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Menstrual Cycle Irregularity in Adolescence
Is Associated With Cardiometabolic Health
in Early Adulthood
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BACKGROUND: Menstrual cycle irregularities are associated with cardiovascular and cardiometabolic disease. We tested as-
sociations between age at menarche and cycle irregularity in adolescence and cardiometabolic health in early adulthood in a
subsample from the Pittsburgh Girls Studly.

METHODS AND RESULTS: Data from annual interviews were used to assess age at menarche and cycle irregularity (ie, greater
or less than every 27-29days) at age 15years. At ages 22 to 25years, cardiometabolic health was measured in a subsample
of the Pittsburgh Girls Study (n=352; 68.2% Black), including blood pressure, waist circumference, and fasting serum insulin,
glucose, and lipids. T tests were used for continuous data and odds ratios for dichotomous data to compare differences in
cardiometabolic health as a function of onset and regularity of menses. Early menarche (ie, before age 11years; n=52) was
associated with waist circumference (P=0.043). Participants reporting irregular cycles (n=50) in adolescence had significantly
higher levels of insulin, glucose, and triglycerides, and higher systolic and diastolic blood pressure (P values range from 0.035
to 0.005) and were more likely to have clinical indicators of cardiometabolic predisease in early adulthood compared with
women who reported regular cycles (odds ratios ranged from 1.89 to 2.56).

CONCLUSIONS: Increasing rates and earlier onset of cardiovascular and metabolic disease among women, especially among
Black women, highlights the need for identifying early and reliable risk indices. Menstrual cycle irregularity may serve this
purpose and help elucidate the role of women’s reproductive health in protecting and conferring risk for later cardiovascular
and cardiometabolic diseases.
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ex differences in multiple aspects of cardiovas-

cular and cardiometabolic health are driving the

call for research focusing on women.' Black
American women have among the highest rates of
hypertension in the world.* Diabetes, obesity, and in-
flammatory conditions, each of which increases the
risk for cardiovascular disease, also are more prevalent
among Black American women than White American
women.® Furthermore, heart disease is the second
leading cause of death for Black American women be-
tween the ages of 25 and 34 years.® Data collected be-
tween 2008 and 2017 from a nationally representative

sample of the US population show a rapid decrease in
the age of onset for stroke, hypertension, and hyper-
cholesterolemia for women.”

Behavioral health factors such as diet and weight,®°
and social determinants of health, such as financial
strain and adverse experiences,'®"'? serve as general
risks for cardiovascular and metabolic disease, but
such factors have not increased the specificity of risk
or prevention models for women in general,’®'# or for
Black women specifically.’® Reproductive health fac-
tors, in contrast, may partially explain the observed sex
differences in cardiometabolic health, and as such may
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CLINICAL PERSPECTIVE

What Is New?

* In a sample comprising mostly Black American
women, a single assessment of cycle irregular-
ity in adolescence was associated with multi-
ple measures of cardiometabolic health in early
adulthood.

What Are the Clinical Implications?

e Empirically derived early risk indicators that can
be used to increase surveillance, engage in be-
havioral and lifestyle preventive interventions,
and, if needed, introduce pharmacologic man-
agement may reduce the morbidity and mortal-
ity due to poor cardiovascular health that young
Black women are currently facing.

e Further research may help reveal causal path-
ways to racial disparities in Black women’s car-
diometabolic health.

serve as targets for risk assessment and preventive
interventions.® Such factors include use of hormonal
contraception,'® miscarriage,'” parity,'® and menstrual
cycle irregularities.’”®?® For example, in an lIranian
population-based sample of 18- to 49-year-old women
followed for 15years, cycle irregularity was associated
with an increased risk for diabetes.?! Cycle irregular-
ity in Black and White US adolescents measured at
ages 14 to 19years was predictive of metabolic syn-
drome and type 2 diabetes at ages 20 to 28years.??
Menstrual cycle irregularities may be particularly useful
for identifying risk early in life and before overt disease.

Among all groups of US women, Black women
experience the highest rates of cardiovascular and
cardiometabolic associated morbidity and mortal-
ity.?® Rates of hypertension are highest among Black
women compared with Latina and White women, and
cardiovascular disease is one of the leading causes
of death for Black women."® Racial disparities in car-
diovascular disease—-related mortality are now evident
even among young adults.?* The cardiovascular health
crisis for Black women has persisted and worsened;
research conducted for Black women is necessary to
reverse the widening race gap in protecting women’s
heart health.?®

In the present study, we leveraged data from an
ongoing community-based longitudinal study, the
Pittsburgh Girls Study, which included annual inter-
views of girls and their caregivers beginning in child-
hood. As part of an ancillary study on cardiometabolic
health, cardiometabolic risk factors were measured
in a subset of participants at ages 22 to 24 years. We
tested prospective associations between the age of
onset of menses, and irregular cycles at age 15years
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and cardiometabolic health using continuous mea-
sures and dichotomous indices of pre-disease. We
focus on menstrual irregularities for 2 reasons. First,
among reproductive health factors associated with
cardiometabolic disease, it can be assessed early in
development. Second, among many potential risk fac-
tors for cardiometabolic disease such as behavioral
and social determinants of health, it can be assessed
within existing clinical platforms with less subjectivity,
bias, and burden.

METHODS

Sample and Procedures

Details of the Pittsburgh Girls Study were previously
published.?® Briefly, the Pittsburgh Girls Study was initi-
ated in 1999-2000 to study the development of behav-
ioral and emotional problems among girls. All homes
in neighborhoods in the City of Pittsburgh in which at
least 25% of the families were living at or below the
poverty level were contacted to determine whether the
household contained an eligible girl (between the ages
of 5 and 8years), and a random selection of 50% of
households in all other city neighborhoods were con-
tacted. A total of 103238 households were enumer-
ated. Among 2992 eligible families, 85% agreed to
participate, resulting in a total sample size of 2450.

A subsample of Pittsburgh Girls Study partici-
pants (n=352) were recruited for an ancillary study on
cardiometabolic health in early adulthood (ages 22—
25years). Laboratory study visits typically occurred in
the afternoon, during which blood pressure and waist
circumference were measured. Within 2weeks of the
laboratory study visit, a fasting blood draw was com-
pleted during an in-home study visit. Serum risk fac-
tors included a lipid panel, insulin, and glucose level.
The study period did overlap with the COVID-19 pan-
demic, and as a result study data are not complete
for all participants: 87% have blood pressure read-
ings, and 84% have measured waist circumference.
Institutional Review Board approval of study proce-
dures and measures was obtained. Written informed
consent processes were conducted with caregivers
and then directly with participants once they reached
the age of 18years. The data that support the findings
of this study are available from the corresponding au-
thor upon reasonable request.

Methods and Measures

Menarche Onset and Menstrual Cycle
Irregularities

Menarche was assessed each year starting in the first
year of the study, when girls were ages 5 to 8years.
Girls and their caregivers were asked if they had started
having regular periods (38 consecutive monthly periods)
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and if so, the month and year that they reached me-
narche. Age at menarche was calculated using the
reported data and the girls’ date of birth. Caregiver
report was used if the girl’s report was not available.
Age of onset was treated as a continuous variable and
was also dichotomized to denote early onset as be-
fore age 11 years. By age 15years, 99% of the sample
had begun menstruating. At age 15years, girls self-
reported on regularity of cycle by indicating whether
they had 27 to 29 days between each cycle (yes or no).

Blood Pressure and Waist Circumference

Resting blood pressure and waist circumference were
measured in the laboratory. Three blood pressure
readings were taken =15 minutes after arrival to the lab-
oratory at 5-minute intervals during quiet rest: these 3
readings of systolic and diastolic blood pressure were
averaged. Waist circumference was measured at the
level of the umbilicus by trained research assistants.

Blood Biomarkers

Morning fasting venous blood samples were collected
in the home by trained field phlebotomists. Samples
were returned to the laboratory and collection tubes
were spun, aliquoted, and stored at —80°C until as-
sayed. Frozen plasma samples were shipped on dry ice
to the Clinical Laboratory Improvement Amendments-
certified Central Ligand Assay Satellite Services
Laboratory at the University of Michigan. Glucose was
determined by electroimmunoassay with a coefficient
of variation of 2.1%. Total cholesterol, high-density lipo-
protein cholesterol, low-density lipoprotein cholesterol,
and triglycerides were determined by conventional en-
zymatic methods (coefficient of variation, 1.3%—-2.1%).
Insulin was measured by radioimmunoassay proce-
dure (coefficient of variation, 2.6%).

Blood biomarker data were transformed using 10g;,
to reduce skewness. Associations between age at
menarche and cardiometabolic health indices were
tested using Kendall’s tau-b, and t tests were used
to compare differences in cardiometabolic health be-
tween participants as a function of early-onset men-
arche and irregular menses. Levene’s test was used to
determine whether the assumption of equality of vari-
ances was met.

Cardiometabolic risk indices were based on the
following cutoffs: systolic blood pressure >120mmHg,
diastolic blood pressure >80mmHg, total choles-
terol >200mg/dL, high-density lipoprotein cholesterol
<50mg/dL, low-density lipoprotein cholesterol >100
mg/dL, triglycerides >150mg/dL, glucose >99mg/dL,
and insulin >25 mIU/L. Cumulative cardiometabolic risk
was assessed with a count of the total number of risk
indices. Odds ratios were computed from univariate
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tests of differences between the dichotomous risk in-
dices, and ordinal logistic regression was used to test
whether cumulative number of risk indices differed as
a function of early-onset menarche and irregular men-
ses; the proportional odds assumption was verified
and satisfied.

RESULTS

Descriptive Statistics

Among 352 participants in the ancillary study, 68.2%
self-identified as Black or Black and another race,
31.8% as White, and 2.3% as Latina or Hispanic.
Close to one-third of the families in the ancillary study
(32%) had received public assistance when girls were
between ages 8 and 15years. Receipt of public as-
sistance was associated with race: of the 106 families
who received public assistance, 89 (84%) were fami-
lies of girls who self-identified as Black (x? [1]=19.83,
P<0.001).

The average age at menarche was 12.05years
(SD=1.29). Fifty-three participants (15.2%) reported
early menarche (4 individuals were missing data for
this variable). Black participants had an earlier age of
onset of menses compared with White participants
(11.75 versus 12.68years, F [1, 320]=40.18, P<0.001)
and were more likely to have early-onset menarche (x?
[1]=6.59, P<0.010). Receipt of public assistance was
not associated with age at menarche or with early-
onset menarche.

At age 15years, 298 participants provided data on
cycle irregularity (28 were not interviewed that year, 17
did not know if their cycle was regular, and 9 did not
answer the question); 48 (16.1%) participants reported
irregular menstrual cycles. Age of menarche did not
differ for participants with or without cycle irregular-
ity (mean=12.20, SD=1.13; and mean=12.00, SD=1.12,
respectively, P=0.178). There were no differences be-
tween Black and White participants in the rate of irreg-
ular menstrual cycles (x* [1]=2.26, P=0.136). Receipt
of public assistance was not associated with cycle
irregularity.

At ages 22 to 24 years, triglyceride levels were lower
among Black versus White women (96.60 versus
115.42, P<0.001) and waist circumference was higher
in Black compared with White women (95.07 cm ver-
sus 87.72cm, P=0.003); no other comparisons were
statistically significant.

Associations Between Age at Menarche
and Cardiometabolic Health

When age of menarche was treated as a continuous
variable, there was a positive association with high-
density lipoprotein cholesterol (Kendall’s t-b=0.115,
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P<0.01) and a negative association with waist circum-
ference (Kendall’s t-b=0.175, P<0.001). No other signif-
icant associations were observed. Tests of early onset
(age <11 years) compared with average or later onset of
menarche (age >11years) and cardiometabolic health
using t tests yielded a single statistically significant dif-
ference: waist circumference was higher among girls
with earlier onset (mean=38.62, SD=1.16) compared
with girls with average to later onset (mean=36.05,
SD=0.49) (t=2.03, P=0.022).

Associations Between Irregular Menses
and Cardiometabolic Health

A more consistent pattern of results was observed
when comparing indices of cardiometabolic health for
women with and without menstrual cycle irregularity in
adolescence. As shown in Table 1, most comparisons
were statistically significant and indicated that irregu-
lar menstrual cycle was associated with higher levels
of insulin (mean=31.36 mIU/L versus 21.04 mlU/L,
P=0.015), glucose (110.79 versus 101.11, P=0.035),
and triglycerides (115.92 versus 98.98, P=0.028),
and higher resting systolic (114.19mmHg versus
110.29mmHg, P=0.026) and diastolic (75.49mmHg
versus 72.01 mmHg, P=0.005) blood pressure. A fol-
low-up multivariate analysis of variance including the
5 cardiometabolic indices that were significant in the
univariate tests (insulin, glucose, triglycerides, and sys-
tolic and diastolic blood pressure) was consistent in
demonstrating significant difference in all 5 indices as a
function of menstrual cycle irregularity (Wilk’s A=0.95,
F [5, 252]=2.83, P=0.017, n=0.23).

Clinical indicators of cardiometabolic risk (eg, sys-
tolic blood pressure >120mmHg) were more likely
to be present among women who reported irregular
menses than women who had regular menses at age

Regularity of Menses and Cardiometabolic Health

15years, including clinically high levels of triglycerides
(odds ratio [OR], 2.56 [95% ClI, 1.167-5.622], P=0.019),
insulin (OR, 1.89 [95% ClI, 1.002-3.548], P=0.032), and
diastolic blood pressure (OR, 2.32 [95% CI, 1.075-
5.004], P=0.032) (Table 2 and Figure 1).

A test of differences in the distributions of cumu-
lative risk indices (O through 5 or more) using ordinal
logistic regression revealed that women who reported
irregular menses in adolescence evidenced a signifi-
cantly greater number of abnormal cardiometabolic
risk factors in early adulthood (OR, 2.82 [96% Cl, 1.62—
4.91], P<0.001): This model met the proportional odds
assumption. As shown in Figure 2, although having 1
or more risk factors is common for the sample, the bur-
den of risk falls largely on the women reporting cycle
irregularity in adolescence. For example, >40% of
women reporting cycle regularity had 0 to 1 risk indica-
tors in early adulthood, whereas <20% of women who
reported cycle irregularity had O to 1 risk indicators.

DISCUSSION

The present study adds to research conducted at the
interface of reproductive and cardiometabolic health
for women. Variability in menstruation onset, cycles,
and duration of phases has only recently been lever-
aged to explore risk for health outcomes and generate
causal hypotheses linking ovarian hormones to health
and disease. The data from the present study add to
this literature,'*"" and extend the findings by demon-
strating prospective associations between an early,
easily measured indicator of menstrual cycle irregularity
and risk to cardiometabolic health in early adulthood.
Using prospectively collected data from a represen-
tative, mostly Black cohort of young women from the
city of Pittsburgh, age at menarche had limited impact

Table 1. Comparison of Cardiometabolic Health Indices in Early Adulthood (Ages 22-24 Years) by Menstrual Regularity at

Age 15Years

Irregular menses Regular menses
Health index Mean SD Mean SD t P level
Insulin, mIU/L 31.36 39.28 21.04 1714 2.45 0.015*
Glucose, mg/dL 110.79 47.55 101.11 26.64 212 0.035*
Triglycerides, mg/dL 115.92 63.32 98.98 70.75 2.21 0.028*
Total cholesterol, mg/dL 185.08 32.33 176.71 34.42 1.69 0.092
HDL-C, mg/dL 67.77 17.05 71.43 17.90 -1.38 0.169
LDL-C, mg/dL 9413 28.91 85.48 29.37 1.95 0.052
Waist circumference, cm 97.03 19.32 91.42 20.78 1.66 0.097
Systolic blood pressure, mmHg 11419 12.90 110.29 10.23 2.24 0.026*
Diastolic blood pressure, mmHg 75.49 9.27 72.01 716 2.84 0.005*

HDL-C indicates high-density lipoprotein cholesterol; and LDL-C, low-density lipoprotein cholesterol. t tests were conducted with log,, transformations of

biomarkers; for ease of interpretation, nontransformed values are reported in the Table.

*P values are statistically significant at P<0.05; equality of variances was established using Levene’s test.
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Table 2. Association of Menstrual Regularity at Age 15Years and Clinical Indicators of Risk for Cardiometabolic Diseases
in Early Adulthood (Ages 22-24 Years)

Insulin >25 mIU/L 21 43.8 73 29.2 1.89 1.01-3.55 0.049*
Glucose >99mg/dL 29 60.4 17 46.8 1.74 0.92-3.26 0.086
Triglycerides >150mg/dL " 229 26 10.4 2.56 117-5.62 0.019*
Total cholesterol >200mg/dL 14 29.2 51 20.4 1.61 0.80-3.22 0.181
HDL-C <560mg/dL 7 14.6 22 8.8 1.90 0.99-3.65 0.054
LDL-C >100mg/dL 18 37.5 60 24.0 177 0.71-4.41 0.221
Waist circumference >84cm 29 64.4 17 55.2 1.47 0.76-2.87 0.257
Systolic BP >120mmHg il 23.9 33 151 1.76 0.81-3.81 0.150
Diastolic BP >80mmHg 12 26.1 29 13.3 2.30 1.07-4.95 0.033*

Odds ratios (ORs) are from univariate tests. BP indicates blood pressure; HDL-C, high-density lipoprotein cholesterol; and LDL-C, low-density lipoprotein

cholesterol.
*P values are statistically significant at P<0.05.

on later health, but menstrual cycle irregularity in ado-
lescence was associated with multiple objective bio-
markers of cardiometabolic health in early adulthood
using both continuous measures and clinical indicators
of pre-disease. There were no race differences in re-
ported rates of cycle irregularity, and few race differ-
ences in measured biomarkers; levels of triglycerides
were lower and waist circumference was greater for

Black compared with White women. Given that our
sample comprised mostly Black women, and that the
incidence of, and morbidity and mortality resulting from
cardiometabolic disease are higher for Black American
women compared with White women, we view our
results as potentially relevant to reducing the racial
disparities in women'’s cardiovascular and cardiomet-
abolic health. Empirically derived early risk indicators

waist circumference >84 cm

diastolic BP >80 mm Hg

systolic BP >120 mm Hg

LDL-C >100 mg/dL

HDL-C <50 mg/dL

total cholesterol >200 mg/dL

Clinical risk indicator

insulin >25 mlU/L

glucose >99 mg/dL

[ ]

triglyceride >150 mg/dL

[ ]

3 4
odds ratio (95% ClI)

Figure 1.
of risk for cardiometabolic disease.

Association between regularity of menstrual cycle at age 15years and clinical indictors

Odds ratios (OR) are from univariate tests. Comparison of women with and without regular menses at age
15years yielded significant risk for clinically high levels of triglycerides (OR, 2.56 [95% CI, 1.167-5.622],
P=0.019), insulin (OR, 1.89 [95% ClI, 1.002-3.548], P=0.032), and diastolic blood pressure (OR, 2.32 [95%
Cl, 1.075-5.004], P=0.032). BP indicates blood pressure; HDL-C, high-density lipoprotein cholesterol; and

LDL-C, low-density lipoprotein cholesterol.
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Figure 2. Association between regularity of menstrual cycle at age 15years and number of

cardiometabolic risk indices.

Comparison of women with and without regular menses at age 15years and count of total number of the
9 measured clinical indicators of risk by ordinal logistic regression: odds ratio=2.82 (95% ClI, 1.62-4.91),

P<0.001.

that can be used to increase surveillance, engage in
behavioral and lifestyle preventive interventions, and,
if needed, introduce pharmacologic management may
reduce the morbidity and mortality due to poor cardio-
vascular health that young Black women are currently
facing.

A plausible interpretation of the present findings is
that menstrual irregularity at age 15years was symp-
tomatic of a syndrome associated with risk for later
cardiac and metabolic disease, such as polycystic
ovarian syndrome.?”?® Qur measure of cycle irregular-
ity did not specify whether cycles occurred over short
or long durations; polycystic ovarian syndrome is char-
acterized by oligomenorrhea, or infrequent periods,
nor did we have data from medical records regarding
polycystic ovarian syndrome or other medical prob-
lems, but this is a goal for future work. Distribution of
adipose tissue may play a role in both menstrual cycle
irregularity and cardiometabolic health. In some stud-
ies, higher body mass index is associated with earlier
age at menarche,?®% but no studies have shown as-
sociations between body mass index and menstrual
cycle irregularity in women living in the Unites States, to
the best of our knowledge. Moreover, we note that the
reliability of body mass index as a measure of adipos-
ity and as a marker of risk for adiposity-related health
problems for Black populations is questionable.®'-33
Thus, future research on the interface between repro-
ductive and cardiometabolic health, including adipos-
ity, should include other anthropometric (eg, skinfold
thickness) or scanning (eg, dual x-ray absorptiometry)
measures.

J Am Heart Assoc. 2023;12:e029372. DOI: 10.1161/JAHA.123.029372

The observed association between menstrual cycle
irregularity and cardiometabolic health may fall within
a longer causal chain linking risk factors to broad di-
mensions of health. Results from studies that include
measures of exposure to structural, systemic, and inter-
personal racism and health indices, for example, have
shown impacts on multiple systems including vascu-
lar, metabolic, immune, endocrine, and hormonal sys-
tems.3* Stress and behavioral health such as nutrition,
sleep, and physical activity are also associated with
disruptions in menstruation.®® The likelihood that men-
strual cycle dysregulation is impacted by racism-related
stressors does not negate its usefulness as an early in-
dicator of risk for Black women. Most Black women do
not develop cardiometabolic diseases, but when they
do the morbidity and mortality is high. Reliable, early
indicators of risk will be useful in preventing disease.

We acknowledge that direction of effect cannot be
established within our study design. We do not have
measures of cardiometabolic health, such as glucose
levels and blood pressure, in adolescence. Objective
measures of cardiometabolic health assessed as early
as age 11years have been associated with later meta-
bolic syndrome in early adulthood:*® thus, it is possible
that alterations or disruptions in cardiometabolic sys-
tems preceded the disruptions in menstrual cycles that
we observed at age 15years. Testing the relative utility of
menstrual cycle irregularities in the context of other health
indices such as blood pressure, blood sugars, as well as
behavioral and social determinants of health throughout
adolescence is needed to fully articulate the develop-
mental unfolding of potentially interrelated risk factors.
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We note several limitations to the present study.
First, we focused on a single time point for the as-
sessment of cardiometabolic biomarkers due to the
availability of data. Although the blood draws were ob-
tained after an overnight fast, the participants’ sleep,
exercise, and diet in the past 24hours could have
impacted blood levels of cardiometabolic biomark-
ers, and repeated assessments over several months
may have yielded stronger measures of cardiometa-
bolic health. The fact that differences in resting blood
pressure, measured in a controlled laboratory environ-
ment, also were observed between women with and
without cycle regularity in adolescence provides some
greater confidence that significant differences in blood
biomarkers were meaningful. Second, we used a sin-
gle question about length of cycle to define menstrual
irregularity and did not validate the girls’ self-reports.
Third, given the small representation of White women
and an even smaller number of Latina women, our re-
sults cannot be generalized to groups other than Black
American women.

Despite these limitations, the observed association
between a single assessment of cycle irregularity in
adolescence and multiple measures of cardiometa-
bolic health in early adulthood in a sample compris-
ing mostly Black American women is compelling.
Assessing menstrual cycle irregularity is an easily scal-
able tool that can be deployed in multiple health care
settings to initiate further and repeated screening, and
with further research may help reveal causal pathways
to racial disparities in Black women’s cardiometabolic
health.
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