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Background and Objective: Sleep is an emerging risk factor for cardiovascular disease (CVD) that is not cur-
rently included as a cardiovascular health (CVH) metric in the American Heart Association’s Life’s Simple 7
(AHA LS7). Our objective was to evaluate the association of sleep with CVH in women and examine differ-
ences by menopausal status and race/ethnicity.
Methods: Baseline data from the Columbia University AHA Go Red for Women Strategically Focused
Research Network were examined. Sleep habits were self-reported using validated questionnaires. A CVH
score was computed using AHA LS7 criteria for smoking, diet, physical activity, BMI, blood pressure(BP),
total cholesterol, and fasting glucose. Women received a score of 2 (ideal), 1 (intermediate), or 0 (poor)
based on their level of meeting each AHA LS7 metric. Multivariable-adjusted regression models were
used to evaluate associations of sleep with meeting overall and individual CVH metrics.

Results: The analytical sample consisted of n¼ 507 women (62% minority/Hispanic, mean age:37 y). Parti-
cipants with adequate sleep duration (�7 h), good sleep quality, no insomnia nor snoring, and low risk for
OSAweremore likely tomeet>4 of the AHA LS7metrics (P< .01). Poorer sleep quality (b¼�0.08, P¼ .002),
higher insomnia severity (b¼�0.05, P¼ .002), snoring (b¼�0.77, P¼ .0001), and higher risk for OSA
(b¼�1.63, P< .0001) were associated with poorer CVH. Insomnia, snoring, and high OSA risk were asso-
ciated with 69% to >300% higher odds of having poor CVH (P� .03). Associations were stronger in post-
menopausal and racial/ethnic minority women.
Conclusions: Better sleep habits were associated with more favorable CVH among women, suggesting that
there may be benefit in incorporating sleep assessment into CVD risk screening.

© 2019 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.
Introduction

The American Heart Association’s (AHA) Life’s Simple 7 (AHA LS7)
is a measure of cardiovascular health (CVH) that permits tracking the
health status of populations and individuals in relation to the 2020
strategic goal to improve CVH among all Americans.1 This construct
encompasses both health behaviors and health factors that are
505, New York, NY 10032.
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established risk factors for cardiovascular disease (CVD) such as
smoking, diet, physical activity (PA), body mass index (BMI), blood
pressure (BP), total cholesterol, and fasting glucose.1 A score based
on the seven metrics of CVH represents the extent of meeting the
established criteria for CVD risk reduction. Indeed, a higher AHA LS7
composite score indicative of more favorable CVH has been linked
to lower incidence of cardiovascular outcomes, such as heart failure
and stroke, and other non-cardiovascular outcomes.2e7

Sleep is an important pillar of health and suboptimal sleep, both in
duration and quality, has been associated with increased risk of CVD,
stroke, diabetes and hypertension8, with suggestive evidence of
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potentially stronger associations among women.9 Women may be
particularly vulnerable to sleep problems due to life events including
pregnancy, motherhood, and menopause, as well as lifestyle factors,
circadian rhythm abnormalities, medical conditions, and changing
reproductive hormone levels across the female life course.10,11 Based
on 2005 National Health and Nutrition Examination Survey
(NHANES) data, women are more likely than men to have a very
short sleep duration (�5 h/night).12 Furthermore, a recent examina-
tion of secular trends in insomnia using 2002e2012 NHANES,
showed that, although prevalence rates have increased in both men
and women over time, approximately one quarter of women have
insomnia, and the prevalence of insomnia was consistently greater
in women compared to men over time.13

In a 2016 AHA statement8, insufficient sleep, poor quality sleep,
obstructive sleep apnea (OSA) and insomniawere linked to increased
risk of obesity, type 2 diabetes, hypertension, coronary heart disease
and stroke. However, despite the observed associations between
sleep and lifestyle mediators of CVD risk factors, namely diet and
PA, as well as clinical biomarkers of CVH, sleep has not been included
in formal CVD prevention guidance. The purpose of this analysis was
to examine associations of sleep characteristics with meeting the
AHA LS7 in a diverse sample of women and to explore potential dif-
ferences in these associations by menopausal status and race/ethni-
city. To our knowledge, this represents the first investigation into
sleep characteristics in relation to overall CVH in a diverse sample
of women encompassing different life stages. This research may pro-
vide important information on the role of sleep habits in achieving
favorable CVH and may inform public health efforts to promote
CVH, particularly among women.

Participants and method

Design and Participants

This was a cross-sectional analysis using data from the baseline
examination of an ongoing community-based prospective cohort of
n¼ 507 women, aged 20-79y, recruited as part of the AHA Go Red
for Women (GRFW) Strategically Focused Research Network (SFRN)
population study at Columbia University Irving Medical Center
(CUIMC). The goal of theAHAGRFWSFRNaward at CUIMC is to inves-
tigate associations of sleep patterns with cardiometabolic risk factors
in a community-based cohort ofwomen. Participantswere a commu-
nity-based sample of women living in the neighboring communities.
Participants included: 1) familymembers and friends of patients hos-
pitalized at a large urban medical center in Northern Manhattan
(Columbia University Irving Medical Center/New York Presbyterian
Hospital) and visitors to themedical center (10%), 2)women recruited
at neighborhood community centers (~1%), 3)women recruited using
media brochures and recruitment flyers (19%), 4) women who
responded to online postings (40%), 5) participant friend referrals
and referrals from other studies (23%), and 6) referrals from affiliated
physicians (7%). Pregnantwomenwere excluded. Bilingual study per-
sonnel recruited both English- and Spanish-speaking women, and all
study forms were available in English and Spanish. The study was
approved by the Institutional Review Board of CUIMC and was per-
formed in accordancewith the ethical standards in the 1964 Declara-
tion of Helsinki. All participants gave written informed consent prior
to their inclusion in the study.

Assessment of sleep

Sleep duration and quality were assessed using the validated
Pittsburgh Sleep Quality Index (PSQI).14 The PSQI measures seven
domains of sleep: subjective sleep quality, sleep onset latency (time
to fall asleep), duration, efficiency and disturbances, use of sleep
medication, and daytime dysfunction over the last month to distin-
guish between poor and good sleepers. A global sum �5 indicates
poor sleep quality. The Berlin Sleep Questionnaire was used to assess
snoring status, using the response to the question “Do you snore?”.
This questionnaire was also used to ascertain the prevalence of a
high-risk phenotype for OSA, using responses to questions about
snoring, daytime somnolence, hypertension and BMI, as previously
described.15 The presence of insomnia was ascertained using the
Insomnia Severity Index (ISI) Questionnaire.16 The ISI ranges between
0e28 and based on their responses to the ISI, participants were clas-
sified into the following categories: 1) no clinically significant insom-
nia (ISI: 0e7), 2) sub-threshold insomnia (ISI: 8e14), 3) clinical
insomnia with moderate severity (ISI: 15e21), or 4) severe clinical
insomnia (ISI: 22e28). Participants who reported having sub-thresh-
old insomnia, moderate or severe clinical insomnia were considered
to have some level of insomnia.

Assessment of modifiable lifestyle behaviors and clinical risk factors

Height was measured using a standardized stadiometer and
weightwas obtained using a research grade scale. BMIwas calculated
using the standard equation (BMI¼weight(kg)/height(m2)). Systolic
BP and diastolic BP were assessed using a hospital-grade automated
BP monitor using a standard protocol (Omron® 5 Series Upper Arm
(BP742)).17 Fasting blood samples were collected and analyzed at
the CUMC Irving Institute Biomarkers Core Laboratory to assess fast-
ing blood glucose and total cholesterol levels.

The International Physical Activity Questionnaire, a surveillance
tool developed and tested for adults.18,19 was used to assess PA levels
and sedentary behaviors. Habitual dietary intake over the past year
was assessed using the validated Block Brief 2000 food frequency
questionnaire20, which utilizes the USDA Food andNutrient Database
for Dietary Studies to estimate dietary intake.20 A standardized health
questionnaire was used to evaluate smoking habits. Smoking status
was ascertained from responses to the following the questions:
“What is your smoking status?” and “Whenwas your last cigarette?”.
Participants respondedwhether theywere a current, former, or never
smoker, and former smokers reported whether their last cigarette
was smoked<6mo, 6mo to 2 y, 2-10 y, or>10 yago. The standardized
health questionnaire was also used to evaluate socio-demographic
information including age, race/ethnicity, education, andmedical his-
tory. Menopausal status was ascertained based on responses to the
following questions: “Have you had a menstrual period in the last
12 months?” and “Have you ever had any of the following surgeries
or procedures: a) uterus removed/hysterectomy, b) one ovary
removed, c) twoovaries removed?”.Womenwhodid not have amen-
strual period in the last 12monthswere consideredpost-menopausal.

Operationalization of the AHA Life’s Simple 7 score

Published definitions1 used to assess AHA LS7 were adapted
based on the data available in this study and consistently with pre-
vious literature on the AHA LS7 score as shown in Table 1.2e4,21 The
individual components for the AHA LS7 score (smoking, diet, PA,
BMI, BP, total cholesterol, and fasting glucose) were categorized as
ideal (2 points), intermediate (1 point) or poor (0 point). The indivi-
dual seven scores were then summed to create the total AHA LS7
score ranging from 0 to 14 such that 0 represented not meeting any
CVH criteria and 14 represented meeting all CVH criteria.

Statistical analysis

All data were collected on standardized forms, entered into a
secure RedCap database, and exported to SAS version 9.4 (SAS Insti-
tute, Inc., Cary, NC, USA) for statistical analyses. Participant



Table 1
Operationalization of the AHA Simple 7 s score*

AHA Simple 7 s
Guideline

Operationalization Scoring

Smoking Never or former >2 y
Former �2 y
Current

2
1
0

Diety Meets 4 to 5 recommendations
Meets 2 to 3 recommendations
Meets 0 to 1 recommendations

2
1
0

Physical
activityz

�150 min/wk moderate intensity or �75 min/wk
vigorous intensity or �150 min/wk moderate þ
vigorous intensity

1 to 149 min/wk moderate intensity or 1 to 74
min/wk. vigorous intensity or 1 to 149 min/wk
moderate þ vigorous intensity

No moderate or vigorous activity

2

1

0
BMI* <25 kg/m2

25e29.9 kg/m2

�30 kg/m2

2
1
0

Blood pressure* SBP <120 and DBP <80 mmHg untreated
SBP: 120e129 or DBP: <80 mmHg or treated to
ideal level
SBP �130 or DBP �80 mmHg

2
1

0
Total
cholesterol

<200 mg/dl
200e239 mg/dl
�240 mg/dl

2
1
0

Fasting glucose <100 mg/dl
100e125 mg/dl
�126 mg/dl

2
1
0

* AHA: American Heart Association; BMI: body mass index; DBP: diastolic blood
pressure; SBP: systolic blood pressure.

y The diet score was derived from the Block Brief Food Frequency Questionnaire
based on 5 healthy diet components, each worth 1 point. Scoring for this component
was adapted from the American Heart Association definitions of the 5 healthy diet cri-
teria, which were “1 fruits and vegetables: �4.5 cups per day2; fish: �two 3.5-oz ser-
vings per week (preferably oily fish)3; fiber-rich whole grains (�1.1 g of fiber per 10 g
of carbohydrate): �three 1-oz-equivalent servings per day4; sodium: <1500 mg per
day5; sugar-sweetened beverages: �450 kcal (36 oz) per week.”

z Vigorous activity and moderate physical activity were ascertained from the Inter-
national Physical Activity Questionnaire. Participants were asked howmany times per
week they engage in vigorous and moderate physical activity and for howmany hours
and minutes.
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demographic, lifestyle and medical characteristics were described
using mean± standard deviation (SD) for continuous variables and
frequencies for categorical variables. We computed the mean and
median AHA LS7 score and the percentage of participants with
high,11e14 moderate,9,10 and low scores (0e8) as defined previously.21

T-tests were used to compare the mean AHA LS7 scores by sleep
duration (sufficient: �7 vs. insufficient: <7 h/night)8, sleep quality
(poor: PSQI �5 vs. good: PSQI <5), insomnia (ISI �8 vs. ISI <8), snor-
ing (yes vs. no), OSA risk (high-risk vs. low-risk). Fisher’s Exact test
used to examine sleep duration (sufficient: �7 vs. insufficient: <7 h/
night), sleep quality (poor: PSQI �5 vs. good: PSQI <5), insomnia
(ISI �8 vs. ISI <8), snoring (yes vs. no), OSA risk (high-risk vs. low-
risk) in relation to meeting >4 of the AHA LS7 metrics (AHA LS7
score: 9e14 vs. 0e8) as well as meeting vs. not meeting (ideal vs.
intermediate or poor) the individual AHA LS7 criteria (smoking,
diet, PA, BP, BMI, cholesterol and glucose).

Multivariable-adjusted linear and logistic regressionmodels were
used to examine associations between sleep characteristics and the
AHALS7 score and its components. Sleepduration (hours) andquality
(PSQI score) and insomnia (ISI) were evaluated as continuous and
categorical variables (sleep duration �7 h vs. <7 h; sleep quality:
good vs. poor; insomnia: nonevs. sub-threshold,moderate or severe).
Snoring (yes vs. no) and risk for OSA (high-risk vs. low-risk) were
assessed as categorical variables. The AHA LS7 score was evaluated
as a continuous variable in linear regression models and as a binary
variable (moderate to high CVH: 9e14 vs. low CVH: 0e8) in logistic
regression models. The component scores were examined as binary
variables (meeting ideal criterion for CVH metric (i.e. component
score¼ 2) vs. not meeting ideal criterion for CVHmetric (i.e. compo-
nent score¼ 0 or 1)) in logistic regression models. Models were
adjusted for age (years), race/ethnicity (non-Hispanic White vs. His-
panic or racial minority), education (college or more vs. less than col-
lege), health insurance (yes vs. no), nativity (born in US vs. foreign-
born) andmenopausal status (pre-menopausal vs. post-menopausal).

Given that poor sleep characteristics may cluster, we created a
composite sleep score based on having short sleep duration, poor
sleep quality, high risk for OSA, and insomnia. Womenwho had 3e4
of these sleep problems received a score of 0, while those who had
1e2 and 0 sleep problems received a score of 1 and 2, respectively.
We then examined the three-category sleep score (1 vs. 2 and 0 vs.
2) and a binary sleep score (0e1 vs. 2) in relation to the AHA LS7
score in multivariable-adjusted logistic regression models to deter-
mine how the clustering of poor sleep characteristics influences CVH.

We also tested for interactions of sleep characteristicswithmeno-
pausal status and race/ethnicity. A multiplicative term was intro-
duced for these potential interactions in each model. In exploratory
analyses, results were stratified by menopausal status and by race/
ethnicity with the caveat of limited power. Stratified analyses were
also adjusted for age, education, health insurance, and nativity. A p-
value<0.05 was considered significant for all analyses.

Results

Descriptive characteristics of study population

Descriptive characteristics of the study population at baseline are
shown in Table 2. The mean age was 37± 16y and about one third of
the women were postmenopausal. This was a racially and ethnically
diverse sample with more than half identifying as Hispanic (28.6%)
and/or racial minority (43%). Participants reported engaging in mod-
erate-to-vigorous intensity PA for ~5 h/wk. Less than one quarter of
the study sample (22.7%) reported being a current or former smoker.
Approximately half of thewomen had a normal BMI, while 30.2% and
19.0%were in the overweight and obese BMI categories, respectively;
additionally, 4% had diabetes, 31.8% had hypertension, and 20.3% had
hypercholesterolemia.

An assessment of sleep habits revealed that the mean nightly
sleep duration in this sample was 6.8 ± 1.2 h/night and 43.2% of
women reported sleeping <7 h/night. Half of the sample reported
having poor sleep quality (51.0%) and 37.8% reported having sub-clin-
ical, moderate or severe insomnia. The prevalence of a high-risk pro-
file for OSA (including snoring and other factors) was 17.0% whereas
the prevalence of snoring was 30.0%. In addition, 63% of the women
exhibited at least one of these poor sleep characteristics, to a maxi-
mum of 4. The clustering of poor sleep characteristics was such that
25% and 38% of our sample reported 3e4 and 1e2 sleep problems,
respectively.

AHA Life Simple 7 s in this population

The mean and median AHA LS7 scores in this population were
10.2 and 10 (range: 3 to 14). Approximately 22.7%, 28.6% and 48.7%
of participants had low, moderate and high AHA LS7 scores, respec-
tively, suggesting that the majority of this sample met >4 of the
AHA LS7 guidelines. Extent of meeting the individual health beha-
viors metrics of AHA LS7 was also examined. Three quarters of the
sample met the metric for smoking (77.5%), and half met the metric
for PA (50.3%). On the other hand, only 20.2% of the sample met the
ideal criterion for diet, and approximately two-thirds of the sample
only met 2e3 of the AHA dietary guidelines (63.4% in intermediate



Table 2
Descriptive characteristics of study population at baseline (N¼ 507)

Mean ± SD/percentage (N)

Demographic characteristics
Age (years) 37± 16
Race

White
Black
American Indian or Alaskan Native
Native Hawaiian or Pacific Islander
Asian
Other

57% (289)
19.9% (101)
0.2%1

0.2%1

18.7% (95)
3.9%20

Hispanic ethnicity 28.6% (145)
Married 29.2% (148)
Have Health Insurance 76% (385)
Employed/student 86.6% (433)
Education �college 77% (389)
Born in USA 64% (323)
Clinical/medical characteristics
Postmenopausal 28.8% (146)
History of chronic disease

Diabetes
Hypertension
Hypercholesterolemia

42.6%(216)
4%22

31.8% (161)
20.3% (103)

BMI (kg/m2)* 26.0 ± 5.7
Overweight or obese BMI 52% (263)
Waist circumference >35 inches 42.2% (214)
Systolic BP (mmHg)* 117.4 ± 14.3
Diastolic BP (mmHg)* 73.0± 10.8
Fasting Glucose (mg/dl) 88.9 ± 17.7
Total Cholesterol (mg/dl) 182.2± 36.4
Total AHA Simple 7 s score 10.2± 2.3
Sleep habits
Sleep duration (h/night) 6.8± 1.2
Sleep duration <7 hours 43.2% (219)
Poor sleep quality (PSQI�5)* 51% (257)
Insomnia (Somewhat, Moderate, Severe) 37.8% (189)
High-risk for OSA* 17.0% (86)
Reported snoring 30% (152)
Lifestyle habits
Current or former smoker 22.7% (115)
Meets 5 AHA LS7 diet guidelines* 10.2% (97)
Moderate/vigorous PA (min/week)* 281.5 ± 556.8

* AHA LS7: American Heart Association Life Simple 7; BMI: body mass index; BP:
blood pressure; OSA: obstructive sleep apnea; PA: physical activity; PSQI: Pittsburg
Sleep Quality Index.

Table 3
Differences in the AHA LS7 Score by Sleep Characteristics (n¼ 507)*,y

Sleep
characteristics

Mean score (SD) P

Sleep duration <7 h/night �7 h/night
9.6± 2.4 10.6± 2.1 <.0001

Sleep qualitya Poor (PSQI �5) Good (PSQI
<5)

9.9± 2.4 10.4± 2.1 .01
Insomniaa Sub-threshold, moderate, severe

insomnia (ISI �8)
None (ISI <8)

9.7± 2.5 10.5± 2.0 <.0001
Snoring Yes No

9.2± 2.3 10.6± 2.1 <.0001
OSAa High-risk Low-risk

8.2± 1.9 10.6± 2.1 <.0001

* PSQI: Pittsburg Sleep Quality Index, ISI: Insomnia Severity Index; OSA: obstructive
sleep apnea.

y t-tests were used to compare the mean AHA LS7 score by categories of sleep
characteristics.
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group). When health factors were examined, more than half of the
sample had normal BMI (51.0%) and BP (55.8%); 70.6% and 88.9%
had normal fasting cholesterol and glucose, respectively, and were
therefore classified into the ideal category for these AHA LS7metrics.

Sleep characteristics in relation to the AHA LS7 score and its components

Women who slept �7 versus <7 h/night had significantly higher
AHA LS7 scores (10.6 vs. 9.6; P< .0001) (Table 3). Women with good
sleep quality also had higher AHA LS7 scores compared to women
with poor sleep quality (10.4 vs. 9.9; P¼ .010). Participants who
reported sub-threshold, moderate, and severe insomnia had signifi-
cantly lower AHA LS7 scores compared to those who reported none
(9.7 vs. 10.5; P < .0001). Similarly, women who snored and those
with a high-risk profile for OSA had significantly lower AHA LS7
scores (9.2 vs. 10.6; P< .0001 and 8.2 vs. 10.6; P< .0001 for snoring
and OSA-risk, respectively).

When univariate associations were examined using Fisher’s Exact
test (Fig. 1), participants who slept �7 versus <7 h/night were more
likely to meet >4 of the AHA LS7 metrics (AHA LS7 score of 9e14
i.e. have a moderate to high CVH) (P< .0001). Participants were also
more likely to meet >4 of the AHA LS7 metrics if they reported
good sleep quality (P¼ .002), no insomnia (P¼ .0002) or snoring
(P< .0001) and had a low vs. high risk for OSA (P< .0001). When
sleep characteristics were evaluated in relation to individual AHA
LS7 components, participants who reported sleeping �7 h/night,
good sleep quality, no insomnia, no snoring, and low OSA risk were
more likely to be in the ideal category for BMI (P� .05) and BP
(P� .001). Those with sleep duration �7 h/night, no insomnia or
snoring, and low OSA risk were also more likely to be in the ideal
category for the glucose criterion (P� .03). Snoring and high OSA
risk were additionally associated with being less likely to be in the
ideal category for the cholesterol (P� .03) and smoking (P� .003)
metrics; only high OSA risk was associated with lower likelihood of
adhering to the PA criterion (P¼ .03).

Inmultivariable-adjusted linear regressionmodels (Table 4), there
was a borderline significant association between longer sleep dura-
tion and a higher AHA LS7 score (b¼ 0.14; P¼ .057). Poorer sleep
quality (b¼�0.08; P¼ .002) and more severe insomnia (b¼�0.05;
P¼ .002) were associated with a lower AHA LS7 score indicative of
poorer CVH. Snoring and a high vs. lowOSA riskwere both associated
with a lower AHA LS7 score (b¼�0.77; P¼ .0001 and b¼�1.63;
P< .0001, respectively). In logistic regression models (Table 4), sleep-
ing <7 vs.�7 h/night and poor vs. good sleep quality were not signif-
icantly associatedwith odds of having a poor AHALS7 score (AHALS7
score: 0e8), though the OR > 1 indicative of greater odds were
observed. In contrast, insomnia was significantly associated with
69% greater odds of having a poor AHA LS7 score (OR (95%CI): 1.69
(1.05e2.71)). Similarly, snoring and high vs. low OSA risk were asso-
ciated with 87% and >3-fold greater odds of having a poor AHA LS7
score (OR (95% CI): 1.87 (1.14e3.06) and 3.89 (2.23e6.81),
respectively).

In sensitivity analyses, we examined the clustering of sleep pro-
blems in relation to the AHA LS7 score. In multivariable-adjusted
logistic regression models, women who had 1e4 versus 0 poor
sleep characteristics had 2-fold higher odds of having poor CVH (OR
(95% CI: 2.00 (1.05e3.82)). Womenwho had 3e4 poor sleep charac-
teristics were particularly prone to having poor CVH (OR (95% CI):
2.79 (1.37e5.69)) compared to womenwith adequate sleep duration
and no sleep problems.

In multivariable logistic regression models that evaluated sleep
characteristics in relation to meeting individual AHA LS7 metrics,
null results were observed for smoking, diet, PA, cholesterol and glu-
cose (data not shown). However, sleeping <7 h/night was associated
with 91% higher odds of having BMI �25 kg/m2 (OR(95%CI):
1.91(1.28e2.85)). Snoring and high risk OSA risk were associated
with 2-fold and >8-fold higher odds of having an overweight or
obese BMI (OR (95%CI): 2.00 (1.29e3.11) and 8.41 (3.99e17.74),
respectively) and with 83% and ~3-fold higher odds of having BP
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Fig.1.Univariate Associations of Sleep Characteristicswith theAHALS7 Score Thisfigure displays results fromFisher’s Exact test to examinewhether thenumber of participantswith
a low AmericanHeart Association Life Simple 7 score (0e8) versus amoderate or high score (9e14) varies significantly across the categories of sleep characteristics. In general, short
sleepers (<7 h/night) and those with poor sleep quality, insomnia, snoring and a high risk of obstructive sleep apnea were more likely to have a low AHA LS7 score.
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�130/80 mmHg (OR (95%CI): 1.83 (1.16e2.88) and 2.81 (1.54e5.11),
respectively).

Sleep characteristics in relation to the AHA LS7 score by menopausal
status

A statistically significant interaction was observed for all sleep
characteristics with menopausal status (Pinteraction < .001). In
exploratory analyses stratified by menopausal status, only snoring
and a high risk for OSA were associated with a lower AHA LS7 score
among pre-menopausal women, in linear regression models
(b¼�0.88; P< .0001 and b¼�1.78; P < .0001, respectively)
(Table 5). However, in post-menopausal women, every one-hour
increase in sleep duration was associated with a higher AHA LS7
score (b¼ 0.33; P¼ .013) and therefore with more favorable CVH.
Poorer sleep quality (b¼�0.11; P¼ .004) and more severe insomnia

Image of Fig.&nbsp;1


Table 4
Multivariable-adjusted linear and logistic regression models for associations of sleep characteristics with the AHA LS7 Score (n¼ 507)*

Linear Modely, x Logistic Modelz, x

Sleep characteristics В(SE) P Sleep characteristics OR (95%CI) P

Sleep duration (Hours) 0.14 (0.08) .057 Sleep Duration (<7 vs. �7 h) 1.60 (0.99e2.60) .06
Sleep quality (PSQI score) �0.08 (0.02) .002 Sleep Quality (PSQI> 5 vs. �5) 1.51 (0.93e2.45) .095
Insomnia Severity Index �0.05 (0.02) .002 Insomnia (Yes vs. No) 1.69 (1.05e2.71) .031
Snore (Yes vs. No) �0.77 (0.20) .0001 Snore (Yes vs. No) 1.87 (1.14e3.06) .013
OSA Risk (High vs. Low) �1.63 (0.24) <.0001 OSA Risk (High vs. Low) 3.89 (2.23e6.81) <.0001

* OSA: obstructive sleep apnea; PSQI: Pittsburg Sleep Quality Index.
y Results of linear regressionmodels represent the increase in theAHA LS7 score per one-hour increase in sleep duration, per one unit increase in the PSQI or ISI scores, for snoring

vs. no snoring, and for high vs. low risk of OSA.
z Logistic regression models examine the odds of having a poor AHA LS7 score (0e8) by category of sleep characteristics.
x Linear and logistic regression models are adjusted for age, race/ethnicity, education, health insurance, employment, menopausal status, and nativity (born in USA).
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(b¼�0.07; P¼ .006) were associated with a lower AHA LS7 score. A
high vs. low OSA risk, but not snoring, was associated with a lower
AHA LS7 score (b¼�1.35; P¼ .0004).

Sleep characteristics in relation to the AHA LS7 score by race/ethnicity

A statistically significant interaction was observed for all sleep
characteristics with race/ethnicity (Pinteraction < .05). In exploratory
analyses stratified by race/ethnicity, associations of sleep characteris-
tics with the AHA LS7 score were not significant in non-Hispanic
White women (Table 5). However, in Hispanic and racial minority
women, longer sleep duration was associated with higher AHA LS7
scores (b¼ 0.19; P¼ .038), while poorer sleep quality (b¼�0.13;
P¼ .0001) and greater insomnia severity (b¼�0.06; P¼ .001) were
associated with lower AHA LS7 scores. Similarly, snoring (b¼�1.14;
P< .0001) and having a high risk for OSA (b¼�2.02; P< .0001)
were associated with lower AHA LS7 scores indicative of poorer
CVH among racial/ethnic minority women only.

Discussion

This study uniquely evaluated sleep characteristics in relation to
CVH, assessed using an AHA LS7 score, among a diverse cohort of
women and demonstrated that sleep habits were associated with
the total AHA LS7 score and several of its components. In particular,
longer sleep duration, better sleep quality, lack of insomnia or lower
insomnia severity, and a lower risk profile for OSA were associated
with a higher AHA LS7 score and therefore amore favorable CVH pro-
file. The clustering of poor sleep characteristics was associated with
greater odds of having poor CVH. Our findings also demonstrate
that meeting the AHA LS7 may vary by sleep characteristics, as parti-
cipants reporting adequate sleep duration (�7 h/night), good sleep
quality (PSQI�5), no insomnia or snoring, and a low risk for OSA
had significantly higher AHA LS7 scores and a greater likelihood of
Table 5
Multivariable-adjusted linear regression models for associations of sleep characteristics with

Racial/ethnic minority
(n¼ 311)z

Non-Hispanic
(n¼ 196

В(SE) P В(SE)

Sleep Duration (Hours) 0.19 (0.09) .038 0.19 (0.12)
Sleep Quality (PSQI score) �0.13 (0.03) .0001 �0.04 (0.04)
Insomnia Severity Index �0.06 (0.02) .001 �0.04 (0.02)
Snore (Yes vs. No) �1.14 (0.24) <.0001 �0.06 (0.31)
OSA Risk (High vs. Low) �2.03 (0.27) <.0001 �0.68 (0.43)

* OSA: obstructive sleep apnea; PSQI: Pittsburg Sleep Quality Index.
y Results of linear regression models represent the increase in the AHA LS7 score per one

Index, for snoring vs. no snoring, and for high vs. low risk of OSA.
z Models are adjusted for age, education, insurance, employment, menopausal status, and
x Models are adjusted for age, race/ethnicity, education, insurance, employment, and nat
meeting >4 of the AHA LS7 metrics. These participants were more
likely to meet the AHA LS7 metrics on smoking, PA, BMI, BP, choles-
terol and fasting glucose. Furthermore, sleep duration <7 h/night,
snoring, and a high risk for OSA were associated with lower odds of
meeting the BMI and BP metrics of the AHA LS7.

Sleep characteristics, including short sleep duration, poor sleep
quality, insomnia, sleep disordered breathing, and snoring, are asso-
ciated with higher incidence of cardiovascular outcomes in a number
of cohort studies.8,22,23 Among women, short sleep duration and
insomnia predicted elevated risk for coronary heart disease, CVD,
and CVD-specific mortality in prospective cohort studies within the
Women’s Health Initiative.24,25 To our knowledge, associations
between sleep characteristics and the AHA LS7 score, as a measure
of overall CVH, have not been previously evaluated, particularly
among women. Yet, our findings of significant associations between
sleep duration, quality and insomnia in relation to the AHA LS7
score are consistent with the growing literature demonstrating that
sleep is associated with modifiable lifestyle behaviors and biomar-
kers that constitute the AHA LS7 and influence the risk for CVD.8

For instance, in a recent meta-analysis26, short sleep duration was
associated with 55% greater risk of obesity, and for every additional
hour of sleep, BMI was reduced by 0.35 points. Furthermore, cross-
sectional evidence has shown that shorter sleep is consistently asso-
ciated with metabolic syndrome, including higher risk of increased
adiposity, dyslipidemia, elevated fasting glucose and BP.8,27e29 Simi-
larly, insomnia and OSA have been linked to the development of
hypertension and diabetes mellitus8,30e32, and poor sleep quality
has been associatedwith greater odds for obesity andhypertension.33

Beyond their potential influence on clinical cardio-metabolic risk
factors, there is limited emerging evidence that sleep characteristics
may be related to other modifiable lifestyle behaviors, including
diet, PA, and smoking and that these associations are likely bi-direc-
tional. Sleep restriction increases food intake in intervention
studies34, supporting cross-sectional associations between short
the AHA LS7 Score stratified by race/ethnicity and by menopausal status (n¼ 507)*, y*

White
)z

Pre-menopausal (n¼ 361)x Post-menopausal
(n¼ 146)x

P В(SE) P В(SE) P

0.122 0.06 (0.09) 0.517 0.33 (0.13) .013
0.255 �0.05 (0.03) 0.169 �0.11 (0.04) .004
0.133 �0.03 (0.02) 0.127 �0.07 (0.02) .006
0.834 �0.88 (0.22) <0.0001 �0.36 (0.36) .333
0.119 �1.78 (0.30) <0.0001 �1.35 (0.37) .0004

-hour increase in sleep duration, per one unit increase in the PSQI or Insomnia Severity

nativity (born in USA).
ivity (born in USA).
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sleep and higher energy intake and lowdietary quality.35,36 In an ana-
lysis of 495 postmenopausal women enrolled in theWomen’s Health
Initiative, actigraphy-assessed sleep duration was negatively asso-
ciated with energy and fat intake.37 The influence of sleep on PA is
less clear, but short-term intervention studies indicate that restricting
sleep reduces engagement in high-intensity PA suggesting a possible
behavioral mechanism for the health-impairing influence of insuffi-
cient sleep.34,38

Data from the 2004e2006 National Health Interview Survey also
showed that individualswith shorter sleep, particularly non-Hispanic
White adults, are more likely to be current smokers.39 Smoking has
also been linked to poor quality sleep and snoring in U.S. men and
women40, and insomnia has been shown to increase smoking heavi-
ness and hamper cessation.41 In fact, there is emerging evidence for
genetic correlations and bidirectional, causal effects between smok-
ing and sleep behaviors that point to sleep as a potential smoking
treatment target.41

In exploratory analyses stratified by menopausal status, associa-
tions between sleep characteristics and the AHA LS7 score appeared
to be stronger among postmenopausal women. While high OSA risk
was associated with poor CVH in both pre- and post-menopausal
women, shorter sleep duration, poorer sleep quality, and greater
insomnia severity were associated with a lower AHA LS7 score
among postmenopausal women only in linear models. Previous
research has demonstrated that themenopausal transition, indepen-
dent of other potential explanatory factors, is associated with poor
sleep42, andmay thereforemodify the association of sleepwith cardi-
ovascular risk.

In analyses stratified by race/ethnicity, longer sleep duration was
associated with more favorable CVH, while poorer sleep quality,
greater insomnia severity, snoring, and having a high risk for OSA
were associated with poorer CVH in racial/ethnic minority women
only. These findings are consistent with the growing literature
demonstrating stronger associations between sleep characteristics
and cardiometabolic risk in racial/ethnic minorities that may contri-
bute to the CVD disparities observed at the population level.8,43 One
potential explanation for these differences is hypothesized to be the
higher prevalence of poor sleep among racial/ethnic minorities.44

Indeed, in the present cohort, racial/ethnic minority women had
shorter sleep duration, poorer sleep quality, and greater insomnia
severity and were more likely to have high risk for OSA compared
to non-Hispanic White women.

Strengths of this study include the rigorous measures of lifestyle
and clinical risk factors for CVD, whichwere evaluated using standar-
dized, widely used questionnaires with demonstrated validity and
reliability. Anthropometric and BP measures were also obtained by
trained personnel, and biomarkers were assessed using standardized
protocols. Furthermore, this cohort of womenwas racially and ethni-
cally diverse, addressing an important knowledge gap that has been
highlighted in a recent statement on sleep and cardiometabolic
health by the AHA.8

Limitations of this analysis include the cross-sectional nature of
the study, which lacks temporality and therefore limits causal infer-
ence. The use of questionnaires to assess lifestyle habits is also poten-
tially a limitation due to the measurement error associated with self-
reported data. Another limitation of this analysis is the moderate
sample size, which limited power for stratified analyses bymenopau-
sal status and by race/ethnicity. Therefore, these sub-group analyses
were exploratory. Furthermore, given that our sample consisted of
70% pre-menopausal women who volunteered to participate in a
health study, our findings on the associations between sleep and
AHA LS7 components may be conservative estimates. Approximately
86% of the women adhered to 4 or more of the AHA LS7 in this study,
compared to 30e40% previously reported amongmen andwomen in
previous studies within NHANES.45,46 It is possible that the null
results observed for sleep characteristics in relation to adherence to
some of the individual AHA LS7 criteria may be due to insufficient
variability in the outcomes. Hence, the effects of sleep on overall
CVH and adherence to the individual criteria may be underestimated
compared to the general population. Finally, despite thehypothesized
U-shaped association between sleep duration and cardiometabolic
risk factors8, we were unable to decipher the influence of long sleep
on CVH due to the low prevalence of a sleep duration �9 h in this
cohort (~3%).

Conclusions

In conclusion, these results provide evidence that sleep may be a
key factor associated with the maintenance of optimal CVH. We
observed that sufficient sleep duration, good sleep quality, the
absence of insomnia, and a lower risk for OSA are associated with
higher AHA LS7 scores and consequently better overall CVH in a
diverse sample of women. Our findings add to the emerging body
of evidence indicating that sleep characteristics may be important
to consider when assessing cardiometabolic risk among women.
However, additional research is warranted to further examine these
associations by menopausal status and race/ethnicity in larger sam-
ples and to detect sex differences. Importantly, prospective studies
should be conducted to determine whether sleep plays an indepen-
dent, additive or mediator role in associations of health behaviors
with CVD and subsequently whether adding sleep characteristics
into CVH lifestyle metrics would provide added value in predicting
CVD risk. Positive findings could justify incorporating sleep into pub-
lic health messaging and strategic efforts to prevent CVD, akin to
existing guidance on other modifiable lifestyle behaviors such as
diet, PA, and smoking.
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