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Abstract

Objective: Longer menstrual cycles have been associated with greater risk of cardiovascular 

disease, supporting a contribution of abnormal ovarian function. We aimed to characterize 

trajectories of menstrual cycle length over the menopause transition (MT) and test whether these 

trajectories are associated with postmenopausal markers of subclinical atherosclerosis.

Methods: Women from the SWAN Daily Hormone Study were included if they had an observed 

date of the final menstrual period (FMP), recorded cycle lengths from ≥2 annual menstrual cycles 

(mean±SD:4.22±1.91 cycles), and had measurements of postmenopausal carotid intima-media 

thickness (cIMT) and/or brachial-ankle pulse wave velocity (baPWV). Trajectories of cycle length 

over the MT were identified using Group-based trajectory modeling and linked with cIMT and 

baPWV using linear regression.

Results: We studied 428 women who had 1808 cycles over the MT (45.1±2.3 years old at 

baseline visit), and of whom 263 had cIMT, and 213 had baPWV measured postmenopausally 
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(after 13.88±0.42 and 15.25±0.70 years since baseline visit, respectively). Three distinct 

trajectories of cycle length were identified: stable (no changes in cycle length over the MT 

among 62.1% of women), late increase (a late increase 2-years before the FMP among 21.8%), 

and early-increase (an early increase 5-years before the FMP among 16.2%). Women with the 

late-increase pattern had significantly lower postmenopausal cIMT (0.72 mm) and baPWV (1392 

cm/sec) levels than the stable group (0.77 mm and 1508 cm/sec; respectively) adjusting for race, 

concurrent age, socioeconomic status, physical activity level, and premenopausal cardiovascular 

risk profile.

Conclusions: Patterns of cycle length over the MT appear to be a marker of future vascular 

health that may help identify groups at greater or lesser risk of atherosclerosis after menopause.

Keywords

women; subclinical measures of vascular health; estrogen; cycle length; climacteric

Introduction

Menstrual cycle length is an important vital sign that can be a key to the diagnosis of 

potentially serious health conditions.1 Normally, ovulatory menstrual cycles occur at a 

regular interval of 21 to 35 days in reproductive-aged women.2 Changes in menstrual 

cycle length in mid-reproductive life are often attributable to hypothalamic-pituitary axis 

dysfunction, thyroid disorders, and more rarely, primary ovarian failure.

Since reproductive hormone levels vary considerably depending on the timing of ovulation 

and the length of the cycle, cycle length could also be an important marker for cumulative 

hormone exposure during reproductive life.3 Interestingly, cumulative estrogen exposure 

vary by cycle length.3 Compared to women with normal-length cycles, women with 

short cycles had higher estradiol concentration across the cycle.3 A woman with frequent 

menstrual cycles (short cycles) will spend relatively more of her reproductive years with 

higher estrogen levels than a woman with very long cycles, since the early follicular phase of 

the cycle is marked by relatively less estrogen secretion and is the more variable portion of 

the cycle.4

Cycle length has been linked to different chronic conditions including breast cancer, 

osteoporosis and cardiovascular disease (CVD).5,6 Women with irregular or long menstrual 

cycles have greater CVD risk.7-10 Women with very long cycles may be more likely to 

have polycystic ovary syndrome,4 which carries with it increased risks for cardiometabolic 

disease later in life. Moreover, having a long menstrual cycle (>40 days) has been identified 

as a potential risk factor for the development of type 2 diabetes.11 The reported associations 

between menstrual cycle irregularities (as measured in term of cycle length or cycle 

frequency) and CVD and diabetes risks are only restricted to irregularities that were 

retrospectively–reported during the ages of 20-40 years old.

During the menopause transition (MT), very long cycles become much more likely,12 and it 

is possible that longer cycles at this time of life could also be linked to future CVD risk. In 

an analysis of TREMIN data, a historic cohort with menstrual calendars maintained across 
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the entire lifespan, the average menstrual cycle length began to increase rapidly starting at 

four years prior to the final menstrual period (FMP).13 Other studies that collected menstrual 

calendar data showed that the menstrual cycle length increased beginning 7.5 years prior 

to the FMP, with the steepest increase starting 4 years pre-FMP, and increased variability 

in cycle length beginning 2 years pre-FMP.12 Findings to date assume that all women 

experience one common trajectory of menstrual cycle length change over the MT. However, 

as women traverse menopause, they could experience a variety of patterns of changes in 

menstrual cycle length relative to their FMP. Moreover, these distinct trajectories may have 

different relationships to future CVD risk.

The Study of Women’s Health Across the Nation (SWAN) Daily Hormone Study (DHS) 

measured menstrual cycle length and reproductive hormone levels across complete cycles 

with measures repeated annually for up to 10 years or until post-menopausal. The DHS 

provides a unique opportunity to test whether women experience different patterns of 

menstrual cycle length over the MT, and whether these patterns predict early markers of 

atherosclerosis after menopause. To the best of our knowledge, this question has never been 

addressed comprehensively before using such a powerful study design as in SWAN DHS.

Methods

Participants

SWAN is an ongoing multi-racial/ethnic longitudinal study of the menopause transition.14 

Criteria for entry into SWAN included (A) an intact uterus and at least one ovary, (B) at 

least one menstrual period in the previous 3 months, (C) no use of sex steroid hormones in 

the previous 3 months, and (D) not pregnant. At baseline, 3302 women aged 42-52 years 

old from seven sites (Boston, MA; Detroit, MI; Davis, CA; Los Angeles, CA; Pittsburgh, 

PA; Chicago, IL; and Newark, NJ) completed a visit. Since then, 16 follow-up visits were 

completed. The DHS substudy was initiated 2 years after the inception of the SWAN 

cohort. A volunteer subset of women from all SWAN clinical sites enrolled in the DHS 

after recruitment of the main cohort. DHS participants collected daily, first-morning voided 

urine for one entire menstrual cycle or up to 50 days, whichever came first, annually until 

post-menopausal or for 10 follow-up visits from 1997-2008, coincident with SWAN main 

follow-up visits 01-10. A total of 953 SWAN participants were initially enrolled in the DHS 

substudy and 874 of them completed at least one DHS collection. To characterize cycle 

length trajectories over the MT, women who completed at least two annual DHS collections 

including measures of cycle length, and for whom date of the final menstrual period (FMP) 

were observed were included in the final analytical sample of 428 women (1808 cycles).

Early markers of atherosclerosis including carotid intima-media thickness (cIMT) and 

brachial-ankle pulse wave velocity (baPWV) were measured among active SWAN 

participants at follow-up visit 12 or 13. The SWAN Los Angeles clinical site did not 

participate in this protocol. Because all Japanese women in SWAN were from this site, 

these measures were not available for Japanese participants. Out of 428 women who were 

included in trajectory analysis of cycle length, 263 women had cIMT and 213 had baPWV 

measured at visit 12 or 13, by which time all SWAN DHS participants were postmenopausal 

(6.59±2.55 and 7.79±2.62 years after their final menstrual period, respectively), constituting 
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the final analytical sample sizes for analysis linking cycle length trajectories with early 

marker of atherosclerosis.

Research protocols were approved by the institutional review board at each study site and all 

the participants provided a written informed consent prior to enrollment.

Study Measures

Menstrual cycle length—The length of each cycle was prospectively documented and 

calculated as the number of days from the first day of the cycle to the last day of the cycle. 

Cycle-related bleeding and urinary hormonal patterns were used to define the start and end 

of a cycle.

Menopausal status and final menstrual period (FMP) date—Menopausal status 

was characterized into: 1) premenopausal: bleeding in the past 3 months without menstrual 

cycle changes during the past year; 2) early perimenopause: bleeding in the past 3 

months with some menstrual cycle changes during the past year; 3) late perimenopausal: 

bleeding at least once between 3 to 12 months prior to the current visit; and 4) naturally 

postmenopausal: no bleeding in at least 12 months prior to the current visit. FMP was 

identified as the date of the last menstrual period reported in the visit immediately prior 

to the first visit that a woman was classified as postmenopausal. At each visit the time 

preceding FMP was calculated as the difference between the FMP date and the completion 

date of the visit.

Subclinical atherosclerotic measurements—Carotid intima media thickness (cIMT) 

was assessed at SWAN visit 12 or 13 using a Terason t3000 Ultrasound System (Teratech 

Corp, Burlington, MA) equipped with a variable frequency (5-12 MHz) linear array 

transducer. Four images were obtained for each woman by scanning 2 digitized images 

at each of the right and left distal common carotid arteries. For each image, the near and 

far wall cIMT measures were obtained by electronically tracing the lumen-intima interface 

and media-adventitia interface across a 1-cm segment proximal to the carotid bulb; one 

measurement was generated for each pixel over the area, for a total of approximately 

140 measures for each segment. The average values for these measures were recorded 

for all 4 locations, with the mean of the average at all 4 locations used in analyses. 

Reproducibility of cIMT measures was excellent with an intraclass correlation coefficient 

between sonographers > 0.77 and between readers > 0.89, respectively.

Brachial-ankle pulse wave velocity (baPWV) was measured at SWAN visit 12 or 13 

using VP2000 system (Omron Health Care Co., Kyoto, Japan), a non-invasive automated 

waveform analyzer. Following a 10-minute rest in a supine position, occlusion and 

monitoring cuffs were placed around both upper arms and ankles, following standardized 

placement procedures. Arm cuffs were placed on bare arms or over light clothing, and 

ankle cuffs were placed on bare ankles. ECG electrodes were placed on both wrists and a 

phonocardiogram was placed on the left edge of the sternum. Cuffs were connected to a 

plethysmographic sensor to measure pulse volume waveform and an oscillometric pressure 

sensor to measure blood pressure. Volume waveforms for the arm (brachial artery) and ankle 

(tibial artery) were stored for a 10-second sampling time with automatic gain analysis and 

El Khoudary et al. Page 4

Menopause. Author manuscript; available in PMC 2022 October 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



quality adjustment. The baPWV was calculated as the path length between arterial sites 

divided by the time delay between the foot of the respective waveforms (DTba). The path 

length was calculated using height-based formulas rather than the actual “above the body” 

distances which corrects for the opposite direction of blood flow by subtracting the heart-to-

brachial distance from the heart-to-tibial distance. The baPWV was calculated by time-phase 

analysis, for the right and left sides, using the following equation: (La -Lb)/(DTba). Left and 

right side baPWV values were averaged for use in analyses. Three runs were performed for 

each participant and the average value was reported.

Study covariates

Except for self-reported race/ethnicity and education level all other covariates were assessed 

at every follow-up visit. Age, smoking status (ever-smoker or not), physical activity 

score [generated as the sum of active living index (incorporating time spent in watching 

television and daily walking), household/childcare activity index (incorporating time spent 

in housework and childcare), and sports index (incorporating intensity of and time spent 

in sport and exercise)], difficulty paying for basics (defined as indicating “very hard”, 

“somewhat hard” or “not at all” to the question “how hard is it to pay for basics?”), 

and current use of any medication (antihypertensive, anticoagulants, anti-diabetic, or lipid 

lowering medications) were derived from questionnaires and interviews where medication 

bottles were reviewed. Diabetic status was defined by meeting at least one of the following 

criteria: anti-diabetic medication at any visit, fasting glucose ≥126mg/dL (while not on 

steroids) at 2 consecutive visits or 50% of at least 3 attended visits, or self-reported diabetes 

at any 2 visits and fasting glucose ≥126mg/dL (while not on steroids) at least one visit.

Body mass index (BMI: weight (kg)/square of height (m2)), systolic blood pressure 

(SBP: the average of two measurements assessed with at least a 2-minute interval), 

fasting glucose, fasting insulin, high density lipoprotein-cholesterol (HDL-C), low density 

lipoprotein-cholesterol (LDL-C), and triglycerides were measured at clinical visits. For this 

analysis, baseline measures were used. Lipid fractions were determined in EDTA-treated 

plasma. Fasting HDL-C, triglycerides, and glucose were measured at Medical Research 

Laboratory, Lexington, KY. Fasting HDL-C was separated within heparin-2M manganese 

chloride. Fasting triglycerides was evaluated by the Hitachi 747-200 clinical analyzer. LDL-

C was calculated by the Friedewald equation when triglycerides were <400 mg/dL15 or set 

to missing when triglycerides were >400 mg/dL. Glucose levels were measured using a 

hexokinase-coupled reaction (Boehringer Mannheim Diagnostics, Indianapolis, IN). Serum 

insulin level was measured using a solid-phase radioimmunoassay (DPC Coat-A-Count 

Insulin RIA; Diagnostic Products, Los Angeles, CA). Homeostasis model assessment insulin 

resistance (HOMA-IR) index was calculated by using the equation of [fasting insulin 

(μIU/mL) × fasting glucose (mmol/L)]/22.5.16

Data analysis

Group-based trajectory model (GBTM),17 was used to identify distinct patterns of cycle 

length anchored to time to FMP (7.36±2.51 years before FMP) among all eligible 

participants (n=428). Chi-square test or Fisher’s exact test was applied to determine 

differences in the frequency of categorical variables by cycle length trajectory group. 
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We performed analysis of variance (ANOVA) to compare differences in the mean of 

continuous variables by cycle length trajectory group. Non-normally distributed baPWV 

was natural log transformed for statistical modeling. Linear regression models were used to 

assess the association between cycle length trajectory group and mean cIMT and baPWV, 

separately. Multivariable models were adjusted first for race/ethnicity, current age, physical 

activity and hardship paying for basic life needs. Models were additionally adjusted for 

SBP, BMI, triglycerides, HOMA-IR, use of medication, and smoking status measured at 

the baseline visit; corresponding to the first collected menstrual cycle in this substudy. 

We chose this approach given the literature suggesting CVD traditional risk factors to 

contribute prospectively to menopause timing,18 and thus possibly to any changes that 

occur in cycle length over the MT. These same covariates are well known risk factors 

for subclinical measures of atherosclerosis. We further run sensitivity models that were 

additionally adjusted for age at FMP and baseline cycle length. Only the most parsimonious 

models were retained in tables. Statistical analyses were carried out by using SAS software 

9.4.

Results

Baseline characteristics of DHS participants with observed FMP, and the subsets with 

available cIMT and/or baPWV measures are summarized in Table 1. In the overall DHS 

sample, women were 45 years old [median (Q1: 43, Q3:47)] at baseline and more than 30% 

were White. On average, women experienced the FMP after a mean of 7.4 years (SD:2.5) 

since baseline. The average (SD) cycle length was 27.2 (5.2) days when all women were 

either pre- or early perimenopausal.

Trajectory of cycle length over the MT

On average, participants had 4.22±1.9 observed cycles over 7.36±2.51 years before reaching 

menopause. Three distinct trajectories of cycle length were identified relative to time to FMP 

(Figure 1): 1) Stable: 62.1% of study participants followed a stable cycle length trajectory up 

to their FMP, 2) Late increase: 21.8% of the participants experienced a late increase in cycle 

length (as early as 2 years before the FMP), 3) Early increase: 16.2% of the participants 

experienced an early increase in cycle length (as early as 5 years before the FMP).

Baseline characteristics, mean cIMT, and baPWV by cycle length trajectory groups are 

presented in Table 2. Among DHS participants, there were significant differences in baseline 

age, BMI, SBP, HDL-C, triglycerides, HOMA-IR, cycle length, age at FMP and time 

preceding FMP. Women who experienced the late increase trajectory had the earliest age at 

menopause compared to the other two groups. In addition, significant differences in mean 

cIMT and baPWV were also observed. In general, women who experience a late increase in 

their cycle length over the MT were more likely to have a better cardiovascular risk factor 

profile and vascular health measures than the other two groups.
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Trajectory of cycle length over the MT and postmenopausal subclinical measures of 
atherosclerosis

In the unadjusted models, there were significant differences in mean cIMT (p=0.007) and 

baPWV (p=0.02) by trajectory groups. Women in the late increase group had 0.07 mm lower 

mean cIMT (p=0.003) and 129 cm/sec lower baPWV (p=0.01) compared with women in 

the stable group. Adjusting for study covariates attenuated the overall association, however 

differences between women in the late increase group and the stable group remained 

significant with very similar effect sizes (Table 3). Results from sensitivity models that 

were additionally adjusted for age at FMP and baseline cycle length provided similar effect 

sizes although the P-values for differences between the late increase group and the stable 

group were attenuated, potentially due to small cell sizes and large number of covariates in 

these models. No significant differences were found between the stable and early increase 

groups.

Discussion

The current study showed that not all women experienced the same trajectory of cycle 

length over the MT. Almost 62% of women experienced a stable trajectory of cycle length 

with no changes in length until they approached menopause, while the rest experienced 

either an early increase in the lengths of their menstrual cycles that began as early as 5 

years (16.2%) prior to the FMP, or a later increase in their cycle length that began as 

late as 2 years before the FMP (21.8%). The current study showed that pattern of cycle 

length trajectory over the MT could be an independent marker of vascular health after 

menopause. We reported that women who experienced a late increase in their cycle length 

over the MT had more favorable subclinical atherosclerotic measures compared to women 

who experienced the stable trajectory. This finding was independent of premenopausal CVD 

risk profile including BMI, race/ethnicity, and concurrent age, socioeconomic status and 

physical activity level. Interestingly, women who experienced an early increase trajectory 

had the worst cardiometabolic risk profile.

In an earlier analysis from the SWAN DHS study, we showed that menstrual cycle length 

remained stable up to 4 years before the FMP, after which cycles become longer.19 

These earlier findings were in agreement with findings from the TREMIN cohort, one 

of few data sets providing women’s menstrual calendar data across nearly all of the 

adult reproductive life span, showing the average menstrual cycle length increased as 

early as 4 years prior to the FMP.13 Interestingly, another work from SWAN focusing on 

between-participants’ variabilities showed cycle length to increase around 7.5 years before 

the FMP with the steepest increase occurring between 4 and 1.5 years before the FMP. 

However, these estimates were for women who were White, normal or underweight, did 

not smoke, had at least some post high school education, and had no moderate or physical 

activity during the average week.12 The wide range in the estimated timing of cycle length 

changes relative to the FMP suggest heterogeneity in cycle length trajectories over the 

MT, however, these patterns cannot be characterized using traditional statistical approaches. 

Our current work, using an anlytical method that accounts for heterogenity, showed that 

women indeed experience different patterns of cycle length change as they transition through 
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menopause. This reported heterogeneity appears to be critical when it comes to CVD risk 

after menopause.

Several studies assessed the link between menstrual cycle irregularities and cardiometabolic 

disease risk.5,10,20,21 However, few focused on cycle length. Additionally, previous work 

targeted cycle irregularities at a younger age and none assessed patterns of change in cycle 

length as women approach menopause. Among 101,073 women (baseline age 24-43 years) 

from the Nurses’ Health Study II with no history of diabetes, women with long (≥40 days) 

or highly irregular menstrual cycles at age 18-22 had a significantly increased risk for 

developing type 2 diabetes independent of obesity or other potential confounders compared 

to women with a usual cycle length of 26-31 days.10 Interestingly, reporting menstrual 

irregularity during the ages of 20-35 was also linked to a higher risk of non-fatal or fatal 

coronary heart disease independent of traditional CVD risk factors compared to reporting a 

history of very regular menstrual cycle among 82,439 female nurses (age 36-61 years old 

at baseline).5 Our findings of a link between cycle length trajectories and early markers 

of atherosclerosis later in life are in agreement with previous work. Moreover, our current 

research extends the previous body of literature by focusing on patterns of change in cycle 

length over the MT and showing that the timing of increases in cycle length matters when it 

comes to CVD risk.

In the current study, women who experienced an increase in their cycle length for a 

longer time, the early increase group, had the worst cardiometabolic profile at baseline. 

These findings were consistent with other studies linking menstrual irregularities to CVD 

risk.5,10,20,21 Cycle length over the MT was related to having cycles with no evidence of 

luteal activity in an earlier work from the SWAN DHS;19 suggesting that longer cycle length 

could be a marker of fewer ovulations and thus a lower mean of estrogen levels.10 Higher 

endogenous estradiol levels before menopause has been related to a lower risk of subclinical 

atherosclerosis after menopause.22 Alternatively, menstrual irregularities and experiencing 

longer cycle could be a marker of insulin resistance and metabolic abnormalities A direct 

effect of insulin on ovarian steroidogenesis has been suggested.23 Moreover, women with 

a history of long cycles (≥30 days) during reproductive life (age of 30-40 years old) had 

higher triglycerides compared to women with a history of shorter cycles (≤26 days).24

Interestingly, women who experienced an increase in their cycle length later in the transition 

had a better cardiometabolic profile than women who did not have any changes in their cycle 

length. This group also had better postmenopausal subclinical measures of atherosclerosis 

than the stable group, independent of traditional CVD risk factors and other important 

confounders. The explanation of why the late increase group had a better CVD risk 

profile than the stable group is not obvious. Cycle quality as measured by the underlying 

hormonal milieu may differ in these two groups. As discussed above, longer cycles may be 

hypoestrogenic 10 so the less time a woman spends with long cycles prior to menopause the 

more protected her cardiovascular system would be. However, having as much estrogen on 

board after a certain age may not be as cardioprotective as during reproductive life. Higher 

estrogen levels after menopause have been found to be associated with greater insulin 

resistance,25 inflammatory marker levels,26 and a more pro-atherogenic lipid profile.27 It 

is plausible that the late increase group is protected by not having too much estrogen at a 
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critical time during the MT. In the current study, women who experienced the late increase 

trajectory had the youngest age at menopause compared to the other two groups supporting 

the argument that differences in hormone production in these cycles across the three groups 

might exist and requires additional investigation.

Major strengths of this study are the well-characterized cohort, the inclusion of women 

from different race/ethnic groups, the prospective collection of annual menstrual cycle data 

until women reached menopause enabling a comprehensive characterization of cycle length 

changes over the MT. The current results should also be viewed in light of some limitations 

including the small sample size for women who classified into the early increase group 

which may limit our ability to detect significant differences across groups and the lack of 

data from Japanese limiting study generalizability. We reported that 62% of the included 

women had a stable cycle length trajectory until they approached menopause. The reported 

prevalence of a stable cycle length is much higher than what has been previously reported 

in TREMIN cohort of about 28%.28 The higher prevalence in the current study could be 

a result of the DHS study design requiring all women to be included to have a regular 

menstrual cycle suggesting an oversampling of this category. Other studies should conduct 

similar analysis to confirm our findings. Whether the reported differences in subclinical 

measures of atherosclerosis among the three cycle length groups are clinically significant 

would require further research to assess their relationship with hard events later in life.

Conclusions:

We identified 3 trajectories of cycle length over MT: stable, late increase, and early increase. 

Among the three groups of women, those who experienced an early increase trajectory 

had the worst cardiometabolic risk profile. Women who experience expected changes, a 

pattern of late increases in cycle length close to the FMP, had less evidence of subclinical 

atherosclerosis than did those with no changes in cycle length preceding the FMP. Patterns 

of cycle length over the MT appear to be a marker of future vascular health that may help 

identify groups at greater risk of atherosclerosis after menopause.
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Figure 1. Trajectories of cycle length over the menopausal transition
Abbreviations: FMP: final menstrual period
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