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SUMMARY
Introduction: The global burden of chronic diseases, including cardiovascular disease, remains a significant public health challenge. The Life’s 

Simple 7 (LS7) score was developed as a tool to evaluate cardiovascular health behaviours and habits and identify high-risk individuals. The 
present study aimed to assess the distribution of LS7 scores among educational strata. 

Methods: The study population consisted of 3,383 asymptomatic individuals screened for colorectal cancer at a single centre in Austria. We 
split patients into lower (n = 1,055), medium (n = 1,997), and higher (n = 331) education, based on the International Standard Classification of 
Education (ISCED). Cox regression models were utilized to determine the association between education and mortality over a median follow-up 
period of 7 years. 

Results: Individuals with higher educational status had a significantly higher prevalence of ideal cardiovascular health metrics, as defined 
by the LS7 score, compared to those with medium and lower educational status: n = 94 (28%) vs. n = 347 (17%) and n = 84 (8%), respectively, 
(p < 0.001). In the Cox regression analysis, both medium (HR = 0.61, 95% CI: 0.43–0.84, p < 0.001) and higher educational status (HR = 0.44, 95% 
CI: 0.19–1.01, p = 0.06) were associated with all-cause mortality, as was the LS7. 

Conclusion: Our findings highlight a significant association between lower educational status and poorer cardiovascular health, as assessed by 
LS7, which persisted even after multivariable adjustment. Additionally, both educational status and LS7 were associated with increased mortality, 
underscoring the significance of our results. These findings have important implications for public health, as screening and prevention strategies 
may need to be tailored to meet the diverse educational backgrounds of individuals, given the higher prevalence of unhealthy lifestyle behaviours 
among those with lower educational status.
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INTRODUCTION

Chronic diseases are a major public health challenge, with 
cardiovascular disease being one of the leading causes of mor-
tality worldwide (1). In order to understand the distribution of 
cardiovascular healthy behaviour, the Life’s Simple 7 (LS7) score 
was initially developed for the U.S. population as a tool to assess 
cardiovascular health behaviours and habits and later validated 
for the European population (2–4). The LS7 score consists of 
seven components, including smoking status, physical activity, 
diet, body mass index, blood pressure, glucose, and cholesterol 
levels. These components provide a comprehensive evaluation 
of cardiovascular health and help to identify individuals at risk 
for cardiovascular disease. Prevention is a major aim in tackling 
the non-communicable disease pandemic (5). By promoting 

healthy behaviours and habits, individuals can reduce their risk 
of developing chronic diseases, including cardiovascular disease. 
This not only improves health outcomes for individual patients, 
but also contributes to reducing overall healthcare costs by pre-
venting the onset of disease and reducing the need for medical 
intervention (6, 7). Screening tools like the LS7 are essential in 
understanding gaps in cardiovascular health and in goal setting for 
individual patients. The LS7 provides a comprehensive evaluation 
of cardiovascular health and helps healthcare providers identify 
individuals at risk for disease (8–11). By using screening tools 
like the LS7, healthcare providers can work with patients to set 
realistic goals and develop personalized plans for improving 
cardiovascular health and reducing the risk of chronic disease. On 
a population level, understanding the distribution of LS7 scores 
can help decision-makers to focus preventive measures on spe-
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cific weaknesses. By identifying areas where the population has 
lower LS7 scores, public health policies and programmes can be 
developed to address these specific health behaviours and habits.

Socioeconomic status is known to be associated with adverse 
cardiovascular risk and outcomes, and educational status has 
been established as a proxy for socioeconomic status (12, 13). 
Understanding the distribution of LS7 scores and its individual 
components among different educational strata is important for 
public health decision-making and tailoring preventive strate-
gies (14).

The aim of this study was to evaluate the distribution of LS7 
scores and its individual components among patients with lower, 
medium, and higher education according to the International 
Standard Classification of Education (ISCED). We hypothesize 
that even in Central Europe, with its relatively fair socioeconomic 
status, unhealthy behaviours may be distributed differently among 
educational strata. The results of this study could provide valu-
able information for public health decision-making, as well as for 
counselling individual patients. By understanding the distribution 
of LS7 scores among different educational strata, public health 
policies and programmes can be tailored to address specific health 
behaviours and habits. Additionally, healthcare providers can use 
the information to better understand the cardiovascular health of 
their patients and provide targeted counselling and interventions. 
Another aim of this study was to determine whether educational 
status and LS7 were independently associated with mortality.

MATERIALS AND METHODS

Subjects
We included participants from the Salzburg Colon Cancer 

Prevention Initiative (Sakkopi), which is a cohort of asymptomatic 
patients screened for colorectal cancer between January 2007 and 
March 2020 at a single centre in Austria. The total cohort consisted 
of 5,977 consecutive patients. We included 3,383 in this analysis 
for whom we could calculate all the items of the LS7. Clinical as 
well as laboratory parameters were obtained in all participating 
subjects (15, 16). We calculated the ACC/AHA 10-year risk for an 
initial hard atherosclerotic cardiovascular disease (ASCVD) event 
for each patient (17). Also, patients completed a questionnaire 
about their medical history. All individual body parameters were 
assessed by our study team. We defined and calculated body mass 
index (BMI), arterial hypertension, smoking status, as well as 
metabolic syndrome according to current guidelines (18). Briefly, 
the metabolic syndrome was characterized by the confluence of 
insulin resistance, visceral adiposity, atherogenic dyslipidaemia, 
and endothelial dysfunction, along with the simultaneous presence 
of multiple established cardiovascular risk factors, such as insulin 
resistance, obesity, atherogenic dyslipidaemia, and hypertension. 
The patients’ deaths were queried through the Austrian Death 
Register. Cardiovascular death was determined and obtained 
through telephone contact with the general practitioner or the 
deceased person’s relatives. We categorized the patients’ educa-
tional status into lower, medium, and higher education, based on 
a recent publication by Schneider (19). Specifically, patients with 
ISCED 1 and 2 were categorized into low, 3 and 4 into medium, 
and 5 and 6 into high education. 

Life’s Simple 7
The LS7 metric consists of seven components including smok-

ing status, body mass index, blood pressure, cholesterol, fasting 
glucose, physical activity, and diet. The physical activity and diet 
classification were modified from the original LS7 definitions. A 
physical activity < 1 hour/week was considered poor (1 point), 1 
to 3 hours intermediate (2 points), and ≥ 3 hours good (3 points) 
health. For the diet classification we first dichotomized vegetable 
consumption (daily vs. less than daily), fruit consumption (daily 
vs. less than daily), salt consumption (< 1.5 g salt vs. ≥ 1.5 g salt 
daily), alcohol consumption (< 2 drinks/day vs. ≥ 2 drinks/day), 
and fast food consumption (< 1 weekly vs. ≥ 1 weekly). We then 
added these binary items up yielding a dietary score ranging from 
0 (healthy diet) to 5 (unhealthy diet), and then we trichotomized 
this variable into poor diet (4 and 5 points), intermediate diet (2 
and 3 points), and healthy diet (0 and 1 points). Each LS7 com-
ponent was given a score of 0, 1, or 2, with 0 representing poor 
health, 1 representing intermediate health, and 2 representing ideal 
health. The overall LS7 score was calculated as the sum of the 
component scores, with a possible range of 0 to 14. This overall 
score was classified as poor (0–4), intermediate (5–9), or ideal 
(10–14) cardiovascular health.

Statistical Analysis
Most continuous variables were found to be non-normally 

distributed. Continuous data are given as median ± interquartile 
range (IQR), and compared using Mann’s Whitney U-test or mean 
± standard deviation (SD), and compared using Student’s t-test 
accordingly. Categorical data are given as numbers (percentage) 
and compared using the chi-square test. The primary exposure was 
the educational status with the lower educational status as refer-
ence category. We fitted two regression models, an univariable 
model (Model 1), a model adjusting for age and sex (Model 2). 
For the logistic regression models, we defined poor cardiovascular 
health (LS7 0-4) as binary endpoint and dependent variable. For 
the linear regression models, the LS7 was the dependent variable, 
taken as continuous variable. 

For the Cox proportional hazard models, the primary binary 
endpoint (dependent variables in the regression models) was 
the overall mortality. We adjusted for age and sex. We obtained 
(adjusted) odds or hazard ratios (OR) and respective 95% CIs. 
All tests were two-sided, and a p-value of < 0.05 was considered 
statistically significant. Stata/IC 17 was used for all statistical 
analyses. 

Ethics Statement
We performed the study and all procedures according to the 

principles of the Declaration of Helsinki. The local Ethics Com-
mittee for the Salzburg Province approved the study protocol (ap-
proval no. 415-E/1262). Written informed consent was obtained 
from every participant.

RESULTS

The analysis included 3,383 participants, among which 
1,055 (31.2%) had lower education, 1,997 (59.1%) had medium 
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education, and 331 (9.8%) had higher education. The mean age 
was higher in those with lower education (59 ± 9) compared 
to those with medium education (57 ± 9) and higher education 
(55 ± 8) (p < 0.001). The prevalence of hypertension, steatosis on 
ultrasound, diabetes, and metabolic syndrome was significantly 
higher in those with lower education (p < 0.001). The 10-year 
risk for atherosclerotic cardiovascular disease was significantly 
higher in those with lower education (20 ± 15) compared to those 
with medium education (17 ± 14) and higher education (13 ± 12) 
(p < 0.001). Furthermore, cardiovascular mortality was more com-
mon in those with lower education (2%) compared to those with 
medium education (1%) and higher education (0%), (p = 0.001). 
All-cause mortality did also differ in those with lower education 
(9%) compared to those with medium education (3%) and higher 
education (2%), (p < 0.001) (Table 1).

With the exception of cholesterol levels, which were similarly 
distributed across educational groups, individuals with lower 
educational status demonstrated poorer cardiovascular health 
across all domains of the LS7 (Table 2). The prevalence of ideal 
cardiovascular health metrics, as defined by the LS7 score, was 
higher in the higher education group – n = 94 (28%) compared to 
the medium education group – n = 347 (17%) and lower education 
group – n = 84 (8%), (p < 0.001).

In the linear regression analysis, the LS7 as continuous variable 
was associated with both medium (r = 0.83, 95% CI: 0.69–0.97, 
p < 0.001) and higher (r = 1.47, 95% CI: 1.23–1.70, p < 0.001) 
educational status compared to lower education and remained 
so after multivariable adjustment for age and sex. In the logistic 
regression, both medium (aOR = 0.49, p < 0.001) and higher 
(aOR = 0.22, p < 0.001) education had significantly lower odds 
for poor cardiovascular health compared to patients with lower 
education (Table 3).

Both medium (HR = 0.61, 95% CI: 0.43–0.84, p < 0.001) and 
higher educational status (HR = 0.44, 95% CI: 0.19–1.01, p = 0.06) 
were associated with the all-cause mortality in the univariate Cox 
regression analysis, as was the LS7 (Table 4). In the age- and sex-
adjusted model the hazard for mortality remained significantly 

lower in the medium education stratum compared to the lower 
education group (Table 4). Of note, the LS7 remained associated 
with all-cause mortality after age- and sex-adjustment (Table 4).

DISCUSSION

In this study, we found a robust association between lower 
educational status and poorer cardiovascular health, as assessed 
by the LS7. The association persisted even after multivariable 
adjustment for age and sex. Furthermore, both educational status 
and LS7 were associated with increased mortality, suggesting 
important implications of our study. Our results highlight the 
higher prevalence of unhealthy lifestyle behaviours in patients 
with lower educational status, even in a relatively socioeco-
nomically balanced system like Austria. This has implications for 
public health, as both screening and prevention strategies could 
be tailored specifically to individuals with different educational 
backgrounds.

In a previous US study, an association between lower educa-
tional status and poorer cardiovascular health was shown, with 
correction for different ethnicities (20). In our study, such correc-
tion was not possible, as the overwhelming majority of our patients 
were of Central European origin, based on our clinical experience. 
A similar robust association between lower educational status 
and poorer cardiovascular health behaviours and risk factors was 
also confirmed in another study that evaluated Asian Americans 
(21). Still, our study provides an important confirmation of the 
previous American studies: even in a Central European country 
with a strong public health system and a relatively egalitarian 
education system, lower educational attainment is associated with 
poorer cardiovascular health. Indeed, educational attainment has 
a protective effect on cardiovascular health, yet the advantages 
of education may not endure consistently among various racial 
and ethnic groups (20).

Apart from the different healthcare economics, ethnic, and 
sociopolitical settings, our study adds another important aspect: 

Lower education 
n = 1,055 

n (%)

Medium education 
n = 1,997

n (%)

Higher education 
n = 331
n (%)

p-value

Age (years), mean (SD) 59 (9) 57 (9) 55 (8) < 0.001
Female (yes/no) 525 (50) 830 (42) 139 (42) < 0.001
BMI (kg/m2), mean (SD) 28 (5) 27 (5) 26 (4) < 0.001
Hypertension (yes/no) 644 (61) 1,106 (55) 139 (42) < 0.001
Steatosis on ultrasound (yes/no) 546 (52) 889 (45) 114 (34) < 0.001
Diabetes (yes/no) 164 (16) 229 (11) 23 (7) < 0.001
Hba1c, mean (SD) 5.6 (0.6) 5.4 (0.5) 5.3 (0.3) < 0.001
Metabolic syndrome (yes/no) 776 (74) 1,613 (81) 247 (75) < 0.001
Creatinine (mg/dL), mean (SD) 0.9 (0.2) 0.9 (0.2) 0.9 (0.2) 0.060
10-year-risk for ASCVD, mean (SD) 20 (15) 17 (14) 13 (12) < 0.001
Cardiovascular mortality (yes/no) 20 (2) 14 (1) 0 (0) 0.001
Mortality (yes/no) 98 (9) 62 (3) 6 (2) < 0.001

ASCVD – atherosclerotic cardiovascular disease 

Table 1. Baseline characteristics of patients categorized by educational status 
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Lower education
n = 1,055

n (%)

Medium education
n = 1,997

n (%)

Higher education
n = 331
n (%)

p-value

BMI categories
BMI ≥ 30 281 (27) 454 (23) 43 (13)

< 0.001BMI 25 to 29 456 (43) 820 (41) 123 (37)
BMI < 25 318 (30) 723 (36) 165 (50)

Cholesterol categories
Cholesterol ≥ 240 mg/dL 338 (32) 636 (32) 106 (32)

0.740Cholesterol 200 to 239 mg/dL or treated 494 (47) 906 (45) 145 (44)
Cholesterol < 200, untreated 223 (21) 455 (23) 80 (24)

Physical activity categories
< 1 hour 257 (24) 176 (9) 6 (2)

<0.0011 to < 3 hours 719 (68) 1,530 (77) 279 (84)
≥ 3 hours 79 (7) 291 (15) 46 (14)

Fasting glucose categories
> 125 mg/dL 86 (8) 145 (7) 16 (5)

< 0.001100–125 mg/dL 398 (38) 637 (32) 88 (27)
< 100 mg/dL 571 (54) 1,215 (61) 227 (69)

Smoking LS7 categories
Smoker 330 (31) 399 (20) 56 (17)

< 0.001Ex-Smoker 519 (49) 737(37) 102 (31)
Never smoker 206 (20) 861 (43) 173 (52)

Blood pressure LS7 categories
RR ≥ 140 or ≥  90 mmHg 512 (49) 891 (45) 116 (35)

< 0.001RR intermediate 489 (46) 1,075 (54) 214 (65)
RR < 120/80 mmHg 54 (5) 31 (2) 1 (0)

Diet LS7 categories
Poor diet 106 (10) 133 (7) 7 (2)

< 0.001Intermediate diet 631 (60) 1,223 (61) 226 (68)
Healthy diet 318 (30) 641 (32) 98 (30)

LS7, mean (SD) 7 (2) 8 (2) 8 (2) < 0.001
LS categories

Poor LS7 102 (10) 105 (5) 8 (2)
< 0.001Intermediate LS7 869 (82) 1,545 (77) 229 (69)

Ideal LS7 84 (8) 347 (17) 94 (28)

Table 2. Baseline characteristics of patients categorized by educational status

Model 1 Model 2

OR 95 % CI p-value OR 95% CI p-value
Lower education ref ref
Medium education 0.52  0.39–0.69 < 0.001 0.49 0.37–0.65 < 0.001
Higher education 0.23 0.11–0.48 < 0.001 0.22 0.11–0.46 < 0.001

Model 1 – unadjusted; Model 2 – age and sex

Table 3. Odds for poor cardiovascular health
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Hazard ratio with all-cause mortality

Univariable model Age- and sex-adjusted model

HR 95% CI p-value HR 95% CI p-value
Lower education Ref Ref
Medium education 0.61 0.43–0.84 < 0.001 0.71 0.51–0.99 0.040
Higher education 0.44 0.19–1.01 0.060 0.73  0.32–1.69 0.470
LS7 (per unit) 0.85 0.79–0.82 < 0.001 0.90 0.83–0.97 0.008

Table 4. All-cause mortality for different educational status and within different models

we were able to demonstrate that the association between LS7 
and educational status is not just a theoretical concept, but rather 
has concrete effects on our patients. In our study, lower educa-
tional status was associated with increased mortality. It should 
be noted, however, that there were differences in age and sex 
between the educational strata, but the negative impact of lower 
education on mortality persisted even after adjusting for age and 
sex. Furthermore, the LS7 was also associated with all-cause 
mortality. In a multivariable model that integrated both LS7 and 
educational status, only medium education, not higher educa-
tion compared to lower education, was associated with lower 
mortality. However, we attribute this primarily to the low event 
rate and consider our study underpowered for this question. We 
are convinced that in our population, lower educational status is 
indeed associated with higher mortality. A similar association 
has already been demonstrated in other studies, indicating that 
the educational status significantly contributes to the inadequate 
management of cardiovascular risk factors (20, 22) and, moreover, 
even in healthy adults with an ideal LS7 score, the promotion of 
an optimal lifestyle is influenced by the educational status (4, 23).

The LS7 was developed to evaluate cardiovascular risk and 
develop specific strategies to mitigate the risk. Previous studies 
have shown that LS7 is associated with stroke (10), atrial fibril-
lation (9), peripheral artery disease (24), insulin resistance (11), 
and fatty liver (8), and it has established itself as a sensitive, albeit 
unspecific, screening tool for cardiometabolic risk factors. We 
believe that the LS7 and a better understanding of its distribution 
can also serve as a guide. Clinicians could review the components 
of the LS7 with patients and formulate realistic health goals based 
on it. Some goals may require medication intervention (blood 
pressure, hypercholesterolemia, hyperglycaemia), while others 
(exercise, smoking, diet) are more in the hands of the patient. 
Ideally, a multimodal concept is developed, or one focuses only 
on “high-yield” approaches.

CONCLUSION

Studies such as the present one, which provide a better under-
standing of the local distribution of cardiovascular risk factors, 
could help decision-makers in healthcare systems to develop tai-
lored screening and prevention programmes. We believe that our 
study reinforces the importance of educational status as a relevant 
health policy variable. Furthermore, we emphasize the importance 
of scoring tools such as LS7 for research. We also believe that the 
associations of educational status and LS7 with mortality, even 
in a relatively egalitarian social system like Austria, are a call to 

action for clinicians and healthcare decision-makers to further 
intensify their efforts towards “health for all”.
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