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Aims The effect of cardiovascular health (CVH) on the lifetime risk of atherosclerotic cardiovascular disease (ASCVD) in type 2 
diabetes (T2DM) patients is unclear. This study examines how CVH is associated with ASCVD-free life expectancy in dia
betic patients compared to non-diabetics.

Methods 
and results

This cohort study analysed 246 183 UK Biobank adults, including 10 579 (4.3%) with type 2 diabetes. CVH was measured 
using the Life’s Essential 8 score, which was categorized into low, moderate, and high levels. The main outcome was life 
expectancy free of ASCVD. For participants with diabetes, the average follow-up was 11.6 years for ASCVD incidence 
and 5.0 years for mortality after ASCVD. During these times, there were 2211 new ASCVD cases and 591 deaths post- 
diagnosis. At the age of 40, women with low CVH were expected to live 39.1 (95% confidence interval, CI, 38.6–39.7) years 
free from ASCVD, which increased to 43.3 years (42.7–43.8) for those with high CVH, while non-diabetic women were 
predicted to have an ASCVD-free life expectancy of 44.8 years (44.2–45.3). For men at the age of 40, the corresponding 
numbers were 32.8 years (32.2–33.4), 38.5 years (37.9–39.1), and 39.0 years (38.4–39.6). Of the total life expectancy at 
age 40, women with low CVH spent 87.5% (95% CI, 87.1–87.9%) of their remaining years without ASCVD, compared 
to 89.6% (89.2–89.9%) for those with ideal CVH. Women without T2DM spent 89.7% (89.4–90.0%) of their life expectancy 
free from disease. For men at the same age, the corresponding percentages were 82.9% (82.4–83.4%) for low CVH, 85.6% 
(85.2–86.0%) for ideal CVH, and 84.4% (84.0–84.8%) for those without T2DM.

Conclusion Higher levels of CVH in individuals with diabetes extend their life expectancy free from ASCVD, bringing it closer to that of 
individuals without diabetes. We have provided an important addition to the current evidence advocating for CVH-enhan
cing strategies in diabetic patients.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Lay summary This study evaluated the association between CVH and ASCVD-free life expectancy in patients with T2DM compared to 

non-diabetic individuals.  

• High level of CVH in patients with T2DM reduced the risk of ASCVD incidence and mortality, making their outcomes 
comparable to non-diabetic participants.

• High CVH of diabetics increased both the length of ASCVD-free life expectancy and the proportion of ASCVD-free years 
in overall life expectancy compared to non-diabetics.
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Introduction
Diabetes poses a significant global health challenge, impacting ∼1 in 11 
adults, with 90% of cases being type 2 diabetes mellitus (T2DM).1

Research has demonstrated that T2DM significantly elevates the risk 
of atherosclerotic cardiovascular disease (ASCVD), the primary cause 
of mortality and morbidity among T2DM patients,2 and is associated 
with substantial reductions in life expectancy.3 Consequently, there is 
growing interest in identifying cost-effective preventive strategies for 
ASCVD among T2DM patients in recent years.4–6

In 2022, the American Heart Association (AHA) introduced Life’s 
Essential 8 (LE8), an updated cardiovascular health (CVH) metric that 
integrates lifestyle factors and biological measurements, including blood 
lipids, blood pressure, and blood glucose levels.7 Previous studies have 
demonstrated that T2DM patients with higher CVH scores have lower 
risks of cardiovascular diseases8,9 and mortality.10,11 However, studies 
that examine the relationship between CVH and overall health quality re
lated to ASCVD—taking into account both incident ASCVD and mortal
ity together—in individuals with diabetes are lacking. Life expectancy free 
from ASCVD is such a comprehensive metric, and assessing years of life 
spent without ASCVD will provide easily understood information for 
policymakers and the public when planning future healthcare needs.

This study utilizes a multistate model to evaluate the association be
tween CVH and life expectancy free from ASCVD among diabetic 

individuals, in comparison to non-diabetic individuals, within a large 
UK cohort. Our objective is to address critical knowledge gaps by ex
ploring how improvements in CVH can mitigate the adverse overall 
health impacts related to diabetes.

Method
Study population
The UK Biobank is a large, population-based cohort study with detailed 
protocols available publicly.12 Approximately 500 000 individuals, aged 
40–69 years, were recruited from 22 evaluation centres across England, 
Scotland, and Wales between 2006 and 2010. Upon enrolment, parti
cipants completed questionnaires and interviews, underwent physical 
examinations, and provided blood samples. Mortality and disease diag
noses were tracked through linkage to the national death registers and 
hospital inpatient records. All participants provided written informed 
consent. UK Biobank study received ethical approval from the 
National Information Governance Board for Health and Social Care, 
the North West Multi-center Research Ethics Committee in England 
and Wales, and the Community Health Index Advisory Group in 
Scotland (http://www.ukbiobank.ac.uk/ethics/). The present research 
has been conducted using the UK Biobank Resource (www. 
ukbiobank.ac.uk) under application number 86898. We excluded 

2                                                                                                                                                                                                     Y. Wei et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/advance-article/doi/10.1093/eurjpc/zw
af742/8341080 by guest on 07 January 2026

http://www.ukbiobank.ac.uk/ethics/
https://www.ukbiobank.ac.uk
https://www.ukbiobank.ac.uk


participants who had prevalent ASCVD or cancer, those diagnosed 
with type 1 diabetes at baseline or follow-up, or those with incomplete 
baseline data on age, sex, and CVH metrics.

Diabetes diagnosis
Participants with type 2 diabetes at baseline were identified by integrat
ing various data sources, according to previous studies.13 The presence 
of diabetes was determined through self-reports, hospital records, pre
scriptions for glucose-lowering or diabetes-related medications, or a 
glycated haemoglobin A1c (HbA1c) level of 6.5% or higher.

Cardiovascular health measurements
The CVH score was calculated based on eight baseline factors: diet, 
physical activity, nicotine exposure, sleep pattern, body mass index, 
blood lipids, blood glucose, and blood pressure. Dietary assessments 
were aligned with the AHA guidelines for cardiovascular disease, dia
betes, and obesity.14 Specifically, the diet score encompassed 12 food 
groups: fruits, vegetables, whole grains, refined grains, fish, dairy pro
ducts, vegetable oil, processed meats, unprocessed red meats, industrial 
trans fats, sugar-sweetened beverages, and sodium. Data on physical 
activity, nicotine exposure, sleep habits, and medication use were self- 
reported. Measurements of height, weight, and blood pressure were 
taken on-site at the assessment centre, while serum cholesterol and gly
cated haemoglobin levels were analysed centrally in a laboratory. The 
calculation and scoring details of each CVH metric adhered to the 
AHA criteria,7 with minor adjustments for the UK Biobank data, as de
tailed in a previous publication (see Supplementary material online, 
Table S1).15 Each CVH metric was scored on a scale from 0 to 100, 
and the overall CVH score was the average of the scores across all eight 
metrics. A higher score represents better CVH, and the overall CVH 
was divided into low (lowest tertile), moderate (second tertile), and 
high (highest tertile) levels, based on the distribution among diabetic 
participants. This classification ensured more participants per category 
in the diabetic group, improving statistical power.

Covariates
We selected covariates based on those commonly used in previously 
published, similar studies.9,16,17 Covariates including age, ethnicity, 
Townsend Deprivation Index (TDI), family history of diabetes, 
ASCVD, and cancer, as well as the use of aspirin, antihypertensive, 
and lipid-lowering drugs were collected via a self-administered touchsc
reen questionnaire. The TDI is a continuous variable, with higher values 
indicating lower socioeconomic status. This index incorporates vari
ables such as car ownership, household overcrowding, occupation, 
and employment status. To handle missing covariate data, we utilized 
multivariate imputation by chained equations.

Outcome
ASCVD outcome was defined as a composite of coronary artery dis
ease, ischaemic stroke, and peripheral artery disease. The identification 
of ASCVD incidence and mortality was achieved through linkage with 
hospital admission records and death registries. Outcomes were classi
fied according to the International Classification of Diseases, Tenth 
Revision (ICD-10) and Ninth Revision (ICD-9), as well as the Office 
of Population Censuses and Surveys Classification of Interventions 
and Procedures, Version 4, following previous studies.18,19 A detailed 
definition of outcomes is provided in Supplementary material online, 
Table S2.

Statistical analysis
Person-time for each participant was calculated from the enrolment 
date until the occurrence of an ASCVD diagnosis, death, withdrawal, 
or the end of the follow-up period (31 August 2022, for Scotland; 31 
October 2022, for England; and 31 May 2022, for Wales), whichever 
occurred first. Population-based multistate life tables were employed 
to estimate life expectancy free of ASCVD among individuals with dia
betes compared to those without diabetes. In constructing the multi
state life table, three health states were defined: (1) absence of 
ASCVD, (2) onset of ASCVD, and (3) death. Three potential state tran
sitions were analysed: (1) from non-ASCVD to incident ASCVD, (2) 
from non-ASCVD to death, and (3) from ASCVD diagnosis to death 
among those who developed ASCVD during the study period. Only 
the participants’ initial transition into a new state was recorded, with 
no transitions back to a previous state being considered.

Firstly, we assessed the relationship between CVH and transitions 
using Gompertz multistate models among participants with diabetes 
compared to those without diabetes. The multistate survival models 
were adjusted for covariates, including age, ethnicity, the Townsend 
Deprivation Index, a family history of diabetes, ASCVD, and cancer, 
and the use of aspirin, antihypertensive, and lipid-lowering drugs. 
Additionally, for the HR of transition 3, the age at ASCVD diagnosis 
was further adjusted.

Secondly, we determined the overall sex- and age-specific transition 
rates for each transition by employing survival analysis with a Gompertz 
distribution, utilizing age as the time scale. Thirdly, we calculated the 
baseline prevalence of CVH levels in diabetic patients by sex and in 
10-year age groups, as well as the prevalence of participants free 
from disease. Finally, we combined the overall transition rates, HRs 
by CVH among diabetic patients compared to non-diabetic individuals, 
and the prevalence of each CVH level in diabetic patients, along with the 
prevalence of non-diabetic participants, to calculate weighted transition 
rates. These rates were then utilized to construct multistate life tables 
for participants with and without diabetes, extending to age 100. The 
proportion of life expectancy free from ASCVD was estimated by div
iding the life expectancy lived without ASCVD by the total life expect
ancy at a given age. The 95% confidence intervals (CIs) of the life 
expectancy estimates were calculated using Monte Carlo simulation 
(parametric bootstrapping) with 2000 runs.

To ensure the robustness of our findings, we conducted several sen
sitivity analyses: (1) using waist circumference instead of BMI to con
struct CVH score, acknowledging research that indicates higher BMI 
correlates with increased survival in type 2 diabetes patients (a score 
of 100 points is assigned for a female waist circumference below 
80 cm and a male waist circumference below 94 cm; 50 points for waist 
circumferences between 80 and 87.9 cm for females and between 94 
and 101.9 cm for males; no points for waist measurements exceeding 
88 cm for females and 102 cm for males); (2) treating CVH as a con
tinuous score by dividing the overall CVH score by every 10 points after 
the low CVH level, and conducting the analysis within diabetic patients; 
(3) excluding events occurring in the first 2 years; (4) excluding indivi
duals diagnosed with incident diabetes during follow-up; (5) excluding 
individuals diagnosed with diabetes before the age of 30 to further min
imize the potential influence of type 1 diabetes; (6) Adjusting for add
itional potential confounders, including education, income, and 
depression; (7) repeating the analyses without imputing missing covari
ate values.

Statistical analyses were performed using R, version 4.1.3. All statis
tical tests were two-sided, with significance defined as P < 0.05.
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Results
Cohort characteristics
The study included 246 183 participants after excluding 256 172 indivi
duals who had type 1 diabetes, prevalent ASCVD or cancer, or had miss
ing data on key variables (CVH factors, age, and sex) (see Supplementary 
material online, Figure S1). Among the 246 183 participants, 10 579 
(4.3%) had T2DM at baseline. For participants with diabetes, the 
mean follow-up durations were as follows: 11.6 years (SD = 3.4) for 
the incidence of ASCVD, 5.0 years (SD = 4.0) for mortality 
post-ASCVD, and 12.7 years (SD = 2.2) for mortality in the absence 
of ASCVD. During these periods, there were 2211 new ASCVD cases, 
591 deaths following an ASCVD diagnosis, and 846 deaths without prior 
ASCVD diagnosis. In contrast, participants without diabetes had a mean 
follow-up of 12.6 years (SD = 2.5) for ASCVD incidence, 5.1 years (SD  
= 4.0) for mortality post-ASCVD, and 13.1 years (SD = 1.6) for mortal
ity in the absence of ASCVD. Over the follow-up period, there were 22  
674 new cases of ASCVD, 4058 deaths following ASCVD diagnosis, and 
10 123 deaths without a preceding ASCVD diagnosis.

The baseline characteristics of the study are presented in Table 1. Of 
the participants, 52.3% were female, with a mean age 55.6 years (SD =  
8.07). Diabetic individuals had lower overall CVH scores compared to 
non-diabetic individuals, with scores of 60.5 vs. 68.0 for women and 
59.1 vs. 64.8 for men. Among the 235 604 participants without dia
betes, the distribution across CVH levels was as follows: 14.7% (n =  
34 547) had low CVH, 29.1% (n = 68 546) had moderate CVH, and 
56.5% (n = 132 511) had high CVH. Conversely, within the diabetic 
population, 33.9% (n = 3583) had low CVH, 33.8% (n = 3576) had 
moderate CVH, and 32.3% (n = 3420) had high CVH. Supplementary 
material online, Table S3 outlines the characteristics of participants 
with complete data on age, sex, and CVH components and for those 

with missing data. Compared to those included in the analysis, excluded 
participants were more likely to be female, less likely to be White, and 
had a lower Townsend Deprivation Index.

Incident atherosclerotic cardiovascular 
disease and mortality
Using non-diabetic individuals as the reference group, it was found that 
higher CVH levels in diabetic patients were associated with a lower 
ASCVD and mortality risk. Among diabetic women, those with low 
CVH had a 1.89-fold increased ASCVD hazard compared to non-diabetic 
women, while those with high CVH had no significant difference in 
ASCVD hazard. Similarly, diabetic men with low CVH had a 1.76-fold 
higher ASCVD hazard compared to non-diabetic men; whereas those 
with high CVH had no significant difference. Additionally, no significant 
difference in post-ASCVD mortality was observed between diabetics 
with high CVH and non-diabetics, as shown in Table 2. The findings re
mained consistent when using waist circumference instead of BMI to cal
culate CVH, and after further adjustment for education, household 
income, and depression. Similarly, the results were unaffected by exclud
ing outcomes within the first 2 years of follow-up, cases of incident dia
betes, or patients with an early diabetes diagnosis (before age 30). 
Furthermore, the associations were unchanged when using the non- 
imputed data (see Supplementary material online, Table S4 and S5). 
Analysis of participants with prediabetes revealed a pattern consistent 
with that observed in diabetes: individuals with prediabetes who achieved 
a high CVH score showed no increased risk of cardiovascular disease 
events and mortality compared to participants with normal glucose regu
lation (see Supplementary material online, Table S6).

The hazard ratios for ASCVD, post-ASCVD mortality, and mortality 
without ASCVD were lower in patients with moderate or high CVH 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Incident ASCVD and mortality according to CVH level among participants with diabetes compared with 
non-diabetic participants

Transition CVH level Women Men

No. of cases/person-years HR (95% CI) No. of cases/person-years HR (95% CI)

Incident ASCVD CVH level in diabetic patients
Low 256/15 553.9 1.89 (1.66–2.15) 652/24 932.4 1.76 (1.62–1.91)

Moderate 190/15 859.8 1.21 (1.04–1.40) 570/225 571.2 1.33 (1.21–1.45)

High 164/17 742.6 1.05 (0.89–1.23) 379/23 127.3 1.00 (0.90–1.11)
Without diabetes 8173/1 595 596.0 1 [reference] 14 501/1 366 986.0 1 [reference]

Mortality among  

those without  
ASCVD

CVH level in diabetic patients

Low 90/13 540.9 1.65 (1.33–2.05) 224/20 448.7 1.84 (1.60–2.12)
Moderate 92/14 386.8 1.48 (1.20–1.84) 204/21 489.3 1.39 (1.20–1.61)

High 87/16 499.2 1.38 (1.11–1.71) 149/20 410.2 1.17 (0.99–1.38)

Without diabetes 4506/1 531 401.0 1 [reference] 5617/1 257 828.0 1 [reference]
Mortality among  

those with ASCVD

CVH level in diabetic patients

Low 62/1226.1 1.61 (1.23–2.11) 217/3239.8 1.78 (1.54–2.06)

Moderate 34/969.3 1.05 (0.74–1.49) 156/2896.8 1.25 (1.05–1.47)
High 27/848.9 0.99 (0.66–1.46) 95/1914.9 1.16 (0.94–1.44)

Without diabetes 1244/40 941.6 1 [reference] 2814/74 081.8 1 [reference]

ASCVD, atherosclerotic cardiovascular disease; CVH, cardiovascular health; HR, hazard ratio; CI, confidence interval.
Multistate survival analysis using the Gompertz distribution was utilized to compute hazard ratios (HRs) and 95% confidence intervals (CIs), with the absence of diabetes serving as the 
reference. The analysis was adjusted for age, ethnicity, the Townsend Deprivation Index, a family history of diabetes, ASCVD, and cancer, and the use of aspirin, antihypertensive, and 
lipid-lowering drugs. Additionally, for the HR of transition 3, the age at ASCVD diagnosis was further adjusted.

Cardiovascular health and life expectancy in diabetics                                                                                                                                           5
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/advance-article/doi/10.1093/eurjpc/zw
af742/8341080 by guest on 07 January 2026

http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwaf742#supplementary-data
http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwaf742#supplementary-data
http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwaf742#supplementary-data
http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwaf742#supplementary-data
http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwaf742#supplementary-data
http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwaf742#supplementary-data
http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwaf742#supplementary-data


compared to those with low CVH, regardless of T2DM status. In dia
betic women, high CVH was associated with a 45% reduction in 
ASCVD hazard and a 37% reduction in post-ASCVD mortality com
pared to those with low CVH. Similarly, non-diabetic women with 
high CVH had a 50% lower ASCVD hazard and a 38% reduction in mor
tality following ASCVD. Diabetic men showed a 42% reduction in 
ASCVD hazard and a 36% reduction in post-ASCVD mortality, while 
non-diabetic men had a 47% and 36% reduction, respectively. There 
was no significant interaction between CVH level and diabetes status 
in terms of ASCVD incidence or mortality (see Table 3).

Life expectancy free from atherosclerotic 
cardiovascular disease
In patients with diabetes, an increase in CVH levels was associated with 
an extension in both total life expectancy and life expectancy free from 
ASCVD, compared with non-diabetic individuals. At the age of 40, dia
betic women with low CVH exhibited a total life expectancy of 44.7 
years (95% CI, 43.9–45.6), with 39.1 years (38.6–39.7) free from 
ASCVD. Those with high CVH expected a life expectancy of 48.2 years 
(47.4–49.1), with 43.3 years (42.7–43.8) ASCVD-free. In contrast, non- 
diabetic women had a total life expectancy of 50.0 years (49.2–50.8), 
with an estimated 44.8 years (44.2–45.3) predicted to be 
ASCVD-free. Similar patterns were observed in men at age 40. 
Diabetic men with low CVH are expected to have a life expectancy 
of 39.5 years (38.6–40.5), with an ASCVD-free expectancy of 32.8 
years (32.2–33.4). This figure significantly increased for those with 
high CVH to 45.1 years (44.2–46.0), with 38.5 years (37.9–39.1) 
ASCVD-free. Non-diabetic men had a total life expectancy of 46.3 
years (45.4–47.2), with 39.0 years (38.4–39.6) ASCVD-free (Figure 1).

Consistent with these findings on absolute life expectancy, at age 40, 
the percentage of remaining life without ASCVD increased from 87.5% 
to 89.6% in diabetic women as CVH improved from low to high, reaching 
the nearly same level as non-diabetic women (89.7%). Similarly, for men, 
this proportion rose from 82.9% (low CVH) to 85.6% (high CVH), ap
proaching and even exceeding the 84.4% observed in non-diabetic 
men (Table 4). These findings remained unchanged when analyses 
were performed using unimputed data (see Supplementary material 
online, Figure S1, Supplementary material online, Table S6). 
Accordingly, the proportion of life expectancy spent with ASCVD de
creased as CVH improved among individuals with diabetes, compared 
to those without diabetes (see Supplementary material online, Table S7).

Discussion
In this large, population-based longitudinal cohort analysis, it demon
strated that diabetic patients experienced progressively lower risks of 
incident ASCVD and overall mortality as CVH levels improved using 
non-diabetic individuals as the reference group. Diabetic patients with 
high CVH exhibited no significant excess risk of incident ASCVD and 
subsequent mortality compared to non-diabetics. Additionally, increas
ing CVH levels among diabetics was correlated with a reduction in the 
disparity in total and ASCVD-free life expectancy compared to non- 
diabetics. Furthermore, improved CVH levels in diabetic participants 
were also associated with a higher proportion of life expectancy free 
from ASCVD, compared to non-diabetic individuals.

This research indicated that diabetic patients with high levels of CVH 
did not exhibit a significantly higher risk for the onset of ASCVD and 
subsequent mortality compared to non-diabetic individuals. Similarly, 
participants with prediabetes showed no increased risk when 
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Figure 1 Total life expectancy and life expectancy with and without ASCVD across CVH levels among participants with diabetes compared with the 
participants without diabetes. ASCVD, atherosclerotic cardiovascular disease; CVH, cardiovascular health. Life expectancy was calculated using 
weighted transition rates, adjusted for age, ethnicity, the Townsend Deprivation Index, a family history of diabetes, ASCVD, and cancer, and the 
use of aspirin, antihypertensive, and lipid-lowering drugs, as well as age at ASCVD diagnosis. Each bar represents the life span of individuals, with 
the darker colour depicting life expectancy free from ASCVD.
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Table 4 Life expectancy free from ASCVD by CVH level

Age CVH level Women Men

LE without ASCVD,  
year (95% CI)

Proportiona, per  
cent (95% CI)

LE without ASCVD,  
year (95% CI)

Proportiona, per  
cent (95% CI)

40 Low CVH 39.1 (38.6–39.7) 87.5 (87.1–87.9) 32.8 (32.2–33.4) 82.9 (82.4–83.4)
Moderate CVH 42.2 (41.7–42.7) 88.7 (88.4–89.1) 35.8 (35.2–36.4) 83.0 (82.6–83.5)

High CVH 43.3 (42.7–43.8) 89.6 (89.2–89.9) 38.5 (37.9–39.1) 85.6 (85.2–86.0)

Without diabetes 44.8 (44.2–45.3) 89.7 (89.4–90.0) 39.0 (38.4–39.6) 84.4 (84.0–84.8)
50 Low CVH 29.5 (29.0–30.1) 84.1 (83.6–84.6) 23.4 (22.8–24.0) 78.1 (77.5–78.7)

Moderate CVH 32.5 (32.0–33.1) 85.9 (85.5–86.3) 26.3 (25.7–268) 78.6 (78.0–79.1)

High CVH 33.5 (33.0–34.1) 86.9 (86.6–87.3) 28.9 (28.3–29.5) 81.9 (81.5–82.4)
Without diabetes 35.0 (34.5–35.6) 87.2 (86.8–87.6) 29.4 (28.8–30.0) 80.6 (80.0–81.1)

60 Low CVH 20.3(19.8–20.9) 79.0 (78.4–79.6) 15.1 (14.6–15.7) 71.5 (70.7–72.3)

Moderate CVH 23.1 (22.6–23.7) 81.6 (81.0–82.1) 17.6 (17.0–18.2) 72.3 (71.6–73.0)
High CVH 24.1 (23.6–24.7) 83.0 (82.5–83.5) 20.0 (19.4–20.5) 76.9 (76.2–77.5)

Without diabetes 25.5 (25.0–26.0) 83.5 (83.1–84.0) 20.4 (19.8–21.0) 75.2 (74.6–75.9)

70 Low CVH 12.2 (11.7–12.8) 71.1 (70.3–72.0) 8.5 (8.0–9.0) 62.1 (61.0–63.5)
Moderate CVH 14.6 (14.1–15.2) 74.8 (74.1–75.5) 10.3 (9.8–10.8) 63.4 (62.5–64.4)

High CVH 15.5 (15.0–16.0) 76.9 (76.2–77.6) 12.3 (11.8–12.8) 69.6 (68.8–70.4)

Without diabetes 16.7 (16.2–17.2) 77.9 (77.3–78.6) 12.6 (12.1–13.2) 67.6 (66.7–68.4)

ASCVD, atherosclerotic cardiovascular disease; CVH, cardiovascular health; LE, life expectancy; CI, confidence interval.
LEs have been calculated with hazard ratios adjusted for age, ethnicity, the Townsend Deprivation Index, a family history of diabetes, ASCVD, and cancer, and the use of aspirin, 
antihypertensive, and lipid-lowering drugs, as well as age at ASCVD diagnosis.
aProportion is computed by dividing the number of years lived with ASCVD by the total life expectancy at a specific age.
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compared to those with normal glucose regulation. This conclusion is 
consistent with previous research findings, where CVH was repre
sented by Life’s Simple 7. The study demonstrated that patients with 
diabetes or prediabetes with more than five components of Life’s 
Simple 7 had lower or no significant excess risks for cardiovascular dis
ease compared to participants with normal glucose regulation.9

However, our results indicated that high CVH levels among diabetic 
women did not reduce the mortality risk for those without ASCVD 
to levels comparable to non-diabetic individuals. One potential explan
ation for this finding could be our method of stratifying CVH into ter
tiles, with ‘High CVH’ defined as a CVH score >65.6, which is below 
the AHA’s recommended level threshold of 80 or above. This ap
proach was adopted to ensure greater statistical power in our analysis. 
Given an adequate sample size, it will be valuable to conduct specialized 
research to determine whether achieving the AHA-recommended high 
CVH level, or a more stringent standard, would have a stronger impact 
on the overall ASCVD progression and mortality.

Furthermore, our stratified analysis demonstrated that the associ
ation between higher CVH and reduced risk of ASCVD and its slower 
progression to mortality was consistent for both participants with and 
without diabetes. This suggests that CVH level and diabetes status act 
as independent contributors of ASCVD and mortality. Therefore, the 
substantial risk reduction associated with higher CVH in participants 
with diabetes likely represents an additive benefit, rather than a modifi
cation of the underlying disease process conferred by diabetes itself. This 
distinction is clinically crucial. While our findings champion the message 
of risk mitigation—that improving CVH can bring the risk for individuals 
with diabetes closer to that of non-diabetic individuals—it should not be 
interpreted as reducing the need for standard diabetes care and gly
caemic management. Moreover, our baseline characteristics data re
vealed that diabetic patients generally exhibited lower CVH levels than 
non-diabetic patients. Specifically, a greater proportion of diabetic indi
viduals had low CVH levels, while fewer had high CVH levels. Therefore, 
there is considerable potential for promoting CVH as a strategy for pre
venting cardiovascular diseases among diabetic patients.

To the best of our knowledge, this is the first study to evaluate the as
sociations between CVH and lifestyle with life expectancy free from 
ASCVD in diabetic patients compared to non-diabetic individuals. 
Previous research has underscored the significance of CVH in extending 
disease-free life expectancy in the general population. An analysis of UK 
Biobank data demonstrated that individuals with high levels of CVH had 
significantly longer life expectancies free from major chronic illnesses, in
cluding CVD, diabetes, cancer, and dementia, across various socio
economic strata.15 Li et al.20 discovered that maintaining a healthy 
lifestyle, which includes never smoking, maintaining a body mass index of 
18.5–24.9, engaging in moderate to vigorous physical activity, consuming 
alcohol in moderation, and achieving a higher diet quality score, was linked 
to an extended lifespan free from diabetes, cardiovascular diseases, and 
cancer. In the Chicago Health and Aging Project, adopting a healthy lifestyle 
characterized by five key factors (non-smoking, a healthy diet, cognitive ac
tivities, physical activities, and moderate alcohol consumption) was found 
to correlate with increased life expectancy, alongside a greater proportion 
of years lived without Alzheimer’s dementia.21 Research utilizing three 
sub-cohorts from the Rotterdam Study indicated that an overall healthy 
lifestyle—encompassing a nutritious diet, physical activity, non-smoking, 
maintaining a healthy weight, and abstaining from or minimally consuming 
alcohol—positively influenced overall life expectancy, and the number of 
years lived free from heart failure.22 Our study extended the role of 
CVH and lifestyle from the general population to individuals with diabetes, 
first demonstrating that high CVH levels can compensate for the 

shortened life expectancy and ASCVD-free life expectancy associated 
with diabetes. Building on previous studies that showed high CVH reduces 
the incidence of ASCVD and mortality in diabetic populations, our work 
further demonstrated that elevated CVH mitigates the negative influence 
of diabetes on shortened lifespan and years of life spent free of ASCVD. 
This provides policymakers and individuals with more easily understand
able evidence for promoting high CVH levels within the diabetic commu
nity. However, in addition to cardiovascular disease, complications for 
diabetic patients also include chronic kidney disease, retinopathy, neur
opathy, and so on. We look forward to future research on the relationship 
between CVH and other diabetic complications, which will provide a more 
comprehensive understanding of CVH’s role in the health outcomes of 
diabetes patients.

This study has several limitations: (1) Our analysis was based exclu
sively on diagnosed diseases recorded within the UK Biobank, poten
tially overlooking individuals with undocumented conditions. 
Nevertheless, previous studies have validated the reliability of routinely 
collected hospital admission data for epidemiological research.23,24 (2) 
The CVH metrics were only assessed at baseline; hence, potential var
iations in CVH over the follow-up period were not accounted for. 
However, the outcomes of this study can still guide predictions about 
future health based on an individual’s current characteristics. (3) The 
participants excluded due to missing data were disproportionately 
male, non-white, and from lower TDI backgrounds. Furthermore, the 
UK Biobank cohort predominantly consisted of white individuals with 
higher socioeconomic status, which could introduce selection bias. 
However, this study investigated the exposure-disease relationship, 
the generalizability of which doesn’t require participants to be repre
sentative.25 (4) Although we adjusted for known biases, the possibility 
of residual confounding remained, and the observational nature of our 
study precluded the establishment of causation.

Conclusion
Diabetic patients who maintained high CVH levels were able to offset 
the risk of transitioning from health to incident ASCVD and subsequent 
mortality compared to non-diabetic individuals, thereby achieving a life 
expectancy free from ASCVD that is closer to that of non-diabetic in
dividuals. This study supports the promotion of CVH as a strategy to 
enhance the quality of lifespan in patients with T2DM.
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Supplementary material is available at European Journal of Preventive 
Cardiology.
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