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Variability in sleep duration and cardiovascular health have been infrequently investigated, particularly among
reproductive-age women. We examined these associations across the menstrual cycle among a cohort of
250 healthy premenopausal women, aged 18-44 years. The BioCycle study (New York, 2005–2007) collected
cardiovascular biomarkers (serum high- and low-density lipoprotein (HDL, LDL), total cholesterol, triglycerides,
and C-reactive protein (CRP)) at key time points along the menstrual cycle (follicular, ovulatory, and luteal
phases). Women also recorded sleep duration in daily diaries. From these data, we computed L-moments, robust
versions of location, dispersion, skewness, and kurtosis. We fitted linear mixed models with random intercepts and
inverse probability weighting to estimate associations between sleep variability and cardiovascular biomarkers,
accounting for demographic, lifestyle, health, and reproductive factors. Sleep dispersion (any deviation from mean
duration) was associated with lower mean LDL for nonshift workers and non-White women.Skewed sleep duration
was associated with higher mean CRP and lower mean total cholesterol. Sleep durations with extreme short and
long bouts (kurtosis) were associated with a lower mean HDL, but not mean CRP, LDL, or triglycerides. Sleep
duration modified associations between sleep dispersion and LDL, HDL, and total cholesterol. Even in young and
healthy women, sleep duration variability could inf luence cardiovascular health.

cholesterol; C-reactive protein; lipids; menstrual cycle; sleep; sleep duration; sleep variability; triglycerides

Abbreviations: BMI, body mass index; CRP, C-reactive protein; CVD, cardiovascular disease; HDL, high-density lipoprotein; hs-
CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein.

Cardiovascular diseases (CVDs) are the leading cause of
mortality in the United States among both women and men
(1, 2). Yet CVD-related deaths are higher among women
than men and among Black vs. White adults (3, 4). Despite
significant progress in the diagnosis and treatment of CVD,
its public health burden remains significant.

Identification of modifiable risk factors for CVD, such as
high cholesterol or inflammation biomarkers in their preclin-
ical stages could create opportunities for earlier prevention
of later morbidity and mortality as well as improved disease
management (5). Indeed, lipids are considered among the
most informative biomarkers for CVD risk and severity
(6). In addition to lipids, C-reactive protein (CRP), an
inflammatory biomarker, was found to provide improved

identification of at-risk individuals (7, 8). Sex-specific
prevalence of CVD risk factors has been reported, with
higher levels of CRP and total cholesterol in women overall,
and Black women in particular, compared with White men
(9–11). The differential CVD risk profiles in women and
observed variation in CVD biomarkers across the menstrual
cycle (12, 13) position premenopausal women as a unique
population for study of cyclic fluctuations in biomarkers and
related factors that are associated with CVD risk (14).

Adequate sleep duration is key to optimal health across
the lifespan (15). In women and men, short and long sleep
duration (<7 hours and >9 hours per night, respectively)
have been associated with CVD risk (16). Women who work
in shifts and non-White women are particularly vulnerable
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to insufficient sleep duration (17, 18). Conversely, sufficient
sleep duration, 7–9 hours per night, is linked to better
cardiovascular health in adult populations (16, 19, 20). Fur-
thermore, short or long sleep durations have been shown to
be associated with higher levels of triglycerides and lower
levels of serum high-density lipoprotein (HDL) (21, 22).
Although sleep duration has been examined frequently in
relation to cardiovascular health, most studies have assessed
a single time point or infrequent sleep measures, often years
apart. Prospective, women-focused investigations of sleep
duration and its daily covariation with CVD biomarkers are
scant. Recent findings have suggested that sleep duration
changes along the menstrual cycle (23); however, whether
changes in sleep duration influence fluctuation in CVD
biomarkers remain unknown. Therefore, we utilized data
from the BioCycle study to examine associations between
daily sleep patterns and variation in key biomarkers of CVD
in a cohort of premenopausal women. The BioCycle study
employs an unusual, microlongitudinal study design, (i.e.,
a measurement-intense design over a relatively shorter time
interval of 2 menstrual cycles).

METHODS

Study population

The BioCycle study was a microlongitudinal cohort
study of 259 healthy, regularly menstruating women aged
18–44 years (24), recruited in 2005–2007 from western
New York. The sample was diverse, with 59% White
women, 20% Black women, and 21% of American Indian,
Hispanic, Asian Indian, Chinese or other Asian, and Pacific
Islander decent. Women who used oral contraceptives within
3 months of enrollment, intrauterine devices within 12
months, vitamin, and mineral supplements or prescription
medications were excluded. Also excluded, women who
were pregnant or breastfed less than 6 months before
enrollment; had a diagnosis of polycystic ovary syndrome,
recent history of infections, or chronic medical conditions;
and who had a self-reported body mass index (BMI) at
screening of <18 or >35 (calculated as weight (kg)/height
(m)2). Other exclusion criteria were a history of chronic
diseases. The complete list of exclusion criteria has been
described previously (24).

The BioCycle study utilized a measurement-intense
design across 2 menstrual cycles, with clinic visits at 8 time
points along the menstrual cycle, including the follicular
and luteal phases. Overall, 259 women completed 4,028
visits, of which 95% had at least 13 visits. Fasting morning
blood samples were collected up to 8 times per cycle at the
following time points: second day of menstruation, mid and
late follicular phase, luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) surges, predicted ovulation,
and early, mid, and late luteal phase (24). To capture key
hormonal phases during the menstrual cycle, timing of
specimen collection (blood and urine) was supported with
the use of home fertility monitors (Clearblue Easy Fertility
Monitor; Inverness Medical, Waltham, Massachusetts).
Monitor indications of low, high, and peak fertility were
used in combination with a calendar to time midcycle

visits, with other visits scheduled according to an algorithm
that took each woman’s reported cycle length history into
consideration (25).

Sleep diaries

Considered as the gold standard for self-reported sleep
data (26), diaries collect prospective information at the
participants’ natural environment and closer to the timing
of the reported event (27). Sleep data were collected daily
via dairies using the following question: “Please write in
the total number of hours and minutes you slept last night
plus any time you napped today. For example, if you went to
bed at 11pm last night and slept until 7am this morning and
took a half-hour nap after lunch today your response would
be: 8 hours 30 minutes.” Overall, 255 women contributed
13,038 sleep diary entries across 2 menstrual cycles, which
reflected a 90% completion rate.

Patterns of sleep duration

Person-specific sleep-duration variability across 2 men-
strual cycles was estimated using a novel mathematical
approach that captured deviations in sleep duration of any
magnitude, and in the positive and negative directions in
relation to average sleep duration. We computed robust
versions of location, dispersion, skewness, and kurtosis of
nightly sleep duration using linear combinations of order
statistics (L-moments, summarized in Table 1). Frequently
utilized to describe the shape of distributions, the L-
moments are a system of mathematical measures that are
robust to extreme values and yield accurate estimates in
unbalanced samples (28).

The first L-moment, location, is identical to a person-
specific mean sleep duration along the 2 menstrual cycles.
The second L-moment, dispersion, measures the spread of
sleep duration entries around woman’s mean sleep duration,
focusing on deviations of any magnitude that fall on either
side of the person-specific mean. This measure is equivalent
to the mean absolute deviation. The third L-moment, skew-
ness, captures asymmetry or unbalance in sleep duration in
which the moderate-to-large deviations from the woman’s
mean sleep duration tend to occur only on one side of the
mean, (i.e., the tendency of a woman to have occasional devi-
ations in sleep duration that are primarily above or primarily
below her reported mean sleep duration). Larger negative or
positive values correspond to shorter or longer sleep, respec-
tively. Finally, the fourth L-moment, kurtosis, characterizes
person-specific large deviations in sleep duration that occur
on either side of its mean. To distinguish dispersion and
kurtosis, note that dispersion is sensitive to deviations (in
hours) of sleep duration of all sizes. In our data, women
with very low dispersion had nearly identical sleep duration
every night, while women with high dispersion had frequent
deviations of up to 7 hours from their mean, occurring in
both directions. Kurtosis in sleep duration reflects large
deviations from mean sleep duration, and is less sensitive to
small deviations. Women with high kurtosis in our data had
a few nights with very long sleep and a few nights with very
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short sleep (up to 7 hours different from their mean value)
but did not necessarily have variable sleep on other nights.
All together, these moments provide informative, person-
specific measures of the differential roles of small and large
deviations in sleep duration and deviations in the positive
and negative directions from the mean sleep duration.

Biomarkers of cardiovascular disease

Biomarkers of CVD were measured in serum in each
of the clinic visits over 2 menstrual cycles. Fasting blood
samples were collected and processed at each visit according
to standardized procedures and stored frozen at −80C until
samples were sent for measurement. CRP, an inflammatory
biomarker, has been found to provide improved identi-
fication of individuals at risk for CVD in women (29).
High-sensitivity CRP (hs-CRP) allows the detection of
concentrations within healthy reference levels (30). The
IMMULITE 2000 platform (Siemens Medical Solutions,
Malvern, Pennsylvania) was used for assessment of hs-CRP,
with a chemiluminescent immunoassay that is sensitive
to 0.3 mg/L and meets guidelines from the American
Heart Association and the Centers for Disease Control and
Prevention as the most sensitive assay for the prediction of
vascular disease, relative to traditional assays for circulating
CRP levels (31, 32).

Assessment of the serum lipid profile was conducted
using a Beckman LX20 automated chemistry analyzer
(Beckman, Brea, California) for serum HDL cholesterol,
triglycerides, and total cholesterol (<5% total coefficient
of variation for all assays). Serum low-density lipoprotein
(LDL) cholesterol was computed using the formula and
procedures suggested by Friedewald et al. (33).

Covariates

Demographic, health, lifestyle, and occupation informa-
tion was collected by questionnaires and diaries. Women
reported their age, race/ethnicity, and work information
(number of jobs, rotating or shift work) in questionnaires at
enrollment. Ethnicity categories included American Indian,
Hispanic, Asian Indian, Chinese or other Asian descent,
and Pacific Islander. The International Physical Activity
Questionnaire was also administered at baseline to assess
physical activity in the prior 7 days (34). Baseline BMI
was calculated from height and weight data recorded by
study personnel using calibrated scales and standardized
assessment procedures.

Alcohol and caffeine intake were recorded in daily diaries
and were included as time-varying confounders in statistical
models. The average number of alcoholic and caffeinated
beverages in the 2 days prior to each clinic visit were
estimated from the following 2 questions: “Please write in
the number of alcoholic drinks you had today (one drink
is equivalent to one can of beer, one glass of wine, or one
shot of liquor). Enter ‘0’ if none.” and “Please write in the
total number of cups of caffeinated coffee you consumed
today [i.e. hot or iced coffee (instant or brewed)]. One cup
is based on a serving of 8 fluid oz, a larger cup should be
counted as more than 1 (i.e., a 16 oz cup is 2 cups). Enter ‘0’

if none.” Fasting serum estradiol levels were also considered
as a time-varying confounder and were measured in serum
collected at each study visit by radioimmunoassay at the
Kaleida Health Center for Laboratory Medicine (Buffalo,
New York) (<10% total coefficient of variation). Overall,
there were 3,770 assessments of estradiol levels available for
analysis.

Statistical analysis

Descriptive statistics procedures were used to estimate
the geometric mean of each biomarker across categories of
demographic, lifestyle, and health characteristics at baseline.
Plots of the 2 women with most extreme sleep duration
patterns were created to illustrate women with low and high
location, dispersion, skewness, and kurtosis. We examined
intercorrelations among the 4 L-moments and found overall
low correlation, with the exception of moderate correlation
between L-dispersion and L-kurtosis.

To examine the influence of variability in sleep duration
on patterns of cardiovascular biomarkers across 2 menstrual
cycles, we fitted linear mixed models with random inter-
cepts and inverse probability weighting (marginal structural
models) (35). We modeled associations between 3 summary
measures of overall sleep variability and geometric mean
concentrations of CVD biomarkers. Specifically, dispersion,
skewness, and kurtosis were considered separately as expo-
sures that captured distinct facets of variable diary-reported
sleep durations across the menstrual cycle, while cardiovas-
cular biomarkers were analyzed as repeated outcomes. Each
biomarker was log-transformed, and effect estimates were
interpreted as percent differences in geometric means after
applying the formula: ((exp(β) estimate) − 1) × 100. These
models accounted for repeated assessment of cardiovascular
biomarkers at up to 16 time points across 2 menstrual cycles.

We estimated inverse probability weights to account for
baseline and time-varying confounders and mediators rele-
vant to each model. Fixed confounders that are associated
with both sleep duration and biomarkers of CVD included
age, race, BMI, physical activity, shift work, and mean sleep
duration.

As time-varying covariates, we included alcohol, caffeine,
and estradiol. Regression models, with 2 random effects for
cycle and cycle day, were first fitted with the overall sample.
We then conducted sensitivity analyses by restricting the
sample to women who did not report shift work and to non-
White women to account for potentially distinct sleep-wake
patterns attributed to sleep health disparities. Finally, to
examine potential interactions between mean sleep duration
and dispersion, we added a product term for mean sleep
duration and dispersion of sleep duration to weighted and
adjusted regression models.

RESULTS

The average age of women was 27 years with mean BMI
of 24, and 75% were nulliparous. Table 1 presents mean lev-
els of CRP, LDL, HDL, total cholesterol, and triglycerides
according to sociodemographic and lifestyle characteristics.
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Figure 1. Patterns of sleep duration for a distinct pair of women with extreme values of mean, dispersion, skewness, and kurtosis in the BioCycle
study, New York, 2005–2007. A) The blue line represents sleep duration above the recommended daily nocturnal sleep duration, indicated by
the dotted line, while the yellow line represents sleep duration below the recommended nocturnal sleep duration. B) The blue and yellow lines
represent high and low variability in sleep duration, respectively. C) The blue line represents skewness in sleep duration that is above the
woman’s mean sleep duration; the yellow line represents skewness in sleep duration that is below the woman’s reported mean sleep duration.
D) The blue and yellow lines represent high and low kurtosis in sleep duration, respectively.

Person-specific averages of reported sleep duration from
daily diaries ranged between 4.4 and 10.6 hours, with
an overall mean of 7.2 hours, representing recommended
sleep duration across menstrual cycles for many but not all
women. The dispersion of sleep duration ranged between
0.02 to 1.78 hours and its mean was 0.74. (Table 2) On
average, sleep duration was minimally skewed in the overall
sample, but positive and negative skewness was apparent for
some women. Figures 1 and 2 describe patterns and distri-
butions of sleep duration for a distinct pair of women with
extreme values of mean, dispersion, skewness, and kurtosis.

Variability in sleep duration and cardiovascular
biomarkers

Both unadjusted and adjusted associations between
patterns of sleep duration and average changes in levels
of cardiovascular biomarkers along the menstrual cycle are
presented in Table 3. These associations were obtained from
models adjusting for baseline age, race/ethnicity, BMI, shift
work, and physical activity, and accounted for time-varying
estradiol levels at the prior clinic visit across the menstrual
cycle. Overall, none of the cardiovascular biomarkers were

influenced by dispersion in sleep duration, which captured
deviations of all magnitudes from mean sleep duration, on
each side of the mean. However, skewed sleep duration—
that is, unbalanced distribution of sleep duration with
frequent short or long hours—was positively associated with
CRP levels and negatively associated with total cholesterol
levels. Specifically, a 1-unit increase of skewness in sleep
duration was associated with a higher CRP level (99%) and a
lower (11%) total cholesterol level. Lower LDL level influ-
enced by increased skewness of sleep duration approached
statistical significance: −14.4% (95% CI: −27.2, 0.6).
Women with positively skewed sleep tended to have lower
total cholesterol levels, while women with negatively
skewed sleep tended to have higher levels of total choles-
terol. Positive skewness occurs when a woman has a small
number of nights with much longer sleep than her long-run
mean. Negative skewness occurs when a woman has a small
number of days with much shorter sleep than her long-run
mean. We found no relationships between skewed sleep
duration and HDL or triglycerides levels. Kurtosis in sleep
duration, describing large variability in sleep duration with
extreme short or long bouts, was associated with lower HDL
levels, −17.1% (95% CI: −31.1,−0.2) but did not influence
CRP, LDL, total cholesterol, or triglycerides levels.
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Figure 2. Distributions of sleep duration for a distinct pair of women with extreme values of mean, dispersion, skewness, and kurtosis in the
BioCycle study, New York, 2005–2007.

Among non-White women, we observed significant rela-
tionships between dispersion in sleep duration and changes
in both LDL and HDL levels. Similar associations were
observed among women who did not report shift work.
Specifically, a 1-hour increase in dispersion of sleep dura-
tion suggested a lower mean LDL level among non-White
women (−19.4%, 95% CI: −30.9, −6.0). Higher mean HDL
levels (24.7%, 95% CI: 8.2, 43.0) were also apparent in non-
White women with each 1-hour increase in dispersion of
sleep duration. A positive relationship was apparent between
skewness in sleep duration and CRP levels in non-White
women; an increase in skewness of sleep duration was
associated with 127% higher CRP levels (126.7%, 95% CI:
3.1, 398.2). An increase in extreme short and long sleep
bouts, measured by kurtosis, showed lower mean HDL levels
in non-White women (−25.4%, 95% CI: −39.5, −8.0%).
However, mean CRP, LDL, and triglycerides levels were not
associated with both extremes of sleep duration bouts.

Women who did not report shift work had significant
associations between dispersion in sleep duration and
changes in both LDL and HDL levels, such that each 1-hour
increase in sleep dispersion was associated with lower LDL
levels (−13.1%, 95% CI: −24.8, −0.4). Further, within
this subsample of women who did not report shift work
(64%), skewed sleep duration was associated with mean total
cholesterol levels and weakly associated with mean LDL
levels. Specifically, positively skewed sleep was associated
with a 13% lower cholesterol levels and 17% lower LDL.
(Table 3).

Interactions between variability in sleep duration and
mean sleep duration

We found statistically significant interactions between
mean sleep duration and its dispersion in relation to LDL,
HDL, and total cholesterol. Specifically, when mean sleep
duration was sufficient (e.g., 8 hours), a 2-hour increase
in dispersion of sleep duration was associated with (33%)
lower LDL levels. However, when mean sleep duration was
insufficient (e.g., 5 hours), an increase of 2 hours in sleep
dispersion was associated with 43% higher LDL levels (data
not shown).

DISCUSSION

In this unique cohort of healthy, premenopausal women,
we utilized a novel approach that summarizes person-
specific facets of variability in sleep duration ranging from
small deviations to extreme bouts of short and long sleep
relative to mean sleep duration. We estimated variability
in daily sleep duration and examined its associations
with key CVD biomarkers while accounting for hormonal
fluctuations across 2 menstrual cycles. In these data, women
reported an average of 7.2 hours of sleep, which falls
within the range of the recommended sleep duration of
7–9 hours per night. However, the amount of reported
sleep was variable and ranged from 4.4 and 10.6 hours per
night. As expected, we found that mean LDL, HDL, and
total cholesterol were susceptible to changes in response to
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some variability in sleep duration. These findings remained
consistent after adjustment for menstrual cycle variations
and relevant confounders that could influence both sleep
duration patterns and fluctuations in CVD biomarkers.

Overall, dispersed sleep duration was associated with
higher HDL levels and lower LDL levels in non-White
women. We also found lower LDL levels among women
who did not report shift work. Positively skewed sleep (occa-
sional values falling substantially above the person-specific
mean) was associated with lower levels of LDL and total
cholesterol, while higher levels of LDL and total cholesterol
were observed in women with negatively skewed sleep dura-
tion, below the mean. Extreme short and long sleep bouts
were associated with lower HDL levels among all women,
as well as in non-White women. Furthermore, mean sleep
duration moderated associations between dispersed sleep
duration, LDL, HDL, and total cholesterol. Specifically,
dispersed sleep was associated with lower levels of LDL
and total cholesterol, and higher HDL levels, in women
with sufficient sleep duration. However, dispersed sleep
duration in women with insufficient sleep had a negative
impact on these CVD biomarkers. These findings indicate
that even among healthy and young women, variability in
sleep duration could have an influence on cardiovascular
biomarkers. Moreover, plausible interrelations among sleep,
reproductive hormones, and cardiovascular health were also
suggested (36).

Variability in sleep duration is known to disrupt natural
circadian rhythms and may result in altered physiological
functions. Indeed, variations in sleep duration are emerging
as determinants of health, well-being, and longevity (37).
Associations between variability in sleep duration and CVD
biomarkers are uncommon. Several studies have examined
the influence of variability in sleep duration on cardiovas-
cular risk factors, suggesting higher odds of metabolic syn-
drome, weight gain, and obesity in adults (38–42). However,
most reports focused on adiposity outcomes, and only few
considered a metabolic syndrome risk, a composite score of
CVD risk factors that includes HDL and triglycerides lev-
els. Furthermore, these studies have predominantly assessed
variability in sleep duration using the standard deviation
(SD) of mean sleep quantity recorded on actigraphy over 7
nights.

A cross-sectional study of adults and older adults
associated variability (SD) in sleep duration based on a 7-day
actigraphic sleep duration with lower HDL and higher
triglycerides and fasting glucose. A follow-up of 6 years,
among those who were not classified in the metabolic
syndrome group, suggested that higher variability in sleep
duration was weakly associated with higher triglycerides
levels but was not associated with HDL (43). In a cross-
sectional study of 51 healthy college students, lower HDL
was also linked to variability in sleep duration (SD) (44). A
recent review reported consistent links between variability
in sleep duration and cardiometabolic risk factors, including
obesity, metabolic syndrome, and poor glycemic control
(45). This review suggests that a 1-hour increased variability
in sleep duration, measured by SD, is associated with
higher risk of excessive weight, metabolic syndrome, type 2
diabetes, and poor glycemic control.

Variability in sleep duration has been also examined in
relation to inflammatory markers in a cohort of 392 nurses,
of whom 92% were women. While variability in sleep dura-
tion, assessed either using 7-day actigraphy or daily sleep
diaries, was associated with interleukin-6, it was not associ-
ated with CRP (46). However, in a sample of 532 adults with
60% women, positive associations were observed between
sleep inconsistency and inflammatory biomarkers. Utiliz-
ing 7-day actigraphy data, inconsistency in sleep behaviors
was estimated across multiple domains, including time in
bed, nocturnal awakening, and sleep onset latency. Findings
suggested links between sleep inconsistency and increased
levels of inflammatory markers (i.e., CRP, interleukin-6,
and fibrinogen). A stratified analysis uncovered sex-specific
relationships, significant for women but not men (47).

Strengths and limitations

The present study has several strengths. While sex
differences in sleep patterns and CVD risk factors have been
examined, women-focused research on sleep and, even more
so, the role of the reproductive cycle in these analyses remain
rare. This study collected daily sleep data in addition to up
to 16 person-specific samples of CVD biomarkers at key
hormonally defined time points along 2 menstrual cycles.
In comparison with prior studies, these rich data provide far
greater texture in sleep patterns and cardiovascular health in
premenopausal, healthy women. Second, the BioCycle study
employed a microlongitudinal design—a measurement-
intense design over a relatively short time interval of 2
menstrual cycles. This unusual design allowed examination
of within- and between-woman dynamic covariation of sleep
duration, without aggregation of data over long periods.

The implementation of 2 advanced statistical methods,
the L-moments and inverse probability weights, allowed us
to distinguish among 3 facets of sleep duration variability
in relation to CVD biomarkers and to account for relevant
fixed and time-varying confounders and mediators. How-
ever, this study has limitations as well. Despite using sleep
diaries, the gold standard of self-reported sleep duration
(26), we cannot rule out measurement error in sleep duration
as recorded by these women in their daily diaries. Self-
report sleep duration could be consistently misreported in
comparison with objectively measured sleep duration (48).
Future studies could take advantage of actigraphy, which
provides objective assessments over multiple days in the
home setting. Exclusions of women with a BMI of <18 or
>35 and premenopausal women with abnormal length of
menstrual cycle (<21 or >35 days) limit the generalizability
of our findings to women with severe obesity or during
perimenopause, a phase marked by hormonal fluctuations
and sleep disturbances. While alcohol was included as a
time-varying covariate, we did not account for recreational
drug use as its impact on cardiovascular function remains
poorly understood. Information on sleep aids use was not
available, although insomnia symptoms were uncommon
among these women. Assessment of caffeine intake relied
solely on daily coffee consumption and did not consider
other caffeinated beverages. Finally, obstructive sleep apnea
data were not collected. However, as BMI is a strong risk
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factor for obstructive sleep apnea, adjustment for BMI in
our models may have avoided some of the risk for multi-
collinearity.

Conclusions

This microlongitudinal study of premenopausal women
found that variability in sleep duration was predomi-
nantly associated with lower mean LDL, HDL, and total
cholesterol, but not CRP or triglycerides. Although CVD
biomarkers vary along the menstrual cycle, the observed
sleep-related variations in CVD biomarkers persisted even
after controlling for estradiol levels. These data suggest
that variability in sleep duration could influence biomarkers
of CVD in young, healthy women. Future examination of
variation in sleep timing among young women is warranted.
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