–

patient.

Patient behaviors such as texting and playing games on

cell phones, increased risk-taking behavior, poor adherence

to recommendations, and disinterest in participating in

discussions frustrate health care providers and parents.

Adult health care providers assume that their adolescent

and young adult patients are active partners who are

knowledgeable about their disorder, are autonomous, and

are capable of negotiating the health care system. Some

adolescents, however, especially those with chronic disor-

ders, may be unprepared and unready to participate as an

active partner in their own health care. Suboptimal transi-

tions can lead to mediocre connections with adult health-

care providers that can culminate in ‘‘drop-out’’ from

healthcare.

Knowledge about self-management does not always

predict good adherence. For some CAH adolescents and

young adults, non-adherence to recommendations may

represent a conscious decision to minimize the intrusive-

ness of the disease. Problem solving or brainstorming

discussions to find creative solutions regarding adherence

to the recommended management regimens and transition

to adult healthcare may be invaluable, and may enable care

transition in hyperandrogenic adolescent girls at risk for

PCOS [61], in addition to those who manifest CAH.

Inflammation in PCOS: is it the initiator or just

a contributor to metabolic dysfunction?

While obesity provides a considerable proinflammatory

contribution to PCOS [62], elevated levels of proinflam-

matory markers, including monocyte chemo-attractant

protein-1, are discernible independent of obesity [63–65].

Other features include increased lipid peroxidation,

increased markers of endothelial dysfunction, and

decreased haptoglobin concentrations. Evidence is accu-

mulating that inflammation may contribute to the genesis

of PCOS [66]. Hyperandrogenism, whether extant in

women with PCOS or induced by androgen therapy in

normal women, enhances an inflammatory response

in mononuclear (pre-macrophage) leukocytes when they

are exposed to a hyperglycemic environment equivalent to
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glucose intolerance or poorly controlled diabetes [67].

Such inflammatory-prone macrophages can infiltrate both

ovaries and adipose depots, enhancing androgen biosyn-

thesis and cytokine release, respectively [66].

Not surprisingly, therefore, inflammation and metabolic

dysfunction are frequent co-morbidities among women

with PCOS. Advanced glycated end products (AGEs) are a

class of nutrients implicated in the pathogenesis of cardio-

metabolic disturbances, insulin resistance, and possibly,

direct ovarian dysfunction. AGEs are products of non-

enzymatic glycation and oxidation of proteins from

endogenous or exogenous (dietary) sources that are known

to accumulate in diverse clinical conditions or develop-

mental stages, including type 2 DM, renal failure, and

aging [68]. In women with PCOS, circulating AGEs con-

centrations are increased, independently of obesity, and are

positively correlated with T and AMH concentrations [69,

70]. Immunohistochemical localization of (AGEs) and

their receptor (RAGE) are increased in polycystic com-

pared to normal ovaries [71]. In the ovarian microenvi-

ronment of PCOS, AGEs may contribute to insulin

resistance, dysregulation of folliculogenesis, ovarian ste-

roidogenesis and altered collagen synthesis [70, 71]. In the

latter regard, as AGEs stimulate extracellular matrix pro-

duction and abnormal collagen cross-linking in the ovary

[72], they may contribute to altered TGF-b signaling in the

PCOS ovary. Reduced dietary intake of AGEs improves

metabolic and reproductive aspects of PCOS [69], and may

thus ameliorate progression of PCOS symptomatology.

Emerging treatment paradigms in PCOS: approaches

to ameliorate metabolic aberration, anovulatory

infertility and hirsutism

Metabolic aberration

Statins, competitive inhibitors of 3-hydroxy-3-methylglu-

taryl-coenzyme A reductase, interfere with cholesterol

synthesis, ultimately improving lipid profiles and decreas-

ing inflammation. Primarily due to statin-induced inhibi-

tion of isoprenylation, in vitro studies have demonstrated

that statins inhibit proliferation of, and diminish androgen

production in, ovarian theca-interstitial cells [73–75].

Statins may thus offer many advantages for women with

PCOS. Specifically, statins reduce hyperandrogenism,

improve lipid profiles, and decrease levels of several

markers of inflammation and endothelial dysfunction

including C-reactive protein, soluble vascular cell adhesion

molecule-1 (sVCAM), IL-1b, IL-6, and TNF-a [76–79].

The Diabetes Prevention Program study demonstrates,

that in the general population, both metformin and inten-

sive lifestyle modification reduce incident type 2 DM, and

when successful, lifestyle modification is more efficacious

than metformin [80]. Lifestyle intervention, involving

dietary action, exercise and psychological help, remains an

important first-line therapy for management of the meta-

bolic syndrome in women with PCOS [32, 81]. Measure-

ment of AMH appears to be a predictor of response to

lifestyle intervention [82]. Metformin treatment, alone or in

combination with lifestyle modification, has been helpful to

ameliorate metabolic syndrome risk factors among women

with PCOS [83, 84]. Specifically, obese women with

PCOS, and those with features of the metabolic syndrome

at presentation, appear to particularly benefit from met-

formin treatment in terms of higher HDL cholesterol, lower

diastolic blood pressure, and lower BMI [84]. In the future,

genetic polymorphisms may categorize women as potential

responders and non-responders to metformin treatment [84,

85]. The magnitude of weight loss, rather than the specific

agent or modality for lifestyle intervention, appears to be

more important for metabolic improvement [86, 87].

Anovulatory infertility

With regard to enabling ovulation induction, metformin in

addition to clomiphene citrate (CC) and aromatase inhibi-

tors (AIs), provides distinct clinical opportunities and

challenges. The advantages of CC as the first-line option

for ovulation induction [88] include extensive, long-term

experience with its use, low cost, and efficacy. Yet, its

mixed agonist/antagonist profile, together with an

increased potential for multiple births and their sequelae,

encourage consideration of other options [89]. Laparo-

scopic ovarian drilling (LOD) is considered a second-line

treatment option for PCOS women who are CC resistant,

and appears equally effective as gonadotropins, but with

fewer multiple pregnancies [32]. LOD in PCOS women

with less pronounced hyperandrogenism and insulin resis-

tance improves subsequent ovulatory responses to CC in

about one-third of cases [90].

One alternative to CC involves using the AIs, letrozole

and anastrozole, which decrease estrogen concentrations

without affecting estrogen receptor action [91]. The effi-

cient estrogen-lowering properties of AIs temporarily

release the hypothalamus from the negative feedback effect

of estrogen inducing an increased discharge of FSH.

Although the end result of an increased discharge of FSH is

common to both AIs and CC, AIs have no direct effect on

estrogen receptors conferring several potential advantages

for ovulation induction including: (1) no deleterious effect

on cervical mucus or endometrium; (2) the negative feed-

back mechanism remains intact enabling regulation of the

FSH discharge when estrogen is produced, thus reducing

the prevalence of multiple follicle development, and con-

sequently, of multiple pregnancies when compared to CC;
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and (3) shorter half-life. Available data indicate that le-

trozole is as effective or more effective than CC, with

fewer multiple pregnancies [91, 92] in terms of ovulation

rate and pregnancy [93]. Inexplicably, letrozole remains

off-label for induction of ovulation in most countries,

despite clear evidence that it produces fewer congenital

abnormalities than CC [94].

Metformin has multiple direct and indirect actions that

benefit women with PCOS. Its effects on ovulation are likely

to depend on several factors, such as the degree of insulin

resistance and prevailing hyperinsulinemia [95], obesity

[96], duration of treatment, influence of cytokines on insulin

secretion, and direct action at the level of the ovary [97].

Although metformin should not be considered as a pro-

ovulatory drug, short-term use may restore ovulation in

*20 % of anovulatory women with PCOS. In PCOS

patients with anovulatory infertility who have not been

previously treated, the administration of metformin plus CC

is no more effective than CC alone [98, 99]. Treatment with

metformin, however, may be helpful for clomiphene-resis-

tant, non-obese women [32, 100]. Nevertheless, questions

regarding its mechanism(s) of action, treatment protocol, and

efficacy in ovulation induction remain to be addressed [101].

Randomized controlled trials are necessary to establish

optimal ovulation induction treatment.

Hirsutism

Androgens affect several functions of human skin, such as

sebaceous gland growth and differentiation, hair growth,

epidermal barrier homeostasis, and wound healing [102].

Not surprisingly, therefore, PCOS is one of the most

common diagnoses associated with hirsutism (excessive

hair growth in androgen-dependent areas). Hirsutism,

quantified by a modified Ferriman–Gallway scoring sys-

tem, is attributed to increases in circulating androgen

concentrations, sensitivity of the pilo-sebaceous unit to

androgens, or a combination of these. A thorough medical

history and physical examination is necessary, however, to

discriminate hirsutism from generalized excessive hair

growth (hypertrichosis). The skin and the pilo-sebaceous

unit express steroid hormone receptors and are capable of

synthesizing several hormones, including androgens [31].

Over the past decade, steroid hormones, phospholipid

hormones, and retinoids have all been shown to play piv-

otal roles in the development of pilo-sebaceous units, the

lipogenesis of sebaceous glands, and hair cycling [103].

Common ‘‘cutaneous hyperandrogenism’’ skin disorders

such as acne, androgenetic alopecia and seborrhea involve

overexpression of androgen biosynthetic enzymes and

hyper-responsiveness of androgen receptors [104], as the

most patients exhibit normal circulating androgen levels

[102, 105].

Hirsutism is not only a cosmetic problem, but can also

diminish self-esteem while engaging anxiety and depres-

sion [106]. A multidisciplinary and individualized thera-

peutic approach is thus required [107]. Lifestyle changes

and cosmetic measures are first-line therapeutic modalities.

Pharmacological treatment includes topical eflornithine,

oral contraceptive pills, anti-androgens, and insulin sensi-

tizers [108]. Topical eflornithine may be used in women

suffering from facial hirsutism as a single agent or as an

adjuvant to medical treatment. Oral contraceptive pills are

recommended for women with mild hirsutism or may be

added to an antiandrogen drug as an adjuvant agent to

reduce the hirsutism score and to prevent pregnancy. Oral

contraceptives decrease ovarian androgen production,

increase sex hormone binding globulin concentration, and

decrease free T-concentrations [109]. The specific pro-

gestin used in an oral contraceptive influences the extent of

the anti-androgenic action. Despite recent concerns about

clustering of cardiovascular risk factors among women

with PCOS, no unequivocal data showing adverse cardio-

metabolic outcomes with the use of oral contraceptives

have been reported. Adjunctive anti-androgens include

spironolactone, cyproterone acetate, finasteride and flu-

tamide. Metformin is not particularly useful in treating

hirsutism. Overall, systemic therapies reduce hair growth in

\50 % of patients, thus hirsute women frequently require

additional cosmetic measures [110].

Androgenic alopecia is another manifestation of andro-

gen excess in which the pattern of hair loss differs between

women and men. Women tend to show generalized thin-

ning whereas men lose hair in distinct regions. Treatment

includes reduction of DHT synthesis, androgen receptor

blockade and attenuation of steroidogenesis [111]. Both

hirsutism and androgenic alopecia would benefit from the

development of specific inhibitors to 17,20 lyase, a key

step in androgen biosynthesis beyond cortisol production,

that would provide relief for androgen overproduction

without diminishing endogenous glucocorticoid release

[112].

Conclusions

Studies into the pathogenesis of PCOS identify androgenic,

glycemic, and inflammatory contributions that implicate

disordered TGF-b signaling and suggest mechanistic

commonality in affected male kin. Novel approaches add

and diversify the therapeutic options available to treat

infertility in women with PCOS. PCOS signs and symp-

toms, including metabolic dysfunction and hirsutism, are

ameliorated by lifestyle and/or therapeutic intervention.

Enabling engaged and interactive transition from adoles-

cent to adult healthcare in CAH patients provides insight
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for care transition in PCOS. AEPCOS, within a brief period

of 8 years, has encouraged an integrated understanding of

androgen excess and PCOS through international confer-

ences supporting educational discussion of major advances

in the field, including those summarized herein.
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Polycystic ovary syndrome (PCOS) aff ects approximately 6% to 8% 
(or 1 in 15) women of reproductive age, making it the most common 
endocrine abnormality and the leading cause of anovulatory infertility 
for this age group.1 Th e clinical presentation will vary among indi-
vidual women and can make management intriguing, complex, and 
challenging. Women with PCOS may have poor self-image because 
of hirsutism, acne (which can cause scarring), or obesity despite rigor-
ous diet and exercise plans. Th e syndrome can also have major impact 
throughout life on the reproductive, metabolic, and cardiovascular 
health of aff ected women. Healthcare providers are well aligned to in-
teract with this patient population by providing assessment and assist-
ing in the decision-making process for appropriate treatment.

Th is syndrome was fi rst described in 1935 by Stein and Leventhal 
when they reported infertility and amenorrhea in seven women with 
enlarged cystic ovaries.2 Stein later added excessive male-patterned 
hair growth and obesity to the description.3 Although it has been 
called Stein-Leventhal syndrome, polycystic ovary, polycystic ovar-
ian disease, hyperandrogenic chronic anovulatory syndrome, and 
functional ovarian hyperandrogenism, the name polycystic ovary 
syndrome has been widely accepted to describe the heterogeneous 
nature of this disorder.

Clinical Presentation
Women with PCOS typically have a clinical presentation that in-
volves hyperandrogenism, menstrual disturbances, and possible obe-
sity. Common clinical signs of hyperandrogenism include hirsutism, 
acne, and alopecia. Hirsutism is the most common of these character-
istics and occurs in 60% to 70% of women with PCOS.4 It is defi ned 
as an excess of thickly pigmented body hair in a male distribution 
and commonly found on the upper lip, around the chin, on lower ab-
domen, around the nipples, on the inner aspects of the thighs, and on 
the lower back. Acne aff ects 15% to 25% of women with PCOS, but 
this incidence may not be diff erent from the general population. Alo-
pecia presents as scalp hair loss in the crown and vertex areas and oc-
curs in approximately 5% of the PCOS population.5

Ovulatory dysfunction in PCOS is typically described as oligo-
ovulation or anovulation, which means the patient has irregular 
menstrual cycles (eight or fewer per year). Overall, 60% to 85% of 
patients with PCOS and oligoovulation have menstrual dysfunction, 
usually oligomenorrhea or amenorrhea.1 Th ese menstrual distur-
bances usually begin in the peripubertal years. A laboratory fi nd-
ing that may provide evidence for irregular ovulation and menses is 
an increased luteinizing hormone (LH) to follicle-stimulating hor-
mone (FSH) ratio greater than 2 or 3; however, LH and FSH levels 

Learning Objectives
 1. Describe criteria used for 

the diagnosis of polycystic 
ovary syndrome (PCOS).

 2. Evaluate clinical manifesta-
tions and long-term risks 
associated with PCOS.

 3. Explain the pathophysi-
ologic abnormalities in 
PCOS involving gonado-
tropin secretion, androgen 
production, and insulin 
resistance with hyperinsu-
linemia.

 4. Compare and contrast med-
ications used for the treat-
ment of PCOS, including 
oral contraceptives, insulin 
sensitizers, antiandrogens, 
and ovulation-induction 
agents.

 5. Formulate a comprehensive 
clinical plan including non-
pharmacologic and pharma-
cologic therapy for a patient 
with PCOS.

Polycystic Ovary Syndrome
Laura M. Borgelt, Pharm.D., FCCP, BCPS; Kai I. Cheang, Pharm.D., M.Sc., BCPS, FCCP

16

49870_ch16_p235-248.indd   23549870_ch16_p235-248.indd   235 2/16/10   12:22:02 PM2/16/10   12:22:02 PM



236  |  C H A P T E R  1 6 :  P O LYC Y S T I C  OVA RY  S Y N D R O M E

fl uctuate throughout the menstrual cycle so this 
measurement may be inaccurate and is not consid-
ered diagnostic for PCOS.4 

Obesity occurs in approximately 30% to 60% 
of women with PCOS.1 A pattern of central or 

abdominal obesity is typically seen, which is a risk 
factor for many obesity-related health risks (e.g., dia-
betes, heart disease), worsens other clinical features 
of PCOS (e.g., anovulation, hyperandrogenism), 
and suggests that insulin resistance may be pres-
ent.6 Th erefore, lifestyle modifi cation with appropri-
ate diet and exercise is a foundation of treatment for 
many patients with PCOS. 

Pathophysiology
Th e pathophysiology of PCOS is complex and im-
portant to understand for appropriate treatment de-
cisions. Th e primary defect in PCOS is unknown, 
but there appear to be three possible mechanisms 
acting alone or synergistically to create the presen-
tation seen with PCOS. Th ese mechanisms include 
inappropriate gonadotropin secretion, insulin resis-
tance with hyperinsulinemia, and excessive androgen 
production. Th ese mechanisms are closely integrated, 
as seen in Figure 16-1.

A genetic basis for PCOS has been postulated, 
but its mode of transmission is unclear.7 Hypotheses 
have ranged from an autosomal dominant model to 
a polygenic model with genetic-environmental in-
teractions. More than 50 candidate genes have been 
proposed as potential contributors to PCOS.

GONADOTROPIN SECRETION
In normal menstrual cycles, the hypothalamus pro-
duces a neurohormone called gonadotropin-releasing 
hormone (GnRH), which regulates the release of 
FSH and LH from the anterior pituitary in a pul-
satile fashion every 60–90 minutes. FSH stimulates 
growth of ovarian follicles, and LH is critical for 
ovulation and sex steroid production. Typically, when 
FSH concentrations rise, a small group of follicles 
develop, then a dominant follicle emerges in the folli-
cular phase. Estrogen concentrations also rise during 
this time and create an LH surge to cause ovulation. 
In the luteal phase that follows, progesterone is syn-
thesized and secreted, which is necessary for success-
ful implantation of an embryo. If pregnancy does 
not occur, progesterone concentrations decrease and 
menstruation occurs.

In PCOS, there is an increased frequency of 
GnRH stimulation, which results in an increase in 
LH pulse frequency and amplitude; FSH secretion 
remains normal. Th e development of a dominant folli-
cle does not occur because LH secretion occurs before 
a dominant follicle can emerge. Th erefore, a woman 
is left with several immature follicles and will not 

Patient Case: Part 1
J.C. is a 24-year-old obese woman who presents to 
clinic today for a co-consult for suspected PCOS 
with a physician and clinical pharmacist. She has mild 
hair growth above her upper lip, mild acne, and a his-
tory of irregular menstrual periods. Her irregular peri-
ods were not bothersome until the last 2 years when 
she and her husband have tried to get pregnant. She 
is interested in learning more about why they may be 
having diffi culty and what treatments are available to 
help her become pregnant. Her husband has been 
checked, and he has a normal semen analysis.

HPI: Since age 12, J.C. has had six to seven periods 
per year that occur every 30 to 90 days. When she 
does have a period, she considers them to be nor-
mal, without pain or excessive bleeding. She states 
that the hair on her upper lip has always been both-
ersome, but she gets it waxed routinely. She struggles 
with her obesity because she has been unable to 
lose weight despite walking vigorously for 20 minutes 
5 days/week over the past 6 months.

PMH: Occasional headaches when stressed.

Family history: Mother—diabetes, hypertension; 
father—diabetes, hypertension, dyslipidemia.

Social history: No tobacco, occasional alcohol, 
walks 20 min fi ve days/week.

Medications: Benzoyl peroxide 5% topical twice 
daily; acetaminophen 1,000 mg as needed for head-
aches; multivitamin daily.

Allergies: No known drug allergies.

Vitals: 5’7”, 195 lb, body mass index (BMI) 30.5, 
blood pressure 114/80, heart rate 70, temperature 
98.6°F, respiration rate 18.

Physical exam: Normal, with the exception of 
noted excessive facial hair, mild acne, and acanthosis 
nigricans.

Laboratory values: Pertinent fi ndings include fast-
ing glucose 102 mg/dL, total cholesterol 236, 
low-density lipoprotein 150 mg/dL, high-density li-
poprotein 40 mg/dL, triglyceride 210 mg/dL, serum 
creatinine 0.9 mg/dL.

Case Presentation   
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the luteal phase of her menstrual cycle, leaving estro-
gen unopposed. Th is can create endometrial hyperpla-
sia and increase risk for endometrial cancer. Increased 
LH stimulation also leads to increased steroidogenesis 
in the ovary, leading to excess androgen production. 

typically ovulate. It is unclear whether the abnormal 
pulse frequency of GnRH is an intrinsic problem in 
the GnRH pulse generator or a result of relatively low 
progesterone concentrations from infrequent ovula-
tion.8 A woman with this abnormality does not enter 
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Figure 16-1. Pathophysiology of PCOS.

49870_ch16_p235-248.indd   23749870_ch16_p235-248.indd   237 3/1/10   4:18:26 PM3/1/10   4:18:26 PM



238  |  C H A P T E R  1 6 :  P O LYC Y S T I C  OVA RY  S Y N D R O M E

required to form androstenedione.8,22 Androstene-
dione is then converted to testosterone or is aro-
matized by the aromatase enzyme to form estrone. 
Th eca cells in women with PCOS are more effi  cient 
at the conversion to testosterone than normal theca 
cells.23 A similar steroid pathway simultaneously oc-
curs in the adrenal cortex, and when hyperandro-
genism or hyperinsulinemic states exist, androgen 
production is exacerbated. 

Elevated androgen levels are seen in approximately 
60% to 80% of women with PCOS, evidenced mostly 
as increased free testosterone concentrations.4 How-
ever, assays for testosterone tend to be highly variable 
and inaccurate, so measurement of androgen concen-
trations, if used, should be used with other additional 
criteria for diagnosis. Clinical assessment will be the 
primary tool for assessment of excess androgen. 

Long-term Complications

IMPAIRED GLUCOSE TOLERANCE AND DIABETES
Studies have shown that women with PCOS have a 
higher prevalence of impaired glucose tolerance (IGT), 
diabetes, and insulin resistance compared with women 
without the syndrome.24 A family history further in-
creases the risk of these conditions. In a study of 254 
women with PCOS, 38.6% were found to have either 
impaired glucose tolerance or undiagnosed diabetes.25 
Th e prevalence of IGT and diabetes was signifi cantly 
higher in both obese and nonobese (BMI �27 km/m2) 
women with PCOS compared with those without 
PCOS. Th e most clinically important predictors of 
glucose intolerance were waist-to-hip ratio and BMI. 
Additionally, women with PCOS who have IGT ap-
pear to progress to type 2 diabetes at higher rates than 
the general population.24 Th erefore, screening and di-
agnosis of these conditions are important.

Glucose tolerance should be assessed in all women 
with PCOS using a fasting and 2-hour oral (75 g) 
glucose tolerance test (OGTT).24 Th e American As-
sociation of Clinical Endocrinologists suggests routine 
screening for diabetes with an OGTT that should be 
performed for all women with PCOS by age 30 years.26 
Th e Androgen Excess and PCOS Society recom-
mends routine screening for IGT with an OGTT 
in all women with PCOS, and screenings should 
be repeated at least every 2 years.27 Th e American 
Diabetes Association or World Health Organization 
criteria should be followed to appropriately diagnose 
IGT or diabetes. Insulin concentrations are typically 
not obtained in clinical settings because insulin assays 

INSULIN RESISTANCE
In addition to gonadotropin secretion, another 
mechanism for increased androgen production in 
the ovary is through insulin resistance. Insulin resis-
tance with compensatory hyperinsulinemia occurs in 
50% to 70% of women with PCOS.1 Insulin resis-
tance can occur in both obese and nonobese women 
and is associated with reproductive and metabolic 
abnormalities in PCOS. Although the nature of in-
sulin resistance in PCOS is currently unclear, defects 
that have been implicated include insulin receptor or 
postreceptor signal transduction, altered adipocyte 
lipolysis, decreased GLUT-4 glucose transporters in 
adipocytes, and impaired release of a D-chiro-inositol 
mediator.9-18 Regardless of the mechanism, it ap-
pears that insulin resistance in PCOS is a selective, 
tissue-specifi c process whereby insulin sensitivity is 
increased in the ovarian androgenic pathway (caus-
ing hyperandrogenism). However, in other tissues in-
volved in carbohydrate metabolism, specifi cally in the 
fat and muscle, there is tissue resistance to insulin. 
Hyperinsulinemia results through the compensatory 
increase in insulin secretion to maintain euglycemia 
secondary to insulin resistance. 

Insulin acts directly and indirectly in PCOS. In 
the ovary, insulin alone or with LH increases an-
drogen production in theca cells. In the liver, insulin 
inhibits synthesis of sex-hormone binding globu-
lin (SHBG), which binds to testosterone, causing 
an increase in the free fraction of androgens avail-
able for biologic activity. Th erefore, hyperinsuline-
mia is a major contributor to hyperandrogenism 
and hyperandrogenemia in PCOS. Treatments tar-
geted to improve insulin resistance in women with 
PCOS have shown improvements in ovulatory 
function, hirsutism, androgen levels, and metabolic 
profi les.19,20 Indirectly, insulin may enhance the am-
plitude of LH pulses, advancing further the gonado-
tropin secretion defect in PCOS.21

EXCESS ANDROGEN PRODUCTION
Androgen production occurs in the theca cell of the 
ovary to facilitate follicular growth while estradiol 
synthesis occurs in the granulosa cell. In women with 
PCOS, hypersecretion of LH and insulin increase 
the production of androgens in the theca cell causing 
abnormal sex steroid synthesis, hyperandrogenism, 
and hyperandrogenemia. Th e dysregulation in ste-
roid synthesis and metabolism is believed to pri-
marily result from a dysfunction of the cytochrome 
P450c17 enzyme in the ovaries, an enzyme with 
17-hydroxylase and 17,20-lyase activities that are 
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elevated low-density lipoprotein cholesterol (LDL-C), 
and higher LDL-to-HDL ratios.35 Women with 
PCOS may have more atherogenic, small, dense 
LDL-C compared with controls, and this substantially 
increases cardiovascular risk.36 Surrogate markers for 
early atherosclerosis and cardiovascular disease, im-
paired endothelial dysfunction, and other markers of 
cardiovascular risk (e.g., coronary artery calcifi cations, 
carotid intima-media thickness) are also elevated in 
women with PCOS.32 It appears that increased car-
diovascular risk exists, with a recent study demonstrat-
ing an approximate twofold increase in cardiovascular 
events in postmenopausal women with a history of 
PCOS compared with those without PCOS.37 Car-
diovascular studies have not demonstrated an increase 
in overall mortality, but the methodology of these 
studies has been debated.

OBSTRUCTIVE SLEEP APNEA
Obstructive sleep apnea is cessation of breathing 
that occurs during sleep. Patients may not be aware 
they have symptoms of sleep apnea, such as snoring 
and a gasping or snorting when breathing resumes. 
Obstructive sleep apnea causes sleep disruption and 
daytime fatigue. Th e prevalence of obstructive sleep 
apnea in PCOS is higher than expected and cannot 
be explained by obesity alone.38-40 Th e strongest pre-
dictor of sleep apnea appears to be insulin resistance, 
more so than age, BMI, or the circulating testoster-
one concentration.38

ENDOMETRIAL HYPERPLASIA AND CANCER
Anovulation in PCOS causes prolonged exposure 
of estrogen to the endometrium without the appro-
priate exposure to progesterone. Th erefore, PCOS is 
recognized as a risk factor for endometrial hyperpla-
sia. It is unknown if this translates into an increased 
risk for endometrial cancer because it is a rare occur-
rence in women of this age (4% of all cases of women 
�40 years).41 It is considered prudent management 
to induce artifi cial withdrawal bleeds at least every 
3 months in women with PCOS and amenorrhea or 
oligomenorrhea to prevent endometrial hyperplasia.42 
If this is not done, ultrasound scans can also be used 
to measure endometrial thickness and morphology 
every 6–12 months.

Diagnosis of PCOS
Th e diagnosis of PCOS can be diffi  cult because pre-
senting signs and symptoms vary among women. 
Additionally, precise and uniform criteria for diag-
nosis have not been established. Major diagnostic 

are not standardized and determination of insulin lev-
els is not helpful in the management of PCOS.

Despite endorsement from professional societies 
for screening with an OGTT in women with PCOS, 
there is still considerate debate about whether all 
women with PCOS should be screened or whether 
the test should be restricted to PCOS women with 
other metabolic abnormalities, such as obesity. In 
addition, the optimal frequency of repeat screenings 
needs to be further evaluated. 

METABOLIC SYNDROME AND 
CARDIOVASCULAR RISK
Approximately 30% to 50% of women with PCOS 
have the metabolic syndrome using the National 
Cholesterol Education Panel-Adult Treatment 
Panel III (NCEP-ATP III) criteria.28-31 Th e rates 
in women with PCOS are signifi cantly higher com-
pared with the general U.S. population (45% vs. 6% 
ages 20–29 years, 53% vs. 14% ages 30–39 years) and 
are independent of body weight.28 It is believed that 
insulin resistance is the primary contributing factor 
to metabolic syndrome in women with PCOS.32 In-
sulin resistance in the metabolic syndrome has been 
associated with a twofold increased risk of cardio-
vascular disease and fi vefold increased risk of type 2 
diabetes.33 Characteristics of the metabolic syndrome 
seen in women with PCOS include low high-density 
lipoprotein cholesterol (HDL-C) (68%), increased 
BMI and waist circumference (67%), high blood 
pressure (45%), hypertriglyceridemia (35%), and ele-
vated fasting glucose (4%).29 Elevated fasting insulin 
concentrations, obesity, and a family history of dia-
betes also appear to confer a higher risk of metabolic 
syndrome in women with PCOS.31 

Women with PCOS have a higher prevalence of 
cardiovascular risk factors, including hypertension, dys-
lipidemia, and surrogate markers for early atheroscle-
rosis (e.g., increased C-reactive protein concentrations) 
compared with women without PCOS.32 Postmeno-
pausal women with PCOS have a twofold increased 
risk of hypertension compared with age-matched con-
trols.34 Dyslipidemia in women with PCOS typically 
presents as decreased HDL-C, elevated triglycerides, 

Therapeutic Challenge: 
Who should receive routine screening 
with OGTT, and how often should it 
be performed?
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using the 1990 NICHD guidelines. In addition, 
most U.S. centers lack the radiologic expertise to 
satisfactorily assess the ovaries on ultrasound in the 
highly rigorous manner required by the guidelines. 
Th e third criteria were defi ned by a task force of 
the Androgen Excess and PCOS Society in 2006.4 
Th ey concluded that hyperandrogenism and/or hy-
perandrogenemia (highest priority) and ovarian 
dysfunction as evidenced by oligo-ovulation and/
or polycystic ovaries must be present after exclusion 
of other androgen excess or related disorders. Th ere 
are advantages and disadvantages to each of the cri-
teria proposed, but it is clear that the defi nition of 
and diagnostic criteria for PCOS will continue to 
evolve.

Before a diagnosis of PCOS can be made, a de-
tailed history, physical, and laboratory testing have 
to be performed to exclude other related disorders. 
A history suggestive of PCOS includes chronic 
anovulation with mild to moderate clinical signs of 
hyperandrogenism (e.g., hirsutism, hair loss, acne), 
usually with onset at puberty or after weight gain. 
Hypothalamic anovulation can be ruled out by a de-
tailed history of lifestyle and psychosocial problems, 
whereas premature ovarian failure can be ruled out 
by menstrual history and FSH concentrations. In ad-
dition, very high testosterone and dehydroepiandros-
terone sulfate concentrations, when associated with 
virilizing clinical signs, may suggest an androgen-
secreting neoplasm of ovarian or adrenal origins, 
respectively. Other laboratory assessments should 

criteria for PCOS have been proposed by three dif-
ferent organizations (Table 16-1).

Th e initial criteria were developed in 1990 dur-
ing an expert conference sponsored by the National 
Institutes of Health (NIH) and National Insti-
tute of Child Health and Human Development 
(NICHD). Th ey concluded that the major criteria 
for PCOS should include (in order of importance) 
1) hyperandrogenism (clinical signs of hyperandro-
genism, such as hirsutism) and/or hyperandrogen-
emia (biochemical signs of hyperandrogenism, such 
as elevated testosterone levels); 2) oligo-ovulation 
(infrequent or irregular ovulation with fewer 
than nine menses per year); and 3) exclusion of 
other known disorders, such as hyperprolactine-
mia, thyroid abnormalities, and congenital adrenal 
hyperplasia.43 Another set of diagnostic criteria for 
PCOS was proposed at an expert conference in 
Rotterdam sponsored by the European Society for 
Human Reproduction and Embryology (ESHRE) 
and the American Society for Reproductive 
Medicine (ASRM) in 2003.44 Th ey concluded that 
the presence of two of the following three features 
after exclusion of related disorders confi rmed the 
diagnosis of PCOS: 1) oligo-ovulation or anovula-
tion, 2) clinical and/or biochemical signs of hyper-
androgenism, or 3) polycystic ovaries (as evidenced 
by 12 or more small follicles in one ovary on ultra-
sound examination). Great controversy exists about 
whether women fi tting this new Rotterdam defi -
nition are metabolically similar to those identifi ed 

Table 16-1. Criteria for Defi ning Polycystic Ovary Syndrome

Proposed Defi nitions

Clinical Criteria NIH 199043
ESHRE/ASRM 

(Rotterdam 2003)44
Androgen Excess and 

PCOS Society4

1.  Hyperandrogenism 
or hyperandrogenemia

X X X

2.  Oligo-ovulation or anovulation X X X

3.  Polycystic ovaries 
(by ultrasound)

X

4.  Exclusion of related disorders X X X

Diagnostic criteria 1, 2, and 4 2 of fi rst 3 criteria and 4 1, 2, and 4

Source: NIH, National Institutes of Health; ESHRE, European Society for Human Reproduction and Embryology; ASRM, 
American Society for Reproductive Medicine.

49870_ch16_p235-248.indd   24049870_ch16_p235-248.indd   240 2/16/10   12:22:04 PM2/16/10   12:22:04 PM



WO M E N ’ S  H E A LT H  AC R O S S  T H E  L I F E S PA N   |  241  

hirsutism are not often reported.6 Obesity in PCOS 
is associated with a higher risk of developing en-
dometrial cancer, but there is very limited evidence 
to determine the impact of weight loss on the inci-
dence of endometrial cancer.8 Studies of weight loss 
in women without PCOS indicate a 25% to 50% re-
duced risk of endometrial cancer, so it is logical that 
addressing weight reduction in women with PCOS 
may lower the risk as well.48,49 Studies specifi cally 
evaluating cardiovascular improvements with weight 
loss in women with PCOS are limited, but improve-
ments in dyslipidemia and insulin sensitivity have 
been noted.

DIET
Although there is not one specifi c diet proven to be 
ideal for women with PCOS, a diet low in saturated 
fat and high in fi ber from mostly low-glycemic-
index-carbohydrate foods may be suitable and is 
recommended.6,50 Low-glycemic-index foods include 
bran cereals, mixed grain breads, broccoli, peppers, 
lentils, and soy. High-glycemic-index foods (i.e., 
those that should be minimized) include white rice 
and bread, potatoes, chips, and foods containing sim-
ple sugars (e.g., juice). In women with PCOS, oral 
glucose intake caused larger fl uctuations in plasma 
glucose and increased hyperinsulinemia; protein was 
found to be a preferred nutrient over glucose.51 Diet 
should be individualized in women with PCOS to 
promote adherence and achieve specifi c goals.

EXERCISE 
Exercise is a key component in the attainment and 
maintenance of weight loss. Exercise with muscle 
strengthening improves insulin sensitivity, a benefi t 
for women with PCOS.6 Th e American Heart As-
sociation recommends 1 hour daily of physical activ-
ity for weight reduction and 30 minutes daily for all 
adults. Th e American Diabetes Association recom-
mends at least 150 minutes per week of moderate to 
vigorous activity spread over at least 3 days for in-
dividuals with IGT and 1 hour daily of exercise for 
long-term weight loss. 

Diet and exercise are effi  cient, cost-eff ective, and 
safe ways to produce weight loss and improve the en-
docrine and metabolic parameters of PCOS. Weight 
reduction should be considered fi rst-line therapy in 
all overweight or obese women with PCOS. It is im-
portant to note that even in controlled settings with 
motivated participants in clinical trials, attrition rates 
of lifestyle modifi cation have been high, with 26% to 

include prolactin, thyroid-stimulating hormone, and 
17-hydroxyprogesterone concentrations to rule out 
hyperprolactinemia, hypothyroidism, and congenital 
adrenal hyperplasia, respectively. PCOS is primarily 
diagnosed by clinical assessment; however, a trans-
vaginal ultrasound can be performed to determine if 
polycystic ovaries are present, defi ned as more than 
eight follicles per ovary that are �10 mm (usually 
2–8 mm) in diameter or ovarian volume �10 mL. 

Guidelines and Position 
Statements
Guidelines and position statements exist regarding 
diagnosis of PCOS (discussed above), but no guide-
line or position statement suffi  ciently addresses treat-
ment or other aspects of PCOS.

Treatment Goals
Th e primary goals for PCOS are to maintain a nor-
mal endometrium, block the actions of androgens on 
target tissues, reduce insulin resistance and hyper-
insulinemia, reduce weight, and prevent long-term 
complications. Other goals of treatment in patients 
with PCOS may include prevention of pregnancy, 
correcting anovulation or oligo-ovulation, and/or im-
proving fertility.

Treatment goals should encompass both long- 
and short-term targets because response to nonphar-
macologic and pharmacologic therapy is slow, often 
requiring 3–9 months. Setting long-term goals can 
minimize the risk for future complications, and spec-
ifying short-term goals can improve motivation and 
adherence to therapy.

Nonpharmacologic Treatment

WEIGHT LOSS
Weight-reduction programs designed for a modest 
weight loss (5% to 10%) with the incorporation of 
fi tness are eff ective in improving ovulation and met-
abolic disease in women with PCOS. A minimum 
5% weight loss has consistently demonstrated resto-
ration of menstrual cyclicity and ovulation in over-
weight and obese women with PCOS.8,45,46 Weight 
loss improves pregnancy rates and reduces miscar-
riage rates in women with PCOS.47 When life-
style modifi cation is implemented, free testosterone 
concentrations decrease, but the eff ect on acne and 
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ORAL CONTRACEPTIVES
A combined oral contraceptive (COC) containing 
an estrogen and progestin is the treatment of choice 
for women seeking menstrual cyclicity, relief of acne 
and hirsutism, and pregnancy prevention. Th e estro-
gen component of the COC suppresses LH, result-
ing in a reduction of androgen production as well as 
increased hepatic production of SHBG, which re-
duces free testosterone. Th e progestin components 
in COCs possess variable androgenic eff ects, so 
COC selection is important. 

COC therapy in PCOS should be initiated with 
a formulation that contains a low or very low dose 
of estrogen (�35 mcg ethinyl estradiol) and a low 
androgen or antiandrogen progestin. Most COCs 
have low or very low estrogen doses. Desogestrel 
and norgestimate are low androgen progestins, and 
drospirenone is an antiandrogen. Th ese COCs are 

39% discontinuation in women with PCOS over 1–4 
months compared with 8% to 9% discontinuation 
in patients without PCOS over 4 months.46,52-54 It 
should be stressed that frequent, continued follow-up 
is necessary for sustained weight loss. 

Pharmacologic Therapy
Successful treatment of PCOS requires an under-
standing of presenting symptoms and patient-specifi c 
goals. For example, sexually active women who are 
hirsute and do not desire pregnancy may benefi t 
from hormonal contraception. Women with glucose 
impairment or diabetes may benefi t from insulin 
sensitizer therapy. Women wanting to improve fertil-
ity may need ovulation induction agents. Fortunately, 
several diff erent pharmacologic options are available 
for women with PCOS (Table 16-2). 

Table 16-2. Selected Treatment Options for Polycystic Ovary Syndrome

Drug Class 
(Example)

Purpose 
of Therapy

Mechanism 
of Action

Effective 
Dosage

Select Side 
Effects

Pregnancy
Category

Combined oral 
contraceptive  
(estrogen and 
progestin)

Menstrual 
cyclicity, 
hirsutism, acne

Suppresses LH 
(and FSH) and thus 
ovarian androgen

1 tablet orally 
daily for 21 (or 
24) days, then 
7-day (or 4-day) 
pill-free interval

Breast tender-
ness, break-
through bleed-
ing, mood 
swings, libido 
changes

X

Progestins 
(medroxyprogest-
 erone)

Menstrual 
cyclicity

Creates withdrawal 
bleeding by trans-
forming prolifera-
tive endometrium 
into secretory 
endometrium

5–10 mg orally 
daily for 10–14 
days at least 
every 3 mo

Breakthrough 
bleeding, spot-
ting, mood 
swings

X

Biguanide 
(metformin)

Menstrual cyclic-
ity, ovulation 
induction, hirsut-
ism, acne, insulin 
lowering

Decreases hepatic 
glucose produc-
tion, secondarily 
reducing insulin 
levels; may have 
direct effects on 
steroidogenesis

500 mg orally 
3 times daily (up 
to 2,550 mg/
day)

Gastrointestinal 
problems, diar-
rhea, abdominal 
pain, weight loss

B

Thiazolidinediones 
(pioglitazone or 
rosiglitazone)

Menstrual cyclic-
ity, ovulation 
induction, hirsut-
ism, acne, insulin 
lowering

Improve insulin 
sensitivity at 
target-tissue level 
(muscle, adipo-
cyte); may have 
direct effects on 
steroidogenesis

Pioglitazone: 
45 mg orally 
daily

Rosiglitazone: 
4 mg orally 
twice daily

Edema, head-
ache, fatigue, 
weight gain

C

Antiandrogen 
(spironolactone)

Hirsutism, acne Inhibit androgens 
from binding to 
androgen receptor

50–100 mg 
orally twice daily

Hyperkalemia, 
polymenorrhea, 
headache, fatigue

C

(Continued on next page)
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tance, a high propensity to develop type 2 diabetes, 
or abnormal lipid profi les. Additionally, hyperkalemia 
has been noted in patients using COCs containing 
drospirenone and should be used cautiously in patients 
susceptible to increased potassium concentrations. 

INSULIN SENSITIZERS
Insulin sensitizers reduce insulin levels and can 
ameliorate the consequences of hyperinsulinemia 
and hyperandrogenemia. Currently available insulin 
sensitizers include metformin, rosiglitazone, and pio-
glitazone. More effi  cacy data are available for met-
formin than the thiazolidinediones in patients with 
PCOS. In addition, most pregnancy outcome data in 
humans are reported for patients taking metformin 
and suggest that it is not teratogenic. For these rea-
sons, metformin tends to be the preferred insulin 
sensitizer for women with PCOS.

Metformin
Metformin inhibits hepatic glucose output and 
reduces insulin concentrations and androgen produc-
tion in the ovary. Metformin also appears to infl uence 
ovarian steroidogenesis directly.60 Most studies dem-
onstrate that metformin improves menstrual cyclicity, 
ovulation, and fertility in both obese and lean patients 
with PCOS.61 In one study of nonobese women with 
PCOS, metformin was superior for ovulation induc-
tion compared with rosiglitazone.62 Metformin has 
been considered in ovulation induction protocols and 

especially benefi cial in women with hirsutism and 
acne. 

A COC can be taken in various ways for men-
strual cyclicity. For monthly cycles, a patient can take 
a 21/7 regimen (21 days active pill, 7 days inactive 
pill) or a 24/4 regimen (24 days active pill, 4 days 
inactive pill). Although not specifi cally evaluated in 
patients with PCOS, monophasic COCs (those con-
taining the same amounts of estrogen and progestin 
throughout the cycle) can be used in an extended 
manner. Th is means that the active pills are taken 
daily on a continuous basis with no inactive pills, and 
women will not have a menstrual cycle. Regardless 
of the COC selected, a long-term benefi t is a 50% 
reduction in endometrial cancer risk, even up to two 
decades after discontinuation.55-57 

Th e eff ects of COCs on insulin resistance, glu-
cose tolerance, and lipids should be considered 
when choosing a progestin.58,59 COCs should be 
used with caution in those who have insulin resis-

Drug Class 
(Example)

Purpose 
of Therapy

Mechanism 
of Action

Effective 
Dosage

Select Side 
Effects

Pregnancy
Category

Antiestrogen (clo-
miphene citrate)

Ovulation 
induction

Increases GnRH 
secretion, which 
induces rise in FSH 
and LH

50 mg orally 
daily for 5 days; 
may increase 
up to 150 mg 
in subsequent 
cycles; not rec-
ommended to 
exceed six total 
cycles

Vasomotor 
symptoms, 
gastrointestinal 
problems

X

Antiprotozoal 
(efl ornithine)

Hirsutism Irreversible in-
hibitor of ornithine 
decarboxylase, 
which catalyzes 
the conver-
sion of ornithine 
to polyamines 
necessary for 
cell growth and 
differentiation of 
the hair follicle

13.9% cream, 
topical applica-
tion to facial area 
twice daily

Mild irritation and 
folliculitis

C

LH � luteinizing hormone; FSH � follicle-stimulating hormone; GnRH � gonadotropin-releasing hormone. 

Therapeutic Challenge: 
How might COCs interact with the 
metabolic manifestations in PCOS, 
and does their benefi t outweigh 
their risk?
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slowly to this dosage and then evaluated for effi  cacy. 
Dosages up to 2,000 mg daily or 2,550 mg daily may 
be necessary for individual circumstances. Typical tran-
sient, dose-related side eff ects include diarrhea, nausea, 
vomiting, and abdominal bloating, but do not require 
discontinuation of the drug. Serum creatinine should 
be evaluated at least annually and when clinically pru-
dent (e.g., some cause for change in renal function) 
in women using metformin; it is contraindicated in 
women who have a serum creatinine �1.4 mg/dL.74

Thiazolidinediones
Rosiglitazone and pioglitazone have been evaluated 
in women with PCOS, but relatively few studies 
have been published. Th iazolidinediones improve in-
sulin action in the liver, skeletal muscle, and adipose 
tissue and appear to directly aff ect ovarian steroid 
synthesis.75 Rosiglitazone and pioglitazone reduce 
insulin and androgen concentrations and have mod-
est eff ects on hirsutism.8 Rosiglitazone has demon-
strated signifi cantly better ovulation rates in women 
with PCOS compared with placebo, but not better 
than metformin.62 Other abstracts have indicated 
that rosiglitazone may be benefi cial for menstrual 
regularity, hyperandrogenism, and insulin sensitivity. 
Pioglitazone was as eff ective as metformin in small 
studies of women with PCOS and may be especially 
benefi cial when used in combination with metformin 
for clinical and biochemical improvements.76,77

Recommended dosages for rosiglitazone and 
pioglitazone are up to 4 mg twice daily and up to 
45 mg once daily, respectively. Adverse eff ects include 
edema, headache, fatigue, potential liver enzyme eleva-
tions, and weight gain. Liver enzymes should be mea-
sured before initiation of treatment and periodically 
thereafter. Rosiglitazone also appears to have a nega-
tive eff ect on the lipid profi le, an unwanted parameter 
considering the potential long-term consequences of 
PCOS. Clinical experiences with the thiazolidine-
diones during conception and pregnancy have not yet 
been reported; they are pregnancy category C. Th us, 
this class of agents should be used with caution in 
women with PCOS not taking contraception.

AGENTS FOR HIRSUTISM
Antiandrogenic agents are potential therapeutic op-
tions for hirsutism and acne in women with PCOS. 
However, antiandrogens are not approved for fe-
male hirsutism or acne in the U.S. Th ey are often 
used off  label alone or in combination with COCs 
for moderate to severe hirsutism or acne. Spironolac-
tone is an antiandrogen often used for hirsutism, but 

may be very eff ective when used alone or with clomi-
phene citrate for ovulation.63,64 

Metformin has been shown to improve pregnancy 
outcomes. In a retrospective study, women with 
PCOS who achieved pregnancy while receiving met-
formin and continued taking metformin throughout 
their pregnancy had lower rates of early pregnancy 
loss (EPL), as compared with women with PCOS 
who conceived but were never exposed to metform-
in.65 Other evidence suggests that metformin may 
not need to be administered throughout pregnancy, 
but only during conception, to confer protection 
from EPL.66 However, metformin use for prevention 
of EPL is controversial, as metformin did not result 
in lower rates of EPL in the largest prospective study 
to date.67

Current data indicate that metformin use is 
not teratogenic. Pregnancy and fetal outcomes of 
women with PCOS who took metformin through-
out pregnancy have been described in several his-
torical cohorts.68-70 Metformin use during pregnancy 
was not associated with maternal lactic acidosis nor 
neonatal or maternal hypoglycemia.69,70 In infants 
studied up to 18 months of life, metformin did not 
appear to aff ect birth weight, length, motor-social 
development, or growth.70 In addition, metformin 
use throughout pregnancy may reduce the incidence 
of gestational diabetes in the mother.70,71 

Data also indicate that insulin and free testoster-
one concentrations may be decreased 20% to 50% 
with metformin in women with PCOS.72,73 Met-
formin may also reduce BMI, especially in obese pa-
tients.61 However, its effi  cacy in established hirsutism 
may be limited, and hirsutism should not be the sole 
indication for using metformin.61 In women with 
PCOS whose hirsutism has been improved by anti-
androgen treatment, it may be feasible to use met-
formin for maintenance of clinical improvement. 

Th e minimal eff ective dosage of metformin in 
PCOS is 500 mg 3 times daily. It should be titrated 

Therapeutic Challenge: 
If metformin is used for ovulation 
induction and pregnancy occurs, 
should metformin be stopped, contin-
ued for the fi rst trimester, or contin-
ued for the entire pregnancy?
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women respond to clomiphene citrate within three 
to four ovulatory cycles, but 5% to 10% demonstrate 
clomiphene resistance and need to consider other 
options.47,80 

It had previously been suggested that the com-
bination of clomiphene citrate plus metformin 
produced higher ovulation rates than either agent 
alone.63 However, live-birth rates had not been 
evaluated until recently. In a randomized controlled 
study to determine live-birth rates in 626 women 
with PCOS taking metformin, clomiphene citrate, 
or both, as initial therapy for ovulation induction and 
pregnancy, the live-birth rate was 22.5% in the clo-
miphene citrate group, 7.2% in the metformin group, 
and 26.8% in the combination group (p �0.001 for 
metformin vs. clomiphene citrate and combina-
tion therapy).67 Th e authors concluded that clomi-
phene citrate was superior to metformin in achieving 
live birth rates, but it should be noted that multiple 
births occurred in 6% (3/50) of live births. Th is study 
suggests that the combination of metformin and clo-
miphene citrate is not superior to clomiphene alone 
as the initial therapy in women with PCOS seeking 
pregnancy. 

Other Agents and Procedures
Other regimens for ovulation induction include met-
formin (alone or in combination with clomiphene 
citrate), dexamethasone (in combination with clomi-
phene citrate), aromatase inhibitors (e.g., letrozole, 
anastrozole), ovarian drilling, or controlled ovarian 
stimulation with gonadotropins.81-84 In clomiphene-
resistant patients, combination clomiphene citrate 
and metformin would be an appropriate next step.80 
If that did not prove successful, then the following 
alternatives could be tried: dexamethasone 0.25 mg 
at bedtime can be used in combination with clomi-
phene citrate, aromatase inhibitors, ovarian drill-
ing, administration of gonadotropins, or in vitro 
fertilization.80 

Monitoring and Follow-up
Women with PCOS should be monitored for clinical 
signs or symptoms at least annually and more fre-
quently when changes in appearance, menstrual cy-
cles, or medication occur. Several laboratory tests are 
needed initially to rule out other possible disorders, 
but all of these tests do not require routine moni-
toring once the diagnosis of PCOS has been made. 
Routine laboratory tests include an OGTT (at least 
every 2 years) and fasting lipid panel to detect any 

drospirenone is also an antiandrogen found in COCs, 
is structurally related to spironolactone, and has been 
evaluated in the long-term treatment of hirsutism.78 
Spironolactone reduces hair growth in women with 
PCOS by 40% to 88% and may take 6–9 months for 
improvement.79 Th e usual eff ective spironolactone 
dosage is 50–100 mg twice daily for 6–12 months. 
It is recommended that spironolactone be used with 
COCs to avoid teratogenicity and polymenorrhea 
(more frequent menses) and provide additional ben-
efi t for the signs and symptoms of PCOS. 

Efl ornithine hydrochloride cream 13.9% is an 
agent that has also been used for hirsutism in women 
with PCOS. It is an irreversible inhibitor of orni-
thine decarboxylase that helps to slow hair growth. 
Th erefore, it reduces the amount of unwanted facial 
hair by slowing terminal hair growth, but does not 
remove the hair. It is applied twice daily to the af-
fected areas of the face.

OVULATION INDUCTION AGENTS

Clomiphene Citrate
Clomiphene citrate is the ovulation induction agent 
of choice in women with PCOS. Ovulation induc-
tion occurs in 50% to 80% and conception occurs 
in 35% to 40% of women with PCOS using clomi-
phene citrate. Essentially, clomiphene citrate helps 
to correct the gonadotropin secretion abnormal-
ity in PCOS by providing an antiestrogenic eff ect 
on the hypothalamus. GnRH secretion is increased, 
which leads to increased LH and FSH production. 
Th e increased FSH concentrations cause appropriate 
follicle development and estrogen secretion, which 
produces a positive feedback on the hypothalamic-
pituitary system to create an LH surge for ovulation. 

Th e usual initial dosage of clomiphene citrate 
is 50 mg orally daily for 5 days, initiated on day 5 
after the start of a spontaneous or progestin-induced 
menses. Ovulation is then confi rmed through labo-
ratory testing or ultrasound monitoring. If ovulation 
does not occur, experts recommend a dosage increase 
to 100 mg daily, and subsequently to 150 mg daily 
(for 5 days) in the next cycles. However, dosages 
�100 mg daily for 5 days are not recommended by 
the manufacturers.80 A repeat cycle can occur as early 
as 30 days after the previous cycle as long as preg-
nancy has not occurred. If conception does not occur, 
most patients can attempt three to four cycles be-
fore considering another regimen. Long-term cyclic 
therapy is not recommended beyond a total of six 
cycles because of potential ovarian cancer risk. Most 
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take weeks to months for improvements to occur. 
Th e emotional and physical factors of PCOS can also 
aff ect the ability of women to follow appropriate reg-
imens. Treatment regimens can fail when women are 
not educated about the rationale for therapy (e.g., us-
ing an insulin sensitizer for PCOS) or the importance 
of adhering to therapy for an extended time. Women 
need to be counseled on side eff ects of medications 
and potential alternatives if they occur. Women 
should also be referred to appropriate healthcare pro-
viders when issues such as infertility arise.

Summary
Women with PCOS exhibit unique clinical features 
and have individual concerns that should be ad-
dressed when making treatment recommendations. 
Assessment of women with PCOS should include 
gathering relevant medical information, such as 
menstrual history, signs and symptoms of hyperan-
drogenism, time course of symptoms, weight history, 
previous agents tried, and family history. If PCOS 
is suspected, laboratory assessments should be per-
formed to rule out any other related disorders. Th e 
criteria for PCOS include hyperandrogenism or hy-
perandrogenemia, anovulation or oligo-ovulation, 
and/or polycystic ovaries. Once a diagnosis has been 
made, recommendations about treatment must con-
sider the patient’s desires and motivation to attain 
individualized goals. Figure 16-2 displays various 
treatment options and preferences when addressing 
patient priorities.

In any obese patient, weight loss is a fi rst step to 
improve many of the clinical and biochemical en-
docrine and metabolic abnormalities in PCOS. If 
contraception is desired, COCs will improve men-
strual cycles and hyperandrogenism. If contracep-
tion is not needed, metformin will address menstrual 
cyclicity, hyperandrogenism, and insulin resistance. 
Other agents like thiazolidinediones could be used 
if contraindications or serious side eff ects were pres-
ent with metformin or COCs. Hirsutism can be 
targeted with COCs or antiandrogens. If pregnancy 
is desired, clomiphene citrate would be a fi rst-line 
pharmacologic option for ovulation induction. Other 
alternatives—including metformin, dexamethasone, 
aromatase inhibitors, gonadotropins, ovarian drilling, 
or in vitro fertilization—can be considered if clomi-
phene citrate alone is not eff ective. 

Appropriate follow-up for women with PCOS 
may include effi  cacy of current treatment, quality-of-
life measures, and medication adherence monitoring. 

Patient Case: Part 2
Assessment: J.C. has PCOS as evidenced by irregu-
lar menstrual periods (oligomenorrhea) and clini-
cal signs of hyperandrogenism (acne, facial hair). In 
addition, J.C. has impaired fasting glucose, and her 
glucose tolerance status should be further evaluated. 
J.C. is using benzoyl peroxide for acne, but her de-
sire for fertility is not being addressed with current 
regimen.

Recommendation:

Weight loss of at least 5% through diet and exercise.• 
Clomiphene citrate 50 mg orally daily for 5 days, started • 
on day 5 after a spontaneous or progestin-induced 
menses. Dosage may be increased to 100 mg daily if 
unresponsive. 
Perform OGTT to determine presence of IGT.• 

Rationale: Weight loss has been shown to have 
positive impact on ovulation. Both clomiphene cit-
rate and metformin are viable options in this patient, 
but clomiphene citrate is preferred based on com-
parative clinical trial for live-birth rates. OGTT will 
provide information about the presence of IGT and 
potential risk for diabetes in the future.

Monitoring: Weight loss; ovulation; side effects of 
clomiphene citrate, including hot fl ashes, bloating, 
nausea, vomiting.

Patient education: Eat diet low in saturated fat and 
high in fi ber from mostly low-glycemic-index car-
bohydrate foods. Perform physical activity 30–60 
minutes daily (with physician approval and guid-
ance). Goal weight loss is at least 5% of body weight 
(10 lb). For clomiphene citrate, multiple gestation is 
possible, therapy should not extend beyond four 
to six cycles, and potential side effects should be 
reviewed. She should return at least monthly for 
monitoring of her lifestyle compliance.

Case Presentation   

endocrine or metabolic abnormalities. Appropriate 
follow-up for women with PCOS may include 
quality-of-life measures, laboratory monitoring when 
necessary (e.g., testosterone), and medication adher-
ence monitoring. 

Patient Education
Adherence to therapeutic regimens for PCOS can 
often be diffi  cult, especially because the drug(s) can 
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Infertility
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Pregnancy Not pregnant

Add metformin

Pregnancy No response

Lifestyle modification

CPAP

Obstructive sleep apnoea

Ovulation induction
with clomifene

COC or antiandrogen

Cosmetic measures

Metformin +/-eflornithine

Oligomenorrhoea
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Figure 16-2. Treatment Algorithms for PCOS.
(Adapted from Drugs. 2006;66:910. Copyright ©Adis Data Informations BV.)
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specifi c needs of patients. Providers should be edu-
cators, facilitators, and empathetic listeners to help 
women with PCOS become informed and actively 
engaged in their therapy plan. 

References

 

Additional content available at 
 www.ashp.org/womenshealth

Essential routine laboratory monitoring includes 
fasting lipid profi les and screening for IGT or frank 
diabetes. Long-term consequences include IGT, type 
2 diabetes, hypertension, dyslipidemia, endometrial 
hyperplasia, and obstructive sleep apnea; however, an 
increased mortality risk has not been established. 

Women with PCOS have a multifaceted disorder 
that requires individualized attention. Patient his-
tory, laboratory assessment, and appropriate therapy 
selection should be performed while considering the 
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Pharmacogenetics in the Clinic

Kai I. Cheang

Abstract
Pharmacogenetics is the inherited basis of differences among individuals in their

response to drugs. Genetic polymorphisms of drug-metabolizing enzymes may account
for as much as 30% of interindividual differences in drug disposition and response. An
increasing number of drug target polymorphisms have also been linked to differences
in drug response. This chapter reviews some examples of the use of pharmacogenetics in
clinical practice. Despite the increasing number of examples of genetic polymorphisms
affecting drug response in the literature, pharmacogenetic data are rarely used in current
clinical practice. The limitations that have prevented the use of pharmacogenetic testing in
clinical practice are reviewed.

Key Words: Pharmacogenetics; pharmacogenomics; adverse drug events; efficacy;
individualized therapy; drug–gene interactions; personalized medicine.

1. Introduction
Pharmacogenetics is the study of the genetic basis for interindividual differ-

ences in drug response. Genetic polymorphisms, defined as genetic variations
occurring in at least 1% of the human population, form the genetic basis for
variations in drug response. This field of investigation began half a century ago
when hemolysis in some patients taking the antimalarial primaquine was shown
to be caused by an inherited deficiency of glucose-6-phosphate dehydrogenase
(1). Since the sequencing of the human genome, there have been increasing
examples in the literature documenting the association between genetic poly-
morphisms and drug response. These include reports on the genetic variability
for drug-metabolizing enzymes, drug transporters, drug targets, and disease-
modifying genes. However, translation of these pharmacogenetic observations
into clinical practice has been limited by numerous hurdles. This chapter will first
review some examples of how pharmacogenetic testing could aid in tailoring
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pharmacotherapy to the individual patient. Limitations of using pharmacogenetic
testing in actual clinical practice will also be reviewed.

2. Pharmacogenetics in Clinical Practice
2.1. Dose Adjustment

Genetic polymorphisms may partially account for variability in drug pharmaco-
kinetics or disposition among individuals. In current medical practice, patients
are usually treated initially with standard doses of a drug, and the clinician
expects an “average” drug exposure and “average” drug response, similar to
what would be reported in the clinical literature concerning the drug. Genetic
differences in drug-metabolizing enzymes may lead to varying levels of plasma
concentrations and drug exposure when the same dose of the drug is adminis-
tered. As a result, clinical response to the drug may be altered, both in terms of
drug efficacy and dose-dependent adverse events. This is especially important
for drugs with narrow therapeutic index, such as mercaptopurine, warfarin, and
others. More uniform and predictable drug exposure, which may be achieved
by dosage adjustment according to the patient’s genetic profile of their meta-
bolizing enzymes, may aid in predicting drug response and reducing dose-related
side effects.

2.1.1. Pharmacogenetics of Drug-Metabolizing Enzymes

Genetic polymorphisms have been reported for phase I, phase II, and
nucleotide base metabolizing enzymes. An important clinical example of how
pharmacogenetic differences in drug-metabolizing enzymes affect clinical out-
comes is illustrated by the genetic polymorphism of thiopurine methyltrans-
ferase (TPMT) (2). TPMT catalyzes the S-methylation of azathioprine and
6-mercaptopurine. In patients treated for acute lymphoblastic leukemia (ALL),
mercaptopurine is used as maintenance therapy. Mercaptopurine is metabolized
to thioguanine, which is responsible for the bone marrow toxicity, as well as the
therapeutic efficacy in ALL. TPMT catalyzes mercaptopurine’s metabolism to
an inactive metabolite. Patients with TPMT deficiency require a drastic reduction
in mercaptopurine dose to prevent severe myelosuppression (2). Certain TPMT
genotypes are associated with reduced TPMT activity, and the TPMT genetic
polymorphism is an important predictor of myelotoxicity associated with mer-
captopurine and is clinically used to prevent myelotoxicity in ALL patients.

Most commercially available drugs are metabolized by cytochrome P450
enzymes. Polymorphisms of these P450 enzymes may also affect therapeutic
responses to medications. For example, P450 2C9 is responsible for the meta-
bolism of warfarin and phenytoin, both of which are drugs with narrow therapeutic
indices. Clearances of these drugs are decreased in patients with 2C9 variant
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alleles. For example, certain 2C9 haplotypes are associated with reduced warfarin
maintenance therapeutic doses (3). Knowledge of 2C9 phenotypes, therefore,
may aid in optimizing titration schedules to achieve therapeutic anticoagulant
effect whereas minimizing the risk of bleeding when a patient is initiated on
warfarin therapy. Establishment of stable maintenance warfarin doses currently
necessitate frequent laboratory monitoring during the first month of therapy. It
is estimated that at least 50% of the variability in maintenance warfarin doses
is because of genetic polymorphisms of both the 2C9 metabolizing enzyme and
the vitamin K epoxide reductase complex 1 (VKORC1), which affects clotting
factor synthesis (4–6). Although no genetic polymorphism-based dosing algo-
rithm has been prospectively validated, genetic information on 2C9 and VKORC1
may lead to faster establishment of therapeutic and stable anticoagulation and
a decrease in the risk of major bleeding events (7). The change in warfarin’s
prescribing information to contain such pharmacogenetic information was the
subject of discussion during a Food and Drug Administration (FDA) Clinical
Pharmacology Subcommittee meeting in November 2005 (4).

Another clinically relevant example of how polymorphisms in drug-meta-
bolizing enzymes affect dosage selection can be illustrated by irinotecan in
colorectal cancer. Irinotecan undergoes metabolism by carboxylesterases into
an active metabolite, SN-38, which is then conjugated by the enzyme UDP-
glucuronosyl transferase 1A1 (UGT1A1) to form a glucuronide metabolite. In
individuals with the UGT1A1*28 genetic polymorphism, UGT1A1 enzyme
activity is reduced. About 10% of the North American population is homo-
zygous for the UGT1A1*28 polymorphism. Patients homozygous for UGT1A1*28
have a higher exposure to the SN-38 active metabolite than patients without the
polymorphism when irinotecan was administered. This increased exposure may
increase the risk of neutropenia and diarrhea. This increased drug exposure in
patients with the polymorphism is recognized in the labeling of irinotecan, in
which recommendations were given to reduce the starting dose by at least one
level in patients known to be homozygous for the UGT1A1*28 allele (8).
Although a specific recommendation is given, the precise optimal dose modifi-
cation is unknown and subsequent dose adjustments may be necessary depending
on patients’ tolerance.

2.1.2. Pharmacogenetics of Drug Transporters

In addition, polymorphisms in genes encoding drug transporters have also
been identified. A prominent example of these drug transporters is the P-glyco-
protein, a transmembrane efflux pump. P-glycoprotein is found in a wide variety
of cells and tissues, including the intestinal enterocytes, renal proximal tubules,
hepatocytes, and capillary endothelial cells of the blood–brain barrier. Therefore,
P-glycoprotein plays an important role in drug disposition by reducing drug
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absorption, increasing elimination, and decreasing the ability of drugs to cross
the blood–brain barrier. P-glycoproteins are also found in tumor cells. P-glyco-
proteins mediate an active efflux of chemotherapeutic agents from tumor cells,
hence promoting multidrug resistance to anticancer agents. The dispositions
of many drugs are affected by P-glycoproteins. These include cancer chemo-
therapeutic drugs, antiepileptic agents, protease inhibitors (for treating human
immunodeficiency virus [HIV] infections), and cardiac drugs such as digoxin
and diltiazem. The multidrug resistance 1 gene (MDR1) codes for P-glycoprotein.
Numerous single-nucleotide polymorphisms (SNPs) have been identified in the
MDR1 gene. These polymorphisms may influence drug pharmacokinetics, and
hence drug response.

Numerous genetic polymorphisms exist for other metabolizing enzymes and
drug transporters. These genetic polymorphisms may affect the drug’s pharma-
cokinetic parameters in drug absorption, distribution, metabolism and excretion.
Table 1 reviews some selected examples of the effect of genetic polymorphisms
influencing pharmacokinetics. Interindividual differences in drug response
because of variability in drug disposition resulting from genetic polymorphisms
may be minimized by appropriate dose adjustment, if a dose-adjustment algorithm
based on pharmacogenetic data is available. Importantly, there is now an FDA-
approved pharmacogenomic microarray test designed for clinical applications
(AmpliChip CYP450 Test®, Roche Diagnostics). The test provides information
on 2D6 and 2C19 genes, which are involved in the metabolism of about 25% of
prescription drugs. Although not widely used at the time of publication, the test
will facilitate individualizing treatment doses for medications metabolized by
2D6 and 2C19.

2.2. Selection of Drug Therapy

Genetic differences may also affect drug selection. Polymorphisms in a gene
coding for a drug receptor may render a drug acting via that receptor less (or more)
effective. Although not usually considered as examples of pharmacogenetics
because they do not involve genetic variations of the host, molecular diagnostics
of tumor cells and HIV enable the selection of appropriate therapeutic agents
and are important recent advances.

2.2.1. Drug Receptor Polymorphisms

Pharmacogenetic data may affect drug selection. For example, genetic poly-
morphisms in drug receptors may affect the degree of pharmacologic (either
agonistic or antagonistic) actions via these receptors. The beta-1 receptor poly-
morphisms and antihypertensive response to beta-1 antagonists serve as an
example. Beta-antagonists are commonly used for treating hypertension. The
beta-1 receptor gene contains two common SNPs at codons 49 and 389. In a
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Table 1 
Selected Examples of Genetic Polymorphisms Affecting Pharmacokinetics

Medications Possible drug effects

P450 Drug-metabolizing
enzymes

CYP P450 2C9 Warfarin Decreased metabolism may
lead to supertherapeutic
anticoagulant effect

Phenytoin Decreased metabolism may
lead to toxicity

CYP P450 2D6 Selective serotonin Antidepressant toxicity
reuptake inhibitors because of supratherapeutic

Tricyclic antidepressants drug concentrations in
poor metabolizer; poor
treatment response in 
extensive metabolizers

Codeine Decreased analgesic effect
of codeine in patients
with reduced 2D6 meta-
bolism of codeine to its
active metabolite

Metoprolol Potential increased drug 
concentrations in poor
metabolizers which may
lead to increased side
effects

Thioridazine Increased concentration in 
patients with reduced
2D6 metabolism, which
may lead to life-
threatening Torsade de
pointes arrhythmia

Phase III metabolizing
enzymes

Uridine diphosphate Irinotecan Decreased clearance leads
glucuronyltransferase to gastrointestinal toxicity

Nucleotide base metabolizing
enzymes 

Thiopurine methyl- Mercaptopurine Low enzyme activity leads
transferase to severe myelosupression

Dihydropyrimidine Flurouracil Deduced enzyme
dehydrogenase activity may lead 

to life threatening

(Continued)
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clinical study with metoprolol, patients who are homozygous for Ser49 and
Arg389 had the greatest blood pressure reduction, suggesting that the beta-1
receptor haplotype may be used as a predictor of response to beta-blockers (9).

2.2.2. Molecular Diagnostics

The field of molecular diagnostics is rapidly advancing. Currently there are
already specific clinical examples of how therapeutic agents are chosen based
on information obtained with molecular diagnostics, regularly used in clinical
practice. Examples of these include transtuzumab (Herceptin®) (10), imatinib
(Gleevec®) (11), gefitinib (Iressa®) (12), and HIV genetic testing.

2.2.2.1. MOLECULAR DIAGNOSTICS IN ONCOLOGY

HER2 (human epidermal growth factor receptor) is a protein that is overex-
pressed in up to 30% of invasive breast cancer cells (10). A humanized monoclonal
antibody against HER2, transtuzumab (Herceptin®), is the first of a class of chemo-
therapeutic agents whose design is directed to specific molecular targets, in this
case the HER2 receptors. Transtuzumab has shown efficacy as monotherapy in
patients with HER2 overexpression, as well as in combination with taxane-based
chemotherapy in metastatic breast cancer overexpressing the HER2 receptor.
The molecular diagnostic test for HER2 has received FDA approval.

Another drug that benefits from genetic testing is imatinib (Gleevec®) (11).
In chronic myelogenous leukemia, the definitive diagnosis is a cytogenetic
analysis of bone marrow specimens for the Philadelphia chromosome, which is
a translocation between chromosome 9 and chromosome 22, resulting in the
oncogenic fusion protein BCR-ABL (BCR from chromosome 22 and ABL
from chromosome 9). The molecular diagnostic test measures the presence of
BCR-ABL and the level of overexpression. Imatinib is a tyrosine kinase inhibitor
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Table 1 (Continued)

Medications Possible drug effects

neurological,
hematological, and 
gastrointestinal
toxicity

Drug transporters
P-glycoprotein (MDR-1) Digoxin Decreased digoxin 

bioavailability
HIV protease inhibitors Decreased response 

in CD4 count
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that inhibits BCR-ABL, an abnormal tyrosine kinase. Imatinib inhibits the
proliferation and induces programmed cell death in BCR-ABL positive cells.
The molecular diagnostic test for BCR-ABL has been approved by FDA.

Gefitinib (Iressa®) is another tyrosine kinase inhibitor used in the treatment
of non-small-cell lung cancer (NSCLC), a leading cause of cancer death in the
United States in both men and women. Gefitinib targets the epidermal growth
factor receptor (EGFR) that is overexpressed in up to 80% of NSCLCs. Most
patients with NSCLCs do not respond to gefitinib. However, the drug leads to
rapid and dramatic clinical response in 10% of patients. Recently, specific
mutations in the EGFR binding site for gefitinib were found to be more pre-
valent in patients responding to the drug than for nonresponders. It is thought
that these mutations in the EGFR binding site mediate increased growth factor
signaling which is susceptible to inhibition by gefitinib. Screening for EGFR
mutations in NSCLCs may help identify patients who will have clinical
response to gefitinib (12). The screening test will also identify those who are
not likely to benefit from gefitinib, and help avoid delaying other therapy and
the expense of an ineffective drug. An FDA-approved test for EGFR mutations
is not yet available at the time of writing, but some medical centers have begun
offering molecular diagnostics developed in-house for EGFR mutations, and a
clinically relevant test is likely to be developed in the future.

2.2.3. Drug Resistance Testing in HIV

Drug resistance testing for HIV antiretroviral therapy is now considered
standard of care. Prospective and retrospective data suggest that the availability
of antiretroviral genotypic resistance data is an important factor in achieving
response to therapy (13,14). These data have led to expert panels’ recommen-
dation of the use of resistance testing in HIV antiretroviral therapy (15,16). The
Panel on Clinical Practices of HIV Infection convened by the US Department
of Health and Human Services recommends drug resistance testing in cases of
virologic failure (to maximize the number of active drugs utilized in a new regimen
after a patient has failed combination antiretroviral therapy) or when there is
suboptimal suppression of viral load after initiation of antiretroviral therapy.

An FDA-approved test for HIV drug resistance is available. TruGene® (Bayer
Diagnostics) involves sequencing of genes encoding the two main drug treatment
targets, the protease and reverse transcriptase genes. The genetic information is
accompanied by a constantly updated algorithm to guide treatment options. The
report is clinician-friendly and points clinicians to resistance or sensitivity of
the various antiretroviral therapies. A minimum HIV viral load of 1000 copies
per mL is necessary for reliable amplification of the virus and the genotype to
be detectable. The goal of HIV resistance testing is to maximize the number of
active antiretroviral therapy used against the infection.

Pharmacogenetics in the Clinic 259
Uncorrected Proof Copy

Job: Wu_Pong Date: 11.06.2007
Chapter:12_Cheang_Wu_Pong.qxd Revision: 1st Revises

12_Cheang_Wu_Pong  10/1/07  4:24 PM  Page 259



2.2.4. Drug-Metabolizing Enzyme Polymorphisms Affecting 
Choice of Therapy

Besides affecting the pharmacokinetic characteristics of drugs and therefore
necessitating dosage adjustments, polymorphisms in drug-metabolizing enzymes
may also affect the choice of therapeutic agents, when the algorithm for dosage
adjustments may not be readily available, such as in the example of tamoxifen.
This example also illustrates how genetic polymorphisms in P450 drug-meta-
bolizing enzymes affect therapeutic efficacy by the important role they play in
the bioformation of active metabolites, which may have important implications
for certain pharmacologic agents. Tamoxifen, an antiestrogen agent used as an
adjuvant in the treatment of estrogen-dependent breast cancer, is metabolized
by CYP 2D6 to an active metabolite with about 100 times the antiestrogen
potency of the parent compound. Breast cancer patients who were homozygous
for CYP 2D6 *4 (poor metabolizers) had the highest risk of relapse and worst
disease-free survival, even when nodal involvement and tumor size were accounted
for, when compared to patients who were heterozygous (*4/wt) or noncarriers
of the allele (wt/wt). The poor prognosis of patients who were poor metabolizers
was presumably because of a low concentration of the active metabolite with
potent antiestrogen effects (17). Hence, differences in response to tamoxifen
may be explained by CYP 2D6 genotype. Genotypic information on CYP 2D6
may help clinicians in selecting optimal therapy for estrogen-dependent breast
cancer.

Numerous other examples of genetic polymorphisms affecting drug selection
exist. Table 2 reviews some selected examples of how genotypic information may
aid the clinician in choosing the optimal therapy for different disease states.

3. Hurdles in Translating Pharmacogenetics to the Clinic

Despite great advances in the discovery of how genotypic information could
affect drug dosage modifications and initial drug selections, pharmacogenetic
information is rarely used in clinical practice. A recent survey suggested that
even though knowledge of drug-metabolizing polymorphisms have existed
since a half-century ago, pharmacogenetic tests for drug-metabolizing enzymes
are rarely used by clinicians (18). This is despite continual claims in the litera-
ture that pharmacogenetic testing for drug-metabolizing enzymes may prevent
adverse clinical outcomes. Because evidence for some of the drug-metaboliz-
ing enzymes have been existent for almost five decades, the reasons for the
lack of utilization of pharmacogenetics in the clinic seem to be beyond the
natural “lag time” for translation of scientific findings to clinical practice.
What are the possible reasons for the low clinical utilization for pharma-
cogenetic tests?
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3.1. Inadequacy of Evidence Relevant to the Clinician

3.1.1. Lack of Studies with Clinical Outcomes as Endpoints

With few exceptions, there is a lack of prospective hypothesis-driven clinical
studies that demonstrate pharmacogenetic-based individualizations of drug
therapy leading to improved clinical outcomes. For example, most pharmaco-
genetic studies with drug-metabolizing enzymes link genotypic findings to drug
concentrations or exposure. Studies with clinical outcomes as endpoints are much
more difficult to conduct because nongenetic confounders, such as compliance,
health habits (smoking, diet), concomitant drugs, and disease states, are difficult
to control. In addition, responses to most drugs are likely to be multigenic in
nature. A well-controlled trial with definitive clinical endpoints will require a
large number of study subjects and will be very expensive.

In the case of drug-metabolizing enzymes, differences in drug exposure
because of metabolizing enzyme genetic polymorphisms do not necessarily
translate into differences in therapeutic efficacy or adverse effects. For example,
metoprolol, a beta-1 antagonist, is metabolized by CYP 2D6. Individuals who are
poor metabolizers of CYP 2D6 have increased exposure to the drug. However,
even when CYP 2D6 genotype correlates with variations in pharmacokinetics,
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Table 2 
Selected Examples of Genetic Polymorphisms Affecting Selection 
of Drug Therapy

Medications Possible drug effects

Beta-1 adrenergic receptor Beta-1 antagonist Decreased blood pressure
(e.g., metoprolol) and cardiovascular 

response to beta-1 
blockers

Beta-2 adrenergic receptor Beta-2 agonists Decreased bronchodilation
(e.g., albuterol) effect in asthma

Serotonin transporter Serotonin Decreased antidepressant 
reuptake inhibitors response
(antidepressants)

Human major Antiretroviral agent, Increased risk of 
histocompatibility abacavir hypersensitivity reaction
complex (HLA)

Prothrombin and factor V Oral contraceptives Increased risk of venous 
thromboembolism 
(stroke or deep vein 
thrombosis)
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these genetic and pharmacokinetic variations are not associated with efficacy or
adverse effects because of adrenergic blockade (19). Hence, not all genetic vari-
ations associated with a surrogate phenotype will be associated with differences
in clinically meaningful outcomes.

In addition to the lack of studies with clinically important outcomes,
cost–benefit analyses of pharmacogenetic-based individualizations of pharma-
cotherapy will also add to the evidence supporting their use.

3.1.2. Lack of Information Regarding Pharmacogenetic-Based 
Dosing Algorithms

Dosage modifications of 6-mercaptopurin based on TPMT genotypic infor-
mation serves as an important example of how genotypic information can facil-
itate optimal dosing of therapeutic agents (2). In this example, patients who are
homozygous for the allele resulting in reduced TPMT activity will receive
5–10% of the standard dose of 6-mercaptopurin for ALL maintenance therapy
(2,20). However, for many other drugs, information on dosing algorithms that
facilitate appropriate and precise pharmacogenetic-based dosage adjustments
recommendations does not exist. Most of the studies lack specific explanation
on how to translate study findings for use in clinical situations. Specific and
straightforward recommendations on how to individualize therapy based on the
results of pharmacogenetic tests are critical if current pharmacogenetic knowl-
edge is to be applied in the clinic to assist in rational drug choices and improve
the benefit–risk ratio of drug therapy.

3.1.3. Inadequate Pharmacogenetic-Based Prescribing Information

If pharmacogenetics were to be commonly used in clinical therapeutic decision-
making, they should be available in prescribing information widely accessible
to health-care providers. A recent analysis of drug package inserts (prescribing
information) revealed that only 35% of package inserts contained pharmaco-
genetic data (21). Of these, only about 10% of those contain adequate information
to guide therapeutic decisions. Importantly, pharmacogenetic-based dosing
recommendations were only available for two drugs. This deficiency in useful
prescribing information may reflect the relatively recent widespread interest in
the field of pharmacogenetics in the effort to capitalize the human genome. In
addition, only recently have pharmacogenetic assays with clinically relevant
turnaround time become available. Nonetheless, the lack of clinician-friendly
pharmacogenetic information in the labeling of medications will hamper the
clinical applicability of pharmacogenetic information.

Clinician-friendly, straightforward, and actionable recommendations can
also prevent the misinterpretation of pharmacogenetic information. For example,
consider the antidepressant Venlafaxine. Venlafaxine is metabolized by CYP
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2D6 to equipotent active metabolite. Given the equipotent nature of the active
metabolite, CYP 2D6 genotypic differences do not change the exposure to the
active drug moiety because both the parent drug and the metabolite are equally
potent. Regular practicing clinicians are likely not aware of a drug’s specific
pharmacokinetic and metabolite characteristics and will only be able to prop-
erly adjust drug dosages if a straightforward recommendation is given for a
specific drug.

In addition, because of the lack of molecular genetic training in health-care
providers, even when pharmacogenetic information is available, genetic infor-
mation may be misunderstood even by health-care practitioners. In one study,
more than 31% of physicians were reported to misinterpret genetic results (22).
This could be because of the lack of systemic education on pharmacogenetics
of health-care professionals currently in practice. The re-education of the
medical community on these pharmacogenetic relationships to drug response
may prove to be challenging. As the complexity of genetic information grew
because of a greater understanding of the nature of polygenic drug response,
matching a patient’s genotype to a specific therapy or dose may be beyond the
capability of individual clinicians. Advancement of existing information techno-
logy in health-care delivery will be essential for pharmacogenetics to be utilized
in clinical practice (23).

3.2. Genotypic Vs Phenotypic Identification

Sometimes, knowledge of a patient’s phenotype may render it unnecessary
to identify the exact genotype, at least in the clinic. For example, in the above
TPMT scenario, one could test for TPMT activity instead of TPMT genotype.
The availability of other validated biomarker assays, combined with the lack of
third-party reimbursement of genetic tests (24), and the relatively high current
cost of these genetic tests may hinder the translation of genetically guided
information into clinical practice.

3.3. Polygenic Traits

For the most part, the pharmacogenetic information currently available (such as
those in Tables 1 and 2) represents examples of monogenetic determinant of drug
response. Many of these polymorphisms are also highly penetrant, with clearly
identifiable phenotypes, such as drug concentrations. However, drug treatment
outcomes represent a complex phenotype, possibly encoded by dozens to hun-
dreds of genes, influenced by numerous environmental factors, and the interaction
between these various gene and environmental variables (25). The term “pharma-
cogenomics” illustrates these polygenic determinants of drug response. Detailed
knowledge to associate specific genetic sequence variants to drug outcome is often
not available. Therefore, it will be crucial to screen genotypic markers across
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the whole genome systematically and combine them with extensive phenotypic
characterization of therapy response. Such studies have yet to be performed.

It has only very recently become technologically possible to perform such
whole genome association studies. Although genome-wide association scans
offer the potential to discover genetic variants governing drug response, several
technological and methodological problems exist. First, in these studies, large
samples are necessary to find markers with definite effects on drug response
while controlling for false positives. Secondly, currently even with the least
expensive genotyping technology and strategy, genome-wide studies are still
extremely expensive. The Nation Institutes of Health has issued a request for
proposal to encourage the development of appropriate methodologies.

3.4. Standardization and Availability of Genetic Tests with Clinically
Relevant Turnaround Time

For pharmacogenetics to be successfully used in the clinic, genetic tests need
to be available, with clinically relevant turnaround time. Currently, only few
FDA-approved paramagnetic tests are available. Examples of these include
BCR-ABL genetic test for imatinib, AmpliChip CYP450® for 2D6 and 2C19
metabolizing enzyme, and TruGene® for testing HIV drug resistance.

Most genetic tests bypass the FDA because they are categorized as services,
which are not regulated by the FDA. Laboratories at major academic centers
often offer genetic tests that have been developed “in-house.” Many of these
laboratory-based techniques may be too time intensive for routine clinical use.
In addition, although these academic clinical laboratories are Clinical
Laboratory Improvement Amendments (CLIA) certified and their “analyte-
specific reagents” used in these assays are regulated by the FDA, different
laboratories may utilize different test systems such that results may not be
generalizable across various platforms (26). In addition, laboratory reporting
may also need to be standardized. Andersson et al. (27) reported a study evalu-
ating factor V Leiden genetic testing and the clinical utility of different report
formats to physicians when interpreting results of the genetic test. It was found
that there was a considerable degree of variability in the contents of these
reports, with some lacking information deemed critical by the standard of pro-
fessional guidelines and recommendations.

4. Conclusions
Pharmacogenetics may facilitate rational therapeutics both in dosage

adjustments and in initial drug selection for treatment. However, pharmacogenetic-
based individualized therapy is yet to be widely translated into clinical practice.
Hurdles for translating pharmacogenetics from the laboratory to the clinic
include: lack of clinical studies with clinically relevant outcomes, few widely
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available standardized genetic assays, lack of information on polygenic drug
response, and finally, the lack of straightforward, clinician-friendly pharmaco-
genetic information at the point of prescribing. The above problems will serve as
future investigative directions of translating genetic information into clinical
practice. Pharmacogenetics and pharmacogenomics have great potential to
facilitate improved therapeutics.
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Research in Women and Special Populations

American College of Clinical Pharmacy
Kai I. Cheang, Pharm.D., Carol Ott, Pharm.D., Sandra Garner, Pharm.D., Hope Campbell, Pharm.D.,

Laura Hansen, Pharm.D., FCCP, Qing Ma, Ph.D., Elaheh Nazeri, Pharm.D., Karen Gunning, Pharm.D.,
and Daniel Wermeling, Pharm.D.

The American College of Clinical Pharmacy charged a Task Force on Research
in Special Populations to review, update, and broaden its 1993 White Paper,
Women as Research Subjects. Participants of the task force included
pharmacy clinicians and investigators in the field. This resulting White Paper,
Research in Women and Special Populations, discusses the current concepts
regarding the conduct of research in women, as well as in special populations
(children, the elderly, minorities, the cognitively impaired, and other
vulnerable populations such as prisoners and refugees). For each specific
population, the barriers to research participation, current guidelines and
regulations, and available recommendations to address these barriers are
discussed. The participation of research by these populations requires
addressing special social and ethical challenges. Clinical pharmacy
researchers should be cognizant of these guidelines and be an advocate for the
inclusion and the rights of women and special populations in research
participation.
(Pharmacotherapy 2008;28(9):93e–113e)

In 1993, ACCP published the White Paper,
Women as Research Subjects.1 Since that time,
significant changes, including new regulations
regarding the conduct of research in women and
other special populations, have occurred. In
2004, the ACCP Publications Committee
conducted a review of the 1993 White Paper and
recommended that it be revised and updated.

The Task Force on Research in Special
Populations, commissioned by ACCP, was
charged to review, update, and broaden the 1993
White Paper, Women as Research Subjects, to
include other special populations. This paper,
Research in Women and Special Populations,
discusses important concepts regarding the
conduct of research in these special populations
and provides an expanded bibliography for
readers interested in more detailed information.

Research in Children

It is well recognized that generalizing results
from adult studies to the care of pediatric
patients is dangerous, as infants and children are
different from adults in many ways.2 The
maturational changes from the newborn period
to adolescence results in a striking effect on drug
disposition.3 For example, absorption,
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distribution, metabolism, and excretion in
neonates are different from adults because of age-
specific changes in body composition, function,
and/or age-specific patterns of development of
phase I and II enzymes and renal function.4

Knowledge of these developmental changes has
recently expanded greatly, resulting in a better
understanding of the need for age-dependent
drug therapy.4

Challenges in Pediatric Research

Inadequate Research Efforts

Until recently, little attention has been paid to
the unique issues of medication use in pediatric
patients. In fact, only 20% to 30% of drugs
approved by the Food and Drug Administration
(FDA) are currently labeled for pediatric use.2

Drugs have historically only been evaluated in
children after approval for use in adults, hence
use of the phrase “therapeutic orphans” when
referring to pediatric patients. This lack of
testing is thought to be multifactorial, including
a lack of financial incentive and the practical and
ethical difficulties in conducting studies in
children.2

Addressing Research Efforts in Children

Fortunately, recent regulatory and legislative
changes have dramatically increased the number
of pediatric drug studies. Congress enacted the
Food and Drug Administration Modernization
Act in 1997, which required the FDA to develop,
prioritize, and publish a list of approved drugs
for which additional pediatric information may
provide health benefits for children.5 This act
included a pediatric exclusivity provision that
added 6 months of market exclusivity to any
existing patent or exclusivity provided by the
Hatch-Waxman Act for a drug for which the FDA
requested pediatric studies and the manufacturer
satisfactorily complied. In 1998, the FDA issued
the Pediatric Rule.6 Under this regulation, the
FDA could require that pediatric studies be
conducted for a new drug that would likely be
used in a substantial number of pediatric patients
or would offer a significant benefit over existing
treatments. The manufacturers of marketed
drugs may also be required to do the same if
either of these conditions applies and inadequate
labeling could pose a significant risk.

The FDA in 2000 also published its Guidance
for Industry regarding conducting clinical
investigations in the pediatric population.7 In

2002, the Best Pharmaceutical for Children Act
became law and continued the pediatric
exclusivity incentive until 2007.8 For those
drugs that are off-patent or that industry chooses
not to conduct studies, the Best Pharmaceutical
for Children Act mandates that the FDA and the
National Institutes of Health (NIH) collaborate to
assure the generation of pediatric data. The
legality of this Act was challenged by the
Association of American Physicians and
Surgeons, the Competitive Enterprise Institute,
and Consumer Alert. Their claim was that the
FDA did not have the legal authority to require
pharmaceutical companies to conduct studies in
the pediatric population. They voiced concerns
that the pediatric exclusivity provision would
increase the cost of new drug development, delay
the availability of new drugs, and possibly cause
the exploitation of children as research subjects.
In 2003, the Pediatric Research Equity Act was
passed that mimics the Pediatric Rule in
requiring pediatric studies for certain
applications and established a Pediatric Advisory
Committee at the FDA.9

Ethical Issues of Pediatric Research

Historically, children have been exploited in
medical research. A majority involved in early
research were poor, institutionalized, mentally ill,
or physically disabled.10 One early example was
a study conducted to describe the natural history
of hepatitis by deliberately infecting mentally
retarded children institutionalized at the
Willowbrook State School.10 Immunization trials
for smallpox and pertussis also took advantage of
children due to their lack of previous disease
exposure and the controlled environment of
pediatric institutions.10 Another more recent
example conducted in the 1990s was a
comparative study of the effectiveness of lead
abatement procedures by the Kennedy Krieger
Institute.10 This study was designed to determine
a minimally effective procedure for lead
abatement by comparison to the current
standard. However, those receiving less than the
standard abatement procedure were
unnecessarily exposed to potential lead toxicity.10

Addressing Ethical Issues of Pediatric Research

In the 1970s, the National Research Act (Pub.
L. 93-348) created the National Commission for
the Protection of Human Subjects of Biomedical
and Behavioral Research. This group published
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various reports, including the Belmont Report
(which still serves as the basis of protection of
human subjects in research) and the Children in
Research report. Based on the National
Commission’s reports, the Department of Health
and Human Services developed regulations for
research, including Subpart A,11 also called the
Common Rule, and Subpart D, which provides
additional protections for research enrolling
children.12 The National Commission
acknowledged the need for research in children
but also realized their vulnerability. To minimize
these problems, they established strict criteria
that research involving children should satisfy:13

1) the proposed research is scientifically sound
and significant; 2) where appropriate, studies are
conducted initially on animals and adult humans,
followed by older children and then infants; 3)
risks are minimized by using the safest
procedures consistent with sound research
principles and by using procedures needed for
diagnostic or treatment purposes if possible; 4)
adequate provisions are in place to maintain
confidentiality of data and protect the privacy of
children and their parents; 5) subjects are
equitably recruited; and 6) adequate provisions
for the permission of the parents or guardians
and assent of the child are made.14 Further
requirements included evaluation by the local
institutional review board (IRB) to determine
that the potential risk is: 1) justified by the
anticipated benefit to the subjects, 2) the
anticipated benefit:risk ratio is as favorable as
with any alternative therapies, and 3) adequate
permission of the parents or guardians and assent
of the child is obtained. These guidelines both
protected children from the risks of research and
restricted their participation, especially the
“children last” requirement. Institutional review
boards are also required to categorize research
involving children as: 1) research not involving
greater than minimal risk, 2) research involving
greater than minimal risk but presenting the
prospect of direct benefit to individual subjects,
3) research involving no greater than a minor
increase over minimal risk and presenting no
prospect of direct benefit to individual subjects,
but is likely to yield generalizable knowledge
about the subject’s disorder or condition, and 4)
research with greater than a minor increase over
minimal risk but presents an opportunity to
understand, prevent, or alleviate a serious
problem affecting the health and welfare of
children. Research belonging to the last category
requires approval by the IRB and Secretary of the

Department of Health and Human Services after
consultation with a panel of experts.10

One of the current controversies is what
constitutes “minimal risk” and a “minor increase
over minimal risk.” One point debated is whether
minimal risk is relative to that experienced by
healthy children in everyday life or by the
children with the condition being studied. The
National Commission defined minimal risk
relative to the healthy child,13 while Subpart D in
the federal regulations did not.12 Another
controversy is that according to the risk
categories above, only children with a “disorder
or condition” can be involved in nontherapeutic
research that potentially has greater than minimal
risk. Should healthy children be protected from
risks preferentially to those with a disorder or
condition? Perhaps it would be more ethical to
either allow or prohibit such research for all
children. Another recommendation has been
proposed that instead of focusing on whether the
child is healthy or has a disorder or condition,
the definition of minimal risk should be risks and
harms to which it would be appropriate to
intentionally expose a child, as risks exposed to
in the everyday life of a child may or may not be
acceptable.15

Ideally, to determine age-appropriate dosage
regimens for pediatric patients, pharmacokinetic
studies enrolling children of all age groups would
be conducted. One of the concepts currently
being debated is whether healthy children should
be allowed to participate in these nontherapeutic
pharmacokinetic studies.16 The purpose for
enrolling healthy children would be to isolate the
effects of age and development on drug
disposition. The risks involved typically include
short-term exposure to the medication and the
pain of serial blood sampling. In adults, this
experience is considered minimal risk. However,
blood sampling may be more traumatic in a
child. The FDA has published guidelines17

reiterating the need for such studies and
recommending techniques to decrease the risk to
subjects (e.g., minimizing blood samples,
minimizing blood volume per sample, etc.).
Many arguments have been made for and against
pharmacokinetic studies in healthy children.
Arguments against include a lack of benefit for
the subject, lack of true consent, that
pharmacokinetics may be affected by disease
state, investigator’s potential financial gains
influencing the need for subject accrual, studies
with unnecessary “me too” drugs, and the school
of thought that children do not have societal

95e



PHARMACOTHERAPY Volume 28, September 2008

obligations. Arguments for performing
pharmacokinetic studies in healthy children
include the fact that a medication may become
relevant later if the healthy child becomes ill,
availability of procedures to minimize risks (e.g.,
through the use of local anesthetics and a child-
friendly environment), more expeditious
generation of knowledge on age-dependent
dosing in healthy children, lack of confounding
variables to influence the study of age-dependent
pharmacokinetics in healthy children, and the
school of thought that children are an integral
part of society and should be educated to help
others.

The FDA provides some guidance on enrolling
healthy children in drug trials. The Ethics
Working Group of the FDA Pediatric Advisory
Subcommittee stated, “In general, pediatric
studies should be conducted in subjects who may
benefit from participation in the trial. Usually,
this implies the subject has or is susceptible to
the disease under study. The Advisory
Subcommittee utilized a broad definition of
potential benefit. For example, any child has the
potential to benefit from a treatment for otitis
media.” This statement makes it permissible to
enroll healthy children in a drug trial for specific
drugs targeted at specific conditions that
commonly occur in pediatric patients. Therefore,
it would be ethical if a patient of the appropriate
age was enrolled in a study for a drug of clear
importance to pediatric therapeutics in which the
knowledge to be gained would be generalizable
to the treatment of pediatric patients.16

Summary of Research in Children

In summary, pediatric drug research is a
dilemma in that society wants to spare children
from the potential risks of research but also from
the inevitable harm of using inadequately studied
medications.18 With the new policies
implemented in the 1990s by the FDA, NIH, and
Congress, some are concerned that too much
focus has shifted from protecting children from
research risks to ensuring access.14 Care must be
taken to ensure that children are enrolled in
research designed to provide pediatric-specific
information and that study subjects receive at
least standard of care.14

Research in the Elderly

The American population is aging, along with
an increase in life expectancy.19 Currently, there

are 38 million seniors in the United States and,
by 2030, that number will rise to 75 million.20

The elderly population represents about 13% of
the population and yet they consume about 34%
of all prescription drugs,20 probably due to a
higher incidence of disease-related morbidities
and therefore multiple medication regimens.21

Clinical pharmacy practice, research, education,
and advocacy in older adults have been reviewed
by a separate ACCP White Paper.22 This section
of the current paper focuses on research issues in
the elderly.

Given a longer life expectancy and the
increased use of medications by the geriatric
population, clinical research in the elderly
becomes increasingly important. Besides the
disproportionate increase in drug use, the elderly
population has its particular research needs and
gaps in knowledge that are distinct from other
populations. Elderly individuals may respond to
drugs differently than younger individuals. For
example, altered pharmacokinetics and
pharmacodynamics have been well documented
in the elderly.23 In addition, certain conditions
such as Alzheimer disease and isolated systolic
hypertension are prevalent predominantly in the
geriatric population. Many drugs in use and in
development by pharmaceutical companies are
directed toward diseases affecting the elderly. In
2004, there were 800 new medicines targeted to
diseases of aging by pharmaceutical companies,
including 123 drugs in development for heart
disease and stroke, 395 drugs for cancer, 53
drugs for diabetes, 22 drugs for Alzheimer
disease, 18 drugs for osteoporosis, and 14 drugs
for Parkinson disease.24

Challenges in Geriatric Research

Inclusion of the Elderly in Research

Despite the fact that pharmaceutical companies
are now required to include a geriatric use
section in their product labeling, the information
is often insufficient in part because insufficient
numbers of elderly are included in the clinical
trials.21 Effective lower doses of many drugs used
in the elderly population are not included in
product labeling. Cohen reported on 48 major
medications where data are available on lower
effective doses that is not reflected in the
Physicians’ Desk Reference (i.e., the product
label).25 Despite the importance of including
older persons in clinical trials, under-
representation of the elderly in research studies
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has been well documented.26, 27 The lack of
participation among the elderly in clinical trials
adversely affects patient care ultimately. For
example, in an analysis of adverse events
reported to the FDA between 1990 and 1996,
patients older than 60 years experienced 3 times
more adverse events compared with individuals
less than 20 years of age.21

A reason for lower participation by the elderly
in research studies may be due to organ system
abnormalities and functional status limitations as
these individuals age. It has been estimated that
if protocol exclusions for organ system
abnormalities (e.g., cardiac function, blood
pressure, hematologic, and pulmonary function)
and functional status limitations were relaxed,
the percentage of elderly participation in cancer
trials would be almost 60%.27 Due to the access
barriers to research studies, elderly individuals
who are recruited into and continue to be
followed in clinical protocols usually are more
independent, healthier, and have a higher
cognitive function. This recruitment bias may
make results in studies involving older
individuals not generalizable. For example,
patients with dementia included in clinical
research are systematically younger than the
general dementia patient population by a gap of
about 8 years in mean age.28 In addition, fewer
than one-half of the older adults currently
prescribed donepezil would have been eligible to
participate in the randomized controlled trials
that established efficacy of the drug.29 In
particular, discontinuation rates are higher
among patient groups not represented in the
trials.

In addition, recruitment and attrition may be
particularly problematic in elderly individuals.
Increased age brings greater inter-individual
heterogeneity. Many confounders may also exist
in older adults. Such confounders include
residence, caregiver type, cognitive function,
social support, lifestyle, health status, drug
compliance, and health care access, to name a
few.22 These inter-patient variability and
confounders increase the sample size necessary
in a given study. In addition, the drop-out rates
may be higher in elderly individuals. Patients
may become lost to follow-up because of
relocation, change in health status, family
influence, or a decline in cognitive function. The
death rate in the elderly population is higher
than that of younger populations, and this may
be particularly an issue when the follow-up
period for a study is long. There also exist

regulatory challenges in terms of recruitment.
The Health Insurance Portability and
Accountability Act (HIPPA) stipulates that
authorization from the patient must be obtained
before a researcher can collect the exact age of
patients older than 89 years.

Addressing Elderly Participation in Research

The FDA published its first guidance
document for industry regarding research in
elderly individuals in 1989. In this Guidance for
Industry, Guideline for the Study of Drugs Likely
to be Used in the Elderly, recommendations
mainly center on evaluation of age-related
difference in pharmacokinetics because age-
related pharmacokinetic differences have been
documented more frequently than
pharmacodynamic differences.30 The FDA
subsequently published another guidance
document, Guideline for Industry Studies in
Support of Special Populations: Geriatrics, in
1994.31 This subsequent document specifically
stresses the importance of participation of elderly
subjects in clinical trials evaluating drugs of
clinical significance in the geriatric population.
In addition, the guidance document states that
arbitrary exclusion criteria based on an upper age
limit should not be used and encourages the
participation of individuals over 75 years of age.

As mentioned previously, relaxing protocol
exclusions for organ system abnormalities in
clinical studies can often result in increased
elderly participation.27 Given the inter-patient
variability in this age group, sponsors’ support
would be paramount to expanding the inclusion
of elderly individuals as research subjects.

As life expectancy increases, the exact
definition of “elderly” may need to be revised.
Most consider persons older than 65 years to be
“elderly.” However, as the population in their
70s, 80s, and 90s increase, research in these age
subgroups may become important as well. In
addition, measurement tools may need to be
validated specifically in the elderly population.
For example, in the Geriatric Depression Scale,
questions regarding sexual interest and jobs
outside the home are eliminated to reflect only
items appropriate for older adults.

Cognitive Impairment

Another challenge in research involving older
individuals is cognitive impairment and the
informed consent process. Research issues in the
cognitively impaired are discussed in Section 5.3.
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The Nuremberg Code states that volunteers
participating in research should have “legal
capacity to give consent.”32 Some older patients
may be excluded from research studies because of
cognitive impairment that renders such patients a
“vulnerable population” that need protection
from exploitation.

Addressing Cognitive Impairment in Elderly
Research Subjects

The American Geriatrics Society states that
older individuals should not be excluded from
participating in research studies solely because of
impaired cognitive function.33 The American
Geriatrics Society suggested conditions to be
considered in the informed consent procedures
by persons with cognitive impairment. Examples
of these conditions include existence of advance
directive for research, severity of cognitive
impairment, existence of health care surrogates,
whether the research is ethical and justified, and
local laws pertaining to this area. In addition to
difficulty in providing informed consent,
cognitive function can pose challenges to elderly
subjects’ ability to follow study protocol
appropriately, comply with self-administration of
study drugs, and report data accurately.

Summary of Research in the Elderly

As our population ages, inclusion of the elderly
in research becomes increasing important.
Numerous physiological, social, and ethical
barriers to including the elderly in clinical
research exist. In addition, elderly participants of
clinical trials are often more independent and
may not be representative of elderly patients in
whom the medication will be used.

Research in Ethnic/ Minority Groups

Although life expectancy and overall health
have recently improved for most Americans,
blacks or African Americans, Hispanics or
Latinos, and Native Americans continue to
experience disparities in the burden of illness and
death. As these racial and ethnic minorities are
expected to grow in proportion to the total
United States population, the future health of
America as a whole will be influenced
substantially by the health of these groups.34

The health disparities experienced by these
groups compared with the white, non-Hispanic
population in the United States have been identified
to result from the complex interaction of genetic
variations, environmental factors, and specific
health behaviors in various clinical and social
studies.35 Table 1 summarizes the major health
disparities experienced by African Americans,
Hispanics, and other ethnic/minority groups.

Challenges in Research Involving Minorities

Genetic differences among ethnic/minority groups

It has been increasingly recognized that genetic
difference among ethnic/minority groups is an
important determinant in disease risk, progress,
prognosis, and patient’s responses to treatment.
African Americans have high rates of heart
disease, including coronary artery disease, stroke,
high blood pressure, and heart failure. A report
from the American Heart Association indicates
approximately 40% of African Americans have
some form of heart disease in comparison to 25%
of Caucasians.37 A recent study has shown that
African American women with coronary artery
disease are twice as likely to have a heart attack
than white women.38 It has also been reported
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Table 1. Major health disparities in ethnic/minority groups36

Ethnic/minority group Health disparities
African Americans 1. Infant death rates more than double that of whites; 2. Death rates from heart

disease and cancer more than 40% and 30% higher than those of whites, respectively;
3. Death rates from HIV/AIDS more than 7 times that for whites; 4. A rate of
homicide 6 times that for whites.

Hispanics 1. Are almost twice as likely to die from diabetes as are non-Hispanic whites;
2. Account for 20% of the new cases of tuberculosis; 3. Exhibit higher rates of high
blood pressure and obesity than non-Hispanic whites.

Other ethnic/minority groups 1. American Indians and Alaskan Natives have an infant death rate almost double
that for whites. 2. The rate of diabetes for this population group is more than twice
that for whites. 3. American Indians and Alaska Natives also have disproportionately
high death rates from unintentional injuries and suicide. 4. New cases of hepatitis
and tuberculosis are higher in Asians and Pacific Islanders than in whites.
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that people of African, Hispanic, and Native
American heritage are more prone to type 2
diabetes compared with their white
counterparts.39 More recent discoveries have
shown that genes are potentially involved in the
development of various diseases, such as
Alzheimer disease, cystic fibrosis, cancer,
hemophilia A, Huntington disease,
hemochromatosis, fragile X mental retardation,
familial adenomatous polyposis, and thalassemia.
Although environmental triggers are necessary
for ethnic minorities genetically predisposed to
develop these conditions, this information has
been or will be used in the prevention, early
diagnosis, and treatment of these diseases.35

Genetic differences or specific genetic factors
found among ethnic/minority groups can affect
the way people respond to certain medications.
For example, the angiotensin-converting enzyme
inhibitor, enalapril, reduces the rates of
hospitalization in whites but not in blacks.40

Furthermore, the �-blocker, carvedilol, is more
effective than other agents in the same class in
reducing the death rates or hospitalization in
black patients.41 It has also been shown that self-
declared black patients with severe heart failure
appear to benefit from a combination of
hydralazine and isosorbide dinitrate when added
to background neurohormonal blockade,42 and
retrospective analyses of heart failure trials
suggest that black, but not white, patients have a
clinically meaningful response to the isosorbide
dinitrate/hydralazine combination.43, 44 In 2005,
FDA granted approval for BiDil‚ (hydralazine/
isosorbide dinitrate) to treat heart failure in black
patients, marking the first time that the FDA
approved a drug for a specific racial group.45

Instead of solely relying on epidemiologic
information such as ethnic background, the focus
of future studies would shift to individual genes
that may influence drug response. As people of
the same ethnic background may carry similar
genes, studies based on race would provide
pharmacogenetic information to some extent.
An example is a classical study that evaluated the
activity of thiopurine methyltransferase (TPMT)
in patients receiving thiopurine drugs such as 6-
mercaptopurine.46 TPMT is an enzyme involved
in the biotransformation of many drugs and
xenobiotic compounds. The activity of this
enzyme is present in the human red blood cell
and is controlled by a common genetic
polymorphism. Patients with inherited low
levels of TPMT activity are at increased risk for
thiopurine drug-induced myelotoxicity, whereas

subjects with high TPMT activities may be under-
treated with these drugs. The genetic
polymorphism of this enzyme shows distribution
pattern varying with respect to ethnic
background. Among Caucasians, 89–94%
possess high enzyme activity with TPMT*3A,
compared with low activity in Chinese and
African Americans with TPMT*3C.47

In recent years, the research on
pharmacogenetic differences among ethnic
minorities has broadened to include a larger
range of targets such as multiple metabolizing
enzymes, drug transporters, and receptors.48

Increasing evidence suggests that drug
metabolism alone does not account for the
observed inter-racial variability in drug
disposition or response but other processes,
including drug transport, are important
determinants of drug disposition. Among the
drug transporters shown to play a key role in
drug disposition, P-glycoprotein (P-gp) is one of
the most extensively studied. The MDR1 gene
encodes P-gp, a drug efflux pump that decreases
gastrointestinal uptake and intracellular
concentrations of the antiretroviral protease
inhibitors in HIV-infected patients. A recent
report indicates that while patients with the
homozygous CC genotype had higher plasma
protease inhibitor levels when treated with these
agents, immune responses significantly increased
to a greater degree in patients with the TT
genotype at the MDR1 C3435T locus.49 The wild
type alleles of the MDR1 gene (CC) are more
prevalent in the African American population
(75%) than in Caucasians and Hispanics (50%).50

Such racial differences in the MDR1 gene
polymorphisms may contribute to previously
recognized racial differences in the clinical
response to protease inhibitors.

With a greater understanding of the genetic
differences among ethnic/minority groups, it may
be possible to select drugs and doses more
precisely using compiled genetic information of a
specific ethnic group or, possibly, individual
patients. This could lead to more effective drug
therapy, with greater safety and fewer adverse
effects or treatment failures.

Enhancing Research in Genetic Differences Among
Ethnic/Minority Groups

Research in genetic differences among
ethnic/minority groups can be enhanced by the
following:

a.Expanding funding in the genetic research
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infrastructure at institutions to increase the
capacity to support ethnic/minority research
and increase the number of funded
investigators to improve outcomes in this
research.

b.Including racial and ethnic minorities in
prevention, therapeutic, vaccine, and clinical
trials in numbers that reflect the current
incidence data and genetic background.

c.Developing, evaluating, and sustaining
effective interventions to prevent disease
progress among racial and ethnic minorities
with respect to genetic background.

Inclusion of Minorities in Research

The inclusion and retention of African
Americans and other minority groups as clinical
research subjects has become an important goal
of contemporary clinical research practitioners.
The relatively low participation rates of minority
test subjects in clinical trials have slowed
progress toward a comprehensive understanding
of those emergent diseases that affect minority
groups. For example, research has shown that
although African Americans are over-represented
in many chronic illnesses such as hypertension,
diabetes, and cancer, studies of these diseases
have often failed to attract and at times include
enough African American participants to
generate meaningful conclusions concerning
these populations.

Within the literature, there is no universally
accepted definition of the term “minority.” It is a
socially defined term, used to identify a group
deemed to be occupying a nondominant status
position. Minorities are distinguished by age,
race, ethnicity, and/or cultural heritage. In
American society, minorities include American
Indian and Alaskan natives, Asian and Pacific
Islanders, blacks, and Hispanics. Accompanying
minority status is “vulnerability.” Regulatory
guidance documents such as DHHS regulation 45
CFR 46.111 (b)51 and FDA regulation 21 CFR
56.11152 list children, prisoners, pregnant
women, handicapped, mentally disabled,
educationally disadvantaged, ethnic minority
groups, homeless, impoverished persons, and
refugees as groups of persons who are
“vulnerable.” Vulnerable individuals are prone to
coercion and exploitation and may participate in
clinical trials as a means to obtaining medical
care, thus exposing themselves to the risk of
manipulation or undue influence from
researchers.

Historically, minorities and impoverished
persons have been prone to exploitation in
clinical research. The Tuskegee experiment
provides an example of how African American
minorities were victimized and made
vulnerable.53 Impoverished persons, some of
whom are minorities, suffer from discrimination;
tend to have less access to education, social
services, and health care; and are often
behaviorally and politically stigmatized. An
example of violations of an impoverished
minority group occurred in the San Antonio
Contraception study, which enrolled 76
impoverished Mexican-American women with
previous multiple pregnancies. Without their
knowledge, Mexican-American women who
sought oral contraceptives at a clinic were placed
in a 2-way, crossover study. In the first phase,
one group was given a placebo and the other an
oral contraceptive. In the second phase, women
initially placed on placebo received oral
contraceptive and those initially receiving oral
contraceptives were crossed over to placebo.
Eleven women became pregnant during the
study, 10 while using placebo.54 These
impoverished women sought preventative
medical care but were exploited by the existing
clinical program. Research occurred without
their consent and the risks clearly outweighed
any benefit.

In 1990, the NIH established one of the first
policies requiring the mandatory inclusion of
women and other minorities in clinical
research.55, 56 Despite this policy, minorities were
poorly represented in clinical trials because
issues barring their participation were quite
different than that of women. With minorities,
the legacy of the Tuskegee study and mistrust of
the medical profession were paramount. These
guidelines had been developed but did not
require the reporting or analysis of the data
regarding race or gender, making it impossible to
establish the success of these mandates in
attracting and retaining women and minorities.
In 1994, after reports indicated that these policies
were not being uniformly adhered to, the NIH
along with the Office of Research on Women’s
Health (ORWH) and the NIH office of Minority
Health joined forces and issued revised guidelines
on the necessity of inclusion of women and
minorities in clinical research and emphasized
the reporting of analysis of sex and race/ethnicity
differences in research results in NIH phase 3
clinical trials.55 Inclusion of the results of subset
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analyses was strongly encouraged in all
publication submissions. If the analysis revealed
no subset differences, a brief statement to that
effect, indicating the subsets analyzed, would
suffice.57

The barriers to increasing minorities’
participation in clinical studies are diverse.
Mistrust and fear of being “guinea pigs” have
been cited by minority subjects as the major
reason for not participating in research studies.58

In some instances, barriers to their participation
in clinical trials reside within organizational
structures.59 Organizational barriers exist where
there is a lack of racial diversity in the research
team or organization. It has been suggested that
if the race of the recruiter and the target group
are discordant there is even greater challenge.60

The same is true when recruiters are viewed as
outsiders to the community they wish to study.61

Basic considerations such as the hours of
operation of a facility may adversely impact
potential subjects’ ability to participate.
Minorities or impoverished persons are more
likely to have hourly paid jobs and, as such, time
away from work for research participation
negatively impacts their income.

In addition, bureaucratic processes such as
penalizing illegal aliens may deny them from
participating in clinical trials even though they
live, work, and sometimes die in America. As the
United States population becomes more
diversified, researchers must be cognizant of the
impact of laws and a lack of English proficiency
of potential minority subjects62 on attracting and
retaining potential subjects.

Barriers to minority participation in clinical
trials can also be resource related. Such barriers
occur when there are limited resources available
to provide the services needed to meet the needs
of the target group. This may include the
expense required to make culturally relevant
brochures, advertisements, cost of translation
services, or staff education. In some cases, the
incurred costs of participating are not offset by
remuneration received from participating in
clinical trials.

Addressing Barriers to Minority Research
Participation

In order to improve the health status of
underserved populations, including racial and
ethnic minorities, several agencies have been
created, including the Office of Minority Health
in the U.S. Department of Health and Human

Services (1985) and the Centers for Disease
Control and Prevention (1988). The
Disadvantaged Minority Health Act was passed
by Congress in 1990.63 More recently, the
initiatives Healthy People 2010 and Racial and
Ethnic Approaches to Community Health
(REACH) 2010 have been launched to increase
quality and years of healthy life and eliminate
health disparities. In particular, Racial and
Ethnic Approaches to Community Health
(REACH) 2010 is designed to eliminate
disparities in six priority areas in which racial
and ethnic minorities experience serious
disparities in health access and outcomes,
including infant mortality, deficits in breast and
cervical cancer screening and management,
cardiovascular diseases, diabetes, HIV
infections/AIDS, and child and adult
immunizations.64 In addition, Healthy People
2010 reinforced the need to include enough
individuals from different segments of the
population in clinical trials.65 Part of the Healthy
People 2010 initiative is to gain comprehensive
understanding about diseases that affect minority
groups. To achieve this objective, clinical trials
must be based on populations that are large
enough to eliminate statistical bias.

It has been suggested that the structural,
organizational, and economic barriers for
recruitment and retention of minorities and
impoverished subjects can be achieved through
comprehensive planning that considers structural
and individual influences negating minority
group participation in clinical trials.59, 66 Among
the more important issues to be addressed
include the following:

a.Building trust within minority communities
through communication about the need for
their participation and making participants
fully cognizant of their rights as clinical test
subjects.

b.Ensuring cultural competency of all clinical
researchers.

c.Building diversity among the student
population of clinical researchers who are
enrolling in relevant college programs of
study. In keeping with this thrust to an
integrative approach, the Accreditation
Council for Pharmacy Education adopted
revised Doctor of Pharmacy education
standards that included diversity and cultural
competency.67 These standards were released
in February 17, 2006 and will become
effective July 1, 2007.
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d.Ensuring due vigilance in reporting
participation rates of clinical research test
subjects and analysis of these data with
regards to race and gender, such as that
required of federally funded programs.

In addition to the above, further outreach
approaches on the recruitment and retention of
minority research subjects can be found in
Outreach Notebook for the Inclusion, Recruitment
and Retention of Women and Minorities in Clinical
Research, published by ORWH.68

Summary of Research in Minorities

Numerous barriers exist for including
minorities in clinical research. These barriers
include language difficulties, financial barriers,
mistrust by minority subjects, and researchers’
lack of cultural competency. Although federal
regulations and guidances encourage the
inclusion of minorities in clinical research,
improvement of minority participation in
research need to be addressed via communities,
among clinical researchers, and within education
institutions.

Research in Vulnerable Populations

Prisoners, refugees, and the mentally ill are
considered to be vulnerable populations for
whom measures of protection from possible
exploitation and harm need to be taken. There is
considerable debate surrounding the use of these
persons for clinical research. The principle of
“respect for persons” would require that these
individuals not be deprived of the opportunity
for involvement in research. However, under
conditions of incompetence or the institutional
setting, protection from coercion or undue
influence must be afforded.69

Refugee Populations

A refugee has been defined as “a person who is
outside his/her country of nationality or habitual
residence; has a well-founded fear of persecution
because of his/her race, religion, nationality,
membership in a particular social group or
political opinion; and is unable or unwilling to
avail himself/herself of the protection of that
country, or to return there, for fear of
persecution.”70 Internally displaced people
(IDPs) are similar, but still live within the
borders of their home country. Refugees are
considered to be vulnerable for many reasons. If

they are non-citizens of the country in which
they are residing, they may not be afforded the
same legal rights and regulatory protections of
the host country. The United Nations
Convention on Refugees in 1951 and the
subsequent Protocol in 1967 provided guidance
regarding the treatment of refugee populations to
include travel documents, unification of families,
welfare services, freedom of religion, access to
courts, and employment.70 Host countries can
use their own judgment in the application of
domestic law to these people. Political upheaval
and social destruction are often inherent in the
creation of a refugee population. Refugees are
the victims of hostility by those who drove them
from their home country and may not be entirely
welcomed by the citizens of the country to which
they fled. Authorities may do little to ensure that
ethical conduct of clinical research is maintained
in the refugee population.71 The vast majority of
internally displaced peoples are women, children,
the elderly, and the disabled. Because IDPs are
living within their own country, there is no
international agency to protect them; it is
assumed that their own government will bear
that responsibility. Often, people are
transplanted within their own country due to
internal conflicts that cause one of the factions to
be favored to other factions. Due to this, IDPs
are not protected or cared for because of
prejudice.72

The issue of conducting research in refugee
populations is not specifically addressed or
mentioned in international regulations that
provide direction to those involved in clinical
research. This includes the Belmont report, the
Nuremberg Code, the Declaration of Helsinki,
and the Council for International Organizations
of Medical Sciences.32, 69, 71 Emergency relief
personnel may work under conditions in which
the interventions provided may lack proven
scientific efficacy. There is a need to establish
evidence-based emergency practices while
protecting the refugee and internally displaced
populations from possible exploitation or harm.73

Challenges in Research Involving Refugees

There are numerous barriers to ethical clinical
research using refugees and internally displaced
people as subjects. They are economically
impoverished and may be easily influenced to
participate in research that they may believe will
bring them financial gain, improvements in living
conditions, or the semblance of cooperation with
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authorities. Effective communication with these
persons may be complex due to obstacles created
by differing languages and cultural norms.
Refugee and IDP populations may be appealing
to researchers because of the “captive audience”
that they represent. Refugees may be placed in
“camps” that will limit their movement and be
consistent in population. Follow-up studies may
be easier to design and implement.71 Researchers
must consider the psychological and social
stressors experienced by refugees that may
contribute to varying degrees of mental status
changes. Voluntary informed consent of the type
that would be expected in other areas of clinical
research may be extremely difficult to obtain
from this group of subjects. The question of
whether consent given in crisis situations meets
the test of being freely given must be answered.

The ethical requirements for studies involving
this population must be higher than those
needed for a less vulnerable population.
Refugees participating in clinical research may
not receive significant benefit from the study, but
may incur risks. Humanitarian researchers
believe that studies evaluating the extreme
problems experienced by this population will
improve knowledge that will benefit future
people in crisis situations.73 Guidelines for
research in refugee and IDP populations have
been proposed and include the folowing73:

a.Undertake only those studies that are urgent
and vital to the health and welfare of the
study population.

b.Restrict studies to those questions that
cannot be addressed in any other context.

c.Restrict studies to those that would provide
important direct benefit to the individuals
recruited to the study or to the population
from which the individuals come.

d.Ensure the study design imposes the absolute
minimum of additional risk.

e.Select study participants on the basis of
scientific principles without bias introduced
by issues of accessibility, cost, or malleability.

f. Establish the highest standards for obtaining
informed consent from all individual study
participants and, where necessary and
culturally appropriate, from heads of
household and community leaders (but this
consent cannot substitute for the individual
consent).

g.Institute procedures to assess, minimize, and
monitor the risks to safety and confidentiality
for individual subjects, their community, and

their future security.
h.Promote the well-being, dignity, and

autonomy of all study participants in all
phases of the research study.

Prisoner Populations

Prisoners who may be recruited to participate
in clinical research are considered vulnerable
research subjects for many of the same reasons as
refugees and the internally displaced. As
opposed to the refugee population, regulatory
guidance does exist to aid researchers in
developing research protocols that acknowledge
these vulnerabilities. The Ethical Principles and
Guidelines for the Protection of Human Subjects
of Research, or The Belmont Report, defined and
summarized basic ethical principles pertaining to
general clinical research.69

Challenges in Research Involving Prisoners

Socially, prisoners are deprived of many
freedoms and are controlled by the environment
in which they live. They rely on the prison
system for basic needs that include shelter, food,
and clothing. A prisoner may believe that he
may receive an improved living condition, extra
privileges, or a shortened prison sentence
secondary to his participation as a research
subject. The prisoner may not be able to make
sound judgments with respect to voluntary
informed consent to participate in a study
because of his perceived need to please those in
power or receive increased entertainment or
exercise time. A prisoner may simply be bored
with the regimented life in a prison.
Participation as a research subject may relieve
boredom or allow the prisoner the opportunity to
distinguish himself from other inmates.71

The prison population is appealing to
researchers for many of the same reasons as the
refugee population. Depending on the length of
the prison sentence, prisoners will be living in
the same place with the same environmental and
social conditions throughout the length of the
study. Follow-up studies would be less complex
to implement in this population. Unfortunately,
there is evidence of researchers conducting risky
research in this population due to the perception
of a reduced societal “value” of prisoners relative
to non-incarcerated individuals.71

Title 45CFR46, Subpart C, of the U.S. Code of
Federal Regulations, entitled Additional
Protections Pertaining to Biomedical and
Behavioral Research Involving Prisoners as
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Subjects, was enacted by the Department of
Health and Human Services (DHHS) in 1978 to
address many concerns relative to conducting
research in the prisoner population.74 These
regulations are applicable to all biomedical and
behavioral research that is conducted or
supported by the DHHS. Subpart C provides
safeguards to prisoners to ensure that a voluntary
and uncoerced informed consent is given for
participation in clinical research. The
membership of the IRB that reviews and approves
research protocols in the prisoner population
must include a prisoner member or a prisoner
representative with appropriate background.
Assurances are provided that parole boards will
not be aware of a prisoner’s participation in a
study and that the prisoner is informed of this
provision.74

Title 45CFR46, Subpart C also defines
permitted research in the prisoner population.
Proposed research must only include the
following74:

• Study of the possible causes, effects, and
processes of incarceration, and of criminal
behavior, provided that the study presents no
more than minimal risk and no more than
inconvenience to the subjects.

• Study of prisons as institutional structures or
of prisoners as incarcerated persons.

• Research on conditions particularly affecting
prisoners as a class; and research on social
and psychological problems such as
alcoholism, drug addiction, and sexual
assaults provided that they study may
proceed only after the Secretary has
consulted with appropriate experts, including
experts in penology, medicine, and ethics,
and published notice, in the Federal Register,
of his intent to approve such research.

• Research on practices, both innovative and
accepted, which have the intent and
reasonable probability of improving the
health or well-being of the subject.

• Except as provided above, biomedical or
behavioral research conducted or supported
by DHHS shall not involve prisoners as
subjects.

The “Mentally Ill” or “Decisionally Impaired”

An accurate term to describe individuals with
diminished mental capacity who do not have the
consistent ability to provide voluntary informed
consent for participation in clinical research

studies cannot be found in the guidelines and
recommendations put forth by consensus experts
and advisory committees. “Mentally ill,”
“decisionally impaired,” “mentally incompetent,”
and “cognitively impaired” are all descriptors that
have been used.71, 75–77 Although controversy
exists as to how to define these individuals, there
is agreement that, while persons who are
mentally ill are a vulnerable research population,
they may be able to be autonomous in
participating in clinical research. A statement
published by the NIH acknowledged that
impaired cognitive ability is not restricted to
persons with neurologic, psychiatric, or
substance abuse problems, nor should it be
assumed that persons with these disorders have
questionable capacity.75

Challenges in Research Involving Persons with
Cognitive Impairment

Disease states that are associated with cognitive
impairment include dementia, delirium,
schizophrenia, bipolar disorder, and depression.
Persons suffering from schizophrenia, bipolar
disorder, and depression will have fluctuating
courses of illness that may produce periods of
impaired capacity to understand the risks and
benefits of involvement in research. Even when
it is perceived that the subject is able to provide
informed consent, it may be difficult for him/her
to anticipate the consequences relative to future
recurrences of illness.78 Individuals diagnosed
with dementia can be expected to follow a
prolonged, consistent decline in cognitive
functioning that will continue to impact
decision-making abilities. Substance abuse
disorders can result in states of intoxication
similar to delirium and reduce cognition and
attention.78

The mentally ill are often stigmatized in many
settings by those who assume they are dangerous,
impaired, and unable to provide any care for
themselves.76 This compounds the social
isolation experienced by persons with severe
mental illness who may already feel inadequate.
Mentally incompetent individuals may be prone
to influence by those close to them such as
caregivers or individuals involved in their
treatment. They may consent to involvement in
clinical research in an attempt to be cooperative
or gain acceptance.71 Living in an
institutionalized environment creates concerns
similar to those of the prison population, where
the belief may be that participating in a study
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may allow for special privileges. The
consequences of mental illness for those able to
live in community settings can be staggering.
Unemployment, substance abuse, disability,
homelessness, and incarceration are common,
contributing to an increased vulnerability in this
population.79 Persons with severe mental illness
are often considered to be nonadherent to
treatment recommendations, including missing
appointments, refusing to follow up on referrals,
and noncompliance with medication treatment
regimens.80 Due to these problems, many
individuals will be continually hospitalized, both
acutely and chronically.

The “deinstitutionalization” of the mentally ill
began in the mid-1980s in the United States.80

Those who were deemed capable of residing in
the community were released to group homes,
apartments, and shelters. The availability of
supervised or structured housing was limited in
many areas and the burden on the community
mental health centers to provide care was
strained. As a result, the number of mentally ill
homeless soared and, with it, an increase in
comorbid substance abuse and incarcerated
persons. Today, jails and prisons can be
considered “holding areas” for the mentally ill. It
is estimated that approximately 16% of those in
state prison facilities have been diagnosed with a
mental illness.80

Addressing Barriers to Research Participation by
Mentally Incompetent Individuals

It is well recognized that research relative to
both the underlying pathophysiological processes
of psychiatric disorders and the development of
new treatments for the illnesses is of paramount
importance. It is estimated that 5 to 10 million
adults in the United States suffer from severe
mental illness and that the annual cost of
untreated mental illness is more than $100
billion.79 It is not a question of whether to
engage in clinical research in the mentally ill, but
how to ensure that study subjects who may be
cognitively impaired are protected from unethical
or victimizing research.

The practice of excluding the mentally
incompetent from research studies would solve
the ethical dilemmas with respect to informed
consent and the Nuremberg Code, but would
cease advancement of knowledge in the
understanding of the physiologic deficits of
mental illness and the creation of more effective
treatment options. In order to avoid subjecting

those with mental illness to unnecessary
involvement in research, it has been suggested to
limit research to studies that are relevant to the
conditions prevalent in the decisionally
impaired.78 Advocacy groups such as the
National Alliance for the Mentally Ill support
research in severe mental illness, insofar as it is
consistent with the highest scientific and ethical
standards for protection of research subjects.79

The NIH recommend several “points to
consider” when developing research involving
persons with a questionable capacity to
consent.75 The first is to avoid potential conflicts
of interest. Often, the researchers who are
recruiting these individuals are clinicians who are
also providing care and it may be difficult for the
mentally impaired person to differentiate
between research and treatment, leading to
confusion for the potential participant.
Therefore, it is important that the consent
process indicate differences between clinician
and investigator and between treatment and
research. The IRB should include a member who
is experienced in working with people with
mental illness or a member from an advocacy
group. The capacity to consent to participation
must be assessed by the investigator, including
the individual’s understanding of the risks,
benefits, and alternatives to participation in the
study. The consent process will require ongoing
assessment due to fluctuations in the decision-
making capacity of the individual. Safeguards
should be put in place within the study protocol
to account for increases in decisional impairment
as the study progresses. The study participant
should be reeducated about the study protocol at
frequent intervals to assure continued
understanding and to provide assessment of
cognitive stability. The IRB is advised to appoint
an independent monitor to be present when the
study investigators interview potential study
candidates and/or their caregivers to ensure
ethical conduct of research when the study
involves greater than minimal risk.75

The use of proxy consent was first adopted in
the formulation of the Declaration of Helsinki in
1964 as an alternative for those study
participants unable to give direct informed
consent.71 The most recognized source for proxy
is consent given by one who is legally authorized
to do so. A question arises concerning what kind
of clinical research is appropriate for proxy
consent. Therapeutic research involves direct
benefits to the participant, while nontherapeutic
research does not. It is generally accepted that
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nontherapeutic research can be performed using
normal subjects and is, therefore, not appropriate
for mentally incompetent individuals. There is
concern that use of proxy consent does not
adequately protect from exploitative research.
Because of this, the NIH suggests that, along with
proxy or surrogate consent, the assent of the
individual study participant be obtained. The
autonomy of the individual should be respected,
as well as the right of that individual to withdraw
from the study at any time.

An advance directive to participate in research
that is executed at a time that the mentally
incompetent individual is competent to consent
may be considered where the law permits.75

Another safeguard that may be implemented by
the study investigator is a waiting period. Those
who are cognitively impaired may need more
time to consider the educational information that
they are given regarding the study protocol or
they may want to consult with family members
or trusted caregivers. Information should be
provided in small increments over time to allow
for improved comprehension by the individual
and the greatest likelihood of voluntary informed
consent.75

The World Medical Association (WMA)
adopted a policy statement on ethical issues
concerning patients with mental illness in 1995.81

In it, the WMA states that “the discrimination
associated with psychiatry and the mentally ill
should be eradicated; this stigma often
discourages people in need from seeking
psychiatric help, thus aggravating their
situation.”81 The inability of the mentally ill
patient to exercise autonomy or provide informed
consent does not differ from any other legally
incompetent patient. The person diagnosed with
a mental illness should not automatically be
assumed to be legally incompetent and his/her
judgment should be respected.81 The statements
of this world body provide the foundation upon
which to build ethical and appropriate standards
for the conduct on clinical research studies in the
mentally ill.

Summary of Research in Vulnerable Populations

Numerous barriers and challenges exist in
conducting research in vulnerable populations.
Refugees and prisoners are appealing to
researchers because of the “captive audience”
that they represent. Guidelines for research in
refugee and internally displaced populations have
been proposed to protect these vulnerable

populations from possible exploitation or harm.
Similarly, federal regulations were also enacted to
protect prisoners participating in biomedical and
behavioral research. Mentally ill and decisionally
impaired persons constitute another group of
vulnerable research subjects. It is recognized that
clinical research in subjects with mental illness or
dementia is of paramount importance, as the
advancement of understanding of these disorders
will encourage development of new treatments
for these disorders. Recommendations have been
put forth by the NIH and WMA for protecting
mentally ill and cognitively impaired persons in
clinical research.

Research in Women

Sex-related Variability in Pharmacokinetics and
Pharmacodynamics

Over the last few decades, it has become
increasingly evident that there are sex-related
differences in pharmacokinetics and
pharmacodynamics.82, 83 Pharmacokinetics
studies focus on the relationship between drug
dosage and concentration of drug over time in
blood or plasma and preferably in cells and
tissues, which may better represent the site(s) of
action.84 Sex-based differences in bioavailability,
distribution, metabolism, and elimination exist
that contribute to variability in drug response.
Bioavailability of oral agents appears to be higher
in women than men, while transdermal drug
administration does not seem to be affected by
sex.85 Gastric emptying time is slower in women
than men, primarily due to the effects of estrogen
and transit time may vary throughout pregnancy
and the menstrual cycle.84

Since body composition, plasma volume, and
plasma protein binding vary between women and
men, it follows that the rate and extent of
distribution may vary. Women have higher body
fat, lower average body weight, and smaller
average plasma volume than men. Therefore,
lipophilic drugs (such as benzodiazepines and
neuromuscular blockers) have increased
distribution volumes in women.84, 85 Albumin
concentrations do not consistently vary by sex,
but exogenous estrogens can increase the levels
of serum-binding globulins and may impact sex
hormone-binding globulin, corticosteroid-
binding globulin, and thyroxine-binding globulin
in women.84 Many believe the most important
factor in adjusting medication dosages between
women and men may be adjusting for body size,
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especially for loading doses or drugs with a
narrow therapeutic window.86, 87 Overall, the
extent of clinical differences in distribution has
not yet been precisely defined.

Of all pharmacokinetic parameters, drug
metabolism seems to play the greatest role in
variability between women and men. Sex-based
differences exist in both phase I (oxidation,
reduction, and hydrolysis mediated through the
cytochrome [CYP] P450 system) and phase II
(glucuronidation, sulfation, acetylation,
methylation, or glutathione conjugation of the
parent drug or its phase I metabolite) reactions.
A classic example of a phase I reaction difference
between women and men is shown with drugs
metabolized by the isozyme, CYP3A4. Agents
such as erythromycin, midazolam, and verapamil
are typically metabolized and cleared faster in
women. Reasons for this difference are thought
to be a variance in CYP content or activity.84

Although most phase II reactions are primarily
due to racial and genetic differences, some data
on sex differences exist. A comprehensive
discussion of these reactions can be found
elsewhere.85 Conflicting data exist on whether
menstrual cycles, menopausal status, or estrogen
and progesterone levels in hormone therapy
significantly affect drug metabolism in women.84

In addition, sex-related factors, such as use of
hormonal contraceptives, may affect drug
metabolizing enzymes.82

Drug excretion is usually mediated by the
kidney or liver. Glomerular filtration, because it
is directly proportional to weight, is higher on
average in men than women. This reinforces the
importance of sex-adjusted dosage selection for
renally excreted drugs with narrow therapeutics
windows and/or adverse effects related to
concentrations.85 Further study on sex-based
differences in renal excretion is warranted to
clearly explain the contribution of this factor.

Pharmacodynamic and behavioral differences
between men and women have been well
documented. A pharmacodynamic difference
exists when similar plasma concentrations of a
drug in the two sexes do not produce the same
pharmacologic outcomes. Numerous examples
in pharmacodynamic differences exit. It is also
well documented that women experience drug-
related adverse events more frequently than their
male counterparts.88–90 For example, multiple
studies have shown that women seem to have
more frequent and severe side effects with
protease inhibitors and nucleoside reverse
transcriptase inhibitors than men.91–96 Women

tend to demonstrate greater analgesic effects with
opioid agonists compared with men.97–100 In
clinical trials, women have not always
experienced the same benefits as men, especially
with regards to cardiovascular outcomes.101, 102

Negative consequences may result with
differences between women and men for delay in
presentation and treatment with coronary heart
disease.103 Women also appear to score lower
than men on measures of health status and
functioning in diabetes.104, 105 Despite several
examples of these pharmacodynamic and
behavioral differences between women and men,
little is known about the direct interplay of
pharmacokinetics and especially genetics with
these factors.

Sex-related Genetic Differences

The distinct role of genetics in sex-based
differences is much less clear than
pharmacokinetics. Findings of differences at the
biochemical and cellular level, specifically at the
XY (male) and XX (female) sex chromosome
level, are beginning to more clearly define how
women and men may express individual drug
variations.

In 2001, the Committee on Understanding the
Biology of Sex and Gender Differences, Institute
of Medicine published, Exploring the Biological
Contributions to Human Health: Does Sex
matter?87 The report explored sex differences
and determinants of these differences at the
biological level. There are several mechanisms
for the genetic basis of sex differences:

1.Genes on the Y chromosome are expressed
only in males, with many having no
counterpart on the X chromosome; therefore,
expression of Y genes will be limited to males.

2.Some genes on the X chromosome are
expressed at higher levels in females than in
males. Although there is a process of
inactivation of one of the two X chromosomes
in females to attempt to equalize the “effective
dosage” of the X chromosome, not all genes
on the inactivated X chromosome respond to
this process. The relatively few genes not
equalized can have significant impact on the
phenotypes of cells.

3.The expression of many genes is likely to be
influenced by hormones. Therefore, some
genes may have limited expression in sexually
dimorphic tissues or cell types (e.g., the ovary,
breast, testis, and prostate).
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At this point, only a limited number of genes
have been examined for sexual dimorphism.
However, some data are known about possible
effects between the sexes of any variant in an X-
chromosome-linked gene. For example,
mosaicism occurs in females where the two X
chromosomes express the alleles of the paternally
inherited X chromosome and maternally
inherited X chromosome, respectively. Therefore,
expression of an X-chromosome-linked
phenotype is often much more variable in
females than in males. With hemizygosity, males
have only one X chromosome and functional
variants cannot be “masked” by a second X
chromosome. Thus, males often demonstrate a
more common, clear, or extreme version of the
variant phenotypes than females. Scientific
discovery of differences in expression through
the female and male genome should produce
fascinating findings.

The issue of whether there are differences in
the biochemistry between female and male cells
has also been explored. There is a potential for 1

in 20 biochemical reactions to differentially affect
male versus female cells because the sex
chromosomes comprise approximately 5% of the
total human genome.87 With this knowledge, it
is possible to imagine that male and female cells
will differ in at least some aspects of basic
biochemistry, especially given the complexity of
most biological pathways. Table 2 displays the
genetic factors that may differentially affect the
basic biochemistry of male and female cells.

Genomic imprinting is the concept that some
genes are expressed only from the maternal allele
and that others are expressed only from the
paternal allele.87 This concept reinforces the
acknowledgment that there are multiple
biochemical differences between the gametogenic
cells of males and females and that these
differences may affect the expression of genetic
information in the next generation. For example,
since males have only one maternal X
chromosome and female have both a maternal
and paternal X chromosome, X-chromosome-
linked genes that pass through the paternal line
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Table 2. Progression of public guidelines regarding women in clinical research

Year Event
1986: NIH established New Policy on Women’s Health Research to increase participation in women’s health

research
1988: FDA issued Guideline for the Format and content of the Clinical and Statistical Sections of New Drug

Applications. This guideline emphasized the necessity of including demographic data and their analyses in
NDA applications.

1990: Institute of Medicine Report stated that NIH was not adequately implementing its 1986 policy to increase
participation in women’s health research.

1990: General Accounting Office study revealed that implementation of NIH’s 1986 policy was slow and gender
analysis was not implemented. This subsequently led to media and public reaction.

1990: Office of Research on Women’s Health was established at the NIH to simulate and serve as a central point
for women’s health research. A scientific workshop and public hearings were held at Hunt Valley,
Maryland. These series of scientific meetings produced the report “The National Institutes of Health:
Opportunities for Research on Women’s Health.” The Hunt Valley report served as a guide for women’s
health research at the NIH.

1993 NIH Revitalization Act was enacted by Congress. This law requires the inclusion of women and members of
racial and ethnic minority groups in all federally-funded research studies.

1993 FDA issued “Guidance for Industry. Guideline for the study and evaluation of gender differences in the
clinical evaluation of drugs.” Under this new guidance, pharmaceutical sponsors were required to include a
full range of patients in their clinical studies, and to carry out analysis to evaluate differences in subsets of
patients. The guidance also emphasized that women should be included in all phases of clinical drug
development. Women and minorities must be included in phase III clinical trials in numbers adequate to
allow for valid analyses of differences in intervention effect. Cost is not allowed as an acceptable reason for
excluding these groups.

1994 Offices of Women’s Health were established at the FDA and Centers for Disease Control and Prevention
1994 FDA issued guidance lifting the ban (in place since 1977) barring the inclusion of women with childbearing

potential from Phase 1 and early Phase 2 clinical studies. This ban had been a significant barrier to women’s
participation in clinical trials.

1997: FDA issued “Proposed Rule on Investigational New Drug Applications: Proposed Amendment to Clinical
Hold Regulations for Products Intended for Life-Threatening Diseases.” This rule allowed the FDA to put
protocols under an IND on clinical hold if a pharmaceutical sponsor proposed exclusion of women or men
with reproductive potential.

1997: The Office of Women’s Health Research published “An Agenda for Research on Women’s Health in the 21st
Century.” These series of documents expanded the Hunt Valley vision for women’s health research.
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have the potential to affect female offspring, but
not male offspring. These findings may have
more significant clinical implications when
applied to behavior or cognitive function in
males and females. In addition, recent evidence
of differential timing in the establishment of
maternal and paternal methylation imprints serve
as an example of the sexual dimorphism of
imprinted gene expression.106

Last, the male produces billions of sperms from
a population of stem cells that continue to divide
throughout the entire adult life and the female
produces a relatively small number of ova
(approximately 500) from a limited number of
oocytes that form in embryogenesis. This
numerical difference indicates that most
mutations resulting from DNA replication errors
take place in the male germ line. However, the
magnitude of this difference and the clinical
significance has yet to be determined.

Males and females have partially different
genomes. The findings discussed here indicate
that there are multiple differences in the genetic
information, biochemistry, and pharmacokinetics
of males and females that can affect an
individual’s health and drug response. What we
have learned is that many of these differences do
not arise solely because of the hormonal
environment. Further research in sex-based
differences regarding pharmacokinetics and
genetics is warranted and important to further
our understanding of the human condition.

In summary, sex-related variability and genetic-
based sex differences in drug response makes it
necessary to include women as research subjects
in clinical studies. Despite this fact, women have
been historically under-represented in clinical
trials.107, 108

Challenges in Inclusion of Women in Research

The ethical and social considerations of
including women in research have been
extensively discussed.109, 110 The current concern
regarding participation of women in clinical
studies arises from conflicting public policy
positions: protectionism and access. The need
for research subject’s protection was emphasized
in the 1950s and 1960s in response to unethical
research conduct. The discovery of adverse
outcomes in children who had fetal exposure to
certain drugs during pregnancy further reinforced
the protectionism emphasis. In the mid-1970s,
legislation was passed to protect research subjects
from unethical treatment. The regulations
resulting from this legislation also were designed
to protect against fetal injury by restricting the
inclusion of women of childbearing potential and
pregnant women and in drug trials. However,
women-specific conditions and sexual
dimorphism in drug response made researchers
recognize the need to recruit women subjects in
drug studies. Over the past two decades, the
NIH and FDA have switched from a
protectionistic to an inclusive policy regarding
women participating in clinical trials (Table 3).

Despite these regulatory shifts in public
policies to a more inclusive agenda to encourage
women participation in clinical studies, recent
analyses still show an alarming under-
representation in women participants in phase 1,
2, and 3 clinical trials.110, 111 In an analyses of
four high-impact journals, Vidaver et al found
that 20% of phase 3 clinical trials excluded
women, and only up to 25% of articles included
an analysis of results specific to gender
differences.111
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Table 3. Genetic factors that may differentially affect the basic biochemistry of
male and female cells.87

Gender Genetic factors
Male X-chromosome-linked recessive mutations

Expression of Y-chromosome-specific genes
Changes in androgen-responsive genes in germ-line
or somatic cells

Female Expression of some genes from both X chromosomes
Defect in initiation or maintenance of X-chromosome
inactivation
Changes in estrogen-responsive genes (e.g., the HER2 gene
in breast cancer) in germ-line or somatic cells
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Reasons for a lack of women participation in
clinical studies are multifactorial. Inclusion and
exclusion criteria, especially in the field of
cardiovascular medicine, may favor inclusion of
men.110 Women are usually older and therefore
have more comorbidities when they experience
their first myocardial infarction. These
comorbidities may render them less likely to
participate in clinical trials. It has also been
documented that women are less likely to
provide informed consent,112 and male physicians
are less likely to enroll female than male patients
into clinical studies.113 In addition, phase 1
studies and studies in healthy volunteers have a
higher rate of excluding female participants,110

suggesting that some investigators may still
consider it unethical to expose women of
childbearing potential to a drug without any
benefit other than a small financial gain.

Addressing Challenges in Inclusion of Women in
Research

The appropriate inclusion and representation
of women and minorities in biomedical research
and clinical trials is an explicit criterion
evaluated during reviews of such proposals for
NIH funding.114 This criterion also applies to
research conducted at NIH-funded General
Clinical Research Center units at local
institutions. These provide principal
investigators incentives to ensure recruitment of
balanced and representative mix of gender and
minority groups into their research projects.

In addition, the OWRH has published an
Outreach Notebook for the Inclusion,
Recruitment and Retention of Women and
Minorities in Clinical Research.68 Some strategies
that may aid the recruitment and retention of
women in clinical research include the following:

a. Involving the community: For example, the
support and collaboration of women
community physicians who provide care for
the targeted population can be solicited.

b.Involving the participants: For example,
women participants should be included in
the design of the research and preparation of
study materials to be sure they meet their
needs. In addition, women respond
positively to messages of altruism that convey
the benefits of research to future generations.

c.Staffing of the research team: For example,
women investigators and staff may foster
greater trust among female participants.

d.Addressing logistical and financial need: For
example, offering childcare, maintaining
extended and flexible clinical hours, and
other financial incentives may offset some
inconveniences due to research participation.

e. Improving communication: Allowing extra
time to review study procedures and benefits,
questions and answers, for participants with
special needs (e.g., parents with young
children).

Summary of Research in Women

Sex-based variations in pharmacokinetics and
pharmacodynamics have become increasingly
evident. In addition, genetics may play a role in
defining how men and women respond
differently to medications. Sex-based variability
in drug response makes it necessary to include
women as research subjects in clinical studies.
Historically, women were under-represented in
clinical trials, in part because they were
“protected” from participation due to a concern
of fetal exposure to drugs. Over the past two
decades, the NIH and FDA have switched to an
inclusive policy, encouraging inclusion of women
in clinical studies. However, challenges to
inclusion of women in research still exist. The
OWRH has published strategies that may aid the
recruitment and retention of women in clinical
research.

Conclusion

Although regulatory policies governing
research in women, minorities, elderly, and
children have switched from a protectionistic to
an inclusive stance, these populations are still
under-represented in clinical research. The
participation of individuals with cognitive
impairment, inmates, and refugees in clinic
research requires addressing special social and
ethical challenges. The lack of participation in
research by women and these other special
populations result in a gap of medical knowledge
regarding the health and appropriate medication
use of these groups. In this paper, current
policies from regulatory agencies, expert, and
other advocacy groups are presented.
Pharmacist-researchers should be cognizant of
these guidelines and be an advocate for the
inclusion and rights of women and other special
populations in research.
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