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1.  Introduction
Polycystic ovary syndrome (PCOS) consists of 
hyperandrogenism, menstrual irregularity, anovulation, 
infertility, and obesity (1), and is frequently seen in 
reproductive-age women (2). Cardiovascular disease 
(CVD) risk (3) and early atherosclerosis have been found 
to be associated with PCOS (4). Hyperinsulinemia and 
insulin resistance are commonly seen in PCOS patients (5) 
and are associated with low-grade chronic inflammation 
(6) and CVD (7,8). 

Chronic elevation of insulin is associated with higher 
circulating insulin-like growth factor 1 (IGF-1) levels (9). 
Insulin and IGF-1 show their effect via protein receptors 
with intrinsic tyrosine kinase activity; they also activate 
mitogenic pathways (10).

The relationships between IGF-1, insulin sensitivity, 
and CVD risk have not yet been studied in patients with 
PCOS and idiopathic hirsutism (IH). Therefore, the aim of 

the present study was to evaluate IGF-1 levels in patients 
with PCOS and IH, and to assess its association with 
cardiometabolic factors including carotid intima media 
thickness (CIMT) and insulin resistance.

2. Materials and methods
2.1. Selection of participants
We studied 33 patients with IH, 25 patients with PCOS, 
and 25 healthy controls consisting of healthy women who 
had regular ovulatory cycles and normal androgen levels. 
All 3 groups were matched for age and body mass index 
(BMI). The protocol was approved by the local ethics 
committee. All patients gave written consent. All patients 
were female and nonsmokers. This was a prospective case-
controlled study conducted in a training and research 
hospital between September 2011 and March 2012.

The revised diagnostic criteria of PCOS are given as 
below (11):
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1. Oligo and/or anovulation.
2. Clinical and/or biochemical signs of 

hyperandrogenism.
3. Polycystic ovarian appearance on ultrasound.
Patients with at least 2 of these criteria are defined as 

having PCOS.
Those participants who had a smoking history, 

diabetes mellitus, hyperprolactinemia, congenital 
adrenal hyperplasia, androgen-secreting tumors, thyroid 
disorders, Cushing’s syndrome (as determined by a 1 
mg dexamethasone suppression test), infectious disease, 
hypertension, or hepatic or renal dysfunction were not 
included in the study. Patients were excluded if they 
had used oral contraceptive agents, antilipidemic drugs, 
antihypertensive medications, or insulin-sensitizing drugs 
within the 3 months prior to enrollment.

The control group (n = 25) consisted of healthy patients 
who had a hirsutism score of <8 and regular menses 
without ultrasound appearance of polycystic ovaries.

A Ferriman–Gallwey (FG) score was used to obtain the 
degree of hirsutism (12). The BMI, WHR, and hirsutism 
scores were evaluated by a single investigator for all of the 
subjects. 
2.2. Measurement of carotid intima media thickness
Carotid intima media thickness (CIMT) was evaluated 
by a high-resolution ultrasound machine (Sonoline G 40, 
Siemens) with 7.5-MHz mechanical sector transducer and 
a single investigator in our outpatient clinic. The intima 
media thickness was measured as the distance between the 
blood-intima and media-adventitia on B-mode imaging.  
2.3. Biochemical evaluation
Venous blood was sampled from each patient after a 12-h 
overnight fast in the follicular phase of a spontaneous 
or progesterone-induced menstrual cycle for the 
determination of hormone, liver enzyme, lipid profile, 
high-sensitive C-reactive protein (hs-CRP), insulin, and 
glucose levels.

The glucose oxidase/peroxidase method (Gordion 
Diagnostic, Ankara, Turkey) was used to obtain 
plasma glucose levels. The serum levels of follicle-
stimulating hormone (FSH) (normal range: 3–10.9 
mIU/mL), luteinizing hormone (LH) (normal range: 
2.1–12.8 mIU/mL), prolactin (normal range: 3.1–29.8 
ng/mL), estradiol (normal range: 18.9–246.7 pg/mL), 
dehydroepiandrosterone sulfate (DHEAS) (normal 
range: 35–430 µq/dL), total testosterone (T) (normal 
range: 14.2–73.1 ng/dL), insulin (normal range: 3–25 
mU/L), and thyroid stimulating hormone (TSH) (normal 
range: 0.5– 4.78 mIU/L) were measured with specific 
electrochemiluminescence immunoassays (Elecsys 2010 
Cobas, Roche Diagnostics, Mannheim, Germany). The 
levels of alanine transaminase (ALT), total cholesterol, high 
density lipoprotein cholesterol (HDL-C), and triglyceride 

(TG) were determined with enzymatic colorimetric assays 
by spectrophotometry (BioSystems S.A., Barcelona, 
Spain). The Friedewald formula was used to calculate the 
low density lipoprotein cholesterol (LDL-C).  

IGF-1 was evaluated by enzyme-labeled 
chemiluminescent immunometric assay (Immulite 2000 
XP). Serum hs-CRP (normal range: 0–3 mg/L) was 
measured by high-sensitive CRP immunonephelometry 
(BN, Dade-Behring; Marburg, Germany). 

The homeostasis model assessment insulin resistance 
index (HOMA-IR) (13), including the formula [fasting 
plasma glucose (mmol/L) × fasting serum insulin (mU/
mL) / 22.5] was used to calculate insulin resistance. The 
cut-off value was taken as 2.7 for HOMA-IR (14). 
2.4. Statistical analyses
Collected data were entered into SPSS version 17. 
Continuous data were shown as means ± SD. Chi-squared 
tests were used to compare differences in rates. Normally 
distributed variables were compared using the one-way 
ANOVA. Data that were not normally distributed, as 
determined using the Kolmogorov–Smirnov test, were 
compared by K independent sample analyses. The data 
are expressed as means ± SD. The degree of association 
between variables was calculated using the Pearson 
correlation coefficient. Multiple linear regression using 
the enter method was used to determine the independent 
predictors. Univariate analyses were used to adjust the 
IGF-1 with respect to age and BMI.

A P value lower than 0.05 was regarded as statistically 
significant, and all computed P values were 2-tailed.

3. Results
Clinical and endocrinological parameters were screened in 
the patients with PCOS and IH and in the healthy control 
subjects (Table 1). We studied 33 patients with IH (mean 
age 23.24 ± 5.65 years, range 18–34 years; BMI, 24.86 ± 
6.06 kg/m²), 25 patients with PCOS (mean age 22.51 ± 
4.07 years, range 18–31 years; BMI, 24.58 ± 4.62 kg/m²), 
and 25 age- and BMI-matched healthy controls (mean age 
22.36 ± 4.44 years, range 18–32 years; BMI, 22.30 ± 3.66 
kg/m²).
3.1. Comparing parameters between groups and the linear 
regression analyses 
Mean age, BMI, and waist-to-hip ratios were similar between 
the groups (P > 0.05). The mean fasting insulin, T, DHEAS, 
and CIMT levels were significantly higher and the estradiol 
levels were significantly lower in the patients with IH and 
PCOS (P < 0.05) (Tables 1 and 2). 

The mean IGF-1 levels and median ALT levels were 
higher in the patients with IH and PCOS compared with the 
controls, but these differences were not statistically significant 
(P = 0.120, P = 0.266, respectively) (Table 1). The mean IGF-1 
levels are shown as a bar graph in Figure 1. After adjusting 
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for age and BMI, the IGF-1 levels were significantly higher in 
patients with IH and PCOS (P < 0.001) (Figure 2). In linear 
regression analyses, FG was found to be an independent risk 
factor for adjusted IGF-1 (P = 0.002). 
3.2. The correlations between parameters
IGF-1 levels were found to be negatively correlated with 
age (r: –0.471, P < 0.001) and estradiol (r: –0.240, P = 

0.03), whereas they were weakly positively correlated with 
FG score (r: 0.232, P = 0.03). ALT levels were found to 
be positively correlated with BMI (r: 0.466, P < 0.0001), 
HOMA-IR (r: 0.394, P < 0.05), and insulin (r: 0.469, P < 
0.001), and weakly correlated with FG score (r: 0.248, p 
<0.05), total testosterone levels (r: 0.280, P < 0.05), and 
CIMT (r: 0.272, P = 0.037). CIMT measurements were 

Table 1. The clinical and biochemical data in women with idiopathic hirsutism (IH) and polycystic ovary syndrome (PCOS), 
and healthy controls.

PCOS IH Control    P 

(n = 25)          (n = 33) (n = 25) 

Age, years 22.51 ± 4.07 23.24 ± 5.65 22.36 ± 4.44 0.943
BMI, kg/m2 24.58 ± 4.62 24.86 ± 6.06 22.30 ± 3.66 0.164
Waist-hip ratio 0.84 ± 0.05 0.82 ± 0.06 0.81 ± 0.07 0.138
Ferriman–Gallwey score 9.81 ± 4.98 11.28 ± 3.61 0.20 ± 0.70 < 0.001
Fasting glucose, mg/dL 83.45 ± 8.10 87.60 ± 10.04 88.84 ± 10.05 0.108
Fasting insulin, µIU/mL 15.90 ± 9.71 15.09 ± 7.61 10.63 ± 6.07 0.036
HOMA-IR 3.24 ± 1.90 3.26 ± 1.74 2.36 ± 1.42 0.116
Total cholesterol, mg/dL 165.48 ± 21.89 167.47 ± 44.24 159.32 ± 27.86 0.637
Triglyceride, mg/dL 97.36 ± 66.12 111.86 ± 59.52 87.52 ± 52.45 0.226
HDL-C, mg/dL 52.96 ± 13.05 47.95 ± 9.40 52.52 ± 12.49 0.364
LDL-C, mg/dL 92.84 ± 20.83 96.82 ± 37.30 88.92 ± 23.13 0.603
AST, IU/L 21.15 ± 6.96 19.27 ± 6.10 19.50 ± 2.12 0.837
ALT, IU/L 18.44 ± 13.55 17.17 ± 7.05 14.14 ± 4.56 0.266
IGF1, ng/mL 258.96 ± 112.46 275.84 ± 92.49 220.20 ± 77.34 0.120
hsCRP, mg/L 1.60 ± 1.28 1.65 ± 1.52 0.87 ± 1.10 0.020
Carotid intima media thickness, mm 4.32 ± 0.64 4.47 ± 0.61 3.83 ± 0.49 0.002

HOMA-IR: homeostasis model assessment insulin resistance index; HDL-C: high density lipoprotein cholesterol; LDL-C: Low 
density lipoprotein cholesterol; hs-CRP: high-sensitive C- reactive protein.

Table 2. The hormonal value and thyroid volume levels in women with polycystic ovary syndrome (PCOS) and 
idiopathic hirsutism (IH), and healthy controls.

PCOS IH Control P 

(n = 25)          (n = 33)          (n = 25) 

TSH, µIU/mL 1.93 ±  0.91 1.85 ± 0.63 1.89 ±  0.98 0.944
FSH, m IU/mL 5.19 ± 1.86 6.04 ± 1.88 5.94 ± 2.33 0.229
LH, m IU/mL 5.73 ± 2.71 5.65 ± 2.81 4.80 ± 2.27 0.383
Estradiol, pg/mL 57.97 ± 29.30 50.80 ± 19.34 86.54 ± 54.55 0.007 
Total testosterone, ng/dL 60.06 ± 23.31 53.04 ± 20.82 42.50 ± 13.65 0.008
PRL, ng/mL 12.76 ± 8.96 12.42 ± 5.98 9.99 ± 5.19 0.384 
DHEAS, µq/dL 249.69 ± 130.07 264.65 ± 115.62 172.64 ± 80.43 0.011

fT4: free thyroxine; TSH: thyroid stimulating hormone; FSH: follicule stimulating hormone; LH: luteinizing 
hormone; PRL: prolactin; DHEAS: dehydroepiandrosterone sulfate.
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found to be positively correlated with BMI (r: 0.459, P < 
0.0001), TG (r: 0.544, P < 0.0001), insulin (r: 0.405, P < 
0.0001), hsCRP (r: 0.464, P < 0.0001), FG score (r: 0.329, 
P = 0.005), HOMA-IR (r: 0.385, P = 0.001), and ALT (r: 
0.272, P = 0.037).
3.3. Comparison of IGF-1 and ALT levels in groups 
classified according to HOMA-IR and FG score
The participants were divided into 2 groups according 
to HOMA-IR levels. The cut-off point was 2.7 (14). The 
participants who had a HOMA-IR greater than 2.7 are 
as follows: 15 (45.5%) patients in the PCOS group, 16 
(64%) in the IH group, and 8 subjects (32%) in the control 
group (P = 0.075). Although the number of patients with 
HOMA-IR greater than 2.7 was higher in the PCOS and 
IH groups compared with the control, the difference was 
not statistically significant.

Those participants who had a HOMA-IR greater 
than 2.7 had significantly higher IGF-1 and ALT levels. 
Additionally, ALT and IGF-1 levels were higher in the 
groups with a higher FG score (FG ≥ 8) (Table 3).

4. Discussion
The results of the present study demonstrate that the 
mean IGF-I, ALT, hsCRP, and CIMT levels were higher in 
patients with IH and PCOS. Furthermore, IGF-1 showed 
an independent association with FG scores. FG scores also 
showed a significant correlation with ALT, which reflects 
hepatic insulin resistance, according to the study by 

Bonnet et al. (15). Additionally, IGF-1 and ALT levels were 
significantly higher in patients with a HOMA-IR greater 
than 2.7. However, there was no relationship between IGF-
1, HOMA-IR, and CIMT. This is thought to be due to the 
younger age of participants. 

In the study by Akanji et al., 3099 subjects were 
evaluated and it was demonstrated that lower IGF-1 
levels were related with increasing numbers of MetS 
abnormalities (16). Moreover, in a recent review, authors 
have suggested that IGF-1 levels decrease consistently in 
subjects with metabolic syndrome and its components, 
and in those with ischemic CVD (17).

Although several studies showed that lower IGF-1 
levels were associated with increased metabolic syndrome 
risk, in the present study we observed higher IGF-1 levels 
in insulin-resistant patients. This might be due to the 
population of the study, which included PCOS and IH 
patients. In relation to this, in a previous study, follicular 
fluid concentration of IGF-1 levels were found to be 
higher in patients with PCOS, which is  consistent with 
the present study (18).

Insulin resistance and compensatory hyperinsulinemia 
are commonly seen in PCOS. Insulin stimulates hepatic 
IGF-1 production and suppresses insulin-like growth 
factor binding protein (IGF-BP) production and increases 
IGF-1 levels (19–21). Additionally,  hyperinsulinemia 
stimulates theca-cell receptors via IGF-1 and causes 
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Figure 1. Comparison of IGF-1 levels between the groups.
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Figure 2. Comparison of adjusted IGF-1 levels between the 
groups.

Table 3. Comparison of the IGF-1 and ALT levels in the HOMA-IR and FG groups.

Groups Variables HOMA-IR <2.7 HOMA-IR ≥2.7 P FG score <8 FG score  ≥8 P

IGF-1 Mean ± standard deviation 231.94 ± 89.38 280.61 ± 101.72 0.035 220.78 ± 87.89 272.19 ± 100.32 0.020
ALT Mean ± standard deviation 14.84 ± 6.29 16.88 ± 5.39 0.031 14.51 ± 4.68 18.30 ± 12.17 0.160
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ovarian hyperandrogenemia (22). Furthermore, in a 
recent study the IGF-1 receptor was found to play a critical 
negative regulator role in insulin sensitivity (23). Likewise, 
in the present study,  IGF-1 levels were found to be higher 
in patients with insulin resistance. 

Additionally, women with PCOS have biological or 
clinical hyperandrogenemia and it has been shown that 
maternal prenatal androgenization causes upregulation 
of fetal IGF-1 mRNA expression in adult sheep. Although 
circulating testosterone concentrations were not altered in 
these sheep, liver androgen receptor was upregulated after 
maternal androgen exposure; therefore, these livers may 
be more responsive to androgens. The human IGF-1 gene 
is known to contain androgen-responsive elements in the 
promoter region that bind androgen receptor and stimulate 
IGF-1 transcription (24).

In the present study, the FG score, which reflects clinical 
hyperandrogenemia, was obtained as an independent risk 
factor for increased IGF-1 levels. 

There are conflicting data about the relationship between 
IGF-1 and increased risk of atherosclerosis and ischemic 
heart disease (25–29). In the present study we did not find 
any correlation between IGF-1 and CIMT, which reflects 
the subclinical atherosclerotic process. This is thought to 
be due to the younger age of participants and short disease 
duration.

IGF-1 has been found to be a potent mitogen 
and antiapoptotic factor. Additionally, in several 
epidemiologic in vitro studies and metaanalyses, IGF-
1 has been found to be associated with cancer risk, 
particularly of breast cancer (30–34). Hyperinsulinemia 
and increased IGF-1 levels modulate cellular 
proliferation, differentiation and apoptosis mechanisms, 
and tumor development (35–37). Genetic variation and 
polymorphisms also contribute to IGF-1–mediated 
cancer risk (30).

Therefore, PCOS and IH patients should be followed 
for increased malignancy risk and scanned for breast 
cancer at an early age. 

The study illustrated that the IGF-1 and ALT levels 
were significantly higher in patients with a HOMA-IR 
score greater than 2.7. Additionally, increased ALT levels 
were found to be associated with hyperinsulinemia. 
Due to the short disease duration of younger 
participants, we did not observe any correlation between 
hyperinsulinemia and IGF-1. These findings suggest that 
increased hepatic production of IGF-I and ALT might be 
an early indicator of insulin resistance in hirsutism.  An 
increased FG score was discovered to be an independent 
risk factor for elevated IGF-1 levels. Further studies 
are needed to evaluate the relationship between IGF-1, 
insulin resistance, and atherosclerotic CVD.

References

1. Pasquali R, Gambineri A, Pagotto U. The impact of obesity on 
reproduction in women with polycystic ovary syndrome. BJOG 
2006; 113: 1148–1159.

2. Norman RJ, Dewailly D, Legro RS, Hickey TE. Polycystic ovary 
syndrome. Lancet 2007; 370: 685–697.

3. Orio F, Jr., Palomba S, Spinelli L, Cascella T, Tauchmanova L, Zullo 
F, Lombardi G, Colao A. The cardiovascular risk of young women 
with polycystic ovary syndrome: an observational, analytical, 
prospective case-control study. J Clin Endocrinol Metab 2004; 89: 
3696–3701.

4. Kelly CJ, Speirs A, Gould GW, Petrie JR, Lyall H, Connell JM. 
Altered vascular function in young women with polycystic ovary 
syndrome. J Clin Endocrinol Metab 2002; 87: 742–746.

5. Dikmen E, Tarkun İ, Öztürk F, Arslan B, Cantürk Z. Plasma 
adiponectin and resistin levels in women with polycystic ovary 
syndrome: relation to body mass index and insulin resistance. 
Turk J Med Sci 2011; 41: 45–52.

6. Escobar-Morreale HF, Luque-Ramirez M, San Millan JL. The 
molecular-genetic basis of functional hyperandrogenism and the 
polycystic ovary syndrome. Endocr Rev 2005; 26: 251–282.

7. Legro RS. Polycystic ovary syndrome and cardiovascular disease: 
a premature association? Endocr Rev 2003; 24: 302–312.

8. Ecemiş GC, Kahraman H, Nural MS, Aslan HS, Atmaca A. The 
relationship between insulin resistance and carotid artery intima-
media thickness in obese and morbidly obese women. Turk J Med 
Sci 2012; 42: 1121–1128.

9. LeRoith D, Roberts CT, Jr. The insulin-like growth factor system 
and cancer. Cancer Lett 2003; 195: 127–137.

10. Frasca F, Pandini G, Sciacca L, Pezzino V, Squatrito S, Belfiore 
A, Vigneri R. The role of insulin receptors and IGF-I receptors 
in cancer and other diseases. Arch Physiol Biochem 2008; 114: 
23–37.

11. Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus 
Workshop Group. Revised 2003 consensus on diagnostic 
criteria and long-term health risks related to polycystic ovary 
syndrome. Fertil Steril 2004; 81:19–25.

12. Ferriman D, Gallwey JD. Clinical assessment of body hair 
growth in women. J Clin Endocrinol Metab 1961; 21: 1440–
1447.

13. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, 
Turner RC. Homeostasis model assessment: insulin resistance 
and beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia 1985; 28: 412–419.

14. Gokcel A, Ozsahin AK, Sezgin N, Karakose H, Ertorer ME, 
Akbaba M, Baklaci N, Sengul A, Guvener N. High prevalence 
of diabetes in Adana, a southern province of Turkey. Diabetes 
Care 2003; 26: 3031–3034.

15. Bonnet F, Ducluzeau PH, Gastaldelli A, Laville M, Anderwald 
CH, Konrad T, Mari A, Balkau B. Liver enzymes are associated 
with hepatic insulin resistance, insulin secretion, and glucagon 
concentration in healthy men and women. Diabetes 2011; 60: 
1660–1667.

http://dx.doi.org/10.1111/j.1471-0528.2006.00990.x
http://dx.doi.org/10.1111/j.1471-0528.2006.00990.x
http://dx.doi.org/10.1111/j.1471-0528.2006.00990.x
http://dx.doi.org/10.1016/S0140-6736(07)61345-2
http://dx.doi.org/10.1016/S0140-6736(07)61345-2
http://dx.doi.org/10.1210/jc.2003-032049
http://dx.doi.org/10.1210/jc.2003-032049
http://dx.doi.org/10.1210/jc.2003-032049
http://dx.doi.org/10.1210/jc.2003-032049
http://dx.doi.org/10.1210/jc.2003-032049
http://dx.doi.org/10.1210/jcem.87.2.8199
http://dx.doi.org/10.1210/jcem.87.2.8199
http://dx.doi.org/10.1210/jcem.87.2.8199
journals.tubitak.gov.tr/medical/issues/sag-11-41-1/sag-41-1-7-1001-573.pdf
journals.tubitak.gov.tr/medical/issues/sag-11-41-1/sag-41-1-7-1001-573.pdf
journals.tubitak.gov.tr/medical/issues/sag-11-41-1/sag-41-1-7-1001-573.pdf
journals.tubitak.gov.tr/medical/issues/sag-11-41-1/sag-41-1-7-1001-573.pdf
http://dx.doi.org/10.1210/er.2004-0004
http://dx.doi.org/10.1210/er.2004-0004
http://dx.doi.org/10.1210/er.2004-0004
http://dx.doi.org/10.1210/er.2003-0004
http://dx.doi.org/10.1210/er.2003-0004
journals.tubitak.gov.tr/medical/issues/sag-12-42-6/sag-42-6-27-1104-43.pdf
journals.tubitak.gov.tr/medical/issues/sag-12-42-6/sag-42-6-27-1104-43.pdf
journals.tubitak.gov.tr/medical/issues/sag-12-42-6/sag-42-6-27-1104-43.pdf
journals.tubitak.gov.tr/medical/issues/sag-12-42-6/sag-42-6-27-1104-43.pdf
http://dx.doi.org/10.1016/S0304-3835(03)00159-9
http://dx.doi.org/10.1016/S0304-3835(03)00159-9
http://dx.doi.org/10.1080/13813450801969715
http://dx.doi.org/10.1080/13813450801969715
http://dx.doi.org/10.1080/13813450801969715
http://dx.doi.org/10.1080/13813450801969715
http://dx.doi.org/10.1210/jcem-21-11-1440
http://dx.doi.org/10.1210/jcem-21-11-1440
http://dx.doi.org/10.1210/jcem-21-11-1440
http://dx.doi.org/10.1007/BF00280883
http://dx.doi.org/10.1007/BF00280883
http://dx.doi.org/10.1007/BF00280883
http://dx.doi.org/10.1007/BF00280883
http://dx.doi.org/10.2337/diacare.26.11.3031
http://dx.doi.org/10.2337/diacare.26.11.3031
http://dx.doi.org/10.2337/diacare.26.11.3031
http://dx.doi.org/10.2337/diacare.26.11.3031
http://dx.doi.org/10.2337/db10-1806
http://dx.doi.org/10.2337/db10-1806
http://dx.doi.org/10.2337/db10-1806
http://dx.doi.org/10.2337/db10-1806
http://dx.doi.org/10.2337/db10-1806


786

ÇAKIR ÖZKAYA et al. / Turk J Med Sci

16. Oh J, Kim JY, Park S, Youn JC, Son NH, Shin DJ, Lee SH, 
Kang SM, Jee SH, Jang Y. The relationship between insulin-
like growth factor-1 and metabolic syndrome, independent of 
adiponectin. Clin Chim Acta 2012; 413: 506–510.

17. Akanji AO, Smith RJ. The insulin-like growth factor system, 
metabolic syndrome, and cardiovascular disease risk. Metab 
Syndr Relat Disord 2012; 10: 3–13.

18. Eden JA, Jones J, Carter GD, Alaghband-Zadeh J. Follicular 
fluid concentrations of insulin-like growth factor 1, epidermal 
growth factor, transforming growth factor-alpha and sex-
steroids in volume matched normal and polycystic human 
follicles. Clin Endocrinol (Oxf) 1990; 32: 395–405.

19. Kaaks R, Lukanova A. Energy balance and cancer: the role of 
insulin and insulin-like growth factor-I. Proc Nutr Soc 2001; 
60: 91–106.

20. Pollak M. Insulin, insulin-like growth factors and neoplasia. 
Best Pract Res Clin Endocrinol Metab 2008; 22: 625–638.

21. Pollak M. Insulin and insulin-like growth factor signalling in 
neoplasia. Nat Rev Cancer 2008; 8: 915–928.

22. Tekin O, Avci Z, Isik B, Ozkara A, Uraldi C, Catal F, Eraslan E, 
Delibasi T. Hirsutism: common clinical problem or index of 
serious disease? Med Gen Med 2004; 6: 56.

23. Abbas A, Imrie H, Viswambharan H, Sukumar P, Rajwani A, 
Cubbon RM, Gage M, Smith J, Galloway S, Yuldeshava N et al. 
The insulin-like growth factor-1 receptor is a negative regulator 
of nitric oxide bioavailability and insulin sensitivity in the 
endothelium. Diabetes 2011; 60: 2169–2178.

24. Hogg K, Wood C, McNeilly AS, Duncan WC. The in utero 
programming effect of increased maternal androgens and a 
direct fetal intervention on liver and metabolic function in 
adult sheep. PLoS One 2011; 6: e24877.

25. Juul A, Scheike T, Davidsen M, Gyllenborg J, Jorgensen T. Low 
serum insulin-like growth factor I is associated with increased 
risk of ischemic heart disease: a population-based case-control 
study. Circulation 2002; 106: 939–944.

26. Janssen JA, Stolk RP, Pols HA, Grobbee DE, Lamberts SW. 
Serum total IGF-I, free IGF-I, and IGFB-1 levels in an elderly 
population: relation to cardiovascular risk factors and disease. 
Arterioscler Thromb Vasc Biol 1998; 18: 277–282.

27. Botker HE, Skjaerbaek C, Eriksen UH, Schmitz O, Orskov 
H. Insulin-like growth factor-I, insulin, and angina pectoris 
secondary to coronary atherosclerosis, vasospasm, and 
syndrome X. Am J Cardiol 1997; 79: 961–963.

28. Spallarossa P, Brunelli C, Minuto F, Caruso D, Battistini M, 
Caponnetto S, Cordera R. Insulin-like growth factor-I and 
angiographically documented coronary artery disease. Am J 
Cardiol 1996; 77: 200–202.

29. Higashi Y, Sukhanov S, Anwar A, Shai SY, Delafontaine P. 
Aging, atherosclerosis, and IGF-1. J Gerontol A Biol Sci Med 
Sci 2012; 67: 626–639.

30. Chen W, Wang S, Tian T, Bai J, Hu Z, Xu Y, Dong J, Chen 
F, Wang X, Shen H. Phenotypes and genotypes of insulin-
like growth factor 1, IGF-binding protein-3 and cancer risk: 
evidence from 96 studies. Eur J Hum Genet 2009; 17: 1668–
1675.

31. Rinaldi S, Cleveland R, Norat T, Biessy C, Rohrmann S, 
Linseisen J, Boeing H, Pischon T, Panico S, Agnoli C et 
al. Serum levels of IGF-I, IGFBP-3 and colorectal cancer 
risk: results from the EPIC cohort, plus a meta-analysis of 
prospective studies. Int J Cancer 2010; 126: 1702–1715.

32. Arteaga CL, Osborne CK. Growth inhibition of human 
breast cancer cells in vitro with an antibody against the type I 
somatomedin receptor. Cancer Res 1989; 49: 6237–6241.

33. Chappell J, Leitner JW, Solomon S, Golovchenko I, Goalstone 
ML, Draznin B. Effect of insulin on cell cycle progression in 
MCF-7 breast cancer cells. Direct and potentiating influence. J 
Biol Chem 2001; 276: 38023–38028.

34. Pollak MN, Polychronakos C, Yousefi S, Richard M. 
Characterization of insulin-like growth factor I (IGF-I) 
receptors of human breast cancer cells. Biochem Biophys Res 
Commun 1988; 154: 326–331.

35. Khandwala HM, McCutcheon IE, Flyvbjerg A, Friend KE. The 
effects of insulin-like growth factors on tumorigenesis and 
neoplastic growth. Endocr Rev 2000; 21: 215–244.

36. Arcidiacono B, Iiritano S, Nocera A, Possidente K, Nevolo MT, 
Ventura V, Foti D, Chiefari E, Brunetti A. Insulin resistance 
and cancer risk: an overview of the pathogenetic mechanisms. 
Exp Diabetes Res 2012; 2012: 789174.

37. Cohen DH, Leroith D. Obesity, type 2 diabetes and cancer: 
the insulin and insulin-like growth factor connection. Endocr 
Relat Cancer 2012; 19: 27–45.

http://dx.doi.org/10.1016/j.cca.2011.11.015
http://dx.doi.org/10.1016/j.cca.2011.11.015
http://dx.doi.org/10.1016/j.cca.2011.11.015
http://dx.doi.org/10.1016/j.cca.2011.11.015
http://dx.doi.org/10.1089/met.2011.0083
http://dx.doi.org/10.1089/met.2011.0083
http://dx.doi.org/10.1089/met.2011.0083
http://dx.doi.org/10.1111/j.1365-2265.1990.tb00879.x
http://dx.doi.org/10.1111/j.1365-2265.1990.tb00879.x
http://dx.doi.org/10.1111/j.1365-2265.1990.tb00879.x
http://dx.doi.org/10.1111/j.1365-2265.1990.tb00879.x
http://dx.doi.org/10.1111/j.1365-2265.1990.tb00879.x
http://dx.doi.org/10.1079/PNS200070
http://dx.doi.org/10.1079/PNS200070
http://dx.doi.org/10.1079/PNS200070
http://dx.doi.org/10.1016/j.beem.2008.08.004
http://dx.doi.org/10.1016/j.beem.2008.08.004
http://dx.doi.org/10.1038/nrc2536
http://dx.doi.org/10.1038/nrc2536
http://dx.doi.org/10.2337/db11-0197
http://dx.doi.org/10.2337/db11-0197
http://dx.doi.org/10.2337/db11-0197
http://dx.doi.org/10.2337/db11-0197
http://dx.doi.org/10.2337/db11-0197
http://dx.doi.org/10.1371/journal.pone.0024877
http://dx.doi.org/10.1371/journal.pone.0024877
http://dx.doi.org/10.1371/journal.pone.0024877
http://dx.doi.org/10.1371/journal.pone.0024877
http://dx.doi.org/10.1161/01.CIR.0000027563.44593.CC
http://dx.doi.org/10.1161/01.CIR.0000027563.44593.CC
http://dx.doi.org/10.1161/01.CIR.0000027563.44593.CC
http://dx.doi.org/10.1161/01.CIR.0000027563.44593.CC
http://dx.doi.org/10.1161/01.ATV.18.2.277
http://dx.doi.org/10.1161/01.ATV.18.2.277
http://dx.doi.org/10.1161/01.ATV.18.2.277
http://dx.doi.org/10.1161/01.ATV.18.2.277
http://dx.doi.org/10.1016/S0002-9149(97)00021-0
http://dx.doi.org/10.1016/S0002-9149(97)00021-0
http://dx.doi.org/10.1016/S0002-9149(97)00021-0
http://dx.doi.org/10.1016/S0002-9149(97)00021-0
http://dx.doi.org/10.1016/S0002-9149(96)90600-1
http://dx.doi.org/10.1016/S0002-9149(96)90600-1
http://dx.doi.org/10.1016/S0002-9149(96)90600-1
http://dx.doi.org/10.1016/S0002-9149(96)90600-1
http://dx.doi.org/10.1038/ejhg.2009.86
http://dx.doi.org/10.1038/ejhg.2009.86
http://dx.doi.org/10.1038/ejhg.2009.86
http://dx.doi.org/10.1038/ejhg.2009.86
http://dx.doi.org/10.1038/ejhg.2009.86
http://dx.doi.org/10.1016/0006-291X(88)90688-2
http://dx.doi.org/10.1016/0006-291X(88)90688-2
http://dx.doi.org/10.1016/0006-291X(88)90688-2
http://dx.doi.org/10.1016/0006-291X(88)90688-2
http://dx.doi.org/10.1210/edrv.21.3.0399
http://dx.doi.org/10.1210/edrv.21.3.0399
http://dx.doi.org/10.1210/edrv.21.3.0399
http://dx.doi.org/10.1155/2012/789174
http://dx.doi.org/10.1155/2012/789174
http://dx.doi.org/10.1155/2012/789174
http://dx.doi.org/10.1155/2012/789174
http://dx.doi.org/10.1530/ERC-11-0374
http://dx.doi.org/10.1530/ERC-11-0374
http://dx.doi.org/10.1530/ERC-11-0374

