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Abstract

Introduction: Although insufficient or prolonged sleep duration is associated with cardiovascular 

disease (CVD), sleep duration is not included in most lifestyle scores. This study evaluates the 

relationship between a lifestyle score including sleep duration and CVD risk.

Methods: A prospective analysis among 67,250 women in the Nurses’ Health Study and 29,114 

men in Health Professionals Follow-up Study (1986–2016) was conducted in 2021. Lifestyle 

factors were updated every 2–4 years using self-reported questionnaires. The traditional lifestyle 

score was defined as not smoking, normal BMI, being physically active (≥30 minutes/day of 

moderate physical activity), a healthy diet, and drinking alcohol in moderation. Low-risk sleep 

duration, defined as sleeping ≥6 to <8 hours/day, was included as an additional component in the 

updated lifestyle score. Cox proportional hazard regression models were used to estimate CVD 

risk. The likelihood ratio test and C-statistics were used to compare both scores.

Results: A total of 11,710 incident CVD cases during follow-up were documented. The 

multivariable-adjusted hazard ratios comparing 6 with 0 low-risk factors in the healthy lifestyle 

score including sleep duration were 0.17 (95% CI=0.12, 0.23) for CVD, 0.14 (95% CI=0.10, 

0.21) for coronary heart disease, and 0.20 (95% CI=0.12, 0.33) for stroke. Approximately 66% 

(95% CI=56%, 75%) of CVD, 67% (95% CI=54%, 77%) of coronary heart disease, and 62% 

(95% CI=42%, 76%) of stroke cases were attributable to poor adherence to a healthy lifestyle 

including sleep. Adding sleep duration to the score slightly increased the C-statistics from 0.64 

(95% CI=0.63, 0.64) to 0.65 (95% CI=0.64, 0.65) (p<0.001).

Conclusions: Adopting a healthy lifestyle including sleep recommendations could substantially 

reduce the risk of CVD in U.S. adults.

INTRODUCTION

One of every 4 deaths in the U.S. is attributable to cardiovascular disease (CVD), with 

1.5 million cases occurring every year.1,2 Accruing evidence has demonstrated that the 

combination of several unhealthy lifestyle factors, including a Western-style diet, physical 

inactivity, smoking, high alcohol intake, and obesity, can explain a large number of chronic 

disease cases.3 Conversely, epidemiological studies have observed that a healthy lifestyle 

combining several low-risk factors is inversely associated with the risk of CVD and chronic 

diseases.4–6

Although sleep generally has not been considered a traditional cardiovascular risk factor, 

growing evidence supports the independent association of sleep duration with cardiovascular 

risk factors and CVD incidence.7 The National Sleep Foundation recommends 7–9 

hours/day of sleep for people aged 26–64 years and 7–8 hours/day for people aged ≥64 

years, and the American Heart Association has similar recommendations.8 Several meta-
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analyses have suggested significant associations of short (<6 hours/day) and long (>9 hours/

day) sleep duration with higher CVD incidence, including stroke and coronary heart disease 

(CHD), and mortality.9–14 A recent dose–response meta-analysis, including 74 studies, 

illustrated a J-shaped relationship, with the lowest cardiovascular and all-cause mortality 

risk at 7–8 hours/day.7 Despite sleep duration being clearly associated with CVD risk, it has 

not been included in most lifestyle indices and there is no evidence on the added value of 

considering adequate sleep duration as part of healthy lifestyle scores in relation to CVD 

risk.

Therefore, the relationship between 2 lifestyle scores, a traditional lifestyle score and an 

updated score including sleep duration, and subsequent CVD risk in 2 large prospective 

cohort studies of predominantly White U.S. men and women was evaluated. The proportion 

of CVD cases attributable to poor adherence to both healthy lifestyle scores was estimated. 

The joint associations between sleep duration and other lifestyle factors including smoking, 

BMI, physical activity, alcohol intake, and diet on the risk of CVD was evaluated.

METHODS

Study Population

The Nurses’ Health Study (NHS) is an ongoing prospective cohort study of 121,701 

U.S. female registered nurses aged 30–55 years at study baseline in 1976. The Health 

Professionals Follow-up Study (HPFS) is a prospective cohort study of 51,529 male health 

professionals aged 40–75 years at study inception in 1986.15,16

For the current analysis, baseline for NHS was set as 1986, and 1987 for HPFS. Participants 

who reported CVD at baseline; those with implausible energy intakes; BMI <18.5 kg/m2 

at baseline; or with missing information on BMI, physical activity, alcohol intake, sleep 

duration, or smoking were excluded. After these exclusions, 67,250 women and 29,114 men 

remained in the analysis.

Measures

The primary outcome measure was major CVD defined as a combined endpoint of nonfatal 

myocardial infarction, nonfatal stroke, or fatal CVD. Secondary outcomes were: total CHD, 

which was defined as fatal CHD and nonfatal myocardial infarction; total stroke, which 

included all fatal and nonfatal cases (ischemic, hemorrhagic, and undetermined subtypes); 

and fatal CVD, which included all fatal CHD, fatal stroke, and other cardiovascular death. 

Nonfatal events were confirmed through review of medical records. Myocardial infarction 

was confirmed if the WHO criteria were met on the basis of symptoms plus diagnostic 

electrocardiogram changes or elevated cardiac enzymes. Strokes were confirmed if data in 

the medical records fulfilled the National Survey of Stroke criteria.17

Deaths were identified by reports of families, the U.S. postal system, or death certificates 

from state vital statistics departments and the National Death Index, and confirmed through 

review of medical records or autopsy reports.
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Every 2 years, participants returned a mailed validated questionnaire that obtained updated 

information on age, body weight, smoking status, physical activity, medication use, and 

physician diagnosis of chronic diseases. Diet and alcohol information was assessed every 

4 years using a validated food frequency questionnaire asking the frequency, on average, a 

participant had consumed a particular amount of a specific type of food during the previous 

year.18 Quality of diet was assessed using the Alternate Healthy Eating Index (AHEI) score. 

Detailed information on the assessment of lifestyle factors is provided in Appendix 1.

Five lifestyle-related factors—smoking, physical activity, diet quality (AHEI), BMI, and 

alcohol intake—were included in the score traditional score. Sleep duration was added as an 

additional factor in the updated score (Appendix Table 1). These factors were selected based 

on the evidence for their associations with CVD, and the same low-risk categories were used 

as in previous publications with these cohorts.6,7

For smoking, the low-risk group was defined as not currently smoking. Low-risk physical 

activity was defined as engaging in at least 3.5 hours/week of moderate to vigorous–

intensity exercise (≥30 minutes/day), consistent with WHO guidelines.19 Diet quality was 

assessed using the AHEI, which is strongly associated with the onset of cardiometabolic 

disease in the general population.20 A healthy diet was defined as a diet score in the top 40% 

of each cohort distribution, consistent with previous publications in the cohorts.6,21 Low-risk 

body weight was defined as BMI in the range of 18.5–24.9 kg/m2.22 Low-risk alcohol 

consumption was defined as moderate, 5–14.9 grams/day for women and 5–30 grams/day 

for men, as defined in the U.S. dietary guidelines.23 Low-risk sleep duration was defined ≥6 

to <8 hours/day as per the distribution at lower risk in the study population, and consistent 

with guidelines for older adults.8

For each low-risk factor, the participant received a score of 1 if they met the criterion for low 

risk and 0 otherwise (high-risk factor). The sum of these 6 scores provided a final low-risk 

factor of 0–6, with higher scores indicating a healthier lifestyle.

Statistical Analysis

Participants contributed person-time from the return of the baseline questionnaire to the date 

of CVD diagnosis, death, or the end of follow-up (June 30, 2016 for NHS and January 

31, 2016 for HPFS), whichever came first. Cox proportional hazard models were used to 

calculate the adjusted hazard ratios (HRs) with their 95% CIs across categories of each 

individual factor and combinations of low-risk factors with the risk of total CVD, CHD, and 

stroke.

For the primary analysis, for each lifestyle factor and covariates, simple updated levels of 

each variable in which outcomes were predicted from the most recent questionnaire were 

used. For example, events that occurred between 1990 and 1992 were examined in relation 

to exposures reported on the 1990 questionnaire, events occurring between 1992 and 1994 

were examined in relation to exposures reported on the 1992 questionnaire, and so forth. In 

a sensitivity analysis, cumulative averages instead of simple updated levels were used for 

AHEI, alcohol intake, physical activity, and sleep duration by taking the average of all prior 

values from previous questionnaires. The models were stratified by age and time period, 
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and adjusted for ethnicity, multivitamin and aspirin use, menopausal status and hormone 

use (women), and family history of diabetes, myocardial infarction, and cancer. In pooled 

analysis, models were further stratified by cohort.

Likelihood ratio tests were used to compare 2 nested models: Model 1 was defined as 

the traditional lifestyle score (not smoking, normal BMI, being physically active, healthy 

diet, and drinking alcohol in moderation). Model 2, the updated score, included the 

traditional lifestyle score plus sleep duration. To explore the potential predictive ability, 

receiver operating characteristic analysis was conducted and C-statistics with 95% CIs were 

calculated comparing the 2 models including age. Integrated discrimination improvement 

and the net reclassification improvement were calculated as well.24

To estimate the proportion of cases attributable to poor adherence to a healthy lifestyle, the 

population-attributable risk percentage was calculated, an estimate of the percentage cases 

in this population that would not have occurred if all participants had been in the optimal 

group, assuming a causal relationship.25 Population-attributable risk percentage for adhering 

to all low-risk lifestyle factors of the score (5 for the Traditional Lifestyle score and 6 for the 

updated score) versus all other categories (not adhering to all low-risk factors) adjusted for 

age and time period is presented. Pooled logistic regression models were used with age and 

time period included in the model.

The risk of CVD was calculated using joint variables between sleep duration in 3 categories 

(<6 hours/day, ≥6 to <8 hours/day (low risk), and ≥8 hours/day) and the other risk factors 

(being in the low-risk versus not being in the low-risk group for all other risk factors), using 

as the reference those who slept <6 hours/day and were not in the low-risk group for other 

factors (not low-risk diet, current smoking, no low-risk BMI, no low-risk alcohol intake, or 

no low-risk physical activity).

Stratified and sensitivity analyses were conducted to test the robustness of the results. 

First, models were further adjusted by history of hypertension, hypercholesterolemia, and 

diabetes. Second, because many wish to avoid alcohol for various reasons, a healthy lifestyle 

score based on all the other risk factors except alcohol was created. In men, 1 drink/day was 

used as the criterion for low risk, following the recent new guidelines.23 Third, the primary 

analysis was repeated using ≥7 to <9 hours/day as an alternative definition of optimal 

sleep duration and in a different model ≥2.5 hours/week of optimal physical activity levels. 

Fourth, additional analyses were conducted excluding 1 lifestyle factor at a time while 

adjusting for the excluded factor. Fifth, to account for reverse causation, lifestyle variables 

were no longer updated following a report of cancer, diabetes, coronary artery bypass, or 

angina. Finally, in NHS, stratified analysis by never versus ever rotating night shifts was 

conducted.

Analyses were performed with SAS, version 9.4. Statistical tests were 2-sided, and p-values 

of <0.05 indicated statistical significance.
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RESULTS

During an average of 30 years of follow-up, a total of 11,710 CVD cases were documented, 

6,984 in the NHS and 4,726 in the HPFS. Baseline characteristics of participants are 

presented in Table 1. Participants who slept ≥6 to <8 hours/day had the lowest BMI, the 

highest AHEI and physical activity levels, and were less likely to smoke (Appendix Table 2).

In multivariable-adjusted analysis, inverse associations between both the traditional and the 

updated score and CVD, CHD, and stroke risk were observed (Table 2). A combination of 

the 6 low-risk lifestyle factors was associated with an HR of 0.17 (95% CI=0.12, 0.23) for 

total CVD, 0.14 (95% CI=0.10, 0.21) for CHD, and 0.20 (95% CI=0.12, 0.33) for stroke, 

as compared with participants with 0 low-risk factors (Table 2). Each individual component 

of the score showed a significant association with total CVD, CHD, and stroke (Appendix 

Table 3).

Figure 1 shows the association between 3 categories of adherence to the lifestyle score 

including sleep duration (low, moderate, and ideal). Compared with those in the low 

category, ideal adherence to the score was associated with 52% lower CVD, 56% lower 

CHD, and 46% lower stroke risk. The p-values for likelihood ratio tests comparing the 

traditional lifestyle score versus the updated score were significant (p<0.001) for total CVD, 

CHD, and stroke. The C-statistic was slightly greater for the lifestyle score including sleep 

duration than the traditional score (0.65, 95% CI=0.64, 0.65 vs 0.64, 95% CI=0.63, 0.64, 

p<0.001). Compared with the traditional lifestyle score, significantly (p<0.0001) higher 

net reclassification improvement was observed for the score adding sleep duration (15%, 

95% CI=13.3%, 16.8%). A statistically significant integrated discrimination improvement 

(p<0.0001) was observed (Appendix Table 4). When the healthy lifestyle scores were 

collapsed into binary categories, adhering to 6 low-risk lifestyle factors was associated 

with substantially lower risk of CVD, CHD, and stroke, as compared with those in all 

other categories (score points=0–5) (Appendix Table 8). The population-attributable risk 

percentage of no adherence to 6 low-risk lifestyle factors was 66% (95% CI=56%, 75%) for 

the lifestyle score including sleep and 54% (95% CI=45%, 62%) for the traditional score (5 

low-risk factors) (Appendix Table 8).

Low versus high risk were cross-classified for each of the lifestyle factors according to 

3 categories of sleep duration: sleeping <6 hours/day, ≥6 to <8 hours/day (low risk), and 

≥8 hours/day. Sleeping ≥6 to <8 hours/day was associated with lower risk of CVD within 

each lifestyle category, after adjusting for the other risk factors (Figure 2). Compared with 

those not adhering to the low risk level, the HRs ranged from 0.36 (95% CI=0.33, 0.40) 

for low-risk physical activity combined with optimal sleep to 0.59 (95% CI=0.54, 0.64) for 

low-risk diet combined with optimal sleep.

The primary results remained unchanged in a sensitivity analysis adjusting for history of 

diabetes, hypertension, and hypercholesterolemia (comparing extremes of the score and 

CVD: HR=0.17, 95% CI=0.12, 0.25). In stratified analysis by age, history of diabetes, 

hypertension, or hypercholesterolemia, a higher number of low-risk factors was associated 

with lower risk of CVD; this was observed in all subgroups (Appendix Table 5).
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Appendix Table 6 shows the associations between the lifestyle risk scores and total CVD 

incidence after excluding 1 lifestyle factor at a time. When using 1 drink/day for men as 

the low-risk criterion, the results were consistent with the primary analysis (comparing score 

extremes: HR=0.15, 95% CI=0.10, 0.24 for CVD; HR=0.15, 95% CI=0.09, 0.26 for CHD; 

and HR=0.14, 95% CI=0.06, 0.36 for stroke).

Finally, several approaches were used to test robustness and the results remained consistent 

when: (1) cumulative average of alcohol intake, physical activity, AHEI, and sleep was 

used for calculating the score (comparing score extremes: HR=0.27, 95% CI=0.20, 0.36 

for CVD; HR=0.26, 95% CI=0.18, 0.37 for CHD; and HR=0.30, 95% CI=0.18, 0.49 for 

stroke); (2) lifestyle factors were no longer updated following a diagnosis of an intermediate 

outcome (comparing extremes: HR=0.28, 95% CI=0.19, 0.39 for CVD; HR=0.19, 95% 

CI=0.12, 0.30 for CHD; and HR=0.49, 95% CI=0.29, 0.83 for stroke); (3) both of the above 

were used (comparing score extremes: HR=0.25, 95% CI=0.18, 0.34 for CVD; HR=0.21, 

95% CI=0.14, 0.31 for CHD; and HR=0.35, 95% CI=0.21, 0.58 for stroke); (4) using ≥7 

to <9 hours/day as the optimal sleep duration in the score (Appendix Table 7); (5) using 

≥2.5 hours/week as optimal physical activity (comparing extremes for CVD: HR=0.19, 95% 

CI=0.15, 0.25); and (6) stratified analysis by never versus ever rotating night shifts (in NHS) 

showed inverse associations with CVD in both subgroups.

DISCUSSION

In 2 large, prospective studies of U.S. men and women, individuals with a low-risk lifestyle 

(not smoking, exercising daily, consuming a healthy diet, having a healthy BMI, and 

sleeping ≥6 to <8 hours/day) had a significantly lower risk of total CVD, CHD, and stroke. 

Individuals who engaged in all 6 healthy lifestyle choices had 83% lower CVD, 86% lower 

CHD, and 80% lower stroke risk. These findings underpin the importance of promoting 

healthy sleep habits in combination with other traditional low-risk factors in lifestyle and 

health guidelines. Within these study populations, it was estimated that approximately 66% 

of total CVD, 67% of CHD, and 62% of stroke cases might be avoidable by adherence to 

these 6 lifestyle factors.

Findings from several meta-analyses have shown associations of short (<6 hours/day) 

and long (>9 hours/day) sleep duration with higher CVD incidence, including stroke and 

CHD, and mortality.9–13,26 In a recent meta-analysis including 3,340,684 participants, it 

was shown that divergence from the recommended 7–8 hours/day of sleep was associated 

with a higher risk of mortality and cardiovascular events.7 Epidemiological evidence has 

also shown that decreases in sleep duration were adversely associated with changes in diet 

quality and physical activity, while increases in sleep duration were associated with greater 

weight gain.27 Although sleep duration has been clearly associated with type 2 diabetes and 

CVD,7,28 few previous studies addressed the impact of adding sleep duration into traditional 

lifestyle scores and its association with CVD risk. The findings from this study indicate 

that adhering to the recommendations of sleep duration jointly with low risk for each of 

the other lifestyle factors including a healthy diet, not smoking, BMI in the normal range, 

moderate-to-light alcohol intake, and higher physical activity, was associated with the lowest 

risk of total CVD.
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Previous studies in the NHS and HPFS compared 5 versus 0 lifestyle risk factors (cigarette 

smoking, lack of physical activity, low diet quality, alcohol intake ≥15 grams/day, and 

being overweight or obese) and reported significant relative risks of 3.26 for cancer, 

8.17 for cardiovascular, and 4.31 for total mortality.29 More recently, findings from 

these cohorts demonstrated that adopting a healthy lifestyle with the same 5 low-risk 

factors was associated with substantially lower premature mortality and prolonged life 

expectancy in U.S. adults.6,21 In younger women, a healthy lifestyle was associated with 

reductions in the incidence of CHD and clinical CVD risk factors.4 Furthermore, a recent 

meta-analysis including 22 prospective cohort studies showed that adherence to several 

healthy lifestyle behaviors simultaneously was associated with a 66% lower CVD risk 

compared with adopting none or only 1 behavior.30 Most lifestyle indices included physical 

activity, smoking, diet, alcohol consumption, and body weight, although the definitions 

and components varied substantially across the studies. In the present population, it was 

estimated that when sleep duration was included in the traditional lifestyle score, 66% 

of total CVD, 67% CHD, and 62% stroke cases were attributed to not following these 

6 low-risk factors. When sleep was not included in the lifestyle score, the corresponding 

percentages were 54%, 60%, and 40% for the traditional score. This work goes beyond 

previous papers by adding sleep duration in a healthy lifestyle score for the prevention 

of CVD. Including sleep duration into the traditional lifestyle score slightly improved 

C-statistics. Although the improvement in C-statistics was low, when sleep was included in 

the lifestyle score there was a substantial improvement in net reclassification improvement, 

risk ratios, and population-attributable risk, suggesting the importance of sleep duration in 

clinical practice to assess CVD risk.

Strengths of this study include the prospective design, detailed information on a large 

number of lifestyle factors collected multiple times during follow-up, and the large number 

of confirmed CVD cases.

Limitations

Limitations of this study warrant discussion. As in any observational study, measurement 

error in self-reported variables is inevitable. However, the use of repeated measures of these 

variables reduces measurement error and represents long-term diet and lifestyle. The study 

population, consisting of predominantly White health professionals, is not representative 

of the general population. Because population-attributable risks depend on both relative 

risks and the prevalence of risk factors (the higher the prevalence, the higher the population-

attributable risk) the prevalence of risk factors has to be considered when generalizing these 

findings to other populations. However, the risk estimates between lifestyle factors and CVD 

are most likely generalizable to other populations because the underlying biology should 

be similar. As the focus was on modifiable lifestyle factors, this study did not attempt 

to estimate the additional gain in risk reduction through optimal control of hypertension, 

lipids, and diabetes through medication, which may further reduce CVD risk. Sleep duration 

was based on self-reports rather than objective measurements, which may be susceptible to 

measurement error. Finally, sleep duration is only one dimension of sleep health, and future 

studies are needed to evaluate the performance of other sleep health dimensions that have 

been linked to CVD risk, such as sleep quality, sleep apnea, and sleep regularity.31–33
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CONCLUSIONS

A healthy lifestyle score including sleep duration was associated with substantially lower 

risk of total CVD, CHD, and stroke in U.S. adults. Adding sleep duration as a prevention 

target into traditional lifestyle scores and inclusion in behavioral recommendations could 

further reduce the risk of CVD associated with unhealthy lifestyle factors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Hazard ratios for cardiovascular disease, coronary heart disease, and stroke according to 

low-risk lifestyle factors.

Notes: Multivariable-adjusted hazard ratios adjusted for age; ethnicity; current multivitamin 

use; current aspirin use; family history of diabetes, myocardial infarction, or cancer; and 

menopausal status and hormone use (women only). Low-risk factors in the score included 

cigarette smoking (not smoking), physically active (≥3.5 hour/week of moderate to vigorous 

intensity activity), high diet quality (top 40% of AHEI), moderate alcohol intake of 5 to 14.9 

g/day (women) or 5 to 30 g/day (men), normal weight (BMI, 18.5–24.9 kg/m2), and sleep 

duration (≥6 to <8 hours/day) (Score ranging from 0 to 6).

CVD, cardiovascular disease; CHD, coronary heart disease; NHS, Nurses’ Health Study; 

HPFS, Health Professionals Follow-up Study.
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Figure 2. 
Joint analysis of sleep duration and other lifestyle factors and risk of CVD.

Notes: Multivariable models adjusted for age, ethnicity, family history of diabetes, family 

history of myocardial infarction, family history of cancer, current aspirin use, current 

multivitamin use. Joint variables were used to estimate the HR and CIs of CVD. Sleep 

duration in 3 categories (<6 hours/day, ≥6 hours to <8 hours (low-risk), and ≥8 hours/day) 

and the other risk factors (being in the low-risk vs not being in the low-risk group for 

all other risk factors), using as the reference those who sleep <6 hours/day and are not in 

the low-risk group for other factors (not low-risk diet, current smoking, no low-risk BMI, 

no low-risk alcohol intake, or no low-risk physical activity). Low-risk factors: cigarette 

smoking(not smoking), physically active(≥3.5 hours/week of moderate to vigorous intensity 

activity), high diet quality(top 40% of AHEI), moderate alcohol intake of 5 to 14.9 g/day 

(women) or 5 to 30 g/day (men), normal weight (BMI, 18.5–24.9 kg/m2), and sleep duration 

(≥6 to <8 hours/day).
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Table 1.

Participant Characteristics at Baseline According to the Number of Low-Risk Lifestyle Factors

Variable Healthy Lifestyle Score including sleep duration

None 1 2 3 4 5 6

Nurses’ Health Study (1986)

 n (%) 1,282 (1.9) 8,808 (13.1) 20,133 (29.9) 20,763 (30.8) 11,717 (17.4) 3,861 (5.7) 686 (1.02)

 Age, years 45.4 (6.6) 46.3 (7) 46.3 (7.1) 46.2 (7.3) 46.6 (7.2) 46.7 (7) 46.7 (7)

 BMI, kg/m2 29.5 (4.3) 28.6 (5.3) 26.8 (5.1) 24.5 (4.1) 23.2 (2.9) 22.4 (2) 22 (1.6)

 AHEI 40.8 (6.9) 41.4 (7.8) 43.5 (9.1) 47.3 (10.5) 52.5 (10.4) 57.4 (8.7) 60.5 (6.7)

 Physical activity, hours/week 0.4 (0.7) 0.6 (1.2) 1 (2.1) 1.8 (3.1) 3.4 (4.3) 5.6 (4.7) 7.6 (4.9)

 Alcohol intake, g/day 6.3 (14.5) 5.7 (12.7) 5.6 (11.5) 5.9 (10) 7.2 (9.2) 8.2 (8) 9.6 (2.9)

 Sleep, hours/day 5.4 (1.1) 5.6 (1.1) 6 (1) 6.1 (0.8) 6.2 (0.7) 6.3 (0.6) 6.3 (0.5)

 Smoking, current% 100.0 45.9 25.5 12.6 6.0 2.1 0.0

 White, % 97.2 97.2 97.8 97.9 98.3 98.3 99.4

 Multivitamin use, % 33.1 36.9 39.8 43.6 47.7 50.5 52.8

 Aspirin use, % 61.2 67.6 68.3 67.8 67.8 66.4 68.1

 Baseline high blood pressure, % 22.4 21.9 18.6 14.9 11.8 10.8 7.9

 Baseline high blood cholesterol, 
% 15.4 13.9 13.7 12.4 12.3 11.8 12.6

 Baseline diabetes, % 7.7 6.5 5.0 3.2 2.1 1.1 0.9

 Family history of diabetes, % 36.5 35.1 31.9 28.5 27.3 24.5 22.3

 Family history of cancer, % 14.0 14.0 14.4 15.1 15.2 15.6 17.7

 Family history of myocardial 
infarction, % 29.5 27.8 26.6 24.5 25.0 24.2 23.9

Health Professionals Follow-up 
Study (1987)

 n (%) 237 (0.8) 2,461 (8.5) 7,163 (24.6) 9,124 (31.3) 6,591 (22.6) 2,893 (9.9) 645 (2.2)

 Age, years 56.2 (8.7) 56.7 (9.9) 55.2 (9.8) 54.7 (9.8) 54.7 (9.7) 55.1 (9.6) 54.8 (9.1)

 BMI, kg/m2 27.7 (2.8) 27.4 (3) 26.5 (3.2) 25.2 (2.9) 24.2 (2.4) 23.5 (1.8) 23 (1.3)

 AHEI 38.5 (7.9) 40.6 (7.6) 42.8 (8.8) 46.2 (10.4) 50.6 (10.9) 56 (10) 61.1 (6.3)

 Physical activity, hours/week 0.5 (0.8) 0.8 (1.2) 1.3 (2.2) 2.4 (3.7) 4.1 (4.9) 6 (5.3) 8.1 (5.9)

 Alcohol intake, g/day 24.6 (26.9) 14.8 (22.3) 11.3 (18.5) 10.9 (14.4) 11.1 (11.9) 11.5 (9.3) 12.7 (5.7)

 Sleep, hours/day 8 (1) 7.8 (1) 7.3 (0.9) 7.1 (0.8) 6.9 (0.7) 6.8 (0.6) 6.7 (0.5)

 Smoking, current% 100.0 30.6 12.4 5.4 1.7 0.7 0.0

 White, % 92.9 95.4 95.0 94.2 94.5 95.6 95.1

 Multivitamin use, % 58.2 56.5 59.3 60.9 64.5 69.9 71.6

 Aspirin use, % 34.7 32.8 30.0 29.9 30.5 29.1 31.3

 Baseline high blood pressure, % 33.4 31.0 27.4 24.9 22.3 21.5 21.6

 Baseline high blood cholesterol, 
% 10.1 12.6 12.3 12.3 12.7 15.3 14.5

 Baseline diabetes, % 3.3 4.0 3.3 3.0 2.4 2.1 1.1

 Family history of myocardial 
infarction, % 29.9 32.7 33.1 33.6 34.8 34.0 33.7

 Family history of cancer, % 37.6 36.1 36.4 36.8 37.7 37.5 39.9
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Variable Healthy Lifestyle Score including sleep duration

None 1 2 3 4 5 6

 Family history of diabetes, % 28.1 27.1 26.3 23.9 22.9 22.8 23.5

Notes: Values are means (SD) or percentages for categorical variables, and are standardized to the age distribution of the study population except 
age. Low-risk factors in the score included cigarette smoking (not smoking), physically active (≥3.5 hours/week of moderate to vigorous intensity 
activity), high diet quality (top 40% of Alternate Healthy Eating Index), moderate alcohol intake of 5 to 14.9 g/day (women) or 5 to 30 g/day 

(men), normal weight (BMI, 18.5–24.9 kg/m2), and sleep duration (≥6 to <8 hours/day).

AHEI, Alternative Healthy Eating Index-2010.
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Table 2.

HR (95% CI) of Cardiovascular Disease, Coronary Heart Disesase, and Stroke According to Lifestyle Scores

Person 
years

NHS Person 
years

HPFS Pooled

Lifestyle score Cases HR (95% CI) Cases HR (95% CI) HR (95% CI)

Total cardiovascular disease

 Healthy Lifestyle Score 

including sleep duration
a

  None 22,335 89 1.00 (ref) 3,500 62 1.00 (ref) 1.00 (ref)

  1 257,211 1,131 0.75 (0.60, 0.93) 49,172 646 0.59 (0.45, 0.76) 0.68 (0.58, 0.80)

  2 611,210 2,390 0.64 (0.51, 0.79) 144,160 1,361 0.46 (0.35, 0.59) 0.56 (0.47, 0.66)

  3 638,254 2,144 0.54 (0.43, 0.66) 185,345 1,444 0.40 (0.31, 0.52) 0.48 (0.41, 0.56)

  4 369,399 981 0.44 (0.36, 0.55) 146,464 842 0.32 (0.25, 0.42) 0.39 (0.33, 0.46)

  5 129,995 238 0.35 (0.27, 0.45) 73,136 326 0.27 (0.21, 0.36) 0.32 (0.27, 0.39)

  6 20,949 11 0.11 (0.06, 0.21) 18,063 45 0.16 (0.11, 0.23) 0.17 (0.12, 0.23)

 Traditional lifestyle score

  None 51,175 209 1.00 (ref.) 8,234 134 1.00 (ref.) 1.00 (ref.)

  1 514,563 2,001 0.64 (0.56, 0.74) 110,635 1,155 0.52 (0.44, 0.63) 0.60 (0.53, 0.67)

  2 751,328 2,837 0.55 (0.48, 0.64) 193,863 1,653 0.42 (0.35, 0.51) 0.50 (0.45, 0.56)

  3 502,821 1,517 0.44 (0.38, 0.51) 176,816 1,180 0.34 (0.28, 0.41) 0.40 (0.35, 0.44)

  4 196,033 391 0.33 (0.28, 0.40) 101,262 510 0.28 (0.23, 0.33) 0.31 (0.28, 0.36)

  5 33,433 29 0.17 (0.11, 0.25) 29,031 94 0.19 (0.14, 0.25) 0.20 (0.17, 0.25)

Coronary heart disease

 Healthy Lifestyle Score 
including sleep duration

  None 30,166 80 1.00 (ref) 3,518 45 1.00 (ref) 1.00 (ref)

  1 287,230 724 0.65 (0.50, 0.84) 49,321 492 0.62 (0.46, 0.84) 0.64 (0.52, 0.77)

  2 620,358 1,347 0.56 (0.44, 0.72) 144,360 1,101 0.51 (0.38, 0.69) 0.54 (0.44, 0.65)

  3 618,104 1,179 0.45 (0.35, 0.58) 185,678 1,105 0.43 (0.32, 0.58) 0.44 (0.36, 0.54)

  4 354,487 499 0.39 (0.30, 0.51) 146,629 648 0.35 (0.26, 0.47) 0.37 (0.30, 0.45)

  5 122,805 133 0.29 (0.21, 0.39) 73,231 216 0.26 (0.19, 0.36) 0.27 (0.22, 0.34)

  6 18,874 9 0.09 (0.04, 0.21) 18,076 31 0.16 (0.10, 0.25) 0.14 (0.10, 0.21)

 Traditional lifestyle score

  None 51,207 139 1.00 (ref) 8,263 101 1.00 (ref) 1.00 (ref)

  1 515,143 1,179 0.61 (0.51, 0.73) 110,841 931 0.56 (0.46, 0.69) 0.59 (0.52, 0.68)

  2 752,458 1,588 0.52 (0.44, 0.62) 194,171 1,304 0.45 (0.37, 0.55) 0.49 (0.43, 0.56)

  3 503,547 825 0.40 (0.34, 0.49) 177,084 888 0.34 (0.28, 0.42) 0.37 (0.33, 0.43)

  4 196,210 226 0.32 (0.26, 0.40) 101,390 357 0.26 (0.21, 0.33) 0.29 (0.25, 0.34)

  5 33,459 14 0.13 (0.08, 0.23) 29,064 57 0.16 (0.11, 0.22) 0.16 (0.12, 0.21)

Stroke

 Healthy Lifestyle Score 
including sleep duration

  None 30,168 53 1.00 (ref) 3,520 17 1.00 (ref) 1.00 (ref)

  1 287,219 508 0.80 (0.57, 1.12) 49,378 154 0.52 (0.31, 0.85) 0.71 (0.54, 0.94)
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Person 
years

NHS Person 
years

HPFS Pooled

Lifestyle score Cases HR (95% CI) Cases HR (95% CI) HR (95% CI)

  2 620,332 1,086 0.65 (0.47, 0.90) 144,610 260 0.32 (0.19, 0.52) 0.54 (0.41, 0.71)

  3 618,031 993 0.58 (0.42, 0.81) 185,817 339 0.34 (0.21, 0.55) 0.50 (0.38, 0.66)

  4 354,453 430 0.44 (0.31, 0.62) 146,781 194 0.26 (0.16, 0.42) 0.38 (0.29, 0.50)

  5 122,828 99 0.40 (0.28, 0.58) 73,252 110 0.31 (0.18, 0.51) 0.40 (0.29, 0.53)

  6 18,872 6 0.15 (0.06, 0.35) 18,077 14 0.16 (0.08, 0.33) 0.20 (0.12, 0.33)

 Traditional lifestyle score

  None 51,218 85 1.00 (ref) 8,274 33 1.00 (ref) 1.00 (ref)

  1 515,132 892 0.68 (0.55, 0.85) 111,025 224 0.41 (0.28, 0.59) 0.60 (0.50, 0.73)

  2 752,379 1,298 0.59 (0.47, 0.74) 194,412 349 0.35 (0.25, 0.51) 0.52 (0.43, 0.63)

  3 503,504 706 0.47 (0.37, 0.59) 177,205 292 0.33 (0.23, 0.47) 0.43 (0.35, 0.52)

  4 196,226 178 0.35 (0.27, 0.46) 101,461 153 0.31 (0.21, 0.45) 0.36 (0.29, 0.45)

  5 33,444 16 0.22 (0.13, 0.38) 29,058 37 0.27 (0.16, 0.43) 0.30 (0.22, 0.42)

Notes: Multivariable-adjusted HR was adjusted for age; ethnicity; current multivitamin use; current aspirin use; family history of diabetes mellitus, 
myocardial infarction, or cancer; and menopausal status and hormone use (women only). P-value for likelihood ratio test comparing traditional 
lifestyle score vs traditional lifestyle score + sleep duration in categories was <0.001. P for trend was <0.01 in all the analyses.

a
Low-risk factors in the score included cigarette smoking (not smoking), physically active (≥3.5 hours/week of moderate to vigorous intensity 

activity), high diet quality (top 40% of Alternate Healthy Eating Index), moderate alcohol intake of 5 to 14.9 g/day (women) or 5 to 30 g/day 

(men), normal weight (BMI, 18.5–24.9 kg/m2), and sleep duration (≥6 to <8 hours/day). Traditional lifestyle score included all factors except sleep 
duration.

CVD, cardiovascular disease; HPFS, Health Professionals Follow-up Study; HR, hazard ratio. NHS, Nurses’ Health Study.
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