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INTRODUCTION 

Hypergonadotropic hypogonadism before the age of forty 

affects 1-2% of women. It occurs in 1 in 10,000 women 

by 20years, 1 in 1000 women by 30 years and reaches 1 

in 100 by 40 years.1 ESHRE (European Society for 

Human Reproduction and Embryology) 2016 

recommends the following diagnostic criteria for 

premature ovarian insufficiency (POI): (a) 

oligo/amenorrhoea for at least 4 months, and (b) an 

elevated follicle stimulating hormone (FSH) >25IU/l on 2 

occasions more than 4 weeks apart.2 POI needs greater 

attention in the wake of its increased morbidity.1 Minor 

morbidities includes mood swings, vasomotor symptoms, 

sexual dysfunction, lower urinary tract symptoms and 

musculoskeletal issues. But in the long run they tend to 

develop life threatening issues like osteoporotic fractures 

and coronary artery disease.1  

The hypoestrogenic state accounts for all the morbidities 

except for reduced libido which is due to low androgen 

levels. All cause mortality has also been found to be 

higher in POI from coronary artery disease (RR-1.09), 

respiratory disease (RR 1.19) and genitourinary disease 
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(RR -1.39).1 In view of the long-term health 

consequences of POI, efforts should be made to identify 

women with POI and commence interventions to reduce 

the associated morbidity and mortality. There is limited 

literature available in this regard from India. In the light 

of this we report a clinical study of the causes of POI, 

severity of menopausal symptoms in them as well as the 

impact of POI on cardiovascular health.  

METHODS 

This is a cross sectional case control study conducted in a 

tertiary referral centre in South India from 1st April 2016 

to 30th April 2017. The study was approved by the 

institutional review board and ethics committee. 

Informed consent was obtained prior to inclusion in the 

study. One hundred consecutive cases of POI were 

recruited from subjects who attended menopause and 

general gynaecology outpatient clinics. The inclusion 

criteria were women <40 years with oligo/amenorrhoea 

for >4 months and FSH >25mIU/ml.2 Women <40years 

with normal menstrual cycles were taken as controls. 

Controls were chosen by 1- to -1 age matching with the 

cases. These included asymptomatic volunteers who were 

staff of our hospital and women who attended outpatient 

clinic for other gynaecological problems. Women on 

menopausal hormone therapy and previously diagnosed 

with coronary artery disease were excluded. Primary 

objectives were to assess the causes and severity of 

menopausal symptoms in POI and its impact on 

cardiovascular health. Sample size was calculated based 

on a study done by Gulhan et al using nMaster 2.0 

software.3 To compare the proportion of 

hypercholesterolemia between cases and controls, the 

number needed was 100 in each group to give a power of 

80% with alpha error of 5%. 

Each participant underwent history taking, physical 

examination, menopause rating score estimation and 

blood investigations. Age of the patient, parity, domicile, 

age at menopause, duration of menopause, the cause of 

menopause, and the socioeconomic score utilizing 

modified Kuppuswamy scale, medical, surgical and 

family history and degree of physical activity using 

International Physical Activity Questionnaire were 

recorded in the history.4,5 The cause of menopause was 

identified from the previous medical records of the 

patient. Those with no identifiable cause were grouped 

under idiopathic POI. A simple physical examination was 

done to check the height, weight, body mass index and 

waist circumference. Height and weight were measured 

using wall mounted stadiometer and electronic weighing 

scale which were calibrated on a weekly basis. Waist 

circumference measurement was done using a calibrated 

tape midway between the lowest rib margin and the iliac 

crest. To assess the severity of menopausal symptoms we 

used a previously validated questionnaire which looked at 

11 menopausal symptoms - hot flushes, palpitation, 

depressive mood, irritability, anxiety, physical and 

mental exhaustion, sexual problems, bladder problems, 

dryness of vagina and musculoskeletal symptoms based 

on which menopause rating score was calculated for each 

subject.6  

All cases were recruited after documenting FSH 

>25mIU/ml. Serum parameters (our lab standardization 

values are given) done for each patient included fasting 

(70-110mg/dl) and 2 hour postprandial sugars 

(<140mg/dl), lipid profile (total cholesterol<200mg/dl, 

triglyceride<150mg/dl, LDL<100mg/dl, HDL>60mg/dl), 

creatinine (0.5-1.1mg/dl), serum albumin (3.5-5.0g/dl) 

and high sensitive C reactive protein (HS-CRP 

<3mg/dl)). All the biochemical parameters excluding 

FSH were done for the controls.  

Authors used hypercholesterolemia (total cholesterol 

≥200mg/dl), hypoalbuminemia (<3.5g/dl) and raised high 

sensitive C reactive protein (HS-CRP ≥3mg/dl) as early 

markers of CAD risk.7,8 Metabolic syndrome was 

assessed as a confounder for CAD risk. Metabolic 

syndrome was identified in patients with waist 

circumference ≥80cm with any two of the following four 

factors-systolic blood pressure (BP) ≥130mm of Hg, 

diastolic BP ≥85mm of Hg, or treatment of previously 

diagnosed hypertension, fasting plasma glucose 

≥100mg%, previously diagnosed type 2 diabetes, serum 

triglycerides ≥150mg/dl, high density lipoprotein HDL 

<50mg/dl or specific treatment for lipid abnormality.9 

HS-CRP is a marker of atherosclerosis which in turn 

would lead to CAD. Authors have used 

chemoluminescent immunoassay to detect HS-CRP in 1 

in 20 dilution. The cut off taken was ≥3mg/dl according 

to our lab standardization. 

Statistical analysis 

The data was analysed using SPSS 16.0 software. 

Descriptive statistics were calculated to describe the 

measured variables of cases and controls. Age matching 

was accounted in the analysis by using conditional 

logistic regression. Chi-square test was used to test the 

association between the disease status and outcome 

variables. The logistic regression analysis was used to do 

the risk estimate and its 95% CI. A p value <0.05 was 

considered as statistically significant. 

RESULTS 

Authors evaluated 136 women with premature ovarian 

insufficiency. Twenty four women were excluded due to 

prior hormone therapy or CAD. Twelve women were lost 

for follow up. One hundred eligible women and 100 age 

matched controls were included in the study. 

Demographic factors (Table 1) showed no significant 

difference between the groups except hypertension 

(p=0.04). 7% of the patients were aged <20 years, 20-30 

years were 29% and 31-40 years were 64%. Duration of 

menopause was <5 years in 66%, 5-10 years in 20% and 

≥11 years in 14%. One of the aims of present study was 

to delineate the causes of menopause. In 62 patients the 
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cause was idiopathic. Surgical menopause occurred in 24, 

chemotherapy and autoimmune diseases was the cause in 

8 and 6 women respectively. Menopause rating score 

assessment found 37 with no menopausal symptoms, 54 

with mild symptoms and 9 with moderate symptoms. 

None had severe symptoms. 

Table 1: Demographic variables. 

  
Cases 

(n=100) 

Controls 

(n=100) 

  

P value  

Mean age 36.2±7.5 34.9±5.5 0.3 

Mean BMI 24.9±4.8 25.6±4.9 0.5 

Diabetes 

mellitus 
8 5 0.4 

Hypertension 15 6 0.04 

CAD risk in POI was estimated based on 

hypercholesterolemia and hypoalbuminemia (Table 2). 

Total cholesterol >200mg/dl (75 vs. 51, OR 2.84, 95% CI 

2.5-3.1, p=0.001), low density lipoprotein (LDL) 

>100mg/dl (60 VS 41, OR 2.1, 95% CI 1.2-3.8, p=0.008) 

and triglyceride >150 mg/dl (24 vs. 12, OR 2.2, 95% CI 

1.0-4.7, p=0.04) levels were found to be significantly 

elevated in POI.  

Controls had lower HDL levels compared to cases, but 

the difference was not significant (69 vs. 77, OR-0.6, 

95% CI 0.4-0.9, p=0.2). Women with POI had significant 

hypoalbuminemia (6 vs. 1, OR 2.1, 95%CI 1.8-2.4, 

p=0.01). HS-CRP, a marker of chronic low-grade 

inflammation, 1.5 was found elevated in cases than 

controls but the difference was not statistically significant 

(59 vs. 49, OR, 95% CI 0.8-2.6, p= 0.2) (Table 2). So, 

authors infer that atherosclerotic changes may not have 

started in our cases, majority of whom are <5 years into 

menopause. Hence hypercholesterolemia and 

hypoalbuminemia seem to be important early CAD risk 

markers in POI.  

 

Table 2: Coronary artery disease (CAD) risk assessment. 

CAD Risk factors Cases (n=100) Controls (n=100) OR 95%CI p value 

Serum albumin < 3.5g/dl 6  1 2.1 1.8-2.4 0.01 

Total cholesterol ≥200mg/dl 75 51 2.84 2.5-3.1 0.001 

HDL<50mg/dl 69 77 0.6 0.4-0.9 0.2 

Triglyceride ≥150mg/dl 24 12 2.2 1.0-4.7 0.04 

LDL ≥100mg/dl 60 41 2.1 1.2-3.8 0.008 

HS-CRP> 3mg/dl 59 49 1.5 0.8-2.6 0.2 

 

Confounders of CAD risk were similar between the 

groups except hypertension (15 vs. 6, p=0.04). More 

cases were found to be hypertensive (Table 3) probably 

due to endothelial changes secondary to 

hypercholesterolemia and hypoalbuminemia. Metabolic 

syndrome was also assessed as a confounder but did not 

differ between the groups (41vs 32, OR 1.2, 95%CI 0.9-

1.4, p=0.2). 

Table 3: Confounders for CAD risk. 

  Cases Controls p value 

BMI >25 44 52 0.3 

Diabetes mellitus 8 5 0.4 

Hypertension 15 6 0.04 

Family history of 

CAD 
1 4 0.4 

Metabolic 

syndrome 
41 32 0.2 

DISCUSSION 

The incidence of cardiac events has been found to be 

higher after natural menopause and POI.10 Present study 

evaluates the causes of POI, severity of menopausal 

symptoms and markers of CAD risk in a group of Indian 

women with POI as compared to age matched healthy 

controls .We have also tried to assess how many years 

after menopause should we start screening for CAD risk 

in POI and what are the useful strategies. 

POI was first described in 1942 by Albright et al and has, 

since then, been described by various names and 

definitions.10 POI is a clinical syndrome of loss of 

ovarian activity before the age of 40 years.11 This study 

could not comment on the incidence of POI since authors 

have chosen cases based on strict exclusion criteria. 

Authors found that in 62% of POI the cause was 

idiopathic, 24% had surgical menopause and cancer 

chemotherapy accounted for 8%. Majority of our cases 

(64%) were between 31-40 years of age. In 66% the 

duration of menopause was <5 years. Majority (91%) had 

only minimal to mild menopausal symptoms probably 

due to hypoestrogenemia from the time of menarche. As 

a result, majority are not seeking medical care. This 

aspect has not been addressed in previous studies.  

Women with POI have been proven to be at high risk for 

CAD.12 The predisposing factors include endothelial 

dysfunction, autonomic dysfunction, abnormal lipid 
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profile, insulin action disturbances and metabolic 

syndrome. Endothelial dysfunction, a known sequel to 

hypoestrogenemia, could be the initiating event in 

atherosclerosis.13 Impaired endothelial function is evident 

in POI as early as a month following bilateral 

oopherectomy.14 Impaired flow mediated dilatation of the 

brachial artery increased carotid intima media thickness 

and left ventricular diastolic dysfunction are common in 

these women. A decrease in circulating endothelial 

progenitor cells has also been documented in POI.15 In 

addition they have impaired baroreceptor sensitivity and 

reduced heart rate variability compared to healthy 

controls.16 Menopausal hormone therapy (MHT) for 6 

months has shown to improve the flow mediated 

dilatation by 2.4- fold, to the same level as healthy 

controls.17  

CAD has also been attributed to dyslipidemia in POI but 

there are conflicting results. One study has reported 

significantly high triglyceride levels and lower HDL 

cholesterol levels in comparison to controls after 

correction for age and body mass index (47 POI vs. 60 

controls).12 However this group revealed significantly 

higher total cholesterol and LDL levels in POI women 

and a significant negative co-relation between estradiol 

and total cholesterol levels (r=0.291, P=0.047). In this 

study total cholesterol was found to be significantly high 

among cases (75% vs. 51%, p=0.001). Low HDL levels 

were more in controls (69% vs. 77%; p=0.2), but no 

significant difference was found. Present study evidence 

supports the previous studies. 

Ates et al has reported increased total and HDL 

cholesterol in POI women with similar levels of glucose, 

insulin, LDL index, triglyceride index and smoking thus 

showing a high incidence of metabolic syndrome in 

POI.18 Authors could not find a significant difference 

between the groups in the incidence of metabolic 

syndrome (41% vs. 32%; p=0.2). 

Cardiovascular morbidity of POI has also been 

highlighted by the Multi ethnic study of Atherosclerosis 

which showed that heart failure was increased by 66% in 

those undergoing menopause earlier than 45 years 

compared with women experiencing later menopause 

with a 4% decrease in risk with every one year increase 

in age at menopause.19  

All cause mortality was also found to be more in POI 

from the Nurse's Health Study and The Mayo Clinic 

Cohort Study of Oopherectomy and Aging. Particularly, 

the mortality from ischemic heart disease is 

approximately 80% more in the POI group compared to 

women with menopause at 40-55 years.20 MHT was 

found to attenuate the mortality risk.20 Data from our 

study suggests that hypercholesterolemia might be one of 

the factors which could initiate endothelial damage and 

atherosclerosis. Hence early screening for dyslipidemia 

and use of lipid lowering agents is of utmost importance 

while considering treatment options in POI. 

Hypoalbuminemia is another risk factor for CAD which 

has not been evaluated in POI. Albumin is a carrier of 

steroid hormones and its synthesis is stimulated by 

them.21 Estrogen deficiency in POI could cause 

hypoalbuminemia. Several studies have brought out an 

inverse relationship between serum albumin level and 

incidence of CAD and stroke in the general 

population.22,23 The hazard ratio for CAD is 1.26 for 

every one standard deviation decrease in serum albumin 

level.24 Hypoalbuminemia enhances the production of 

free radicals from lipid peroxidation systems and inhibits 

endothelial apoptosis which are the early steps in the 

atherosclerotic process.25,26 Present study has shown, for 

the first time, a significantly high level of 

hypoalbuminemia (6% vs. 1%, OR 2.1, 95% CI 1.8-2.4, 

p=0.01) in POI. 

HS-CRP, a marker of atherosclerosis, has not been 

previously assessed in women with POI.27 In this study 

HS-CRP was found elevated in more cases than controls 

but did not show any significant difference between the 

groups (59% vs. 49%, OR 1.5, 95% CI 0.8-2.6, p=0.2). 

So, authors infer that atherosclerotic changes might not 

have started in majority of our patients (66%) who were 

into menopause only for <5years (Table 2). Therefore, 

low serum albumin level and high total cholesterol levels 

seems to be better early markers of CAD risk in POI 

before the onset of any inflammatory changes in the 

arterial walls.  

The strengths of present study include the case-control 

nature with 1-to-1 matching and analysis based on serum 

values which gives highly objective data. Majority of 

studied patients were in the first 5 years of POI which has 

facilitated assessment of early changes after menopause. 

Drawback was the small sample size and lack of long 

term follow up. Hypertension was found to be a 

significant confounder, but it could be a secondary 

outcome of endothelial changes induced by 

hypercholesterolemia and hypoalbuminemia. 

CONCLUSION 

POI needs greater attention as it increases the morbidity 

and all cause mortality in comparatively younger women. 

We found that in majority, the cause of POI is idiopathic. 

Since menopausal symptoms are only minimal women 

tend to evade medical care. This study shows significant 

hypercholesterolemia (p=0.001) and hypoalbuminemia 

(p=0.01) as early as 5years into POI.  

Hence hypercholesterolemia and hypoalbuminemia prove 

to be more efficient early markers of CAD compared to 

HS-CRP. Taking evidence from our cases, serum 

screening for hypercholesterolemia and 

hypoalbuminemia should commence early in POI 

probably within 5 years of menopause. There is a trend 

for high HS-CRP in cases, but this would need studies 

with larger sample size for complete evaluation. 
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