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Abstract
Objective—To determine whether nonobese adolescents with polycystic ovary syndrome
(PCOS) have higher levels of retinol-binding protein 4 (RBP4) and ectopic fat than controls and
whether RBP4 and ectopic fat correlate with comorbidities of metabolic disease.

Design—Cross-sectional case-control study.

Setting—Pediatric clinical research center based in a quaternary care medical center.

Patient(s)—Twenty-four nonobese adolescents between the ages of 13 and 21 years, 13 with
PCOS and 11 controls.

Intervention(s)—Measurement of RBP4, insulin resistance, lipids, and body composition.

Main Outcome Measure(s)—Retinol-binding protein 4, reproductive and adrenal hormones,
insulin resistance, intrahepatic and intramyocellular lipid levels, and visceral adipose tissue.

Result(s)—Adolescents with PCOS had higher intrahepatic lipid content and a statistical trend
for higher RBP4 compared with controls. Retinol-binding protein 4 correlated with body fat,
triglycerides, insulin resistance, and androgens but not intrahepatic lipid content; however, when
adjusted for body fat, the correlation between RBP4 and triglycerides weakened to a statistical
trend and was no longer statistically significant for the other measures.

Conclusion(s)—This small preliminary study of nonobese adolescent girls suggests that RBP4
may be involved in the dyslipidemia associated with PCOS and that there may be an independent
relationship between RBP4 and triglycerides but not between RBP4 and insulin resistance.
Although intrahepatic lipid content was higher in PCOS, it did not correlate with RBP4,
triglycerides, or insulin resistance.

Keywords
Polycystic ovary syndrome; retinol-binding protein 4; intrahepatic lipid; triglycerides; insulin
resistance

Copyright ©2012 American Society for Reproductive Medicine, Published by Elsevier Inc.

Reprint requests: Aviva B. Sopher, M.D., M.S., Division of Pediatric Endocrinology, Columbia University Medical Center, 622 W
168th Street PH 5E–522, New York, New York 10032 (ahs32@columbia.edu).

A.B.S. has nothing to disclose. A.T.G. has nothing to disclose. W.S.B. has nothing to disclose. J.M.R. has nothing to disclose. D.J.M.
has nothing to disclose. S.E.O. has nothing to disclose.

Presented at the annual meeting of the Pediatric Academic Societies, Denver, Colorado, 2011.

NIH Public Access
Author Manuscript
Fertil Steril. Author manuscript; available in PMC 2013 November 25.

Published in final edited form as:
Fertil Steril. 2012 April ; 97(4): . doi:10.1016/j.fertnstert.2012.01.111.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Polycystic ovary syndrome (PCOS) is a common disorder that affects 1 of every 15 women
worldwide; its diagnostic traits include hyperandrogenism, chronic anovulation, and
polycystic ovaries (1). PCOS appears to be a form of the metabolic syndrome in women
because of its large degree of overlap in symptomatology. Adolescents and women with
PCOS are at increased risk for infertility, central obesity, insulin resistance, type 2 diabetes
mellitus, dyslipidemia, hypertension, and cardiovascular disease (2).

Retinol-binding protein 4 (RBP4) is an adipokine secreted primarily by the liver and, to a
lesser extent, adipose tissue. Retinol-binding protein 4 may be a useful marker that signals
the presence of early insulin resistance and may, in fact, be involved in the pathogenesis of
insulin resistance. An elevation in the level of circulating RBP4 indicates possible
impairment in whole body insulin sensitivity and is associated with GLUT4 dysregulation
(3). Retinol-binding protein 4 may also be a sign of hepatic insulin resistance and may
herald the onset of the metabolic syndrome (4).

Mouse studies suggest that RBP4 may play a causative role in insulin resistance (5, 6).
Clinical studies have yielded conflicting results regarding the relationship of RBP4 and
insulin resistance. Several studies do demonstrate a relationship between RBP4 and insulin
resistance (7, 8), whereas others show no apparent relationship (9). In addition, several
studies have shown correlation between RBP4 and serum triglyceride levels (10–12).

Several pediatric studies, including one from our group, have examined RBP4 in children
and adolescents (10–16); in addition, there are a number of studies that look at RBP4 in
women with PCOS (17–22). In both pediatric and adult studies, RBP4 consistently
correlated with body mass index (BMI), body fat, and triglycerides and inconsistently with
insulin resistance. Among the adult PCOS studies, there is inconsistency in whether RBP4
levels are higher in patients with PCOS compared with controls. There are no studies of
RBP4 in nonobese adolescents with PCOS.

Ectopic fat deposition in the muscle (intramyocellular lipid) (23), liver (intrahepatic lipid)
(24), and omentum (visceral adipose tissue) (25) have all been purported to be involved in
the pathogenesis of insulin resistance. Indeed, PCOS has been shown to be associated with
hepatic steatosis (26, 27), and women with PCOS with nonalcoholic fatty liver disease had
evidence of insulin resistance (26, 27). One study of healthy adults has noted that the level
of intrahepatic lipid correlated with that of RBP4 (8). There are no studies, to our
knowledge, that examine ectopic fat deposition in nonobese adolescents with PCOS.

The goal of this pilot study was to determine whether RBP4 may function as a marker for
current metabolic disease in nonobese adolescents with PCOS. Our primary hypotheses
were that nonobese adolescents with PCOS would have higher RBP4 and ectopic fat
deposition than BMI z score and age-comparable control subjects. Our secondary
hypotheses were that RBP4 and ectopic fat would correlate with insulin resistance and
triglyceride levels.

MATERIALS AND METHODS
Subjects

The study group comprised 24 nonobese (BMI < 95th percentile) adolescents (13 with
PCOS, 11 controls) (Table 1) (28). Subjects were recruited from the pediatric endocrinology
and adolescent clinics of Children’s Hospital of New York, Columbia University Medical
Center, and from posted flyers. Informed consent was obtained from subjects 18 years old
and older and from a parent or guardian for subjects under age 18. Assent was obtained also
from subjects under age 18. The protocol was approved by the Institutional Review Boards
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of Columbia University Medical Center and St. Luke’s-Roosevelt Hospital Center, New
York, New York.

The diagnosis of PCOS was made using the National Institutes of Health criteria (29). The
inclusion criteria for PCOS were [1] oligomenorrhea or amenorrhea; [2] clinical or
laboratory evidence of hyperandrogenemia; [3] no evidence of 21-hydroxylase deficiency,
as documented by basal 17-hydroxyprogesterone levels <200 ng/dL, or of other hormonal,
adrenal or gonadal disorders by hormonal analysis (30); [4] BMI less than the 95th
percentile for age; and [5] menarche at least 1.5 years before enrollment. The inclusion
criteria for controls were [1] eumenorrhea; [2] absence of significant hirsutism or acne; [3]
no evidence of hormonal, adrenal, or gonadal disorder by hormonal analysis; [4] BMI less
than the 95th percentile for age; and [5] menarche at least 1.5 years before enrollment.
Exclusion criteria for all subjects included [1] gestational history complicated by maternal
diabetes, multiple gestation, preterm delivery, or small for gestational age; [2] chronic
medical conditions; or [3] gluco-corticoid or other hormonal therapy.

Pubertal and Clinical Assessment
Pubertal and clinical assessment of subjects was performed on the day of testing at the
Pediatric Outpatient Unit of the Clinical Research Resource affiliated with the Irving
Institute for Clinical and Translational Research at Columbia University Medical Center.
Height, weight, heart rate, and blood pressure were measured; BMI and BMI z scores were
calculated using reference data (31). Degree of hirsutism was assessed by use of the
Ferriman-Gallwey hirsutism scale (32).

Procedures
Blood samples were drawn between 8 AM and 9 AM after an overnight fast for RBP4, glucose
(G0), insulin (I0), DHEAS, androstenedione, total T, free T, LH, FSH, hemoglobin A1c,
lipids, and thyroid function tests. Glucose and insulin levels were measured at 30, 60, 90,
and 120 minutes after a 75 g oral glucose tolerance load (using Glutol; Paddock
Laboratories, Minneapolis, MN). Retinol-binding protein 4 was collected in a serum
separator tube.

Measures of Insulin Sensitivity and Insulin Secretion
Fasting glucose-insulin ratio (33), homeostasis model assessment (HOMA) (34), insulin
sensitivity measure (35), whole-body insulin sensitivity index (36), insulin area under the
curve (IAUC), and glucose area under the curve (GAUC) (37) were calculated as measures of
insulin resistance.

Assays
Retinol-binding protein 4 was measured by ELISA (R&D Systems Quantikine, Minneapolis,
MN). The RBP4 assay has a sensitivity of 0.053–0.628 ng/mL, an intra-assay coefficient of
variation of 5.7%–8.1% and an inter-assay coefficient of variation of 5.8%–8.6%. The
following were measured by Esoterix Laboratories (Calabasas Hills, CA): insulin by
chemiluminometric assay; DHEAS by RIA after hydrolysis; E2, androstenedione, and total
T by high-performance liquid chromatography with tandem mass spectrometry; free T by
equilibrium dialysis, sex hormone–binding globulin by immunoradiometric assay, FSH and
LH by electrochemiluminescent assay, hemoglobin A1c by affinity chromatography, and c-
peptide by immunochemiluminescent assay. In the Core Laboratory at Columbia University
Medical Center, plasma glucose was measured by the glucose hexokinase method and serum
total cholesterol, high-density lipoprotein (HDL) cholesterol and triglycerides were
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measured by using Hitachi analyzer; low-density lipoprotein (LDL) cholesterol was
calculated.

Body Composition
Truncal subcutaneous adipose tissue and visceral adipose tissue were measured using
contiguous-slice magnetic resonance imaging of the thorax, abdomen, and pelvis (GE 6x
Horizon 1.5 T). Intramyocellular lipid and intrahepatic lipid contents were measured using
single-voxel 1H nuclear magnetic resonance spectroscopy (GE 6x Horizon 1.5 T) of the
right tibialis anterior muscle and the liver, respectively. Trunk fat and percentage body fat
were determined using whole-body dual-energy x-ray absorptiometry (GE Lunar Prodigy).

Statistical Analysis
Comparison of groups for continuous variables were achieved by Student’s t test for age,
height, weight, BMI z-score, age at menarche and menarcheal age (years since menarche).
Menarcheal age–adjusted analysis of covariance (ANCOVA) was used to compare RBP4,
lipids, total T, free T, DHEAS, androstenedione, E2, Ferriman-Gallwey score, visceral
adipose tissue, subcutaneous adipose tissue, intramyocellular lipid content, intrahepatic lipid
content, trunk fat and percentage body fat, and total body fat mass–adjusted ANCOVA was
used for blood pressure, lipids, oral glucose tolerance test, and derived insulin resistance
measures. Results for continuous variables are presented as mean ± SD.

Pearson correlations were performed on the entire group (n = 24) and assessed the
association between RBP4 and the following parameters: BMI z-score, systolic and diastolic
blood pressure, lipids, total T, free T, DHEAS, androstenedione, E2, c-peptide, insulin and
glucose measures from the oral glucose tolerance test, derived insulin resistance measures,
visceral adipose tissue, subcutaneous adipose tissue, intramyocellular lipid content,
intrahepatic lipid content, total body fat mass, trunk fat and percentage body fat. Pearson
correlations were then adjusted for total body fat mass. P values less than .05 were
considered to represent statistical significance for all analyses.

RESULTS
Clinical Characteristics

Height, weight, BMI, BMI z score, and age at menarche were similar in the PCOS and
control groups (Table 1). Chronologic age and menarcheal age were statistically
significantly higher in the control group (P<.030).

Hormonal Profile of the Study Population
In a menarcheal age adjusted analysis, there was a statistical trend for higher RBP4 in the
PCOS group (P=.087) (Table 2). As expected, compared with controls, the PCOS group had
higher Ferriman-Gallwey score (P<.0001), free T (P=.01), DHEAS (P=.01),
androstenedione (P=.004), and free androgen index (P=.005), and a statistical trend for
lower sex hormone–binding globulin (P=.090). There was no difference between the groups
in total T or E2.

Cardiovascular Profile, Oral Glucose Tolerance Test, and Insulin Resistance of the Study
Population

When adjusted for total body fat mass (kg), there were no differences between the groups in
systolic or diastolic blood pressure, total cholesterol, or HDL. The PCOS group had higher
triglycerides (P=.003) and lower LDL (P=.03) (Table 2).
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There were no subjects in the control or PCOS groups with impaired fasting glucose, and
there were two PCOS subjects with impaired glucose tolerance. In the PCOS group, there
was higher fasting c-peptide (P=.03) and a statistical trend for higher I60 (P=.05), I90 (P=.
08), I120 (P=.06), and IAUC (P=.07) and a suggested trend for I0 (P=.14) (Fig. 1). There were
no differences between the groups in HOMA, insulin sensitivity measure, whole-body
insulin sensitivity index, or glucose area under the curve.

Body Composition
In a menarcheal age–adjusted analysis, the PCOS group had higher intrahepatic lipid content
(P=.04) than the control group and a statistical trend for lower lean body mass (P=.08)
(Table 2). There was no difference between the groups in waist circumference, lean body
mass, total fat mass, trunk fat, percentage body fat, intramyocellular lipid content, visceral
adipose tissue, or subcutaneous adipose tissue.

Pearson Correlation Analysis
Retinol-binding protein 4 correlated with triglycerides (r = 0.48, P=.02), androstenedione (r
= 0.51, P=.01), DHEAS (r = 0.41, P=.048), G90 (r = 0.41, P=.048), total fat (r = 0.47, P=.
02), percentage body fat (r = 0.55, P=.005), and subcutaneous adipose tissue (r = 0.42, P=.
04), and there was a negative statistical trend for correlation between RBP4 and sex
hormone–binding globulin (r = −0.38, P=.064), I60 (r = 0.38, P=.064), and insulin sensitivity
measure (r = −0.40, P=.054) (Fig. 2). Retinol-binding protein 4 did not correlate with
intrahepatic lipid content. When adjusted for total body fat mass, the correlation of RBP4
with triglycerides weakened to a statistical trend (r = 0.40, P=.06) and was no longer
statistically significant for the other parameters. Intrahepatic lipid correlated with LH (r =
0.43, P=.03) and androstenedione (r = 0.44, P=.03) and had a statistical trend for correlation
with free T (r = 0.39, P=.06) and free androgen index (r = 0.36, P=.08).

DISCUSSION
To our knowledge, this is the first study to examine RBP4 in a cohort of nonobese
adolescents with PCOS, a group that is at high risk for development of the metabolic
syndrome. In this small group, there was higher intrahepatic lipid and a trend for higher
RBP4 in the PCOS group. In addition, RBP4 correlated with body fat, insulin resistance,
androgens, and triglycerides; however, when adjusted for total body fat mass, the correlation
with triglyceride weakened to a statistical trend and was no longer statistically significant for
insulin resistance and androgens. Intrahepatic lipid content did not correlate with RBP4;
however, it did correlate with LH and androstenedione.

Our findings of a statistical trend for higher RBP4 in the PCOS group are in accordance with
several other studies on PCOS (3, 19, 22, 38, 39), suggesting that RBP4 may be involved
either directly or indirectly in the pathogenesis of PCOS. In a small study, it was found that
subcutaneous and omental adipocytes and adipose tissue depots expressed more RBP4 and
less GLUT4 mRNA and protein in overweight women with PCOS than in obese controls
(19). Estradiol, T, and insulin increased RBP4 secretion and decreased GLUT4 secretion in
these tissues, although only the effect of E2 reached statistical significance (19). In another
study, PCOS subjects with lower RBP4 had lower hirsutism scores and those with higher
RBP4 had higher hirsutism scores. In addition, in this same study, RBP4 decreased in
response to pioglitazone with a more pronounced reduction in those who started with a
higher hirsutism score, but it did not correlate with parameters of glucose metabolism (40).
These studies suggest that there could be interplay between RBP4 and steroid hormones that
may contribute to the presentation of PCOS.
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Congruent with our findings, many studies did not find an independent relationship between
RBP4 and insulin resistance (3, 17–22). In one study in which RBP4 was higher in
overweight women with PCOS than in controls, those with PCOS who were treated with
metformin had improvement in insulin resistance compared with those treated with an oral
contraceptive pill; however, RBP4 levels did not decline parallel to insulin resistance (21).
Another study in adult women did demonstrate a relationship between RBP4 and HOMA
that was statistically significant after adjustment for BMI and age; however, RBP4 explained
only 4.6% of the variability in HOMA and, compared with HOMA, was less able to identify
women with PCOS with impaired glucose tolerance or diabetes mellitus. These findings led
the investigators to conclude that RBP4 has a small, but independent, impact on insulin
resistance in PCOS (40). However, although many investigators agree that RBP4 does not
seem to be a clinically useful marker in identifying insulin resistance in PCOS (3, 21, 41),
one study of nonobese adults with PCOS showed a strong association between RBP4 and IR
determined by an IV glucose tolerance test (39).

Our finding of a relationship between RBP4 and triglycerides has been shown in other
studies as well (3, 17, 18, 21). This association suggests that RBP4 may be a marker of
impaired hepatic fatty acid metabolism, or may be involved in the pathogenesis of
dyslipidemia. One study of healthy adults demonstrated that RBP4 correlates strongly with
intrahepatic lipid (8); however, this relationship was not demonstrated in our cohort. In
addition, our data suggest that the relationship between RBP4 and triglycerides is at least
partially driven by body fat.

This is the first report, to our knowledge, of higher intrahepatic lipid content in nonobese
adolescents with PCOS than in controls. Our results support the finding of other
investigators that nonalcoholic fatty liver disease may be more frequent in women with
PCOS than controls (26, 42); however, in contrast with other studies, intrahepatic lipid
content did not correlate with RBP4 or with triglycerides in our cohort (6, 43). The lack of
correlation in our study may be explained by insufficient sample size or a PCOS population
with differing degrees of insulin resistance, which may, in part, be due to the relatively
young study population.

The heterogeneity of results in studies of RBP4 has been attributed to a variety of factors
including different cohorts studied (pediatric vs. adult; obese vs. nonobese), differences in
RBP4 assays used (ELISA vs. Western blot), and differences in the methodology used for
the evaluation of insulin resistance (oral glucose tolerance test vs. IV glucose tolerance test
vs. clamp studies) (21). In addition, there are different polymorphisms of RBP4, which may
affect the relationship between RBP4 and insulin resistance (44).

Strengths of our study are a nonobese cohort, which minimizes the confounding effects of
obesity, and the use of body composition technologies to assess body fat and ectopic fat.
Limitations of our study include the small sample size, a PCOS group that was slightly
younger than the control group, and an admixture of PCOS subjects who had insulin
resistance and who did not have insulin resistance. Another limitation is the difficulty of
diagnosis of PCOS in adolescents; thus, it is possible that subjects classified as PCOS
ultimately may not develop PCOS and that control subjects eventually may develop PCOS
(45). Other potential limitations include not measuring retinol or iron levels, both of which
have relationships with RBP4 (44).

In summary, in this small study of nonobese adolescent girls with and without PCOS, there
was significantly higher intrahepatic lipid content and a statistical trend for higher RBP4 in
the PCOS group. In addition, our data suggest that there may be an independent relationship
between RBP4 and triglycerides, implying a possible role of RBP4 in the pathogenesis of
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dyslipidemia. The findings in other studies of increased RBP4 expression in adipocytes of
women with PCOS and the correlation between RBP4 and hirsutism add to the interest of
RBP4 as a potential agent involved in the pathogenesis of PCOS. Future studies that involve
larger cohorts, histologic and molecular analyses of the liver and adipose tissue, dividing
PCOS groups to insulin resistant and insulin sensitive, longitudinal studies and
interventional studies with insulin-sensitizing agents such as metformin will be invaluable in
contributing to our understanding of the role of RBP4 in dyslipidemia and insulin resistance
in PCOS.
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FIGURE 1.
Response to an oral glucose tolerance test. (A) Glucose response; there was no statistically
significant difference in the glucose response between the nonobese adolescents with
polycystic ovary syndrome (PCOS) and controls. (B) Insulin response; there was a statistical
trend for higher insulin levels at 60, 90, and 120 minutes in the PCOS group. Analysis was
adjusted for total body fat mass. Solid circle, PCOS; solid square, control.
Sopher. Young nonobese PCOS: RBP4 & ectopic fat. Fertil Steril 2012.
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FIGURE 2.
Regression lines representing relationships between metabolic parameters. (A) Retinol-
binding protein 4 (RBP4) and triglycerides. (B) RBP4 and androstenedione. (C) RBP4 and
percentage body fat. (D) RBP4 and subcutaneous adipose tissue. (E) Intrahepatic lipid-water
ratio and triglycerides. (F) Intrahepatic lipid-water ratio and RBP4. Solid circle, PCOS; solid
square, control.
Sopher. Young nonobese PCOS: RBP4 & ectopic fat. Fertil Steril 2012.
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TABLE 1

Clinical characteristics and hormonal profile of the study population (mean ± SD).

Characteristic PCOS (n = 13) Control (n = 11) P value

Age (years) 16.4 ± 2.1 18.8 ± 2.36 .02

Weight (kg) 56.6 ± 9.3 57.9 ± 8.3 NS

Height (cm) 158.9 ± 8.0 160.5 ± 8.5 NS

BMI (kg/m2) 22.4 ± 2.7 22.4 ± 2.5 NS

BMI z score 0.41 ± 0.82 0.33 ± 0.62 NS

Age at menarche (years) 12.3 ± 1.4 11.6 ± 1.0 NS

Years since menarche 3.6 ± 2.2 6.6 ± 2.3 .003

Ferriman-Gallwey score 21.8 ± 6.5 8.4 ± 4.8 < .0001

RBP4 (mg/L) 24.1 ± 3.6 21.8 ± 3.7 .087a

E2 28.5 ± 33.5 27.5 ± 34.2 NSa

T (ng/dL) 37.7 ± 18.9 26.6 ± 9.8 .11a

Free T (pg/mL) 5.8 ± 4.2 2.7 ± 0.9 .01a

SHBG (nmol/L) 33.8 ± 23.7 45.4 ± 11.7 .09a

DHEAS (µg/dL) 178.7 ± 91.5 123.2 ± 55.3 .01a

Androstenedione (ng/dL) 194.7 ± 98.0 111.6 ± 38.1 .004a

Free androgen index 1.7 ± 1.3 0.6 ± 0.2 .005a

a
Adjusted for menarcheal age.
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TABLE 2

Cardiovascular profile, oral glucose tolerance test, and body composition in the study population (mean ± SD).

Measure PCOS (n = 13) Control (n = 11) P value

Systolic blood pressure (mmHg) 106.2 ± 10.8 103.4 ± 6.8 NSa

Diastolic blood pressure (mmHg) 63.4 ± 6.7 63.7 ± 9.8 NSa

Total cholesterol (mg/dL) 149.2 ± 24.1 165.3 ± 32.3 NSa

Triglycerides (mg/dL) 75.1 ± 20.8 55.0 ± 11.7 .003a

HDL cholesterol (mg/dL) 54.2 ± 10.9 47.7 ± 16.2 NSa

LDL cholesterol (mg/dL) 79.4 ± 25.6 101.6 ± 21.8 .03a

IAUC (mIU/mL) 104.9 ± 76.1 63.3 ± 53.8 .07a

Whole-body insulin sensitivity index 11.3 ± 16.2 19.0 ± 24.9 NSa

HOMA 1.6 ± 1.0 1.3 ± 0.9 NSa

Insulin sensitivity measure 16.0 ± 39.3 30.9 ± 56.2 NSa

C-peptide (ng/mL) 2.1 ± 0.4 1.8 ± 0.5 .03a

Waist circumference (cm) 74.0 ± 7.5 72.4 ± 6.8 NSb

Lean mass (kg) 34.4 ± 4.2 35.6 ± 3.6 .077b

Total fat (kg) 19.4 ± 6.8 19.4± 5.9 NSb

Trunk fat (kg) 9.1 ± 3.5 8.6 ± 3.4 NSb

% Body fat 35.3 ± 7.8 34.8 ± 6.5 NSb

Intramyocellular lipid-water ratio 0.046 ± 0.017 0.041 ± 0.023 NSb

Intrahepatic lipid-water ratio 0.075 ± 0.047 0.055 ± 0.043 .04b

VAT (L) 0.72 ± 0.29 0.67 ± 0.23 NSb

SAT (L) 6.4 ± 2.3 6.3 ± 2.0 NSb

Note: IAUC = insulin area under the curve; SAT = subcutaneous abdominal adipose tissue; VAT = visceral adipose tissue.

a
Adjusted for total body fat mass.

b
Adjusted for menarcheal age.
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