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Abstract: Background: Estrogen is an important female hormone that affect many metabolic process and 

it’s deficiency can lead to many problems not only regarding reproductive function but also other organs 

and systems in the body.  

Insulin is the major anabolic hormone responsible for glucose and energy homeostasis. Any defect in 

insulin function will result in insulin resistance that will lead to diabetes mellitus eventually.  

Aim of the study: To detect insulin resistance in perimenopausal women and investigate the effect of 

estrogen hormone and BMI on insulin resistance.  

Material and method: This cross-sectional study involved 38 women aged 30 – 51 years. All participants 

were in their second to fifth day of the menstrual cycle. They were instructed to fast for at least 8 hours 

before blood sample collection. The selected sample were carefully assessed to eliminate any possible 

factors that could affect the results of the study. Insulin resistance was measured using HOMA-IR method 

and values of more than two were considered insulin resistance. SPSS version 26 was used to statistically 

analyze the data.  

Results: The study yield non-significant negative correlation between estrogen level and insulin resistance. 

Significant positive correlation between BMI and insulin resistance.  

Conclusion: insulin resistance is higher in women with lower estrogen levels could suggest estrogen as 

protective factor against insulin resistance. 

 

Introduction  

Estrogen is one of the two sex hormones. It is a fat- soluble steroid compound synthesized from 

cholesterol. It has 18 carbon atoms. There are four types of estrogen identified: 17β-estradiol (E2), the most 

powerful, estrone (E1) main estrogen during menopause, estriol (E3) found during pregnancy synthesized 

by the placenta and estetrol (E4) produced by fetal liver. E2 is the wide spread type of estrogen and it binds 

with estrogen receptors with high affinity compared to the other types (1-3).  

Estrogen effect on insulin and glucose homeostasis not clearly understood yet. Some studies suggest that 

estrogen receptor has a role in glucose metabolism. This function through regulating glucose transporter 

GLUT-4 in skeletal muscle and altering hepatic insulin sensitivity. ERα specifically present in β-cells of 

the pancreas that might be responsible for increasing insulin level. It act via promoting insulin gene 
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expression, increasing insulin content in β-cells as well as release of insulin. On the other hand, ERβ is 

thought to have unfavorable effect on glucose metabolism by decreasing GLUT-4 expression (4, 5). 

The time precedes menses cessation called perimenopause or sometimes called menopausal transition. It 

usually starts in the 40s but can begin as early as the 30s. It may last for 4 years typically but can last only 

several months or may extend for about 10 years. This period can start gradually or abruptly. It usually 

begins with fluctuation in menstrual cycle due to decreased hypothalamic-pituitary axis to negative and 

positive feedback from the ovarian hormones. All these affect physical, emotional and social life of females 

leading to clinical symptoms very similar to that of menopause (6-8) 

Insulin is a polypeptide hormone synthesized from beta cells of the pancreas. It contains 51 amino acids 

arranged in two chains joined by two disulfide bonds it has a molecular weight of 5808. Insulin has short 

half-life of about 6 minutes. When insulin combine with its receptor in the target cell it escape rapid 

destruction and half-life becomes elongated. Insulinase enzyme is responsible for destruction of insulin 

mainly in the liver, to lesser amount in kidneys and muscles, while slight amount in remaining other tissues 

(9). 

Insulin resistance defined as elevated insulin levels required for achieving desired physiological effect. 

This occur when cells no longer respond to the usual amount of insulin. The possible mechanisms 

responsible for development of insulin resistance are defective receptor of target cell, autoantibodies to 

insulin, rapid insulin degradation. As mitochondria is the main regulator of energy in cells any 

mitochondrial malfunction can lead to insulin resistance (10-12). 

Prevalence of insulin resistance might reach more than one third of the population. It can occur in healthy 

and obese individuals. However not all obese and overweight personnel are insulin resistant. Insulin 

resistance in young women carries a risk for future development of gestational diabetes and type 2 diabetes 

mellitus. In addition, insulin resistance in pregnant women carries adverse impact on the developing fetus 

with higher risk of miscarriage (13, 14). 

Some studies suggest that estrogen may plays an important role in the metabolism of glucose. Estrogen 

receptors present in different type of cells specifically alpha type (ERα). Activation of this receptor in 

pancreatic cells improves fasting insulin levels and insulin production in response to glucose. In addition, it 

protect beta- cells from damages induced by oxidative stress. Furthermore, ERα activation in hepatic cells 

alters gluconeogenesis, improves insulin sensitivity and decrease insulin destruction in hepatocyte. For this 

reason, insulin resistance and estrogen deficiency are causes for many metabolic and hormonal 

disturbances. Insulin resistance along with increased levels of insulin might enhance androgen production 

at the expense of lowering estrogen synthesis (15-17). 

Homeostasis model assessment of insulin resistance (HOMA-IR) first described in 1985 by Matthews et al. 

It uses fasting insulin and glucose levels then certain equation applied to reflect insulin sensitivity and β 

cell function. Advantages of this method is simple, non-invasive requiring single blood withdrawal, much 

lower cost compared to other techniques. Major disadvantage of this method is it provide information about 

fasting state only and not stimulated circumstances. That is to say, it reflect the effect of insulin on hepatic 

glucose and not on the peripheral glucose. Also, individuals with impaired or absent β cell function might 

have incorrect results. (18-23)  

Materials and methods 

A cross –sectional study design. Women of reproductive age group from 30 years to 51 years old were 

requited from hospitals and health care centers in karbala’a directorate. Thirty-eight women fit the criteria 

for research. All women were menstruating and not taking any medication that could interfere with neither 

insulin nor estrogen. Participating female were free from diabetes, hypertension polycystic ovarian 
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syndrome and other diseases that could cause insulin resistance. Any pregnant and breast feeding women 

were excluded from the study.  

After identifying a women as eligible for participating in the study she was given an appointment during 

period from 2nd to 5th day of her cycle. They were told to fast at least for 8 hours prior to blood withdrawal. 

They were interviewed for medical history and fully examined before blood collection. Blood withdrawn 

from antecubital fossa and sent to the laboratory for analysis.  

Fasting blood glucose, fasting insulin, and estrogen levels were measured in all females. Insulin resistance 

was measured using HOMA-IR (homeostasis model assessment of insulin resistance) equation: (Fasting 

blood sugar (mg\dl) × fasting insulin level (uIU\ml)) ÷ 405 , any value that exceeded 2 was considered to 

have insulin resistance. After that, data were statistically analyzed using SPSS program version 27.  

Ethical approval  

Ethical approval was obtained from medical ethical committee in Kufa university \ faculty of medicine and 

from Iraqi health ministry Karbala health department. Each participant was informed of her right to quit the 

research after full explanation of study aim and importance. Verbal consent from all participants was 

obtained as well.  

Results  

Mean age of the collected sample was 37.6±5.8. Mean BMI was 28.5±4.9 with 10 subject having normal 

BMI (18.5 to 24.9 kg/m2), 13 subjects were overweight (25 to 29.9 kg/m2) and 15 subjects considered 

obese (more than or equal to 30 kg/m2). Prevalence of insulin resistance in this sample was 65.8%. 

 

Figure (1) shows percentage of insulin resistance in the collected sample. 
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Table 1: mean and standard deviation of blood tests and insulin resistance for menstruating female 

participating in the study. 

 

 

        

 

Table 2: show correlations between body mass index (BMI), estrogen level (E2), fasting blood sugar 

(FBS), fasting insulin level and insulin resistance for perimenopausal women. 

Correlations 

 BMI E2 FBS Fasting insulin Insulin resistance 

BMI 
r  0.042 0.352* 0.429** 0.479** 

P value  0.804 0.030 0.007 0.002 

E2 
r   -0.056 -0.095 -0.128 

P value   0.739 0.572 0.443 

FSB 
r    0.307 0.508** 

P value    0.060 0.001 

Fasting insulin 
r     0.966** 

P value     0.0001 

*. Correlation is significant at the 0.05 level 

**. Correlation is significant at the 0.01 level 
 

Table 2 show that estrogen has non-significant negative correlations with fasting blood sugar, fasting 

insulin and insulin resistance (P-value > 0.05). While fasting blood sugar has significant positive 

correlation with insulin resistance (P-value < 0.01). However, fasting blood sugar has non-significant 

positive correlation with fasting insulin (P-value > 0.05). In the other hand, fasting insulin level has 

significant positive correlation with insulin resistance (P-value < 0.01). In terms of body mass index, there 

is a significant positive correlation with fasting blood sugar (P-value < 0.05), fasting insulin and insulin 

resistance (P-value < 0.01). While there is no significant correlation with estrogen level (P-value > 0.05). 

 

Tests Mean±SD 

Estrogen level (pg\mL) 57.9±24.1 

Fasting blood sugar (mg\mL) 93.4±8.9 

Fasting insulin level 11±4.4 

Insulin resistance 2.5±1.1 
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Figure 1: correlation between body mass index (BMI) and insulin resistance among perimenopausal 

women (P- value < 0.01) 

 

 

Figure 2: correlation between estrogen level (E2) and insulin resistance among perimenopausal 

women (P- value > 0.05). 
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Figure 3: correlation between FBS and insulin resistance among perimenopausal women (P- value 

<0.01) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: correlation between fasting insulin and insulin resistance among perimenopausal women 

(P- value < 0.01). 
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Discussion  

Perimenapausal women participating in this study are menstruating so that the level of estrogen hormone is 

within normal level for their reproductive age. These results was almost similar to what Sowers et. al. (24) 

found. The later research also suggested that there was no significant difference in estrogen level between 

different ethnic groups of perimenopausal females. Although other study mentioned that different level of 

estrogen could be encountered between parous and nulliparous perimenopausal women caused by different 

number of ovulatory cycles (25).  

The studied sample has normal fasting blood sugar and insulin levels since the participating feamles are not 

diabetic. This is similar to what Bahijri, Alissa (26) ,a Saudi study, but the sample has higher values than 

Phillips, Jing (27) and Yeung, Zhang (28) who found lower values in their studies. Sayın, Kutlu (29) had 

lower values regarding females with normal weight while comparable results regarding overweight and 

obese women. Yeung et al. suggested that levels of insulin varies throughout the menstrual cycle changing 

every few days (28)(25)(25)(25)(25)(19)(5).  

Insulin resistance has dramatically increased nowadays. This increase can be attributed to the sedentary life 

style, unhealthy diet and eventually obesity. Previous studies has showed lower insulin resistance in 

perimenopausal women for example (28, 30). 

Although the results in table 2 showed non-significant positive correlation between BMI and estrogen, 

possibly due to small sample size. Freeman, Sammel (31) found that obese perimenopausal women are 

more likely to have lower estrogen levels and vice versa. While Sowers, Derby (24) suggested negative 

correlation between BMI and estrogen level. On the other hand, Sayın, Kutlu (29) found no significant 

correlation between BMI and estrogen.  

Significant correlation between BMI and insulin resistance was found in this study since BMI is the main 

contributor on increasing insulin resistance. This result was similar to many other studies such as (29, 32, 

33). 

Estrogen was found to have negative correlation with FBS and insulin although it was non-significant 

might be due to small sample size. Yeung, Zhang (28) found similar significant negative correlation 

between estrogen and glucose level but a positive correlation with insulin level.  

Table 2 showed that there is a negative correlation between estrogen and insulin resistance. Even though 

this result was non-significant that could due to small recruited sample. Similarly, (24), Matsui, Yasui (34), 

found the same results. In contrast to Yeung, Zhang (28) who found significant positive correlation. 

Conclusion  

Effect of estrogen level on insulin resistance was and still unfinished debate. This study had found that the 

main effect on insulin resistance is BMI. Estrogen level although non-significant correlation found also has 

some protective effect against insulin resistance in premenopausal women. 

References 

1. Noirrit-Esclassan E, Valera M-C, Tremollieres F, Arnal J-F, Lenfant F, Fontaine C, et al. Critical Role 

of Estrogens on Bone Homeostasis in Both Male and Female: From Physiology to Medical 

Implications. International Journal of Molecular Sciences. 2021;22(4):1568. 

2. Xiang D, Liu Y, Zhou S, Zhou E, Wang Y. Protective Effects of Estrogen on Cardiovascular Disease 

Mediated by Oxidative Stress. Oxidative Medicine and Cellular Longevity. 2021;2021:5523516. 

3. Chen P, Li B, Ou-Yang L. Role of estrogen receptors in health and disease. Frontiers in Endocrinology. 

2022;13. 



EUROPEAN JOURNAL OF MODERNMEDICINE AND PRACTICE 

Vol. 4 No. 6 (Jun - 2024) ISSN: 2795-921X 

154  

 

4. Alonso-Magdalena P, Ropero AB, Carrera MP, Cederroth CR, Baquie M, Gauthier BR, et al. 

Pancreatic insulin content regulation by the estrogen receptor ERα. PloS one. 2008;3(4):e2069. 

5. Gupte AA, Pownall HJ, Hamilton DJ. Estrogen: An Emerging Regulator of Insulin Action and 

Mitochondrial Function. Journal of Diabetes Research. 2015;2015:916585. 

6. Yisma E, Eshetu N, Ly S, Dessalegn B. Prevalence and severity of menopause symptoms among 

perimenopausal and postmenopausal women aged 30-49 years in Gulele sub-city of Addis Ababa, 

Ethiopia. BMC Womens Health. 2017;17(1):124. 

7. Santoro N, Roeca C, Peters BA, Neal-Perry G. The Menopause Transition: Signs, Symptoms, and 

Management Options. J Clin Endocrinol Metab. 2021;106(1):1-15. 

8. Talaulikar V. Menopause transition: Physiology and symptoms. Best Practice & Research Clinical 

Obstetrics & Gynaecology. 2022;81:3-7. 

9. Khalilov R, Abdullayeva S. MECHANISMS OF INSULIN ACTION AND INSULIN RESISTANCE. 

Advances in Biology & Earth Sciences. 2023;8(2). 

10. Sathya Bhama C.V. BS, and Seethalakshmi A. Analysis of the degree of insulin resistance in post 

menopausal women by using skin temperature measurements and fasting insulin and fasting glucose 

levels: a case control study. J Clin Diagn Res. 2012;6(10):1644-7. 

11. Petersen MS, Shulman, G. I. Mechanisms Of Insulin Action and Insulin Resistance. Physiological 

Reviews. 2018. 

12. Olatunbosun ST TF, Griffing GT, Schade DS. Insulin resistance. Medscape. 2020. 

13. Clarke SL, Reaven GM, Leonard D, Barlow CE, Haskell WL, Willis BL, et al. Cardiorespiratory 

Fitness, Body Mass Index, and Markers of Insulin Resistance in Apparently Healthy Women and Men. 

The American Journal of Medicine. 2020;133(7):825-30.e2. 

14. Hanamura I, Nonaka F, Kawasaki H, Miya M, Sera N, Nakano S, et al. Analysis of factors associated 

with insulin resistance in young women: A cross-sectional study. Clinical Nutrition Open Science. 

2023;51:52-61. 

15. Suba Z. Interplay Between Insulin Resistance and Estrogen Deficiency as co- Activators in 

Carcinogenesis. Pathology & Oncology Research. 2012;18(2):123-33. 

16. Shin HJ, Lee HS, Kwon Y-J. Association between reproductive years and insulin resistance in middle-

aged and older women: A 10-year prospective cohort study. Maturitas. 2020;142:31-7. 

17. Ciarambino T, Crispino P, Guarisco G, Giordano M. Gender differences in insulin resistance: new 

knowledge and perspectives. Current Issues in Molecular Biology. 2023;45(10):7845-61. 

18. Patarrão RS, Wayne Lautt W, Paula Macedo M. Assessment of methods and indexes of insulin 

sensitivity. Revista Portuguesa de Endocrinologia, Diabetes e Metabolismo. 2014;9(1):65-73. 

19. Sánchez-García A, Rodríguez-Gutiérrez R, Mancillas-Adame L, González-Nava V, Díaz González-

Colmenero A, Solis RC, et al. Diagnostic Accuracy of the Triglyceride and Glucose Index for Insulin 

Resistance: A Systematic Review. International Journal of Endocrinology. 2020;2020:4678526. 

20. Minh HV, Tien HA, Sinh CT, Thang DC, Chen C-H, Tay JC, et al. Assessment of preferred methods to 

measure insulin resistance in Asian patients with hypertension. The Journal of Clinical Hypertension. 

2021;23(3):529-37. 



EUROPEAN JOURNAL OF MODERNMEDICINE AND PRACTICE 

Vol. 4 No. 6 (Jun - 2024) ISSN: 2795-921X 

155  

 

21. Amisi CA. Markers of insulin resistance in Polycystic ovary syndrome women: An update. World J 

Diabetes. 2022;13(3):129-49. 

22. Ruyatkina LA, Ruyatkin D, Shcherbakova L. Age-dependent aspects of informativeness of surrogate 

indices of insulin resistance in the formation of menopausal metabolic syndrome. Pharmateca. 

2023;30(03):90-8. 

23. A.M. Cybulska DS-M, S. Wieder-Huszla, M. Panczyk, A. Jurczak, E. Grochans. Diagnostic markers of 

insulin resistance to discriminate between prediabetes and diabetes in menopausal women. European 

Review for Medical and Pharmacological Sciences. 2023. 

24. Sowers M, Derby C, Jannausch ML, Torrens JI, Pasternak R. Insulin Resistance, Hemostatic Factors, 

and Hormone Interactions in Pre- and Perimenopausal Women: SWAN. The Journal of Clinical 

Endocrinology & Metabolism. 2003;88(10):4904-10. 

25. Cramer DW, Barbieri RL, Fraer AR, Harlow BL. Determinants of early follicular phase gonadotrophin 

and estradiol concentrations in women of late reproductive age. Human Reproduction. 2002;17(1):221-

7. 

26. Bahijri SM, Alissa EM, Akbar DH, Ghabrah TM. Estimation of insulin resistance in non-diabetic 

normotensive Saudi adults by QUICKI, HOMA-IR and modified QUICKI: A comparative study. 

Annals of Saudi Medicine. 2010;30(4):257-64. 

27. Phillips GB, Jing T, Heymsfield SB. Does insulin resistance, visceral adiposity, or a sex hormone 

alteration underlie the metabolic syndrome? Studies in women. Metabolism. 2008;57(6):838-44. 

28. Yeung EH, Zhang C, Mumford SL, Ye A, Trevisan M, Chen L, et al. Longitudinal Study of Insulin 

Resistance and Sex Hormones over the Menstrual Cycle: The BioCycle Study. The Journal of Clinical 

Endocrinology & Metabolism. 2010;95(12):5435-42. 

29. Sayın S, Kutlu R, Kulaksızoğlu M. The relationship between sex steroids, insulin resistance and body 

compositions in obese women: A case-control study. J Med Biochem. 2020;39(1):25-31. 

30. Lin K-C, Tsay S-L, Tsai S-T, Kuo S-C, Chou P. Interrelationship Between Insulin Resistance and 

Menopause on the Metabolic Syndrome and Its Individual Component Among Nondiabetic Women in 

the Kinmen Study. The American Journal of the Medical Sciences. 2007;333(4):208-14. 

31. Freeman EW, Sammel MD, Lin H, Gracia CR. Obesity and reproductive hormone levels in the 

transition to menopause. Menopause. 2010;17(4):718-26. 

32. Abbasi F, Brown BW, Lamendola C, McLaughlin T, Reaven GM. Relationship between obesity, 

insulin resistance, and coronary heart disease risk. Journal of the American College of Cardiology. 

2002;40(5):937-43. 

33. Listya H, Sulchan M, Murbawani EA, Puruhita N, Sukmadianti A. Correlation of Obesity Status with 

Zinc Serum Levels and Insulin Resistance in Perimenopause Obese Women. 2020. 2020;1(2):6. 

34. Matsui S, Yasui T, Tani A, Kunimi K, Uemura H, Yamamoto S, et al. Associations of estrogen and 

testosterone with insulin resistance in pre-and postmenopausal women with and without hormone 

therapy. International journal of endocrinology and metabolism. 2013;11(2):65. 

 


