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ABSTRACT 
Hyperandrogenicity in women is closely associated with insulin resistance and a risk factor for cardiovascular 

disease and noninsulin-dependent diabetes mellitus. It is known that hormone replacement therapy (HRT) decreases 

hyperandrogenicity and improves glucose homeostasis in postmenopausal diabetic women. To investigate the role of HRT on 

hyperandrogenicity and glucose homeostasis in postmenopausal diabetic women. A total of 40 type 2 diabetic 

postmenopausal women were prospectively enrolled and followed for 12 months. The examined group consisted of  20 

women who were assigned to take HRT, while the rest were left without hormone therapy.  HRT consisted of 17β- estradiol 

(E2) 1 mg and DRSP (drospirenone) 2 mg. Fasting blood glucose ( FPG), glycosylated hemoglobin (HbA1C), insulin, sex 

hormone binding globuline (SHBG) and total testosterone were measured, free androgen index (FAI) was calculated by 

formula and insulin sensitivity was determined by the homeostatic model assessment of insulin resistance ( HOMA-IR). All 

metabolic measurements were taken at baseline and after 12 months.HRT treatment, compared with control group, was 

followed by a marked increase of  SHBG (from 29.0 ± 12.3 to 56.0 ± 8.54  nmol/l) and significant decrease of free 

testosterone (5.17 ± 1.2 to 1.92 ± 1.3), FPG (7.8 ± 0.86 to 6.9 ± 0.6 mmol/l),  HbA1C(7.6 ± 0.54 to 7.2 ± 0.43 %  and  

HOMA-IR (4.23 ± 1.7 to 3.18  ± 1.4 µU/ml-mmol/l).HRT  in postmenopausal diabetic women  ameliorated 

hyperandrogenicity,  accompanied by marked improvements in glucose homeostasis. 

 

Keywords: Hormone replacement therapy, Menopause, Hyperandrogenicity, Diabetes mellitus, Insulin resistance. 

 

INTRODUCTION  

Many studies have investigated the role of 

estrogen during menopause; however, less attention has 

been paid to the role of androgens.  Given the possibly 

opposite effects of estrogens and androgens on 

cardiovascular disease risk [1], it is proposed that relative 

androgen excess may better predict the increased risk of 

cardiovascular disease in women around menopause than 

estrogen levels alone. 

Several epidemiological studies have shown that 

hormone replacement therapy with estrogens may prevent 

or reduce cardiovascular disease in postmenopausal 

women [2, 3] and also prevent postmenopausal bone loss 

[4,5]. Oral estrogens seem to favorably alter the 

lipoprotein profile by increasing high-density lipoprotein 

(HDL) cholesterol and decreasing low-density lipoprotein 

(LDL) cholesterol, which may be a plausible mechanism 

to explain at least part of the reduction of cardiovascular  

diseases by estrogens [6-8]. 

Apart from plasma lipids, hyperinsulinemia and 

insulin resistance also are strong and independent risk 

factors for cardiovascular disease [9], but the effects of 

estrogens on carbohydrate metabolism and insulin 

resistance are more controversial. However, in two large 

population studies, the use of conjugated estrogens 

recently has been reported to be associated with lower 

fasting insulin levels than in nonusers [10,11], and 

Manson [12] has shown that the use of estrogen 

replacement therapy  was not associated with a higher 

incidence of noninsulin-dependent diabetes mellitus 

(NIDDM). 
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Recent investigations have demonstrated an 

association between hyperandrogenicity, as indicated by 

low levels of sex hormone-binding globulin (SHBG), and 

elevated free testosterone on the one hand, and insulin 

resistance on the other, in both pre- and postmenopausal 

women [13-15]. Furthermore, a low level of SHBG is a 

strong and independent risk factor for development of 

NIDDM in women [16, 17], and postmenopausal women 

with manifest NIDDM seem to be relatively 

hyperandrogenic in comparison with healthy women of 

similar age and body mass index [18]. 

With this background, we hypothesized that 

hormone replacement therapy might alleviate 

hyperandrogenicity and insulin resistance in 

postmenopausal women with NIDDM. The present study 

was therefore performed to test this possibility. 

 

MATERIALS AND METHODS 

We prospectively studied 40 postmenopausal 

women with type 2 diabetes.Diabetes was diagnosed 

using the criteria of the World Health Organization, at 

least 2 years before entering the study. In order to 

maintain their glucose levels in an acceptable range, 

women with type 2 diabetes were on dietary management 

alone (two patients) or taking oral anti‐diabetic drugs that 

consisted of metformin and sulfonylureas (38 patients). 

Each diabetic patient received a diabetic diet of 1300 

kkal/day. The women were instructed not to change their 

diet. None of them were taking insulin. None of the 

women were taking anti‐lipidaemic, corticosteroid or 

anti‐convulsant therapy. The anti‐diabetic medications 

were left unchanged during the study. 

Menopause was confirmed by the absence of 

menstruation for at least 12 months and by high serum 

levels of FSH (>30 mIU/ml) and low serum levels of 

estradiol (E2) (<20pg/ml).They all had intact uterus. The 

subjects had  not received HRT previously. 

Gynaecological examination and mammogram were 

normal in all subjects. 

Half of the subjects (20 women ) were assigned 

to take HRT ( DM – HRT) group. The other half (20 

women) made the control group, not taking HRT ( DM – 

non HRT group). The randomisation of the subjects has 

been done upon base of willingness and motivation to 

cooperate. Subjects in the DM - HRT group had been 

taking oral HRT consisting of  17β- estradiol (E2) 1 mg 

and DRSP (  drospirenone) 2 mg - Angeliq®, Schering 

AG, Germany, l tablet daily for 12 months .Subjects in 

DM – non HRT group were followed the same way as the 

examined group.Exclusion criteria in both groups 

included 1) hypertension (systolic blood pressure ≥140 or 

diastolic blood pressure ≥90 mmHg); 2) anemia; 3) 

various degrees of renal insufficiency;4) evidence of 

significant liver disease; and 5) hysterectomy or a history 

of recent surgery and who demonstrated significant 

chronic alcohol intake, were also excluded. All patients in  

this study gave written informed consent. 

This work was approved by the local medical 

ethics committee and all participants gave informed 

consent before the onset of study. 

All of the participants enrolled  in our study have 

been  contacted  by telephone  in three months interval in 

order to discover any adverse effect of  HRT. All 

metabolic and physical examinations were performed at 

the onset of the study and then again after 12 months of 

receiving HRT.  Blood blood samples were taken after a 

12 h fast.  HbA1C was determined on an Cobas c 111 

analyzer using commercial kits supplied from Roche 

Diagnostic Gmbh (Switzerland), and glucose levels were 

determined in an Beckman Analyzer 2 automated  

analyser by using commercial kits supplied from Analox 

Instruments Ltd, London ( UK). Insulinemia, SHBG and 

total testosteron was determined in an Elecsys 2010 

analyzer using commercial kits from Roche Diagnostics 

Gmbh (Switzerland). 

 

Assessment of IR   

 In primary analysis, we evaluated degrees of IR 

by homeostatic model assessment for IR (HOMA-IR) 

using the formulas HOMA-IR = glucose × insulin/22.5 A 

higher HOMA-IR value indicates greater IR. 

 

Assessment of hyperandrogenicity  

Free testosterone presented as Free Androgen 

Index ( FAI) . 

 

 
 

Statistical Analysis 

Statistical analysis was carried out with 

descriptive statistics,  t -  test for  related  samples and  t -  

test for  independent samples. The data are expressed as 

means ± SEM. Statistical significance was set at P <0.05 .  

Data were analysedusingStatistica, version 10.0 ( 

StatSoft)  for Windows. 

 

RESULTS 

All of the women who were enrolled into the 

investigation completed the study. The mean age of the 

subjects was  49 3 ± .34 and 48.5 ± 3.1 years, and their 

mean body mass index (BMI) was 27 .27 ± 3.32  and 28.3 

± 2.4  kg/m
2
 in the DM‐HRT and  DM non-‐HRT groups 

respectively. High school educated were 58,3 % and 54,2 

% . 

The baseline caracteristics of the subjects are 

given in Table 1.Two subjects   in the DM‐HRT group 

and one subject  in the DM non‐HRT group complained 

about abnormal vaginal bleeding such as metrorrhagia 

and four patients reported  breast  tenderness in the 

DM‐HRT group.  Other adverse effects were not seen.
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Sex hormones  

SHBG increased from 29.0 ± 12.3 nmol/L at 

baseline to 56.0 ±  8.54  nmol/L after HRT substitution 

(P < 0.001), and free testosterone  decreased from 5.17 ± 

1.2 at baseline to 1.92 ±1.3 after HRT treatment (P < 

0.001). In control group, there was no significance 

observed at baseline 6.03 ± 1.1 and after 12 months of 

follow up 6.10 ± 0.9. 

 

Glucose metabolism 

During treatment with HRT, fasting blood 

glucose decreased from 7.8 ± 0.86 mmol/L at baseline to 

6.9 ± 0.6 mmol/L (P < 0.001) after treatment. HbA1c was 

reduced from 7.6 ± 0.54 %  before HRT substitution to 

7.2± 0.43 %  after substitution (P < 0.001). Insulinemia 

decreased from 12.2 ± 3.41 (µU/ml ) before HRT 

treatment to 10.4 ± 2.92 (µU/ml ) after 12 monhs of 

treatment with HRT (p<0.001). Regarding insulin 

resistance, HOMA-IR was reduced from 4.23 ± 1.7 

(µU/ml-mmol/l) at baseline to 3.18  ± 1.4 (µU/ml-mmol/l) 

at the end of the study. 

Regarding changes in the same metabolic 

parameters in the control grup, FPG decreased from 8.0 ± 

0.9 mmol/l at the baseline to 7.8 ± 1.1 mmol/l after 12 

months follow up (p=0.66), HbA1C was reduced from 7.9 

±  0.5 %  at baseline to 7,7 ± 0.4 % at the end ( p=0.477). 

Levels of insulinemia increased not significantly from 

12.3  ± 3.2 µU/ml at baseline  to 13.1  ±  3.7 µU/ml after 

12 months (p=0.08) and HOMA-IR revealed not 

significant increase from the baseline 4.31 ± 1.8  µU/ml-

mmol/l to 4.54  ± 1.7 µU/ml-mmol/l after 12 months ( 

p=0.69). 

 

Table 1. Baseline charasteristcics of postmenopausal women 

 
Women on HRT (n = 20) Women not on HRT (n = 20) P 

Age (years) 49  ± 3.34 48.5 ±  3.1 N.S 

BMI (kg/m
2
) 27 ± 3.32 28.3 ± 2.4 N.S 

FPG (mmol/l) 7.8 ± 0.86 8.0 ± 0.9 N.S 

HbA1C (%) 7.6 ± 0.54 7.9 ± 0.5 N.S 

Insulinemia( µU/ml ) 12.2  ±   3.41 12.3  ±  3.2 N.S 

HOMA-IR 

(µU/ml-mmol/l) 

4.23 ± 1.7 

 

4.31 ± 1.8 

 
N.S 

SHBG ( nmol/l) 29.0 ± 12.3 28.0 ± 10.9 N.S 

Total testosterone 

(nmol/l) 
1.56  ±  0.45 

1.69 ± 0.14 

 
N/S 

FAI 5.17 ± 1.2 6.03 ± 1.1 N.S 

N/S  statistically not significant for group comparison  at baseline Changes in sex hormones and glucose metabolism are 

shown in Table 2 

 

Table 2. Effects on HRT on Fasting Plasma Glucose ( FPG), HbA1C , Insulinemia, HOMA – IR, Testosteron, SHBG 

& FAI    

 

Women on HRT   

(n =  20) 
P value 

Women not on 

HRT (n = 20) 
P value P* value 

FPG (mmol/l) 

Baseline 

12 months 

 

7.8 ± 0.8 

6.9 ± 0.6 

 

p< 0.001 

 

 

8.0 ± 0.9 

7.8 ± 1.1 

 

P=0.66 

 

p* < 0.0001 

HbA1C % 

Baseline 

12 months 

 

7.6 ± 0.54 

7.2 ± 0.43 

 

p<0.001 

 

7.9 ±  0.5 

7,7 ± 0.4 
p=0.477 p* < 0.0001 

Insulinemia  (µU/ml ) 

Baseline 

12 months 

 

12.2±3.41 

10.4±2.92 

 

p<0.001 

 

12.3 ± 3.2 

13.1±  3.7 

 

p= 0.08 

 

p* <0.0001 

HOMA – IR 

(µU/ml-mmol/l) 

Baseline 

12 months 

 

4.23 ± 1.7 

3.18 ± 1.4 

 

p<0.001 

 

 

4.31 ± 1.8 

4.54 ± 1.7 

 

p=0.69 

 

P* <0.0001 

SHBG (nmol/l) 

Baseline 

12 months 

 

29.0±12.3 

56.0±8.54 

p< 0.001 

 

28.0±10.9 

29.0±12.3 

 

p=1.08 

 

p* <0.0001 

Tot.Testosterone 

(nmol/l) 
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Baseline 

12 months 

1.56±0.45 

1.08±   35 

p<0.001 1.69±0.14 

1.77± .13 

p=0.62 p* <0.0001 

FAI 

Baseline 

12 months 

 

5.17 ± 1.2 

1.92 ±1.3 

p<0.001 

 

6.03 ± 1.1 

6.10 ± 0.9 

p=1.10 p* <0.0001 

p< 0,05 statistically significant for all postmenopausal women included in adequate group at baseline and after 12 months 

treatment, p* <  0.05 statistically significant for group comparison  at 12 months 

 

DISCUSSION 
In previous studies, the coupling between 

hyperandrogenicity and insulin resistance does not seem 

to have been considered. Several epidemiological cross-

sectional studies have demonstrated this relationship in 

both pre- and postmenopausal, nondiabetic and diabetic 

women [13-19]. Hyperandrogenicity, as indicated by low 

SHBG values, also is a powerful independent risk factor 

for the development of NIDDM, hypertension [20], and 

cardiovascular disease and overall mortality [21]. 

Furthermore, a low SHBG level is associated 

closely with visceral obesity. Women with central body 

fat distribution have low levels of SHBG and increased 

free testosterone in parallel with insulin resistance [22]. 

Visceral obesity is a risk factor for cardiovascular disease, 

stroke, and NIDDM [23,24]. Low SHBG concentrations 

and visceral obesity may have additive effects on insulin 

resistance and risk to develop NIDDM, hypertension, and 

cardiovascular disease. 

The direction of causality between hyperandrogenism and 

insulin resistance in women is not fully clarified. Both 

types of causal associations have been postulated. Studies 

of anabolic steroids [25, 26], PCO women [27,28], 

androgen treatment of female to male transsexuals [29], 

oral contraceptive administration [30], and studies of the 

effect of testosterone on insulin sensitivity in female rats 

[31] suggest that increased androgenicity in women may 

cause insulin resistance. 

On the other hand, there are several pieces of 

evidence that insulin resistance, or rather 

hyperinsulinemia, may lead to hyperandrogenism. It has 

been shown that hyperinsulinemia increases androgen 

output from the ovary [32-34] and may suppress SHBG 

production in the liver, shown in vitro [35] and indirectly 

in clinical studies [36,37]. 

Furthermore, several previous studies in women 

with hyperandrogenism have shown that suppression of 

androgens into normal levels did not result in 

improvements in insulin resistance [38-40]. However, 

Moghetti [41] and Shoupe [42] have demonstrated  

thatantiandrogen treatment resulted in partially reversed 

insulin resistance. 

Previously it has been suggested that insulin 

sensitivity is preserved in the liver but reduced in the 

periphery in hyperandrogenic women or female-to-male 

transsexuals treated with androgens [29, 43]. The 

diminished peripheral insulin sensitivity may be mediated 

via a direct effect of androgens on skeletal muscle [44-

46]. 

In addition to alleviating androgen effects on 

muscle, estrogens alone also may have direct effects on 

skeletal muscle. Estrogens regulate insulin-induced 

glucose transport [47] via translocation of glucose 

transporter 4 [48]. 

Another possible mechanism for the 

improvement of glucose homeostasis may be an increased 

estrogen mediated basal and insulin-mediated suppression 

of hepatic glucose production because patients with 

NIDDM have both hepatic and extrahepatic insulin 

resistance [49]. Estradiol has been reported to depress 

hepatic glucose output [50]. In support of this possibility, 

Brussaardet al [51]  had shown that estradiol treatment of 

postmenopausal women with NIDDM was followed by 

increased suppression of hepatic glucose production and 

improvement in HbA1c and HDL cholesterol 

concentrations . 

The potential cause-effect sequence, implying 

that hyperandrogenicity induces insulin resistance and 

worsening of glucose metabolism, seems to be in 

agreement with the results reported in our study because 

elevated SHBG levels induced by HRT administration 

alleviating hyperandrogenicity was followed by an 

improved glucose metabolism. 

However, the direction of casuality and the 

relationship between hyperandrogenicity and insulin 

resistance remain not fully clarified and need more studies 

and more work up on this topic. 

In conclusion we may say that the main findings 

in the present report was an alleviation of 

hyperandrogenicity followed by improvement of glucose 

metabolism in postmenopausal women with NIDDM after 

hormone replacement therapy. 

 

ACKNOWLEDGEMENT: None 

 

CONFLICT OF INTEREST:  
The authors declare that they have no conflict of interest. 

 

REFERENCES 

1. Bush T, Barrett-Connor E, Cowan LD, et al.  Cardiovascular mortality and noncontraceptive use of estrogen in women: 

results from the Lipid Research Clinics Program Follow-up Study. Circulation, 75, 1987,1102–1109.  

javascript:popRef('R33')
javascript:popRef('R37')
javascript:popRef('R59')


Iskra Bitoska. et al. / Journal of Science / Vol 6 / Issue 2 / 2016 / 111-116. 

 

115 
 

2. Falkeborn M, Persson I, Adami HO, et al. The risk of acute myocardial infarction after oestrogen and oestrogen-

progestogen replacement. Br J ObstetGynaecol, 99,  1992, 821–828. 

3. Stampfer MJ, Colditz GA.  Estrogen replacement therapy and coronary heart disease: a quantitative assessment of the 

epidemiologic evidence. Prev Med, 20, 1991, 47–63.  

4. Prince RL, Smith M, Dick IM, et al. Prevention of postmenopausal osteoporosis: a comparative study of exercise, 

calcium supplementation and hormone-replacement therapy. N Engl J Med, 325, 1991, 1189–1195.  

5. Christiansen C, Christensen MS, McNair P, Hagen C, Stocklund KE, Transböl IB. Prevention of early postmenopausal 

bone loss: controlled 2-year study in 315 normal females. Eur J Clin Invest, 10, 1980, 273–279.   

6. Hazzard WR.  Estrogen replacement and cardiovascular disease: serum lipids and blood pressure effects. Am J 

ObstetGynecol, 161, 1989, 1847–1853.  

7. Lobo RA. Cardiovascular implications of estrogen replacement therapy. ObstetGynecol, 75, 1990, 18S–25S.  

8. Walsh BW, Schiff I, Rosner B, Grenberg L, Ravnikar V, Sacks FM. Effect of postmenopausal estrogen replacement on 

the concentrations and metabolism of plasma lipoproteins. N Engl J Med, 325, 1991,1196–1204.   

9. Haffner SM, Valdez RA, Hazuda HP, Mitchell BD, Morales PA, Stern MP. Prospective analysis of the insulin-resistance 

syndrome (syndrome X). Diabetes, 41, 1992, 715–722.   

10. Barrett-Connor E, Laakso M. Ischemic heart disease risk in postmenopausal women. Effects of estrogen use on glucose 

and insulin levels. Arteriosclerosis, 10, 1990, 531–534.   

11. Nabulsi AA, Folsom AR, White A, et al. Association of hormone-replacement therapy with various cardiovascular risk 

factors in postmenopausal women. N Engl J Med, 328, 1993, 1069–1075.   

12. Manson JA, Rimm EB, Colditz GA, et al.  A prospective study of postmenopausal estrogen therapy and subsequent 

incidence of non-insulin dependent diabetes mellitus. Ann Epidemiol, 2, 1992, 665–673.  

13. Evans DJ, Hoffman RG, Kalkhoff RF, et al. Relationship of androgenic activity to body fat topography, fat cell 

morphology, and metabolic aberrations in premenopausal women. J ClinEndocrinolMetab, 57, 1983, 304–310.  

14. Haffner SM, Katz MS, Stern MP, et al.  The relationship of sex hormones to hyperinsulinemia and 

hyperglycemia. Metabolism, 37, 1988, 683–688.   

15. Haffner SM, Dunn JF, Katz MS.  Relationship of sex-hormone-binding globulin to lipid, lipoprotein, glucose and insulin 

concentrations in postmenopausal women. Metabolism, 41, 1992, 278–284.   

16. Lindstedt G, Lundberg P-A, Lapidus L, Lundgren H, Bengtsson C, Björntorp P. Low sex-hormone-binding globulin 

concentration as independent risk factor for development of NIDDM. Diabetes, 40, 1991, 123–128.   

17. Haffner SM, Valdez RA, Morales PA, Hazuda HP, Stern MP. Decreased sex-hormone-binding globulin predicts non-

insulin-dependent diabetes mellitus in women but not in men. J ClinEndocrinolMetab, 77, 1993, 56–60.   

18. Andersson B, MŚrin P, Lissner L, Vermeulen A, Björntorp P. Testosterone concentrations in women and men with 

NIDDM. Diabetes Care, 17, 1994,  405–411. 

19. Preziosi P, Barrett-Connor E, Papoz L, et al.  Interrelation between plasma sex hormone-binding globulin and plasma 

insulin in healthy adult women: the telecom study. J ClinEndocrinolMetab, 76, 1993, 283–287.   

20. Lapidus L, Andersson B, Bengtsson C, et al. Sex-hormone-binding globulin concentration and hypertension. Results 

from the population study of women in Göteborg, Sweden. J Hypertens, 3(12), 1994, S202.  

21. Lapidus L, Lindstedt G, Lundberg PA, Bengtsson C, Gredmark T. Concentrations of sex-hormone-binding globulin and 

corticosteroid-binding globulin in serum in relation to cardiovascular risk factors and to 12-year incidence of 

cardiovascular disease and overall mortality in postmenopausal women. Clinical Chemistry, 32, 1986, 146–152.  

22. Peiris AN, Mueller RA, Struve MF, Smith GA, Kissebah AH.  Relationship of androgenic activity to splanchnic insulin 

metabolism and peripheral glucose utilization in premenopausal women. J ClinEndocrinolMetab, 64, 1987, 62–169.   

23. Lapidus L, Bengtsson C, Larsson B, Pennert K, Rybo E, Sjöström L.  Distribution of adipose tissue and risk of 

cardiovascular disease and death: a 12 year follow up of participants in the population study of women in Gothenburg, 

Sweden. BMJ, 289, 1984, 1257–1260.   

24. Lundgren H, Bengtsson C, Blohmé G, Lapidus L, Sjöström L.  Adiposity and adipose tissue distribution in relation to 

incidence of diabetes in women: results from a prospective population study in Gothenburg, Sweden. Int J Obes, 13, 

1989, 413–423.   

25. Landon J, Wynn V, Samols E.  The effect of anabolic steroids on blood sugar and plasma insulin levels in 

men. Metabolism, 12, 1963, 924–928. 

26. Cohen J, Hickman R.  Insulin resistance and diminished glucose tolerance in powerlifters ingesting anabolic steroids. J 

ClinEndocrinolMetab, 64, 1987, 960–963.   

27. Burghen GA, Givens JR, Kitabachi AE.  Correlation of hyperandrogenism with hyperinsulinism in polycystic ovarian 

disease. J ClinEndocrinolMetab, 50, 1980, 113–116.   

28. Chang RJ, Nakamura RM, Judd HL, Kaplan AS. Insulin resistance in nonobese patients with polycystic ovarian 

disease. J ClinEndocrinolMetab, 57, 1983, 356–359.   



Iskra Bitoska. et al. / Journal of Science / Vol 6 / Issue 2 / 2016 / 111-116. 

 

116 
 

29. Polderman KH, Gooren LJG, Asscheman H, Bakker A, Heine RJ. Induction of insulin resistance by androgens and 

estrogens. J ClinEndocrinolMetab, 79, 1994, 265–271.   

30. Beck P. Contraceptive steroids: modifications of carbohydrate and lipid metabolism. Metabolism, 22, 1973, 845–855.  

31. Holmäng A, Svedberg J, Jennische E, Björntorp P.  Effects of testosterone on muscle insulin sensitivity and morphology 

in female rats. Am J Physiol, 259, 1990, E555–E560.  

32. Barbieri RL, Ryan KJ.  Hyperandrogenism, insulin resistance, and acanthosisnigricans syndrome: a common 

endocrinopathy with distinct pathophysiologic features. Am J ObstetGynecol, 147, 1983, 90–101.   

33. Poretsky L, Kalin MF. The gonadotropic function of insulin. Endocr Rev., 8, 1987, 132–141.   

34. Taylor SI, Dons RF, Hernandez E, Roth J, Gorden P.  Insulin resistance associated with androgen excess in women with 

autoantibodies to the insulin receptor. Ann Intern Med, 97, 1982, 851–855.   

35. Plymate SR, Matej LA, Jones RE, Friedl KE. Inhibition of sex hormone-binding globulin production in the human 

hepatoma (Hep G2) cell line by insulin and prolactin. J ClinEndocrinolMetab, 67, 1988, 460–464.   

36. Nestler JE, Powers LP, Matt DW, et al. A direct effect of hyperinsulinemia on serum sex hormone-binding globulin 

levels in obese women with the polycystic ovary syndrome. J ClinEndocrinolMetab, 72, 1991, 83–89.   

37. Fendri S, Arlot S, Marcelli JM, Dubreuil A, Lalau JD. Relationship between insulin sensitivity and circulating sex 

hormone-binding globulin levels in hyperandrogenic obese women. Int J Obes., 18, 1994, 755–759.  

38. Dunaif A, Green G, Futterweit W, Dobrjansky A.  Suppression of hyperandrogenism does not improve peripheral or 

hepatic insulin resistance in the polycystic ovary syndrome. J ClinEndocrinolMetab, 70, 1990, 699–704.   

39. Rebuffé-Scrive M, Cullberg G, Lundberg P-A, Lindstedt G, Björntorp P.  Anthropometric variables and metabolism in 

polycystic ovarian disease. HormMetab Res, 21, 1989, 391–397.   

40. Wild RA, Alaupovic P, Parker IJ.  Lipid and apolipoprotein abnormalities in hirsute women. The association with insulin 

resistance. Am J ObstetGynecol, 166, 1992, 1191–1196.   

41. Moghetti P, Tosi F, Castello R, et al.  The insulin resistance in women with hyperandrogenism is partially reversed by 

antiandrogen treatment: evidence that androgens impair insulin action in women. J ClinEndocrinolMetab, 81, 1996, 

952–960.  

42. Shoupe D, Lobo RA.  The influence of androgens on insulin resistance. FertilSteril., 41, 1984, 385–388.   

43. Peiris AN, Aiman EJ, Drucker WD, Kissebah AH.  The relative contributions of hepatic and peripheral tissues to insulin 

resistance in hyperandrogenic women. J ClinEndocrinolMetab, 68, 1989, 715–719.  

44. Krotkiewski M, Björntorp P. Muscle tissue in obesity with different distribution of adipose tissue. Effects of physical 

training. Int J Obe, 10, 1986, 331–341.   

45. Mårin P, Andersson B, Krotkiewski M, Björntorp P. Muscle fiber composition and capillary density in women and men 

with NIDDM. Diabetes Care, 17, 1994, 382–386.   

46. Lillioja S, Young AA, Culter CL, et al.  Skeletal muscle capillary density and fiber type are possible determinants of in 

vivo insulin resistance in man. J Clin Invest., 80, 1987, 415–424.   

47. Kumagai S, Holmäng A, Björntorp P.  The effects of oestrogen and progesterone on insulin sensitivity in female 

rats. ActaPhysiolScand, 149, 1993, 91–97.  

48. Rincon J, Holmang A, Wahlström E, et al. Mechanisms behind insulin resistance in rat skeletal muscle following 

oophorectomy and additional testosterone treatment. Diabetes, 45, 1996, 615–621.   

49. Firth R, Bell P, Rizza R. Insulin action in non-insulin-dependent diabetes mellitus: the relationship between hepatic and 

extrahepatic insulin resistance and obesity. Metabolism, 36, 1987, 1091–1095.   

50. Matute M, Kalkhoff RK. Sex steroid influence on hepatic gluconeogenesis and glycogen formation. Endocrinology, 92, 

1973, 762–768.   

51. Brussaard HE, Gevers Leuven JA, Kluft C, Krans HMJ. Oestrogen replacement improves insulin response, lipoproteins 

and fibrinolysis in women with NIDDM. Proc of the 31st Annual Meeting of The European Association for Study of 

Diabetes, Stockholm, 1995. 

 

View publication stats

https://www.researchgate.net/publication/307175754

