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Abstract

Background Cardiometabolic and related diseases (CMDs) represent a major global disease burden. While traditional
risk factors are well-established, the role of lifestyle factors in primary prevention has not been sufficiently studied.

Methods This study analyzed data from 148,155 participants in the UK Biobank without baseline CMDs. Cox
proportional hazards models were used to assess the impact of healthy lifestyle factors (non-current smoking, non-
excessive drinking, regular physical activity, healthy diet, and healthy sleep) on 11 types of CMDs (coronary heart
disease, type 2 diabetes, atrial fibrillation, hypertension, stroke, heart failure, Alzheimer’s disease, non-alcoholic fatty
liver disease, valvular heart disease, cardiomyopathy, and pulmonary hypertension). Participants were categorized into
four groups based on weighted lifestyle scores. Improvements in predictive models after incorporating lifestyle factors
were evaluated.

Results Most individual healthy lifestyle factors were associated with a lower risk of CMDs, while regular physical
activity was not independently associated with composite CMD risk in the fully adjusted model; healthy sleep
contributed the largest weight to the composite lifestyle score (3=0.342). Adhering to a healthier lifestyle
demonstrated a significant and dose-response association with a reduced risk of composite CMDs. In the fully
adjusted model, compared to the “very unhealthy” group, the “very healthy” group exhibited a significantly lower
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risk of developing CMDs (HR: 0.70, 95% Cl: 0.67-0.74). Similar inverse associations were observed across several
individual CMDs, with the strongest association observed for pulmonary hypertension (HR: 0.34, 95% Cl: 0.24-0.50).
Incorporating the lifestyle score into traditional risk models was associated with modest improvement in predictive
performance. The findings were generally consistent across subgroups and sensitivity analyses.

Conclusions These findings suggest that adherence to a comprehensive healthy lifestyle, including adequate sleep,
is associated with reduced risk of various CMDs and may improve risk stratification. The particularly strong association
observed for pulmonary hypertension also supports further investigation of lifestyle patterns across a broader range

of cardiometabolic and related conditions.
Trial registration Not applicable.

Keywords Cardiometabolic diseases, Healthy lifestyle, Primary prevention, Risk stratification

Introduction

Cardiometabolic and related diseases (CMDs), encom-
passing a broad spectrum of cardiovascular and meta-
bolic disorders, represent the leading cause of morbidity,
mortality, and significant economic burden worldwide,
posing a severe global health challenge [1, 2]. Primary
prevention of these diseases is a cornerstone of public
health policy. Research indicates that modifiable lifestyle
factors, including a healthy diet, regular physical activity,
smoking cessation, and non-excessive drinking, may play
a potentially significant role in this regard. Therefore, the
composite healthy lifestyle score has been developed as
a crucial epidemiological tool to quantify the cumulative
effects of these behaviors on health outcomes. However,
traditional lifestyle indices often have significant limita-
tions. For instance, they typically assign equal weight to
each component, failing to reflect the varying degrees of
impact individual behaviors have on disease risk [3-5].
Moreover, they frequently overlook the critical factor of
sleep, despite growing evidence that sleep is an indepen-
dent determinant in maintaining metabolic homeostasis
and cardiovascular function [6, 7]. Furthermore, current
understanding may still be incomplete regarding whether
the inverse association of a healthy lifestyle consistently
manifest across a broader spectrum of CMDs.

This study aims to utilize data from 148,155 partici-
pants in the UK Biobank, a large-scale prospective cohort
without baseline CMDs, to explore the relationship
between a healthier lifestyle and the risk of this broad
disease spectrum, which further compares these findings
with existing clinical risk models, providing potential
new scientific evidence for personalized risk stratifica-
tion and the optimization of public health intervention
strategies.

Methods

Study population

The UK Biobank is a prospective cohort with over
500,000 participants of adults aged 37 to 73 years old
recruited from 22 centers across the UK between 2006
and 2010. Participants provided information on lifestyle

and other potentially health-related aspects through
extensive baseline questionnaires, interviews, and
physical measurements. All participants provided writ-
ten informed consent for this study. The UK Biobank
study has approval from the North West Multi-Centre
Research Ethics Committee. Additional information
regarding the initiative is available in various published
works. [8]

Among the 502,367 participants at baseline in UK Bio-
bank, we excluded participants with CMDs at recruit-
ment (n=169,745); missing data on target lifestyle factors
(n=181,013); or missing data on any of the covariates
(n=3,454). The final sample size was 148,155. The flow
chart is shown in Fig. 1.

Healthy lifestyle

This study defined a healthy lifestyle using five modifi-
able components: smoking, alcohol consumption, physi-
cal activity, diet, and sleep. Smoking status was simply
categorized as current or non-current [9]. For alcohol,
we converted weekly consumption of various beverages
into standard units based on UK National Health Service
guidelines [10] and Office for National Statistics survey
data [11]. Adhering to the healthy guideline of “non-
excessive drinking” (< 14 units per week) was the desired
behavior. A healthy diet was assessed with a score based
on American Heart Association guidelines [12], which
assigned one point for more than 2 of the following
three items, otherwise 0 points: (1) Total fruit and veg-
etable intake: >4.5 pieces or servings per day (1 serving
being 3 tablespoons); (2) Total fish intake>2 times per
week; (3) Red meat intake<5 times per week and pro-
cessed meat intake <2 times per week. For physical activ-
ity, one point was assigned for “regular physical activity’,
which was defined as meeting the benchmarks set by
the 2019 UK Physical Activity Guidelines (=150 min of
moderate or>75 min of vigorous activity per week) [13].
A point for “high-quality sleep” was given if a partici-
pant achieved a score of 4—5 on a composite sleep index
that included duration, chronotype, insomnia, snoring,
and daytime dozing [14]. Finally, these five factors were
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502,367 participants were recruited in UK Biobank

Excluded:

1) Hypertension, n=102,881
2) T2DM, n=20,546

3) CHD, n=32,012

4) Atrial fibrillation, n=4,707
p| 5) Stroke, n=8,088

A 4

6) Heart failure, n=346

7) AD, n=2

8) NAFLD, n=689

9) Valvular heart disease, n=407
10) Pulmonary hypertension, n=13
11) Cardiomyopathy, n=54

332,622 participants without cardiometabolic diseases at baseline

Excluded missing lifestyle data:
1) Smoking, n=1,861
> 2) Alcohol consumption, n=131,406

 J

3) Diet, n=2,103
4) Sleep, n=28,582
5) Physical activity, n=17,061

151,609 participants with complete lifestyle data

Excluded missing covariates data:
1) Ethnicity, n=485
2) Townsend deprivation index, n=181

| 3) BMI, n=671

4) Sedentary time, n=1,487
5) Blood pressure, n=223
6) Loss to follow up, n=407

148,155 participants were included totally

Fig. 1 Flowchart. Abbreviations: AD: Alzheimer’s disease; BMI: Body mass index; CHD: Coronary heart disease; NAFLD: Non-alcoholic fatty liver disease;

T2DM: Type 2 diabetes mellitus

combined to generate a weighted healthy lifestyle score.
Additional details of this calculation are provided in the
Supplementary Method 2.

Outcome assessment

The outcome measured in this study was the occurrence
of 11 types of CMDs in patients without CMDs at base-
line. The UK Biobank collected participants’ data from
self-reported diseases diagnosed by doctors and hospi-
tal inpatient records. Diagnoses were coded according
to the International Classification of Disease versions
10 and the Office of Population Censuses and Surveys

Classification of Interventions and Procedures version 4.
CMDs in this study was defined as the occurrence of>1
of the following: coronary heart disease (CHD) [15], type
2 diabetes mellitus (T2DM) [16], atrial fibrillation (AF)
[17], hypertension [15], stroke [15], heart failure (HF)
[18], Alzheimer’s disease (AD) [19], Non-alcoholic fatty
liver disease (NAFLD) [20], valvular heart disease (VHD)
[21], cardiomyopathy [22], and pulmonary hypertension
[23]. The date of CMDs was the earliest date of occur-
rence for any of these cardiometabolic diseases. Detailed
information is provided in Supplementary Table 2.
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Participants recorded as lost to follow-up before the
construction of the final analytic cohort were excluded
during the sample selection process, as shown in Fig. 1.
For participants included in the final analytic cohort, fol-
low-up was calculated from the date of baseline assess-
ment at the UK Biobank assessment center. Participants
were followed until the first diagnosis of any study-
defined CMDs, death, or the administrative end of avail-
able follow-up on March 7, 2023, whichever occurred
first. For participants who developed more than one
CMD during follow-up, the earliest diagnosis date was
used as the event date for the composite outcome. Par-
ticipants who did not develop any CMDs were censored
at the date of death or March 7, 2023.

Other covariates

The current study included variates of age, sex, ethnic-
ity, body mass index (BMI), systolic blood pressure (SBP),
diastolic blood pressure (DBP), Townsend deprivation
index (TDI), sedentary time, total cholesterol (TC), tri-
glycerides (TG), low-density lipoprotein cholesterol
(LDL), high-density lipoprotein cholesterol (HDL), and
hemoglobin Alc (HbAlc). Detailed information is pro-
vided in Supplementary Method 1, and Supplementary
Table 1.

Traditional models

This study compared the predictive ability between tra-
ditional risk prediction models and specified healthy life-
style models incorporating five lifestyle factors described
in our study: (1) The Framingham Risk Score (FRS) for
CHD prediction [24]; (2) The Finnish Diabetes Risk Score
(FINDRISC) for T2DM [25]; (3) The CHARGE-AF model
for AF risk [26]; (4) The QStroke algorithm applied for
stroke risk. [27]

Statistical analysis

Continuous variables were expressed as mean + standard
deviation (SD) if they satisfied normal distribution, oth-
erwise as median [interquartile range (IQR)]. Categorical
variables were expressed as percentages (%). Group com-
parisons were performed using x> tests, the Wilcoxon—
Mann—Whitney test, or Student’s t-test, depending on
the data type.

To construct the weighted healthy lifestyle score, we
first estimated the B coefficients of the five healthy life-
style factors in relation to composite cardiometabolic
disease using Cox proportional hazards models in the
full analytic cohort. The absolute values of these P coef-
ficients were then divided by the sum of the absolute
coefficients to generate the relative weight for each life-
style factor. Each participant’s weighted lifestyle score
was calculated by multiplying each binary lifestyle fac-
tor by its corresponding weight and then summing the
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weighted components. Therefore, higher scores indicated
a healthier overall lifestyle pattern. To assess the robust-
ness of this data-driven weighting approach, we con-
ducted sensitivity analyses using weights derived from a
randomly selected one-third subset of the analytic cohort
and using a simple unweighted lifestyle score. To visu-
ally demonstrate the contribution of each lifestyle factor
to the risk score, we constructed a nomogram based on
the results of the Cox model. Subsequently, each p coef-
ficient was standardized by dividing it by the sum of all
coefficients, then multiplied by the binary variable repre-
senting individual lifestyle (unhealthy =0, healthy=1) and
summed to obtain the final score for each participant.
Based on this score, participants were divided into four
groups: very unhealthy group ([0, 0.25), reference group),
unhealthy group ([0.25, 0.50)), healthy group ([0.50,
0.75)), and very healthy group ([0.75, 1.0)).

We employed Cox proportional hazards models to cal-
culate hazard ratios (HRs) and 95% confidence intervals
(Cls) for assessing the associations between different life-
style groups, individual lifestyle factors, and composite
CMD as well as 11 specific CMDs. Three progressively
adjusted models were constructed in the multivariate
analysis: Model 1 adjusted for age, sex, and ethnicity;
Model 2 additionally adjusted for TDI, BMI, and seden-
tary time based on Model 1; Model 3 further adjusted
for DBP, SBP, TC, TG, LDL, HDL, and HbAlc based on
Model 2. Kaplan—Meier survival curves were plotted to
visualize disease-free survival differences across life-
style groups, with comparisons made using the log-rank
test. To evaluate the incremental predictive value of the
weighted lifestyle score, we compared traditional risk
models with and without the weighted lifestyle score
for 10-year incident disease risk. Time-dependent AUC,
continuous net reclassification improvement, and inte-
grated discrimination improvement were calculated at
the 10-year horizon to assess changes in discrimina-
tion and reclassification while accounting for censor-
ing during follow-up. To verify the robustness of the
results, multiple subgroup and sensitivity analyses were
conducted. Subgroup analyses were stratified by age,
sex, ethnicity, BMI, Townsend deprivation index, and
sedentary time, with interaction tests performed. Sen-
sitivity analyses included: deriving B coefficients from a
random one-third of the dataset and validating them in
the remaining two-thirds; analyzing using an unweighted
summation score; and excluding participants who expe-
rienced outcome events or died within the first two years
of follow-up to minimize reverse causality bias. Given the
multiple comparisons across disease-specific outcomes,
false discovery rate correction was applied using the Ben-
jamini—Hochberg method. For disease-specific outcome
analyses, false discovery rate correction was applied
across the 33 fully adjusted comparisons, including
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three lifestyle-score group comparisons with the very
unhealthy group as the reference across 11 individual
cardiometabolic and related disease outcomes. Subgroup
analyses and prediction-performance comparisons were
considered exploratory and interpreted cautiously.

All statistical analyses were two-sided, with P<0.05
considered statistically significant.

Results

Baseline characteristics

This study ultimately included 148,155 UK Biobank par-
ticipants without CMD at baseline. The median follow-
up period was 13.2 years. Based on weighted healthy
lifestyle scores (Supplementary Method 3), participants
were divided into four groups: Very Unhealthy Group
(n=7,083), Unhealthy Group (n=28,623), Healthy Group
(n=62,148), and Very Healthy Group (n=50,301). As
shown in Table 1, compared to groups with less healthy
lifestyles, those with healthier lifestyles were generally
younger, had a higher proportion of females, lower BMI
and blood pressure levels, and a lower Townsend depriva-
tion index. Also, participants with higher lifestyle scores
had a better lipid profile compared to the very unhealthy
group. Baseline characteristics of included and excluded
participants were shown in Supplementary Table 3.
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Construction of healthy lifestyle score and its association
with composite CMD risk

To construct a weighted healthy lifestyle score, this study
first used Cox proportional hazards models to assess
the associations between five lifestyle factors and the
risk of composite CMD, with the regression coefficients
(B coefficients) serving as weights. The results of this
model indicated that healthy sleep contributed the high-
est weight (standardized B coefficient=0.342) (Supple-
mentary Method 3). The nomogram constructed for this
weighted model showed that the line segment represent-
ing healthy sleep was the longest (Supplementary Fig. 1),
consistent with the B coefficient results.

Subsequently, the fully adjusted Cox models (Supple-
mentary Table 4) revealed that non-current smoking
(HR: 0.77, 95% CI: 0.74—0.80), non-excessive drinking
(HR: 0.91, 95% CI: 0.89—-0.93), healthy diet (HR: 0.95, 95%
CI: 0.93-0.97), and healthy sleep (HR: 0.89, 95% CI: 0.86—
0.90) were all independently associated with a reduced
risk of composite CMD. No significant association was
observed between physical activity and composite CMD
risk (HR: 1.00, 95% CI: 0.97-1.02). The frequency distri-
bution plot demonstrated that the weighted healthy life-
style score, integrating these factors, exhibited a broad
multimodal distribution in the study population (Supple-
mentary Fig. 2).

Table 1 Baseline characteristics of participants by healthy lifestyle score

Total Very unhealthy Unhealthy Healthy Very healthy Poatue
(n=148,155) (n=7,083) (n=28,623) (n=62,148) (n=50,301)
Age, years, median [IQR] 55.00 [48.00,61.00] 52.00[46.00,60.00]  55.00[48.00,61.00] 56.00[49.00,62.00] 55.00[48.00,61.00] <0.001
Sex, male, n (%) 70,787 (47.78) 5003 (70.63) 17,494 (61.12) 31,686 (50.98) 16,604 (33.01) <0.001
Ethnicity, white, n (%) 144,946 (97.83) 6876 (97.08) 28,015 (97.88) 60,867 (97.94) 49,188 (97.79) <0.001
BMI, kg/mz, median [IQR] 25.801[23.53,2844] 26.77[24.24,29.50] 26.53[24.24,29.07] 2598[23.74,28.60] 25.07[22.94,27.60] <0.001
Sedentary time, median 5.00[3.00, 6.00] 5.00[4.00, 7.00] 5.00 [4.00, 6.00] 5.00[4.00, 6.00] 4.00[3.00, 5.00] <0.001
[IQR], h
Blood pressure (BP)
SBP, mmHg, median [IQR] 135.00 [123.00, 136.00 [125.00, 137.00 [126.00, 135.00 [124.00, 132.00 [121.00, <0.001
147.00] 148.00] 149.00] 148.00] 145.00]
DBP, mmHg, median [IQR] 81.00[74.00,88.00] 82.00[76.00,89.00] 82.00[76.00,89.00] 81.00[75.00,88.00] 79.00[73.00,86.00] <0.001
Townsend deprivation index,  -2.51[-3.85,-0.33] -1.58[-3.37,1.45] -2.24[-3.69, 0.25] -2.56 [-3.88,-0.48] -2.68 [-3.95, -0.69] <0.001
median [IQR]
TC, mmol/L [IQR] 5.80[5.13,6.53] 81 [5.14,6.53] 5.86[5.19, 6.60] 1[5.15,6.54] 5.74[5.08,6.47] <0.001
TG, mmol/L [IQR] 1.37[0.98, 2.00] 67 [1.13,2.48] 1.501[1.05,2.19] 1.38[0.98, 2.00] 1.2710.93,1.82] <0.001
LDL-C, mmol/L [IQR] 61[3.09,4.17] 3.65(3.10,4.21] 3.65[3.12,4.23] 61[3.10,4.18] 3.56[3.05,4.13] <0.001
HDL-C, mmol/L [IQR] 1.481[1.24,1.76] 1.36[1.16,1.63] 145101.22,1.73] 1.4811.25,1.76] 1[1.26,1.77] <0.001
HbA1c, mmol/mol [IQR] 3440 BZ.WO/ 36.60] 34.90([32.50,37.30] 34.50 [32.20, 36.80] 34.20 BZ.OO, 36.50] 3430 BZJO, 36.60] <0.001
Healthy lifestyle factors <0.001
Non-current smoking, n (%) 133,536 (90.13) 2306 (32.56) 21,458 (74.97) 60,906 (98.00) 48,866 (97.15)
Non-excessive drinking, n (%) 77,317 (52.19) 0 (0.00) 2201 (7.69) 24815 (39.93) 50,301 (100. OO)
Regular physical activity, n (%) 110,124 (74.33) 3379(47.71) 22,590 (78.92) 45,990 (74.00) 65 (75.87)
Healthy diet, n (%) 110,462 (74.56) 2679 (37.82) 21,073 (73.62) 46,250 (74.42) 40,460 (80.44)
Healthy sleep, n (%) 93,840 (63.34) 0(0.00) 4964 (17.34) 38,575 (62.07) 50,301 (100.00)

BMI, body mass index; DBP, diastolic blood pressure; HbA1c, hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-
density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides
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Table 2 The association between healthy lifestyle and cardiometabolic and related diseases

Total (Event) Model 1 Model 2 Model 3
HR (95% ClI) Palue HR (95% Cl) Palue HR (95% ClI) Patue
Very unhealthy 7,083(2,171) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Unhealthy 28,623(8,097) 0.83 (0.79-0.87) <0.001 0.85 (0.81-0.90) <0.001 0.87 (0.83-0.91) <0.001
Healthy 62,148 (15,241) 0.71 (0.68-0.74) <0.001 0.75 (0.72-0.79) <0.001 0.77 (0.73-0.80) <0.001
Very Healthy 50,301 (10,222) 0.62 (0.59-0.65) <0.001 0.69 (0.66-0.73) <0.001 0.70 (0.67-0.74) <0.001

Model 1: adjusted for sex, age, ethnicity (white, non-white)

Model 2: additionally adjusted for Townsend deprivation index, body mass index, sedentary time

Model 3: additionally adjusted for SBP, TC, TG, DBP, LDL, HDL and HbAlc

Cl, confidence interval; DBP, diastolic blood pressure; HbA1c, hemoglobin Alc; HDL, high-density lipoprotein cholesterol; HR, hazard ratio; LDL, low-density
lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides

Kaplan—Meier Curves for Disease—Free Survival by Lifestyle Group
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Fig. 2 Kaplan-Meier curves for cardiometabolic and related disease-free survival stratified by lifestyle groups

Healthy lifestyle and cardiometabolic diseases

The fully adjusted Cox proportional hazards model
revealed a significant dose-response relationship
between the weighted healthy lifestyle score and the risk
of composite CMD (Table 2). Using the “very unhealthy”
group as the reference, the HRs for the “unhealthy’,
“healthy”, and “very healthy” groups progressively
decreased with higher lifestyle scores, with values of 0.87
(95% CI: 0.83-0.91), 0.77 (95% CI: 0.73-0.80), and 0.70
(95% CI: 0.67-0.74), respectively. Kaplan—Meier survival
analysis similarly demonstrated that healthier lifestyles
were associated with higher disease-free survival rates

(P<0.0001) (Fig. 2). When this analysis was applied to
11 specific CMDs, the inverse association persisted for
most individual diseases, including T2DM, CHD, stroke,
HE, hypertension, and VHD (Supplementary Table 5).
The most pronounced effect was observed for pulmo-
nary hypertension, where the “very healthy” group exhib-
ited a 66% lower risk compared to the “very unhealthy”
group (HR: 0.34, 95% CI: 0.24—0.50). After false discov-
ery rate correction for multiple disease-specific compari-
sons, most of these associations remained statistically
significant, whereas the associations for AD, NAFLD,
and cardiomyopathy were not statistically significant.



Chen et al. Journal of Cardiothoracic Surgery (2026) 21:681

Page 7 of 12

Table 3 Comparison of model performance for 10-year incident disease risk before and after adding the weighted lifestyle score

Exposures Continuous NRI Pyalue IDI Pyaie AUC AAUC P e
(95% CI) (95% CI) (95% Cl)

CHD

@Basic model Ref - Ref - 0.7283(0.7229-0.7338) - Ref

Basic model +weighted lifestyle score  0.161(0.123-0.187)  <0.001  0.0004 (0.0002-0.0006) <0.001 0.7295 (0.7240-0.7350) 0.0012 <0.001

T2DM

bBasic model Ref - Ref - 0.8001 (0.7934-0.8070) - Ref

Basic model +weighted lifestyle score  0.277(0.239-0.298) <0.001 0.0017 (0.0011-0.0023) <0.001 0.8013(0.8001-0.8142) 0.0012 <0.001

Atrial fibrillation

“Basic model Ref - Ref - 0.6694 (0.6643-0.6756) - Ref

Basic model +weighted lifestyle score  0.198 (0.165-0.221)  <0.001 0.0012 (0.0010-0.0019) <0.001 0.6959 (0.6872-0.7034) 0.0265 <0.001

Stroke

dBasic model Ref - Ref - 07122(07101-07213) - Ref

Basic model +weighted lifestyle score  0.210 (0.175-0.229) <0.001 0.0014 (0.0011-0.0018) <0.001 0.7211 (0.7145-0.7298) 0.0089 <0.001

# Basic model for CHD is the Framingham Risk Score
b Basic model for T2DM is the Finnish Diabetes Risk Score (FINDRISC)
€ Basic model for atrial fibrillation is the CHARGE-AF model

d Basic model for stroke is the QStroke algorithm

AUC, area under the curve; CHD, coronary heart disease; Cl, confidence interval; DI, integrated discrimination improvementindex; NRI, continuous net reclassification

index; Ref., reference; T2DM, type 2 diabetes mellitus

The strongest inverse association was observed for pul-
monary hypertension, where the “very healthy” group
had a lower risk than the “very unhealthy” group ( FDR-
adjusted P <0.001).

Lifestyle score improves risk prediction models

To evaluate the incremental value of the weighted healthy
lifestyle score constructed in this study for existing
clinical risk prediction models, we assessed four major
CMD by calculating the AUC, continuous NRI, and IDI
(Table 3). Adding the weighted lifestyle score to tradi-
tional models resulted in statistically significant improve-
ments in AUC, continuous NRI, and IDI for 10-year
incident disease risk. Taking CHD as an example, when
the weighted lifestyle score was added to the Framing-
ham Risk Score, the AUC increased from 0.7283 (95% CI:
0.7229-0.7338) to 0.7295 (95% CI: 0.7240—0.7350), cor-
responding to a small absolute increase in AUC of 0.0012
(P <0.001). The continuous NRI for this model was 0.161
(95% CI: 0.123-0.187; P <0.001), and the IDI was 0.0004
(95% CI: 0.0002—-0.0006; P <0.001). Similar statistically
significant improvements were observed for T2DM,
AF, and stroke after incorporating the weighted lifestyle
score. However, the absolute increases in AUC were gen-
erally modest.

Sensitivity and subgroups analyses

In all three sensitivity analyses, the association between
a healthy lifestyle and a reduced risk of composite CMD
remained robust (Supplementary Table 6): using B coef-
ficients derived from the training set (a random one-third
of the population) to test the validation set (the remain-
ing two-thirds of the population); analyzing with a simple

unweighted lifestyle score count; and excluding partici-
pants who experienced events within the first two years
of follow-up to eliminate potential reverse causation.
Supplementary Fig. 3 displays the frequency distribution
of the weighted healthy lifestyle score in the validation
set (the remaining two-thirds of the population). Supple-
mentary Fig. 4 shows the frequency distribution of the
simple count-based total healthy lifestyle score for the
entire population.

Subgroup analyses showed that the inverse association
between a healthier lifestyle and composite CMD risk
was generally consistent across most subgroups (Supple-
mentary Table 7). Stratified analyses by sex, ethnicity,
BM]I, and sedentary time showed no statistically signifi-
cant interactions (P for interaction=0.121, 0.738, 0.281,
and 0.291, respectively). However, significant interac-
tions were observed for age (P for interaction <0.001) and
Townsend deprivation index (P for interaction =0.026),
suggesting that the magnitude of the association may dif-
fer by age and socioeconomic status.

Discussion

This study, based on a large prospective cohort, system-
atically evaluated the association between a comprehen-
sive healthy lifestyle score and the risk of 11 CMDs. The
main findings can be summarized into four key points:
(1) A weighted score composed of five lifestyle factors
showed a significant dose—response relationship with a
reduced composite risk of multiple CMDs; (2) Healthy
sleep was the lifestyle factor with the largest contribution
weight among all assessed lifestyle factors; (3) the stron-
gest inverse association was observed for pulmonary
hypertension, although this finding should be interpreted
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cautiously given the broad ICD-based outcome defini-
tion; and (4) adding the weighted lifestyle score to exist-
ing clinical risk prediction models provided modest
incremental improvement in predictive performance.

It should be noted that the outcomes included in this
study represent a broad and clinically heterogeneous
spectrum of cardiometabolic and related diseases. Some
outcomes, including CHD, T2DM, hypertension, stroke,
HE, and AF, are well-established cardiometabolic con-
ditions. Other outcomes, such as AD, NAFLD, VHD,
cardiomyopathy, and pulmonary hypertension, may be
more appropriately considered cardiometabolic-related
conditions because they may share vascular, metabolic,
inflammatory, or lifestyle-associated risk pathways.
Therefore, the composite outcome in this study should
be interpreted as a broad cardiometabolic and related
disease spectrum rather than a single homogeneous dis-
ease entity. This broader framework allowed us to explore
whether healthier lifestyle patterns were associated with
a wider range of clinically relevant outcomes, while the
disease-specific analyses helped characterize potential
heterogeneity across outcomes.

Our main finding—that a healthier combined lifestyle
score was associated with a lower risk of CMDs—is con-
sistent with previous research and evidence from meta-
analyses [9, 28, 29]. For example, previous studies have
shown that lifestyle modifications can be associated
with lower incidence of major adverse cardiovascular
events, CHD, and T2DM [30-34]. However, this study
extends in several aspects. We evaluated up to 11 dif-
ferent CMDs, including some less-studied but clinically
equally important conditions, such as VHD and pul-
monary hypertension. This systematic assessment sug-
gests that the associations of healthier lifestyle patterns
may not be limited to the most common CMDs but may
extend across a broader pathophysiological spectrum.
Moreover, the inverse association of a healthy lifestyle is
not only observed in European and American countries
but also demonstrates a similar impact in China [35, 36].
The meta-analysis also confirmed that these inverse asso-
ciations are generally consistent and significant across
individuals from different continents, ethnic groups, and
socioeconomic backgrounds. [29, 37]

Many previous studies have adopted a simple summa-
tion scoring method when constructing scores, assign-
ing equal weight to each lifestyle factor. For instance,
research by Hoevenaar-Blom et al. [38] constructed life-
style scores by summing scores for factors such as diet,
physical activity, smoking, alcohol consumption, and
BMI, which demonstrated a significant negative correla-
tion between higher scores (indicating a healthier life-
style) and the risk of cardiovascular disease. Although
this method is effective, its underlying assumption is
that each behavior contributes equally to risk reduction.
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Similar to the studies by Xie et al. [15] and Han et al. [39],
this research employs a weighted scoring system based
on the P coefficients of factors in the Cox model. This
data-driven approach more accurately reflects the differ-
ential impacts of various behaviors, revealing that in our
cohort, non-current smoking and healthy sleep exert par-
ticularly strong influences. This methodological advan-
tage avoids the potential misclassification that may arise
from simple summation scoring—for instance, a physi-
cally active smoker could receive the same score as a sed-
entary individual who never smokes.

In our weighted model, healthy sleep had the largest
contribution among the five lifestyle factors, suggesting
that sleep may play a particularly important role in car-
diometabolic health. This finding is clinically relevant
because sleep disturbance may affect multiple pathways
related to cardiometabolic disease, including blood pres-
sure regulation, glucose metabolism, autonomic balance,
inflammation, and neuroendocrine function. From a
public health perspective, it also supports the view that
sleep should be considered alongside smoking, diet,
and physical activity in prevention strategies, rather
than being treated as a secondary lifestyle factor. In this
regard, our results are closely aligned with the American
Heart Association’s “Life’s Essential 8", which places sleep
alongside diet, physical activity, nicotine exposure, body
weight, blood lipids, blood glucose, and blood pressure
as a core component of cardiovascular health [40]. The
prominent contribution of sleep in our analysis provides
additional population-based support for this framework
and reinforces the importance of integrating sleep health
into routine cardiometabolic prevention efforts. Addi-
tionally, the meta-analysis of prospective studies revealed
a U-shaped relationship between sleep duration and car-
diovascular outcomes, indicating that both insufficient
and excessive sleep are associated with increased risk [41,
42]. The present findings are consistent with the hypothe-
sis that healthy sleep may represent an important lifestyle
component associated with cardiometabolic health. [43]
Regarding other lifestyle components, our findings on
smoking, alcohol consumption, and diet align with estab-
lished evidence. The harms of smoking are unequivocal,
and our results are consistent with other studies demon-
strating that non-current smoking is crucial for cardio-
vascular health [44]. We found a inverse association of
a healthy diet, which is also supported by dietary guide-
lines advocating for diets rich in fruits, vegetables, whole
grains, and limited in processed foods [45-47]. However,
in our fully adjusted model, regular physical activity did
not maintain an independent statistically significant asso-
ciation with the composite CMDs outcome. This finding
should be interpreted cautiously and in the context of the
analytic framework used in the present study [48]. The
fully adjusted model included metabolic and behavioral
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covariates such as BMI, HbAlc, lipid measures, and sed-
entary time, and such extensive adjustment may have
attenuated the observed association. In addition, physi-
cal activity was assessed by self-report and categorized
according to guideline-based thresholds, which may
have reduced sensitivity to differences in activity level. It
should also be noted that the composite CMD outcome
included 11 heterogeneous diseases, and the strength of
association for physical activity may vary across specific
endpoints. Therefore, this result should be understood as
the fully adjusted association for the composite outcome
in our cohort, rather than as evidence against the estab-
lished importance of physical activity in cardiometabolic
prevention. The broader literature and current guidelines
continue to support regular physical activity as a key
component of disease prevention. [49, 50]

A particularly noteworthy finding of our study was the
strong inverse association between a very healthy lifestyle
and incident pulmonary hypertension. Participants in
the very healthy lifestyle group had a lower risk of ICD-
defined pulmonary hypertension than those in the very
unhealthy group, representing the strongest association
among the individual outcomes examined. However,
this finding should be interpreted cautiously because our
outcome definition was based on ICD-coded pulmonary
hypertension rather than pulmonary arterial hyperten-
sion specifically. Pulmonary hypertension is a clinically
heterogeneous condition that includes multiple clinical
groups with distinct underlying causes and pathophysi-
ological features. [51, 52]

Several potential explanations may partly account for
the observed association. Healthy lifestyle patterns may
reflect a more favorable overall cardiometabolic profile,
lower obesity burden, better vascular health, and reduced
cardiopulmonary stress, which may be relevant to pul-
monary hypertension across different clinical contexts.
In addition, healthy sleep may be particularly relevant, as
sleep-related breathing disorders can affect pulmonary
haemodynamics and are discussed in relation to pulmo-
nary hypertension in patients with and without chronic
respiratory disease [53]. Nevertheless, because of the
observational design and the broad ICD-based pulmo-
nary hypertension definition, these explanations should
be considered hypothesis-generating rather than causal
evidence. Further studies using more specific pulmo-
nary hypertension phenotyping are needed to determine
whether healthy lifestyle patterns are differentially asso-
ciated with specific pulmonary hypertension subtypes,
including pulmonary arterial hypertension.

The null or inconsistent associations observed for
AD, NAFLD, and cardiomyopathy should also be inter-
preted cautiously. These results may reflect true differ-
ences in the relevance of lifestyle factors across disease
pathways, but they may also be influenced by outcome
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ascertainment. For example, NAFLD and hypertension
are commonly diagnosed or monitored in outpatient and
primary care settings, whereas our outcome definitions
relied on self-reported physician diagnoses and hospital
inpatient records. Therefore, milder or asymptomatic
cases may have been missed. Similarly, ICD-defined pul-
monary hypertension, valvular heart disease, and cardio-
myopathy may include heterogeneous clinical entities,
which could dilute or obscure subtype-specific associa-
tions. These issues may partly explain why associations
were stronger and more consistent for several tradi-
tional cardiometabolic outcomes than for some related
conditions.

Adding the weighted lifestyle score to traditional mod-
els resulted in statistically significant improvements in
AUC, continuous NRI, and IDI. However, the absolute
increases in AUC were generally modest, indicating that
the incremental predictive value of the score should be
interpreted cautiously. Therefore, these findings should
be viewed as evidence of modest improvement in risk
stratification rather than substantial enhancement of
clinical prediction. The potential value of the weighted
lifestyle score may lie in its ability to summarize multiple
modifiable behaviors, including sleep, in a simple and
interpretable way. Further external validation and clinical
utility analyses are needed to determine whether incor-
porating this score can meaningfully improve risk predic-
tion or decision-making in practice.

This study has several strengths, including its large
sample size, prospective design, long-term follow-up,
and comprehensive assessment of 11 different CMDs.
A series of rigorous subgroup and sensitivity analyses
further confirmed the robustness of our findings. Nev-
ertheless, some limitations must also be acknowledged.
First, as an observational study, it cannot establish cau-
sality. Second, lifestyle factors were assessed through self-
reported questionnaires, which may introduce recall bias
and social desirability bias. Third, lifestyle was assessed at
baseline and may have changed during follow-up. How-
ever, in the absence of major health events, core lifestyle
habits tend to remain stable in adulthood for most indi-
viduals [54]. Fourth, the UK Biobank cohort is not rep-
resentative of the general UK population; participants
were healthier and predominantly of White European
descent (97.8% in our sample). While this does not affect
the internal validity of the observed associations, caution
should be exercised when generalizing the findings to
more diverse ethnic groups, as different populations may
have distinct risk profiles. Fifth, pulmonary hyperten-
sion was identified using ICD codes rather than detailed
clinical phenotyping, haemodynamic measurements, or
adjudicated subtype classification. Thus, this outcome
reflects ICD-defined pulmonary hypertension and should
not be interpreted as pulmonary arterial hypertension
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specifically. Given the clinical heterogeneity of pulmo-
nary hypertension, potential misclassification and sub-
type heterogeneity may have influenced the observed
association, which should therefore be considered
hypothesis-generating. Sixth, outcome misclassification
and under-ascertainment may have occurred because
disease outcomes were identified using self-reported
physician diagnoses and hospital inpatient records. Con-
ditions often diagnosed or managed outside inpatient
settings, such as hypertension and non-alcoholic fatty
liver disease, may have been under-ascertained. In addi-
tion, ICD-based definitions of pulmonary hypertension,
VHD, and cardiomyopathy may include clinically hetero-
geneous entities rather than subtype-specific diagnoses.
Seventh, the weighted healthy lifestyle score was derived
from Cox regression coefficients estimated in the ana-
lytic cohort, and the same cohort was used to evaluate its
associations and predictive performance. Although sen-
sitivity analyses using weights derived from a randomly
selected subset and using an unweighted lifestyle score
yielded broadly consistent results, potential optimism or
overfitting due to data-driven weighting cannot be fully
excluded. External validation in independent cohorts is
needed before this weighted score can be applied in clini-
cal risk prediction. Eighth, although the weighted lifestyle
score provided statistically significant incremental pre-
dictive value beyond traditional risk models, the abso-
lute increases in the area under the curve were generally
small. Therefore, these findings should be interpreted as
modest improvement in risk stratification rather than
substantial enhancement of clinical prediction. Further
external validation and clinical utility analyses are needed
before the weighted lifestyle score can be considered for
practical risk prediction. Ninth, the composite outcome
included a broad and clinically heterogeneous group
of cardiometabolic and related diseases. Although this
approach allowed us to examine associations across a
wider disease spectrum, it may also obscure outcome-
specific differences and should not be interpreted as rep-
resenting a single homogeneous disease process. Tenth,
selection bias may have occurred because the main anal-
ysis was based on participants with complete data on life-
style factors and covariates. The final analytic cohort may
not fully represent the entire UK Biobank cohort, and the
generalizability of the findings should be interpreted with
caution. Finally, although false discovery rate correction
was applied to disease-specific outcome analyses, sub-
group analyses and prediction-performance comparisons
were considered exploratory and should be interpreted
cautiously.
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Conclusion

In conclusion, in this large prospective cohort study,
adherence to a comprehensive healthy lifestyle was asso-
ciated with a lower risk of a broad spectrum of cardio-
metabolic and related diseases. Among the five lifestyle
factors, healthy sleep contributed the greatest weight to
the composite lifestyle score, underscoring the impor-
tance of incorporating sleep into comprehensive lifestyle
assessment. The weighted lifestyle score also provided
modest incremental value for 10-year risk prediction
beyond traditional risk models. These findings highlight
the potential relevance of integrated lifestyle assessment
for cardiometabolic and related disease risk stratification
and support further investigation of comprehensive life-
style patterns in disease prevention.

Abbreviations

AD Alzheimer’s disease

AF Atrial fibrillation

AHA American heart association

AUC Area under the curve

BMI Body mass index

CHARGE-AF  The CHARGE-AF model

CHD Coronary heart disease

@ Confidence interval

CMDs Cardiometabolic diseases

DBP Diastolic blood pressure

FINDRISC The Finnish diabetes risk score

FRS The Framingham risk score

HbATc Hemoglobin Alc

HDL High-density lipoprotein cholesterol
HF Heart failure

HR Hazard ratio

IDI Integrated discrimination improvement index
LDL Low-density lipoprotein cholesterol
NAFLD Non-alcoholic fatty liver disease

NRI Continuous net reclassification index
QStroke The QStroke algorithm

SBP Systolic blood pressure

T2DM Type 2 diabetes mellitus

TC Total cholesterol

TG Triglycerides

TDI Townsend deprivation index

VHD Valvular heart disease

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/513019-026-04485-z.

[ Additional file 1. J

Acknowledgements
This study has been conducted using the UK Biobank Resources under
application number 97155.

Author contributions

Xinyue Chen: Writing—original draft, Software, Investigation, Data curation.
Sen Han: Writing—original draft, Software, Data curation. Yating Chen:
Validation, Investigation. Sheng Yuan: Validation, Investigation. Jining He:
Validation, Investigation. Zixiang Ye: Validation, Investigation. Yanjun Song:
Supervision, Methodology, Conceptualization. Kefei Dou: Writing—review &
editing, Methodology, Conceptualization.


https://doi.org/10.1186/s13019-026-04485-z
https://doi.org/10.1186/s13019-026-04485-z

Chen et al. Journal of Cardiothoracic Surgery (2026) 21:681

Funding

This work was supported by the Noncommunicable Chronic Diseases-
National Science and Technology Major Project (2025ZD0548200), Science
Foundation of Peking University Cancer Hospital (JC202508), and National
High Level Hospital Clinical Research Funding (2022-GSP-QN-06, 2023-GSP-
GG-02, 2023-GSP-ON-17, 2023-GSP-QN-34, 2023-GSP-RC-05).

Data availability

Researchers interested in accessing the data used in this study can apply for
access to the UK Biobank by visiting their website (https://www.ukbiobank.
ac.uk/enable-your-research/apply-for-access) and submitting an application
that includes a research protocol summary and requested data fields. Upon
approval by the UK Biobank management team and payment of applicable
fees, researchers will be granted access to the dataset.

Declarations

Ethics approval and consent to participate
UK Biobank has been approved by the National Research Ethics Committee of
the National Health Service (NHS). All participants signed informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

!Cardiometabolic Medicine Center, Department of Cardiology, National
Center for Cardiovascular Diseases, Fuwai Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College, 167A Beilishi Road,
Xi Cheng District, BeijingBeijing 100037, China

’Coronary Heart Disease Center, Department of Cardiology, National
Center for Cardiovascular Diseases, Fuwai Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College, 167A Beilishi Road,
Xi Cheng District, BeijingBeijing 100037, China

3State Key Laboratory of Cardiovascular Disease, 167A Beilishi Road, Xi
Cheng District, Beijing 100037, China

“National Clinical Research Center for Cardiovascular Diseases, 167A
Beilishi Road, Xi Cheng District, Beijing 100037, China

°Key Laboratory of Carcinogenesis and Translational Research (Ministry of
Education), Department of Thoracic Oncology II, Peking University Cancer
Hospital and Institute, Beijing, China

®Beijing Anzhen Hospital, Capital Medical University, Beijing, China

Received: 5 March 2026 / Accepted: 15 June 2026
Published online: 24 June 2026

References

1. Dieleman JL, et al. US health care spending by payer and health condition,
1996-2016. JAMA. 2020;323:863-84.

2. CaiJ, et al. Nonalcoholic fatty liver disease pandemic fuels the upsurge in
cardiovascular diseases. Circ Res. 2020;126:679-704.

3. Kirkegaard H, et al. Association of adherence to lifestyle recommendations
and risk of colorectal cancer: a prospective Danish cohort study. 2010. https:/
/doi.org/10.1136/bmj.c5504

4. Guasch-Ferré M, et al. Healthy lifestyle score including sleep duration and
cardiovascular disease risk. Am J Prev Med. 2022,63:33-42.

5. Zhang Y-B, et al. Associations of healthy lifestyle and socioeconomic status
with mortality and incident cardiovascular disease: two prospective cohort
studies. The BMJ. 2021;373:n604.

6. Hongs, Lee D-B, Yoon D-W, Yoo S-L, Kim J. The Effect of sleep disruption on
cardiometabolic health. Life Basel Switz. 2025;15:60.

7. Rangaraj VR, Knutson KL. Association between sleep deficiency and
cardiometabolic disease: implications for health disparities. Sleep Med.
2016;18:19-35.

8. Sudlow C, et al. UK biobank: an open access resource for identifying the
causes of a wide range of complex diseases of middle and old age. PLoS
Med. 2015;12:¢1001779.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33.

34.

35.

36.

Page 11 of 12

Chudasama YV, et al. Healthy lifestyle and life expectancy in people with
multimorbidity in the UK biobank: a longitudinal cohort study. PLoS Med.
2020;17:€1003332.

Alcohol units. nhs.uk https://www.nhs.uk/live-well/alcohol-advice/calculatin
g-alcohol-units/. 2022.

Goddard E. Estimating alcohol consumption from survey data: updated
method of converting volumes to units. 2007.

Benjamin EJ, et al. Heart disease and stroke statistics-2017 update: a report
from the American heart association. Circulation. 2017;135:146-603.
Physical activity guidelines: UK Chief Medical Officers'report. GOV.UK https:/
/www.gov.uk/government/publications/physical-activity-guidelines-uk-chie
f-medical-officers-report. 2020.

Li X, et al. Healthy sleep patterns and risk of incident arrhythmias. J Am Coll
Cardiol. 2021;78:1197-207.

Xie H, et al. Association between healthy lifestyle and the occurrence of car-
diometabolic multimorbidity in hypertensive patients: a prospective cohort
study of UK Biobank. Cardiovasc Diabetol. 2022;21:199.

Song Y, et al. Social isolation, loneliness, and incident type 2 diabetes mel-
litus: results from two large prospective cohorts in Europe and East Asia and
Mendelian randomization. EClinicalMedicine. 2023:64:102236.

Shi'S, et al. The association of the triglyceride-glucose index with the risk

of atrial fibrillation: analysis of the UK biobank. Nutr Metab Cardiovasc Dis.
2025;35.

Lindholm D, Fukaya E, Leeper NJ, Ingelsson E. Bioimpedance and new-onset
heart failure: a longitudinal study of >500 000 individuals from the general
population. J Am Heart Assoc Cardiovasc Cerebrovasc Dis. 2018;7:e008970.
Wilkinson T, et al. Identifying dementia outcomes in UK Biobank: a validation
study of primary care, hospital admissions and mortality data. Eur J Epide-
miol. 2019;34:557-65.

Zhang Z, et al. Non-alcoholic fatty liver disease and vitamin D in the UK bio-
bank: a two-sample bidirectional mendelian randomisation study. Nutrients.
2023;15:1442.

Tung M, Nah G, Tang J, Marcus G, Delling FN. Valvular disease burden in the
modern era of percutaneous and surgical interventions: the UK biobank.
Open Heart. 2022;9:e002039.

Raisi-Estabragh Z, et al. Incident cardiovascular events and imaging pheno-
types in UK biobank participants with past cancer. Heart. 2023;109:1007-15.
Honigberg MC, et al. Association of premature menopause with incident
pulmonary hypertension: a cohort study. PLoS ONE. 2021;16:60247398.
Kannel WB, Dawber TR, Kagan A, Revotskie N, Stokes J. Factors of risk in the
development of coronary heart disease—-six year follow-up experience. The
Framingham study. Ann Intern Med. 1961;55:33-50.

Saaristo T, et al. Lifestyle intervention for prevention of type 2 diabetes in
primary health care: one-year follow-up of the Finnish National Diabetes
Prevention Program (FIN-D2D). Diabetes Care. 2010,33:2146-51.

Alonso A, et al. Simple risk model predicts incidence of atrial fibrillation in a
racially and geographically diverse population: the CHARGE-AF consortium. J
Am Heart Assoc. 2013;2:e000102.

Hippisley-Cox J, Coupland C, Brindle P. Derivation and validation of QStroke
score for predicting risk of ischaemic stroke in primary care and comparison
with other risk scores: a prospective open cohort study. BMJ. 2013,;346:f2573.
LiY, et al. Impact of healthy lifestyle factors on life expectancies in the US
population. Circulation. 2018;138:345-55.

Zhang Y-B, et al. Combined lifestyle factors, all-cause mortality and cardiovas-
cular disease: a systematic review and meta-analysis of prospective cohort
studies. J Epidemiol Community Health. 2021;75:92-9.

Yu E, et al. Diet, lifestyle, biomarkers, genetic factors, and risk of cardiovascular
disease in the nurses health studies. Am J Public Health. 2016;106:1616-23.
Freisling H, et al. Lifestyle factors and risk of multimorbidity of cancer and
cardiometabolic diseases: a multinational cohort study. BMC Med. 2020;18:5.
Hu FB, et al. Diet, lifestyle, and the risk of type 2 diabetes mellitus in women.
N EnglJ Med. 2001;345:790-7.

Stampfer MJ, Hu FB, Manson JE, Rimm EB, Willett WC. Primary prevention of
coronary heart disease in women through diet and lifestyle. N Engl J Med.
2000;343:16-22.

Barbaresko J, Rienks J, Nothlings U. Lifestyle indices and cardiovascular
disease risk: a meta-analysis. Am J Prev Med. 2018;55:555-64.

Jiang Y-Y, et al. Lifestyle improvement and the reduced risk of cardiovascular
disease: the China-PAR project. J Geriatr Cardiol. 2023;20:779-87.

Lv J, et al. Adherence to healthy lifestyle and cardiovascular diseases in the
Chinese population. J Am Coll Cardiol. 2017;69:1116-25.


https://www.ukbiobank.ac.uk/enable-your-research/apply-for-access
https://www.ukbiobank.ac.uk/enable-your-research/apply-for-access
https://doi.org/10.1136/bmj.c5504
https://doi.org/10.1136/bmj.c5504
https://www.nhs.uk/live-well/alcohol-advice/calculating-alcohol-units/
https://www.nhs.uk/live-well/alcohol-advice/calculating-alcohol-units/
https://www.gov.uk/government/publications/physical-activity-guidelines-uk-chief-medical-officers-report
https://www.gov.uk/government/publications/physical-activity-guidelines-uk-chief-medical-officers-report
https://www.gov.uk/government/publications/physical-activity-guidelines-uk-chief-medical-officers-report

Chen et al. Journal of Cardiothoracic Surgery

37.

38.

39.

40.

41,
42,
43,
44,
45,

46.

47.

(2026) 21:681

Kwok CS, et al. Self-reported sleep duration and quality and cardiovascular
disease and mortality: a dose-response meta-analysis. J Am Heart Assoc
Cardiovasc Cerebrovasc Dis. 2018;7:2008552.

Hulsegge G, et al. Lifestyle changes in young adulthood and middle age and
risk of cardiovascular disease and all-cause mortality: the doetinchem cohort
study. J Am Heart Assoc. 2016;5:e002432.

Han', et al. Lifestyle, cardiometabolic disease, and multimorbidity in a pro-
spective Chinese study. Eur Heart J. 2021;42:3374-84.

Lloyd-Jones DM, et al. Life's essential 8: updating and enhancing the Ameri-
can heart association’s construct of cardiovascular health: a presidential
advisory from the American heart association. Circulation. 2022;146:218-43.
Daghlas |, et al. Sleep duration and myocardial infarction. J Am Coll Cardiol.
2019;74:1304-14.

Yin J, et al. Relationship of sleep duration with all-cause mortality and car-
diovascular events: a systematic review and dose-response meta-analysis of
prospective cohort studies. J Am Heart Assoc. 2017;6:e005947.

Grandner MA. Sleep, health, and society. Sleep Med Clin. 2017;12:1-22.
Critchley JA, Capewell S. Mortality risk reduction associated with smoking
cessation in patients with coronary heart disease: a systematic review. JAMA,
2003;290:86-97.

Carson JAS, et al. Dietary cholesterol and cardiovascular risk: a science advi-
sory from the American heart association. Circulation. 2020;141:e39-53.
Snetselaar LG, de Jesus JM, DeSilva DM, Stoody EE. Dietary guidelines for
americans, 2020-2025. Nutr Today. 2021;56:287-95.

Lichtenstein AH, et al. 2021 dietary guidance to improve cardiovascular
health: a scientific statement from the American heart association. Circula-
tion. 2021;144:e472-87.

48.

49.

50.

51.

52.

53.

54.

Page 12 of 12

Lee |I-M, et al. Effect of physical inactivity on major non-communicable dis-
eases worldwide: an analysis of burden of disease and life expectancy. Lancet
Lond Engl. 2012,380:219-29.

WHO Guidelines on Physical Activity and Sedentary Behaviour. World Health
Organization, Geneva, 2020.

Wahid A, et al. Quantifying the association between physical activity and
cardiovascular disease and diabetes: a systematic review and meta-analysis. J
Am Heart Assoc. 2016;5:e002495.

Simonneau G, et al. Haemodynamic definitions and updated clinical clas-
sification of pulmonary hypertension. Eur Respir J.2019; 53.

Humbert M, et al. 2022 ESC/ERS Guidelines for the diagnosis and treatment
of pulmonary hypertension. Eur Respir J. 2023; 61.

Adir Y, Humbert M, Chaouat A. Sleep-related breathing disorders and pulmo-
nary hypertension. Eur Respir J. 2021,57:2002258.

Mawditt C, Sacker A, Britton A, Kelly Y, Cable N. The stability of health-related
behaviour clustering during mid-adulthood and the influence of social cir-
cumstances on health-related behaviour change. Prev Med. 2019;121:141-8.

Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Impact of a comprehensive healthy lifestyle score on a broad spectrum of cardiometabolic and related diseases and its incremental value for risk prediction based on the UK biobank database
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population
	﻿Healthy lifestyle
	﻿Outcome assessment
	﻿Other covariates
	﻿Traditional models
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿Construction of healthy lifestyle score and its association with composite CMD risk
	﻿Healthy lifestyle and cardiometabolic diseases
	﻿Lifestyle score improves risk prediction models
	﻿Sensitivity and subgroups analyses

	﻿Discussion
	﻿Conclusion
	﻿References


