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Introduction: The optimal performance of cardiovascular disease (CVD) risk models in various populations
(such as the Framingham Heart Sheet or the ESC SCORE) is of major interest in risk prediction modeling
nowadays. We evaluated whether the inclusion of socioeconomic status (SES) in the HellenicSCORE would
increase the accuracy of prediction, irrespectively of dietary information and the classical CVD risk factors.
Methods: Data from 1514 men and 1528 women (age >18 years), who were free of known CVD on enrol-
ment in 2001-02, were studied (the ATTICA study). Five years later a follow up was performed and the de-
velopment of CVD was defined (WHO-ICD-10 criteria). As SES indicators, education status and mean annual
income were recorded, and a special SES 3-class index was calculated (low, moderate and high). The Med-
DietScore, which incorporates the inherent characteristics of the Mediterranean diet, was used as a dietary
assessment tool, while the HellenicSCORE, which reflects the level of CVD risk factors, was also calculated.
Additive logistic regression models were used to test the additive effect of SES and dietary assessment on
the predictive ability of the HellenicSCORE.

Results: SES assessment did not improve the predictive ability of the estimated risk model compared to the
model that included the HellenicSCORE, physical activity status, waist-to-hip ratio, diabetes and family his-
tory of CVD. Additionally, SES did not improve the predictive ability of the estimated risk model even when
dietary assessment was added to the above model.

Conclusions: Socioeconomic status does not improve the predictive ability of a CVD risk model, even when
dietary information is also taken into account.

ment of risk factors.® Many risk predic-
tion models have been developed over the
years in order to provide an overall assess-
ment of CVD risk. Two of the most well-

he cardiovascular disease (CVD)
T epidemic still constitutes the lead-
ing cause of death worldwide.!
It is a general belief nowadays that pre-

vention strategy should not only focus on
people who are at high risk for develop-
ing CVD, but needs to be used in a wider
perspective in terms of reduction of risk
factors, if CVD is to be substantially re-
duced.? Effective prevention is primarily
based on the accurate identification of in-
dividuals at risk, through the global assess-

known CVD predictive risk models are
the Framingham risk score* and the ESC
SCORE (European Society of Cardiolo-
gy: Systematic Coronary Risk Evaluation)
system.” Other predictive models to mea-
sure the risk of future CVD events are:
the PROCAM (Prospective Cardiovascu-
lar Miinster) study, which uses neural net-
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works;® the ASSIGN risk score, involving family his-
tory of CVD, developed in Scotland;’ the QRISK1®
and QRISK?2’ which use a population-based clinical
research database in the UK; and the accompanying
World Health Organization/International Society of
Hypertension (WHO/ISH) risk prediction charts.'?
These risk prediction models use the classical CVD
risk factors (i.e. cholesterol and systolic blood pres-
sure levels, age, gender, and smoking habits), but
very few attempts have been made to include either
more lifestyle-related CVD risk factors, such as diet,
or other strong predictors of health, such as socioeco-
nomic status (SES).

Recent recommendations by the Fourth Joint Task
Force of the ESC for the primary prevention of CVD
in clinical practice have emphasized the importance of
a “multifactorial approach in the assessment and man-
agement of CVD, including dietary habits, as dietet-
ics is considered an integral part of patient risk man-
agement.”!! Moreover, according to the World Health
Organization,'’ emphasis should be placed on lifestyle
modification, including physical activity, moderation
of alcohol intake, increased fresh fruit and vegetables
and reduced saturated fat in the diet, weight loss in the
overweight, reduction of dietary sodium intake, and in-
creased potassium intake. Recently, Panagiotakos et
al'? showed that the inclusion of dietary habits in the
Hellenic version of the ESC SCORE model, the Hel-
lenicSCORE, " increases accuracy and reduces bias in
the estimations of future cardiac events.

In addition, it has now been well established that
SES is an important determinant of health. More-
over, the association between the classic SES indi-
cators (i.e. education, income and occupation) and
CVD is well established,'*!° but the predictive ability
of such indicators has not been thoroughly examined.
One of the few attempts was made by the QRISK®
and the ASSIGN7 scores, where SES was included in
the form of social deprivation (area-based index) to
avoid social gradients in health outcomes. Recently,
Fiscella et al'’ included SES in the Framingham risk
score in order to reduce bias through the underesti-
mation of coronary heart disease (CHD) risk in peo-
ple with a low SES. Moreover, it is well known that
SES can potentially modify people’s dietary habits. In
general, people with a lower SES tend to practice less
healthy behaviors, including unhealthy dietary habits,
consequently leading to the development of chronic
diseases such as CVD.'®!” Finally, there is strong evi-
dence of an interaction between SES and diet in rela-
tion to CVD risk factors and CVD outcome.?*!
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Therefore, in this study it was assessed whether
the inclusion of SES in a CVD risk prediction mod-
el would increase the accuracy of prediction, irre-
spectively of dietary information and the classical
CVD risk factors as evaluated through the Hellenic-
SCORE.

Methods

Study design and participants

To test the research hypothesis of this work, the “AT-
TICA” epidemiological study database was used.?
The “ATTICA” study started as a nutrition and
health survey of the Greek population (during 2001-
2002), and in 2006 performed the first follow up.
The sampling was carried out in the region of Atti-
ca, which includes 78% urban and 22% rural areas,
where Athens is the major metropolis. During the
enrolment period, 4056 inhabitants from the above
area were selected. Of these, 3042 consented to par-
ticipate (75% participation rate); 1514 of the partici-
pants were men and 1528 were women. Further de-
tails about the aims, design and methods of the AT-
TICA epidemiological study may be found elsewhere
in the literature.*

Measurements

SES was assessed through years of education and
mean annual income of the family (through self re-
ports), during the last three years. For people in the
family who were not working, we used the average
family income, while for unemployed individuals we
used the basic monthly allowance they received from
the Social Service Office. To provide a more com-
posite estimator of people’s SES, a special “socio-
economic” index was developed by multiplying the
years of school in each individual by their mean an-
nual income. The range of the index was from 5500
to 880,000: 1st tertile, bad SES,<172,800; 2nd tertile,
moderate SES, 172,800 to 240,000; and 3rd tertile,
good SES >240,000. This index was normally dis-
tributed according to the Kolmogorov-Smirnov cri-
terion.

In addition, the baseline evaluation of the AT-
TICA study included information about clinical and
biological measurements, personal and family histo-
ry of hypertension, hypercholesterolemia and diabe-
tes, family history of CVD, dietary and other lifestyle
habits, such as smoking and physical activity status.



CVD Risk Models, Diet and Socioeconomic Status

Participants’ baseline risk of CVD risk was calculated
globally using the HellenicSCORE model.!* Annual
CVD mortality rates for Greece were obtained from
the World Health Organization mortality database
for 2002,” while the average age- and sex-specific lev-
els of systolic blood pressure, total cholesterol and
smoking prevalence were predicted using data from
the ATTICA study."?

The evaluation of the nutritional habits of the
ATTICA study participants was based on a validat-
ed semi-quantitative food-frequency questionnaire,**
the EPIC-Greek questionnaire, which was kindly pro-
vided by the Unit of Nutrition of Athens Medical
School. All participants were asked to report the av-
erage intake (per week or day) of several food items
that they had consumed during the last 12 months.
Then, the frequency of consumption was quanti-
fied approximately in terms of the number of times
a month a food was consumed. Any type of alcohol
consumption was measured in wineglasses (100 ml)
and quantified by ethanol intake (in g per day). In or-
der to describe overall diet the MedDietScore (range
0-55) was used.” Higher values of this score indicate
better adherence to the Mediterranean diet.

Follow-up evaluation

During 2006, the ATTICA study’s investigators per-
formed the 5-year follow up. Of the 3042 participants
initially enrolled, 1012 men and 1035 women were
still alive at the time of the follow up, while 32 (2.1%)
men and 22 (1.4%) women died during the 5-year pe-
riod. The rest of the participants (941) were lost to
follow-up (69% participation rate). Of the individuals
who did not participate in the re-examination, 75%
were not found because of missing or wrong address-
es and telephone numbers, and the rest refused to
be re-examined. No significant differences were ob-
served in the baseline characteristics between those
who participated in the follow up and those who did
not, regarding the distribution of age (p=0.78), sex
(p=0.99), years of school (p=0.67), presence of hy-
pertension (p=0.12), diabetes (p=0.27), hypercholes-
terolemia (p=0.10), or obesity (p=0.54).%

Statistical analysis

Incidence rates of CVD were calculated as the ratio
of new cases developed during the preceding years
to the number of people participating in the follow
up. Continuous variables are presented as mean val-

ues * standard deviation and categorical variables
are presented as frequencies. Associations between
categorical variables were tested using the chi-square
test. Comparisons of mean values of normally distrib-
uted variables between those who developed an event
and the rest of the participants were performed us-
ing Student’s t-test. For some continuous variables
that were not normally distributed the Mann-Whit-
ney non-parametric test was applied to evaluate the
differences in the distributions of the skewed vari-
ables between those who developed a CVD event
and the rest of the participants. The associations be-
tween participants’ baseline CVD risk factor levels
(as assessed through the calibrated HellenicSCORE
equations), dietary habits (as assessed through the
MedDietScore), and socioeconomic status (as as-
sessed through the SES index), and the development
of CVD were evaluated using nested logistic regres-
sion models. Then the -2log (Likelihood) ratio be-
tween the full and reduced models and the chi-square
of each model were calculated (model’s chi-square
measures the improvement in fit that the explanatory
variables make compared to the model without this
variable). The Nagelkerke “pseudo” R? was also used
to interpret the level of explained “variance” of each
model. Nagelkerke R? is a an attempt to imitate the
interpretation of the common multiple R? based on
the log (Likelihood) of the final model vs. log (Like-
lihood) for the baseline model, with a modification in
order to ensure its values lie within the interval [0, 1];
however, it could better be described as an attempt to
measure strength of association. The Hosmer-Leme-
show statistic also evaluated the model’s goodness-of-
fit (fit was considered adequate if computed p>0.05,
indicating model prediction is not significantly dif-
ferent from observed values). The correct classifica-
tion rate was calculated as the ratio of the predicted
events divided by the true events, and the ratio of the
predicted event-free to the true event-free partici-
pants. All reported p-values are based on two-sided
tests. SPSS version 14 software (Statistical Package
for Social Sciences, SPSS Inc, Chicago, IL, USA) was
used for all the statistical calculations.

Results

Table 1 presents the demographic, clinical and behav-
ioral characteristics of the participants according to
5-year CVD status, and shows that people who devel-
oped CVD exhibited a lower adherence to the Medi-
terranean diet (i.e. lower MedDietScore, p=0.001).
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Table 1. Characteristics of participants in the ATTICA study according to the 5-year incidence of cardiovascular disease (CVD).

Status at 5-year follow up

CVD event free  CVD events
(n=1826) (n=170) p
Age, years 44 £ 13 60 = 13 <0.001
Male gender, % 48% 64% 0.01
Financial status, %: 0.44
Bad (<€12,000) 22.5% 30%
Moderate (€12,000-18,000) 32.0% 30.0%
Good (€18,000-24,000) 32.5% 31.4%
Very good (>€24,000) 13.0% 8.6%
Years of school 12+3 10+ 4 <0.001
Socioeconomic status, %: <0.001
Low 13.7% 37.1%
Moderate 50.6% 44.3%
Good 35.8% 18.6%
Current smoking, % 40% 30% 0.03
Physical activity, % 42% 40% 0.63
Mediterranean diet score (0-55) 26 6 23+7 0.001
History of hypertension, % 29% 58% <0.001
History of hypercholesterolemia, % 39% 52% 0.001
History of diabetes, % 5% 25% <0.001
Family history of coronary heart disease, % 28% 34% 0.33
Obesity, % 17% 30% 0.008
Regarding the analysis of SES, there was a strong 50-
association between CVD events and years of school 451
(p<0.001) as well as SES status (p<0.001), meaning ‘3‘2'
that people who developed CVD were more likely to i 304
be less well educated and to appear in the lower SES g 25
index level. No significant association was found be- 3 ?g
tween CVD events and financial status (p=0.44). In 10-
addition, when the HellenicSCORE was divided into 51
0

7 classes (i.e. <1%, 1%, 2%, 3%-4%, 5%-9%, 10%-
14% and >14% risk of developing fatal CVD events
during the next 10 years), there was a strong associa-
tion between those who developed a CVD event and
classes of HellenicSCORE (p<0.001; Figure 1).
Table 2 shows the results from the main research
hypothesis tested (i.e. that the inclusion of SES in a
CVD risk prediction model would increase the ac-
curacy in prediction, irrespectively of dietary infor-
mation and the classical CVD risk factors). In par-
ticular, a model was estimated (core model, model 0)
with only the HellenicSCORE as a measure of global
CVD risk* and, as expected, it was highly significant
in predicting future CVD events, with an overall cor-
rect classification rate equal to 91.4%. When the pre-
vious model was adjusted for physical activity status,
waist-to-hip ratio, diabetes and family history of CVD
(model 1) the HellenicSCORE remained highly sig-
nificant, while the explained variability (Nagelker-
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<1% 1% 2% 3-4% 5-9% 10-14% >14%
HellenicSCORE classes
- No CVD events ' CVD events

Figure 1. Association between cardiovascular disease (CVD)
events and classes of HellenicSCORE.

ke R?) increased by 22.5% (i.e. from R?=15.5% for
model 0 to R?=19.0% for model 1). However, when
SES was added (model 2) it did not significantly im-
prove the predictive ability of the model (odds ra-
tio, OR=0.48, 95% confidence interval, CI: 0.16-
1.42, p=0.18). In contrast, when MedDietScore was
added to model 1 (model 3), the additive predic-
tive ability of the model exhibited borderline signifi-
cance (OR=0.96, CI: 0.91-1.00, p=0.06), while the
explained variability of the model (Nagelkerke R?)
increased by 3.5% (i.e. from R*=19.0% for model 1
to R?=19.7% for model 3). Finally, when SES and
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Table 2. Results from multiple logistic regression analysis that evaluated the effect of socioeconomic status (SES), in addition to the Hel-
lenicSCORE, the MedDietScore and other covariates* in predicting 5-year cardiovascular disease events.

Odds ratio 95% Confidence interval
Model 0 (unadjusted)
HellenicSCORE (per 1% increase) 121 1.17-1.25
Model’s chi-square 141.6, df=1, p<0.001
Nagelkerke R2 and -2LogL 15.5% and 1020
Model 1 (adjusted™)
HellenicSCORE (per 1% increase) 1.19 1.12-1.26
Model’s chi-square 83.9, df=5, p<0.001
Nagelkerke R2 and -2LogL 19.0% and 440
Model 2 (adjusted™)
HellenicSCORE (per 1% increase) 1.15 1.05-1.25
SES status (high vs. low) 0.48 0.16-1.42
Model’s chi-square 34.4, df=7, p<0.001
Nagelkerke R? and -2LogL 15.1% and 225
Model 3 (adjusted*)
HellenicSCORE (per 1% increase) 1.17 1.10-1.24
MedDietScore (per 1/55 unit) 0.96 0.91-1.00
Model’s chi-square 87.2, df=6, p<0.001
Nagelkerke R? and -2LogL 19.7% and 437
Model 4 (adjusted™)
HellenicSCORE (per 1% increase) 112 1.03-1.23
MedDietScore (per 1/55 unit) 0.95 0.89-1.00
SES status (high vs. low) 0.51 0.17-1.54
Model’s chi-square 37.2, df=8, p<0.001
Nagelkerke R? and -2LogL 16.3% and 222

*Adjusted for physical activity status, waist-to-hip ratio, diabetes and family history of cardiovascular disease.

MedDietScore were modeled along with the Hel-
lenicSCORE, adjusted for the previously mentioned
risk factors (model 4), the explained variability of the
model (Nagelkerke R?) decreased by 20% (i.e. from
R?=19.7% for model 3 to R*=16.3% for model 4).
This was mostly attributed to the insignificant SES
(p=0.23), showing that SES does not improve the
predictive ability of the model, even when MedDi-
etScore is already present.

Discussion

This study examined whether SES would improve the
predictive ability of a CVD risk prediction model that
also included dietary information (expressed through
the MedDietScore), the HellenicSCORE (a mark-
er of global CVD risk based on age, gender, smok-
ing habits, total serum cholesterol and systolic blood
pressure levels), and other risk factors (i.e. physical
activity, waist-to-hip ratio, diabetes and family history
of CVD). Additive logistic models showed that SES
information does not improve the predictive ability
of a CVD risk model, even when dietary data have al-
ready been taken into account.

The area of CVD risk prediction has received
much interest in recent years. The use of such a mod-
el is a very quick and simple way to assess risk, with-
out failing to address the multifactorial nature of
CVD, and the optimal performance of such models
is of high importance in order to identify more ef-
fectively the people who are at risk of developing
CVD.'! Although it seems that existing models lack
fundamental information, resulting in under-treat-
ment or over-treatment of the people at risk, increas-
ing the number of variables is often viewed with skep-
ticism by experts, as many do not observe significant
gains once the basic factors have been included. Fur-
thermore, issues of increased model complexity and
cost have been raised.”’" A recent scientific state-
ment by the American Heart Association suggested
that “the cost, safety, and acceptability of a novel risk
marker are additional important practical issues in its
evaluation.”®' Thus, there is an increased interest in
searching for simpler CVD risk prediction models us-
ing non-laboratory predictors.

In the case of SES (assessed through education
and income), costly laboratory measurements are not
required and it exhibits several advantages, notably
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that it can be quickly and accurately measured.*” The
present study is one of the first to attempt to examine
the additive effect of SES on a risk prediction model;
previously, SES has been considered as an addition-
al variable in the prediction models, on the rationale
that it is likely to influence CVD risk independent-
ly.153334 Specifically, the QRISK® and the ASSIGN’
scores include SES in the form of social deprivation
(area-based index) to avoid social gradients in health
outcomes. In a recent study by Fiscella et al,'” SES
(assessed through education and income) was added
to the Framingham risk score in a US sample. The re-
sults demonstrated that the Framingham risk score
underestimates CHD risk for those with a low SES,
suggesting that treatment decisions that ignored SES
could magnify SES inequalities. This bias seemed to
be reduced by adding SES to Framingham risk score.

As a confirmation of the main finding it was re-
vealed that people who developed CVD were more
likely not to adhere to the Mediterranean diet, were
less well educated, in the lower SES index level, old-
er, men, and had greater prevalence of the common
CVD risk factors (Table 1). Additionally, the fact
that the inclusion of dietary habits in a risk-prediction
model significantly increases the predictive ability of
the estimated CVD model, as reported in a previ-
ous work by Panagiotakos et al,'> was confirmed, al-
though a different set of covariates was used. In that
work, it was demonstrated that inclusion of dietary
habits in the Hellenic version of the ESC SCORE
model (HellenicSCORE) increases accuracy and re-
duces the bias of the estimations.

Mozaffarian et al* recently highlighted that life-
style risk factors (such as dietary habits) should be
major concerns when looking at CVD from any per-
spective (i.e. public, patients, clinicians and policy
makers). Therefore, dietary assessment should be
considered as an additional variable in risk predic-
tion, but to the best of our knowledge, almost none of
the commonly used models have included dietary as-
sessment in predicting the risk of future CVD events.

This study revealed that SES does not improve
the predictive ability of a CVD risk model, even when
dietary data have already been taken into account. As
SES is associated directly with CVD, and also seems
to be interacting with dietary habits to influence CVD
outcome,’”?! one can speculate that SES does not
function in an exclusively independent manner, as do
traditional CVD risk factors, but is also acting as a
mediator, increasing CVD risk through an indirect ef-
fect on other risk factors.*
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Limitations

There are some limitations that need to be acknow-
ledged and addressed regarding this study. First, the
baseline and follow-up examinations were performed
only once, and there is the possibility of measure-
ment error. In addition, the measurement of dietary
intake was based on memory and self-reports, both of
which are characterized by measurement error. Low-
income individuals are generally not well represented
because data from the homeless or unemployed are
difficult to obtain. As the HellenicSCORE calculates
CVD risk for a 10-year period, comparisons during
the shorter time period of 5 years may not be so accu-
rate. Finally, logistic regression was preferred to Cox
proportional hazard models in this case, because the
former class of tests provides more information about
the predictive characteristics of the risk model (i.e.
Nagelkerke “pseudo” R?) and the duration of follow
up was only 5 years.

Conclusions

Our results indicate that SES does not improve the
predictive ability of a CVD risk model, even when di-
etary information is already taken into account. This
means that the estimated models did not improve in
accuracy when SES was included. This extension of
scope will provide clinicians and public health policy
makers with additional information in order to re-
duce the burden and health inequalities of CVD.
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