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Background: Menopause is associated with an increased risk of cardiovascular disease (CVD) due to 

changes in lipid metabolism. The study objective is to compare lipid profile, atherogenic indices, and 

cardiovascular risk in women with surgical versus natural menopause, and to assess their correlation with 

Framingham Risk Score (FRS). 

Methodology: This observational study included 120 postmenopausal women aged 40–65 years (natural 

menopause, n=98; surgical menopause, n=22). Demographic and anthropometric data, as well as blood 

samples, were collected. Lipid profile, atherogenic indices, and FRS were calculated and compared 

between groups using appropriate statistical analyses. 

Results: Atherogenic indices were elevated in the surgical menopause group(p=0.000) versus those with 

natural menopause. FRS analysis showed 50% of surgical menopause cases had high cardiovascular risk 

(>20%) compared to 7.2% in natural menopause. Positive correlations existed between FRS and lipid 

parameters, including total cholesterol (r = 0.513, p < 0.000), non-HDL cholesterol (r = 0.569, p < 0.000), 

triglycerides (r = 0.235, p = 0.010), CRI I (r = 0.661, p < 0.001), CRI II (r = 0.319, p < 0.001), and AC (r 

= 0.381, p < 0.001). 

Conclusion: Surgical menopause is linked to higher cardiovascular disease risk compared to natural 

menopause.  The strong correlation of lipid ratios with FRS in the present study reinforces their potential 

utility as practical adjuncts to established risk prediction tools. These findings highlight the importance of 

menopause type in CVD risk assessment and the need for monitoring women undergoing surgical 

menopause.  
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Introduction 

Menopause, the permanent cessation of menstruation following loss of ovarian activity, impacts women's 

health[1]. Cardiovascular Disease (CVD) is the leading cause of death in post-menopausal women 

worldwide, exceeding breast and gynaecologic cancers[2,3]. Females show a higher prevalence of 

dyslipidemia during midlife, suggesting a role for the menopausal transition [4]. Dyslipidemia is a CVD 

risk factor. Traditional lipid measurements are linked to CVD onset. Although lowering low-density 

lipoprotein cholesterol (LDL-C) reduces cardiovascular events, residual risk remains at 50% at 

recommended levels, indicating a need for new predictors [5]. Various indices provide enhanced CVD risk 

evaluation by balancing atherogenic and anti-atherogenic lipoproteins [6]. During menopause, declining 

oestradiol leads to proatherogenic changes, including elevated Total cholesterol(TC), LDL-C, 

Apolipoprotein B, and higher Lipoprotein (a) levels [7]. Early menopause, whether natural or induced, 

reduces hormone exposure and predicts CVD. Hysterectomy-related CVD risk stems from premature 

ovarian failure [8-10]. Women with surgical menopause show greater arterial stiffness than those with 

natural menopause, potentially increasing CVD risk [11] Research on menopausal transition (MT) and lipid 

profile shows inconsistent findings. Limited data exist on lipid ratios and CVD risk in natural or surgical 

menopause. This study examines the correlation between lipid profile and CVD risk and whether lipid 

ratios better predict risk by menopausal status. 

 

Material and Methods 

 

Study design and participants 

This observational study was conducted among 120 postmenopausal women aged 40 to 65 years who 

attended the menopause clinic at the Department of Obstetrics and Gynaecology, affiliated with a tertiary 

care hospital and the constituent medical college of Health University during the period May 2022 to 

October 2022. Ethical approval for the study was obtained from the institutional ethics committee 

(reference number: RUHSCMS/Ethics Comm. /2022-23/81 dated 01.07.2022). This study complied with 

the principles of the Declaration of Helsinki. Written informed consent was obtained from all participants. 

Participants were recruited using a non-probability consecutive sampling technique rather than forced 

group matching, resulting in a smaller surgical menopause subgroup. Participants were categorized into 

natural (n =98) and surgical (n = 22) menopause groups based on the causative process for the onset of 

menopause.  

Menopause was diagnosed according to the Stages of Reproductive Ageing Workshop (STRAW) criteria 

[12]. The study encompassed women who reported either natural or surgical menopause. Post-menopausal 

women were categorized as having experienced natural menopause or surgical menopause, with the latter 

defined as having undergone a hysterectomy. Participants were healthy post-menopausal women who were 

estrogen-deficient (having not used hormone replacement therapy (HRT) for at least six months) and had 

not experienced menses for at least one year, classified under the natural menopause category. Women with 

a history of hysterectomy with unilateral or bilateral oophorectomy were included in the surgical 

menopause category only if the age at surgery was equal to or preceded the age at menopause, and there 

was no use of HRT for at least six months. The duration of menopause was estimated based on the self-

reported onset of natural menopause and the self-reported date of surgery for those who underwent a 

hysterectomy with bilateral oophorectomy. 

The exclusion criteria included women who had undergone hormonal therapy, had significant CVD, active 

psychological disorders, malignancies within the previous five years, other comorbid diseases, were using 

Quick Response Code:



Bamniya et al. Atherogenic risk in menopause 

 

173 Niger Med J 2025;67(1): 171 - 182,  ISSN: 0300-1652, E-ISSN: 2229-774X, Publisher: Nigerian Medical Association. Jan. – Feb. 2026 

 

 

beta-blockers and lipid-lowering drugs, and those who did not report their age at menopause. Data for each 

participant were collected through a comprehensive questionnaire.  

Data Collection and measurements 

Demographic characteristics were obtained through questionnaire surveys administered by trained 

researchers. The questionnaire content included sex, age, smoking history, drinking history, and clinical 

diagnosis. Reproductive history, age at menopause and post-menopausal duration were obtained from the 

medical history and physical examination. Menopausal status was assigned based on self-reported 

menstrual cycle histories. 

 

The anthropometric parameters included height, weight, waist circumference (WC) and hip circumference 

(HC). Body mass index (BMI) was calculated as weight (kg) divided by height squared (m2) [13]. All blood 

pressure (BP) measurements were obtained using an electronic sphygmomanometer (Omron; Dalian, 

China). Hypertension was diagnosed according to the Eighth Joint National Committee (JNC 8) blood 

pressure guidelines [14]. 

After clinical evaluation and physical examination, blood samples were collected for biochemical analysis. 

 

Laboratory analysis 

All tests were performed after overnight fasting and analyzed at the Central Biochemistry Laboratory of 

the hospital. All laboratory equipments were calibrated prior to use.  Serum glucose (fasting) and lipid 

levels (TC, high-density lipoprotein cholesterol (HDL-C), and triglyceride (TG)) were measured using 

standard enzymatic methods on a fully automated biochemistry analyzer (Beckman Coulter). The samples 

were analyzed immediately, and the results were recorded. Furthermore, LDL-C and very-low-density 

lipoprotein cholesterol (VLDL-C) levels were calculated using the Friedwald formula [15]. Non-HDL-C 

was defined as total cholesterol minus HDL-C [16 ]. Dyslipidemia was defined according to the guidelines 

of the modified AHA/NHLBI ATM III definition[17]. 

 

The following non-traditional lipid ratios were computed: 

Lipid ratio calculation:[18] 

• Castelli's Risk Index (CRI): This index is derived from TC, LDL, and HDL and is divided into two 

categories: 

• Castelli's Risk Index-I (CRI-I) = TC/HDL-C ratio 

• Castelli's Risk Index-II (CRI-II) = LDL-C/HDL-C ratio  

• Non-HDL cholesterol = TC - HDL-C  

• Atherogenic Coefficient (AC) = TG/HDL-C  

• Atherogenic Index of Plasma (AIP) = log TG/HDL 

 

Cardiovascular Risk Assessment [19] 

The Framingham Risk Score (FRS) was employed to estimate the 10-year risk of cardiovascular disease 

(CVD) and was calculated electronically by entering the necessary parameters on the following webpage: 

http://www.cvdrisk-checksecure.com/FraminghamRiskScore.aspx/. The FRS encompasses the entire 

spectrum of CVD, including coronary heart disease, peripheral vascular disease, stroke, and heart failure. 

It requires data on the age, sex, systolic blood pressure (SBP), treatment for hypertension, diabetes, total 

blood cholesterol, and HDL level of each participant.  

Absolute 10-year CVD risk was classified as follows:  

Low risk <10% , Moderate risk 10-20%, High risk >20% 

 

Statistical Analysis 

Data were entered into Microsoft Excel and analyzed using SPSS version 20.0. Continuous variables are 

presented as mean ± standard deviation (SD), contingent upon the distribution assessed using the Shapiro-
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Wilk test. Categorical variables were summarized using frequencies and percentages. Associations between 

categorical variables were analyzed using the chi-square or Fisher’s exact test, as appropriate. For the  

comparison of continuous variables between groups, the independent t-test or Mann-Whitney U test was 

employed. Correlations were assessed using Pearson correlation coefficients. Statistical significance was 

set at p < 0.05. Ordinal logistic regression with a logit link function was performed to determine 

independent predictors of CVD. 

 

Results  

 

Table 1: Baseline characteristics of the study participants 

Variables 

Natural 

Menopause 

(n=98) 

Surgical 

Menopause 

(n=22) 

Total 

Menopause 

(n=120) 

p-value 

(t-test or chi-

square test) 

Age (years)  

(Mean ± SD) 
56.4±4.0 55.9±4.6 56.3±4.1 0.649 

Age group (n%)     

<50 years 10 (10.2) 3 (13.6) 13 (10.8) 
0.139 

50-59 Years 59 (60.2) 17 (77.3) 76 (63.3) 

60-65 Years 29 (29.6) 2 (9.1) 31 (25.8)  

Age at menarche (years) 

(Mean ± SD) 
13.9±1.3 14.4±1.4 14.01±1.4 0.089 

Age at menopause 

(years) (Mean ± SD) 
49.7±2.1 47.6±1.8 49.3±2.2 0.000** 

Age of mother at 

menopause (years) 

(Mean ± SD) 

50.1±0.7 50.2±0.7 50.1±0.7 0.682 

Marital status (n%)     

Married 87 (88.8) 19 (86.4) 106 (88.3) 

0.233 Divorced 0 (0.0) 1 (4.5) 1 (0.8) 

Widow 11 (11.2) 2 (9.1) 13 (10.9) 

Alcohol user (n%) 1 (1.0) 1 (4.5) 2 (1.7) 
0.455 

 

Smoking (n%) 3 (3.1) 1 (4.5) 4 (3.3) 0.842 

Comorbid 

Condition(n%) 
    

Thyroid 2 (2.0) 4 (18.2) 6 (5.0) 0.0017* 

Diabetes 7 (7.1) 9 (40.9) 16 (13.3) 0.000** 
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Family history of cardiac 

disease(n%) 
17 (17.3) 9 (40.9) 26 (21.7) 0.050 

Reproductive life 

span(n%) 
    

25-34 17 (23.0) 7 (46.7) 24 (27.0) 
0.059 

35-44 57 (77.0) 8 (53.3) 65 (73.0) 

*Significant p<0.05 , ** Highly significant p< 0.001 

 

Table 1 provides details of baseline characteristics of study participants. Mean age was comparable between 

groups: 56.4±4.0 years for natural menopause and 55.9±4.6 years for surgical menopause (P=0.649). Most 

women in both groups were aged 50-59 years. Mean age at menarche was higher in the surgical group 

(14.4±1.4) versus the natural group (13.9±1.3; p=0.089). Age at menopause was lower in the surgical group 

(47.6±1.8) than the natural group (49.7±2.1; p=0.000). No differences were found in marital status, alcohol 

use, or smoking. Thyroid disorders (p=0.0017) and diabetes (p=0.000) were more prevalent in the surgical 

group. Family history of cardiac disease was higher in the surgical group (40.9% vs. 17.3%; p=0.050). 

Reproductive life span was shorter in the surgical group, though not significantly (p=0.059). 

 

Table 2: Anthropometric and biochemical parameters in study participants. 

Variables 

Natural 

menopause 

(n=98) 

(Mean ± SD) 

Surgical 

menopause 

(n=22) 

(Mean ± SD) 

Total 

menopause  

( n=120) 

(Mean ± SD) 

p-value 

Height(meters) 1.6±0.1 1.6±0.1 1.6±0.1 0.741 

Weight(kg) 65.4±7.7 73.4±8.2 66.9±8.3 0.000** 

Body mass index (Kg/m2) 26.6±3.9 29.6±4.1 27.1±4.1 0.002* 

Waist circumference 

(Centimetres) 
85.7±7.4 91.7±4.3 86.8±7.3 0.000** 

Hip circumference 

(centimetres) 
101.2±4.9 103.4±7.4 101.6±5.5 0.094 

Waist to hip ratio 0.9±0.1 0.9±0.1 0.9±0.1 0.028* 

Systolic blood pressure 

(mmHg) 
128.7±7.0 133.9±12.5 129.7±8.5 0.008* 

Diastolic blood pressure 

(mmHg) 
83.4±9.9 86.8±12.5 83.9±10.4 0.167 

Glucose(Fasting)(mg/dL) 99.9±17.0 109.7±12.5 101.7±16.7 0.012* 

Total Cholesterol(mg/dL) 204.5±38.9 219.1±43.3 207.2±40.0 0.122 

Triglycerides (mg/dL) 158.6±46.3 189.2±63.5 164.2±51.0 0.010* 

HDL-C(mg/dL) 43.9±9.7 33.2±2.3 41.9±9.7 0.000** 

LDL-C(mg/dL) 131.9±35.2 139.8±37.9 133.3±35.7 0.352 

VLDL-C(mg/dL) 37.3±15.8 38.9±8.9 37.6±14.8 0.650 

Non-HDL-C(mg/dL) 160.6±40.6 185.9±42.8 165.3±41.9 0.010* 

CRI I 4.8±1.2 6.6±1.3 5.1±1.4 0.000** 
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CRI II 3.1±0.9 4.2±1.2 3.3±1.1 0.000** 

AC 3.7±1.3 5.7±1.9 4.1±1.6 0.000** 

AIP 0.6±0.1 0.7±0.2 0.6±0.2 0.000** 

*Significant p<0.05 , ** Highly significant p< 0.001 

 

HDL-C- high-density lipoprotein cholesterol, LDL-C- low-density lipoprotein cholesterol, VLDL-C very-

low-density lipoprotein cholesterol, Non HDL-C-Non high-density lipoprotein cholesterol, CRI-I- 

Castelli’s Risk Index-I, CRI-II- Castelli’s Risk Index-II, AC- Atherogenic Coefficient, AIP- Atherogenic 

index of plasma 

 

In this study, women who underwent surgical menopause exhibited significantly higher weight, BMI, and 

waist circumference compared to those who experienced natural menopause (p< 0.05). Additionally, the 

waist-to-hip ratio and systolic blood pressure were notably elevated in the surgical group (p=0.028 and 

p=0.008, respectively). Fasting glucose and triglyceride levels were significantly increased (p=0.012 and 

p=0.010), whereas HDL-C levels were markedly lower (33.2±2.3 vs. 43.9±9.7 mg/dL; p=0.000). 

Atherogenic indices, including CRI I, CRI II, AC, and AIP, were significantly elevated in the surgical 

menopause group (all p=0.000), indicating a heightened cardiovascular risk. No significant differences 

were observed in height, hip circumference, diastolic blood pressure, LDL-C, or VLDL-C levels. (Table 2) 

 

Table 3. Ordinal logistic regression analysis showing predictors of cardiovascular risk category in 

postmenopausal women 

Variable β SE Wald 

χ² 

p value Odds 

Ratio 

(Expβ) 

95% CI 

for OR 

Age (years) 0.51 0.15 11.46 0.001* 1.66 1.24-2.23 

Age at 

menopause 

(years) 

-0.13 0.24 0.29 0.590 0.88 0.56-1.40 

Body mass index 

(Kg/m2) 

 

0.00 

0.11 0.00 0.969 1.00 0.81-1.24 

Waist to hip ratio -4.95 8.41 0.35 0.556 0.007 0.0000005-

101 

Waist 

Circumference 

(Centimetres) 

0.11 0.10 1.29 0.256 1.12 0.92-1.35 

Triglycerides 

(mg/dL) 

0.02 0.05 0.16 0.690 1.02 0.93-1.12 

Serum glucose 

(fasting) (mg/dL) 

-0.03 0.03 0.93 0.335 0.97 0.92-1.03 

Systolic blood 

pressure(mmHg) 

0.15 0.05 8.72 0.003* 1.16 1.05-1.27 
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Non-HDL-C 

(mg/dL) 

0.30 0.11 7.67 0.006* 1.35 1.09-1.67 

HDL-C (mg/dL) -1.18 0.47 6.36 0.012* 0.31 0.12-0.77 

CRI-I -10.08 4.05 6.18 0.013 <0.001 <0.001-

0.12 

CRI-II -0.11 0.43 0.06 0.802 0.89 0.39-2.08 

AC -1.92 1.71 1.26 0.261 0.15 0.005-4.17 

AIP 15.59 14.37 1.18 0.278 5.9×10⁶ 0.000003 – 

1.4×10¹⁴ 

Surgical 

menopause vs 

natural 

menopause 

3.81 1.70 5.00 0.025* 45.1 1.60-1268 

Diabetes mellitus 

(yes vs. no) 

- - 9.46 0.002* - - 

Thyroid 

dysfunction 

4.42 2.59 2.91 0.088 82.8 0.52-13345 

*Significant p<0.05, β- Regression Coefficient (β Coefficient), SE-Standard error (of the regression 

coefficient, Wald χ²- Wald Chi-square Statistic, Exp β- Exponentiation of β 

 

HDL-C- high-density lipoprotein cholesterol, Non HDL-C-Non high-density lipoprotein cholesterol, 

CRI-I- Castelli’s Risk Index-I, CRI-II- Castelli’s Risk Index-II, AC- Atherogenic Coefficient, AIP- 

Atherogenic index of plasma 

            

Ordinal logistic regression with a logit link function was performed to determine independent predictors of 

cardiovascular risk category among menopausal women. The final model demonstrated a statistically 

significant improvement over the intercept-only model (Likelihood ratio χ² = 225.033, df = 17, p < 0.001). 

Goodness-of-fit statistics indicated adequate model calibration (Pearson χ² = 148.329, p = 1.000; Deviance 

χ² = 60.242, p = 1.000). The model showed excellent explanatory power, with pseudo R-square values of 

0.847 (Cox & Snell), 1.000 (Nagelkerke), and 1.000 (McFadden). 

After adjustment for all covariates, advancing age (β = 0.51, p = 0.001), systolic blood pressure (β = 0.15, 

p = 0.003), and non-HDL cholesterol (β = 0.30, p = 0.006) were significantly associated with increased 

odds of belonging to a higher cardiovascular risk category. In contrast, higher HDL cholesterol levels (β = 

−1.18, p = 0.012) were associated with a protective effect. CRI-I also showed a significant independent 

relationship with cardiovascular risk (β = −10.08, p = 0.013) (Table 3). 
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Table 4: Framingham risk score of study participants according to the type of menopause 

FRS 

Natural 

Menopause 

     n=98 

    (n%) 

     Surgical 

Menopause 

        n=22 

    ( n%) 

Total (n%) p-value 

Low (<10%) 69 (70.4) 3 (13.6) 72 (60.00) 

0.000** Moderate (10-20%) 22 (22.4) 8 (36.4) 30 (25.0) 

High (>20%) 7 (7.2) 11 (50.0) 18 (15.0) 

** Highly significant p< 0.001 

The analysis of Framingham risk scores indicated that a significantly greater proportion of women who 

underwent surgical menopause (50%) exhibited a high cardiovascular risk (>20%) compared to those who 

experienced natural menopause (7.2%) (p = 0.000). Conversely, the majority of women with natural 

menopause (70.4%) were categorized as low-risk (<10%). (Table 4) 

 

Figure: Pearson Correlation between anthropometric, biochemical parameters and lipid ratios with 

Framingham Risk Score 

 

 

The figure shows a correlation analysis between lipid parameters and FRS. A significant positive 

correlation was identified between  FRS and various lipid parameters, including total cholesterol (r = 0.513, 

p < 0.000), non-HDL cholesterol (r = 0.569, p < 0.000), triglycerides (r = 0.235, p = 0.010), CRI I (r = 

0.661, p < 0.001), CRI II (r = 0.319, p < 0.001), and AC (r = 0.381, p < 0.001). Additionally, BMI showed 

a weak yet significant correlation with FRS (r = 0.214, p = 0.019), whereas waist circumference and WHR 

were not significantly correlated with FRS. Notably, HDL was significantly negatively correlated with FRS 

(r = -0.344, p < 0.001).  
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Discussion 

This study investigates lipid irregularities and ratios in women with surgical menopause, compared to those 

with natural menopause, as an indicator of CVD risk. In this research, surgical menopause was associated 

with a significantly increased risk of CVD, with persistent associations between lipid ratios and the FRS. 

These findings add to growing evidence that the type of menopause has important clinical implications for 

cardiovascular risk.  

In this study, BMI was significantly higher in post-menopausal women who underwent surgical 

intervention compared to those who experienced natural menopause. This finding is consistent with 

previous studies [20]. A study reported 26.5% prevalence of obesity among women with natural menopause 

and 34.0% among those with surgical menopause [21]. In our study, fasting glucose levels and SBP were 

significantly elevated in women with surgical menopause. Lower adjusted SBP levels across age ranges 

compared to pre-, peri-, or surgically postmenopausal women in women with natural menopause have been 

reported [20]. Our findings support prior evidence that surgical menopause is associated with a less 

favourable cardio-metabolic profile. 

 

A key contribution of this work is the consistent elevation of multiple atherogenic indices—CRI I and II, 

AC, and AIP—in women with surgical menopause, along with their strong positive correlations with FRS. 

These composite indices reflect the balance between atherogenic and anti-atherogenic lipoproteins and 

therefore offer a more integrated assessment of lipid-related cardiovascular risk than individual lipid 

measurements alone. The observed associations with FRS suggest that lipid ratios may enhance the 

identification of high-risk women, particularly in those who undergo abrupt estrogen deprivation following 

surgical menopause. 

Importantly, although traditional lipid parameters, such as total cholesterol and LDL-C, did not differ 

consistently between groups, atherogenic indices were uniformly higher in the surgical menopause group. 

This finding supports the growing recognition that reliance on isolated lipid values may underestimate 

cardiovascular risk in post-menopausal women. Paul J et al reported higher TG and lower HDL-C in women 

with surgical menopause[22]. A positive correlation between menopausal status and elevated TC, LDL, 

apolipoprotein B (apo-B), and high AC ratio has been reported earlier [23,24]. Women who have gone 

through menopause face a higher likelihood of developing CVD. 

 

The relationship between HDL-C levels and menopausal status might be more complex than suggested by 

measuring plasma total HDL-C alone. Research has shown that AIP could serve as a strong and independent 

indicator of coronary artery disease among Chinese Han post-menopausal women, potentially offering 

more predictive power than conventional lipid measures [25]. 

 

Composite lipid indices have emerged as promising indicators of coronary artery disease risk, 

demonstrating superior predictive capability compared to traditional single lipid measures [26]. AIP 

accounts for approximately 30% of the risk associated with developing CVD [27]. 

 

Both natural and surgical premature menopause are linked to a heightened risk of developing various 

cardiovascular diseases[28]. The main mechanism behind estrogen's anti-atherosclerotic effect is its 

influence on blood lipid levels. Surgical menopause is associated with a higher degree of coronary 

atherosclerosis, calcified plaque, and an increase in CVD events. Postmenopausal women, whether they 

have experienced surgical or natural menopause, have stiffer, larger elastic arteries compared to 

premenopausal women[11]. 
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In the present study, women with surgical menopause exhibited significantly greater cardiovascular risk 

compared with those experiencing natural menopause (β = 3.808, p = 0.025), indicating that surgical 

menopause independently predicted higher risk category status. Overall, the model identified age, diabetes 

mellitus, systolic blood pressure, non-HDL cholesterol, HDL cholesterol, CRI-I, and surgical menopause 

as key determinants of the cardiovascular risk category. 

The higher proportion of women classified as having high cardiovascular risk following surgical 

menopause is consistent with longitudinal and population-based studies reporting increased cardiovascular 

morbidity and mortality in this group [21]. However, the present study extends these observations by 

demonstrating a clear link between elevated cardiovascular risk scores and unfavorable lipid ratios, 

underscoring the role of dyslipidemia as a key mediator of excess cardiovascular risk after surgical 

menopause. 

When analysing the data based on the age at which menopause occurs, a progressive relationship was found 

between the onset of CVD and younger age at menopause for both natural and surgical types [29,30]. A 

study conducted by Honigberg et al [28] indicated that both natural and surgical premature menopause 

(occurring before the age of 40 years) were linked to a modest yet statistically significant increase in the 

risk of a composite of cardiovascular diseases among post-menopausal women. The extent to which 

menopausal characteristics and CHD are related through these factors remains uncertain [30].  

To the best of our knowledge, limited research has evaluated dyslipidemia using lipid ratios in 

postmenopausal women. Incorporating these indices into routine clinical practice may enable earlier 

identification of women at high cardiovascular risk after surgical menopause, allowing timely lifestyle and 

preventive interventions. Understanding menopause-related alterations in lipid metabolism is essential to 

addressing the rising burden of CVD in women, and the timing of menopause should be considered an 

important factor in cardiovascular risk assessment. Clinically, this study highlights the value of atherogenic 

indices for cardiovascular risk stratification in postmenopausal women, as they are inexpensive, easily 

derived from routine lipid profiles, and particularly useful in resource-limited settings. 

Limitations 

The present study is subject to several limitations. Firstly, the sample size in the surgical menopause group 

is notably smaller than in the natural menopause group. Secondly, the age at menopause was self-reported 

and determined retrospectively, several years after the event. Furthermore, the study lacks information 

regarding the reasons for prior bilateral oophorectomy, which could have elucidated potential risk 

mechanisms. As this is a cross-sectional study, the findings indicate associations rather than causality. 

Lastly, physical activity, a significant predictor of metabolic changes in menopausal women, was not 

evaluated. 

 

Conclusion 

Women with surgical menopause demonstrated a significantly higher cardiovascular disease risk compared 

to those with natural menopause, as evidenced by markedly elevated Framingham Risk Scores. This 

increased risk was closely associated with adverse lipid alterations and consistently higher atherogenic 

indices, including CRI I, CRI II, AC, and AIP, which showed strong correlations with cardiovascular risk. 

The strong correlation of lipid ratios with FRS in the present study reinforces their potential utility as 

practical adjuncts to established risk prediction tools. 

 

While menopause is widely recognized as a period of increased cardiometabolic vulnerability, these 

findings underscore the clinical value of incorporating atherogenic indices alongside conventional lipid 

parameters for improved cardiovascular risk stratification, particularly in women undergoing surgical 

menopause, enabling earlier identification and targeted preventive interventions. 
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