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Abstract: In order to assess individual’s risk of a disease, semi-parametric proportional hazards Cox models are mostly used, while
fewer studies have used parametric models. The aim of the present work was to compare semi-parametric and parametric statistical
methods regarding their goodness of fit. To investigate the research hypothesis, characteristics of the 3042 participants of the ATTICA
epidemiological study, were used; 2583 of them were found inthe 10-year follow-up (2011-2012) and 317 (15.7%) developed a
cardiovascular disease event. Three multivariable models, adjusted for the same set of risk factors were compared regarding their
performance, using the Bayesian Information Criterion (BIC). All models were adjusted for: age, gender, physical activity level, Body
Mass Index, smoking, hypertension, diabetes mellitus, hypercholesterolemia and adherence to the Mediterranean dietary pattern
(assessed with MedDietScore). The semi-parametric Cox proportional hazard model had the worst performance as compared with the
parametric survival models under the Weibull distribution. Between the two other parametric models, the Weibull modelhad the best
performance (BIC =1386.488) as compared with the model withthe exponential distribution (BIC =1729.724) (p for Harell?s C
¡0.001). It appears that parametric models in relation to semi-parametric Cox proportional hazard models have better performance,
while parametric model with Weibull distribution had the best performance among the parametric models.
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1 Introduction

The latest guidelines for cardiovascular diseases (CVD) prevention, strongly suggested the estimation of individual10-
year CVD risk for all adult subjects, independently of theirhealth profile, in order to better treat the disease. CVD risk
estimation scores have not only widely applied to everyday clinical practice, but suggests an important component of
evidence-based medicine [1]. The CVD risk estimation scores provide an individual CVD risk estimation for a specific
future time period ?usually decade as regards to CVD-, usingeasily assessed parameters such as, gender, age, smoking
status, history of diabetes mellitus, hypertension, hypercholesterolemia [2]. The accuracy of these scores has raised several
discussions, underlying a challenge for modern CVD epidemiology, i.e., the optimization of CVD risk estimation scores,
in order to better identify subjects at high CVD risk, without simultaneously treating more healthy people [3]. In the
existing CVD risk prediction models various statistical techniques have been used, mainly due to the methodological
differences of the existing studies. E.g. some models have used risk factors? scores and give information only regarding
the absolute individual risk, whereas other scores provideestimation of relevant CVD risk scores, as compared with
subjects without known CVD risk factors. The statistical approaches vary between CVD risk estimation models, which
use parametric models (i.e., Weibull) that requires the evaluation of baseline hazard, in contrast with semi-parametric Cox
proportional hazards models, which do not require the assessment of baseline hazard [4,5]. Despite the fact that several
methodological approaches have been used, it remains unknown whether any of them performs better in estimating CVD
risk. The increasing interest for CVD risk estimation scores in everyday clinical practice, lead to an emerging need of
upgraded estimation scores that would correctly classify subjects at high CVD risk [6]. Therefore, the present study aimed
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to evaluate which of the existing statistical methodologies for survival data (Cox proportional hazard models, exponential
distribution or Weibull distribution) performs better to the CVD risk estimation.

2 Methods

2.1 Statistical Methodology

The semi-parametric proportional hazards Cox model [7] (see (1),hi =hazard rate) suggests that the hazards ratio remains
constant over time:

loghi(t) = logh0(t)+β1xi1+ ...+βkxik (1)

The Cox proportional hazards model does not estimate the baseline hazard. Contrarily, the exponential distribution
with λ parameter, assumes that the hazards ratio remains constantover time, but, the estimation of baseline hazard is
possible through the distribution parameters, given from 2, whereµ = log(λ ) [8].

loghi(t) = µ +β1xi1+ ...+βkxik (2)

As regards the Weibull distribution (withλ and k parameters), the proportionality of hazard is assumed, but the hazards
ratio can be estimated by 3, and depend on time in various ways[9]:

loghi(t) = µ +α logt +β1xi1+ ...+βkxik (3)

Estimations are performed using the Maximum Likelihood methodology.

2.2 Sampling procedure at baseline examination

The working sample used to test the research hypothesis was the ATTICA study. In brief, the study was carried out
in the greater metropolitan Athens area (including 78% urban and 22% rural regions) during 2001-2002. Of the 4056
invited individuals, 3042 agreed to participate (75% participation rate); 1514 of the participants were men (18-87 years)
and 1528 were women (18-89 years). Exclusion of CVD at baseline examination was performed through a detailed
clinical evaluation by the physicians of the study that followed standard criteria. The examination was performed in the
individuals? homes or workplaces places. The baseline evaluation of the ATTICA study included information about: socio-
demographic characteristics, history of hypertension, hypercholesterolemia and diabetes, family history of CVD, dietary
and other lifestyle habits (i.e., smoking status and physical activity). The recorded variables were gender, age, BodyMass
Index (BMI) (using the measured weight and height and the formulae for BMI proposed by Lambert Adolphe Jacques
Quetelet (1796-1874), i.e., body weight (in kilograms/ height (in meters)2), the physical activity status was assessed using
the Greek validated version of the International Physical Activity Questionnaire (IPAQ); participants were classified as
physically active or sedentary [10]. Arterial blood pressure was measured at the end of the baseline physical examination
with subject in sitting position, and at least 30 minutes at rest. Participants whose average blood pressure levels were
greater or equal to 140 / 90 mmHg or were under antihypertensive medication were classified as having hypertension.
Hypercholesterolemia was defined as total cholesterol levels greater than 200 mg/dl or the use of lipids lowering agents.
Blood glucose levels (in mg/dL) were measured with a BeckmanGlucose Analyzer (Beckman Instruments, Fullerton,
CA, USA). Diabetes mellitus (type 2) was defined according tothe American Diabetes Association diagnostic criteria
(i.e., blood glucose levels greater than 125 mg/dL classified participants as having diabetes). Smokers were defined as
those who were smoking at least one cigarette per day during the past year or had recently stopped smoking (during a
year); the rest of the participants were defined as non-smokers. The MedDietScore was used to evaluate adherence to
the Mediterranean diet. More specifically, MedDietScore isan index with 11 questions regarding consumption frequency
of the main foods of the Mediterranean diet pyramid. In particular, based on the suggested intake, monotonic functions
(with the exception of alcohol intake) were used in order to score the frequency consumption of these foods. In particular,
individual ratings (from 0 to 5 or the reverse) were assignedin each of the 11 food groups according to their position in the
Mediterranean diet pyramid. Thus, the score ranges from 0 to55, with higher scores indicating greater level of adherence
to the Mediterranean diet [11]. Further details about the working sample used here may be found elsewhere [12].
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2.3 Follow-up examination (2011-2012)

During 2011-12, the ATTICA Study?s investigators performed the 10-year follow-up (mean follow-up time 8.41 y).
Of the n=3042 initially enrolled participants, n=2583 werefound during the follow-up (85% participation rate). Of the
individuals that were lost to follow-up (i.e., n=459), n=224 were not found because of missing or wrong addresses and
telephone numbers that they have provided at baseline examination and n=235 because they denied being re-examined. No
differences were reported regarding the distribution of sex (men 50% vs. 49%, p=0.613), obesity (19% vs. 16%, p=0.208),
as well as anxiety (p=0.083) and depression levels (p=0.173) between the participants that were found to follow-up and
the participants that were lost to follow-up. All cases withmissing information were excluded from the analyses. Thus,
for the present work, complete data from n=2009 participants with CVD evaluation at follow-up were used. In order to
participate in the follow-up all participants were initially appointed through telephone calls. Afterwards, the investigators
approached the participants and performed a detailed evaluation of their medical records. Among others, information
about participants’: (a) vital status (death from any causeor due to CVD), (b) development of CHD (i.e., myocardial
infarction, angina pectoris, other identified forms of ischemia -WHO-ICD coding 410-414.9, 427.2, 427.6-, heart failure
of different types, and chronic arrhythmias -WHO-ICD coding 400.0-404.9, 427.0 -427.5, 427.9-), and (c) development
of stroke (WHO-ICD coding 430-438), was assessed and considered as the outcome in this work.

2.4 Statistical analysis

Continuous variables were presented as mean valuesstandard deviation and categorical variables are presented as
frequencies. The continuous variables were tested for following the Normal distribution through P-P plots. Associations
between categorical variables were tested using the chi-square test. Comparisons between mean values of normally
distributed variables between those who developed an eventand the rest of the participants were performed using
Student?s t-test, after controlling for equality of variances using the Levene?s test. The time to CVD event was recorded
on annual basis. Log-rank test was also applied to evaluate differences between groups of participants as regards CVD
incidence. The hazard ratios (HR) of developing a CVD event during the 10-year period, according to the participants?
baseline characteristics (i.e., age, adherence to Mediterranean diet (MedDietScore), physical activity status, smoking,
history of hypertension, diabetes and hypercholesterolemia) were estimated using (a) Cox proportional hazards models,
(b) Exponential and (c) Weibull survival models. For testing the assumption of proportional hazards, graphical control
was applied between the classes of the categorical variables (gender, hypertension, hypercholesterolemia and diabetes),
using the command stphtest in STATA version 13.0. Moreover,the log-log plots were used to test the assumptions for
both the Exponential and the Weibull models. For all models the Bayesian information criterion (BIC) was also
calculated [13]:

BIC =−2∗ lnL+ k ∗ ln(n) (4)

(L the likelihood of the models, k the degrees of freedom and nthe study sample), which suggests a standard criterion
for the good performance of the model to the observed data. Asthe BIC decreases, the model performs better to observed
data. For the comparison among parametric and semi-parametric (Cox) models, the graphical control of Cox & Snell
residuals in relation to cumulative hazard was applied[14] Specifically, the Cox & Snell residuals of each model were
calculated through formulae (5):

rcsi = exp(?xi)?0(ti) (5)

Then, the residuals were presented graphically with Nelson& Aalen cumulative hazard [15]. The closest the residual to
the diagonal line of 45? that starts form (0,0), the best performs the model to the observed events. Under the assumption
of proportional hazards the cumulative distribution should follow the diagonal.

Under the assumption of proportional hazards the cumulative distribution should follow the diagonal. Harrell?s C and
the equivalent parametric Somers? D have been proposed as measures of the predictive power of a general regression
model and used in order to compare the discriminant ability of the models [15]. Harrell?s C is defined as the proportion
of all pairs in which the predictions and outcomes are concordant [16]. The aforementioned estimator is a rank
parameters? estimator, in the family of Kendall-? coefficient. As regards Somers? D, paired data(Xi,Yi) and data
sampling(Xi,Yi),(X j,Yj) from the relevant sampling population, have two possible outcomes: concordant and discordant
pairs. A couple of observed data is concordant when higher X values is associated with higher Y values, but discordant
when higher X values are associated with lower Y values. Thus, Somers? D(X — Y ) estimator is the difference between
conditional probabilities and Harrell?s C(X — Y ) estimatoris D(X — Y )+1/2. Both Harrell’s C and Somers’ D play an
important role in rank statistics, and have been extensively used for assessing prediction performance in survival analysis
settings. In the specific analysis, ?, ? represent the estimated and the observed CVD risk, respectively. The 95%
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confidence intervals (CI) for the difference between Harrell?s C estimators were used instead of the 95% CIs of the
estimators, due to the fact that the latter might become skewed in case of strongly positive associations [16]. The
Harrell?s C estimations for all multivariable survival models were performed using STATA 11.0 software (StataCorp
College Station, Texas 77845 USA). All other statistical analyses were performed using SPSS 18.0 software (SPSS Inc.,
Chicago, Il, USA).The statistical significance level was defined at a=0.05.

3 Results

3.1 10-year cardiovascular disease incidence

The, fatal or non-fatal, 10-year CVD incidence rate was n=317 (15.7%); of them, n=198 (19.7%) cases were men and
n=119 (11.7%) cases were women. Of the n=317 CVD events, 46 were fatal (n=34 men), and, thus, the overall 10-year
fatal CVD rate was 1.8% (3.4% for men and 1.2% for women). Based on the observed person-years, the annual incidence
of CVD was 182 new cases per 10,000 men and 110 new cases per 10,000 women participants. The CVD mortality rate
among men was almost 3 times greater than the same rate among women (3.34% vs. 1.2% respectively). As regards the
non-fatal CVD events, men had an almost 2-fold greater 10-year incidence than women (16.19% vs. 9.83% respectively).

Table 1: Characteristics of the ATTICA study?s participants (n=2009) according to the 10-year fatal or non-fatal incidence of CVD.
Status at 10-year follow up

Baseline CVD event free
CVD
events

p

(n=1702) (n=317)
Age, yrs 4514 4313 5813 <0.001
Male gender, % 50% 48% 63% <0.001
Smoking at,baseline or before, % 43% 55% 57% 0.462
Physical,activity, % 41% 41% 41% 0.999
MedDietScore,(0-55) 267 266 237 <0.001
Hypertension, % 30% 28% 51% <0.001
Hypercholesterolemia,,% 39% 40% 57% <0.001
Diabetes, % 7% 5% 22% <0.001
Body mass index,,kg/m2 265 265 285 <0.001
P-values derived using the chi-square test or t-test for thecategorical and continuous variables, respectively.

Characteristics of the participants by CVD status at 10-year are presented in Table 1. As it can be seen, the group of
participants who developed CVD consisted by older, men, with increased blood lipids, systolic/diastolic blood pressure,
glucose and C-reactive protein levels, as well as with loweradherence to the Mediterranean diet (i.e., lower diet score)
and increased body mass index (all p-values ¡ 0.001). The three multi-adjusted survival models (i.e., semi-parametric
Cox proportional hazards model, Weibull parametric model and exponential parametric model) for 10-year CVD risk
are presented in Table 2. Specifically, the characteristicsthat were positively associated with higher risk of developing
CVD within a decade were increasing age (Hazard Ratio (HR) for 1 year =1.05 (95%CI 1.04-1.07) for Cox model, 1.06
(1.05-1.07) for Weibull model and 1.05 (1.04-1.06) for exponential model), the male gender (HR male vs. female=1.56
(1.21-2.01) for Cox model, 1.57 (1.22-2.01) for Weibull model and 1.50 (1.17-1.93) for exponential model), Body Mass
Index (HR for 1 kg/m2=1.02 (1.00-1.05), 1.02 (0.99-1.05) for Weibull model and 1.03 (1.00-1.06) for exponential model),
hypercholesterolemia (HR for history vs. no history= 1.43 (1.13-1.80) for Cox model, 1.45 (1.15-1.84) for Weibull model
and1.40 (1.11-1.77) for exponential model) and diabetes (HR for history vs. no history=1.73 (1.13-1.80) for Cox model,
1.73 (1.29-2.31) for Weibull model and 1.66 (1.24-2.22) forexponential model).

The two parametric models (i.e., Weibull and exponential) were further compared as regards to their performance to
the observed CVD events. The model assuming the Weibull distribution had better performance than the model assuming
exponential distribution (BIC= 1386.488 vs. BIC=1729.724respectively, p for Harell?s C¡0.001). Moreover, the best
parametric model (i.e., Weibull) was compared graphicallywith Cox proportional hazards model, using Cox-Snell
residuals. The multivariable model assuming the Weibull distribution had better performance than the semi-parametric
Cox model (Graph 1).
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Table 2: Hazard ratios (95% Confidence Intervals) for multivariableparametric and semi-parametric survival models for development
of cardiovascular disease, among the subjects of the ATTICAstudy (n=2009).

Variable Cox Weibull Exponential
Age,(per 1 year) 1.05 (1.04-1.07) 1.06 (1.05-1.07) 1.05 (1.04-1.06)
Gender,(male vs. female) 1.56 (1.21-2.01) 1.57 (1.22-2.01) 1.50 (1.17-1.93)
Body Mass Index,(per 1 kg/m2) 1.02 (1.00-1.05) 1.02 (0.99-1.05) 1.03 (1.00-1.06)
Physical,activity (yes vs. no) 1.01 (0.80-1.29) 1.01 (0.79-1.28) 1.02 (0.80-1.29)
Smoking (yes vs.,no) 1.22 (0.95-1.56) 1.22 (0.95-1.56) 1.22 (0.95-1.56)
Hypertension,(yes vs. no) 1.21 (0.95-1.53) 1.21 (0.96-1.54) 1.22 (0.96-1.55)
Hypercholesterolemia,(yes vs. no) 1.43 (1.13-1.80) 1.45 (1.15-1.84) 1.40 (1.11-1.77)
Diabetes,(yes vs.,no) 1.73 (1.13-1.80) 1.73 (1.29-2.31) 1.66 (1.24-2.22)
MedDietScore,(per 1/55 unit) 0.99 (0.97-1.01) 0.99 (0.97-1.01) 0.99 (0.97-1.01)

4 Discussion

The present work aimed to compare the model performance of three different statistical methodologies that have been
suggested for use in CVD risk prediction models and scores and to provide further insights in accurately predicting the
risk for chronic diseases. According to the presented results, the parametric model under the assumption of the Weibull
distribution had better performance to the observed CVD events than the semi-parametric Cox proportional hazards
model and the parametric survival model assuming the Exponential distribution. Moreover, in terms of model
performance, none of the aforementioned models had satisfactory prediction ability, thus, more research is essentialin
order to reveal the most important risk factors and the most appropriate methodology for estimating CVD risk. The
aforementioned finding could be mainly attributed to the fact that Weibull parametric survival model has a crucial
difference when compared with the other two survival models. Taking into account that increasing age consist a major
CVD risk factor the assumption of the Weibull distribution,which empowers the aggravating effect of age on CVD risk,
seems to have a better theoretical performance on CVD patho-biology. Specifically, the Weibull distribution assumes that
times affect the risk for the outcome with a non-linear way. This finding bears physio-biological explanation for CVD
risk, as increasing age was one the first established aggravating factors for the development of CVD. Relevant attempts
have been performed by Cox et al. that compared the (Cox regression and generalized gamma survival models in two
groups of patients (1504 males and 461 females) after their clinical diagnosis of AIDS. It was proved that generalized
gamma model was better than Cox model because the assumptionof proportional hazards was not fulfilled [17].
Moreover, Ravangard et al., compared the performance of parametric and semi-parametric models on the length of stay
in hospital for subjects who recovered. The researchers concluded that as regards length of stay in hospital, the
assumption of proportionality of hazards was not fulfilled and thus, proposed other parametric approaches [18]. The
parametric and non-parametric approaches in survival analysis have important differences and their performances in
observed data have raised researchers? interest lately [19]. The use of parametric models allows the projection of
estimations in time-periods greater than the study?s follow-up period, which could be an important tool in predicting
future risk for everyday clinical practice. Another advantage in using parametric survival models is that the baseline
hazard can be directly estimated, whereas in Cox models thisshould be post estimated. Thus, the results of particular risk
model can be directly applied to other datasets, whereas this is not possible using the Cox model unless it is supplied
with the baseline hazard function. Nevertheless, using absolute risk estimations subjects could receive informationabout
their actual CVD risk, not the relative CVD risk [20]. This information could be even more initiating for subjects at high
risk in order, for example, to adopt a healthier lifestyle orcomply with the proposed therapy. However, it should be
underlined that the baseline hazard from another study may not be accurate to apply elsewhere, since it is biased by the
sample used. However, for many populations where no prospective data are available, the use of parametric models could
be an important alternative choice. Moreover, it should be mentioned that since the Weibull is a particular case of the
Cox model and the Exponential is a case of the Weibull model, any discrepancies between the Weibull and Exponential
suggest that the exponential model is not valid. Similarly discrepancies between the Weibull and the Cox suggest the
Weibull is not valid. Based on the results presented in Table2, it could be suggested that the model anyone may chose,
has little impact on the estimated hazard ratios. The present study has several strengths, as it was attempted to
methodologically approach the issue of CVD risk prediction, but, also some limitations, too. Baseline evaluation was
performed once, which suggest that measurement error couldbias the results. Thus, the prevalence of all clinical
characteristics may have been overestimated. In addition the use of time-to-event in discrete values may also have
limited the performance of the estimated models. Only threeproportional hazards models were investigated here.
Although, these three models are the most frequently used inCVD risk estimation and the discussions about their
accuracy in prediction could provide important information for cardiovascular research, as well as everyday clinical
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I) Semi-parametric multivariable Cox proportional hazards model

II) Parametric,(i.e. exponential distribution) multivariable model

III) Parametric,(i.e. Weibull distribution) multivariable model

Graph 1. Cox & Snell residuals for the 10-year incidence of CVD, for the three models’ used.

practice, other parametric models (like the Gompertz model, lognormal model, etc) should also be used and compared.
Moreover, taking into account that the exponential and the Weibull are particular cases of the Cox model, and if the Cox
model is not valid, then neither are the other two, this suggests another limitation when aiming to compare model’s
performance. Additionally, the Exponential model may be too simplistic when age is considered, but it should be
mentioned that all the three models included age as a covariate. As regards age as time, the Weibull model assumes a
particular form for the association, whereas the Cox model does not. Thus, if the Weibull model fit the data well, may be
more appropriate and preferred over the Cox model, since it makes better use of the data and is fully parametric, but this
does not necessarily indicate that the Cox model is inadequate.
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5 Conclusion

The use of parametric Weibull survival models seems to be a better approach than using semi-parametric Cox proportional
hazards models in predicting future CVD events. Although, more research is needed to confirm or refute this finding,
as well as bootstrapping methods for reducing bias, the aforementioned results may provide a useful mean for better
identifying the potential CVD candidate in various populations.
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