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Abstract

Postmenopausal women have a higher risk of hypertension compared with premenopausal women 

possibly related to increased endothelial dysfunction in the setting of lower levels of circulating 

estrogen. Using data from 660 women in the Jackson Heart Study (JHS), postmenopausal women 

had higher daytime, nighttime and 24-hour systolic blood pressure variability (BPV) compared 

with premenopausal women, and higher nighttime systolic BPV was associated with higher 

endothlin-1 (a marker of endothelial dysfunction) in postmenopausal women (ß =0.27 [0.05, 0.50], 

p=0.019), even after adjustment for possible confounders including age. These findings highlight 

the relevance of menopause status to blood pressure variability and the potential role of blood 

pressure variability in the development of high endothelin-1 in postmenopausal women.

Postmenopausal women have a higher risk of hypertension and hypertension-related 

cardiovascular disease (CVD) than premenopausal women and this risk is especially 

high among Black women 1. Blood pressure (BP) variability (BPV) is associated with 

oxidative stress and endothelial dysfunction and there is evidence that postmenopausal 

women have increased BPV as well as increased markers of endothelial dysfunction 2,3. 

The association between BPV and endothelial dysfunction in postmenopausal women has 
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been underexplored 4,5. We examined the association between BPV and endothelin-1, a 

vasoconstrictor implicated in endothelial dysfunction and hypertension, among pre- and 

postmenopausal women in the Jackson Heart Study (JHS) 6.

Design, methods, and baseline characteristics of the JHS have been previously detailed 
7. Briefly, JHS is a longitudinal, population-based cohort study of CVD among Black 

adults aged 21-95 years at baseline in the Jackson, Mississippi metropolitan area 7. All 

participants provided informed consent and the University of Mississippi Medical Center, 

Jackson State University, and Tougaloo College institutional review boards approved the 

study. The study population for this cross-sectional analysis included 660 women who had 

1) complete ambulatory BP monitoring (ABPM) recordings defined by ≥70% valid readings, 

2) endothelin-1 values and 3) responded to the question “Have you had any menstrual 

periods or bleeding during the past 2 years.” A “no” response to this question defined 

postmenopausal status 8,9. Participants who underwent ABPM had a portable oscillometric 

device (Spacelabs 90207, Spacelabs) attached to their nondominant arm. The device was 

calibrated by trained technicians after placement and BP readings were programmed to 

be taken every 20 minutes for 24 hours. Endothlin-1 levels were measured in participants 

after an overnight fast and were quantified using ELISA (enzyme-linked immunosorbent 

assay) in picograms per milliliter (QuantiGlo Human ET-1 Immunoassay [R&D Systems 

Inc]). Covariates were chosen a priori and classification of BP readings as daytime or 

nighttime was based on International Database of ABP in relation to Cardiovascular 

Outcome (IDACO) criteria (nighttime: 00:00-06:00, daytime: 10:00-20:00) 10.

We defined BPV using average real variability (ARV), the sum of absolute differences 

between successive BP readings divided by the total number of readings minus one, for 

24-hour, daytime and nighttime systolic BP (SBP) and diastolic BP (DBP), separately 
5,11. Descriptive statistics were calculated by menopause status and compared using χ2 

tests, two-sample t-tests or Wilcoxon rank-sum tests, as appropriate. In linear regression 

models stratified by menopause status, we assessed the association of endothelin-1 with 

BPV. Given a non-normal distribution, endothelin-1 levels were log-transformed and 

then standardized. Model 1 adjusted for mean BP (SBP and DBP—daytime, nighttime, 

24-hour for each respective BPV metric [e.g. daytime SBP BPV adjusted for mean 

daytime SBP]), antihypertensive medication use, prevalent CVD (stroke or coronary heart 

disease), total cholesterol, smoking status, and diabetes. Model 2 additionally adjusted 

for estimated glomerular filtration rate (eGFR) calculated using the non-race CKD-EPI 

Creatinine Formula [2021] and model 3 additionally adjusted for age. In supplemental 

analyses restricted to postmenopausal women, we adjusted model 3 further for (1) hormone 

replacement therapy (HRT) and (2) premature menopause (<40 years). Multiple imputation 

by chained equations (10 iterations) was used for missing data and statistical significance 

was defined by a 2-sided p-value <0.05. Given the exploratory nature of the analyses, 

p-values were not corrected for multiple comparisons.

Of the 660 women included in this analysis, 531 (80.5%) were postmenopausal. 

Postmenopausal women were older (62 ± SD: 9 years vs. 47 ±10 years), more likely to 

be taking antihypertensive medication (66% vs. 38%), have a history of diabetes (29% vs. 

15%), have a lower median eGFR (82 [25th-75th percentiles: 71, 94] ml/min/1.73m2 vs. 96 
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[80, 108] ml/min/1.73m2) and have higher median endothelin-1 levels (25th-75th percentiles: 

1.2 [0.9, 1.6] pg/mL vs. 1.1 [0.8, 1.3] pg/mL) than premenopausal women (each p<0.05, 

FIGURE). Also, 10% and 6% of postmenopausal and premenopausal women, respectively, 

had a history of CVD (p=0.15). Median (25th-75th percentile) daytime and nighttime SBP 

were higher in postmenopausal vs. premenopausal women but median DBP did not differ 

between groups (FIGURE). Daytime SBP ARV, nighttime SBP ARV and 24-hour SBP 

ARV were each higher in postmenopausal vs. premenopausal women (median [25th – 75th 

percentile] SBP ARV: daytime: 9.9 [8.0, 11.7] vs. 8.6 [7.1, 10.2], p<0.001; nighttime: 8.0 

[6.4, 9.7] vs. 7.3 [6.0, 8.6], p<0.001; 24-hour: 9.0 [7.8, 10.4] vs. 8.1 [7.0, 9.2], p=0.001). 

In unadjusted models, for every SD higher log endothelin-1 level there was a 0.32 [95% 

CI: 0.09, 0.55] times higher SBP ARV (p=0.007, FIGURE); this association was present 

in the fully adjusted model (ß =0.27 [95% CI 0.05, 0.50], p=0.019). Endothelin-1 was not 

associated with any measure of DBP ARV or 24-hour or daytime SBP ARV. Associations 

between BPV and endothelin-1 were similar after adjusting for HRT use and premature 

menopause among postmenopausal women; nighttime SBP ARV and endothlin-1 remained 

associated after these additional adjustments (ß =0.26 [0.01 , 0.51], p=0.04). There was no 

evidence of an association between endothelin-1 and SBP or DBP ARV in premenopausal 

women.

In the current study, higher endothelin-1 levels were associated with higher nighttime SBP 

ARV in postmenopausal Black women after adjustment for potential confounders including 

age. This study builds on prior studies by linking endothelin-1 levels and higher nighttime 

SBP BPV in postmenopausal women. This is notable given that nighttime SBP BPV has 

been previously shown to have a stronger association with adverse cardiovascular outcomes 

compared with daytime and 24-hour BPV 12. The stronger association of nighttime BPV 

with adverse cardiovascular outcomes is likely due the more prominent role of adverse 

endogenous factors (e.g. vascular dysfunction, elevated endothelin-1 levels) in determining 

BPV while individuals are asleep or resting 12. This study was limited by the small 

number of premenopausal women and by the multiple comparisons made. In addition, 

the cross-sectional nature of the analysis limits the ability to assess causality or the 

directionality of the relationship between endothelin-1 and SBP ARV in postmenopausal 

women. In conclusion, these findings demonstrate the value of assessing nighttime BPV in 

postmenopausal women and underscore the possible role of endothelin-1 in the development 

of abnormal BP patterns. Future studies could consider interventions to lower endothelin-1in 

post-menopausal women.
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FIGURE. Ambulatory Blood Pressure Monitoring, Endothelin-1 and Menopause Status in the 
Jackson Heart Study.
Panel A presents select characteristics in postmenopausal vs. premenopausal women as 

mean ±standard deviation, %, or median [25th-75th percentile]. Panel B presents the median 

[25th-75th percentile] for 24-hour, daytime and nighttime systolic and diastolic blood 

pressure by menopause status, p-values presented for each comparison using Wilcoxon rank 

sum tests. * indicates a significant difference (p<0.05) in average real variability (ARV) for 

each ambulatory blood pressure metric (e.g. 24-hour SBP ARV is significantly different in 

postmenopausal compared with premenopausal women). Panel C presents the association 

between daytime and nighttime SBP and DBP ARV with standardized endothelin-1 for 

postmenopausal women, the solid line represents the estimate and the shaded area presents 
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the 95% confidence interval. Endothlin-1 is log transformed given a non-normal distribution. 

ARV: average real variability; BP: blood pressure; DBP: diastolic blood pressure; eGFR: 

estimated glomerular filtration rate, calculated using the 2021 CKD-EPI creatinine equation; 

SBP: systolic blood pressure.
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