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Abstract 

Background While assessment of global cardiovascular risk is uniformly recommended 

for risk factor management, prediction of all-cause death has seldom been considered in 

available charts. We established an updated algorithm to predict absolute 10-year risk of 

all-cause mortality in apparently healthy subjects living in France, a country with high 

life expectancy.  

Methods Analyses were based on the Third French MONICA Survey on cardiovascular 

risk factors (1995-1996) carried out in 3208 participants from the general population 

aged 35-64. Vital status was obtained 10 years after inclusion and assessment of 

determinants of mortality was based on multivariable Cox modelling.  

Results One-hundred-fifty-six deaths were recorded. Independent determinants of 

mortality were living area (Northern France), older age, male gender, no high-school 

completion, smoking, systolic blood pressure ≥ 160 mmHg, LDL-cholesterol ≥ 5.2 

mmol/l, and diabetes. Score sheets were developped to easily estimate 10-year risk of 

death. For example, a non diabetic, heavy smoker, 46-year old man, living in South-

Western France, who did not complete high-school, with LDL-cholesterol ≥ 5.2 mmol/l 

and systolic blood pressure < 160 mmHg, has a 17% probability of death in the ten 

coming years. The C-statistic of the prediction model was 0.76 [95% CI: 0.72-0.80] 

with a degree of overoptimism estimated at 0.0058 in a bootstrap sample. Calibration 

was satisfying: P-value for Hosmer-Lemeshow 
2
 test was 0.483. 

Conclusion This prediction algorithm is a simple tool for guiding practitioners towards 

a more or less aggressive management of risk factors in apparently healthy subjects. 

Abstract word count: 242 
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Introduction 

Prediction algorithms estimating a probability to develop a disease over a given period 

of time according to baseline characteristics have emerged in clinical practice [1,2]. A 

limitation of such algorithms lies in the fact that predictions are highly dependent on the 

average level of risk of the cohort used to build the formula, and thus may not be 

perfectly applicable to other populations [3,4]. Nevertheless, the use of prediction 

algorithms is uniformly recommended as a decision-support for therapies aimed at 

preventing cardiovascular diseases [5-7]. In France, Health Agencies also recommend 

the use of cardiovascular risk prediction algorithms for the management of risk factors, 

but no consensus has clearly been reached on the formula to use, as none is perfectly 

adapted to the level of risk of the French population. Prediction algorithms adapted to 

low risk populations are particularly warranted. Besides, to our knowledge, none of the 

available charts allows the prediction of all-cause death, which is however the most 

ultimate endpoint for evaluating the impact of prevention. 

Developing an updated algorithm for predicting all-cause mortality would be 

complementary to the assessment of cardiovascular risk with the available charts, and 

thus would lead to a more global screening of subjects at risk, in order to get a better 

prevention of mortality. The aim of this analysis was to assess determinants of all-cause 

mortality in a French general population aged 35 to 64, and to establish an updated 

algorithm for predicting the probability of 10-year all-cause mortality according to 

baseline risk factors. 
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Methods 

Study population 

We studied a sample of 3403 subjects randomly selected from the general population to 

participate in the Third French MONICA Survey on the prevalence of cardiovascular 

risk factors [8-11].
 
The study was approved by an institutional ethics committee in 

agreement with the French law on human biomedical research and the Declaration of 

Helsinki. The population-based sample was randomly recruited using polling lists, 

between December 1994 and July 1997 among middle-aged men and women (35-64 

years old), living in Northern France (Lille centre), North-Eastern France (Strasbourg 

centre) or South-Western France (Toulouse centre). The informed consent to participate 

in the study was obtained from each subject. The participation rate was 66% [11].
 

Since we aimed to build an algorithm for prediction of risk of mortality in 

primary prevention of cardiovascular disease and in apparently healthy people, subjects 

with the following medical histories were excluded from the analyses: clinical or 

subclinical ischemic heart disease (International Classification of Disease, 9
th

 revision, 

codes 410.0 to 414.9), clinical or subclinical atherosclerotic cerebrovascular disease 

(433.0 to 438.9, except codes 437.3 to 437.7), documented atherosclerosis in other 

arteries such as aorta, renal or lower limb arteries (440.0 to 440.9), chronic renal failure 

(585.0 to 585.9), chronic respiratory insufficiency (496.0 to 496.9), chronic heart failure 

(428.0 to 428.9), chronic liver disease or cirrhosis (571.0 to 571.9) and cancer, 

excluding benign neoplasms and in-situ carcinoma (140.0 to 209.9 and 235.0 to 239.9). 

Overall, 179 participants were excluded for the above reason. Besides 16 other could 

not be kept in analyses because of missing data on potential determinants of mortality (7 

regarding smoking habits and 9 regarding blood pressure measurement). 
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Questionnaires and measurement of clinical parameters 

Extensive questionnaires were administered by a trained and certified medical staff. 

Data on socio-economic level, previous medical history, drug intake, cardiovascular risk 

factors and life style habits were recorded. Educational level was assessed by a report of 

level of graduation or school drop-out. Alcohol consumption was quantified with a 7-

day recall method referring to a typical week. Height, weight and arterial blood pressure 

(mean of two measurements performed with a standard sphygmomanometer in a sitting 

position after a 5-minute rest, at least) were measured according to standardised 

protocols by the medical staff.  

 

Laboratory methods 

Blood samples were taken after at least 10 hours of overnight fasting. Serum total 

cholesterol and triglycerides were measured by enzymatic assays (Boehringer, 

Mannheim, Germany). High density lipoprotein cholesterol (HDL-cholesterol) 

measurement was done after sodium phosphotungstate-magnesium chloride 

precipitation of apo B-containing lipoproteins. Low density lipoprotein cholesterol 

(LDL-cholesterol) was determined by the Friedewald [12] formula when triglycerides 

were below 4.6 mmol/l (400 mg/dl). Glucose levels were measured using a 

conventional enzymatic method based on hexokinase-glucose-6-phosphate 

deshydrogenase. Diabetes was assessed for people with fasting blood glucose ≥ 7 

mmol/l (126 mg/dl) or under hypoglycaemic drug treatment.  
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Endpoint Determination 

Vital status (cause and date of death when applicable) was obtained on December 31th, 

2006 for each participant through the French national database recording all deaths 

occurring in French people [13]. Causes of death were coded according to the 

International Classification of Diseases, 9
th

 revision (for death occurring before 2000) or 

10
th

 revision (for death occurring thereafter). Our primary endpoint was all-cause 

mortality. Secondarily we studied cardiovascular deaths included deaths from ischemic 

heart diseases, atherosclerotic cerebrovascular diseases, or atherosclerosis and 

instantaneous deaths. Authorizations to use data were obtained as requested by the 

French law. 

 

Statistical analysis 

Statistical analysis was performed on STATA statistical software, release 9.2 (STATA 

Corporation, College station, TX, USA). In univariate analysis, qualitative variables 

were compared with 
2
-test (or Fisher’s exact test when necessary). Student’s t-test was 

used to compare the distribution of quantitative data according to qualitative variables 

(or Mann-Whitney’s test when the distribution of the continuous variable was skewed 

or when homoscedasticity was rejected).  

 

Survival analysis: 

A Kaplan-Meier survival analysis was performed for various potential explanatory 

variables and differences in survival functions were tested between exposed and 

unexposed subjects using the Log-Rank test. When the log-linearity hypothesis was not 

fully respected, continuous variables were transformed into qualitative data. Hazard 
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ratios (HRs) for mortality and 95% confidence intervals (CI) were assessed using a Cox 

proportional hazard regression model. All variables listed in Table 1 have been tested in 

univariate analysis. Only those with P-value < 0.20 were introduced in the multivariate 

Cox model (Table 3 footnote). A backward procedure was applied to assess variables 

that were significantly and independently associated with mortality (P-value < 0.05). 

The proportional-hazard assumption was tested for each covariate by the ―log-log‖ 

method plotting (-ln{-ln(survival)}) for each category of a nominal covariate, versus 

ln(analysis time). None of the assumptions could be rejected.  

A similar Cox analysis was conducted to assess independent determinants of 

cardiovascular mortality. Participants who died from a non-cardiovascular cause during 

follow-up were then censored.  

 

Development of a scoring scheme: 

The Cox model was used to provide a formula predicting probability of all-cause death 

according to baseline characteristics and risk factors. To convert results from the Cox 

model into absolute risk estimates, we calculated survival within our population by 

using Kaplan-Meier statistics, as previously described by Wilson and colleagues [1]. To 

provide a tool easy to use in clinical practice, score sheets for prediction of absolute risk 

of 10-year all-cause mortality were developed, based on β-coefficients of the final Cox 

proportional hazard model. 

 

Model performance:  

The C-statistic was calculated to evaluate the discriminatory ability of the prediction 

model. We performed an internal validation of the model using a bootstrapping method. 
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We produced 500 random bootstrap samplings with replacement. Each sample 

comprised 3208 subjects (same size as the original data set). The model was applied to 

each bootstrap sample and the C-statistic was estimated each time. The mean difference 

between the C-statistic estimated from using the original data set and the C-statistic 

estimated from using each bootstrap sample was calculated. This mean difference can 

be considered as a measure of the degree of overoptimism introduced in the validation 

of our model. Finally, the C-statistic could be corrected by substracting the degree of 

overoptimism from the original C-statistic [14].  

To assess the calibration of our prediction model, the Hosmer-Lemeshow 
2
 

statistic was calculated for 8 degrees of freedom [15]. Besides, we plotted the observed 

10-year incidence of mortality (Kaplan-Meier estimation) and the mean predicted risk in 

each deciles of predicted risk.  

 

Results 

Description of the population sample 

Table 1 describes the population sample by centre. There were 3208 apparently healthy 

participants (1056 in Lille, 1010 in Strasbourg and 1142 in Toulouse centres) with age 

ranging from 35 to 64 at inclusion. A total of 156 deaths were recorded during the 

follow-up period (32 (21%) cardiovascular deaths, 75 (48%) cancer deaths, and 49 

(31%) deaths from other causes). Table 2 shows the main characteristics of deceased 

and non-deceased participants. Centre, older age, male gender, low educational level, 

smoking, alcohol consumption, diabetes, hypertension, high triglycerides and LDL-

cholesterol and low HDL-cholesterol were significantly associated with death. 
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Survival analysis 

The median follow up time was 10.8 years. Table 3 shows variables independently and 

significantly associated with 10-year all-cause mortality after multivariate analysis, 

according to the Cox proportional hazard regression model: living area, age, gender, 

educational level, smoking, diabetes, systolic blood pressure and LDL-cholesterol. All 

first-order interactions between mortality and these independent variables were 

considered (in particular interactions with gender). None exceeded the significance 

threshold of 0.05. Among the 156 deaths that occurred during the 10-year follow-up, 32 

(21%) were due to a cardiovascular cause (ischemic heart disease, atherosclerotic 

cerebrovascular disease, atherosclerosis or instantaneous death). Significant 

determinants of cardiovascular mortality were very similar to determinants of all-cause 

mortality: age older than 54, male gender, smoking ≥ 15 pack-years, diabetes, and 

systolic blood pressure ≥ 160 mmHg. High LDL-cholesterol tended to be associated 

with cardiovascular mortality but did not reach the significance level.  

 

Model performance 

The C-statistic of the prediction model was 0.7585 [95% CI: 0.7182-0.7989]. The 

overoptimism correction based on the bootstrap simulation was estimated at 0.0058, 

leading to a corrected C-statistic equal to 0.7527. The calibration Hosmer-Lemeshow 
2
 

statistic was 7.50 with 8 degrees of freedom (P-value for lack of fit = 0.483). Figure 2 

compares the observed 10-year incidence of all-cause mortality and the mean predicted 

risk by deciles of predicted risk. 

 

Scoring Scheme 
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Using 10-year Kaplan-Meier statistic (S (t10) KM = 0.96) and β-coefficients of the final 

Cox proportional hazard model for all-cause mortality (Table 3), as previously 

described by Wilson and colleagues [1], we estimated absolute 10-year risk of all-cause 

mortality according to baseline characteristics and risk factors (Appendix).  

To provide a tool easy to use in clinical practice, score sheets for prediction of 

absolute risk of all-cause mortality were developed from β-coefficients of the final Cox 

proportional hazard model (Figure 1).  

For example, the score is 18 points (Figure 1) for a man living in South-Western 

France, aged 46, who did not complete high school, has smoked more than 15 pack-

years, is non diabetic and present with LDL-cholesterol ≥ 5.2 mmol/l (200 mg/dl) and 

systolic blood pressure < 160 mmHg. This corresponds to a 17% risk of death in the ten 

coming years, according to the scoring scheme (Figure 1), the exact probability given 

by the formula being 16% (Appendix). This 10-year all-cause mortality risk is 3 times 

higher than the average 10-year all-cause mortality risk estimate of same age men 

(5.3%) (Figure 1) and almost 5 times higher than the risk estimate of a same age man 

without modifiable risk factors (3.6%) (i.e. a man living in South-Western France, who 

did not complete high school, has never smoked, is non diabetic and present with LDL-

c < 5.2 mmol/l (200 mg/dl) and blood pressure < 160 mmHg).  

Discussion  

Over the past three decades, life expectancy has greatly increased in most 

European countries consequently to a dramatic decrease in cardiovascular mortality 

[16]. Because of such changes, predictions made with available risk charts may not be 

still accurate as they are based on rather old cohorts. Updated risk algorithms, adapted 

to current European populations, are therefore warranted. The present study assesses 
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independent determinants of all-cause mortality in a recent cohort (carried out in the 

mid-nineties) of apparently healthy people. The prediction algorithm we developed is a 

simple tool for daily clinical practice, requiring solely a clinical examination and a 

blood test to estimate 10-year absolute risk of mortality for a given subject. The C-

statistic of the prediction model reaches 0.76 [95% CI: 0.72 - 0.80], which is very close 

to the C-statistic of the Framingham prediction algorithms (ranging from 0.68 to 0.77 

according to the model chosen [1]) or the SCORE charts (0.71 for the chart using total 

cholesterol and the low-risk cohort [2]). Thus, our prediction algorithm appears to have 

a good internal validation but needs to be externally validated before being used in 

clinical practice, even in a French population. Indeed, the algorithm is based on three 

French areas only (Northern, North-Eastern and South-Western France), which may not 

be totally representative of the whole French country. Besides, France is obviously not 

representative of all European countries, especially regarding cardiovascular mortality, 

which is well-known to be lower in France than in Northern Europe as described in the 

so-called French paradox [17]. The latest available statistics from the World Health 

Organization [18] show that France has one of the highest life expectancy in Europe (81 

years at birth, in 2006), similar to other Mediterranean (Spain and Italy) or non-

Mediterranean (Switzerland) countries. These areas sharing with France a high life 

expectancy, close to the one observed in Northern (78 years at birth, in 2005 in Lille 

area), North-Eastern (80 in Strasbourg area) or South-Western France (82 in Toulouse 

area), would be particularly appropriate for testing our prediction model. 

 

Obviously, our analysis of the determinants of all-cause mortality is dependent 

on the data collected during the Third French MONICA population survey. Since this 
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study was originally intended and designed to analyse cardiovascular risk factors, some 

potential determinants of all-cause mortality (family history of breast cancer, 

carcinogenic exposures, viral hepatitis contaminations ...) could not be studied as they 

were not recorded. The performance of the risk prediction equation would have been 

enhanced by considering a wider set of non-cardiovascular parameters. However, main 

causes of death in France and Europe for people aged 35-64 are cancers (lung and upper 

areo-digestive tract cancers) and cardiovascular diseases [19]. Beyond age, the main 

risk factors for these cancers are smoking and alcohol consumption which were 

extensively recorded in our study, alongside with cardiovascular risk factors. 

Accordingly with the hypothesis that cardiovascular risk factors are also major risk 

factors for all-cause mortality, a previous European cohort [20] originally intended and 

designed to analyse risk factors for cardiovascular but also other chronic diseases 

pointed out that age, smoking, diabetes and high blood pressure are also independent 

determinants of all-cause mortality in middle-aged subjects.  

 

Beyond cardiovascular risk factors, we found low educational level and living 

area to be independent determinants of mortality. These two variables are generally 

considered to be global markers of health condition and are strongly associated with life 

expectancy [21-23]. Social inequalities, including lower educational levels, have been 

consistently pointed out as major determinants of health and mortality [21,22]. 

Suggested explanations include the unequal distribution of health risk behaviours 

(smoking, alcohol consumption, sedentary lifestyle...), hard occupational exposures, 

poor health insurance coverage, psychosocial pressures and stress-related factors 

promoted for instance by financial difficulties and insecure jobs [22]. With higher 
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mortality rates in Northern as compared to South-Western France, we pointed out 

another illustration of the North-South gradient in cardiovascular but also all-cause 

mortality, which has often been related to the French paradox. The concept suggests the 

interference of living patterns to explain differences in mortality rates [17]. 

Accordingly, the gradient we observed may be due to differences in life habits such as 

dietary patterns or wine drinking behaviours, presumably impacting on the distribution 

of diseases and causes of death [17,23,24]. However, it can also be related to social 

inequalities, with a lower average socio-economic level in Northern as compared to 

Southern France [23], and with a lower density of general practitioners, specialists, 

hospitals and health institutions, and consequently a less easy access to health 

prevention and care.  

 

To ensure the accuracy of the cumulative incidence of death recorded in our 

sample, we calculated the expected cumulative incidence that should be observed in our 

study population if death rates by year, gender and age categories were those found in 

Northern, North-Eastern and South-Western France between 1995 and 2006. We found 

an expected cumulative death rate of 7.2% whereas the observed cumulative incidence 

of death in the study was 5.8% [95% CI: 5.0 - 6.6] (in the whole sample, i.e. before 

excluding subjects in secondary prevention or those with severe chronic disease). This 

difference may be related to the possible selection of a study sample in a relatively 

better health shape than the general population, as already described for participants in 

research projects [25].
 
As a consequence, our risk algorithm may slightly underestimate 

probabilities of death and this should be taken into account when defining risk 

categories to settle measurements of prevention. Indeed, the aim of prediction 

algorithms is to discriminate between subjects at low and high risk, to propose 
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appropriate risk management. Our equation indicates that a man older than 55, with a 

cluster of risk factors, may have a 10-year risk of death greater than 50%. There is no 

doubt that this man requires to be referred for an aggressive management of risk factors, 

but for less extreme situations, the question is where do we have to settle the threshold 

to define high risk subjects. Given that high cardiovascular risk has been assessed as a 

10-year probability of fatal cardiovascular event ≥ 5% according to the SCORE chart 

[7], and given that cardiovascular mortality represents about 1/4 of all-cause mortality 

in middle-aged European people, we propose to consider that subjects with a 10-year 

risk of all-cause mortality ≥ 15%, according to our algorithm, are at high risk (i.e. 

slightly below 20%, to take into account that our equation may underestimate 

probabilities of death). 

 

In conclusion, various algorithms have been developed to estimate a probability 

of disease occurrence for a given individual. Such tools are of major importance to 

screen those people who will benefit from prevention among apparently healthy 

subjects, and consequently to guide practitioners towards a more or less aggressive 

management of risk factors. Therefore risk algorithms are key for developing cost-

effective disease prevention. Because of a constant improvement of medical research, 

risk charts need to be updated to provide information in accordance with current 

medical care. Although we mainly focused on cardiovascular determinants, the tool we 

developed is complementary to cardiovascular algorithms previously published. Indeed, 

assessing all-cause mortality enables a more global approach of health prevention and a 

better identification of priorities for health policies.  
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Appendix:  

The following steps lead to the estimation of the 10-year absolute risk of all-cause 

mortality for a given subject:  

Step 1: Equation A = 0.55 (for people living in Northern France) + 0.04 (for people 

living in North-Eastern France) + 0.00 (for people living in South-Western France) + 

0.00 (for age ranging between 35 and 44) + 0.50 (for age ranging between 45 and 54) + 

1.35 (for age ranging between 55 and 64) + 0.00 (for women) + 0.74 (for men) + 0.00 

(if high school has been completed) + 0.45 (if high school has not been completed) + 

0.00 (for non smokers) + 0.96 (for smokers < 15 pack-years) + 1.04 (for smokers ≥ 15 

pack-years) + 0.00 (if LDL-cholesterol < 5.2 mmol/l (200 mg/dl)) + 0.49 (if LDL-

cholesterol ≥ 5.2 mmol/l (200 mg/dl)) + 0.00 (for non diabetic subjects)  + 0.50 (for 

diabetic subjects)  + 0.00 (if systolic blood pressure < 160 mmHg)  + 0.42 (if systolic 

blood pressure ≥ 160 mmHg). 

Step 2: Equation A is calculated for the average level of each explanatory variable: 

B = 0.55 x 0.33 + 0.04 x 0.31 + 0.50 x 0.35 + 1.35 x 0.30 + 0.74 x 0.50 + 0.45 x 0.66 + 

0.96 x 0.06 + 1.04 x 0.15 + 0.49 x 0.08  + 0.50 x 0.12 + 0.42 x 0.08 = 1.7873 

Step 3: C = A - B (where B = 1.7873) and D = e
C
 

Step 4: The 10-year survival Kaplan-Meier value S(t) is exponentiated by D and 

subtracted from 1 to calculate the 10-year risk of all-cause mortality for a given subject, 

according to his baseline characteristics and risk factors. 

P = 1 - [S(t)]
D
 (where S(t) = 0.96) 

 

Example: The 10-year absolute risk of all-cause mortality is 16% for a man living in South-Western 

France, aged 46, who did not complete high school, has smoked more than 15 pack-years, is non 

diabetic, and has LDL-cholesterol ≥ 5.2 mmol/l  and blood pressure < 160 mmHg.  
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Step 1: A = 0.50 x 1 + 0.74 x 1 + 0.45 x 1 + 1.04 x 1 + 0.49 x 1 = 3.22 

Step 2: B = 1.7873 

Step 3: C = 3.22 - 1.7873 = 1.4327 and D = e
1.4327

 = 4.1899 

Step 4: and P = 1 – 0.96 
4.1899

 = 0.1572 
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Figure legends 

 

Figure 1: Algorithm for 10-year all-cause mortality prediction 

Figure 1a: Sum points according to baseline characteristics and risk factors. 

Figure 1b: Find the corresponding estimate for 10-year absolute risk of mortality. 

Figure 1c: Compare to the average 10-year absolute risk of a same age and gender 

subject. 

* The average 10-year all-cause mortality risk represents the average absolute risk of 

death for all categories of risk corresponding to a given score. 

** The average risk estimates are calculated for a person with average values for 

baseline characteristics and risk factors. 

 

Figure 2: Observed 10-year incidence of all-cause mortality and mean predicted 

risk by deciles of predicted risk 
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Table 1 Main characteristics of the sample, by centre 

  Lille  

Centre 

Strasbourg 

Centre 

Toulouse 

Centre 

 N=1056 N=1010 N=1142 

Age (years), mean (± SD) 50.2 (± 8.0) 50.1 (± 8.2) 50.0 (± 8.5) 

Men, N (%) 513 (49%) 495 (49%) 587 (51%) 

High school completed, N (%) 331 (31%) 324 (32%) 430 (38%) 

Non-smoking, N (%) 810 (77%) 820 (81%) 897 (79%) 

Smoking < 15 pack-years, N (%) 55 (5%) 48 (5%) 80 (7%) 

Smoking ≥ 15 pack-years, N (%) 191 (18%) 142 (14%) 165 (14%) 

No alcohol consumption, N (%) 200 (19%) 246 (24%) 389 (34%) 

Drinking ≤ 30 g/day for men and ≤ 20 g/day for women, N (%) 464 (44%) 506 (50%) 466 (41%) 

Drinking > 30 g/day for men and > 20 g/day for women, N (%) 392 (37%) 258 (26%) 287 (25%) 

No regular physical activity, N (%) 390 (37%) 182 (18%) 133 (12%) 

Light physical activity almost every week, N (%) 537 (51%) 562 (56%) 469 (41%) 
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Intense physical activity during at least 20 minutes 1 to 2 times a week, N (%) 96 (9%) 193 (19%) 273 (24%) 

Intense physical activity during at least 20 minutes ≥ 3 times a week, N (%) 31 (3%) 72 (7%) 265 (23%) 

Body Mass Index (kg/m²), mean (± SD) 26.5 (± 5.0) 26.8 (± 4.6) 25.5 (± 4.2) 

Diabetes, N (%) 165 (16%) 125 (12%) 92 (8%) 

Anti-hypertensive drug treatment, N (%) 160 (15%) 143 (14%) 146 (13%) 

Systolic blood pressure (mmHg), mean (± SD) 133 (± 19) 132 (± 20) 131 (± 18) 

Diastolic blood pressure (mmHg), mean (± SD) 83 (± 12) 85 (± 13) 80 (± 10) 

Lipid-lowering drug treatment, N (%) 108 (10%) 95 (9%) 120 (10%) 

Total cholesterol (mmol/l), mean (± SD) 5.99 (± 1.04) 5.89 (± 1.06) 5.78 (± 1.02) 

LDL-cholesterol (mmol/l), mean (± SD) 3.95 (± 0.98) 3.79 (± 1.02) 3.79 (± 0.96) 

HDL-cholesterol (mmol/l), mean (± SD) 1.48 (± 0.42) 1.50 (± 0.47) 1.47 (± 0.44) 

Triglycerides (mmol/l), mean (± SD) 1.26 (± 0.94) 1.45 (± 1.79) 1.18 (± 0.75) 

 

SD: Standard deviation.  

Lille is located in Northern, Strasbourg in North-Eastern and Toulouse in South-Western France. 
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Table 2 Main characteristics of deceased and non deceased participants 

  Non deceased Deceased P-value 

  N=3052 N=156  

Living area, N (%)   0.003 

     Lille (Northern France) 985 (32%) 71 (46%)  

     Strasbourg (North-Eastern France) 972 (32%) 38 (24%)  

     Toulouse (South-Western France) 1095 (36%) 47 (30%)  

Age, N (%)   < 0.001 

     35-44 years  1112 (36%) 29 (19%)  

     45-54 years  1070 (35%) 44 (28%)  

     55-64 years 870 (29%) 83 (53%)  

Men, N (%) 1485 (49%) 110 (70%) < 0.001 

High school completed, N (%) 1053 (34%) 32 (20%) < 0.001 

Smoking habits, N (%)   < 0.001 

     Non-smoking 2435 (80%) 92 (59%)  
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     Smoking < 15 pack-years 170 (5%) 13 (8%)  

     Smoking ≥ 15 pack-years 447 (15%) 51 (33%)  

Alcohol consumption, N (%)   <0.001 

     No alcohol consumption 805 (26%) 30 (19%)  

     Drinking ≤ 30 g/day for men and ≤ 20 g/day for women 1377 (45%) 59 (38%)  

     Drinking > 30 g/day for men and > 20 g/day for women 870 (29%) 67 (43%)  

Physical activity, N (%)   0.125 

     No regular physical activity 664 (22%) 41 (26%)  

     Light physical activity almost every week  1493 (49%) 75 (48%)  

     Intense physical activity during at least 20 minutes 1 to 2 times a week 544 (18%) 18 (11%)  

     Intense physical activity during at least 20 minutes 3 times a week or more 346 (11%) 22 (14%)  

Body Mass Index (kg/m²), mean (± SD) 26.2 (± 4.6) 26.6 (± 5.1) 0.212 

Diabetes, N (%) 346 (11%) 36 (23%) < 0.001 

Antihypertensive drug treatment, N (%) 417 (14%) 32 (21%) 0.016 

Systolic blood pressure (mmHg), mean (± SD) 132 (± 19) 140 (± 21) < 0.001 
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Systolic blood pressure ≥ 160 mmHg, N (%) 243 (8%) 28 (18%) < 0.001 

Diastolic blood pressure (mmHg), mean (± SD) 82 (± 12) 85 (± 12) 0.033 

Lipid-lowering drug treatment, N (%) 307 (10.1%) 16 (10.3%) 0.936 

Total cholesterol (mmol/l), mean (± SD) 5.88 (± 1.03) 5.86 (± 1.26) 0.489 

Total cholesterol ≥ 6.45 mmol/l (250 mg/dl), N (%) 824 (27%) 43 (29%) 0.728 

LDL-cholesterol (mmol/l), mean (± SD) 3.84 (± 0.98) 3.82 (± 1.20) 0.461 

LDL-cholesterol ≥ 5.2 mmol/l (200 mg/dl), N (%) 240 (8%) 20 (13%) 0.008 

HDL-cholesterol (mmol/l), mean (± SD) 1.49 (± 0.44) 1.40 (± 0.47) 0.011 

HDL-cholesterol < 1 mmol/l (40 mg/dl), N (%) 346 (12%) 31 (21%) 0.001 

Triglycerides (mmol/l), mean (± SD) 1.28 (± 1.23) 1.59 (± 1.48) < 0.001 

Triglycerides ≥ 1.70 mmol/l (150 mg/dl), N (%) 506 (17%) 34 (23%) 0.063 

 

SD: Standard deviation 
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Table 3 Independent predictors of all-cause mortality  

  β-Coefficient  

(Cox Model) 

Hazard Ratio    

 

95%  

Confidence Interval P-value 

Toulouse centre (South-Western France) 1.00    

Strasbourg centre (North-Eastern France)
  

0.04 1.04 [0.67 - 1.61] 0.857 

Lille centre (Northern France) 
 

0.55 1.76 [1.21 - 2.58] 0.003 

35-44 years old 1.00    

45-54 years old 
 

0.50 1.64 [1.02 - 2.64] 0.040 

55-64 years old 
 

1.35 3.89 [2.49 - 6.09] < 0.001 

Women 1.00    

Men  0.74 2.11 [1.48 - 3.01] < 0.001 

Educational level ≥ high school completion 1.00    

Educational level < high school completion 0.45 1.57 [1.05 - 2.33] 0.026 

Non-smoking 1.00    

Smoking < 15 pack-years  0.96 2.61 [1.45 - 4.70] 0.001 
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Smoking ≥ 15 pack-years  1.04 2.90 [2.01 - 4.17] < 0.001 

No diabetes 1.00    

Diabetes  0.50 1.62 [1.10 - 2.37] 0.014 

Systolic blood pressure < 160 mmHg 1.00    

Systolic blood pressure ≥ 160 mmHg  0.42 1.57 [1.03 - 2.39] 0.036 

LDL-cholesterol < 5.2 mmol/l (200 mg/dl) 1.00    

LDL-cholesterol ≥ 5.2 mmol/l (200 mg/dl) 0.49 1.62 [1.01 - 2.61] 0.047 

Missing data on LDL-cholesterol level (n=126*) 0.40 1.50 [0.80 - 2.80] 0.207 

Baseline survival Kaplan-Meier function at 10 years: S(t) 0.96    

 

Variables initially introduced in the multivariate Cox analysis are Living area, Age, Gender, Educational level, Smoking habits, Alcohol 

consumption, Physical activity, Diabetes, Antihypertensive drug treatment, Systolic and Diastolic blood pressure, LDL-cholesterol, HDL-

cholesterol and Triglycerides. 

* 126 subjects had missing data regarding LDL-cholesterol level (69 subjects for whom lipid measurement was lacking and 57 for whom 

LDL-cholesterol could not be estimated with the Friedewald equation as triglycerides were higher than 4.6 mmol/l). 


