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The insulin res1stant subphenotype of polycystic ovary
syndrome: Clinical parameters and pathogenesis
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Objective: This study was undertaken to compare clinical and biochemical characteristics of
insulin resistant (IR) and non-IR subphenotypes of polycystic ovary syndrome (PCOS). . - plucost
Study design: Infertiie PCOS women were classified as IR (z = 32) or non-IR (n = 46) on the by may a
sis of fasting glucose and insulin levels. The incidence of acanthosis nigricans (AN), hirsutisn, § of the
and ovulation in response to ¢lomiphene citrate (CC) was compared between the 2 groups, alon_'g' In 199
with serum levels of gonadotropins, and sex steroids. Blood sampies from 28 PCOS patients andf |

| $timulz
controls were analyzed by enzymatic immunoassay for autophosphorylated insulin receptor ;[APIR'
{APIR) and total insulin receptor (TIR) content. . ;:"Duaaif’

Results: Insulin resistance was associated with obesity (odds ratio [OR] = 3.5, P<.03), AN' :
(OR = 6.0, P<.05), hirsutism (OR = 3.1, P<.05), and resistance to CC (OR = 5.0, p<g5). | ¥ [
Mean levels of LH, LH/FSH ratios, and testosterone were.lower in women with IR (11.5 4¢3 EAUvIty
mlU/mL, 2.0 + 1.0, and 56.6 &+ 29.0 ng/dL, respectively) compared with women without R§4 poter
(15.0 £ 13.4 mIU/mL, 2.4 £ 1.5, and 72.5 + 29.8 ng/dL, respectively) (P<.05). Mean APIK/ | 2ad Al
TIR ratios in IR women were lower than in non-IR women (P <.05 at 100 amol/L of msuiau) “siythro
and controls (P<.01 at 1, 10 and 100 nmol/L insulin). ' autora{
Conclusion: Patients with IR are more likely to be obese and have AN, hirsutism, resistance lo‘
CC, and lower LH, LH/FSH ratios, and testosterone levels. Furthermore, IR patients app
to have defective autophosphorylation of the insulin receptor, a key element in insulin actios
and a possible mechanism for IR in PCOS.
© 2004 Elsevier Inc. All rights reserved,

Polycystic ovary syndrome (PCOS) affects 4% to 6%
of women of reproductwe—age and is a common Cal¥ |
of female infertility.! The syndrome is characterized i
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)}direct effect on the ovary,? as well as by a negative
and :

" act OnL seX hormone-binding globulin (SHBG) lev-
54 fyperinsulinemia may also lead to impaired lipoly-
¢in adipocytes, which in turn may contribute to
Bésity often seen in PCOS patients.>® Furthermore,
, mitogenic effects of insulin on basal cells of the skin
result in acanthosis nigricans (AN),” which can be
ent in PCOS patients. Taken together, such insulin
fects have made IR and hyperinsulinemia an attractive
lseory behind the pathophysiology of PCOS. In fact, it
Lus been suggested by some investigators that IR is pres-
" in 2ll PCOS patients.® However, others have re-
red that IR 1s not a universal finding, but rather is
- sent in no more than 50% to 70% of PCOS patients.9
s suggestion is supported by the observation that the
of insulin-sensitizing medications such as metformin,
Jlts in a limited overall clinical response in PCOS
ients. %! Therefore, IR may represent an important
tor in & proportion of PCOS patients, rather than an
ontial component of the syndrome.

A ratio of fasting glucose (G) to fasting insulin (I) has
on qualified as a simple and usefu} predictor of insulin
isiance in women with PCOS.'? Other, more invasive,
s such as insulin-glucose clamp studies, intravenous
wcose tolerance tests, and guantitative model indices,
ay also diagnose insulin resistance’; however, none
‘the tests describe pathologic IR at the cellular level.
11992, Ciaraldi et alt® described decreased insulin-
imulated autophosphorylation of the insulin receptor
WPIR) in adipocytes isolated from women with PCOS.
unaif et al,"* studying cuttured adipocytes and myo-
s, proposed reduced insulin receptor tyrosine kinase
dlivity secondary to excessive serine phosphorylation as
tential mechanism for IR in PCOS. Insulin binding
APIR had previously been characterized in human
hrocytes using cumbersome gel electrophoresis and
radiography techniques.'>*® In 1994, Hagino et al'’
oduced a sensitive enzyme-linked immunosorbent
y (ELISA) for detection of APIR and total insulin
ptor (TIR) in erythrocytes isolated from whole blood.
o typify the clinical features of IR in PCOS, we
ipared common clinical and laboratory characteris-
among IR and non-IR PCOS patients. Further-
e, to examine previously proposed mechanisms for
in PCOS, we adapted the laboratory methods of Ha-
0 ¢t al'7 to compare APIR activity between IR and
-{R PCOS patients.
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study received Institutional Review Board ap-
l. Between January 2000 and July 2002, women
presented to the Reproductive Endocrinology and
ty Clinic at the University of Southern Califor-
ith an initial complaint of infertility were diag-

 ngs in PCO>-.
yperandrogens

nosed with PCOS on the basis of the foliowing
criteria: chronic anovulation (56 menstrual episodes
per year), hyperandrogenemia (total testosterone iT
>60 ng/dL) or clinical hyperandrogenism as evidenced
by hirsutism (Ferriman-Gallwey score = 8),'* and/or se-
vere persistent acne, and exclusion of adrenal hyperplasia
(17-OH progesterone <200 ng/dL), hyperprolactinemia
(prolactin <25 ng/ml.), and hypothyroidism (thyroid
stimulating hormone <5.0 pIU/ml). Patients receiving
metformin were excluded from the study. Biood samples
were obtained after an overnight fast for measurement
of G and I, and subjects were categorized into 2 groups,
based on the presence or absence of IR (fasting G/l
<4.5, and/or fasting 1 level =20 plU/mL).'% A total
of 78 patients were enroiled in the study.

Biochemical and clinical parameters

Blood samples were obtained for measurement of lutein-
izing hormone (LH), follicle-stimulating hormone
(FSH), dehydroepiandrosterone sulfate (DHEAS), pro-
iactin, and estradiol (E2) concentrations, by means of
immunoassays, that used commercially available kits.
Testosterone was measured by manual radioimmuno-
assay (Coat-a-Count, Diagnostic Products Corp, Los
Angeles, Calif). Fasting G/I ratios, LH/FSH ratios, and
body mass indices (BMIs) [weight (kg)/height (m)?} were
calculated. Obesity was defined as BMI1230 kg/m*. The
presence or absence of AN, as evidenced by characteris-
tic velvety skin discoloration on the neck, axilla, or groin
regions,"' and hirsutism, was determined during the ini-
tial visit, before obtaining results of fasting glucose
and insulin levels.

A subset of 44 women underwent ovulation induction
using clomiphene citrate (CC). An initial dose of 50 mg
of CC was started on day 5 of progesterone-induced
menses and administered for 5 consecutive days. Ovula-
tion was determined by a midluteal serum progesterone
level 3 ng/mL or more on day 23 of the cycle, or by a
positive serum 8-hCG. Serum progesterone andfor B-
wCG levels were available in all 44 patients. Patients
who failed to ovnlate or conceive received CC at incre-
mental doses of 50 mg, up to a maximum daily dose of
250 mg.

APIR testing

Patients signed informed written consent before partici-
pation in APIR testing. Twenty-eight PCOS patients
(IR [n = 13], non-IR [n = 15]), and 8 healthy controls
of reproductive-age with regular menstrual cycles, un-
derwent APIR testing. Patients were not receiving any
medication for 2 minimum of 30 days before testing.
Whole blood was obtained from all patients afier an
8-hour overnight fast. Testing for APIR was performed
according to the following protocol: The APIR
was quantified by ELISA as described };)1'6:*&0113151.17
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Heparinized blood was collected from each subject. The
erythrocytes were washed, centrifuged, and resuspended
in medium with various concentrations of insulin (0, 1,
10, 100 nmol/L). The cells were then incubated for 15
minutes at 37°C to induce APIR. The reaction was
stopped by adding 16 mL of 5 mmol/L. Tris-HCI (pH
8.0) containing 2 mmol/I. sodium orthovanadate, 1 mg/
mL bacitracin, I mmol/L phenylmethylsulfonyl fluoride
(PMSF), and 5 mmol/L EDTA. After centrifugation at
28,000 X g for 30 minutes, the supernatants were dis-
carded and the erythrocyte ghosts were resuspended in
a HEPES buffer, after which they were centrifuged at
100,000<g for 15 minutes at 4°C. The supernatants
were discarded and the pellets were solubilized with Tri-
ton X-100, and centrifuged at 100,000 X g for 15 minutes
at 4°C; the resulting supernatants were stored at —80°C
until analysis.

APIR standard was prepared from Chinese Hamster
Ovarian T cells, which overexpress the insulin receptor.
After preincubating the cells for 30 minutes at 37°C
with serum-free/Ham’s F-12 medium, and treating the
cells with 1077 mol/L insulin for 10 minutes, the cells
were lysed with Triton X-100. After 40 minutes on ice,
the lysate was centrifuged at 100,000 X g for 15 minutes
at 4°C, and the supernatant was aliquoted and stored at
—80°C.

Quantification of APIR and total insulin receptor
(TIR) in the erythrocyte lysates was determined by com-
parison to the respective standards, using ELISAs on
separate microliter plates. For both APIR and TIR de-
termination, plates were coated with monoclonal insulin
receptor antibody (Dr Richard Roth, Stanford Univer-
sity, Palo Alto, CA) and washed with buffer. To mini-
mize nonspecific binding, a blocking buffer was added
to the wells and the plates were incubated for 30 minutes

at 37°C. After washing the plates, 100 pL of each s
ple and appropriate standard were added to the weli.
and the plates were incubated overnight at 4°C, and
washed again. To quantify APIR, biotinylated au
phosphotyrosine antibody was added (Dr Richard Re
Stanford University, Palo Alto, Calif), and the plates
were incubated for 2 hours at room temperaturs. This.
step was followed by addition of peroxidase-conjugated
streptavidin, and the peroxidase activity was determinel.
colorimetrically at 405 nm. The ELISA for TIR w
carried out in the same manner as for APIR, with thee
ception that a peroxidase conjugated anti-insulin reces:
tor monoclonal antibody was used. In this manner, the:
APIR/TIR ratio was determined for each sample.

Statistical analysis

Data were analyzed with SPSS software (Statistic
Package for the Social Sciences, version 10.0; SPS
Inc, Chicago, IlI). Student ! test was used for compa
son of means. Analysis of variance was applied for mv
tiple comparisons of means (APIR/TIR ratios). The
analysis was used for comparison of proportions. Ped
son’s correlation analysis was used when applicable. 51
nificance was determifred at P<.05.

Redults

Patient characteristics and clinical ﬁndings

Of thg 78 PCOS patients included in the study,
women (41%) had IR and 46 women (59%) were cla5§
fied as non-IR. Of the 32 IR patients, 28 (87.5%) b
both a G/I ratio Jess than 4.5 mg/107*U and a fast?

1 20 pU/mL or greater, whereas 2 patients (5-259/ BMI in nop
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4 only an abnormal G/I ratio, and 2 patients only had
abnormal fasting I level. Patient characteristics were
milar between the 2 groups, except for mean BMIL
ich was significantly higher in patients with IR than
patients lacking IR (Table I). A significant association
s observed between IR and obesity (OR = 3.5,
% 05), AN (OR = 6.0, P<.05), and hirsutism (OR =
., P<.05) (Table I).

ided to the v
ght at 4°C
iotinylated aufo

ulation induction

‘the 44 PCOS patients who underwent ovulation in-
on with CC, 16 patients had IR, whereas 28 pa-
ats were non-IR. The proportion of patients who
ted in response to CC was significantly higher in
tients lacking IR (54%) compared with patients with
(19%) (OR = 5.0, P<.05), despite similar BMI
+7.8 kg/m® vs 30.0 + 4.7 kg/m®, P=NS), and
maximum CC dose used (100 + 61 mg vs 98 £ 52
P = NB8), in IR and non-IR patients, respectively.

ach sample.:-:

tware (Statis
sion 10.0; S
1sed for com
s applied fi
R ratios).

hemical parameters

esign, mean fasting G, [, and G/I ratios differed sig-
antly between women with IR and women without
able 1T). Across the study population, a significant
rse correlation was observed between BMIs and
g G/I ratios (r = —0.36, P<.01) (Figure 1). A com-
on of measured biochemical parameters is depicted

ng the 36 women who underwent APIR testing,
age, gravidity, and parity were similar between
PCOS women (n = 13), non-IR PCOS women
15), and controls (n = 8). Mean BMI in IR PCOS
tots (38.1 + 6.9 kg/m?) was significantly higher than
n BMI in non-IR PCOS patients (32.3 % 6.2 kg/m®),

in the stud
59%;) were C

patients (63

o L

E 0.6 =

E 0.4 % —h—non-IR
g 02 | }—I -3 Control
2 o .’/I: | [ | )

*¢p<).05 (IR vs. non-IR)

INSULIN
*3<9.01 (IR vs. controls) oM}

Figure 2 Mean APIR/TIR ratios at different insulin concen-
trations in IR (r = 13), non-IR (n = 15}, and controls {n = ).

who had a significantly higher BMI than controls (24 + 4
kg/m?). As observed in the study population as a whole,
mean fasting G/I ratios were lower in IR compared with
non-IR PCOS patients who had APIR testing (data not
shown). Results for mean APIR/TIR ratios in the 3
groups are depicted in Figure 2. Mean APIR/TIR ratios
in IR women were lower than in non-IR (P<.05 at 100
nmol/L of I) and controls (P<.01 at 1, 10, and 100
nmol/L of T), whereas mean APIR/TIR ratios in non-
IR women did not differ significantly from controls. In
IR women, APIR/TIR ratios reached a plateau at insu-
lin concentrations above 10 mmol/L. In IR patients,
mean APIR/TIR ratios correlated positively with mean
fasting G/I ratios (r = +0.62, P<.05) (Figure 3). As in
the group as a whole, BMI correlated inversely with
fasting G/I ratio (r = —0.5, P<.05). An inverse correla-
tion was also observed between BMI and APIR/TIR
ratio (100 nmol/L) (r = —0.46, P <.05) (Figure 4).

Comment

Insulin resistance and compensatory hyperinsulinemia
are commonly found in PCOS patients; however, not
all PCOS patients are affected. By using the euglycemic
clamp technique, Dunaif et al'? demonstrated reduced
insulin action in 11 of 29 (38%) of PCOS patients. Legro
et al,'* using the frequently sampled intravenous glucose
tolerance test, demonstrated IR in 53% of non-Hispanic
obese PCOS patients. Consistent with prior studies, in
the current study, only 41% of PCOS patients were
found to have IR, whereas 59% demonstrated no IR,
as determined by fasting glucose and insulin levels. Des-
ignating PCOS patients as either IR or non-IR allowed
comparison of common parameters between the 2
groups, in an attempt to identify the clinical consequen-
ces of IR and hyperinsulinemia.

Although IR may be found in both obese and lean
PCOS patients,'**® obesity is a well-described risk factor
for IR2M?2 Consistent with this, in the current study,

. BMI correlated inversely with fasting G/I ratio, suggest-

ing that in PCOS patients, IR worsens with the degree
of obesity. As expected, mean BMI in our IR patients
was significantly higher than in non-IR patients, and

——



1658

Mor gt ,

v = +0.62, p<.05

APIR:TIR RATIO

FASTING G: RATIO (mg/16™'0)

Figure 3 Correlation of fasting G/I ratio with APIR/TIR
ratio at 100 nmol/L insulin concentration in insulin resistant
PCOS patients,

the prevalence of obesity in IR patients (72%) was signif-
icantly higher than that in non-IR patients (39%). The
association between IR and obesity is not an incidental
one, as insulin in excess may itself stimulate central adi-
posity, which, in turn, exacerbates IR.®

Insulin exerts a mitogenic effect on basal cells of the
epidermis that can lead to AN, a condition of hyperker-
atosis and increased skin pigmentation often observed in
the axilla, neck, and groin regions. This skin manifesta-
tion is a specific clinical indicator of IR.” Not surpris-
ingly, we found a significant association between AN
and IR, whereas the prevalence of AN in non-IR pa-
tients was negligible. Insulin has also been shown to
stimulate androgen production by stimulating ovarian
theca and stromal cells directly as well as by interaction
through ovarian insulin growth factor-I (IGF-I) recep-
tors.>#* Clinically, hyperandrogenemia often manifests
itself by hirsutism, as was the case in the current study
in which a significant association was seen between
hirsutism and IR. Interestingly, this association was
demonstrated despite significantly lower circulating
testosterone levels in IR compared with non-IR patients.
Higher circulating insulin levels in IR patients may po-
tentially lower SHBG levels leading to higher circulating
free testosterone levels, which may explain the greater
prevalence of hirsutism in those patients compared with
non-IR ones. We observed significantly lower mean lev-
els of LH and LH/FSH ratios in IR patients, which may
explain lower circulating testosterone levels in those pa-
tients compared with non-IR patients. In fact, the obser-
vation of low LH in hyperinsulinemic patients is
consistent with prior reports suggesting 2 possible dis-
tinct phenotypes of PCOS, a low-LH and high-insulin
group and a high-LH and low-insulin group.** Such ob-
servations again support the need to subclassify PCOS
patients into IR and non-ER groups.

IR and compensatory hyperinsulinemia can inhibit
follicular development and, subsequently, ovulation by

r =-0.46, p<0.05

APIR:TIR RATIO

20 0 AQ

BMI (Kg/m”)

Figure 4 Correlation of BMI and APIR/TIR ratio g 1
nmol/L insulin concentration in patients who underwent APR
testing.

feading to a hyperandrogenic iniraovarian microeny;.
ronment,>% and by altering gonadotropin secretion ™
It has been previously demonstrated that among wome, |
with PCOS, those women with severe IR are more likely
to fail to respond to ovulation induction with CC thy
women lacking IR.*° Similarly, in the current s'tudy".
PCOS women with IR were more than 5 times as likelj :
to be resistant to CC as women without IR, despiten
significant difference in mean BMI or mean CC dog
used between the 2 groups. These findings again sugges |
that IR should be designated as a unique state in PCO§
and point to the need to individualize treatment in suc
patients, perhaps through use of insulin-sensitizing med
ications such as metformin. To date, no controiled triak!
have been performed to compare ovulation induction it
response to insulin sensitizers between IR and non-I;
PCOS patients. _
The insulin receptor consists of 2 a-subunits locatel
extracellularly and containing the ligand-binding i
main, and 2 B-subunits spanning the cell membrane anl
containing intracellular protein tyrosine kinase activ
ity. 33! 1t has been suggested that IR in PCOS results |
from a postbinding defect in insulin action. Dunaif etal’
demonstrated no change in insulin binding or recepty
affinity in cultured fibroblasts and adipocytes, wheres |
decreased insulin-dependent receptor tyrosine phospher
ylation was demonstrated in cells isolated from 50% o
PCOS patients. In the current study, we were able t0 demr
onstrate reduced APIR. by using a simple technique it .
allowed separate enzymatic quantification of total a1
autophosphorylated erythrocyte insulin receptor. Astt §
pected, mean APIR/TIR ratios increased il
increasing insulin concentrations, consistent with I £
creased autophosphorylation of the receptor with T
bound insulin, in women with no PCOS, as well as PO
women with and without IR. Insulin resistant PCO‘ i
women were found to have significantly lower AP S
TIR ratios than non-IR PCOS women and noﬂ'P?O i
controls, particularly at higher insulin conceniral®d
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pesting reduced capacity for APIR in such women.
sar APIR/TIR ratios were observed between women
1o PCOS and PCOS women lacking IR, suggesting
jatihe autophosphorylation receptor defect is not 2 uni-
srsal finding in PCOS, again supporting the need to sub-
ssify PCOS patients as either IR or non-IR. A
: orrelation was found between fasting G/I ratios and
AP{R/TIR ratios in IR patients, substantiating a concer-
jance between clinical and cellular measures of IR.
5 nally, although IR had previously been demonstrated
ﬁboth tean and obese PCOS wdthen,'"? the effect of
sity on the cellular insulin receptor defect was clearly
onstrated with a significant inverse correlation be-
ween BMI and APIR/TIR ratios, in the current study,
atributing to the available body of evidence showing
cerbation of IR with obesity.
In conclusion, IR in PCOS is not a universal finding.
cally, IR in PCOS is associated with obesity, AN,
fisutism, and resistance to ovulation induction with
Moreover, women with PCOS who have IR are
¢ly to exhibit lower serum LH, LH/FSH ratios, and
tosterone levels than non-IR patients, Therefore, pa-
ats with IR represent a unique subphenotype of PCOS
ih clinical and biochemical characteristics different
om patients lacking IR. Finally, IR patients appear to
ve defective APIR, a key element in insulin action,
d a possible mechanism for IR in PCOS.
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