
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Wu et al. BMC Psychiatry          (2024) 24:560 
https://doi.org/10.1186/s12888-024-05990-y

BMC Psychiatry

*Correspondence:
Yan-min Yang
yymfuwai@163.com

Full list of author information is available at the end of the article

Abstract
Background  We aimed to explore the impact of adherence to Life’s Simple 7 (LS7) metrics on risk of obstructive 
sleep apnea (OSA), and the impact of inflammation on the association, in adults in the United States.

Methods  Data from 13,825 community-dwelling adults aged ≥ 20 years recruited in the National Health and 
Nutrition Examination Surveys (NHANES) 2005–2008, 2015–2018 was analyzed. The LS7 score was calculated 
based on the AHA definition of LS7 metrics. The diagnosis of OSA was based on self-reported symptoms of sleep 
disturbance using a standard questionnaire. The Multivariable Apnea Prediction (MAP) Index score was also calculated 
to assess the risk of OSA. Log-binominal regression and negative binomial regression were performed to estimate 
the associations between LS7 and OSA and MAP index, with odds ratios (ORs) and prevalence ratios (PRs) and their 
95% confidence intervals (CIs) calculated. Mediation analysis was performed to estimate the mediating effects of 
inflammatory indicators on the associations.

Results  A total of 4473 participants (32.4%) had OSA, and the mean MAP index was 0.39. In fully adjusted log-
binominal regression models, with total score < 6 as the reference, the ORs (95% CIs) for risk of OSA were 0.90 (0.73, 
1.10), 0.76 (0.65, 0.89), 0.78 (0.64, 0.95), and 0.45 (0.38, 0.54) for total score = 6, total score = 7, total score = 8, and total 
score > 8, respectively (P for trend < 0.001). When LS7 score was analyzed as a continuous variable, each 1-point 
increase in LS7 score was associated with a 15% decrease in OSA risk (P < 0.001). In negative binominal regression 
models, the adjusted PRs (95% CIs) for the MAP index were 0.93 (0.90, 0.97), 0.87 (0.84, 0.91), 0.80 (0.77, 0.84), and 0.55 
(0.53, 0.57) for total score = 6, total score = 7, total score = 8, and total score > 8, respectively (P for trend < 0.001). For 
each 1-point increase in LS7 score, the risk of OSA decreased by 13% (P < 0.001). Consistent results were observed 
in subgroup analysis. Mediation analysis indicated that inflammatory factors, including blood cell count, neutrophil 
count, and C-reactive protein, positively mediated the association of LS7 with OSA, with a mediation proportion of 
0.022 (P = 0.04), 0.02 (P = 0.04), and 0.02 (P = 0.02), respectively.

Conclusions  In a nationally representative sample of US adults, adherence to LS7 metrics was independently 
associated with reduced OSA risk. Inflammation plays a mediating role in the association between LS7 and OSA.
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Introduction
Obstructive sleep apnea (OSA) is a chronic disorder 
caused by repeated upper airway collapse during sleep, 
resulting in recurrent nocturnal asphyxia, fragmented 
sleep, major fluctuations in blood pressure and increased 
sympathetic nervous system activity [1, 2]. These epi-
sodic cycles of respiratory disruption can cause acute and 
chronic physiological stressors. It is estimated that one in 
seven of the world’s adult population, or approximately 
one billion people, suffer from OSA [3]. Obesity and 
advanced age have been identified as the two major risk 
factors for OSA [4, 5]. With the prevalence of an ageing 
population and obesity, vulnerability to OSA increases 
significantly [6]. OSA is associated with significant 
comorbidities and mortality and has been established 
as an important risk factor for a range of cardiovascu-
lar diseases, including hypertension, diabetes, coronary 
heart disease, atrial fibrillation, heart failure, and stroke 
[7–10]. The importance of OSA extends beyond indi-
vidual health, directly and indirectly affecting the family 
and society in terms of productivity and public safety. 
A better understanding of the pathophysiology of OSA 
and addressing its risk factors is needed to facilitate the 
management of this chronic disease and improve overall 
health outcomes.

Existing literature has shown that a wide range of 
sociodemographic, physical, biological, lifestyle, and psy-
chological factors are associated with the incidence of 
OSA [11–13]. Among these factors, some of the modi-
fiable cardiovascular risk factors, such as hypertension, 
obesity, and alcohol consumption, are critical to the 
incidence of OSA. In addition, a growing body of evi-
dence suggests that chronic inflammation may play an 
important role in the pathophysiological process of OSA 
[14–16]. The Life’s Simple (LS7) metrics were initiated 
by the American Heart Association (AHA) and pro-
posed to promote cardiovascular health (CVH), which 
includes 7 modifiable cardiovascular risk factors: manage 
blood pressure (BP), control cholesterol, reduce blood 
glucose, be physically active, eat better, lose weight and 
stop smoking [17]. The impact of adherence to LS7 on 
physical health has been studied in various chronic dis-
eases, and results have shown that higher LS7 scores are 
associated with better cognitive function, lower risk of 
atrial fibrillation and depression, and a favorable progno-
sis after stroke [18–21]. In the field of OSA, the impact 
of adherence to LS7 on OSA risk in adults has not been 
investigated, and scarce is known about the mediating 
effects of inflammation on the association between LS7 
and OSA.

The National Health and Nutrition Examination Survey 
(NHANES) is an ongoing program designed to assess the 
health and nutritional status of the non-institutionalized 
civilian population in the US, allowing for the analysis of 
common health conditions and their risk factors. Given 
the large and nationally representative sample of the US 
population, the NHANES program provides an ideal 
platform to investigate the association between adher-
ence to LS7 and OSA in US adults. In the present study, 
we aimed to assess the association between adherence to 
LS7 metrics and risk of OSA in US adults, as well as the 
mediating effects of inflammation on this association.

Methods
Study design, setting, and participants
The National Health and Nutrition Examination Survey 
(NHANES) is a cross-sectional survey conducted every 2 
years by the Center for Disease Control’s National Cen-
ter for Health Statistics. Its purpose is to assess the health 
and nutritional status of the non-institutionalized civilian 
population in the United States. The survey uses a strati-
fied multi-stage clustered probability sampling strategy 
and recruits approximately 5,000 individuals from 15 
counties across the country. The survey consists of two 
parts: face-to-face interviews and physical examinations 
in a mobile examination center (MEC). Detailed infor-
mation on NHANES can be accessed at http://www.cdc.
gov/nchs/nhanes. The program’s protocol is approved 
by the institutional review board of the National Center 
for Health Statistics, and all individuals provide written 
informed consent.

For this study, data were extracted from four cycles of 
NHANES conducted between 2005 and 2008 and 2015 
to 2018, resulting in a total of 116,876 participants. Of 
these, 17,520 individuals were excluded for being under 
20 years old. Further exclusions were made for individu-
als without data of self-reported symptoms of sleep dis-
orders (n = 3998), Life’s Simple 7 score (n = 2642), marital 
status (n = 5), income-poverty ratio (n = 1216), education 
level (n = 2), comorbidity (n = 506), and self-reported 
health status (n = 8), resulting in a final sample of 13,825 
participants. Participants were categorized into five 
groups according to their total LS7 score: < 6 (n = 2090), 
= 6 (n = 1696), = 7 (n = 1957), = 8 (n = 2231), and > 8 
(n = 5851) (Fig. 1).

Definition of life’s simple 7 metrics
The LS7 metrics, as defined by the AHA, are outlined 
in Table S1. Each component of the LS7 metrics was 
assigned a score of 2 for ideal health, 1 for intermedi-
ate health, and 0 for poor health. The total LS7 score 
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ranged from 0 to 14 points, with higher scores indicat-
ing better CVH. Blood pressure (BP) was measured in 
the MEC according to a standardized protocol, and the 
average of three consecutive readings was calculated for 
scoring. Ideal health for BP was defined as untreated 
BP < 120/80 mmHg and not on antihypertensive medi-
cation; intermediate health as BP 120 to 139/80 to 89 
mmHg or < 120/80 mmHg on antihypertensive medica-
tion; and poor health as BP ≥ 140/90 mmHg. Hemoglobin 
A1c (HbA1c), instead of fasting plasma glucose, was used 
to assess diabetic health, due to a significant proportion 
of NHANES participants did not fast. Ideal health for 
HbA1c was defined as HbA1c < 5.7% and not on glucose-
lowering medication; intermediate health as HbA1c 5.7–
6.4% or < 5.7% on glucose-lowering medication; and poor 
health as HbA1c ≥ 6.5%. For cholesterol, ideal health was 
defined as untreated total serum cholesterol < 200 mg/dL; 
intermediate health as untreated total serum cholesterol 
200 to 239  mg/dL or treated to < 200  mg/dL; and poor 
health as total serum cholesterol ≥ 240  mg/dL. Weight 
and height were measured at the MEC using standard 
protocols, and body mass index (BMI) was calculated as 
weight in kilograms divided by height in meters squared. 
Ideal health for BMI was defined as BMI < 25  kg/m2; 

intermediate health as BMI 25 to 29.9  kg/m2; and poor 
health as BMI ≥ 30 kg/m2. For smoking, ideal health was 
defined as never smokers who had never smoked or had 
smoked < 100 cigarettes in their lifetime; intermediate 
health as former smokers who had smoked ≥ 100 ciga-
rettes in their lifetime but did not currently smoke; and 
poor health as current smokers who had smoked ≥ 100 
cigarettes in their lifetime and currently smoke some 
days or every day. Physical activity was quantified by 
calculating the total number of minutes of moderate or 
vigorous activity per week. Ideal health for physical activ-
ity was defined as ≥ 150 min/week of moderate or vigor-
ous activity; intermediate health as 1 to 149 min/week of 
moderate or vigorous activity; and poor health as 0 min/
week of moderate or vigorous activity. Dietary intake 
was assessed by two 24-hour dietary recall interviews 
by trained interviewers. The first interview was con-
ducted in person at the MEC, and the second interview 
was conducted by telephone 3 to 10 days after the first 
interview. The Food and Nutrient Database for Dietary 
Studies from the United States Department of Agricul-
ture (USDA) was utilized to calculate the nutritional 
content and components of all food items. The Healthy 
Eating Index (HEI) version 2015 developed by the USDA 

Fig. 1  Study enrolment flowchart. NHANES, National Health and Nutrition Examination Survey
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was calculated to assess diet quality, which comprised 13 
components categorized into Adequacy and Moderation, 
and each component was evaluated against specific stan-
dards, with scores ranging from 0 to 5 based on adher-
ence to dietary recommendations [22]. The summation 
of these component scores yields a total score between 0 
and 100, with higher scores indicating better diet quality. 
In this study, the daily intake of HEI components for each 
participant is determined by averaging the results of their 
two dietary recalls. The total nutrient intakes on the first 
day are used to calculate the 13 components of HEI-2015. 
Food components, excluding fatty acids, are scored based 
on density (per 1,000 kcal or as a percentage of energy), 
while fatty acids are evaluated as a ratio of unsaturated to 
saturated fatty acids (Table S22). Ideal dietary health was 
defined as an HEI > 80; intermediate health was defined 
as an HEI 50 to 80; and poor health was defined as an 
HEI < 50.

Definition of OSA
According to the four signs/symptoms recommended 
by the American Academy of Sleep Medicine for OSA 
screening [23], the diagnosis of OSA was based on self-
reported symptoms of sleep disorders using a standard 
questionnaire (how often have you snored, gasped, or 
stopped breathing while sleeping in the past year? ) and a 
self-reported diagnosis of hypertension. The frequency of 
occurrence was categorized as follows: never, rarely (1 to 
2 nights per week), occasionally (3 to 4 nights per week), 
and frequently (5 to more nights per week). According to 
the STOP screening questionnaire for OSA [24], partici-
pants were classified as being at high risk of OSA if they 
reported ≥ 2 positive reactions to the following: snoring, 
daytime fatigue, witnessed apneas, and hypertension, 
and they also had to experience snoring, daytime fatigue, 
and witnessed apneas ‘frequently’. Otherwise partici-
pants were categorized as low risk for OSA. Participants 
at high risk of OSA were considered to have a diagnosis 
of OSA. In addition, risk of OSA was evaluated with an 
adaptation of the multivariable apnea prediction (MAP) 
index with NHANES variables [25]. In the original MAP 
index, the three OSA symptoms of loud snoring, breath-
holding, and sneezing and/or wheezing were rated on a 
5-point Likert scale, with ‘0’ = never to ‘4’ = always (i.e., 
5 or more times per week). Two NHANES questions 
on frequency of ‘snoring’ and ‘snort or stop breathing’ 
that were recorded to approximate the original MAP 
sleep questions. As with the original MAP index, an 
apnea index was calculated as an average of non-missing 
responses and entered into the adapted MAP algorithm 
along with age, gender, and BMI to produce a continuous 
score from no sleep apnea (0) to OSA (1).

Assessment of covariates
Data on age, gender, race, marital status, education, 
poverty income ratio (PIR), alcohol consumption, self-
reported health status, and comorbidities including 
cardiovascular disease (CVD), chronic obstructive pul-
monary disease (COPD), chronic kidney disease (CKD) 
and cancer were collected through household interviews 
using standardized questionnaires. Alcohol consumption 
was classified as non-drinker, low-to-moderate drinker 
(< 3 drinks per day for women, < 4 drinks per day for 
men, or binge drinking on less than 5 days per month), 
or heavy drinker (≥ 3 drinks per day for women, ≥ 4 
drinks per day for men, or binge drinking on ≥ 5 days per 
month). CVD was defined as a composite of self-reported 
diagnosis of coronary heart disease, congestive heart fail-
ure, heart attack, angina, and stroke. COPD was defined 
as self-reported diagnosis of emphysema, ratio of forced 
expiratory volume in 1 s to forced vital capacity < 0.7 after 
bronchodilator, or use of anti-inflammatory drugs in sub-
jects age ≥ 40 years with a history of smoking or chronic 
bronchitis. CKD was defined as an estimated glomerular 
filtration rate < 60 mL/min/1.73 m2 or urine albumin to 
creatinine ratio ≥ 30 mg/g.

Statistical analysis
All statistical analyses were performed using R software 
(version 3.3.3, S. Urbanek & H.-J. Bibiko, © R Founda-
tion for Statistical Computing). A P value < 0.05 (2-tailed) 
was considered significant. As NHANES is designed as 
a complex, multi-stage, probability sampling study to 
select participants representative of the US civilian non-
institutionalized population, it is important to consider 
sample weights, clustering, and stratification in the sta-
tistical analysis. Following NHANES analytical guide-
lines, a 4-year MEC weight (2005–2008 & 2015–2018) 
was used for the 2005 to 2008 and 2015 to 2018 subsam-
ples, and weights were recalculated (divided by 4) after 
combining NHANES 2005 to 2008 with 2015 to 2018 
to obtain weighted percentages adjusted to the US adult 
population.

Descriptive analysis was used to describe the charac-
teristics of the study population. Continuous normally 
distributed variables were expressed as means ± standard 
errors, continuous non-normally distributed variables 
were expressed as medians and interquartile ranges, and 
categorical variables were expressed as numbers and per-
centages. Comparisons of baseline characteristics classi-
fied by the total LS7 score were performed using one-way 
analysis of variance for continuous variables and the 
Rao-Scott χ2 test for categorical variables, with adjust-
ment for sampling weights. The prevalence of ideal, inter-
mediate, and poor levels for each LS7 component was 
described, and the proportion of different numbers in 
ideal and poor levels of LS7 components was calculated. 
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Survey-weighted log-binominal regression analysis and 
negative binomial regression analysis were performed 
to estimate the associations between LS7 score and OSA 
and MAP index [26, 27]. OSA was treated as a binary 
outcome variable (‘OSA’) in log-binomial regression 
analysis and as a count variable (‘MAP index score’) in 
negative binomial regression analysis. To obtain integer 
values without changing the distribution, MAP index 
score was multiplied by 100 and included in the nega-
tive binominal regression models. Three models were 
constructed for each method of analysis. The first model 
was unadjusted; the second model was adjusted for age, 
sex and race; the third model was additionally adjusted 
for marital status, education level, PIR, alcohol consump-
tion, self-reported health, CVD, COPD, CKD and cancer. 
Due to the potential confounding effects of inflammation 
on the association between adherence to LS7 metrics and 
OSA, we conducted a sensitivity analysis to further adjust 
for inflammatory indicators including white blood cell 
count, neutrophil count, lymphocyte count, and C-reac-
tive protein (CRP) on the basis of model 3. The associa-
tions of each incremental ideal and poor item of the LS7 
with OSA were also analyzed, adjusting for variables in 
the third model as well as other components. Finally, 
we examined the associations of different clusters of 
behavioral factors (physical activity, smoking, BMI, diet) 
and biological factors (BP, HbA1c, total serum choles-
terol) with OSA. Results of the regression analyses were 
reported as odds ratios (ORs) with their respective 95% 
confidence intervals (CIs) for log-binomial regression 
analysis, and prevalence ratios (PRs) with their respective 
95% CIs for negative binomial regression analysis.

Subgroup analyses were performed by age (< 65 years, 
≥ 65 years), sex (male, female), race (non-Hispanic white, 
other races), BMI (< 30 kg/m2, ≥ 30 kg/m2), smoking sta-
tus (never smoked, former/current smoker), alcohol sta-
tus (non-drinker, drinker) and self-reported health (poor 
to fair, good to excellent). In these subgroup analyses, 
the total LS7 score was included in the regression mod-
els as a continuous variable to assess the significance of 
interactions. Causal mediation analysis was further per-
formed to assess the potential mediating effect of inflam-
matory indicators on the relationship between total LS7 
score and risk of OSA. Survey-weighted generalized lin-
ear regression models were constructed and adjusted for 
variables including age, sex, race, BMI, marital status, 
education level, PIR, smoking status, alcohol consump-
tion, self-reported health and comorbidities. The direct 
effect, indirect effect, total effect, and mediated propor-
tion were calculated. Significance tests were performed 
using 1,000 bootstrapping iterations [28].

Results
Baseline characteristics of all participants, categorized 
by total LS7 score, are shown in Table  1. The survey-
weighted mean age of all participants was 46.9 years, 
and 50.7% were male. Compared with individuals with 
low total LS7 scores, those with high total LS7 scores 
were more likely to be younger, non-black, highly edu-
cated, well paid and in good health. They also had a lower 
prevalence of smoking and chronic comorbidities. In the 
total sample of participants, 4473 individuals (32.4%) had 
OSA. There was a significant reduction in the proportion 
of individuals with OSA as the total LS7 score increased, 
and the MAP index score was significantly reduced as the 
LS7 score increased.

Examining the individual components of the LS7 score, 
smoking (54.7%) and HbA1c (62.0%) had a high preva-
lence of ideal levels, while the prevalence of ideal diet was 
less than 3%. For both diet and BMI, the prevalence of 
poor levels was over 35%. Only 20 participants achieved 
ideal levels for all 7 components, and 4 participants had 
poor values for all 7 components. The proportions of par-
ticipants achieving ideal levels in 0–1, 2–4, and ≥ 4 were 
21.2%, 64.6%, and 14.2%, respectively (Fig. 2).

Table  2 shows the association between LS7 score and 
OSA as well as the MAP index. When OSA was con-
sidered as the outcome variable, there was a significant 
decrease in the risk of OSA with increasing LS7 score in 
the unadjusted log-binominal regression models. After 
adjustment for age, sex, and race in the second models, 
the ORs did not show significant changes. After further 
adjustment for marital status, education level, PIR, smok-
ing status, alcohol consumption, self-reported health sta-
tus and chronic comorbidities, with total score < 6 as the 
reference, the ORs (95% CIs) for OSA were 0.86 (0.71, 
1.04), 0.70 (0.60, 0.82), 0.69 (0.58, 0.82), and 0.36 (0.31, 
0.42) for total score = 6, total score = 7, total score = 8, and 
total score > 8, respectively. In the fully adjusted mod-
els analyzing LS7 score as a continuous variable, each 
1-point increase in LS7 score was associated with a 15% 
decrease in the risk of OSA (P < 0.001). Consistent results 
were obtained when the MAP index was considered as 
the outcome variable. In the fully adjusted negative bino-
mial regression models, with total score < 6 as the refer-
ence, the PRs (95% CIs) for MAP index were 0.93 (0.90, 
0.97), 0.87 (0.84, 0.91), 0.80 (0.77, 0.84), and 0.55 (0.53, 
0.57) for total score = 6, total score = 7, total score = 8, and 
total score > 8, respectively. In addition, for each 1-point 
increase in LS7 score, the risk of MAP index decreased 
by 13% (P < 0.001). Our sensitivity analysis by incorporat-
ing inflammatory indicators in model 3 for adjustment 
did not alter these associations (Table S3).

Table  3 shows the association between components 
of the LS7 metrics and OSA and MAP index. Both 
higher lifestyle and biometric scores were significantly 
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Table 1  Baseline characteristics of participants according to Life’s simple 7 score in NHANES 2005–2008 & 2015-2018a

Variables All participants 
(n = 13825)

Life’s Simple 7 score
Total score < 6 
(n = 2090)

Total score = 6 
(n = 1696)

Total score = 7 
(n = 1957)

Total score = 8 
(n = 2231)

Total 
score > 8 
(n = 5851)

Age, years 46.9 ± 0.4 55.9 ± 0.2 53.6 ± 0.5 51.4 ± 0.6 48.4 ± 0.6 41.4 ± 0.4
Male, n (%) 7012 (50.7) 1118 (52.0) 912 (53.7) 1006 (50.9) 1193 (52.3) 2783 (46.7)
Ethnicity, n (%)
  Mexican American 2264 (16.4) 346 (7.6) 261 (8.1) 339 (8.4) 380 (8.2) 938 (7.8)
  Non-Hispanic White 6055 (43.8) 902 (69.8) 704 (67.0) 841 (68.5) 998 (71.1) 2610 (70.3)
  Non-Hispanic Black 2818 (20.4) 569 (13.4) 422 (12.8) 418 (10.6) 450 (10.2) 959 (8.0)
  Other 2688 (19.4) 273 (9.2) 309 (12.1) 359 (12.5) 403 (10.5) 1344 (13.9)
Marital status, n (%)
  Married or living with a partner 8895 (64.3) 1285 (66.2) 1070 (68.4) 1243 (67.1) 1474 (70.4) 3823 (67.8)
  Widowed/divorced/separated 2676 (19.4) 594 (23.9) 447 (20.8) 466 (21.3) 441 (16.8) 728 (11.0)
  Never married 2254 (16.3) 211 (9.9) 179 (10.8) 248 (11.7) 316 (12.9) 1300 (21.2)
Education, n (%)
  Less than high school 1340 (9.7) 295 (7.3) 194 (5.5) 239 (6.0) 213 (4.4) 399 (3.3)
  High school or equivalent 5121 (37.0) 943 (45.0) 713 (41.9) 789 (39.0) 881 (36.9) 1795 (26.6)
  College or above 7364 (53.3) 852 (47.7) 789 (52.6) 929 (55.0) 1137 (58.7) 3657 (70.1)
Family income-poverty ratio 3.15 ± 0.04 2.77 ± 0.06 3.00 ± 0.07 3.02 ± 0.06 3.16 ± 0.06 3.31 ± 0.04
Smoking status, n (%)
  Never smoker 7570 (54.8) 565 (25.2) 678 (36.9) 928 (43.1) 1174 (51.5) 4225 (70.6)
  Former smoker 3432 (24.8) 752 (36.6) 568 (33.5) 591 (33.5) 551 (25.2) 970 (18.2)
  Current smoker 2823 (20.4) 773 (38.2) 450 (29.6) 438 (23.4) 506 (23.4) 656 (11.2)
Drinking status, n (%)
  Nondrinker 7654 (55.4) 1292 (55.4) 998 (53.8) 1083 (50.0) 1247 (50.6) 3034 (46.7)
  Low to moderate drinker 4053 (29.3) 519 (28.6) 460 (30.2) 571 (32.1) 603 (31.6) 1900 (36.9)
  Heavy drinker 2118 (15.3) 279 (16.0) 238 (16.0) 303 (17.9) 381 (17.8) 917 (16.4)
Self-reported health status, n (%)
  Poor to fair 3149 (22.8) 892 (35.0) 546 (26.0) 507 (19.8) 479 (14.9) 725 (8.0)
  Good 5009 (36.2) 763 (40.3) 673 (39.7) 794 (41.9) 848 (36.3) 1931 (29.4)
  Very good to excellent 5667 (41.0) 435 (24.8) 477 (34.3) 656 (38.3) 904 (48.9) 3195 (62.6)
Self-reported chronic diseases, n (%)
  Cardiovascular disease 1475 (10.7) 494 (19.7) 304 (14.6) 242 (10.9) 203 (7.0) 232 (2.9)
  Diabetes mellitus 2494 (18.0) 1044 (44.6) 539 (26.1) 428 (17.4) 259 (8.9) 224 (2.8)
  Hypertension 5759 (41.7) 1601 (74.7) 1093 (59.6) 1035 (50.0) 932 (40.2) 1098 (17.0)
  Hypercholesterolemia 9816 (71.0) 1968 (95.6) 1502 (90.2) 1629 (85.3) 1681 (77.8) 3036 (51.8)
  Chronic kidney disease 2437 (17.6) 748 (31.2) 452 (20.8) 390 (15.8) 345 (12.8) 502 (7.2)
  COPD 610 (4.4) 201 (8.6) 104 (5.7) 88 (5.2) 94 (3.7) 123 (1.8)
  Cancer 1255 (9.1) 272 (13.3) 208 (12.8) 207 (12.1) 223 (11.1) 345 (6.1)
Body mass index, kg/m2 29.1 ± 0.1 34.1 ± 0.2 32.3 ± 0.3 31.2 ± 0.3 29.9 ± 0.2 26.2 ± 0.1
Systolic blood pressure, mmHg 122.2 ± 0.2 135.4 ± 0.6 130.3 ± 0.5 127.3 ± 0.5 123.4 ± 0.5 115.3 ± 0.2
Diastolic blood pressure, mmHg 71.4 ± 0.3 75.0 ± 0.5 72.8 ± 0.5 73.2 ± 0.4 72.3 ± 0.4 69.4 ± 0.3
HbA1c, % 5.58 ± 0.01 6.46 ± 0.05 5.93 ± 0.02 5.72 ± 0.03 5.47 ± 0.02 5.26 ± 0.01
Total cholesterol, mg/dl 194.1 ± 0.7 211.3 ± 1.4 206.4 ± 1.8 202.1 ± 1.7 198.3 ± 1.4 183.4 ± 0.7
Physical activity, minutes per week 827.2 ± 22.9 547.1 ± 41.2 633.9 ± 39.2 796.6 ± 41.7 825.2 ± 39.3 897.8 ± 28.4
Healthy eating index-2020 49.6 ± 0.4 43.6 ± 0.4 45.4 ± 0.4 47.6 ± 0.4 48.1 ± 0.5 53.2 ± 0.4
MAP index 0.39 ± 0.00 0.59 ± 0.01 0.54 ± 0.01 0.49 ± 0.01 0.43 ± 0.01 0.27 ± 0.00
OSA, n (%) 4473 (32.4) 935 (46.2) 690 (42.4) 693 (37.5) 796 (37.1) 1359 (23.6)
a All estimates accounted for sample weights and complex survey designs, and means and percentages were adjusted for survey weights of NHANES

COPD chronic obstructive pulmonary disease, HbA1c glycated hemoglobin A1c, MAP index multivariable apnea prediction index, OSA obstructive sleep apnea
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Table 2  Associations between total Life’s simple 7 score and risk of obstructive sleep apnea in participants from NHANES 2005–2008 & 
2015–2018

Life’s Simple 7 score Continu-
ous score

P 
valueTotal 

score < 6
Total score = 6 Total score = 7 Total score = 8 Total 

score > 8
P-trend

Log-binominal regression
  Model 1a Reference 0.86 (0.71, 1.04) 0.70 (0.60, 0.82) 0.69 (0.58, 0.82) 0.36 (0.31, 

0.42)
< 0.001 0.82 (0.81, 

0.84)
< 0.001

  Model 2b Reference 0.86 (0.71, 1.04) 0.70 (0.60, 0.82) 0.69 (0.57, 0.83) 0.37 (0.31, 
0.43)

< 0.001 0.82 (0.80, 
0.84)

< 0.001

  Model 3c Reference 0.90 (0.73, 1.10) 0.76 (0.65, 0.89) 0.78 (0.64, 0.95) 0.45 (0.38, 
0.54)

< 0.001 0.85 (0.83, 
0.88)

< 0.001

Negative binomial 
regression
  Model 1a Reference 0.91 (0.87, 0.95) 0.82 (0.79, 0.86) 0.73 (0.70, 0.76) 0.46 (0.44, 

0.48)
< 0.001 0.84 (0.84, 

0.85)
< 0.001

  Model 2b Reference 0.92 (0.89, 0.96) 0.86 (0.82, 0.90) 0.78 (0.75, 0.81) 0.52 (0.51, 
0.54)

< 0.001 0.87 (0.86, 
0.87)

< 0.001

  Model 3c Reference 0.93 (0.90, 0.97) 0.87 (0.84, 0.91) 0.80 (0.77, 0.84) 0.55 (0.53, 
0.57)

< 0.001 0.87 (0.86, 
0.88)

< 0.001

a Model 1 was unadjusted
b Model 2 was adjusted for age, sex, and race
c Model 3 was further adjusted for education, marital status, family income-poverty ratio, alcohol consumption, self-reported health status, cardiovascular disease, 
chronic obstructive pulmonary disease, chronic kidney disease, and cancer

Fig. 2  Distribution of overall and the seven components of ideal cardiovascular health metrics
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associated with lower OSA risk. In terms of specific 
items, good management of smoking, BMI, and BP was 
associated with a significantly reduced risk of OSA. 
When OSA was considered as the outcome variable, with 
poor score as the reference, the ORs for OSA were 0.72 
(0.62, 0.83) and 0.70 (0.61, 0.80) for intermediate and 
optimal score in smoking status, 0.61 (0.54, 0.69) and 0.36 
(0.31, 0.42) for intermediate and optimal score in BMI, 
and 0.88 (0.77, 0.99) and 0.74 (0.61, 0.89) for intermedi-
ate and optimal score in BP management. When MAP 
index was considered as the outcome variable, with poor 
score as the reference, the ORs for OSA were 0.93 (0.90, 
0.97) and 0.92 (0.89, 0.95) for intermediate and optimal 
score in smoking status, 0.58 (0.56, 0.59) and 0.33 (0.32, 
0.34) for intermediate and optimal score in BMI, and 1.01 
(0.98, 1.03) and 0.89 (0.87, 0.92) for intermediate and 
optimal score in BP management.

When stratified by age, sex, race, BMI, smoking sta-
tus, alcohol consumption, and self-reported health sta-
tus, all subgroups consistently showed that higher LS7 
scores were associated with a lower risk of OSA (Fig. 3). 
The results of the causal mediation analysis are shown in 
Fig. 4. Our results indicate that the LS7 score may reduce 
the risk of OSA by attenuating inflammatory responses. 
After adjustment for covariates in model 3, the mediat-
ing proportions of white blood cell count, neutrophil 
count, and CRP were 0.022 (P = 0.038), 0.020 (P = 0.044) 
and 0.022 (P = 0.020), respectively. However, no signifi-
cant mediation effects were observed for lymphocytes 
(P = 0.340).

Discussion
In the present study, we examined the association 
between adherence to LS7 metrics and OSA in a nation-
ally representative sample of US adults. Our main find-
ings were as follows. First, participants with high LS 
scores were more likely to be in good health and less likely 
to have chronic comorbidities. Most US adults achieved 
ideal scores of 2–4, and diet and BMI had a prevalence 
of poor scores of more than 35%. Second, better adher-
ence to LS7 metrics was independently associated with 
a lower risk of OSA and lower MAP index scores. The 
findings were consistent across subgroups categorized by 
age, sex, race, BMI, smoking status, alcohol consumption, 
and self-reported health status. Third, further analysis 
of the association between each component of the LS7 
metrics and the risk of OSA showed that poor control of 
smoking, BMI and BP was associated with a significantly 
increased risk of OSA. Finally, causal mediation analysis 
indicated that inflammation plays a mediating role in the 
association between adherence to LS7 metrics and risk of 
OSA.

The AHA developed the LS7 metrics as a tool to pro-
mote the prevention of CVD by encouraging individuals 

Table 3  Associations between components of Life’s simple 
7 metrics and obstructive sleep apnea in participants from 
NHANES 2005–2008 & 2015–2018

Life’s Simple 7 score
Poor Intermediate Optimal P-trend

Log-binominal 
regression
Lifestyle scorea Reference 0.68 (0.59, 

0.79)
0.46 (0.39, 
0.54)

< 0.001

  Smoking status b Reference 0.72 (0.62, 
0.83)

0.70 (0.61, 
0.80)

< 0.001

  Body mass 
index b

Reference 0.61 (0.54, 
0.69)

0.36 (0.31, 
0.42)

< 0.001

  Diet b Reference 0.91 (0.82, 
1.01)

0.66 (0.45, 
0.97)

0.019

  Physical activity b Reference 1.12 (0.94, 
1.32)

1.03 (0.87, 
1.21)

0.961

Biometric scorec Reference 0.91 (0.80, 
1.03)

0.67 (0.55, 
0.82)

< 0.001

  Blood pressure b Reference 0.88 (0.77, 
0.99)

0.74 (0.61, 
0.89)

0.002

  Total choles-
terol b

Reference 0.97 (0.83, 
1.13)

0.98 (0.85, 
1.12)

0.836

  Glycemic status b Reference 0.97 (0.81, 
1.17)

0.92 (0.76, 
1.11)

0.277

Negative bino-
mial regression
Lifestyle scorea Reference 0.81 (0.79, 

0.83)
0.55 (0.53, 
0.58)

< 0.001

  Smoking status b Reference 0.93 (0.90, 
0.97)

0.92 (0.89, 
0.95)

< 0.001

  Body mass 
index b

Reference 0.58 (0.56, 
0.59)

0.33 (0.32, 
0.34)

< 0.001

  Diet b Reference 0.98 (0.97, 
1.00)

0.94 (0.87, 
1.02)

0.163

  Physical activity b Reference 1.01 (0.98, 
1.04)

0.98 (0.95, 
1.01)

0.301

Biometric scorec Reference 0.95 (0.92, 
0.98)

0.77 (0.74, 
0.80)

< 0.001

  Blood pressure b Reference 1.01 (0.98, 
1.03)

0.89 (0.87, 
0.92)

< 0.001

  Total choles-
terol b

Reference 0.99 (0.97, 
1.02)

0.98 (0.96, 
1.01)

0.259

  Glycemic status b Reference 1.04 (1.01, 
1.07)

0.97 (0.94, 
1.00)

0.061

a Adjusted for age, sex, race, marriage status, education, income, alcohol 
consumption, self-reported health status, cardiovascular disease, chronic 
obstructive pulmonary disease, chronic kidney disease, cancer, and the 
biometric score (for the lifestyle score)
b Adjusted for age, sex, race, marriage status, education, income, alcohol 
consumption, self-reported health status, cardiovascular disease, chronic 
obstructive pulmonary disease, chronic kidney disease, cancer, and all the other 
compositions of the LS7 score
c Adjusted for age, sex, race, marriage status, education, income, alcohol 
consumption, self-reported health status, cardiovascular disease, chronic 
obstructive pulmonary disease, chronic kidney disease cancer, and the lifestyle 
score (for the biometric score)
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to adopt and maintain healthy lifestyle behaviors. In the 
meta-analysis conducted by Radovanovic et al. includ-
ing 21 studies totaling 3,240,660 adults, a higher number 
of ideal CVH metrics led to a lower risk for CVD and 
cardiovascular mortality [29]. Unfortunately, the preva-
lence of CVH metrics has been found to be relatively 
low. According to a meta-analysis by Younus et al. [30], 
the percentage of individuals meeting 6 to 7 ideal CVH 
metrics ranges from as little as 0.5% in African Ameri-
can populations to 12% in employees of a healthcare 
organization in South Florida. In the present study, only 
14.2% of participants achieved ideal values in ≥ 4 metrics 
of LS7, and women had significantly higher LS7 scores 
than men, which is consistent with the above findings. In 
addition, of the 7 ideal CVH metrics, participants scored 
lowest on dietary habits and BMI. Only 2.5% of the par-
ticipants had healthy dietary habits and 28.0% of the par-
ticipants achieved the ideal level of BMI. These findings 

highlight significant deficiencies in lifestyle management, 
i.e., healthy dietary habits and weight management, 
among US adults, and the need for concurrent targeted 
interventions.

In addition to its impact on CVD, the association 
between adherence to LS7 metrics and physical health 
has also been examined in a variety of non-cardiovascu-
lar diseases. Wei et al. examined the association between 
adherence to LS7 metrics and cognitive function in 2,585 
older adults from NHANES and found that higher adher-
ence to LS7 metrics was independently associated with 
better cognitive function [18]. A recent study evaluated 
the impact of LS7 on incident depression in 3,231 adults 
aged 50 years and older and found that higher LS7 scores 
were inversely associated with depression [19]. Quach et 
al. examined the associations between midlife LS7 sta-
tus, psychosocial health, and late-life multidimensional 
frailty indicators, and showed that a better LS7 score was 

Fig. 3  Subgroup analysis of the association between life’s simple 7 metrics and risk of obstructive sleep apnea. Abbreviations: BMI, body mass index; CI, 
confidence interval; HR, hazard ratio
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independently associated with a reduced risk of physical, 
hospital, and global frailty and that there was a synergis-
tic effect of psychosocial status and LS7 on frailty [31]. 
However, scarce is known about the influence of adher-
ence to LS7 metrics on the risk of OSA. To our knowl-
edge, the present study is the first comprehensive analysis 
to evaluate the association between adherence to LS7 
metrics and prevalence of OSA in US adults. Our analy-
sis of 13,825 participants from NHANES 2005–2008 and 
2015–2018 showed that adherence to LS7 metrics was 
significantly associated with a reduced risk of OSA, with 
a negative dose-response relationship, whether OSA was 
analyzed as a categorical variable using survey-weighted 
log-binomial regression models or as a continuous vari-
able in the form of MAP using negative binomial regres-
sion models.

Our further analysis of the association between each 
component of the LS7 metrics and the risk of OSA 
showed that the increased risk of OSA associated with 
poor adherence to LS7 was mainly concentrated in poor 
control of smoking, BMI, and BP. Among these compo-
nents, overweight/obesity has been well established to 
be an important risk factor for OSA, and weight loss can 
effectively reduce the incidence and severity of OSA [3]. 
Besides, the association between hypertension and OSA 
has been identified to be bidirectional, with elevated 

BP significantly increasing the incidence of OSA, and 
OSA also increasing the risk of hypertension, especially 
resistant hypertension [7]. While studies evaluating the 
relationship between smoking and OSA have yielded 
inconsistent results, a recent study conducted by Jang et 
al. among 3,442 participants of the Korea National Health 
and Nutrition Examination Survey found a positive dose-
dependent relationship between smoking and the risk of 
OSA, with smoking cessation helping to properly man-
age sleep quality [32]. As a comprehensive assessment 
of lifestyle habits, the LS7 metrics may be a superior risk 
assessment tool for predicting the risk of OSA.

An increasing evidence indicate that ideal CVH is 
closely associated with a lower inflammatory status, and 
that poor adherence to LS7 metrics can lead to an acti-
vated systemic inflammatory state, which may contribute 
to the development of a variety of diseases. González-
Gil et al. investigated the association between the ideal 
CVH index and inflammation in European adolescents 
and found that a higher CVH index was associated with 
a significantly lower inflammatory profile as constructed 
by CRP, complement factors C3 and C4, leptin and white 
blood cell count [33]. Gaye et al. examined the mediating 
effect of inflammatory and hemostatic blood biomarkers 
in the association between baseline CVH and incident 
CVD and found that the association of behavioral CVH 

Fig. 4  Mediation effects of inflammatory indicators on the association between Life’s Simple 7 metrics and risk of obstructive sleep apnea. (A) White 
blood cell; (B) Neutrophils; (C) Lymphocyte; (D) C-reactive protein. Abbreviations: DE, direct effect; IE, indirect effect
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with incident coronary heart disease was partially medi-
ated by high-sensitivity CRP, interleukin-6, and fibrino-
gen [34]. Fan et al. explored the association of modifiable 
CVH metrics with physical function in rural older adults 
in China and the potential role of inflammatory mecha-
nisms in the association, and found that ideal CVH was 
significantly associated with higher scores on the bal-
ance, chair stand, and walking speed tests, and mediation 
analysis showed that serum interleukin-6 accounted for 
14% of the association of CVH with the total Short Per-
formance Physical Battery score and 10% of the associa-
tion with the walking speed score [35]. Given the existing 
evidence that inflammation contributes to the patho-
physiological process of OSA [14–16], it is reasonable to 
speculate that inflammation may also play a mediating 
role in the association between LS7 metrics and risk of 
OSA. Our results of causal mediation analysis confirmed 
this speculation and suggested that inflammation medi-
ated the association of adherence to LS7 metrics and risk 
of OSA.

The major strength of the present study is that it is the 
first analysis to comprehensively evaluate the association 
between adherence to LS7 and risk of OSA in a relatively 
large US adult population. The NHANES program was 
conducted by professionally trained researchers and the 
data collection process followed strict standard proce-
dures, which ensured the high quality of the study and 
the reliability and accuracy of the results. In addition to 
being analyzed as a dichotomous variable, risk of OSA 
was also quantified using the MAP index, and consistent 
results were obtained when the MAP index was analyzed 
as the target variable in regression analysis, demonstrat-
ing the robustness of the results of this study. In addition, 
covariates were adjusted relatively adequately in multi-
variate regression models to eliminate the effects of con-
founding factors on the association between adherence to 
LS7 and risk of OSA. Finally, the large sample size of this 
study provided sufficient power for subgroup analyses.

This study has several limitations that should be 
acknowledged. Firstly, the cross-sectional design inher-
ently limits our ability to establish a definitive causal rela-
tionship between good adherence to LS7 and a reduced 
risk of OSA. Future well-designed prospective cohort 
studies are needed to provide a more conclusive under-
standing. Secondly, the diagnosis of OSA in the NHANES 
program relied on participants’ self-reported signs and 
symptoms using the STOP questionnaire, rather than 
objective sleep monitoring methods, which may intro-
duce potential misclassifications. Future studies utilizing 
objective sleep monitoring methods like polysomnogra-
phy or home sleep apnea testing are crucial to validate 
our findings. Thirdly, despite adjusting for numerous 
variables in our multivariate models to address con-
founding effects, residual and unmeasured confounding 

variables, such as anatomical abnormalities, neurologi-
cal disorders, and genetic factors, may still impact the 
reliability of our results. Prospective studies are neces-
sary to account for these confounding factors. As our 
study specifically focuses on the US population, caution 
should be exercised when generalizing our findings to 
other populations. Additionally, notable variations were 
observed in the baseline characteristics between the pop-
ulation analyzed and those excluded (Table S4), which 
may introduce selection bias and influence the precision 
of our findings. Furthermore, our analysis only suggests 
that inflammation may mediate the association; however, 
further research is needed to delve more deeply into the 
underlying pathways and mechanisms. Lastly, the use of 
24-hour dietary recalls in the NHANES project to obtain 
nutritional data may introduce recall bias, potentially 
skewing results and affecting the interpretation of the 
relationship between dietary habits and OSA risk.

Conclusions
In conclusion, the present study demonstrated that 
poorer adherence to LS7 metrics was significantly associ-
ated with increased risk of OSA, which was mainly con-
centrated in poor control of smoking, BMI, and BP. The 
findings were consistent across subgroups categorized by 
age, sex, race, BMI, smoking status, alcohol consumption, 
and self-reported health status. Causal mediation analy-
sis indicated that inflammation plays a mediating role in 
the association between adherence to LS7 metrics and 
risk of OSA. However, given the significant selection bias 
and recall bias present in this study, the interpretation of 
our findings should be approached with caution. Future 
well-designed prospective studies are essential to validate 
our results.
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