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ABSTRACT 

 

Aim and Objectives: We aimed to establish the link between thyroid hormones and 

glucose homeostasis in pre and post menopausal non-diabetic women as well as in pre 

and post menopausal diabetic women and to compare the relation between thyroid 

hormones and glucose homeostasis with pre and post menopausal non-diabetic and 

diabetic women. 

Materials and Methods: It was a cross sectional study. Total 200 women, among 

them 50 premenopausal non-diabetics and 50 premenopausal diabetics aged between 

25-45 years, 50 post menopausal non-diabetics and 50 post menopausal diabetics aged 

between 46-65 years were selected for the present study. Anthropometric and 

Physiological parameters were recorded. Haematological parameters which includes 

Complete blood picture count, Blood glucose profile includes Fasting Blood sugar 

and Glycosylated haemoglobin and thyroid profile which includes TSH, T3, T4 and 

Reproductive profile includes Luteinizing hormone, Follicle stimulating hormone, 

Estrogen and Progesterone hormonal analysis were done by using standard 

procedures. Statistical analysis was done using One Way Anova followed by ‗Post 

Hoc t tests‘ were done using SPSS software version 16. 

Results: We found there is an increase in FBS of pre menopausal diabetics but 

HbA1c  is same in both pre and post menopausal diabetics. There is an increase in T3 

and T4 levels and decrease in TSH levels in post menopausal diabetics. LH, FSH  and 

E2 and P4 showed to be decreased in post menopausal diabetics. 

Conclusion: These findings suggest that current thyroid disorders deteriorate the 

glucose metabolism in post menopausal women suffering from diabetes mellitus. So 

monitoring of thyroid profile in post menopausal diabetic women would be a better 

therapy in future.   

Key words:  Thyroid hormones, glucose homeostasis, post menopausal diabetic, post 

menopausal non-diabetic, pre menopausal diabetic, pre menopausal non-diabetic. 
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1.1. Introduction: 

 Endocrine disorders affect important organs of the body which leads to many 

diseases. Among them, thyroid and diabetes are the two major endocrine disorders 

usually seen with increasing frequency in women. There is mutual influence between 

thyroid and diabetes as, thyroid regulates the carbohydrate metabolism and pancreatic 

function where, diabetes affects thyroid at the hypothalamic level, at the peripheral 

conversion of T4 to T3 in the tissues
1
.  

 

 Insulin resistance, physical inactivity, advanced age, obesity, hormonal 

imbalance etc are the main causes for the development of many diseases including 

diabetes and thyroid
2
.  

 

 There is an increased frequency of thyroid dysfunction in diabetic women as 

age advances compared to non-diabetics. There were several reports documented 

higher than normal prevalence of thyroid disorders in women suffering from 

diabetes
3
. Some Indian and other international studies reported that the prevalence 

rate of thyroid disorder in diabetic women ranges between 30-32% and they have 

shown that the thyroid disorders are more common in females particularly in elderly 

persons
3,4

. There is a high prevalence (31.2%) rate of thyroid dysfunction among 

diabetics particularly in women, in India
5
. 

 

 The hypo and hyper activity of thyroid gland impacts metabolism of 

carbohydrates at the site of islets of langerhans and glucose using target tissues 

assuming important therapeutic and diagnostic questions. Thyroid and insulin both 

involved in the metabolism at cellular level and the excess or deficiency of any of 

them can cause the altered function of one among other. Most of the abnormalities of 

thyroid may co-exist and interact with diabetes
6
. 

 

  ―Menopause is defined as permanent cessation of menstruation resulting from 

the loss of ovarian follicular activity which is recognized to have occurred after 12 

consecutive months of amenorrhea, for which there is no other pathological or 

physiological cause‖ 
7
. This transition is gradual which takes place over a period of 

time from the reproductive to non-reproductive phase of life.The phase of transition 

from pre menopause to post menopause is often associated with the development of 
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metabolic syndrome features. ―These risk factors may be due to the direct result of 

ovarian failure or an indirect result of the metabolic consequences of central fat 

redistribution with estrogen deficiency‖
8-10

.                                                                                                                                                           

 

 Diabetes and thyroid are also associated with menopause. Like other disorders 

of metabolism, diabetes signifies with the midlife of the women corresponds with 

transition phase of menopause in women
11

.   

 

  ―Menopause is connected with hyper functioning of anterior lobe of pituitary 

gland. So there is a chance of increase in the products which are chemical in nature 

and the functions which are biological in nature may be altered.  Among all these, the 

―diabetogenic‖ factor is increased and it may cause diabetes or provoke an already 

existing diabetes either by its action of antagonistic nature on insulin or cellular 

degeneration of islets of langerhans‖ 
12

.          

                                                                                  

 Glucose homeostasis is brought by complex mechanism including intake of 

food, regulation of secretion of insulin and its action at the level of target tissue. The 

thyroid hormone regulation has been identified as an important determinant factor of 

glucose homeostasis
13-15

.  

 

 In most of the non-diabetic women, menopause is also considered as an 

important and self-reliant risk factor for increasing fasting plasma glucose levels but 

glucose metabolism is affected by genetic and environmental factors
16

.  

 

 The connection among thyroid disease and diabetes mellitus is described by 

complex interaction of interdependence
17

. There is a negative impact of thyroid on 

diabetes which usually difficult to diagnose the dysfunction of thyroid and it affects 

the patient‘s treatment also. These may results in poor glycaemic control which leads 

to either hypo or hyperthyroidism.  

 

 There is a complex interaction of insulin and iodothyronines on the 

metabolism of carbohydrates represents the iodothyronines are antagonists of insulin 

with high levels usually being diabetogenic, and the absence of hormone deprives the 

development of diabetes and hyperthyroidism which are metabolic diseases that may 

affects the carbohydrates level
18

. 
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 Thyroid hormones affect glucose homeostasis through different mechanisms. 

Hyperthyroidism induces hyperglycaemia has long been recognized
19

. It is well 

known that glycemic control is worsening in diabetic patients with hyperthyroidism 

and it has been shown to trigger diabetic ketoacidosis
20,21

.  

 

 Glucose metabolism is also affected in the case of hypothyroidism as well via 

different mechanisms where, requirement of insulin decreases in diabetic hypothyroid 

patients by decreased rate of production of glucose in the liver 
22

. 

 

 In women, thyroid disorders are also associated with pre menopause and post 

menopause. Thyroid hormones perform a vital role in the normal functioning of 

reproductive system both through direct effects on the ovaries and by combining 

indirectly with sex hormone binding proteins. The thyroid dysfunction may lead to 

hypothyroidism or hyperthyroidism in diabetic patients, can also lead to menstrual 

irregularities and infertility
23

.  

 

  Many studies have been done to know the influence of                                                                                        

thyroid disorders in diabetes but there is insufficient evidence on the interaction 

between thyroid hormones and glucose homeostasis among post menopausal women. 

Therefore we have taken up this study.  
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2.1. AIM AND OBJECTIVES OF THE STUDY: 

           Aim of the present study is to assess the relationship between thyroid 

hormones and glucose homeostasis in pre and post menopausal non-diabetic and 

diabetic women.      

2.2. Primary Objectives: 

 To establish a link between thyroid profile and glucose homeostasis in pre and 

post menopausal non-diabetic and diabetic women. 

 To compare the relationship between thyroid profiles and glucose homeostasis 

with pre and post menopausal non-diabetic and diabetic women. 

2.3. Secondary Objectives: 

 To establish the association between thyroid profile (TSH, T3, T4) and 

reproductive hormones (LH, FSH, Estrogen and Progesterone) in pre and post 

menopausal non-diabetic and diabetic women. 

 

2.4. HYPOTHESIS: 

        Thyroid hormone levels may be linked with menopause with special relation 

to diabetes. We also hypothesized that, such links may influence in differential 

regulation of glucose homeostasis. 
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3.1. HORMONES:  

Introduction: 

 Hormones are the secretary products of the ductless glands, which are released 

in catalytic amounts into blood stream and transported to specific target cells (or 

organs), where they elicit physiologic, morphologic and biochemical responses. The 

chemical messengers (Figure 1) which perform hormonal functions are defined as 

1. Endocrine hormones: These include the chemical messengers whose function 

is the transmission of a molecular signal from a classic endocrinal cell through 

the blood stream to a distant organ. 

2. Neurocrine hormones: Nervous communication involves the release of 

chemical messengers from nerve terminals, which may reach their target cells 

through different routes, includes neurotransmitters, neural signals, 

neurohormones or peptides.  

3. Paracrine hormones: These are chemical messengers which after getting 

secreted by a cell are carried over short distance by diffusion through the 

interstitial spaces(extracellular fluid) to act on the neighbouring different cell 

types as or regulatory substance. For example, in islets of Langerhans 

somatostatin secreted by the delta cells acts on the alpha and beta cells. 

4. Autocrine hormones: These refer to those chemical messengers which 

regulate the activity if neighboring similar type of cells. Examples of autocrine 

hormones are prostaglandins
1
. 
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Figure 1:   Chemical messengers 

(Source: Sembulingam K, Sembulingam P. Essentials of medical physiology, 6
th

 

ed, 2012) 

Endocrine glands:   

 These are the glands which synthesize and release the chemical hormones into 

the blood. These are also called as ―Ductless glands‖ in which the hormones secreted 

by them are directly released into the blood without any duct. They play an important 

role in homeostasis and control of various other activities in the body through their 

hormones. Hormones are transmitted by the blood to target tissues or organs in 

different parts of the body where the actions are executed
2
. 

The major endocrine glands are: 

 Hormones secreted by endocrine glands (Table 1). 

 Hormones secreted by gonads (Table 2). 

 Hormones secreted by other organs (Table 3). 

 Local hormones (Table 4).     
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Table 1: Hormones secreted by major endocrine glands 

 

     

 

 

Anterior 

Pituitary 

 

1. Growth Hormone(GH) 

2.Thyroid-Stimulating     

Hormone(TSH) 

3.Adrenocorticotropic 

Hormone(ACTH) 

4.Follicle Stimulating 

 Hormone(FSH) 

 

5. Luteinizing  hormone(LH) 

6. Prolactin 

 

 

 

 

 

 

 

 

Adrenal  

Cortex 

 

Mineralocorticoids 

1.Aldosterone 

2.11-

deoxycorticosterone 

Glucocorticoids 

1.Cortisol 

2. Corticosterone 

 

Posterior 

Pituitary 

 

1. Antidiuretic hormone(ADH) 

2. Oxytocin 
Sex hormones 

1.Androgens 

2.Estrogen 

3.Progesterone 

 

 

Thyroid 

 gland 

 

1. Thyroxine(T4) 

2. Tri-iodothyronine(T3) 

3. Calcitonin 

 

 

 

Adrenal 

Medulla 

 

1. Catecholaimes 

2.Adrenaline 

(Epinephrine) 

    

3. Noradrenaline 

 (Norepinephrine) 

4. Dopamine 

Parathyroid 

  gland 

Parathormone 

 

Pancreas - 

Islets of 

 Langerhans 

 

1. Insulin 

2. Glucagon 

3. Somatostatin 

4. Pancreatic polypetide 
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 Table 2: Hormones secreted by Gonads 

 

 

 

 

 

Table 3: Hormones secreted by other organs 

 

 Thymus 

1. Thymosin 

2. Thymin 

 

 

Kidney 

1. Erythropoietin 

2. Thrombopoietin 

3. Renin 

4. 1,25-dihdroxycholecaliferol(calcitrol) 

5. Prostaglandin 

Heart 1. Atrial natriuretic peptide(ANP) 

2. Brain natriuretic peptide(BNP) 

 

Placenta 

 1. Human chorionic gonadotropin(HCG) 

 2. Human chrionic somatotropin 

 3. C-type natriuretic peptide 

 

Table 4: Local Hormones 

1.Prostagalndins 7. Serotonin 

2. Thromboxanes  8. Histamine 

3. Prostacyclin 9. Substance P 

4. Leukotrienes 10. Heparin 

5. Lipoxins 11. Bradykinin 

6. Acetylcholine  12. Gastrointestinal hormones 

 

Based on chemical nature, hormones are classified into three types (Table 5). 

   1. Steroid hormones: Hormones synthesized from cholesterol or its 

derivatives. They are secreted by adrenal cortex, gonads and placenta. 

   2.  Protein hormones: These are large or small peptides secreted by pituitary 

gland, parathyroid gland, pancreas and placenta. 

 

         Testis 

 1.Testosterone 

 2.Dihydrotestosterone 

 3.Androstenedione 

          Ovary 1.Estrogen 

2.Progesterone 
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    3. Tyrosine derivatives: Two types of hormones namely thyroid hormones or 

adrenal medullary hormones are derived from the amino acid tyrosine. 

Table 5: classification of hormones depending upon their chemical nature 

Steroids  Proteins         

Derivat

ives of 

tyrosine 

Aldosterone Growth hormone (GH) Thyroxine(T4) 

  11-deoxycorticosterone  Thyroid-stimulating hormone 

(TSH) 

Tri-iodothyronine(T3) 

  Cortisol Adrenocorticotropic 

hormone(ACTH) 

  Adrenaline(Epinephrine) 

 
  Corticosterone Follicle-stimulating 

hormone(FSH)  

Noradrenaline 

(Norepinephrine) 

  Testosterone Luteinizing hormone(LH) Dopamine 

  Dihydrotestosterone   Prolactin  

 

 

 

 

 

 

 

  Dehydroepiandrosterone Antidiuretic hormone(ADH) 

 

Androstenedione Oxytocin 

Estrogen   Parathromone 

Progesterone  Calcitonin 

 

 

 

 

Insulin 

Glucagon 

Somatostatin 

Pancreatic polypeptide 

   Humanchorionic 

gonadotropin(HCG) 

 Human chorionic  

somatomammotropin 

 

3.2. NEUROENDOCRINE MECHANISMS. 

              The neuroendocrine mechanisms are the basic factors in the reproductive 

cycle. A transducer concept has been evolved in which the specialized neural cells of 

the hypothalamus function as the final common pathway to guide the appropriate 

anterior pituitary hormonal response. 
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Hypothalamus and its secretions: 

 Hypothalamus plays an important role in the neuroendocrine regulation. It 

produces a series of specific releasing and inhibiting hormones which have got effect 

on the production on the specific pituitary hormones.  

Gonadotropin Releasing Hormone (GnRH): 

 The GnRH is also named as luteinizing hormone releasing hormone (LHRH). 

GnRH is a decapeptide and is concerned with the release, synthesis and storage of 

both the gonadotropins (FSH and LH) from the anterior pituitary. The divergent 

patterns of FSH and LH in response to a single GnRH are due to modulating influence 

of the endocrine environment specially the feedback effects of steroids on anterior 

pituitary gland. GnRH is secreted by the arcuate nucleus of the hypothalamus in a 

pulsatile fashion. Developmentally these neurons originated from the olfactory area. 

The half life of GnRH is very short (2-4 minutes)
 3

.  

Prolactin Inhibitory Factor (PIF): 

              Prolactin secretion from the anterior pituitary seems to be under chronic 

inhibition by PIF. Dopamine is the Physiological inhibitor.  

Thyrotropin Releasing Hormone (TRH): 

            The hormone TRH, a tripeptide stimulates the release of not only the 

thyrotropin but also prolactin from the pituitary.     

Corticotropin Releasing Hormone (CRH): It is a tetradecapeptide. 

Other secretions are: Growth hormone releasing Hormone (GHRH) and melanocytic 

releasing factor
3
. 

3.3. Menarche: 

                  The onset of first menstruation in life is called menarche. It may occur 

anywhere between 10 and 16 years, the peak time being 13 years. There is 

endometrial proliferation due to ovarian estrogen but when the level drops 

temporarily, the endometrium sheds and bleeding is visible. It denotes an intact 

hypothalamic pituitary-ovarian axis, functioning ovaries, presence of responsive 
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endometrium to the endogenous ovarian steroids and the presence of a patent 

uterovaginal canal. The first period is usually anovular. The ovulation may be 

irregular for a visible period following menarche and may take about 2 years for 

regular ovulation to occur
3
. 

3.4. Menstruation: 

  ―Menstruation is the end point in the cascade of events starting at 

hypothalamus and ending in the uterus‖. The menstrual cycle is usually of 28 days, 

measured by the time between the first day of one period and the first day of the next. 

―The duration of bleeding is about 3-5 days and estimated blood loss is between 50 

and 200ml. The regular cycle of 28 days is seen only in a small proportion of 

women‖. A deviation of 2 or 3 days from the 28-day rhythm depends on the H-P-O 

function, where as the amount of blood loss depends upon the uterine condition
4
. 

3.5. Menstrual cycle: 

         The reproductive system of adult women, unlike in men, exhibit regular changes    

during their reproductive phase. These cyclic changes include
5
: 

             1. Changes in ovaries- ovarian cycle. 

             2. Changes in uterine endometrium-uterine cycle. 

             3. Changes in cervical mucus. 

             4. Changes in vagina. 

             5. Changes in the breast. 

Menstrual cycle is a collective term for all the complex cyclic changes in the female 

reproductive system. The average length of a menstrual cycle is 28 days but may vary 

from 20-45 days. By convention, the days of a menstrual cycle are counted starting 

with the first day of menstrual bleeding, since it is a conspicuous event. The two 

important events that occur during a menstrual cycle are: 

1. Release of a single ovum, ensuring formation of a single embryo and 

2. The endometrial changes necessary for implantation and growth of the embryo. 
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Phases of Menstrual cycle: It consists of three phases (Figure 2). 

1.  Proliferative Phase (Follicular Phase): 

 The proliferative phase starts at the end of menstrual phase. Its duration is 

about 10 days. At the beginning of this phase most of the endometrium has been 

desquamated. Later, the endometrium starts healing and then proliferates rapidly from 

fifth to fourteenth day of menstrual cycle. This proliferation occurs under the 

influence of estrogen. There is growth of simple tubular glands and blood vessels. The 

endometrium increases in thickness to about 3-5mm. The endometrial glands produce 

thick mucus. At the end of proliferative phase, ovulation occurs
6
. 

 

2.  Secretary Phase (Luteal Phase): 

         The secretary phase last for about 14 days. It starts after ovulation and extends 

upto the next menstrual cycle. The endometrium thickness upto 6 mm. The glands 

become bigger, tortuous, and filled with secretions. The stromal cells proliferate; 

spinal arteries become more colloid and dilated. This is caused due to the action of 

progesterone and estrogen on the uterine endometrium. 

 

Figure 2:  Phases of Menstrual cycle (Uterine changes) 

(Source: Sembulingam K. Sembilingam P. Essentials of medical physiology, 6
th

 

ed. 2012) 

3.  Menstrual Phase: This phase lasts for about 3-5 days. 
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 If the ovum is not fertilized, the corpus luteum regresses from the 24
th

 day of 

the cycle. This causes a decrease in the estrogen and progesterone levels. It results in 

the shrinkage of the endometrium and coiling and spasm of the endometrium. The 

necrosed endometrium is shed along with blood and other secretions. The normal 

quantity of  blood loss during menstruation is about 50-60 mL. The normal menstrual 

blood doesn not clot due to the release of fibrinolysin along with the necrotic 

endometrial material. 

 

Ovarian changes during Menstruation: 

 During the proliferative phase, FSH from the anterior pituitary acts on the 

graafian follicle of the ovary to produce estrogen. By the end of proliferative phase, 

LH is produced in large amounts. LH surge results in ovulation. 

 

 During secretary phase, the ovary produces estrogen and progesterone. During 

the menstrual phase, involution of the corpus luteum causes sudden decrease in the 

levels of estrogen and progesterone
6
.       

3.6. Hormonal regulation of menstrual cycle: 

 The menstrual cycle is regulated by the cyclic changes in the levels of 

hormones secreted by the hypothalamus, anterior pituitary, ovaries and corpus 

luteum(Figure 3). The periodic changes in the ovaries and reproductive tract do not 

occur, if any of these organs or removed or diseased. The hormones involved in the 

regulation of menstrual cycle are: 

           1) Gonadotropins releasing hormone-GnRH, 

           2) Gonadotropins-FSH and  LH,  

           3) Estrogens and Progesterone.         

1. Gonadotropin releasing hormone: 

      GnRH is secreted by the hypothalamus in a pulsatile manner. GnRH stimulates 

the release of LH and FSH by the anterior pituitary. A pulse generator in the medial-

basal hypothalamus regulates the secretion of GnRH. The secretion of the 

gonadotropins depends on the pulsatile secretion of GnRH. Frequency of pulses is 
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increased by estrogen and decreased by progesterone. The pulse frequency is greater 

during late follicular phase, eventually evoking the LH surge coinciding with 

maximum sensitivity of pituitary gonadotropins to LH. In the luteal phase, pulse 

secretion decreases, owing to inhibitory effect of progesterone during luteal phase, but 

increases once again when the secretion of estrogen and progesterone decline at the 

end of cycle
5
. 

2. Gonadotropins - FSH and LH:  FSH and LH are secreted by the anterior  

pituitary gland.  

Actions of FSH:  

 FSH causes the growth of primary follicles every month. It stimulates 

mitotic division of granulose cells increasing their numbers and layers. 

 It helps the theca interna to form estrogen. 

 It helps in the formation of new FSH and LH receptors on the granulosa 

cells. 

Luteinizing Hormone (LH):   

 Necessary for follicular growth and ovulation. 

 Helps in the formation and maintenance of corpus luteum. 

 Acts on the granulose cells and theca cells and converts them into 

progesterone secreting cells and it also changes granulosa and theca cells 

to lutein cells after ovulation
6
. 

 

2. Feedback regulation by estrogens: 

 

            Estrogen and progesterone regulate gonadotropin secretion by complex 

feedback mechanisms. In the follicular phase, estrogen modifies the pituitary 

gonadotropin secretion in response to GnRH. As a result, LH rises slowly, FSH 

level is modestly elevated in the early follicular phase. In the late follicular phase, 

GnRH pulse increases, estrogen secretion rises, exerts a positive feedback effect 

and triggers the LH surge that produces ovulation. During luteal phase, the levels 

of LH and FSH are low owing to negative feedback by the rise in estrogen and 

progesterone levels. 
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Figure 3:  Hormonal levels during menstrual cycle 

(Source: Sembulingam K. Semblingam P. Essentials of medical physiology, 6
th

 

ed,  2012) 

 

 The positive and negative feedback effects of estrogen are exerted on the 

medio basal hypothalamus, which is the pulse generator for GnRH secretion. Even 

though estrogen is the primary trigger for LH surge, progesterone also can increase 

the intensity of surge, quicken the onset of surge and reduce the duration of surge. 

Although progesterone facilitates the surge, its administration during other phases of a 

normal cycle, will inhibit gonadotropin secretion
5
. 
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3.7. ENDOCRINE FUNCTIONS OF THE OVARIES: 

The female sex hormones are of two types: 1) Estrogens and 2) Progestins. 

The estrogens are: 1) 17 β-Estradiol, 2) Estrone 3) Eestriol 

The progestins are: 1) Progesterone and 2) 17 α-Hydroxyprogesterone.                                                                                      

The principal ovarian estrogen is 17 β-Estradiol, secreted by the granulosa cells.  

           Estrone is secreted by the follicle or may be formed in peripheral tissues from 

estradiol or androgens. Estradiol is a week estrogen is formed mainly in the liver from 

estradiol or estrone. Estriol is also formed in the fetus and the placenta. 

           Progesterone is the principal progestin and is secreted by the corpus luteum in 

non-pregnant women. During pregnancy progesterone is secreted by placenta. Small 

amounts of 17 α-Hydroxy progesterone are secreted along with progesterone. 

Biosynthesis: 

 Estrogens and progestins are steroids formed from cholesterol. Cholesterol is 

derived mainly from the blood and to a minor extent synthesized from acetyl Co-A. 

           Cholesterol is converted to androstenedione and testosterone. The enzyme, 

aromatase, present in the thecal cells and granulosa cells catalyze the conversion of 

androstenedione and testosterone to estradiol is regulated by LH in the thecal cells 

and by FSH in the granulosa cells. 

           Progesterone and 17α-hydroxyprogesterone are intermediates in the synthesis 

of estradiol. During the luteal phase, large amounts of these intermediary steroids are 

formed by corpus luteum and are not converted to estradiol. The ovaries secrete 

androgens to a minor extent, compared to the amounts secreted by testes
5
.      

Transport and metabolism: 

 Estrogen and progesterone are carried in the blood bound with albumin and 

with specific steroid-hormone binding globulins. In the liver, estrogens are conjugated 

with glucuronic acid and sulphate, and are excreted in the bile. Liver also converts the 

potent estrogens to estradiol. Progesterone is mainly degraded to pregnanediol, and 

liver is the major site for this conversion
5
.                                                                                       
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Biological actions of estrogens: 

Mechanism of action: The mechanism of action of estrogen is similar to that of 

testosterone. Estrogens diffuse freely into the target cells and bind with nuclear 

receptors
5
.           

Estrogens exert their action on: 1) Reproduction and 2) Growth and metabolism. 

1. Reproduction:  At puberty estrogen is secreted in large amounts under the 

influence of pituitary gonadotropins. The estrogens are responsible for all the changes 

that transform a girl into an adult woman. 

Changes in the female reproductive system are: 

 Increase in the growth of ovaries, fallopian tubes, uterus and vagina. 

 Enlargement of external genetalia to adult size. 

 Stratification of vaginal epithelium. 

 Initiation and maintenance of menstrual cycle. 

 Proliferation of mucosa of fallopian tubes and increase in ciliated epithelial 

cells. 

 Growth and maturation of ovarian follicles. 

 Increased motility of uterine tubes. 

 Secretion of copious watery cervical mucus. 

 Stimulation of sebaceous gland secretion. 

 Proliferation of duct system and deposition of fat in the breasts. 

 Development of secondary sexual characteristics. 

          In pregnant women, estrogens bring about the bodily changes, the embedding 

of blastocyst in the endometrium and development of placenta
5
. 

 

2. Growth and metabolism: 

a)  Bone: Estrogens stimulate osteoblastic activity, activate growth rate of bones and 

cause closure of epiphyses. The effect on bone growth is more marked in women, and 

women normally stop growing earlier than men. After menopause, decrease in 

estrogen level leads to decreased osteoblastic activity, decreased formation of new 

bone and in severe deficiency can result in osteoporosis. 
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b) Skin: Estrogens are necessary for development of soft texture of skin, and also 

increase vascularity of the skin. 

c) Protein metabolism: Estrogens are anabolic and produce a slight positive nitrogen 

balance. The effect is confined to sex organs, bone and few other tissues, unlike the 

general effects of testosterone 

d) Lipid metabolism- Estrogens cause deposition of fat in the subcutaneous tissues, 

especially in the breast, thighs and gluteal region. Estrogens decrease serum 

cholesterol and increase serum HDL concentration. 

e) Estrogens produce retention of water and sodium by increasing their reabsorption 

in the renal tubules. The effect is only slight, but may be of importance in pregnancy. 

f) Liver- Estrogens stimulate liver to produce many of the hormone binding proteins, 

and clotting factors
5
. 

Biological actions of progesterone: 

Mechanism of action of progesterone is similar to that of estrogens. 

 Progesterone exhibits on-1) Reproductive system 2) Metabolism and 3) Body   

temperature.   

1. Reproductive system: 

a) Uterus: Progesterone prepares the endometrium for the implantation of the 

fertilized ovum. In the luteal phase, progesterone activates estrogen sensitized 

endometrium and changes it into a highly secretory epithelium. It stimulates the 

secretion of scanty viscous cervical mucous. During pregnancy, it decreases the 

sensitivity of the myometrium to oxytocin, by decreasing their excitability and 

spontaneous electrical activity.  

b) Breast: Progesterone facilitates development of breasts. It stimulates the growth of 

lobules and alveoli. The alveolar cells proliferate, enlarge and begin their secretory 

activity. However, milk secretion occurs only after exposure to prolactin.      

3. Body temperature: Progesterone raises the ‗set-point‘ for body temperature. The 

body temperature increases by 0.5ºC at the time of ovulation, and is the basis for 

rhythm method of contraception
5
. 
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3.8. MENOPAUSE: 

           Menopause is defined as the time of cessation of ovarian function resulting in 

permanent amenorrhoea. It takes 12 months of amenorrhoea to confirm that 

menopause has set in, and therefore it is a retrospective diagnosis. 

Age at Menopause: 

            Menopause sets in when the follicular number falls below 1000. Menopause 

normally occurs between the ages of 45 and 50 years, the average being 47 years. ―It 

is not uncommon, however, to see a woman menstruate well beyond the age of 50‖. 

This delayed menopause may be related to good nutrition and better health. Late 

menopause is also common in women suffering from uterine fibroids and those at 

high risk of endometrial cancer. Menopause setting before the age of 40 is known as 

premature menopause. 

           Menopausal age is not related to menarche, race, and socio-economic status, 

number of pregnancies and lactation, or taking of oral contraceptives. It is however 

directly associated with smoking and genetic disposition. Smoking induces premature 

menopause
4
. 

 The clinical diagnosis of menopause is confirmed following stoppage of 

menstruation (amenorrhoea) for twelve consecutive months without any other 

pathology. As such, a woman is declared to have attained menopause only 

retrospectively. Serum follicle-stimulating hormone (FSH) level is found elevated 

around the period of menopause (45-55 years)
3
.          

3.9. Premenopause: 

 According to WHO, “Pre menopause defined as the period ambiguously refers 

to one or two years immediately before the menopause or refer to whole reproductive 

period prior to menopause 
7”

. 

3.10. Post menopause: 

 According to WHO, ―Post menopause defined as the dating from the final 

menstrual period regardless of whether menopause of was induced or spontaneous
7”

.                                                                                    
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3.11 Endocrinology of menopausal transition and menopause: 

          ―Few years prior to menopause, along with depletion of the ovarian follicles, 

the follicles become resistant to pituitary gonadotropins. As a result, effective 

folliculogenesis is impaired with diminished estradiol production‖. There is a 

significant fall in serum level of estradiol from 50-300 pg/mL before menopause to 

10-20 pg/mL after menopause. This decreases the negative feedback effect on 

hypothalamopituitary axis resulting in increase in FSH. The increase in FSH is also 

due to diminished inhibin. Inhibin, a peptide secreted by the granulose cells of ovarian 

follicle. The increase of luteinizing hormone (LH) occurs subsequently. 

 Disturbed folliculogenesis during this period may result in anovulation, 

oligoovulation, premature corpus luteum or corpus luteal insufficiency. The sustained 

level of estrogens may even cause endometrial hyperplasia and clinical manifestation 

of menstrual abnormalities prior to menopause. 

 The mean cycle length is significantly shorter. This is due to shortening of 

follicular phase of the cycle. Luteal phase length remains constant. In late menopausal 

transition, there is accelerated rate of follicular depletion. Ultimately, no more 

follicles are available and even some exist, they are resistant to gonadotropins. 

Estradiol production drops down to the optimal level of 20 pg/mL which leads to no 

endometrial growth and there is absence of menstruation
3
.    

 The secretions of both FSH and LH are increased due to absent negative 

feedback effect of estradiol and inhibin or due to enhanced responsiveness of pituitary 

to gonadotropin-releasing hormone (GnRH). Rise in FSH is about 10-20 fold where 

as that of LH is about 3-fold. GnRH pulse secretion is increased both in frequency and 

amplitude.  

            During menopause, there is fall in the level of prolactin and inhibin lead to 

increase in the level of FSH from the pituitary. Ultimately, due to physiologic aging, 

GnRH and both FSH, LH decline along with decline of estrogens
3
.             
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The following risk factors for menopause related diseases are as follows
4
: 

 Early menopause, surgical menopause or radiation. 

 Chemotherapy especially alkylating agents. 

 Smoking, Caffeine, alcohol. 

 Family history of menopausal diseases (genetic).                                                                  

 Drugs related such as GnRH, heparin, corticosteroids and clomiphene(anti 

estrogen) when given over a prolonged period(over 6 months) can  lead to 

estrogen deficiency. 

 Diabetes. 

Menopausal symptoms: Pattern of Menstruation prior to menopause: 

 Abrupt cessation of menstruation (rare). 

 Gradual decrease in both amount and duration. It may be spotting or delayed 

and ultimately lead to cessation. 

 Irregular with or without excessive bleeding. One should exclude genital 

malignancy prior to declare it as the usual premenopausal pattern
3
. 

 

Symptoms of menopausal transition: 

              During menopausal transition, the changes associated with menstrual cycle 

are short cycle with irregular bleeding (Table 6). The vasomotor symptoms associated 

with menopausal transition includes hot flashes, night sweats and sleep disturbances. 

The Psychological symptoms include mood swings, irritability, poor memory and 

depression. Sexual function decreases due to vaginal dryness and dyspareunia. There 

is also dysuria, incontinence, back aches and joint pains
3
. 
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Table 6: Symptoms of Menopausal Transition 

                SYMPTOMS OF MENOPAUSAL TRANSITION 

 A. Menstrual changes  Short cycles 

 Irregular bleeding 

 B. Vasomotor symptoms  Hot flashes 

 Night sweats 

 Sleep disturbances 

 C. Psychological  Irritability 

 Mood swings 

 Poor memory 

 Depression 

 D. Sexual dysfunction                                                  Vaginal dryness 

 Dyspareunia 

 E. Urinary  Incontinence 

 Urgency 

 Dysuria 

 F. Others  Back aches 

 Joint aches                                                               

 

Diagnosis of Menopause: 

 Cessation of menstruation for consecutive 12 months during climacteric. 

 Average age of menopause:50 years. 

 Appearance of menopausal symptoms ‗hot flash‘ and ‗night sweats‘. 

 Serum estradiol:<20pg/mL. 

 Serum FSH and LH ; > 40mIU/mL (three values at weeks interval required)
3
.       
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3.12. THYROID: 

             Thyroid disorder is the most common endocrine disorder affecting majority of 

the population particularly women. ―Diseases of thyroid gland are among the most 

abundant endocrine disorder worldwide second only to diabetes, including in india
8
‖. 

General Physiology: 

 Thyroid gland is butter fly shaped endocrine gland secretes hormones which 

regulate the growth and development through metabolism. Thyroid gland has two 

distinct features as it is the largest endocrine gland in the body weighing about 15-25 

gm in adults. The second distinct feature is, it was the first endocrine gland to be 

recognized on the basis of symptoms associated with excess or deficient symptoms 

(Figure 4).It consists of two lobes joined by an isthmus and is located on either side 

of trachea just below the larynx. 

 

Figure 4:THYRODGLAND 

        (Source: Sembulingam K, Sembulingam P. Essentials of Medical  

 Physiology, 6
th

 ed, 2012.) 

 

 



REVIEW OF LITERATURE 

29 

3.12.1. THYROID HORMONES: 

Thyroid gland secretes following hormones (Figure 5). 

1) Thyroxine (T4):  It is also called as Tetraiodothyronine. 

 It constitutes about 90% of total secretion of thyroid hormones. 

 

2) Tri-iodothyronine (T3):  

 It constitutes about 9-10% of Total secretion of thyroid hormones. 

 

 
Figure 5: Structure of Thyroid Hormones 

(Source:http://www.vivo.colostate.edu/hbooks/pathphys/endocrine/thyroid/chem.html) 

3) Reverse T3 (rT3):  It is not biologically active. 

 It constitutes about 1% of total secretion of thyroid hormones. 

4)  Calcitonin: It is a hormone secreted by parafollicular cells of thyroid gland takes 

part in calcium homeostasis. 

 Tyrosine molecules are iodinated to form monoiodotyrosine and di-

iodotyrosine which are biologically inactive
1
. 

3.12.2. Applied aspects: Thyroid disorders can be categorized based on hypo or 

hypersecretion of thyroid hormones. 

Hyperthyroidism:  Increased secretion of thyroid hormones (T3,T4)  refers to 

hyperthyroidism. The high concentration of thyroid hormones caused by Thyroid 

stimulating antibodies suppresses the TSH production.  
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Hypothyroidism:  It is caused by low levels or decreased secretion of thyroid 

hormones. TSH levels elevated in hypothyroidism
1
.                      

Normal values of TSH, T3 and T4. 

 Laboratory assessment of thyroid function tests helps us to diagnose the 

disorders of   thyroid
9
.  Every laboratory has its own standard reference values but the 

most commonly used reference values are shown in the below Table no 7. 

    Table 7 :  Normal values of thyroid hormones     

Test Reference range Hyperthyroidism Hypothyroidism 

TSH 0.4-4.2 mU/L               

T3 0.92-2.78 nmol/L   

T4 58-140 nmol/L   

        

3.12.3.THYROID AND AGING: 

         Aging is one of the physiological processes associated with many 

morphological and physiological changes in the systems of the body. The endocrine 

organs including thyroid undergo essential functional changes with aging.  

           A well known numerous morphological and physiological changes of thyroid 

associated with the process of aging
10-12

.Thyroid gland increases in its size as age 

advances although it is not consistent all the times
13

. Some studies revealed that there 

is increased rate of atrophy of gland and fibrosis, this may be due to underlying 

autoimmune disease of thyroid in some of the population. Among them, thyroid 

nodules are most common with aging
14

. 

Hypothyroidism and aging: 

 It is very important to monitor and diagnoses the diseases of the thyroid 

especially in aged people. Thyroid diseases are the most prevalent and frequently 

affecting aging women
15

. 
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          The prevalence of hypothyroidism also varies with so many factors like age, 

gender, iodine content in the diet, or an underlying prevalence of antithyroid 

antibodies and it may be overt hypothyroidism(elevated TSH, low T3) or subclinical 

hypothyroidism(elevated TSH, normal T4 levels). The prevalence rate of overt 

hypothyroidism ranges between 2-10% in the people aged above 60 years and 

subclinical hypothyroidism is upto 20% in the people aged above 80 years
15,16-18

. 

These are usually common in women and it may reflect increased rates of 

autoimmune thyroid disease in the women
19

.  

Hyperthyrodism and aging: 

             Age is considered as the most important determining factor which is 

associated with hyperthyroidism and the mechanism behind it not completely 

understood. One of the hyperthyroid cases in old age is may be due to multinodular 

goiter. Though TSH production is fully suppressed, adenomas of the gland produce 

and secrete excessive thyroid hormones
20

.
 

Hyperthyroidism may be overt 

hyperthyroidism (low TSH, elevated T4) or subclinical hyperthyroidism (low TSH, 

normal T4). The National Health and Nutrition Examination Survey III (NHANES III) 

stated that there is increased rate of hyperthyroidism as age advances
18

. Women 

usually tend to have increased rates of hyperthyroidism than men and which reflects 

autoimmune disease of thyroid. It becomes less apparent with aging. In some cases 

toxic nodular goiter and use of medication also become more prevalent. The 

prevalence rate of hyperthyroidism may vary according to the type of population 

studied
16

. 

         So, ―The process of aging affects both the prevalence and clinical presentation 

of hypo and hyperthyroidism
21, 22”

. As age advances, changes occur in all the system 

of the body which may be due to the amount of the secretion of the hormones. It may 

be due to sensitivity of the target organs. Some times change in the metabolic rate as 

there is increased peripheral degradation of thyroid hormones which might be 

associated with process of aging
23

. 
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3.12.4. THYROID AND MENSTRUATION: 

        There is an important relationship exists between thyroid hormones and 

reproductive hormones. Menstruation is considered as one of the important period of 

ovarian cycle. It includes a series of many changes in the ovary, uterus and vagina, 

breast etc
24

.  

  On an average, 28 days of menstrual cycle, some of the women may easily get 

through their menstrual period within the time with very few or no physiological 

symptoms, every month. But, most of the women may suffers from menorrhagia or 

missed periods before or during menstruation. It is associated with the symptoms of 

physical or emotional disturbances which ultimately lead to mood swings in most of 

the women life. Thyroid hormones plays prominent role in reproductive function by 

directly exerting their effect on the ovaries or interacting indirectly with the sex 

hormone binding proteins. So the dysfunction of thyroid may lead to menstrual 

irregularities and infertility. 

Menstrual Disorders Associated with Thyroid: 

           In women, reproductive disorders mostly menstrual abnormalities are linked 

either with hypothyroidism or hyperthyroidism. Thyrotropin–releasing hormone 

(TRH) is the main hormone which mediates the relationship between menstrual cycle 

and thyroid hormone levels. It produces direct effect on the ovary and thyroid 

dysfunction can leads to the alteration of the levels of sex hormone binding globulin, 

prolactin and gonadotropin-releasing hormone (GnRH). Alteration of these hormones 

ultimately leads to menstrual abnormalities. So, there is a possibility of raised levels 

of TRH which may increase prolactin levels and it may contribute to the absence of 

menstruation associated with Hypothyroidism
25

.  

   Thyroid autoimmunity is one of the important causes of thyroid abnormalities 

in their reproductive period of women life
26,27

. Studies showed that there is 26% 

estimated prevalence of pre and post menopausal women suffering from thyroid 

dysfunction
26

. The Hypothalamo pituitary ovarian axis (HPO) regulates the menstrual 

cycle. Any interruption in the regulation of this axis may result in menstrual 

abnormalities
28

. The length of menstrual cycle may vary because of the disruption in 

the HPO axis
29

.  
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Role of Hypothyroidism and Hyperthyroidism in Menstruation: 

         Hypothyroidism may be associated with disruption of the functioning of 

Hypothalamo pituitary ovarian (HPO) axis.  So it may lead to infertility, menstrual 

irregularity, anovulation and sometimes there is a chance of miscarriage of 

pregnancy
30,31

. Decreased levels of thyroxin associated with ovulatory dysfunction are 

the main clinical feature of hypothyroidism. ―This condition leads to menstrual 

dysfunction 3 times more than usual prevalence‖. Most common type of menstrual 

dysfunction is infrequent menstruation also called as oligomenorrhea
32

. 

    There is insufficiency of corpus luteum found to be interrupting the release of 

LH and hyperprolactinaemia due to increased levels of TRH release may contribute 

the negative influences on normal menstrual cycle
33, 34

.                   

      In hypothyroidism, despite the fact that increased levels of TSH may decrease 

the sex hormone binding proteins (SHBP), increasing free testosterone and estradiol 

level, add up to the serum levels of these hormones are generally low
35

. Also decrease 

in the metabolic clearance of androstenedione and estrone may also leads to increase 

in the aromatization of peripheral estrogens
36,37

.  

         These mechanisms along with hemostatic decreasing factors, may also lead to 

the symptoms such as absence of menstruation, irregular menstruation, infertility in 

hypothyroidism
38

. 

      Hyperthyroidism is also associated with abnormal pattern of menstruation like 

hypothyroidism. There is increased production of sex hormone binding protein 

(SHBP) in hyperthyroid women which ultimately leads to altered metabolism of  

estrogen and there is increased conversion of androgens to estrogens may occur 
39,40

. 

A part from this, the patients also have altered GnRH-induced LH secretion, which is 

shown by the increased levels of serum LH and the pulsatile pattern of LH seem to be 

disturbed, leading to differential changes in the pattern of menstruation
41

.   

      Studies showed that there are 65% of menstrual irregularities in hyperthyroid 

women compared to controls (17%)
 42

. In other studies, it has been observed that, 46 

out of 214 women with hyperthyroidism (22%) had menstrual cycle irregularities in 

which 24 women had hypomenorrhea, 15 women had polymerrhoea,5 

oligomenorrhoea, 2 menorrhagia and no one is with amenorheoa
38

. 
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 3.12.5. THYROID AND MENOPAUSE: 

 There is a relationship exists between thyroid hormones and menopause. 

Thyroid disorders affect women more than men and the prevalence increases with 

age.  

 Changes associated with thyroid physiology and function with aging
43

: 

 Reduction in the uptake iodine. 

 Reduction in the synthesis of free T3 and T4 and catabolism of free thyroxine 

(T4) and increase of reverse T3. 

 There is no change in TSH with occasionally a tendency to the higher limits. 

 Hyper and hypothyroid states may lead to many alterations in the steroid 

metabolism. Mainly during menopausal transition, hyperthyroidism has been 

associated with decreased free testosterone levels, with decreased estradiol 

concentrations and with increased sex hormone binding proteins (SHBP). Here FSH 

concentration may also increases and opposite effects could be observed in 

hypothyroidism 
36, 44-46

. Though thyroid does not influence the menopause directly, in 

the presence of hypothyroidism or hyperthyroidism, complications of menopausal 

symptoms may be aggravated like coronary atherosclerosis, osteoporosis
47

.  

 Hypothyroidism and menopause are the two important conditions and both 

were affected by the female hormone estrogen. Studies have shown that there are 

decreased levels of estrogen during the menopause and it may also affect the normal 

functioning of thyroid. Apart from this, thyroid function is also disturbed when there 

are decreased levels of progesterone and the ratio of estrogen/progesterone levels 

altered, and this condition is known as estrogen dominance
48

. 

 

 

 

 

 

 

 



REVIEW OF LITERATURE 

35 

3.13. DIABETES: 

 Diabetes mellitus is a clinical condition characterized by increased blood 

glucose level (hyperglycaemia) due to insufficient or inefficient (incompetent) 

insulin
49

.        

3.13.1. Insulin: 

       Insulin is a polypeptide hormone produced by the β-cells of islets of 

Langerhans of pancreas. It has profound influence on the metabolism of carbohydrate, 

fat and protein. Insulin is considered as anabolic hormone, as it promotes the 

synthesis of glycogen, triacylglycerols and proteins. This hormone has been 

implicated in the development of diabetes mellitus.      

           Insulin plays a key role in the regulation of carbohydrate, lipid and protein 

metabolisms. Insulin exerts anabolic and anticatabolic influences on the body 

metabolism. 

  Glucose is the most important stimulus for insulin release. The effect is more 

predominant when glucose is administered orally (either direct or through a 

carbohydrate-rich meal). A rise in blood glucose level is a signal for insulin 

secretion
49

. 

3.13.2. BLOOD GLUCOSE HOMEOSTASIS: 

Regulation of Blood Glucose level: 

 Glucose is carbohydrate currency of the body. An adult human body contains 

about 18g free glucose. This amount is just sufficient to meet the basal energy 

requirements of the body for one hour. The liver has about 100 g stored glycogen. 

Besides this, it is capable of producing about 125-150 mg glucose/minute or 180-220 

g/24 hrs
49

. 
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Figure 6: Overview of Blood glucose homeostasis 

(Source: Satyanarayana U, Chakrapani U. Biochemistry. 3
rd

 ed, 2006.) 

  

A healthy individual is capable of maintaining the blood glucose concentration within 

a narrow range. The fasting blood glucose level in a post absorptive state is 70-100 

mg/dl (plasma glucose 80-120 mg/dl)( Figure 6). Following the ingestion of a 

carbohydrate meal, blood glucose may rise to 120-140 mg/dl
49

.   

Role of hormones in blood glucose homeostasis: 

 Hormones play a significant role in the regulation of blood glucose 

concentration. Primarily, insulin lowers blood glucose level (hypoglycemic) while the 

rest of the hormones oppose the actions of insulin (hyperglycaemia)
49

. 

Insulin: Insulin is produced by β-cells of the islets of Langerhans in response to 

hyperglycaemia (elevated blood glucose level). Insulin is basically a hypoglycaemic 

hormone that lowers in blood glucose level through various means. It is an anti-

diabetogenic hormone.  
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Glucagon: Hypoglycaemia (low blood glucose level) stimulates glucagon production. 

Glucagon is basically involved in elevating blood glucose concentration. It enhances 

gluconeogenesis and glycogenolysis. 

Epinephrine: It acts both on muscle and liver to bring about glycogenolysis by 

increasing phosphorylase activity. The end product is glucose in liver and lactate in 

muscle. The net outcome is that epinephrine increases blood glucose level. 

Thyroxine: It elevates blood glucose level by stimulating hepatic glycogenolysis and 

gluconeogenesis. 

Glucocorticoids: Glucocorticoids stimulate protein metabolism and increase 

gluconeogenesis. The glucose utilization by extrahepatic tissues is inhibited by 

glucocorticoids. The overall effect of glucocorticoids is to elevate blood glucose 

concentration. 

Growth hormone and adreno corticotropic hormone (ACTH. The uptake of 

glucose by certain tissues (muscle, adipose tissue etc.) is decreased by growth 

hormone. ACTH decreases glucose utilization. The net effect of both these hormones 

is hyperglycemic
49

. 

Diagnostic criteria for diabetes: 

World health organization (WHO) recommended the diagnostic criteria for diabetes. 

The following Table 8 summarizes the diagnostic criteria and reference range for 

diabetes. 

 

    Table 8: WHO diagnostic criteria for diabetes
50, 51

 

Fasting plasma glucose  ----  >7.01mmol/l (126mg/dl) 

2-h plasma glucose        ----  > 7.8 m mol/1(140mg/dl)  

                                       ----  >11.01mmol/l (200 mg/dl) 

HbA1c                      ----  > 6.5% 
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3.13.3. DIABETES AND AGING: 

 Aging is considered as one of the important determinant risk factors of the 

metabolic disorders like diabetes, obesity etc. studies showed that prevalence of 

diabetes increases with age and it attains maximum peak at an older age
52-54

. Diabetes 

may appear at any age but it prevalence dramatically increases with age in older 

populations. It is estimated that persons aged 65yr olds have 16.5% and the persons 

aged 85 yr olds have 26% of diabetes reported by the National commission on 

diabetes
55

. The possible mechanisms why the incidence of diabetes increases with age 

is not clear. It‘s been stated that one of the reason might be impairment of glucose 

tolerance which includes poor nutrition, physical inactivity, decreased lean body 

mass, reduced insulin secretion and insulin resistance
56

. 

Pathogenesis of diabetes in aging. 

It is characterized mainly by two factors
57

. 

      1) Peripheral insulin resistance. 

      2) Impaired insulin secretion from β cell.         

 

Aging and Insulin secretion: 

Studies showed that defects in the secretion of insulin due to age related factors have 

been demonstrated in rodents as well as humans. The major stimuli for the release of 

insulin from the pancreatic β cell. There is reduced secretion of insulin with increase 

in aging which stimulates glucose and at the same time aminoacid arginine
58

. 

 In old age, there is an increased need for insulin due to superimposition of 

secretary defects of insulin which ultimately leads to intolerance of glucose, impaired 

glucose homeostasis and finally diabetes. Factors decreasing secretion of insulin 

which includes reduced mitochondrial functional activity and increased oxidative 

stress associated with aging
59

. 

 Studies well documented that aging is associated with decreased activity of 

insulin and it is assumed to be in elderly people that may contributes to high 

prevalence of glucose intolerance and diabetes
60-64

. But some other studies showing 

contradictory results like decrease in the action of insulin in elderly people are due to 

increase in the abdominal fat rather than aging
65

. However the mechanism is not clear. 

So glucose homeostasis is a complex phenomenon which is regulated by the insulin 
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actions and may show defect in the secretions of insulin from β cells affects with 

aging. 

 

3.13.4. DIABETES AND MENSTRUATION: 

 Menstrual cycle is common physiological phenomenon and it is affected by 

diabetes in many cases. Menstrual cycle irregularities are more commonly associated 

with systemic diseases and particularly diabetes in women frequently associated with 

irregular menstrual cycles
66

.  

 

 Onset of diabetes is one of the major important determinant factors which 

initiate menstrual irregularities and at least 50% of these patients can be affected
67

. 

 

 Possible mechanisms have been elucidated to know the link between 

menstrual irregularities and diabetes. It is assumed that obesity takes a major role with 

enhanced peripheral adipose tissue conversion of androgens to estrogens
68

. 

 

 Women suffering from diabetes may also experience a rise in their blood 

glucose concentration a week prior to their menstrual cycle, just after the ovulation. 

Once the initiation of menstruation starts, her blood glucose levels will tend to fall. 

This blood glucose fluctuations might be due to rise in estrogen and progesterone 

levels which may interfere with the metabolism of insulin sesntivity
69

.  

 

 Women suffering from diabetes mellitus may prone to early menopause and 

short span of reproductive life etc. It might be due to deregulation of hypothalamo-

hyppituitary axis that may lead to delayed menarche, menstrual abnormlities 
70,71

. 

 

3.13.5. DIABETES AND MENOPAUSE: 

 Menopause is an important transition period which represents the end of 

reproductive period. Disturbances in the metabolism of carbohydrates and lipids 

which may lead to the features of metabolic syndrome which includes diabetes, 

hypertension, osteoporosis etc. Like other disorders of metabolism, diabetes also 

effects women in their midlife and mainly affects their menopausal life and the 

transition of menopause
72

. 
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 Women with type 1 diabetes may have a chance of early menopause 

transition.There might be some autoimmune mechanisms which may be associated 

with menopausal age, because type 1 diabetic females may lead to ovarian 

dysfunction which is caused by the glycosylation of proteins and it ultimately leads to 

decrease in the production of endogenous estrogens
73

.  

 

 Women with type II diabetes (insulin resistant diabetes mellitus) is the most 

common form of diabetes. Women in the menopausal age more likely tend to 

diagnose with type II diabetes, due to reduced levels of estrogen and progesterone 

hormones and human growth hormone which may contribute to decreased 

metabolism, which may produce obesity and all these complications together may 

prone for type II diabetes
74

.  So menopause is the important factor which influences 

diabetes. 
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4.0. MATERIALS AND METHODS. 

 4.1. Study design: Human cross sectional study. 

 4.2. Sample size: 200 subjects. 

 4.2.1. Sample size calculation: 

 With 95% of confidence interval, expected prevalence of Diabetes Mellitus having 

thyroid disorders among women as 30% and desired precision as + 13%. The 

minimum sample size is 48 per Group, rounded to 50 per group. 

     n=48 ~100 per group( rounded to 50 per group) 

                           So now total sample size in each group= 4x 50=200 

                           The formula used here to calculate the sample size is following. 

                                            n= Z
2 

P(1-P) 

                                                     d
2
                 

                            Where n= sample size. 

                             Z= 1.96 at 95% confidence level. 

                             P= Expected prevalence (30%). 

                             d= Precision. 

            The entire sample (200) is divided into 4 groups. 

 

                        Table 9: classification of groups 

 Group I(n=50) Pre menopause Non-Diabetic 25-45 Yrs 

  Group II(n=50) Pre menopause Diabetic 25-45 Yrs 

    Group III(n=50)  Post menopause Non-Diabetic 46-65 Yrs 

Group IV(n=50) Post menopause Diabetic 46-65 Yrs 
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4.3.  INCLUSION AND EXCLUSION CRITERIA 

Inclusion criteria: 

 Pre menopausal women (with regular menstruation every month without any 

history of menstrual disorders). 

 Post menopausal women (women not menstruating for a period of 12 

consecutive months without any abnormality). 

 Non- smokers. 

 Non- alcoholics. 

 

Exclusion criteria:  

 Evidence of Hypertension. 

 Hysterectomy. 

 Pregnant women. 

 On medications (diabetic, thyroid and hormonal replacement therapy). 
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4.4. ETHICS 

Informed consent: 

Informed consent form was obtained from the participants.  

Institutional approval: 

Source of data:   

 The source of study from the subjects, who were attending the outpatient 

clinic and OBG departments, Shri B. M. Patil Medical College, Hospital and Research 

center, Vijayapur. 

 An institutional ethical clearance was obtained from the institutional ethical 

committee of Shri B.M. Patil Medical College, Hospital and Research center, BLDE 

(Deemed to be university) on April 10
th

, 2015. 

Declaration of Helsinki 

We followed declaration of Helsinki during the entire study. 

4.5. STUDY PROTOCOL: 

 All the study participants were interviewed using a stuctured questionare 

format that is specific to our study. Participants were asked to provide their relevant 

biodata like history of diabetes, history of menopause and the details about smoking, 

alcoholic etc were also collected. 

 Further we have collected the information of physical anthropometric, 

physiological parameters. 

 Later we collected the fasting blood samples and analyzed for further tests 

which includes Hematological profile, Blood glucose profile, Thyroid hormonal assay 

and Reproductive hormonal assays.    
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4.6. Physical Anthropometry parameters: 

a. Height (cm): Height was measured with the subject in standing position 

without foot wear nearest to 0.1 cms. 

b. Weight (kg): weight was measured using a standard weighing machine, with a 

minimum of clothing nearest to 0.1 kgs. 

c. Body surface Area (square meters): Body surface area was calculated in 

each subject by using Duboi‘s Nomogram. 

d. Body Mass Index (kilogram/meter
2
): Body Mass Index was calculated from 

weight and height by dividing weight in kilogram by height in meter square 

and the formula was expressed as Kg/m
2
. 

e. Waist Hip Ratio (cm): It was calculated by measuring waist at narrowest 

point under lowest rib and hips at the widest portion of buttocks using a tape 

and the ratio was calculated by dividing waist circumference by hip 

circumference and expressed in cm. 

4.7. Physiological Parameters: 

a. Systolic and Diastolic Blood Pressure (mmHg): Blood pressure was 

measured by using Diamond mercury sphygmomanometer in sitting posture in 

each subject and it was expressed in mmhg. 

b. Pulse Pressure (PP) (mmHg): It is the pressure difference between Systolic 

and Diastolic Blood Pressure and is expressed in mmHg. 

c. Mean arterial Pressure (mmHg): It is the pressure existing in the arteries. It 

was calculated by the formula= DBP+1/3
rd

 of PP and is expressed in mmHg. 

d. Pulse rate (bpm): It was calculated by pulsating radial artery and was 

expressed as beats per minute (bpm). 

 

Sample collection: 

   Blood samples were collected from the subjects at the morning hours after 

overnight fasting in the test tubes containing EDTA in which sodium fluoride act as 

an anticoagulant for the estimation of completed blood picture count (CBC) and 

Glycosylated haemoglobin (HbA1c) where as plain test tubes were used for the 

remaining investigations. 
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4.8. Haematological Parameters: 

 In haematological parameters we have estimated the complete blood picture  

count(CBC).  

            For complete blood picture count (CBP), about 1 ml of blood was collected in 

commercial tubes containing about 40 µl potassium EDTA as anticoagulant and the 

blood cell count was analyzed within 24 hrs by automated cell counter by (SYSMEX 

XN-1000). 

4.9. Blood Glucose profile: 

4.9.1. Estimation of Fasting blood sugar (FBS): Fasting blood sugar level was 

analyzed by using GOD-PAP method. (Trinder P., 1969)
1
. (Agappe Dianostics). 

Principle: 

 Glucose is oxidized to gluconic acid and hydrogen peroxidase in the presence 

of glucose oxidase. Hydrogen peroxide further reacts with phenol and 4-

aminoantipyrine by the catalytic action of peroxidase to form a red coloured 

quinoneimine dye complex. Intensity of colour formed is directly proportional to the 

amount of glucose present in the sample. 

 

                   Glucose Oxidase 

          Glucose +O2 + H2O                                      Gluconic acid +H2O2. 

                

2H2O2+4Aminoantipyrine + Phenol    
Peroxidase

   Red quinoneimine dye + 4H2O. 

 

                         Table 10 :  Reagents for Fasting blood glucose 

Reagents concentration 

Phosphate buffer(pH 7.40) 100 mmol/l 

Phenol 10 mmol/l 

Glucose Oxidase >1000 U/L 

peroxidase >600 U/L 

4- Aminoantipyrine 270mmol/l 
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Procedure 

    

Working reagent 1000µl 1000µl 1000µl 

Glucose 

standard(100.0(mg/dl) 

     - 10µl  

Sample      -   - 10µl 

             

                 The standard and sample mixed with reagent respectively and incubated at 

37 ºC for ten minutes. The change in the absorbance was measured at 505/630 nm 

against reagent blank.       

The program was set in the instrument as follows 

Mode of Reaction End Point 

Slope of reaction Increasing 

Wavelength 505/630 

Temperature 37ºC 

Standard concentration  100.0 mg/dl 

Blank Reagent Blank 

Linearity 500.mg/dl 

Incubation time 10 min 

Sample volume 10 µl 

Reagent Volume 1000 µl 

Cuvette 1 cm light path 

 

 

The calculation: 

 

 Glucose conc(mg/dl) =   Absorbance of sample     X 100 

                                      Absorbance of standard  
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4.9.2. Estimation of Glycosylated Haemoglobin (HbA1c) (Processed on Roche 

C311 Autonalyzer) 

 ―Tina Quant‖ method (Turbidimetric Inhibition Immunoassay).(Chang J. et al 1998)
2
. 

Principle and Method: 

 This method uses Tetradecyltrimethylammoniumbromide(TTAB) as the 

detergent in the hemolyzing reagent to eliminate interference from leucocytes(TTAB 

does not lyse leucocytes). Sample pre treatment to remove labile HbA1c is not 

necessary. 

          All haemoglobin which are glycated at the β chain N-terminus and which have 

antibody-recognizable regions identical to that HbA1c are determined by this assay. 

         The concentration of A1c (HbA1c) is measured as a percentage of total 

haemoglobin in the whole blood of human (% HbA1c). HbA1c and haemoglobin 

levels in the sample are determined from the obtained hemolysate by two independent 

reactions.  

         During first stage of reaction in the sample reacts with the anti-HbA1c specific 

antibody (Reagent A1) to form soluble antigen-antibody complexes. Then the 

polyhapten is added. (Reagent A2). The polyhapten reacts with the specific antibody 

excess from the first reaction, producing insoluble immune complexes which can be 

measured turbidimetrically at 340 nm. 

Reagents: 

 Reagent A1:  Monospecific antibodies anti-HbA1c in pH 6.2 buffer. 

 Reagent A2:  Polyhapten-HbA1c in pH 6.2 buff 
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The programme was set in the instrument as follow 

Reaction type End point 

 Wave length  340 nm 

Temperature 37ºC 

Sample volume 10µl 

Reagent A1 volume 250 µl 

Reagent A2 volume 50 µl 

Reagent A1 incubation 300 seconds 

Reagent A2 incubation 300 seconds 

 

 

Calculation: 

 % HbA1c = 91.5 x HbA1c (g/dL)/Hb(gm/dl) + 2.15 

4.10. Estimation of Thyroid Hormonal Assay (TSH, T3, T4): ELFA  (Enzyme 

Linked Fluoroscent Assay)
3
. 

4.10.1. Estimation of Thyroid Stimulating Hormone (TSH): 

Principle: 

 Thyroid Hormone Profile was analyzed by One-Step Enzyme immune sand 

wich  method (TSH) with final fluorescent detection (ELFA) by mini-VIDAS.   

  Solid Phase Receptacle (SPR) functions as solid phase as well as the pipetting 

device for the assay. Now the reagents are ready to use and pre dispensed in 

the sealed reagents.  

  As the entire assay steps are performed automatically by the instrument, the 

reaction medium is cycled in and out of the SPR several times. 

  Transferring the samples into the well containing anti TSH antibody labeled 

with alkaline phosphatase(conjugate) and now this mixture is cycled in and 
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out of the SPR. So that the antigen binds to antibody coated on the SPR and to 

the conjugate forming a ―sandwich‖. 

 Unbound components are eliminated during washing. 

 During the final detection step, the substrate (4-Methyl-umbelliferyl 

Phosphate) is cycled in and out of the SPR. The conjugate enzyme catalyzes 

the hydrolysis of this substrate into a fluorescent product (4-Methyl-

umbelliferone) the fluorescence of which is measured at 450 nm.  

 The intensity of the fluorescence is proportional to the concentration of 

antigen present in the sample. At the end of the assay, results are automatically 

calculated by the instrument in relation to calibration curve which was stored 

in the memory, and then printed out. 

 

REAGENTS: 

The SPR (Solid Phase Receptacle): 

  The interior of the SPR is coated during production with anti-TSH 

immunoglobulins(mouse). 

   Each SPR is identified by the TSH code. Only required number of SPRs will 

be removed from the pouch and carefully should be resealed after opening. 

The strip: 

  The strip consists of 10 wells covered with a labeled, foil seal. The label 

comprises a bar code which mainly indicates the assay code, kit lot number 

and expiration date.  

  The foil of the first well is perforated to facilitate the introduction of the 

sample.  

  The last well of each strip is a cuvette in which the fluorometric reading is 

performed. 

  The wells in the center section of the strip contain the various reagents 

required for the assay. 
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Table 11:  Reagents and Description of the TSH strip 

Wells                                               Reagents 

1 Sample well. 

2-3-4-5 Empty wells. 

6 Conjugate: alkaline  phosphastase–labeled monoclonal anti-TSH 

immunoglobulins(mouse)+1g/l sodium azide (400µl). 

7-8 Wash buffer: sodium phosphate (0.01 mol/l) pH 7.4+1g/l sodium 

azide(600µl). 

9 Wash buffer: diethanalomine(1.1mol/l or 11.5%, pH 9.8) + 1g/l sodium 

azide(600µl). 

10 Cuvette with substrate: 4-methyl-ombellyferyl phosphate (0.6mmol) + 

diethanolamine (DEA) (0.62mol/l or 6.6%, pH 9.2) +1g/l sodium 

azide(300µl). 

 

Procedure: 

1. Only required reagents removed from the refrigerator and allowed them to 

come to room temperature for at least 30 minutes.  

2. One ―TSH‖ strip and one ―TSH‖ SPR used for each sample, control or 

calibrator to be tested. Make sure that the storage pouch has been carefully 

resealed after the required solid phase receptacles have been removed. 

3.  The test is identified by the ―TSH‖ code on the instrument. The calibrator must 

be identified by ―S1‖, and tested in duplicate. If the control needs to be tested, 

it should be identified by ―C1‖. 

4.  If necessary, clarify samples by centrifugation. 

5.  Mixed the calibrator, control and samples using a vortex type mixer (for serum 

or plasma separated from the pellet). 

6.  For this test, the calibrator, control, and sample test portion is 200µl.  
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7. Inserted the ―TSH‖ solid phase receptacles (SPRs) and ―TSH‖ strips into the 

instrument. Check to make sure the colour labels with the assay code on the 

SPRs and the reagent strips should be matched. 

8.  All the assay steps performed automatically by the instrument as  initiated and 

directed in the user‘s manual. 

9.   Reclosed the vials and return them to the required   temperature after pipetting. 

10. The assay will be completed within approximately 40 minutes. After the assay 

is completed, removed the SPRs and strips from the instrument. 

11. Disposed the used SPRs and reagent strips in an appropriated recipient. 

 

Results and Interpretation: 

        Once the assay is completed, results were analyzed by the computer 

automatically. Fluorescence is measured twice in the reagent strip‘s reading cuvette 

for each sample tested. The first reading is a background reading of the substrate 

cuvette before the SPR is introduced into the substrate. The second reading is taken 

after incubating the substrate with the enzyme remaining on the interior of the SPR. 

The RFV (Relative Fluoroscence Value) is calculated by substracting  the background 

reading from the final result. This calculation appears on the result sheet. The results 

are automatically calculated by the instrument using calibration curves which are 

stored by the instrument. 

4.10.2.    Estimation of Tri-iodothyronine (T3): 

Principle: 

 Triiodothyronine (T3) was analyzed by enzyme immuno assay competition 

method with final fluorescent detection (ELFA) by mini-VIDAS.   

 

 Solid Phase Receptacle (SPR) functions as solid phase as well as the pipetting 

device for the assay. Now the reagents are ready to use and pre dispensed in 

the sealed reagents.  

 As the entire assay steps are performed automatically by the instrument, the 

reaction medium is cycled in and out of the SPR several times. 

 Transferring the samples into the well containing T3 antigen labeled with 

alkaline phosphatase(conjugate) . 
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 Competition occurs between the antigen present in the sample and the labeled 

antigen for the specific anti-T3 antibodies (sheep) coated on the interior of the 

SPR.  

 Unbound components are eliminated during washing. 

 During the final detection step, the substrate (4-Methyl-umbelliferyl 

Phosphate) is cycled in and out of the SPR. The conjugate enzyme catalyzes 

the hydrolysis of this substrate into a fluorescent product (4-Methyl-

umbelliferone) the fluorescence of which is measured at 450 nm.  

 The intensity of the fluorescence is inversely proportional to the concentration 

of antigen present in the sample. At the end of the assay, results are 

automatically calculated by the instrument in relation to calibration curve 

which was stored in the memory, and then printed out. 

 

REAGENTS: 

The SPR (Solid Phase Receptacle): 

 The interior of the SPR is coated during production with anti-T3 monoclonal 

antibodies (sheep). 

 Each SPR is identified by the T3 code. Only required number of SPRs will be 

removed from the pouch and carefully should be resealed after opening. 

 

The strip: 

 The strip consists of 10 wells covered with a labeled, foil seal. The label 

comprises a bar code which mainly indicates the assay code, kit lot number 

and expiration date.  

 The foil of the first well is perforated to facilitate the introduction of the 

sample.  

 The last well of each strip is a cuvette in which the fluorometric reading is 

performed. 

  The wells in the center section of the strip contain the various reagents 

required for the assay. 
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Table 12:  Reagents and description of the T3 strip 

Wells                                      Reagents 

1 Sample well 

2-3-4-5 Empty wells 

6 Conjugate: alkaline phosphastase labeled T3 derivative +ANS(0.95 

mmol/l)+ sodium salicylate(11.9 mmol/l) +1g/l sodium azide(400µl) 

7-8-9 Wash buffer: Tris-Tween-Nacl(1 mmol/l) pH 7.4 +1g/l of 

sodiumazide(600µl). 

10 Cuvette with substrate: 4-methyl-ombellyferyl phosphate(0.6mmol)+ 

diethanolamine(DEA)(0.62mol/l or 6.6%, pH 9.2)+1g/l sodium 

azide(300µl) 

 

Procedure: 

1. Only required reagents removed from the refrigerator and allowed them to 

come to room temperature for at least 30 minutes.  

2. One ―T3‖ strip and one ―T3‖ SPR used for each sample, control or calibrator to 

be tested. Make sure that the storage pouch has been carefully resealed after 

the required solid phase receptacles have been removed. 

3. The test is identified by the ―T3‖ code on the instrument. The calibrator must be 

identified by ―S1‖, and tested in duplicate. If the control needs to be tested, it 

should be identified by ―C1‖. 

4. If necessary, clarify samples by centrifugation. 

5.  Mixed the calibrator, control and samples using a vortex type mixer(for serum 

or plasma separated from the pellet) 

6.  For this test, the calibrator, control, and sample test portion is 100µl. 

7. Inserted the ―T3‖ solid phase receptacles (SPRs) and ―T3‖ strips into the 

instrument. Check to make sure the colour labels with the assay code on the 

SPRs and the reagent strips should be matched. 

8. All the assay steps performed automatically by the instrument as initiated and 

directed in the user‘s manual. 
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9.  Reclosed the vials and returned them 2-8ºC after pipetting. 

10. The assay will be completed within approximately 40 minutes. After the assay 

is completed, removed the SPRs and strips from the instrument. 

11. Disposed the used SPRs and reagent strips in an appropriated recipient. 

 

Results and Interpretation: 

 Once the assay is completed, results were analyzed by the computer 

automatically. Fluorescence is measured twice in the reagent strip‘s reading cuvette 

for each sample tested. The first reading is a background reading of the substrate 

cuvette before the SPR is introduced into the substrate. The second reading is taken 

after incubating the substrate with the enzyme remaining on the interior of the SPR. 

The RFV (Relative Fluoroscence Value) is calculated by substracting the background 

reading from the final result. This calculation appears on the result sheet. The results 

are automatically calculated by the instrument using calibration curves which are 

stored by the instrument. 

 

4.10.3. Estimation of Thyroxine or Tetraidothyronine (T4): 

Principle: 

 Triiodothyronine (T4) was analyzed by enzyme immuno assay competition 

method with final fluorescent detection (ELFA) by mini-VIDAS.   

 

 Solid Phase Receptacle (SPR) functions as solid phase as well as the pipetting 

device for the assay. Now the reagents are ready to use and pre dispensed in 

the sealed reagents.  

 As the entire assay steps are performed automatically by the instrument, the 

reaction medium is cycled in and out of the SPR several times. 

 Transferring the samples into the well containing T4 antigen labeled with 

alkaline phosphatase(conjugate) . 

 Competition occurs between the antigen present in the sample and the labeled 

antigen for the specific anti-T4 antibodies(sheep) coated on the interior of the 

SPR.  

 Unbound components are eliminated during washing. 
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 During the final detection step, the substrate(4-Methyl-umbelliferyl 

Phosphate) is cycled in and out of the SPR. The conjugate enzyme catalyzes 

the hydrolysis of this substrate into a fluorescent product (4-Methyl-

umbelliferone) the fluorescence of which is measured at 450 nm.  

 The intensity of the fluorescence is inversely proportional to the concentration 

of antigen present in the sample. At the end of the assay, results are 

automatically calculated by the instrument in relation to calibration curve 

which was stored in the memory, and then printed out. 

REAGENTS: 

   

The SPR (Solid Phase Receptacle): 

 

 The interior of the SPR is coated during production with anti-T4  monoclonal 

antibodies(mouse). 

  Each SPR is identified by the T4 code. Only required number of SPRs will be 

removed from the pouch and carefully should be resealed after opening. 

The strip: 

 The strip consists of 10 wells covered with a labeled, foil seal. The label 

comprises a bar code which mainly indicates the assay code, kit lot number 

and expiration date.  

 The foil of the first well is perforated to facilitate the introduction of the 

sample.  

  The last well of each strip is a cuvette in which the fluorometric reading is 

performed. 

 The wells in the center section of the strip contain the various reagents 

required for the assay. 
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Table 13:  Reagents and description of T4 strip 

Wells Reagents 

1 Sample well 

2-3-4-5 Empty wells 

6 Conjugate: alkaline phophatase-labeled T4 derivatives+ANS(0.8 mmol/l)+sodium 

salicylate(9.3mmol/l) + 1g/l sodium azide(400µl). 

7 Wash buffer: Tris, Nacl(0.05 mol/l) pH 7.4+1g/l of sodium azide(600 µl) 

8 Wash buffer: Tris-Tween, Nacl(0.05 mmol/l)pH 7.4 +1g/l sodium azide(600µl). 

9 Wash buffer: diethanolamine(1.1mol/l or 11.5%) pH 9.8+1g/l sodium 

azide(600µl) 

10 Cuvette with substrate: 4-methyl-ombellyferyl phosphate(0.6mmol)+ 

diethanolamine(0.62mol/l or 6.6%, pH 9.2)+1g/l sodium azide(300µl) 

  

Procedure: 

 

1.  Only required reagents removed from the refrigerator and allowed them to 

come to room temperature for at least 30 minutes. 

2.  One ―T4‖ strip and one ―T4‖ SPR used for each sample, control or calibrator to 

be tested. Make sure that the storage pouch has been carefully resealed after 

the required solid phase receptacles have been removed. 

3. The test is identified by the ―T4‖ code on the instrument. The calibrator must be 

identified by ―S1‖, and tested in duplicate. If the control needs to be tested, it 

should be identified by ―C1‖. 

4.  If necessary, clarify samples by centrifugation. 

5. Mixed the calibrator, control and samples using a vortex type mixer(for serum 

or plasma separated from the pellet). 

6. For this test, the calibrator, control, and sample test portion is 200µl. 

7. Inserted the ―T4‖ solid phase receptacles (SPRs) and ―T4‖ strips into the 

instrument. Check to make sure the colour labels with the assay code on the 

SPRs and the reagent strips should be matched. 

8. All the assay steps performed automatically by the instrument as initiated and 

directed in the user‘s manual. 

9. Restopper the vials and returned them 2-8ºC after pipetting. 
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10. The assay will be completed within approximately 40 minutes. After the assay 

is completed, removed the SPRs and strips from the instrument. 

11. Disposed the used SPRs and reagent strips in an appropriated recipient. 

 

Results and Interpretation: 

  Once the assay is completed, results were analyzed by the computer 

automatically. Fluorescence is measured twice in the reagent strip‘s reading cuvette 

for each sample tested. The first reading is a background reading of the substrate 

cuvette before the SPR is introduced into the substrate. The second reading is taken 

after incubating the substrate with the enzyme remaining on the interior of the SPR. 

The RFV (Relative Fluoroscence Value) is calculated by substracting the background 

reading from the final result. This calculation appears on the result sheet. The results 

are automatically calculated by the instrument using calibration curves which are 

stored by the instrument. 

 

4.11. Estimation of Reproductive Hormonal Assays:  

4.11.1. Estimation of Luteinizing Hormone (LH): ELFA (Enzyme Linked 

Fluoroscent Assay)
3
. 

Principle: 

 Luteinizing Hormone (LH) was analyzed by One-Step Enzyme immune 

sandwich method (TSH) with final fluorescent detection (ELFA) by mini-VIDAS.   

 Solid Phase Receptacle (SPR) functions as solid phase as well as the pipetting 

device for the assay. Now the Reagents are ready to use and pre dispensed in 

the sealed reagents.  

 As the entire assay steps are performed automatically by the instrument, the 

reaction medium is cycled in and out of the SPR several times. 

 Transferring the samples into the well containing anti LH antibody labeled with 

alkaline phosphatase(conjugate) and now this mixture is cycled in and out of 

the SPR. So that the antigen binds to antibody coated on the SPR and to the 

conjugate forming a ―sandwich‖. 

 Unbound components are eliminated during washing. 
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 During the final detection step, the substrate(4-Methyl-umbelliferyl Phosphate) 

is cycled in and out of the SPR. The conjugate enzyme catalyzes the hydrolysis 

of this substrate into a fluorescent product (4-Methyl-umbelliferone) the 

fluorescence of which is measured at 450 nm.  

 The intensity of the fluorescence is proportional to the concentration of antigen 

present in the sample. At the end of the assay, results are automatically 

calculated by the instrument in relation to calibration curve which was stored in 

the memory, and then printed out. 

 

REAGENTS: 

The SPR (Solid Phase Receptacle): 

 The interior of the SPR is coated during production with monoclonal anti-LH 

immunoglobulins. 

  Each SPR is identified by the LH code. Only required number of SPRs will be 

removed from the pouch and carefully should be resealed after opening. 

The strip: 

 The strip consists of 10 wells covered with a labeled, foil seal. The label 

comprises a bar code which mainly indicates the assay code, kit lot number 

and expiration date.  

 The foil of the first well is perforated to facilitate the introduction of the 

sample.  

 The last well of each strip is a cuvette in which the fluorometric reading is 

performed. 

 The wells in the center section of the strip contain the various reagents 

required for the assay.                                              
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Table 14: Reagents and Description of the LH reagent strip 

Wells                                        Reagents 

1 Sample well 

2-3-4-5 Empty wells 

6 Conjugate: alkaline phosphastase–labeled monoclonal anti-LH 

immunoglobulins (mouse)+1g/l sodium azide (400µl) 

7-8 Wash buffer: sodium phosphate (0.01 mol/l/) pH 7.4+1g/l sodium 

azide(600µl). 

9 Wash buffer: diethanalomine(1.1mol/l or 11.5%, pH 9.8) + 1g/l 

sodium azide(600µl) 

10 Cuvette with substrate: 4-methyl-ombellyferyl phosphate (0.6mmol) + 

diethanolamine (DEA) (0.62mol/l or 6.6%, pH 9.2) +1g/l sodium 

azide(300µl) 

 

Procedure: 

1. Only required reagents removed from the refrigerator and allowed them to 

come to room temperature for at least 30 minutes.  

2.  One ―LH‖ strip and one ―LH‖  SPR  used for each sample, control or calibrator 

to be tested. Make sure that the storage pouch has been carefully resealed after 

the required solid phase receptacles have been removed. 

3. The test is identified by the ―LH‖ code on the instrument. The calibrator must 

be identified by ―S1‖, and tested in duplicate. If the control needs to be tested, 

it should be identified by ―C1‖. 

4.  If necessary, clarify samples by centrifugation. 

5. Mixed the calibrator, control and samples using a vortex type mixer(for serum 

or plasma separated from the pellet) 

6. For this test, the calibrator, control, and sample test portion is 200µl. 
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7.  Inserted the ―LH‖   solid phase receptacles (SPRs) and ―LH‖ strips into the 

instrument. Check to make sure the colour labels with the assay code on the 

SPRs and the reagent strips should be matched. 

8. All the assay steps performed automatically by the instrument as initiated and 

directed in the user‘s manual. 

9. Reclosed the vials and return them to the required temperature after pipetting. 

10. The assay will be completed within approximately 40 minutes. After the assay 

is completed, removed the SPRs and strips from the instrument. 

11. Disposed the used SPRs and reagent strips in an appropriated recipient. 

 

Results and Interpretation: 

          Once the assay is completed, results were analyzed by the computer 

automatically. Fluorescence is measured twice in the reagent strip‘s  reading cuvette 

for each sample tested. The first reading is a background reading of the substrate 

cuvette before the SPR is introduced into the substrate. The second reading is taken 

after incubating the substrate with the enzyme remaining on the interior of the SPR. 

The RFV (Relative Fluoroscence Value) is calculated by substracting the background 

reading from the final result. This calculation appears on the result sheet. The results 

are automatically calculated by the instrument using calibration curves which are 

stored by the instrument. 

 

 4.11.2. Estimation of Follicle Stimulating Hormone (FSH): ELFA (Enzyme 

Linked Fluoroscent Assay)
3
. 

Principle: 

          Follicle stimulating Hormone (FSH) was analyzed by One-Step nzyme immune 

sandwich method with final fluorescent detection (ELFA) by mini-VIDAS.   

 Solid Phase Receptacle (SPR) functions as solid phase as well as the pipetting 

device for the assay. Now the Reagents are ready to use and pre dispensed in 

the sealed reagents.  

 As the entire assay steps are performed automatically by the instrument, the 

reaction medium is cycled in and out of the SPR several times. 
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 Transferring the samples into the well containing anti- FSH antibody labeled 

with alkaline phosphatase(conjugate) and now this mixture is cycled in and out 

of the SPR. So that the antigen binds to antibody coated on the SPR and to the 

conjugate forming a ―sandwich‖. 

 Unbound components are eliminated during washing. 

 During the final detection step, the substrate (4-Methyl-umbelliferyl Phosphate) 

is cycled in and out of the SPR. The conjugate enzyme catalyzes the hydrolysis 

of this substrate into a fluorescent product (4-Methyl-umbelliferone) the 

fluorescence of which is measured at 450 nm.  

 The intensity of the fluorescence is proportional to the concentration of antigen 

present in the sample. At the end of the assay, results are automatically 

calculated by the instrument in relation to calibration curve which was stored in 

the memory, and then printed out. 

 

REAGENTS: 

 

The SPR (Solid Phase Receptacle): 

 

 The interior of the SPR is coated during production with mouse monoclonal 

anti-FSH immunoglobulins. 

 Each SPR is identified by the FSH code. Only required number of SPRs will 

be  removed from the pouch and carefully should be resealed after opening. 

 

The strip: 

 The strip consists of 10 wells covered with a labeled, foil seal. The label 

comprises a bar code which mainly indicates the assay code, kit lot number 

and expiration date.  

 The foil of the first well is perforated to facilitate the introduction of the 

sample.  

 The last well of each strip is a cuvette in which the fluorometric reading is 

performed. 

 The wells in the center section of the strip contain the various reagents 

required for the assay. 
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 Table 15: Reagents and Description of the FSH strip 

Wells                                        Reagents 

1 Sample well 

2-3-4-5 Empty wells 

6 Conjugate: alkaline phosphastase–labeled monoclonal anti- FSH 

 immunoglobulins(mouse)+1g/l sodium azide(400µl) 

7-8 Wash buffer: sodium phosphate (0.01 mol/l/) pH 7.4+1g/l sodium 

azide(600µl). 

9 Wash buffer: diethanalomine(1.1mol/l or 11.5%, pH 9.8) + 1g/l 

sodium azide(600µl) 

10 Cuvette with substrate: 4-methyl-ombellyferyl phosphate (0.6mmol) + 

diethanolamine (DEA) (0.62mol/l or 6.6%, pH 9.2) +1g/l sodium 

azide(300µl) 

 

Procedure: 

 

1.  Only required reagents removed from the refrigerator and allowed them to come to 

room temperature for at least 30 minutes.  

2.   One ―FSH‖ strip and one ―FSH‖ SPR used for each sample, control or calibrator 

to be tested. Make sure that the storage pouch has been carefully resealed after the 

required solid phase receptacles have been removed. 

3.  The test is identified by the ―FSH‖ code on the instrument. The calibrator must be 

identified by ―S1‖, and tested in duplicate. If the control needs to be tested, it 

should be identified by ―C1‖. 

4.  If necessary, clarify samples by centrifugation. 

5.  Mixed the calibrator, control and samples using a vortex type mixer (for serum or 

plasma separated from the pellet). 

6.  For this test, the calibrator, control, and sample test portion is 200µl. 



MATERIALS AND METHODS 

70 

7. Inserted the ―FSH‖ solid phase receptacles (SPRs) and ―FSH‖ strips into the 

instrument. Check to make sure the colour labels with the assay code on the SPRs 

and the reagent strips should be matched. 

8.  All the assay steps performed automatically by the instrument as initiated and 

directed in the user‘s manual. 

9.  Reclosed the vials and return them to the required temperature after pipetting. 

10. The assay will be completed within approximately 40 minutes. After the assay is 

completed, removed the SPRs and strips from the instrument. 

11. Disposed the used SPRs and reagent strips in an appropriated recipient. 

Results and Interpretation: 

 The assay is completed, results were analyzed by the computer automatically. 

Fluorescence is measured twice in the reagent strip‘s reading cuvette for each sample 

tested. The first reading is a background reading of the substrate cuvette before the 

SPR is introduced into the substrate. The second reading is taken after incubating the 

substrate with the enzyme remaining on the interior of the SPR. The RFV (Relative 

Fluoroscence Value) is calculated by substracting the background reading from the 

final result. This calculation appears on the result sheet. The results are automatically 

calculated by the instrument using calibration curves which are stored by the 

instrument. 

4.11.3. Estimation of Estradiol (E2)
 
. 

Method:  Chemiluminescence Immunoassay (CLIA)
4
. 

Principle: 

 In the presence of complimentary antigen and antibody, the paratope of the 

antibody binds to the epitope of the antigen to form an antigen-antibody or an immune 

complex. Estimating the levels of such immune complex by use of labelled antibodies 

form the basis of CLIA. It involves use of stationary solid particles coated either with 

the antigen or antibody of interest. Post incubation, which ensures intact immune 

complexes are formed, substrate is added. This result in generation of light, the 

intensity of which is directly proportional to the amount of labeled complexes present 

and which indirectly aids in quantification of the analyte of interest. The intensity of 

light is measured in terms of Relative Light Units (RLU). 
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  REAGENTS: 

              Table 16: Reagents for Estradiol (E2) 

                                    Reagents Conc 

Goat Anti-Rabbit IgG-coated microtiter wells 96 wells 

Estradiol Reference Standards: 0,10,30,100,300 and 

1000 pg/ml. Liquid, ready to use. 

0.50 ml/each 

Rabbit Anti-Estradiol Reagent 7.0 ml 

Estradiol-HRP Conjugate Reagent 12 ml 

50 x Wash Buffer Concentrate 15 ml 

Chemiluminiscence Reagent A 6.0 ml 

Chemiluminiscence Reagent B 6.0 ml 

         

             

 Assay Procedure: 

Preparation of Reagents: 

 All reagents should be allowed to reach room temperature (18-25.c) before 

use, and mixed by gently inverting or swirling prior to use. Avoid foaming. 

 To prepare substrate solution, make a 1:1 mixing of reagent A with Reagent 

B right before use. Mix gently to ensure complete mixing. Discard excess 

after use. 

 Dilute 1 volume of Wash Buffer (50x) with 49 volumes of distilled water. 

For example, Dilute 15 ml of Wash Buffer (50x) into 735ml of distilled 

water to prepare 750 ml of washing buffer (1X). Mix well before use. 
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Procedure: 

 

 Secured the desired number of coated wells in the holder. 

 Dispense 25µl of standards, specimens and controls into the appropriate wells 

 Dispense 50µl of rabbit anti-Estradiol(E2) reagent to each well 

 Dispense 100µl of Estradiol-HRP Conjugate Reagent into each well. 

 Throughly mix for 30 seconds. It is very important to mix them completely. 

 Incubate at room temperature (18-25C) for 90 minutes. 

 Rinse and flick the microwells 5 times with washing buffer (1X). 

 Strike the wells sharply onto absorbent paper to remove residual water 

droplets. 

 Dispense 100µl chemilumiscence microwell reader 5 minutes later( Between 

5 and 20 min. after dispensing the substrates the substrates). 

 Read well with a chemiluminescence microwell reader 5 minutes later. 

(Between 5 and 20 min after dispensing the substrates). 

 

Calculation of results: 

 

 Calculated the average read relative light units (RLU) for each set of 

reference standards, control and samples. In the absence of software, 

construct a standard curve by plotting the mean RLU obtained for each 

reference standard against E2 Pg/ml on linear graph paper,with RLU on the 

vertical(y) axis and concentration on the horizontal(x) axis. Using the mean 

absorbance value for each sample, determine the corresponding concentrate 

of E2 in pg/ml from the standard curve. 

 

Example of standard curve: 

 Results of a typical standard run are shown below. This standard curve is for 

the purpose of illustration only and should not be used to calculate 

unknowns. It is required that running assay together with a standard curve 

each time. The calculation of the sample values must be based on the 

particular curve, which is running at the same time. 
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E2(pg/ml) Relative Lights Units(RLU) (10
5
) 

0 15.2 

10 12.5 

30 9.6 

100 6.7 

300 3.6 

1000 1.8 

 

 

4.11.4. Estimation of Progesterone (P4): 

 

Method:  Chemiluminescence Immunoassay (CLIA)
5
. 

Principle: 

 In the presence of complimentary antigen and antibody, the paratope of the 

antibody binds to the epitope of the antigen to form an antigen-antibody or an immune 

complex. Estimating the levels of such immune complex by use of labelled antibodies 

form the basis of CLIA. It involves use of stationary solid particles coated either with 

the antigen or antibody of interest. Post incubation, which ensures intact immune 

complexes are formed, substrate is added. This result in generation of light, the 

intensity of which is directly proportional to the amount of labeled complexes present 

and which indirectly aids in quantification of the analyte of interest. The intensity of 

light is measured in terms of Relative Light Units (RLU). 
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Table 17:  Reagents for Progesterone: 

                                      Reagents Conc 

Goat Anti-Rabbit IgG-coated microtiter wells 96 wells 

Reference Standards: 0, 0.5, 3.0, 10, 25 and 50ng/ml, 

0.5 ml each, ready for use. 

1 set 

Rabbit Anti-Progesterone Reagent 7.0 ml 

Progesterone-HRP Conjugate concentrate 1.3 ml 

Progesterone-HRP Conjugate Diluent 13.0ml 

50 x Wash Buffer Concentrate 15 ml 

Chemiluminiscence Reagent A 6.0 ml 

Chemiluminiscence Reagent B 6.0 ml 

 

    Assay procedure: 

      Preparation of Reagents: 

 To prepare substrate solution, make a 1:1 mixing of reagent A with Reagent 

B right before use. Mix gently to ensure complete mixing. Discard excess 

after use. 

 Dilute 1 volume of Wash Buffer (50x) with 49 volumes of distilled water. 

For example, Dilute 15 ml of Wash Buffer (50x) into 735ml of distilled 

water to prepare 750 ml of washing buffer (1X). Mix well before use. 

 To prepare working progesterone-HRP conjugate Reagent, add 0.1ml of 

progesterone-HRP conjugate concentrate(11x) to 1.0 ml of progesterone-

HRP Conjugate Diluent(1:10 dilution) and mix well. The amount of 

conjugate diluted depends on your assay size. Discard the excess after use.       
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Procedure: 

 

 Secure the desired number of coated wells in the holder. 

 Dispense 25µl of standards, specimens and controls into the appropriate 

wells 

 Dispense 50µl of working progesterone-HRP Conjugate reagent into each 

well 

 Gently Mix it for 5 seconds 

 Dispense 50 µl of rabbit anti-progesterone Reagent to each well. 

 Throughly mix for 30 seconds. It is very important to mix them completely. 

 Incubate at room temperature (18-25C) for 90 minutes. 

 Rinse and flick the microwells 5 times with washing solution 

 Dispense 100µl chemilumiscence microwell substrate reagent into each well 

and mix for 5 seconds. 

 Read well with a chemiluminescence microwell reader 5 minutes later( 

Between 5 and 20 min after dispense the substrates). 

 

Calculation of results 

 Calculated the average read relative light units (RLU) for each set of reference 

standards, control and samples. In the absence of software, construct a 

standard curve by plotting the mean RLU obtained for each reference standard 

against P4 conc in ng/ml on linear graph paper,with RLU on the vertical(y) 

axis and concentration on the horizontal(x) axis. Using the mean absorbance 

value for each sample, determine the corresponding concentrate of P4 in ng/ml 

from the standard curve. 

 

Example of standard curve: 

 Results of a typical standard run are shown below. This standard curve is for 

the purpose of illustration only and should not be used to calculate unknowns. 

It is required that running assay together with a standard curve each time. The 

calculation of the sample values must be based on the particular curve, which 

is running at the same time. 
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P4(ng/ml) Relative Lights Units(RLU) (10
3
) 

0 97.4 

0.5 59.7 

3 40.8 

10 22.7 

25 11.3 

50 4.4 

 

4.12. STATISTICAL ANAYLYSIS: 

 The obtained data was analyzed and the values are expressed in terms of Mean + 

standard deviation. 

 To determine the significance of inter group differences, One Way Anova 

followed by ‗Post Hoc t tests‘ were done using SPSS software version 16. 

 Regression coefficient analysis is done to know the mean change in the 

dependant variable for one unit of change in the independent variable. 

 Level of significance established at p<0.05. 
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5.1.  Physical Anthropometric parameters: 

Table 18 shows the Results of Analysis of variance (ANOVA) of anthropometric 

parameters in all the four groups. Here we found there is significant increase in 

weight, Body surface area (BSA), Body mass index and Waist to hip ratio in post 

menopausal diabetic group (Group IV) along with increase in the age compared to all 

the other groups. 

Table 18: Results of Analysis of Variance(ANOVA) of Physiological parameters. 

*p<0.05, **p<0.01, *p<0.001 

 

5.2. Physiological parameters. 

Table 19 shows the Results of Analysis of variance(ANOVA)physiological 

parameters in all the four groups. Here we found Systolic Blood Pressure (SBP) 

showed significant increase in Group IV compared to all other groups. Diastolic 

Blood Pressure (DBP) significantly increased in Group III compared to Group II 

whereas it showed significant decrease in Group II compared to Group I 

(controls).Pulse Pressure (PP) (mmHg) showed significant increase in Group IV 

Parameter 

N=50 

Pre 

Menopause 

Non-Diabetic 

 

Mean+SD 

Group I 
a
 

Pre 

Menopause 

Diabetic 

 

Mean+SD 

Group II 
b
 

Post 

Menopause 

Non-

Diabetic 

Mean+SD 

Group III 
c
 

Post 

Menopause 

Diabetic 

 

Mean+SD 

Group IV 
d
 

 

ANOVA 

F-value P-Value 

Age(Yrs)  34.6 +6.3  35.3+5.4  54.90+5.9
a,b 

 56.0 + 5.8
a,b 

 194.841  0.000*  

Height(cm) 153.6+5.7  152.6+4.2  150.9 + 6.4   152.1+ 6.0  1.996  0.116  

Weight(kg) 58.4+7.57  55.9+7.6  55.3+7.2  60.62+7.51
b,c 

 5.514  0.001*  

BSA(m
2
) 1.55+0.09  1.51+0.10  1.49+ 0.11

a 
 1.56+0.11

c 
 4.364  0.005*  

BMI(kg/m
2
) 24.9+3.80  23.9+3.1  24.3+ 2.8  26.13+2.21

b,c 
 4.986  0.002*  

Waist to Hip 

Ratio(cm) 

0.90+0.10  0.95+0.25  0.94+0.15  1.06+0.23
a,b,c 

 5.712  0.001*  

Data expressed as Mean+SD. Means of different variables are compared by  ANOVA test 

followed by Post-Hoc test. Superscripts a,b,c, suggests significant difference between 

groups.   
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compared to all other groups and significantly decreased in Group III compared to 

Group II. Mean Arterial Pressure (MAP) and Pulse rate did not show any 

significant change among all the groups. 

      

 Table 19 : Results of Analysis of variance(ANOVA) of Physiological parameters  

Parameter 

N=50 

Pre 

Menopause 

Non-

Diabetic 

Mean+SD 

Group I 
a
 

Pre 

Menopause 

Diabetic 

 

Mean+SD 

Group II 
b
 

Post 

Menopause 

Non-Diabetic 

 

Mean+SD 

Group III 
c
 

Post 

Menopause 

Diabetic 

 

Mean+SD 

Group IV 
d
 

 

  ANOVA 

F-value P-Value 

SBP(mmHg) 117.0+9.4 123.3+7.7
a
 122.8+8.5

a
 125.6+8.20

a
 9.464 0.000* 

DBP(mmHg) 76.6+5.0 72.8+6.4
a
 77.0+5.3

b
 75.1+5.0 6.072 0.001* 

PP(mmHg) 40.3+8.08 50.4+8.74
a
 45.8+8.12

a,b
 51.32+ 9.97

a
 16.589 0.000* 

MAP(mmHg) 90.06+5.62 89.5+ 5.44 92.1+ 5.29 92.1+5.49 3.191 0.065 

PR(bpm) 71.9+6.0 71.4+4.2 73.2+4.2 72.5+4.7 0.600 0.616 

Data expressed as Mean+SD. Means of different variables are compared by ANOVA test 

followed by Post-Hoc test. Superscripts a,b,c, suggests significant difference between 

groups.  

 

*p<0.05, **p<0.01, *p<0.001 

5.3. Haematological parameters: 

Table 20 shows the Results of Analysis of variance(ANOVA) of haematological 

parameters in all the four groups. Here we did not find any statistically significant 

change in haematological parameters among the groups except white blood 

cells(WBC), which is significantly increased in Post menopausal diabetics (Group IV) 

compared to other groups. 
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Table 20: Results of Analysis of variance (ANOVA) of Haematological 

paramaters. 

Parameter 

N=50 

Pre 

Menopause 

Non-

Diabetic 

Mean+SD 

Group I 
a
 

Pre 

Menopause 

Diabetic 

 

Mean+SD 

Group II 
b
 

Post 

Menopause 

Non-

Diabetic 

Mean+SD 

Group III 
c
 

Post 

Menopause 

Diabetic 

 

Mean+SD 

Group IV 
d
 

 

ANOVA 

F-

value 

P-

Value 

RBC 

(millions/ 

mm
3
) 

4.74+0.49  

 

4.7+0.57  

 

 4.68+0.38  

 

4.62+0.44 0.924 0.430 

WBC 

(thousands/ 

mm
3
)  

7320.9+ 

1666.7  

 

7347.4+ 

2297.3  

 

8565.6+ 

2035.6
a,b

 

8636.2+ 

2279.1
a,b

 

 

6.16  

 

0.001* 

Hb(gm%) 

 

12.6+1.57 12.7+1.37 12.32+1.29 12.63+1.29 0.923  

 

0.430  

 

PCV(%)  

 

38.7+3.85 37.26+4.46 37.51+4.41 38.01+3.99 1.290 0.279 

MCV(fl) 82.2+8.07 82.16+6.37 83.72+6.72 83.99+6.42  

 

0.976  

 

0.405 

MCH(pg) 26.8+3.37 26.82+2.54  

 

26.33+2.65  

 

27.07+3.12  

 

0.559  

 

0.643 

MCHC (g/DL) 32.5+1.41  

 

32.23+1.51 31.740+2.05  

 

32.05+1.91  

 

2.059  

 

0.107  

 

Platelet count 

(lacks/mm
3
) 

3.11+0.80 3.53+0.86 3.31+0.86 3.16+0.81 2.512  

 

0.060 

Data expressed as Mean+SD. Means of different variables are compared by  

ANOVA test followed by Post-Hoc test. Superscripts a,b,c, suggests significant 

difference between groups.  

   *p<0.05, **p<0.01, *p<0.001 

5.4.  Blood Glucose Profile: FBS and HbA1c.  

Table 21 shows the Results of Analysis of variance (ANOVA) of Blood glucose 

profile. Here Fasting blood sugar significantly increased in Group II and IV compared 

to controls (Group I). FBS significantly decreased in Group III and IV compared to 

Group II. HbA1c significantly increased in Group II and IV compared to controls 

(Group I). HbA1c significantly increased in Group IV compared to Group III and 

significantly decreased in Group III compared to Group II. 
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Table 21: Results of Analysis of variance (ANOVA) of Blood glucose profile 

Parameter 

N=50 

Pre 

Menopause 

Non-

Diabetic 

Mean+SD 

Group I
a
  

Pre 

Menopause 

Diabetic 

 

Mean+SD 

Group II 
b
 

Post 

Menopause 

Non-

Diabetic 

Mean+SD 

Group III
c
  

Post   

Menopause 

Diabetic 

 

Mean+SD 

Group IV 
d
 

 

ANOVA 

F-value P-Value 

FBS(mg/dl) 83.0+10.7 200.8+86.8
a
 89.3 + 13.1

b
 149.4+ 51.7 

a,b,c
 58.738 0.000* 

HbA1c(%) 5.3+0.7 7.9+1.5
a
 5.5 + 0.5

b
 7.9+1.9 

a, c
 54.991 0.000* 

Data expressed as Mean+SD. Means of different variables are compared by ANOVA test 

followed by Post-Hoc test. Superscripts a,b,c, suggests significant difference between groups.  

*p<0.05, **p<0.01, *p<0.001 

 

Percentage Difference of Blood Glucose Profile-(Fasting Blood Sugar (FBS) and 

Glycosylated Haemoglobin (HbA1c): 

The percentage difference among all the groups is expressed as E1, E2 and E3 

considering Pre Menopause Non-Diabetics as controls: 

E1= Pre Menopause Non Diabetic - Pre Menopause Diabetic (G1-G2). 

E2= Pre Menopause Non Diabetic - Post Menopause Non-Diabetic (G1-G3). 

E3= Pre Menopause Non Diabetic - Post Menopause Diabetic (G1-G4).    

  

 

Figure 7: Percentage Difference of FBS and HbA1c 
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Figure 7 shows that Fasting Blood Sugar(FBS) levels is 141.92% increased in Pre         

menopausal diabetics(E1) compared to other groups(E2,E3) where as Glycosylated 

haemoglobin(HbA1c) remains same(49.05%) in both E1, E3(Pre and Post menopausal 

diabetics) and is decreased 3.77% in E2(Post menopausal non-diabetics) group. 

5.5.Thyroid Hormonal Assay (TSH, T3, T4): 

Table 22 shows the Results of Analysis of variance(ANOVA) of thyroid hormonal 

assay. 

 TSH did not show any significant change among all the groups. 

 T3 and T4 showed significant increase in Post menopausal diabetics (Group IV) 

compared to controls (Group I). 

 

Table 22: Results of Analysis of variance(ANOVA) of Thyroid Hormonal Assay. 

 

Parameter 

N=50 

Pre 

Menopause 

Non-

Diabetic 

Mean+SD 

 

Group I 
a

 

Pre 

Menopause 

Diabetic 

 

Mean+SD 

 

Group II 
b

 

Post 

Menopause 

Non-

Diabetic 

Mean+SD 

 

Group III 
c
 

Post 

Menopause 

Diabetic 

 

Mean+SD 

 

Group IV 
d

 

 

  ANOVA 

F-value P-Value 

TSH(mµIU/m) 3.0+1.49 2.55+1.49 2.8 + 1.49 2.5+1.58 1.327 0.26 

T3(nmol/L) 1.4+0.5 1.6+0.4 1.7+ 0.3 1.8+0.6 a 3.576 0.01* 

T4(nmol/ml) 90.01+11.3 93.3+15.98 94.5+ 19.9 98.7+18.15
a
 2.367 0.07 

Data expressed as Mean+SD. Means of different variables are compared by ANOVA test followed 

by Post-Hoc test. Superscripts a,b,c, suggests significant difference between groups.  

*p<0.05, **p<0.01, *p<0.001 

Percentage difference of Thyroid hormonal profile among the groups. 

The percentage difference among all the groups is expressed as E1, E2 and E3 

considering Pre Menopause Non-Diabetics as controls: 

 E1= Pre Menopause Non Diabetic - Pre Menopause Diabetic (G1-G2). 

 E2= Pre Menopause Non Diabetic - Post Menopause Non-Diabetic (G1-G3). 

 E3= Pre Menopause Non Diabetic - Post Menopause Diabetic (G1-G4). 
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     Figure 8: Percentage difference of Thyroid Hormonal Assay (TSH, T3, T4): 

 

 Figure 8 shows that, there is 28.57% increase in T3 and 9.75% increase in T4   

levels in post menopausal diabetics compared to other groups 

 TSH levels shows -16.83% decrease in post menopausal diabetics compared 

to other groups. 

5.6. Reproductive Hormonal Assay: 

Table 23 shows the Results of Analysis of variance(ANOVA) of Reproductive 

Hormonal assay(Luteinizing hormone and Follicle stimulating Hormone). 

 This table indicates that there is significant increase in LH and FSH in Group 

III and IV compared to Group I and II. 

 There is significant decrease in Group IV compared to Group III. 
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Table 23: Results of Analysis of variance(ANOVA) of LH & FSH 

 

Parameter 

N=50 

Pre 

Menopause 

Non-

Diabetic 

Mean+SD 

 

Group I 
a

 

Pre 

Menopause 

Diabetic 

 

Mean+SD 

 

Group II 
b

 

Post 

Menopause 

Non-

Diabetic 

Mean+SD 

 

Group III 
c
 

Post 

Menopause 

Diabetic 

 

Mean+SD 

 

Group IV 
d

 

 

  ANOVA 

F-value P-Value 

LH(mIU/ml) 

 

9.7+6.8 5.8+ 3.6 26.2+12.2a,b 20.2+10.5a,b,c 50.846 0.000* 

FSH(IU/L) 9.1+6.0 8.5+ 5.3 67.4+29.9a,b 55.4+29.0a,b,c 103.02 0.000* 

Data expressed as Mean+SD. Means of different variables are compared by ANOVA test followed 

by Post-Hoc test. Superscripts a,b,c, suggests significant difference between groups.  

    *p<0.05, **p<0.01, *p<0.001 

Percentage difference of LH and FSH among the groups. 

The percentage difference among all the groups is expressed as E1, E2 and E3 

considering Pre Menopause Non-Diabetics as controls: 

E1= Pre Menopause Non Diabetic - Pre Menopause Diabetic (G1-G2) 

E2= Pre Menopause Non Diabetic - Post Menopause Non-Diabetic (G1-G3) 

E3= Pre Menopause Non Diabetic - Post Menopause Diabetic (G1-G4) 
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Figure 9: Percentage difference of LH and FSH 

Figure 9 shows that, there is 108.24% of LH and 508.79% of FSH levels are 

decreased in post menopause diabetics compared to post menopausal non-diabetics. 

Estradiol(E2) & Progesterone(P4): 

Table 24 shows the Results of Analysis of variance(ANOVA) of Reproductive 

Hormonal assay( Estradiol and Progesterone ). 

 Estradiol and Progesterone showed significant decrease in Group III and IV 

compared to Group I and II.  

 Progesterone showed significant decrease in Group II compared to Group I. 
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Table 24: Results of Analysis of variance(ANOVA) of E2 & P4 

Parameter 

N=50 

Pre 

Menopause 

Non-Diabetic 

 

Mean+SD 

Group I
a
  

Pre 

Menopause 

Diabetic 

 

Mean+SD 

Group II
b
  

Post 

Menopause 

Non-

Diabetic 

Mean+SD 

Group III
c
  

Post 

Menopause 

Diabetic 

 

Mean+SD 

Group IV
d
 

 

  ANOVA 

F-value P-Value 

Estradiol 

(pg/ml) 

107.6+85.4  87.0+62.2  22.2+12.3
a,b 

 17.9+10.3
a,b 

 35.952  0.000* 

Progesterone

(ng/ml) 

3.1+1.9  2.2+0.9
a 

 0.8+0.2
a,b 

 0.2+0.1
a,b 

 27.372  0.000* 

Data expressed as Mean+SD. Means of different variables are compared by ANOVA test 

followed by Post-Hoc test. Superscripts a,b,c, suggests significant difference between groups.  

                                                       

Percentage difference of Estradiol (E2) and Progesterone(P4) among the groups. 

         The percentage difference among all the groups is expressed as E1, E2 and E3 

considering Pre Menopause Non-Diabetics as controls: 

 E1= Pre Menopause Non Diabetic - Pre Menopause Diabetic. 

 E2= Pre Menopause Non Diabetic - Post Menopause Non-Diabetic. 

 E3= Pre Menopause Non Diabetic - Post Menopause Diabetic. 

 

Figure 10: Percentage difference of Estradiol (E2) and Progesterone (P4) 

Figure 10 shows that, there is -83.36% of Estradiol and -93.54% of Progesterone 

values were decreased in Post menopausal diabetics compared to other groups. 
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5.7.   Regression coefficient analysis: 

         Regression co-efficient analysis was done between Thyroid profile (TSH, T3, T4) as 

dependable variables and remaining other variables as independent variables by 

holding other variables Constant. 

 Regression coefficient analysis: TSH(dependent variable) 

  Table 25 shows Analysis of correlation between TSH and Hormonal profile and 

glucose homeostasis in pre and post menopausal non-diabetic and diabetic women.  

Here we found 1mIU/ml in LH results in 0.058 muIU/ml increase (p=0.04) in TSH, as 

well as 1IU/L of increase in FSH results in 0.028 muIU/ml decrease (p=0.01) in TSH 

in post menopausal non-diabetic women. 

Table 25 :Analysis of correlation between TSH and Hormonal profile 

                  GROUPS Parameter       B Beta           t       sig     

 

  FBS   -0.023 -0.168    -1.088 0.283  

 Pre Menopause Non-Diabetic HbA1c   -0.116 -0.071  -0.44 0.662  

 

Estradiol   -0.004 -0.218  -1.443 0.156 

 

Progesterone    -0.018 -0.034  -0.21 0.834  

  

LH -0.019 -0.102  -0.599 0.552 

 

FSH         0.041 0.198  1.088 0.283  

 

MAP     0.039 0.145  0.993 0.326 

 

    

  

 

 

Pre Menopause Diabetic  FBS      0.000 -0.032  -0.198  0.844 

 

 HbA1c   -0.213 -0.223  -1.343 0.186 

 

 Estradiol         0.002 0.064  0.353 0.726 

 

 Progesterone   -0.093 -0.124  -0.801 0.427 

 

LH   -0.047 -0.146  -0.702 0.487 

 

FSH     0.031 0.141  0.617 0.54 

 

MAP   0.029 0.106  0.67 0.507 

 

    

  Post Menopause Non-Diabetic FBS -0.01  -0.087  -0.542 0.591 
       

 

HbA1c        0.254 0.097  0.619 0.531 

 

   Estradiol 

-0.031 

 -0.031 

 

 -0.259 

 

 -1.776 0.083 

     Progesterone 

-0.379 

 -0.379 

 

 -0.182  -1.334 0.189 

 

   LH        0.058 0.483  2.037  0.048* 

 

   FSH  -0.028 -0.579  -2.43  0.019* 

 

   MAP  0.067 0.241  1.735 0.09 

 

    

  Post Menopause Diabetic    FBS 0.002 0.052  0.324 0.747 

 
   HbA1c 0.125 0.151  0.945 0.35 
          

 

   Estradiol -0.008          -0.062   -0.389 0.699 

 

       

 

   Progesterone  0.326 0.036  0.238 0.813 

 

LH 0.043 0.282    1.486 0.145 

 

FSH  -0.011   -0.181      -0.985 0.33 

 

   MAP  -0.056   -0.193       -1.247 0.219 

 

           p<0.05, **p<0.01, *p<0.001           



RESULTS 

89 

Regression coefficient analysis: T3( dependent variable) 

Table 26 shows Analysis of correlation between T3 and Hormonal profile and glucose 

homeostasis in pre and post menopausal non-diabetic and diabetic women. Here we 

could not find any significant changes between dependant (T3) and    independent    

variables.      

Table 26: Results of Analysis of correlation between T3 and other hormonal 

profile. 

GROUPS Parameter       B Beta           t       sig     

 

  FBS -0.004 -0.078       -0.511      0.612  

 Pre Menopause Non-Diabetic HbA1c  0.064 0.107  0.671 0.506  

 

Estradiol -0.001 -0.172       -1.152 0.256 

 

Progesterone   0.045 0.24      1.505 0.14  

  

LH   0.016 0.226       1.343 0.186 

 

FSH      -0.017 -0.23    -1.279 0.208  

 

MAP     0.006 0.065    0.445 0.659 

 

    

  

 

 

Pre Menopause Diabetic  FBS 0.001 0.145  0.947 0.349 

 

 HbA1c -0.079 -0.302  -1.903 0.064 

 

 Estradiol -0.001 -0.211  -1.222 0.228 

 

 Progesterone 0.05 0.244  1.66 0.104 

 

LH 0.002 0.026  0.132 0.896 

 

FSH 0.012 0.193  0.887 0.38 

 

MAP 0.009 0.117  0.776 0.442 

 

    

  Post Menopause Non-Diabetic FBS      0.005   0.165  0.963 0.341 
       

 

HbA1c        -0.09   -0.131  -0.786 0.436 

 

   Estradiol 

-0.031 

    0.001     0.041  0.262 0.794 

     Progesterone 

-0.379 

    0.011     0.019  0.134 0.894 

 

   LH     0.015     0.458  1.814 0.077 

 

   FSH    -0.007   -0.526  -2.076 0.066 

 

   MAP    -0.011   -0.153  -1.013 0.317 

 

     

 Post Menopause Diabetic    FBS     -0.002 -0.164    -1.059 0.296 

 
   HbA1c        0.055 0.161     1.034 0.307 
 -0.002    0.819     

 

   Estradiol -0.002         -0.036      -0.231 0.819  
 0.02    0.1  

 

   Progesterone 0.823 0.209     1.425 0.161 

 

LH 0.02 0.31       1.681 0.1 

 

FSH    -0.005 -0.22        -1.23 0.225 

 

   MAP    -0.024   -0.189          -1.254 0.217 
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Regression coefficient analysis: T4 (dependent variable )                                             

Table 27 shows Analysis of correlation between T4 and Hormonal profile and glucose 

homeostasis.Here we found 1gm% of increase in Glycosylated haemoglobin(HbA1c)  

results in 4.169 nmol/l increase(p=0.04) in T4 in Pre menopause Non diabetic women 

compared to all other groups.  

Table 27: Analysis of correlation between T4 and Hormonal profile. 

 

GROUPS Parameter       B Beta           t       sig     

 

  FBS 0.247   0.232         1.515 0.137  

 Pre Menopause Non-Diabetic HbA1c 4.169    0.337        2.098   0.042*  

 

Estradiol -0.007  -0.054  -0.359 0.721 

 

Progesterone -0.177  -0.045  -0.282 0.779  

  

LH -0.196  -0.135  -0.8 0.428 

 

FSH 0.115   0.073  0.405 0.687  

 

MAP -0.107  -0.053  -0.362 0.719 

 

    

  

 

 

Pre Menopause Diabetic  FBS 0.022  0.12  0.81 0.422 

 

 HbA1c -1.634 -0.16  -1.047 0.301 

 

 Estradiol 0.051 0.2  1.2 0.237 

 

 Progesterone 1.465    0.182  1.285 0.206 

 

LH -1.237  -0.362  -1.895 0.065 

 

FSH 0.355    0.152  0.723 0.474 

 

MAP 0.283    0.096  0.663 0.511 

 

    

  Post Menopause Non-Diabetic FBS 0.237    0.156  0.916 0.365 
  -0.055     

 

HbA1c      -1.941  -0.055  -0.331 0.742 

 

   Estradiol 

-0.031 

0.357   0.221  1.435 0.159 

     Progesterone 

-0.379 

5.14   0.183  1.268 0.212 

 

   LH 0.566   0.348  1.386 0.173 

 

   FSH -0.153 -0.23  -0.912 0.367 

 

   MAP -1.048  -0.279  -1.905 0.064 

 

     

 Post Menopause Diabetic    FBS    -0.017 -0.05  -0.307 0.761 

 
   HbA1c 0.305 0.034  0.206 0.838 
 -0.002         

 

   Estradiol -0.331           -0.224    -1.379   0.175  
 0.02      

 

   Progesterone 1.484 0.014  0.093 0.926 

 

LH 0.135 0.078    0.405 0.687 

 

FSH     -0.089   -0.143       -0.763 0.45 

 

   MAP     -0.129                -0.039       -0.242 0.81 

 

             *p<0.05, **p<0.01, *p<0.001    
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Percentage difference between premenopausal diabetic and non-diabetic women: 

Table 28 : Percentage difference between Premenopausal diabetic and non-  

diabetic women.      

 Among Anthropometric Parameters, Age (2.02%), Wst.Hip ratio (5.55%) 

increased where as Height (-0.65%), Weight (-4.28%), BSA (-2.58%), BMI (-

4.01%) values were decreased. 

 Among Physiological Parameters, SBP (5.38%), P.P(25.06%) values were 

increased where as DBP( -4.96%), MAP(-0.62%), Pulse rate(-0.69%) showed 

decreased values. 

 Among Haematological parameters, RBC (-0.84%), PCV (-3.72%), MCV (-

0.04%), MCHC (-0.83%) values were decreased where as WBC (0.36%), Hb 

(1.19%), Platelets (13.50%), values were increased. 

 In Blood glucose profile, FBS showed 141.92% and HbA1c showed 49.05% 

increase in their values. 

 In Thyroid Hormonal Assay, TSH is decreased to -15.84% where as T3 is 

increased to 14.28% and T4 are increased to 3.67%. 

 In Reproductive hormonal Assay, E2 is decreased to -19.14%, P4 is decreased 

to -20.03%. 

 In Reproductive hormonal assay, LH is decreased to -40.20%, FSH is 

decreased to -6.59%. 

 

 
Anthropometric Parameters 

      Age   Height    weight      BSA    BMI 

 

    Waist Hip ratio 

  

 

2.02% -0.65% -4.28% -2.58% -4.01% 

 

  5.55% 

  

 

 
 

Physiological Parameters 

   

 

   SBP     DBP        PP       MAP      P.R 

 

 

 

 

 

5.38% -4.96% 25.06% -0.62% -0.69% 

 

 

  

 
                                   Haematological  Parameters 

  

 
    RBC   WBC       Hb      PCV     MCV 

 

     MCH  MCHC Platelets 

 

-0.84% 0.36% 1.19% -3.72% -0.04% 

 

0.07% -0.83%    13.50% 

                                   Blood Glucose Profile 

       FBS   HbA1C 

      

 

 141.92% 49.05% 

    

  
                                Thyroid Hormonal Assay 

  

 

    TSH      T3     T4 

 

 

  

 

 -15.84% 14.28% 3.67% 

 

 

 

 

                          Reproductive Hormonal  Assay 

   

 

     E2       P4 

 

LH 

 

 FSH 

  

  

 -19.14% -29.03% 

 

-40.20  -6.59% 
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Table 29:   Percentage difference between Post menopausal Diabetic and Non- 

Diabetic women 

 Among Anthropometric Parameters, Age (2.00%), Height (0.79%), Weight 

(9.62%), BSA (4.69%), BMI (7.53%), Waist Hip ratio (12.76%) increased in 

their values. 

 Among Physiological Parameters, SBP (2.28%), PP (12.05%) values were 

increased where as DBP (-2.46%), P.R (-0.95%) values were decreased. 

 Among Haematological Parameters, RBC(-1.28%), Platelets(-4.53%) values 

were decreased where as WBC(0.82%), Hb(2.51%), PCV(1.33%), 

MCV(0.32%), MCH(2.81%), MCHC(0.97%) Values were increased. 

 In Blood glucose profile, FBS is increased to 67.30%, HbA1c is increased to 

43.63%. 

 In Thyroid Hormonal Assay TSH is decreased to -10.71% where as T3 is 

increased to 5.88% and T4 is increased to 4.44%. 

 In Reproductive Hormonal Assay, E2 is decreased to –19.36%, P4 is decreased 

to -75.00%. 

 In Reproductive Hormonal Assay,LH is decreased to – 22.90%, FSH is 

decreased to -17.80%. 

 
 

Anthropometric Parameters 
      Age   Height    weight      BSA    BMI 
 

    Waist Hip ratio 
 

 
2.00% 0.79% 9.62% 4.69% 7.53% 

 
12.76% 

  

 
 

 
Physiological Parameters 

      SBP     DBP        PP       MAP      P.R 
 

 
 

 
 2.28% -2.46% 12.05% 0.00% -0.95% 

 
 

  

 
                                   Haematological  Parameters 

  

 
   RBC     WBC       Hb      PCV     MCV 

 
     MCH    MCHC  Platelets 

 
-1.28% 0.82% 2.51% 1.33% 0.32% 

 
2.81% 0.97%  -4.53% 

                                   Blood Glucose Profile 
   FBS HbA1C 

      

 
 67.30% 43.63% 

    

 
                                Thyroid Hormonal Assay 

  

 
    TSH      T3     T4 

 
 

  

 
 -10.71% 5.88% 4.44% 

 
 

                                 Reproductive Hormonal  Assay 
   

 

     E2       P4 
 

LH 
 

 FSH 
  

  
 -19.36% -75.00% 

 
-22.90%  -17.80% 
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Table 30:  Current research findings with other research findings. 

   Author             Research findings 

Suresh DR et al., 2014 

 

Riyaz M., 2015 

 

 

Venkateshwarlu N 

et al., 2013. 

 

Mukherjee S et al,2015 

 

 

Alam MJ et al., 2013 

 

 

Gupta PK., 2013. 

 

Singh T et al., 2014 

 

 

 

Gosavi RV et al., 2017 

 

 

Umpierrez GE et al., 

2013. 

 

Present study 

Found Dysfunction of thyroid in diabetes and there was no 

association between glycaemic control and thyroid function status. 

 
Found higher prevalence of hypothyroidism among Type 2 

Diabetic patient and females are more vulnerable to thyroid 

disorder as compared to males. 

 
Found that diabetic1s are at increased risk for hypothyroidism and 

their Fasting glucose levels do not predict the risk. 

 

Found  Primary Hypothyroidism is highly prevalent in patients 

with T2DM 

 

Found high incident of abnormal thyroid hormones in diabetic 

subjects. Found good comparison between hypothyroidism and 

diabetic subjects. 

 

Found high frequency of  hyperlipidemia and hypothyroidism in 

type-2 diabetes mellitus subjects.  

Found high prevalence of thyroid disorders in diabetes. Thyroid 

disorders are more common in females and  the most common 

thyroid disorder is hypothyroidism. The association of thyroid 

disorders is more frequent in diabetics who have deranged 

metabolic control. 

 

Found Thyroid dysfunction is more common among type 1 

diabetics, especially females. So the estimation of anti-TPO 

antibodies is necessary in detecting thyroid dysfunction in type 1 

diabetics. 

 

Found   the association between autoimmune thyroid dysfunction 

and type 1 diabetes. 

 

   The current findings of our research are thyroid disorders 

deteriorates the glucose metabolism in post menopausal women 

suffering from Diabetes Mellitus. So monitoring of thyroid profile 

in post menopausal diabetic women would be a better therapy in 

future.     
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6.1.  Physical Anthropometric parameters: 

 In the present study, Weight, Body surface Area (BSA), Body Mass Index 

(BMI) and Waist to Hip Ratio were found to be significantly more in Post menopausal 

diabetic women compared to the other groups which may be due to obesity. Obesity is 

considered as one of the commonest causes of diabetes in post menopausal women. 

―Wing RR and Svendesen OL showed that women tend to gain weight and undergo 

an alteration to their fat distribution in mid-life‖
1, 2

. 

 At menopause, decreased production of ovarian hormones which leads to 

many functional and endocrinological disturbances, including increase in the body 

weight and decrease in the basal body metabolism. These may contribute to weight 

gain
3
. 

 In women, decreased production of estrogen at menopause may be due to 

alteration in their body fat distribution and these changes are due to change in the 

metabolism of adipose tissue. Estrogen is considered as one of the influencing factor 

for the activity of adipose tissue lipoprotein lipase (LPL) and lipolysis
4
. Decreased 

levels of estrogen favours for central body obesity by exerting negative effect on the 

metabolism of fat 
5,6

. 

 Reduction in the receptors of insulin on the insulin responsive cells may also 

leads to the common diabetogenic factor obesity
7. 

There is an increased prevalence of 

diabetes which is associated with the increased rate of excess weight and obesity. It 

has been assessed that over 90% of type 2 diabetic subjects owed to excess weight. 

Diabetes often coexists with obesity
8,9

.        

 Both obesity and physical inactivity are responsible for the development of 

insulin resistance. The insulin resistance together with dysfunction of β-cell and 

apoptosis are the two important fundamental mechanisms for the development of 

diabetes in menopausal women 
10,11

. 

 The adipose tissue produces and releases some hormones along with the other 

biologically active molecules know as ‗adipokines‘ which plays an important role in 

the regulation of various metabolic activities
12

.  
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 So among these adipokines, ‗adiponectin‘ may directly or indirectly affect the 

sensitivity of insulin through the modulation of insulin signaling and the glucose 

molecules and the metabolism of lipid. Decline in the circulating levels of adiponectin 

by the genetic and environmental factors is associated with the development of 

diabetes mellitus
13,14 

 There is a strong link between increase in the body fat and production of 

adipokine especially, leptin
15

.  Leptin is an adipose derived hormone and has been 

involved in the regulation of adipose mass. So it plays an important role in the 

alteration of both insulin sensitivity and secretion of insulin
16-21

. 

 Studies also revealed that the deficiency of leptin or the leptin receptor, not 

only contributes to the obesity, but also becomes both insulin resistant and glucose 

intolerant and they are at high risk of developing diabetes mellitus
22,23

. This suggests 

that leptin may act directly and affect the function of pancreatic β- cells
24 

 The other factors which are involved in the development of obesity in post 

menopausal diabetic women are discovery of macrophage infiltration in the 

abdominal adipose tissue. Unbalanced production of adipokines. Apart from this, 

there is increased cellular uptake of non-esterified fatty acids (NEFA) aggravated in 

an obese state without any subsequent β oxidation. This may leads to the 

accumulation of lipid metabolites and causes defects in the pathway of insulin 

signaling
25,26

. 

.     There are several mechanisms proposed to explain about the weight gain 

associated with diabetes in post menopausal women. There is a decrease in the 

sensitivity of insulin by the accumulation of fat mass in general. Excess abdominal 

adipose tissue closely associated with glucose intolerance and actions of insulin
27

. 

 Within the adipocyte an increase in the expression of products such as tumour 

necrosis factor α(TNF-α) along with leptin may contribute to the deterioration of 

sensitivity of insulin. Recently a novel protein has been discovered known as resistin 

which plays an important role in providing the molecular link between diabetes and 

obesity
28

. 
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  ―The metabolic effects of obesity on circulating estrogen hormone is a 

progressive decrease of sex hormone binding globulin (SHBG) with increase in the 

body mass index (BMI) in both pre and post menopausal women
29

.  

 The other secondary causes of obesity which may leads to the diabetes in 

women may be due to principal glucocorticoid and cortisol significantly contributes to 

the regulation of carbohydrates, proteins, lipids etc. These factors enhance the blood 

glucose production by opposing the insulin secretions and its actions. So that there is 

increase in the peripheral break down of proteins which enhances the activation of 

lipoprotein lipase in the adipocytes and this in turn increases the accumulation of fat
30

. 

 So the post menopausal diabetic women have increased tendency in gaining 

weight. Menopausal transition itself makes them to gain body weight is still unclear. 

But, it is known that the physiological withdrawal of estrogen at menopausal stage 

itself brings the changes in distribution of fat
31

. 

Mechanism between Menopause, Obesity and diabetes: 

 In menopausal women, the level of sex hormone binding globulin (SHBG) is 

decreased which leads to the depletion of estrogen and increases the androgen levels. 

The decrease of the sex steroids (estrogen and progesterone) in post menopausal 

women leads to increased activity of lipoprotein lipase in the abdominal subcutaneous 

adipose tissue. These changes contributes to obesity by triggering the changes in the 

body metabolism (Figure 11). This in turn make the adipose tissue to release the 

amount of fatty acids,glycerol, hormones, proinflammatory cytokines and other 

factors. All these factors may contribute to the development of insulin resistance 

which is accompanied by the dysfunction of pancreatic islet betacells.  It is difficult to 

control the blood glucose level. These all features together contribute to the 

development of diabetes in post menopausal women
32-34

. 
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Figure 11: Mechanism between Menopause, Obesity, Diabetes 
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6.2. Physiological Parameters: 

 In the present study, SBP increased and DBP decreased where as pulse 

pressure increased in post menopausal diabetics compared to the other groups and 

there is no change in mean arterial pressure and pulse rate.  

          Increase in the SBP in post menopausal diabetics might be due to reduced 

levels of estrogen. Our finding is in agreement with seely et.al, that there is increase in 

the blood pressure by decreasing the effect of Estradiol 
35

. 

         The reason for decrease in the DBP might be due to age related decline, which is 

assumed to be from early recoil of pressure wave because of increase in the stiffness 

of artery and deficient state of compliance of proper larger artery. So there is a 

shifting of reflection wave from diastole to systole and it results in increasing the 

systolic and decreasing the diastolic blood pressures. These observations were 

supported by Ronnback M et al 
36.

.  

        The change in the arterial or arteriolar stiffness in menopausal women is 

associated with increase in the blood pressure. The increase in the diastolic blood 

pressure up to the age of 50 is due to the increase in peripheral vascular resistance 

(PVR). So the stiffness of artery and peripheral vascular resistance may contributes 

towards the increase in systolic blood pressure (SBP), though, there is increase in the 

diastolic pressure along with peripheral vascular resistance but it decreases with the 

large artery stiffness(LAS). The acceleration of large artery stiffness that may 

contributes to the steeper increase in systolic blood pressure as the age advances
37

.                                                                                

 It has been suggested that, sex steroids protect the women from hypertension 

in fertile phase and the withdrawal of gonadal steroids may play a role in 

modifications of B.P control. Infact, at menopause, the role played by with drawl of 

steroids is still controversial. These steroids may also regulate the functions of blood 

vessels
38

. 

―The endothelium-mediated dilating effect of estrogens disappears in women with the 

alterations in endothelium and it appears to decrease with time since menopause, 

being lost several years after menopause
39,40 

‖.The activity of the endothelial cells via 

genomic and non-genomic signaling is influenced by estrogens
41-44

. 
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 Glycaemia or insulin resistance affects arterial stiffening through several 

mechanisms. ―Chronic hyperglycaemia may increase sympathetic tone, promotes 

reabsorption of sodium, activates renin-angiotension aldosterone system and increases 

systemic and vascular inflammation
45,46

. 

 The complex mechanisms where hyperglycaemia damages the blood vessel 

endothelial cells includes, activation of protein kinase C, increased expression of 

adhesion molecules, adherence and uptake of leukocytes, production of proliferative 

substances and proliferation of the cells of endothelium, synthesis of collagen IV and 

fibronectin etc
47

. 

 As some studies showed that, diabetes is associated with an increase in the 

arterial stiffness or a decrease in the vascular compliance
48-51

. Although it is probable 

that diabetes increases pulse pressure by increasing stiffness of the artery, there has 

been no exploration of the direct relation between pulse pressure and progression to 

diabetes. In one study, it has been postulated that the association between pulse 

pressure and diabetes leads to increase in the stiffness of the arteries
52

.  

 There are usually high to normal glucose levels and mild hyperglycaemia is 

constantly observed in the insulin resistant subjects as well as in the subjects of 

hypertensives
53

.Some other findings also suggest that the increased blood pressure 

may contribute to increased risk of type 2 diabetes
54-57

.  

 The other mechanism where blood pressure is high in post menopausal women 

associated with aging is the activation of renin angiotensin system (RAS). The plasma 

renin activity increases in the post menopausal women which suggest the activation of 

renin angiotensin system (RAS). The genetic component of RAS as renin gene 

polymorphisms that contributes to post menopausal hypertension in women aged 40 

to 70
58-60

. 

Still it is not clear about the mechanisms where increase in the blood pressure shows 

negative effect on diabetes risk. The association of BP and endothelial dysfunction 

could be one of the possible explanations which may be related to insulin resistance 

and development of diabetes
61

.     
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Mechanism between Menopause, Diabetes and Blood pressure: 

There are diverse mechanisms for elevating blood pressure in post menopausal 

diabetic women. The decrease in the sex steroids, ‗estrogen‘ and ‗progesterone‘ leads 

to obesity by decreasing the levels of leptin. This increases the sympathetic activity of 

kidney. It increases renal vascular resistance and it ultimately it increases the blood 

pressure. Possibly, the decrease in the estrogen and progesterone levels and increasing 

the androgen levels leads to increase in the angiotensin II . These factors leads to the 

dysfunction of endothelium. It increases renal vascular resistance(RVS) and thus 

increase in the blood pressure. At the same time, the other mechanism which is 

responsible for the elevation of blood pressure is, decline in the estrogen levels which 

may have direct effect on insulin sensitive cells (Figure 12 ). Therefore it develops 

hyperglycaemia which also induces renal sodium retention and extra vascular shift of 

fluid and sodium. These all factors contributes to the development of insulin 

resistance thus by increasing renal vascular resistance which may finally elevates the 

blood pressure in post menopausal diabetics
62-64

.  

                                   

 

 

 

                  

 

 

 

 

 

 

Figure 12:  Mechanism between Menopause, Diabetes and Blood Pressure 
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6.3.Haematological profile: 

 In the present study, there is no much difference observed in haematological 

profile.WBC count significantly increased in post menopausal diabetic women 

compared to the other groups and one of the causes may be insulin resistance. 

   Chronic low grade inflammation has been considered as an important 

component in the pathogenesis of development of insulin resistance and type 2 

diabetes mellitus
65

. 

  If there is defect in the action of insulin on the insulin sensitive tissues like 

adipose tissues, muscle and liver may contributes to a chronic, low grade state of 

inflammation. So the process which may be linked to chronic state of inflammation 

may lead to reduced action of insulin and insulin resistance
66

. 

 ―Inflammation on its own can impair insulin signaling and promote β cell 

death
67,68

.‖ There is an evidence from some of the epidemiological studies suggests 

that there is an ―association between the white blood cell count (WBC), a non-specific 

marker of inflammation and risk of diabetes
69

. 

 Many studies demonstrated that higher white blood cell count is linked to 

metabolic syndrome but the possible explanation is not clear. The pathophysiological 

mechanism that may link increase in the white blood cell count to insulin resistance 

was not completely understood. Some authors have concluded that both the white 

blood cell count (WBC) and insulin resistance may depend on the activation of the 

immune system
70

. 

 Our finding is in agreement with other researchers that, increase in the WBC 

count in post menopausal diabetic women might be associated with the deterioration 

of glucose metabolism
71-74

. 

 

 

 

 



DISCUSSION 

103 

6.4. Blood glucose profile: 

 In the present study, glucose levels are more in pre menopause diabetics 

compared to other groups. The exact reason is not known but it might be assumed that 

early menarcheal age might be one of the reasons for increased risk of developing 

diabetes which is in agreement with several studies
75-77

.  

 ―Baek et al. studied in Korean women and defined early age at menarche as 

less than 13 years and average age at menarche as 13-16 years. Early menarche was 

significantly associated with pre diabetes, diabetes, and hyperglycemia‖ 
78

.  

 Similar results were observed in a study of women in the USA by Chen et al. 

defining early menarche as ≤12 years and average age at menarche as 12–14 years of 

age
79

. Decreased menarcheal age associated with diabetes suggests that there are 

several factors aside from reproductive aged hormonal factors which may also effects 

the glucose metabolism. However in our study, menarcheal age may not taken as 

important factor but we assumed that menarche at earlier age  may also play a 

significant role in development of diabetes in further phases of women life. 

 We also predict the other reason for increased blood glucose levels in pre 

menopausal diabetics compared to post menopausal diabetics is, premenopausal 

women may be prone to more stress at the time of menstruation  and has increased 

secretion of cortisol. Excess secretion of cortisol may counteract insulin secretion and 

it might have contributed to hyperglycaemia by causing hepatic gluconeogenesis 

which may ultimately leads to the development of insulin resistance
80

. The increased 

secretion of glucocorticoids associated with stress in premenopausal diabetic women 

may counteract and interfere with the glucose regulation and leading to 

hyperglycaemia.    
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6.5.  Thyroid Hormonal Assay: 

 Thyroid disorder is a pathological state that negatively affects the diabetic 

control. It is found to be common in most forms of diabetes mellitus which is 

associated with type 2 diabetes as age advances
81

. 

 There is an underlying relationship between diabetes and thyroid disorders. 

Hyper and hypothyroidism have been associated with insulin resistance. This has been 

reported to be the major cause of impaired glucose metabolism in diabetes
82

. 

 In the present study, there are increased levels of T3, T4 and decreased levels 

of TSH in post menopausal diabetics. The possible reason may be due to negative 

feedback mechanism. Glucose metabolism may be affected by thyroid hormones by 

its different actions on intermediary metabolism 

 Thyroid hormones in excess play a major role in promoting hyperglycemia by 

increasing the intestinal glucose absorption, facilitating the clearance of insulin, 

increasing glycogenolysis and gluconeogenesis
83

. 

 Thyroid hormones also take part in the regulation of expression of genes such 

as GLUT-4 and Phosphoglycerate kinase that are usually involved in the glucose 

transport and glycolysis respectively. Thus acting together with insulin and also 

facilitates the disposal of glucose and peripheral utilization
84, 85

. 

 However thyroid hormones contributes to many changes in the expression of 

gene and many of these actions shows complexity
86
. ― It might be due to promotion of 

glycation of malondialdehyde which is produced by peroxidation of lipid which may 

be brought by increased level of thyroid hormones‖ 
87,88

. 

 In women with excess thyroid hormone secretion, there is reduced insulin 

stimulated peripheral utilization of glucose
89

. ―There is impaired uptake of glucose in 

the tissues of thyrotoxic women is because of lower glucose extraction from serum in 

proportion to increased blood flow‖ 
90

. 

 The actions of thyroid hormones on peripheral tissues further explain the 

overall effects of functions of thyroid on insulin action and uptake of glucose. The 

secretion of insulin is under direct control of thyroid hormones. The response of β-cell 
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to glucose and stimulation of catecholamines is increased in hyperthyroidism. This is 

also accompanied by increased mass of β-cell
91,92

.  

 The disposal of glucose is intervened by combining effect of insulin and 

hyperglycaemia modulates the most important three basic phenomenons.                                                                                          

 First phenomena includes the weakening of the endogenous hepatic glucose 

production.  

 Second phenomena is enhancement of glucose uptake. 

 Third phenomena is glucose upregulation by the peripheral tissues (skeletal 

muscles). The process of glycolysis and synthesis of glycogen modulates the uptake 

of glucose into the muscles
93

.             

 Recent studies revealed that thyroid hormones increases the apoptosis of β cell 

and this could be one of the major cause for the worsening of glucose tolerance in 

hyperthyroid subjects
94,95

.  

 The most important novel finding which includes the hepatic glucose 

production stimulation by thyroid hormones acts through sympathetic pathway from 

the hypothalamus. So the discovery of the transcription regulatory factors of 

metabolism and genes of mitochondria which were influenced by the levels of 

intracellular tri-iodo thyronine (T3) may also leads to the development of insulin 

resistance
96,97

. 

 

 The other explanation for the development of peripheral insulin resistance is 

increased secretion of adipokines includes interleukin 6 (IL6) and tumour necrosis 

factor α (TNF α) from the adipose tissue and these adipokines exerts pro 

inflammatory effects of insulin resistance and found to be elevated in hyperthyroid 

females
98

. 

            Some studies showed that there is increased insulin degradation in the subjects 

with increased thyroid hormone levels. In long term run, severe thyrotoxicosis may 

also lead to irreversible pancreatic damage 
99-102

. 

 ―The term harmonious quartet is used to address the core pathology of insulin 

resistance
103

‖. The most important factors which play a key role in pathogenesis of 
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type 2 diabetes are the deregulation of the disposal of glucose and metabolism in 

adipocytes, muscles and liver. This may contributes to the impairment in the secretion 

of insulin by the pancreatic β cells
104

. 

 ―It is worth considering that insulin resistance has been a proven condition in 

hyperthyroidism as well as hypothyroidism‖, suggesting that there is a possible link 

between insulin resistance, diabetes and thyroid dysfunction‖ in post menopausal 

women‖
105

. 

 In regression coefficient analysis, by taking thyroid hormones (T3,T4,TSH) as 

dependent variables and other variables as independent, we found HbA1c  showed 

significance increase with T4 in pre menopausal non-diabetic women.      

 It might be due to differential actions of thyroid hormones on liver, skeletal 

muscle, adipose tissue. It‘s been known from long time that thyroid hormones may act 

differentially on the main target organs of insulin action such as liver, skeletal muscle, 

adipose tissue. Thyroid hormones opposes and inhibits the action of insulin by 

stimulating hepatic gluconeogenesis and glycogenolysis
106,107

.  

 In our study, LH, FSH showed significant increase with decreased TSH levels 

in post menopausal non-diabetics. The exact reason was not known and it may be due 

to decreased activity of TRH which in turn decreases TSH in menopausal women.  

 Clinical and experimental studies have suggested a close relationship between 

the hypothalamic-pituitary-thyroid axis and the hypothalamic-pituitary-ovarian 

axis
108

. 
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Mechanism between Thyroid(Euthyroid) and glucose homeostasis: 

 ―Thyroid hormones exert profound effects on glucose homeostasis‖. These 

effects includes modification of circulating levels of insulin, counter- regulatory 

hormones, intestinal absorption, hepatic production and peripheral uptake of glucose 

by tissues(fat and muscles)( Figure 13 ). As mentioned earlier, ―thyroid hormones 

opposes the action of insulin and stimulates hepatic gluconeogenesis and 

glycogenolysis by up regulating the expression of genes GLUT-4 and 

phosphoglycerate kinase thus acting synergistically with insulin‖ 
109-112

.  

 

 

 

 Figure 13 : Effects of thyroid hormone on glucose homeostasis  (Euthyroidism)
113 
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Mechanism between Hyperthyroidism (Thyrotoxicosis) and glucose homeostasis. 

 There is a great impact of thyroid hormones on glucose control. In post 

menopausal diabetic women, when there is dysfunction of thyroid, the homeostatic 

balance of glucose will be disrupted. Insulin resistance is associated mainly with 

increased hepatic gluconeogenesis( Figure 14 ) and it explains why glucose control 

deteriorates when diabetic patients develop hyperthyroidism
114

. 

 

 

 

Figure 14 :  Hyperthyroidism (Thyrotoxicosis) and glucose homeostasis
113

. 
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Mechanism between Hypothyroidism and glucose homeostasis. 

 Glucose homeostasis is also affected in hypothyroidism .Hypothyroidism 

results in unimpaired or decreased hepatic output of glucose (Figure 15). It is thereby 

compensating the insulin resistance present in peripheral tissues and it accounts for 

decreased requirement of insulin for glycaemic control in hypothyroid diabetic 

patients
115-117

. 

 

 

  Figure 15   :  Hypothyroidism and glucose homeostasis
113
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6.6 Reproducitve hormonal assay: 

6.6.1. LH and FSH: 

 Here we found decreased levels of LH and FSH in Post menopausal diabetic 

group compared to non- diabetic group. Decreased levels of LH, FSH are associated 

with Higher Fasting blood sugar levels and HbA1c which might be associated with 

increasing prevalence of pre-diabetes and diabetes in post menopausal women.  

 Rise of LH and FSH levels in non-diabetics may be due to decrease in the 

estrogen which is mediated through Negative feedback mechanism. 

 ―There is evidence that, the hyperglycaemia interferes with the basal levels of 

gonadotropins and with the levels following stimulation with either GnRH alone or 

with GnRH‖ 
118

. 

 Some of the studies hypothesized that FSH may be associated with diabetes 

through inflammatory markers such as C-reactive protein, TNF-α and IL-1β and it 

was postulated that low grade systemic inflammation was related to the development 

of diabetes and it is associated with the suppression of gonadotropins in diabetics
119-

122
. 

 FSH is also found to be associated with adiposity. It has been hypothesized 

that there is also a possible link between follicle stimulating hormone (FSH) and 

obesity in menopausal women.―Obesity related patterns of relative change in FSH 

during the transition of menopause may also explain the observed change in FSH and 

incidence of diabetes but the mechanism is unclear‖
123,124

. 

 The low levels of FSH in diabetic women might be attributed to increased 

production of endogenous estrogens by mesenchymal tissue and all these factors may 

lead to the development of diabetes in post menopausal women
125-128

.
 
―These 

associations might be explained by adiposity and insulin resistance to a limited extent. 

It is needed to find whether FSH is a protective biomarker in the metabolism of 

glucose, in the post menopausal women‖ 
129

.   
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6.6.2. Estradiol and Progesterone: 

 Estradiol and Progesterone levels decreased in post menopausal diabetic group 

compared to the post menopausal non-diabetic group.‖ Our  findings is in agreement 

with  Godsland IF who showed that estrogen deficiency in post menopausal is 

associated with deterioration in glucose homeostasis and insulin resistance and 

estrogen replacement in humans is associated with increased insulin secretion
130

‖. 

 In women, synthesis of sex hormone binding globulin (SHBG) is stimulated 

by estrogen but the presence of androgen, insulin and overweight may contributes to 

the decreased secretion of SHBG particularly in post menopausal women. There were 

so many studies postulated that the insulin is considered as the strong inhibitor of 

synthesis of SHBG. So the estrogen influences the secretion of SHBG which is a good 

indicator of insulin resistance in post menopausal women
131,132

. 

 Several studies explained that low or decreased levels of sex hormone binding 

globulins (SHBG) may be linked to insulin resistance and incidence of diabetes in 

postmenopausal females
133-135

. 

 The actions of insulin may be regulated by estradiol directly through actions 

on insulin sensitive tissues or indirectly by the different regulating factors like 

oxidative stress which may contributes to the development of insulin resistance
136

.  

 It has not been clearly explained about the mechanism and action of estrogen 

on the glucose metabolism. Studies revealed that estrogen related mechanisms 

decreases in fasting glucose levels and it might be due to suppressed production of 

hepatic glucose 
137,138

.                                                                               

 While, other studies suggests that, estrogen increases the elimination of 

hepatic insulin along with no other compensatory increase in the main pancreatic 

response to insulin and it leads to relative decrease in the initial level of plasma 

insulin and it would results in the reduction of the elimination of glucose and that 

ultimately leads to rise in overall glucose concentration
139

. 

 The effect of estradiol on post menopausal diabetics is a combination of 

different factors. There is ―direct effect of estrogen on insulin signaling in insulin 

sensitive tissue. The effect of estrogen on pancreatic β cells regulating the release of 
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insulin, and its role in adipose tissue metabolism and energy expenditure. The effect 

on the hypothalamus in regulation of food intake, and its effects on energetics and 

metabolism
140

‖. 

 ―It is well known that disruptors (chemicals which interfere with endocrine 

system) of endocrine system play a major part  in the incidence of various metabolic 

diseases. The β cell of pancreas which plays an important role in blood glucose 

homeostasis is a target for estrogen. Among them the levels of estradiol may 

contribute to the insulin resistance and diabetes
141

‖. 

 ―Fukui et al showed that the estrogen and progesterone could decrease the 

insulin sensitivity
142

. There is also a possible link between estrogen and obesity in 

post menopausal diabetics as adipose tissue is one of the important source of estrogen 

which is formed by aromatization of androgens after menopause‖
143, 144

. So such 

changes in body fat distribution as well as there is an increased proinflamatory 

cytokines during the menopausal transition. These all changes have been associated 

with glucose homeostasis
145,146

. ―The change in the level of estradiol during 

menopausal transition may slowly offset the effect of estradiol on diabetic risk‖
123

. 

 Women are more prone to thyroid disorders  and this  confirms the role of 

estrogen in the  functioning of thyroid gland
147

. Thyroid hormone and estradiol 

modulate biological processes by binding to nuclear receptor proteins. ―Thyroid 

hormone interactions with specific response elements in the regulatory regions of 

genes, modulate gene transcription. Both the estrogen receptor (ER) and thyroid 

hormone receptor (TR) are members of the nuclear receptor superfamily‖
148

. 

 

 There are certain evidences that estrogen may have direct actions in human 

thyroid cells by ER-dependent mechanisms , modulating proliferation, and function. 

Different patterns of   distribution, expression, and ratios of ERα  and ERß may have 

a role
149

. 

 

 ―Estrogen binding to ERα would promote cell proliferation and growth and 

ERß would promote apoptotic actions and other suppressive functions in thyroid 

tumors, as reviewed by Chen et al‖
150

. 
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6.6.3. Possible mechanism of the present study 

 We propose the possible mechanism of the influence of thyroid hormones on 

post menopausal diabetic women. Figure 16 shows, the possible relationship exists 

between thyroid hormones and glucose homeostasis. At the same time there is also 

relationship exists between thyroid hormones and menopause. So there is differential 

regulation of blood glucose levels influenced by thyroid hormones in case of post 

menopausal women may be expected.  

                   

 

 

 

 

                         

 

 

 

                                                                  

 

 

Figure 16: Possible mechanism of the effect of thyroid hormones on glucose  

       homeostasis in post menopausal diabetic women. 
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7.1.    SUMMARY : 

 The purpose of the study was to know the relationship between thyroid 

hormones and glucose homeostasis in post menopausal women who are 

suffering from diabetes mellitus. 

 We hypothesized that Thyroid hormone levels may be linked with menopause 

with special relation to diabetes. We also hypothesized that, such links may 

influence in differential regulation of glucose homeostasis. 

 The objectives of the study were evaluated with a cross sectional study. Totally 

200 participants have participated in the study.The participants were Pre 

Menopause Diabetic & Non-Diabetic aged between 25-45 years and Post 

Menopause Diabetic and Non-Diabetic women aged between 46-65 years 

included in the study. Based on the study design, they were categorized into four 

(4) groups and each group consists of 50 participants. They are 

   Group I – Pre Menopause Non-Diabetic (n=50) 

  Group II- Pre Menopause Diabetic (n=50) 

   Group III – Post Menopause Non-Diabetic (n=50) 

   Group IV- Post Menopause Diabetic (n=50) 

 The following parameters tested for the study. Physical Anthropometric 

parameters includes Height, weight, Body surface area, Body mass index, Waist 

to Hip Ratio, and we found significant(p<0.05) increase in all the parameters 

except height of post menopausal diabetic women. 

 Physiological parameters includes Systolic Blood Pressure(SBP), Diastolic 

Blood Pressure, Pulse Pressure(PP), Mean Arterial Pressure(MAP), Pulse 

Rate(P.R) and we found there was a significant increase in SBP(p<0.000) and 

decrease in DBP(p<0.001) and increase in pulse pressure(P.P) in Post 

menopausal diabetic women and we found no change within the Mean Arterial 

Pressure(MAP) and Pulse rate(P.R) 

 Haematological parameters include complete blood picture count (CBC) and we 

did not find any change except WBC count where it shows significant (p<0.001) 

increase in post menopausal diabetics. 
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 Blood Glucose profile includes Fasting Blood Sugar (FBS) and Glycosylated 

Haemoglobin(HbA1c). We found there is an increase in FBS of Pre menopausal 

Diabetic women compare to all other groups where as HbA1c remains same in 

both Pre and Post menopausal diabetics. 

 Thyroid Hormonal Assay includes TSH, T3 andT4. We found there is an 

increase in T3 andT4 levels and decrease in TSH levels in post menopausal 

diabetics. 

 Reproductive hormonal assay includes Lutenizing Hormone (LH) and Follicle 

Stimulating Hormone (FSH), Estradiol(E2) and Progesterone(P4). LH,FSH and 

E2, P4 values are showed to be decreased in post menopausal diabetics compared 

to non-diabetics. 
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 7.2. CONCLUSION: 

 Based on all these observations, we have concluded that the outcome of the 

present study enlightens the complex interaction between thyroid hormone and 

glucose regulatory hormones in post menopausal women. 

 The Present need of the study is to establish a relationship between glucose 

regulation and thyroid hormones. Similarly the relationship also exists between 

thyroid hormones  and reproductive hormones.  Hence, a possible interaction of 

thyroid hormones and reproductive hormones on glucose regulation in post 

menopausal women may be expected.  

 But, it is not completely understood whether regulation of blood glucose is 

influenced by thyroid hormones in case of altered glucose regulation (Diabetes 

Mellitus) on the post menopausal females. 

 The current understanding of this complex scenario is, thyroid disorders 

deteriorates the glucose metabolism in post menopausal women suffering from 

diabetes mellitus. Long term coexistence of  diabetes and thyroid disorder will 

lead to altered glucose homeostasis in post menopausal women. So monitoring of 

thyroid profile in post menopausal diabetic women would be a better therapy to 

prevent further complications in future.     
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7.3. LIMITATIONS OF THE STUDY 

7.3.1. Study limitations: 

 The study is confined only to female patients with limited sample size. 

 Estimation of the lipid profile should have been done. 

 

7.3.2. Future Prospective: 

 The research further can also be extended by estimating the calcium and lipid 

profiles with more sample size. 

 Study can also be done on males with andropause related thyroid disorders. 
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7.4.  Public health importance 

 The present study is a cross sectional study comprising euthyroid pre and post 

menopause diabetic and non-diabetic women. Though our results did not show 

any significant thyroid abnormality, it clearly represents that thyroid hormone 

levels within the normal range may also lead to the development of diabetes in 

pre and post menopausal women. So our study suggests that pre and post 

menopausal women especially diabetics should undergo screening of thyroid 

profile. 
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B. L. D. E. U‘S SHRI B.M. PATIL MEDICAL COLLEGE, HOSPITAL AND 

RESEARCH CENTRE, BIJAPUR 

RESEARCH INFORMED CONSENT FORM 

Title of the Project:  

―Study on Relationship between Thyroid Hormones and Glucose Homeostasis 

Among Postmenopausal Diabetic women” 

Principal investigator’s name: Miss. Ch. Kalashilpa  

                                                   PhD scholar. 

                Name of the Guide:   Dr Sumangala M. Patil 

                                                  Professor, 

                                                  Department of Physiology. 

1: PURPOSE OF RESEARCH: I have been informed that this study will assess the 

relationship between thyroid Hormones and glucose homeostasis among 

Postmenopausal Diabetic women. This study will be useful academically as well as for 

clinically. 

2: PROCEDURE:  I understand that, the procedure of the study will involve recording of 

various physiological, Haematological, Biochemical and Hormonal parameters. The 

procedure will not interfere with any of my physiological parameters and they are non 

invasive. 

3: RISK AND DISCOMFORTS: I understand determination of relationship between 

Thyroid Hormones and Glucose Homeostasis will not cause any discomfort to me and 

do not involve any risk to my Health. 

4: BENEFITS: I understand that my participation in the study may not have a direct 

benefit to me but this may have a potential beneficial effect in the study of relations 

between thyroid and glucose homeostasis in future. 

5: CONFIDENTIALITY: I understand that medical information produced by this study 

will become part of institutional records and will be subject to the confidentiality and 

privacy regulation of the said institute. Information of a sensitive personal nature will 

not be a part of medical record, but will be stored in investigators research file and 



 

 

identified only by a code number. The code key connecting name two numbers will be 

kept in a separate secured location. 

          If the data are used for publication in the medical literature and for teaching 

purposes no names will be used and other identities such as photographs, audio and 

video tapes will be used only with my special written permission. I understand I may 

see the photographs and the video tapes and have the audio tapes before giving this 

permission. 

6: REQUEST FOR MORE INFORMATION: 

          I understand that I may ask more questions about the study at any time.  

Concerned researcher is available to answer my questions or concerns. I understand that I 

will be informed of any significant new findings discovered during the course of this 

study which might influence my continued participation. If during the study or later, I 

wish to discuss my participation in all concerns regarding this study with a person not 

directly involved, I am aware that the social worker of the hospital is available to talk 

with me. A copy of this consent form will be given to me to keep for careful re-

reading. 

7: REFUSAL OR WITHDRAWAL OF PARTICIPATION: I understand that my 

participation is voluntary and may refuse to participate or may withdraw my consent 

and discontinue participation in the study at any time without prejudice to my present 

or future care at this hospital. I also understand that researcher may terminate my 

participation in this study at any time after she/he has explained the reasons for doing 

so and had helped arrange for my continued care by my physician or physical therapist 

if this is appropriate. 

8: INJURY STATEMENT: I understand that in unlikely event of injury to me resulting 

directly from my participation in this study, if such injury were reported promptly, then 

medical treatment will be available to me, but no further compensation would be 

provided. I understand that by my agreement to participate in this study I am not 

waiving any of my legal rights. 

I have explained to ___________________________ (Patient/Relevant guardian) 

 The purpose of the research, procedures required and the possible risk and benefits to 

the best of my ability. 

 



 

 

 

Investigator/ UG (Guide)      Date 

 

              I confirm that ___________________________________ (Name of the U.G. 

Guide /Chief researcher) has explained to me the purpose of research, the study 

procedure that I will undergo, and the possible risk and discomforts as well as benefits 

that I may experience. Alternative to my participation in the study have also been to 

give my consent from. Therefore I agree to give consent to participate as a subject and 

this research project. 

 

Participant / Guardian      Date: 

 

Witness to signature       Date: 

 

Modified from Portney L.G, Watkins M.P., in Foundation of Clinical Research, Second 

Edition, New Jersey, Prentice Hall Health 2000. (APPENDIX – E) 

 

  



 

 

PROFORMA FOR COLLECTION OF SAMPLE. 

Name   : 

Age     : 

Sex     : 

Height :                         Weight:                           B.S.A:                    Waist-Hip ratio: 

B.M.I : 

History of Menopause: 

History of Diabetes: 

Smoking/ Non-smoking: 

Alcoholic: 

B.P: 

Pulse rate: 

 

     FOLLOWING ARE THE INVESTIGATIONS ARE TO BE DONE 

 

 

I. Determination of Complete Blood picture Count. 

II. Estimation of blood glucose. 

III. Glycosylated Haemoglobin (HbA1C) 

IV. Thyroid Hormone Profile(TSH,T3,T4) 

V. Luteinizing Hormone (LH), Follicle stimulating hormone(FSH) analysis. 

VI. Estrogen & Progesterone hormonal analysis 
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