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ABSTRACT 

Menopause is described as a transition from the state of reproductivity to infertility. It is clinically diagnosed by 

estimating cessation of spontaneous menstruation over a period of 12 months. Estrogen governs insulin 

production capacity of the pancreatic islet cells as well as glucose homeostasis by several possible pathways in 

animal models. In the liver, estrogen regulates insulin sensitivity by activating glycogen synthetase and 

glycolytic enzymes; aromatase knockout is an enzyme responsible for estrogen biosynthesis which upon 

inactivation, mice develops insulin resistance due to estrogen deficiency which was reversed by estrogen 

therapy. Estrogen receptor possesses roles in cellular glucose uptake by governing glucose transporter (GLUT) 

and also modulates insulin receptor substrate-1 phosphorylation. In women insulin resistance may contribute to 

hyper-androgenism and an ovulatory dysfunction through several pathways. The compensated phase of insulin 

resistance stimulates the testosterone biosynthesis of human ovarian theca cells from women with polycystic 

ovarian syndrome which induces the earlier or late menopause. Thus this review elucidates a bidirectional 

relationship between diabetes mellitus and menopause. 
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INTRODUCTION 

Menopause is described as a transition from the 

state of reproductivity to infertility. Normally, 

women attains natural menopause between the age 

of 45-55 years1. It is clinically diagnosed by 

estimating cessation of spontaneous menstruation 

over a period of 12 months.2 Natural menopause is 

not a rapid change but an ever shifting process that 

occurs over multiple years. In 2001, States of 

Reproductive Aging Workshop (STRAW) 

formulated a specific nomenclature. In 2011, 

STRAW 10 reassembled in order to formulate a 

more comprehensive staging system, which is 

regarded as a gold standard in characterising the 

changes associated with reproductive aging, i.e. 

from menopause to post-

menopause3,4.Epidemiologicalstudies revealed that 

African American and Latina women have natural 

menopause about 2 years earlier than those of white 

women. In contrast, Asian women and Caucasian 

women seem to possess similar age at menopause, 

despite Thai women were reported to have a lower 

median age i.e. 49.5 years at menopause and 

Filipino Malay women have been reported to have 

an earlier average age at natural menopause at 47- 

48 years5-7.During early foetal development, germ 

cells differentiate into oogonia within the ovaries 

and these germ cells develop into oocytes at 

puberty but few are depleted through atresia and 

ovulation8. Lessen the count of oocytes leads to 

reduced inhibin secretion which decreases the 

ovarian negative feedback on follicle-stimulating 

hormone (FSH). The consequent elevation in FSH 

level leads to increased follicular recruitment and 

an accelerated follicular loss with preservation of 

estradiol levels in early menopausal transition9, 10. 

Eventually, the depletion of follicles results in 

variable response of ovaries to FSH, resulting in 

wide fluctuation in estrogen levels and loss of the 

normal reproductive cycle. When all the ovarian 

follicles are depleted, the ovary is unable to 

respond to even high levels of FSH and further 

reduction in estrogen levels will be seen11. The 

postmenopausal period is hormonally characterized 

by an elevation in FSH (>30 mIU/mL) and 

diminished estradiol levels12. We have both 

advantage and disadvantage when the woman 

attains menopause but disadvantages are more 

when compared to advantages, sometimes it may 

lead to life threatening conditions. Vasomotor 

symptoms, insomnia, mood changes, severe  

tiredness, stiff painful joints, back pain, body pain, 

headache, urinary leakage and skin changes are 

most commonly associated symptoms with the 

menopause; it even predisposes a woman to 

develop osteoporosis and an increased risk of 

cardiovascular disease13, 14. As discussed earlier 

Estradiol (E2) is one of the important hormone 

involved in female reproductive physiology, gene 

regulation and plays a crucial role in various 

physiological and pathological states, including 

glucose homeostasis and insulin resistance15. 

Several studies have suggested that women with 

type 1 or type 2 diabetes mellitus (DM) undergo 

menopause several years earlier than non-diabetic 

women16.DM is a metabolic disorder characterized 

by persistent hyperglycemia as well as abnormality 

in carbohydrate, protein, and lipid metabolism 

resulting from defects in insulin secretion, and/or 

insulin sensitivity and an impaired suppression of 

glucagon secretion in response to ingested 

glucose17, 18. Thus, diabetes mellitus involves two 

primary pathogenic mechanisms: (i) a reduction in 

insulin secretion due to progressive decline in 

pancreatic islet cell function and inadequate 

suppression of glucagon secretion; (ii) a decrease in 

the metabolic responses due to insulin peripheral 

insulin resistance19, 20. This review attempts to 

highlight the impact of menopause and type II DM 

on each other. 

 

INSULIN RESISTANCE 

Insulin induces glucose uptake by stimulating the 

expression of glucose transporter 4 (GLUT4)21. 

During post-prandial phase, plasma glucose level is 

high, increased insulin secretion controls glycaemia 

by binding to its receptors on the cell surface 

facilitating increased glucose uptake into the cell22. 

Insulin receptor consists of two α subunits and two 

β subunits. α subunits are located on the cell 

surface and comprise of insulin binding site, 

whereas β subunits on trans membrane are 

responsible for signal transduction. When insulin 

binds to external α subunit, it stimulates auto 

phosphorylation of the β subunit at multiple 

tyrosines which results in activation of insulin 

signal transduction. This phosphorylation cascade 

results in translocation of vesicles containing 

GLUT4 to the cell membrane23, 24.  On binding to 

the cell membrane, GLUT4 forms a tri-dimensional 

structure which enables facilitated diffusion of 

glucose into the cell. Any alteration in these 

mechanisms such as insulin signal transduction, 
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expression of GLUT4 and/or translocation to the 

cell membrane – results in insulin resistance25, 26. 

ACTION OF ESTRADIOL AT ITS 

RECEPTOR 

Estradiol (E2) exerts its action by binding to 

estrogen receptor (ER)27. Later, another isoform of 

ER was discovered, it was named ER β and the 

former ER is now called ER α. In humans, ER α is 

located on chromosome 6expressed in the uterus, 

vagina, ovaries, oviduct, pituitary and mammary 

glands, it is also present in the hypothalamus, brain, 

bone, liver and cardiovascular system, whereas ER 

β is located on chromosome 14 which is dominant 

isoform in the prostate, salivary glands, testis, 

ovary, vascular endothelium, smooth muscle, 

immune system and certain neurons of the central 

and peripheral nervous system28, 29. Binding of E2 

activates ERs which act as transcriptional 

modulators by binding to specific sequences 

(estrogen response elements, EREs) in the 

promoter region of target genes30. Studies revealed 

differential actions of ER α and ER β which is 

activation of ER α causes an increase in length and 

number of neurites, whereas ER β activation 

induces neurite elongation alone. On the other 

hand, a few studies demonstrated distinct and 

sometimes opposite effects of ER α and ER β 

which forms heterodimers that interact with 

EREs31, 32.  

MENOPAUSE INDUCED DM 

Epidemiologic studies shown the incidence of 

glucose intolerance and type 2 DM in peri-

menopausal women are7.0–10.3% and is 4.8–6.4% 

respectively33. Researchers found that women who 

started menopause early were 3.7 times more likely 

to develop DM whereas women who had a normal 

onset of menopause were more than twice as likely 

to be diagnosed with DM34. 

Effects of Estrogen on Glucose Metabolism 

Estrogen governs insulin production capacity of the 

pancreatic islet cells and also possesses beneficial 

effects on the energy metabolism as well as glucose 

homeostasis by several possible pathways in animal 

models which are explained clearly in the 

following paragraphs. 

(1) In the liver, estrogen regulates insulin 

sensitivity by activating glycogen synthetase and 

glycolytic enzymes; it also acts by modulating the 

uptake of glucose by peripheral target tissues. 

Experimental and clinical studies rationalise insulin 

resistance to be a result of estrogen deficiency or 

alterations in ER signal transduction process35, 

36.Animal experiments exhibited an increased risk 

of diabetes on account of ovarectomy and estrogen 

therapy improves the insulin response to glucose 

overload. E2 administration seems to enhance the 

insulin secretion in response to glucose overload by 

acting on G protein- coupled estrogen receptor 

(GPER) in rat pancreas and islet cells of mouse. 

These data conclude that individuals with estrogen 

deficiency have diminished insulin secretion37, 38.  

(2) Aromatase knockout (ArKO) is an enzyme 

responsible for estrogen biosynthesis which is 

found in mice. Upon inactivation of ArKO, mice 

develop insulin resistance due to estrogen 

deficiency which was reversed by estrogen 

therapy39.Insulin safeguards glucose homeostasis in 

case of normal insulin sensitivity40. ERs possess 

vital roles in the metabolism of glucose in liver. In 

ER-α receptor knockout (ERKO) animal, hepatic 

insulin resistance is linked with reduced glucose 

uptake in skeletal muscles. These findings admit 

that estrogen receptor- α plays a significant role in 

the regulation of glucose homeostasis and insulin 

sensitivity in mice41- 43.Estrogen receptors are 

newly recognized crucial players in glucose 

metabolism. These receptors regulate insulin 

induced cellular glucose uptake through regulation 

of the tyrosine phosphorylation of insulin receptor 

protein22.  

(3) ERs possess important roles in cellular glucose 

uptake by governing cytoplasmic vesicles 

containing glucose transporter (GLUT)which leads 

to GLUT4 expression and translocation44. In 

ovarectomized rats, an increased amount of 

GLUT1 protein is observed in the blood–brain 

barrier through estradiol substitution. In rats with 

immature uterus, estradiol therapy induces a 

fourfold raise in GLUT1 protein content and 

increased glucose uptake. In polycystic ovarium 

syndrome (PCOS) cases (characterized by ovarian 

overproduction of testosterone), insulin induced 

glucose uptake was reduced owing to decreased 

amounts of GLUT4 on adipocyte membrane45, 46. 

Mice that are insulin resistant possess deficiency of 

ER-α shows impaired glucose tolerance and 

obesity, affecting both male and female. In 

contrast, ER-β activation might have a diabetogenic 
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effect and opposes the action of ER-α. 

Theoretically, a continuously adjusted balance 

between ER-α and ER-β maintains the ideal 

GLUT4 expression and glucose homeostasis47-49. 

(4) E2 at elevated concentration is competent of 

inhibiting insulin signalling in adipocytes through 

modulation of insulin receptor substrate-1 (IRS-l) 

phosphorylation41. As insulin possesses metabolic 

effects in addition to mitogenic effects, inhibition 

of excessive insulin receptor signal by estrogen can 

be a safety impact against pathological glucose 

uptake and cell proliferation. 

(5) Estrogenpossess crucial role in regulation of 

growth hormone (GH) activity through inhibitory 

effects on its secretion and on cellular GH receptor 

functions. These observations suggest a close 

correlation between estrogen and their 

antidiabetogenic as well as anticancer capacities by 

regulating GH-insulin like growth factor (IGF)-I 

axis50-52. 

Effects of Estrogen on Lipid Metabolism and 

Fat Deposition 

Estrogen possesses affirmative regulatory effects 

on the maintenance of serum lipid levels, insulin 

sensitivity of adipocytes and distribution of body 

fat. Premenopausal women usually exhibit lowered 

atherogenic serum lipid level compared to 

postmenopausal cases. In such case, estrogen 

therapy may reduce the risk of cardiovascular 

disease by changing plasma lipid profile53, 54.In 

aged rats, estradiol administration improved the 

liver impairment parameters by lowering the level 

of lipid peroxidation55. In cultured hepatocytes, an 

androgen receptor mediated antagonism of 

estrogen-dependent low-density lipoprotein 

receptor (LDLR) transcription reveals antagonistic 

associations of vascular diseases and sexual 

steroids with lipid metabolism56. Hence, estrogen 

plays a crucial role in energy homeostasis, insulin 

sensitivity and immune responses by regulating the 

total body mass, regional body fat distribution and 

metabolism of fat. In healthy premenopausal 

women, central and abdominal adipocytes express 

elevated insulin sensitivity than men which means 

a lower risk for insulin resistance in these women. 

However, menopause ensues in increased central 

adiposity and elevated levels of fasting glucose 

level suggesting a higher risk for cardiovascular, 

metabolic diseases and malignancies57, 58.Obesity is 

an excessive deposition of adipose tissue which 

predisposes patients to a variety of diseases such as 

cardiovascular dysfunction, diabetes mellitus and 

malignancies. Obesity and overweight are 

important concomitant factors of insulin resistance 

and altered equilibrium of male and female sexual 

hormone levels in women59. Correlations between 

increased body weight and estrogen action usually 

remain controversial. Few authors reveal linear 

correlation between high body mass index (BMI) 

and elevated serum estrogen levels, while others 

depict associations between higher androgen 

concentrations and central adiposity both in pre- 

and postmenopausal subjects60. Estrogen 

predominantly induces adipose tissue deposition in 

gluteo-femoral region; on the other hand increased 

androgen level typically induces intra-abdominal 

fat accumulation. Usually women with excessive 

levels of circulatory androgen exhibit central 

obesity, which is strongly associated with insulin 

resistance and its complications61. 

DM INDUCED EARLIER MENOPAUSE 

Insulin is a potent effector of human sexual steroid 

hormone production in the endocrine organs and 

modulates estrogen signals at receptor level62. In 

women, insulin resistance may contribute to 

hyperandrogenism and an ovulatory dysfunction 

through several pathways. Hyperinsulinemia is 

described as compensated phase of insulin 

resistance which stimulates the testosterone 

biosynthesis of human ovarian theca cells in 

women with polycystic ovarium syndrome (PCOS). 

This results in excessive androgen and deficient 

estrogen production.63 Treatment with insulin 

sensitizing metformin reduces hyper insulinemia by 

directly inhibiting androgen overproduction in 

human ovarian theca cells64. In addition, insulin 

may affect the pituitary gland to favour the 

secretion of luteinizing hormone (LH) and 

increases adrenal androgen production by means of 

an increased adrenal sensitivity to adreno 

corticotropin. Insulin and insulin-like growth 

factor-I receptors may synergize with LH to 

promote androgen production by ovarian theca 

cells65. High risk of endometrial cancer in women 

with PCOS was presumed to justify the 

“unopposed estrogen hypothesis” supposing normal 

or elevated bioavailable estrogen and low level of 

progesterone. Nevertheless, both obesity and hyper 

insulinemia in these cases are associated with 

defective ovarian estrogen and excessive androgen 

synthesis, thus unopposed high estrogen level 

cannot be blamed for endometrial cancer risk66. 

Moreover, high estrogen level would be 
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contradictory to an ovulatory infertility as ovulation 

may be provoked by excessive estrogen 

administration. Recently, androgen-excess and the 

associated metabolic alterations are regarded as 

common sources of cardiovascular risk and other 

complications in PCOS cases. Hyperandrogenism 

explains both an ovulation and hirsutism, which are 

characteristic disorders in women with PCOS67. 

 

CONCLUSION 

This review suggests that developing DM after  

menopause is more common than DM induced 

earlier menopause. But still, both the concepts are 

considered essential in preventing the occurrence of 

each other. In postmenopausal women, regular 

physical activity or estrogen replacement therapy 

seems to possess more beneficial hypoglycaemic 

effect evoking their impact on the insulin secretion 

capacity of β-cells. In diabetic women, controlling 

blood sugar level and maintaining body weight 

within normal range helps in preventing attaining 

earlier menopause and other complications. 
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