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INTRODUCTION 

Menopause is the consequence of exhaustion of the 

ovarian follicles which results in decreased production of 

female sex hormones.1 The decrease in the level of sex 

steroid hormones during menopause in women causes 

various somatic, vasomotor, sexual and psychological 

symptom. The risk of osteoporosis, cardiovascular 

disease, arterial hypertension, impairment of glucose 

metabolism, and degenerative cognition disease incidence 

rises. The impact of deficiency of female sex hormones 

after menopause on the trace minerals has not been 

widely studied but expected menopause related changes 

in their status may have an impact on the above 

pathologies.  

There are very few reports on the changes in serum 

calcium and magnesium levels in various phases of the 

menstrual cycle in otherwise healthy women. Estrogen 

induces hypercalcemia through the action of the 

parathyroid gland. Withdrawal of estrogen is reported to 

cause a significant loss of bone calcium. Increase in 

serum calcium levels during the follicular and ovulatory 

phases could be due to the effect of estrogen on the 

parathyroid glands.2 In addition to bone calcium content 

the level of serum calcium appears to be associated with 
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blood pressure, and could be a metabolic risk factor for 

cardiovascular disease.3 

Magnesium enhances bone turnover through the 

stimulation of osteoclastic function and its deficiency 

may play a role in postmenopausal osteoporosis. 

Magnesium acts as a surrogate for calcium in the 

transport and mineralization. Its deficiency may lead to 

disturbances in the cardiac rhythm, atheromatous plaques, 

raised cholesterol levels and a low value of HDL.4 

Magnesium plays a role in body temperature regulation. 

Heart palpitations associated with hot flushes as part of 

perimenopausal symptoms can also be improved by 

increasing intake of magnesium. Because Magnesium is 

present in most foods (legumes, vegetables, nuts, fruits, 

fish, dairy, grains etc.), severe magnesium deficiency 

should not occur in healthy people. Several studies have 

reported hypomagnesaemia in post menopausal women.  

Significant decreases in the serum calcium and 

magnesium in the post menopausal women have been 

mentioned in studies with no significant difference in the 

BMI between postmenopausal and premenopausal 

women.5 Obesity, having a high BMI ≥30 kg/m2 is 

caused by several environment factors such as sedentary 

lifestyle and excessive energy intake. Studies have 

revealed that obesity can be due to abnormal calcium 

metabolism and a high calcium intake may prevent 

obesity.6 Extracellular calcium ion concentration is 

determined by the interaction of calcium absorption from 

the intestine, renal excretion of calcium and bone uptake 

and release of calcium. Intracellular calcium plays a key 

role in modulating the factors involved in obesity.  

PTH has a direct correlation with BMI since 25-OH vit. 

D is inversely related to PTH level. Activated Vit.-D 

(1,25, OH Vitamin D) elevates the calcium influx into 

adipocytes. Increased intracellular calcium increases lipid 

storage and also might activate phophodiesterase 3β 

which then reduces catecholamines induced lypolysis. 

Both these effects promote lipid storage in fat tissue. 

Estrogen reduces bone resorption by inhibiting 

interleukin IL-6 production and also controls the timing 

of osteoclast apoptosis. Thus bone turnover increases to 

high level in women soon after menopause. Thus it is of 

significant importance to compare serum levels of these 

micronutrients in women along with BMI so as to bring 

out any significant change in them individually with time 

elapsed since menopause, and advancing age, and also try 

to establish correlation among them, if any. 

METHODS 

The study was conducted in the Department of 

Physiology, Gauhati Medical College and Hospital 

during the period from July, 2015 to July, 2016, and was 

carried out on 100 adult women (premenopausal women: 

Normal healthy women of reproductive age group 20 to 

44 years of age, Postmenopausal women: Normal, 

healthy women after attaining natural menopause, aged 

45 to 75 years.) attending outpatient clinics. An informed 

consent was obtained from each patient prior to 

participation in the study. Patients with medical history of 

malignancy, tuberculosis, diabetes, thyroid, renal, 

rheumatoid and other endocrine diseases; patients who 

are taking medications known to affect body weight 

including HRT (Hormone Replacement Therapy) and 

women who had surgical menopause were not included in 

the study. The blood samples for analysis were collected 

between 8 AM and 9 AM after at least 8 hours of fasting. 

About 5 ml blood was drawn using dry and sterile 

disposable syringes from cubital vein. The serum 

obtained was collected in a centrifuge tube and 

centrifuged for 5 minutes at 3000 rpm.  

The supernatant serum was transferred to a sterile 

container and stored at 2- 8OC, or else used for immediate 

estimation of serum calcium and serum magnesium 

which was done by photocolorimetry method. For 

estimation of Body Mass Index (BMI= weight in 

kilogram/height in metre2), weight was measured using a 

standard weighing machine. Height was recorded with 

the subject standing against a wall on which the tape was 

placed.  

For statistical analysis the value of laboratory parameters 

were presented as the Mean±SD (standard deviation). A 

Student’s unpaired t-test was used for cross-sectional 

comparisons of continuous variables between the groups. 

The results are considered statistically significant when 

the p value is <0.05. The main statistical comparisons 

were performed between the premenopausal and 

postmenopausal women. 

RESULTS 

The difference between post-menopausal 

(8.75±0.73mg/dl) and premenopausal mean serum 

calcium (9.46±0.60 mg/dl) was statistically significant 

(P<0.05).  

 

Table 1: Mean Distribution of different parameters in postmenopausal group (n=50). 

Parameter Mean SD SE = SD/√n 95% C.I. 

BMI (kg/m2) 24.68 4.91 0.69 24.68±1.36 

Serum Mg (mEq/L) 1.99 0.24 0.03 1.99±0.07 

Serum Ca (mg/dl) 8.75 0.73 0.10 8.75±0.20 
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Table 2: Mean Distribution of different parameters in premenopausal group (n=50). 

Parameter Mean SD SE = SD/√n 95% C.I. 

BMI (kg/m2) 22.91 4.00 0.57 22.91±1.11 

Serum Mg (mEq/L) 2.13 0.39 0.06    2.13±0.11 

Serum Ca (mg/dl) 9.46 0.60 0.09   9.46±0.17 

 

In the present study as compared to the premenopausal 

women (2.13mg/dl±0.39mg/dl), serum magnesium 

concentrations in postmenopausal women were low 

(1.99mg/dl±0.24mg/dl). Early postmenopausal women 

had serum magnesium levels (2.04mg/dl±0.24mg/dl) not 

significantly lower than the premenopausal group. In our 

series postmenopausal mean BMI (24.68 

kg/m2±4.91kg/m2 ) was higher than the mean BMI(22.91 

kg/m2± 4.00 kg/m2) of the premenopausal group but it 

was found to be statistically not significant. 

DISCUSSION 

Calcium ion is an essential structural component of the 

skeleton. Estrogen deficiency after menopause induces 

calcium loss by indirect effects on extra skeletal calcium 

homeostasis as well as decreased intestinal calcium 

absorption. When estrogen is deficient, there is an 

increase in the activation of new bone remodeling units. 

Both formation and resorption are altered with the result 

that resorption exceeds formation, producing a negative 

balance.7 Estrogen deficiency may induce calcium loss 

due to decreased intestinal calcium absorption and 

decreased renal calcium conservation.8,9 

The results of the present study indicated that the level of 

serum calcium declined significantly in post menopausal 

women. The similar results have been found in many 

other studies.10-14 

Few studies observed a highly significant increase in the 

serum Ca levels after menopause, which according to 

them could be explained by estrogen deficiency, which 

induces synthesis of cytokine by the osteoblasts, 

monocytes and the T-cells, thereby increasing the 

stimulation of bone resorption by the increasing 

cytoclastic activity.15,16 In elderly women, secondary 

hyperparathyroidism caused in part by reduced serum 25-

hydroxy vitamin D appears to be a marginal determinant 

of an increased bone turnover rate.17 Muneyyirci-Delale 

et al compared the Ca concentration in women of 

menopausal women in different phases of the menstrual 

cycle. Determination of the content of elements in serum 

reflect the concentration of extracellular fluid.18 The 

fraction of extracellular Ca, which also includes 

functionally active ionized Ca exhibits greater sensitivity 

to changing hormonal profile. They showed that the 

average concentration of ionized Ca in the blood of 

postmenopausal women was significantly higher than in 

premenopausal women, regardless of the phase of the 

menstrual cycle.  

Our study did not have an increase in the postmenopausal 

serum calcium in the early postmenopausal women less 

than 65 years of age. This finding may be explained by 

the following: increased requirement of calcium to 

maintain calcium homeostasis with advancing age, 

continued decline in intestinal calcium absorption 

reported with aging and the apparent loss of intestinal 

adaptation to varying calcium intake in older women.19-21  

The variation of serum calcium with age is proposed to 

be explained by alterations in levels of serum albumin to 

which approximately 40% of circulating calcium is 

bound and which was not adjusted for the study along 

with the modification of the resorption, excretion and 

reabsorption of calcium. Studies have demonstrated that 

in addition to low estrogen levels, osteoporotic 

postmenopausal women had kidneys that did not reabsorb 

as much calcium as the kidneys of women without 

osteoporosis. Comparable to few other study series our 

study also had significantly reduced serum calcium in the 

postmenopausal group when compared to the 

premenopausal group ; however the serum calcium levels 

in both groups were within the normal reference 

range.22,23 In Tromso survey of 27159 subjects it was 

found that mean serum calcium level was stable at a level 

of 2.35 mmol/L before menopause, and thereafter reached 

a plateau of 2.39 mmol/L2. 

Magnesium is the fourth most abundant cation in the 

body and the second most prevalent intracellular cation. 

Mg plays an essential role in more than 300 biological 

activities. Within the cell, Mg affects the function of 

organelles such as sarcoplasmic reticulum, primarily by 

its ability to alter Ca influx or mitochondria by altering 

their membrane’s permeability to protons, which leads to 

alterations in the coupling of oxidative phosphorylation 

and electron transport chains, thus affecting the efficiency 

of ATP production. A decrease in serum Mg could 

decrease Mg levels inside the cells, which will lead to a 

decrease in Mg–ATP levels. The best recognized function 

of Mg is its association with ATP and the consequent 

facilitation of transphosphorylation reactions that are 

crucial to cell activation/deactivation as, for example, in 

signal transduction pathways. Most frequently, 

hypomagnesemia is an acquired disorder. Dietary Mg 

deficit is particularly important in older women where 

gastrointestinal and renal mechanisms for Mg 

conservation may be less efficient than in younger 

women. Mg depletion is frequently attributed to 

deregulation of factors controlling Mg metabolism and 

the reduction in the Mg exchange pools. 
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Many studies have found that serum magnesium level 

was significantly decreased in post menopausal than in 

pre menopausal females.4,25  

The result of the present study is in accordance to the 

findings of these studies.  

 In the present study as compared to the premenopausal 

women, serum magnesium concentrations in 

postmenopausal women were low and decreasing with 

the time since the final menstruation similar to other 

series.26 Reduced serum magnesium levels have 

attributed to the uncoupling of bone formation as a result 

of loss of the bone mass. It may also be related to urinary 

loss and is exacerbated by dietary element deprivation 

and gastrointestinal losses.27 Renal Mg excretion 

increases in postmenopausal women, and is only reduced 

by the administration of hormone replacement therapy, 

which restores the levels of Mg to pre-menopause level.27 

Although in the present study serum magnesium 

concentrations (1.99mg/dl±0.24mg/dl) in postmenopausal 

women were low and decreasing with the time since the 

final menstruation. 

Several studies have reported an increase in the serum 

magnesium levels in postmenopausal women.16,28,29 

The present result can be explained to be due to the 

uncoupling of bone formation as a result of loss of the 

bone mass in postmenopausal women. It may also be 

related to increased renal wasting and is exacerbated by 

dietary element deprivation and gastrointestinal losses.30 

While a few studies on BMI changes as a function of the 

menopausal transition indicate that the observed changes 

are likely due to menopause, per se, most find that the 

commonly seen increase in BMI is probably more related 

to age increases than menstrual cessation.18,19 Several 

cross-sectional studies using BMI found no significant 

difference with the menopause transition. 

In our series the difference between mean BMI of 

postmenopausal and premenopausal women was not 

statistically significant, this is in accordance with several 

other studies.5 Behavioral factors particularly exercises, 

were more strongly related to weight rather than 

menopause transition. Menopause is not associated with 

increases in BMI independent of normal aging.31 

Whereas several other studies found a significant effect 

of menopause on BMI that appeared to be independent of 

age.32-34 Because only moderate increases in total fatness 

have been found in postmenopausal women, 

discrepancies among the results may partially be 

explained by a lack of statistical power and also 

attributable to the fact that the effect of menopause on 

total body fatness may be transient.32 Failure to control 

for the effects of age, and differences in diet or lifestyle 

(physical activity) in the experimental design also 

influenced the results. 

Although BMI has been widely used as a screening tool 

for obesity, this index only represents a proxy measure of 

body fat mass, because it does not take into account 

differences in muscle and bone mass. Significant 

differences in BMI were noted between premenopausal 

and postmenopausal women in several studies.32,35,36 The 

average differences in BMI between premenopausal and 

postmenopausal women are often small, thus making 

large samples necessary to detect these small differences. 

Because differences in BMI in these studies were found 

before adjustment for age, it is unclear whether these 

changes are independent of the aging process. Age-

independent associations between menopausal status and 

BMI were found in several studies.32,35 These reports 

found that BMI was higher in postmenopausal women 

after statistically adjusting for age.35 It has been proposed 

that women who became postmenopausal had reductions 

in resting metabolic rate than women who remained 

premenopausal. These decreases in energy expenditure 

with no change or increases in energy intake will place 

women in positive energy balance, which will increase 

total fatness and possibly central adiposity. Potential 

mechanisms for the effects of menopause on energy 

regulation include possible effects of circulating 

estrogens and/or androgens on fat free mass and changes 

in food intake induced by estrogen deficiency on energy 

expenditure and physical activity levels remains unclear 

at present.32 

 

Few studies are available evaluating the association of 

serum calcium, and serum magnesium with changes in 

BMI in the postmenopausal women. 

 R Jorde, et al did a health survey in 1994-95 in Tromso 

of 27159 subjects: Serum calcium showed a positive 

association with body mass index (BMI). The biological 

significance of the observed associations were mentioned 

as questionable.24 

Song CH et al found that serum magnesium was 

inversely associated with body mass index (β=-0.283, 

P=0.001) and concluded that serum magnesium may be 

involved in the regulation of body size in adult women. 

They found no significant association of serum calcium 

with body weight and BMI.37 

CONCLUSION 

It was observed from the study that the mean serum 

calcium and also the mean serum magnesium levels were 

lower in the postmenopausal group, and the difference 

was statistically significant. Although the 

postmenopausal subjects had lower mean values of serum 

calcium and serum magnesium, still these were within the 

normal serum reference values as had been observed in 
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other studies. Though the mean BMI in the 

postmenopausal group was higher than the 

premenopausal group, it was statistically not significant. 

 We have used cross-sectional analyses to compare 

postmenopausal women with premenopausal women. 

Although cross-sectional investigations may provide 

clues regarding the effects of the menopause on the 

physiological and biochemical changes, confounding 

factors such as age, ethnicity, average energy intake, 

physical activity, serum albumin levels etc., have to be 

adjusted for statistical procedures to find out the changes 

in the variables independent of these factors. 

The present study revealed that the differences between 

the mean values and standard deviations of the variables 

in the premenopausal and postmenopausal groups were 

small; thus making large samples necessary to detect 

these differences.  

Our premenopausal group included few perimenopausal 

subjects also. Thus in order to establish standard 

reference values and formulate predictive equations, a 

representation of the whole population needs to be 

studied. Further large scale multicentric and longitudinal 

studies are required to further determine the actual 

changes in BMI, serum levels of magnesium and calcium, 

and correlation or independent association between them 

for their clinical implications in various disorders with 

transition of age, and passage of menopause which is 

inevitable in every woman’s life. 
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