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Abstract 

Objective 

Patients with psychotic disorders have a higher risk to die from cardiovascular diseases than 

the general population. Risk scores to predict cardiovascular morbidity/mortality are 

increasingly used in psychiatric practice although they have been validated in other 

populations. We investigated whether it is appropriate to use risk scores in a population with 

psychotic disorders.  

Methods 

The risk scores Framingham, PROCAM, CUORE, ASSIGN, SCORE, NHG-standaard, and 

Dutch risk function were included in this study. First, we compared the characteristics of the 

populations in which risk scores were validated with a representative cohort of patients with 

psychotic disorders (n=411). Then, we compared the predicted ten-year cardiovascular 

mortality/morbidity of these patients categorized as elevated or low risk based on the seven 

different risk scores using kappa statistics. 

Results 

The PROCAM risk population had similar patient characteristics as our population, all other 

risk populations were considerably older. The number of patients with an elevated risk 

ranged from three (2%) patients (PROCAM) to 41 (28%) patients (ASSIGN) in female and 

from no patients (ASSIGN) to 81 (31%) patients (Framingham) in male patients. Good 

agreement (κ >0.6) between pairs of scores was found for only 7% (n=1) of the pairs in males 

and 15% (n=3) in females. 

Conclusion 

Our study raises important questions about the validity of applying currently available risk 

scores in this patient group. Main reasons are their young age and the omission of risk 

factors which are specific for patients with psychotic disorders. 
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Introduction 
Risk scores have been developed to estimate the risk of cardiovascular mortality and 

morbidity. They are included in most national guidelines on cardiovascular risk 

management and are widely used in routine practice.1,2 Increasingly, they are used in 

patients with psychotic disorders as their life-expectancy is 15 to 20 years lower and their 

absolute risk of developing coronary heart disease is twice the risk of the general 

population.3 This increased risk may be due to an unhealthy lifestyle including heavy 

smoking4, a poor diet5, and/or few exercise6 as well as the use of antipsychotic drugs which is 

associated with weight gain, diabetes, and dyslipidemia7. Recently, somatic screening 

programs have been developed to monitor the cardiovascular risk in this patient group.8-10 

Often risk scores are used to quantify the cardiovascular risk.11-18 

 

The accuracy of risk prediction of cardiovascular risk scores may differ considerably between 

populations depending on the prevalence of cardiovascular mortality.19 Thus, the 

Framingham risk score was found to over-predict cardiovascular mortality in populations 

with low cardiovascular mortality and to under-predict it in populations with high 

cardiovascular mortality.19 A meta-analysis showed that risk predicted by Framingham risk 

score agreed well with observed risk in populations in the US, Australia and New Zealand, 

but not in European populations.20 Under-prediction was also found in certain ethnic groups 

such as for example in Aborigines, or in groups with low socioeconomic status.21,22 So far, the 

accuracy of cardiovascular risk assessment for patients with psychotic disorders with a 

known high cardiovascular mortality has not been discussed. Therefore, our study aimed to 

investigate if risk scores can be applied to estimate cardiovascular mortality/morbidity in 

patients with psychotic disorders. We first compared the characteristics of the populations 

on which the risk scores are based with a cohort of patients with psychotic disorders. Then 

we estimated cardiovascular risk for patients with psychotic disorders and compared the 

mortality/morbidity that different cardiovascular risk scores predict.  

Methods 

Comparison of population characteristics 

Framingham23, PROCAM24, CUORE25, ASSIGN26, SCORE27, NHG-standaard2 (Dutch 

guideline for general practitioner), and Dutch risk function28 were selected for this study. 
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This was a convenience sample of frequently used risk scores. We compared the risk scores 

regarding country and period of recruitment, number and age range of included patients, 

and the type of predicted outcome (mortality or morbidity and mortality). The outcome was 

further compared using the ICD-9 classification (‘International Statistical Classification of 

Diseases and Related Health Problems’)29. If not available, we translated described 

diagnoses into corresponding ICD-9 codes. We determined the prevalence of the mortality 

due to different ICD-9 codes in the Netherlands based on data from the central registry of 

statistics (CBS: Centraal Bureau voor Statistiek) of 200530. We also analyzed which risk 

factors were included in each risk score when estimating cardiovascular risk.  

 

The characteristics of the populations, in which risk scores were validated, were taken from 

the original articles. Mean values were calculated from published data if not recorded and if 

possible. Then we compared these data with a representative cohort of 433 patients with 

psychotic disorders. As described previously, this cohort participated in a disease 

management program in the department of psychotic disorders of a mental health care 

centre in the Netherlands between January 2003 and April 2007.31 We excluded 22 patients 

because data was missing to apply the risk scores. Most frequent diagnosis (DSM IV) in this 

cohort was schizophrenia (65%, n=267), followed by schizoaffective disorder (16%, n=66), 

other psychotic disorders (13%, n=54), and psychotic symptoms related to other psychiatric 

diseases (6%, n=24). Median duration of disease was eight years (interquartile range: 3-16 

years). Most patients received olanzapine (25%, n=104), clozapine (18%, n=75), or 

risperidone (19%, n=78).  

Comparison of estimated cardiovascular risk of patients with psychotic 
disorders 

We calculated the ten-year cardiovascular risk for each patient of our cohort. Risk scores 

which have only been validated in male populations (CUORE) were also applied to females. 

Because pulse rate was not measured, the Dutch average of 70 bpm was used. SIMDSC is a 

measure of socioeconomic status, which we did not measure in our population. We used a 

value of 20 as advised on the webpage for the ASSIGN score.26,32 The youngest age category 

was applied to patients younger than the validated age range. We described the distribution 

of the cardiovascular risk for the population for each score using median, mean, interquartile 

range, and total range. 

 

Based on the estimated risk patients were classified in an elevated or a low risk category. 

According to guidelines1,33 different cut-off levels were used depending on the predicted 
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outcome of the risk score. Patients with a risk of cardiovascular mortality and morbidity of 

ten percent or higher (predicted by Framingham, PROCAM, ASSIGN, and CUORE) were 

classified in the elevated risk category. When risk was predicted using SCORE or NHG-

standaard, patients with a predicted risk of cardiovascular mortality of five percent or higher 

or a diagnosis of diabetes mellitus II were classified in the elevated risk category. The Dutch 

risk function predicted all cause mortality. We used a threefold of the cut-off level for 

cardiovascular mortality (≥15%) because cardiovascular mortality was found to be one third 

of all cause mortality in the Netherlands. We determined the number of patients which were 

classified by all risk scores in the same risk category. Agreement between risk scores was 

assessed using kappa statistics. We grouped the risk scores into all possible combinations of 

two risk scores (pairs of scores) in female and in male patients. We performed kappa (κ) 

statistic for all pairs of scores. The strength of agreement was defined as poor for κ ≤0.2, as 

fair for κ between 0.21 and 0.4, as moderate for κ between 0·41 and 0·6, as good for κ 

between 0.61 and 0.8, and as very good for κ between 0.81 and 1.0.34 

Results 

Comparison of population characteristics 

The FRAMINGHAM risk score was validated in a US population, all other risk scores were 

validated in European populations. Four risk scores predicted morbidity and mortality 

(FRAMINGHAM, PROCAM, ASSIGN, CUORE). (Table 1) Of these scores, Framingham and 

PROCAM estimated morbidity and mortality from ischemic heart disease (ICD-9: 410-414), 

while CUORE and ASSIGN also included other cardiovascular diseases. Three scores 

predicted mortality (SCORE, NHG-standaard, Dutch risk function). SCORE and the NHG-

standaard predicted mortality caused by hypertensive, cardiovascular, and cerebrovascular 

diseases and the Dutch risk function predicted all cause mortality. We compared which 

variables were taken into account by the different risk scores when estimating cardiovascular 

risk. Except for CUORE, which was not validated in females, all risk scores used different 

equations for male and female individuals. Measures of age, smoking, and systolic blood 

pressure were included in all risk scores. With the exception of the Dutch risk function all 

risk scores used at least one cholesterol value. A measure of diabetes or hyperglycemia was 

taken into account by all risk scores, except SCORE and NHG-standaard (according to which 

all diabetes patients had an elevated risk). Half of the risk scores (PROCAM, ASSIGN, and 

the Dutch risk function) included a measure of family history in the equation. ASSIGN was 

the only risk score which took account of the socioeconomic status of the individuals. 
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Table 1 Comparison of included risk scores 

Risk  score Country  Period Number of 
patientsa 

Age 
(range)  

Predicted 
outcome 

Predicted outcome  
(ICD-9 codes)b 

Percentage of 
CV mortalityc 

Framingham USA 1971-
1987 

m: 2489 
f: 2856 

30-74 Mortality & 
morbidity 

410-414 31% 

PROCAM Germany  1979-
1995 

m: 18460 
f: 8515 

20-75 Mortality & 
morbidity 

410-414 31% 

ASSIGN Scotland 1981-
2005 

m: 6540 
f: 6757 

30-74 Mortality & 
morbidity 

390-459 100% 

CUORE Italy 1980-
1998 

m: 6865 
 

35-69 Mortality & 
morbidity 

250,410-414,  
428,440,798-799 

64% 

SCORE Europe 1967-
1998 

m: 117098 
f: 88080 

45-64 Mortality 401-405,410-414, 
426-429,430-438, 
440-443,798 

68% 

NHG-
standaardd 

Netherlands  - - 40-65 Mortality 401-405,410-414, 
426-429,430-438, 
440-443,798 

68% 

Dutch risk 
function 

Netherlands 1975-
1998 

m: 2624 
f: 3048 

≥20 Mortality 001-999 100% (300%)e 

a number of patients separated for male (m) and female (f) 
b ICD-9 codes: 001-999: All-cause mortality, 250: Diabetes mellitus; 390-459: Diseases of the circulatory system; 
401-405: Hypertensive disease; 410-414: Ischemic heart disease; 426-429: Conduction disorders, cardiac 
dysrhythmias, heart failure, ill-defined descriptions and complications of heart disease; 428: Heart failure; 430-
438: Cerebrovascular disease; 440-443: Arthrosclerosis, aortic aneurysm, other aneurysm, other peripheral 
vascular disease; 440: Atherosclerosis; 798-799: Sudden death and other ill-defined and unknown causes of 
morbidity and mortality; 798: Sudden death.  
c Percentage of cardiovascular mortality in the Netherlands in 2005  
d The NHG-standaard is an adapted version of  SCORE validated in a Dutch population 
e Cardiovascular mortality was one third of all cause mortality in the Netherlands in 2005 
‘-’ Data not available 

 

Table 2 shows the characteristics of the populations risk scores were based on and of the 

cohort of patients with psychotic disorders. Except for the PROCAM population, all risk 

score populations were considerably older, had higher systolic blood pressure, and total 

cholesterol levels than patients with psychotic disorders. The PROCAM population was 

similar to our cohort in particular regarding age. Blood pressure and total cholesterol levels 

were similar or only slightly higher compared to our cohort, but female patients with 

psychotic disorders had considerably higher BMI than reported from the PROCAM 

population. Furthermore, more patients with psychotic disorders smoked than in all other 

risk population.  



 

 

Table 2: Comparison of population characteristics 

Risk scorea Framingham PROCAMb ASSIGN CUO-
RE 

SCORE Dutch risk 
function 

Patients with psychotic 
disorders 

Sex, male 47% 69% 49% 100% 57% 47% 64% 

Sexc M F M F M F M M F M F M F 

Mean age in years (SD) 49 50 41 36 49 49 51 - - 45 47 37 (12) 41 (11) 

Mean LDL cholesterol in mmol/l (SD) 3.7 3.7 3.6 3.3 - - - - - - - 3.3 (1.0) 3.1 (0.9) 

Mean HDL cholesterol in mmol/l (SD) 1.2 1.5 1.2 1.5 1.3 1.6 1.3 1.3 1.5 - - 1.2 (0.3) 1.5 (0.4) 

Mean cholesterol in mmol/l (SD) 5.6 5.7 5.5 5.3 6.2 6.4 5.8 6.1 6.0 5.8 5.8 5.3 (1.1) 5.2 (1.0) 

Median triglycerides in mmol/l (IQRd) - - 1.3 0.9 - - - - - - - 1.6 (1.2-2.2) 1.2 (0.9-1.9) 

Mean systolic blood pressure in mmHg (SD) - - 129 125 134 130 139 137 133 132 129 125 (14) 123 (15) 

Diabetes (%) 5% 4% - - 2% 1% 5%   1% 1% 2% 4% 

Smoking (%) 40% 38% - - 42% 41% 39% 50% 27% 53% 38% 69% 52% 

Mean number of cigarettes per day (SD) - - - - 19.2 15.9 - - - 15.6 11.4 15.0 (9.7) 15.2 (9.9) 

Mean BMI (kg/m2) 26.7 25.0 25.6 23.8 - - - - - 24.4 24.4 26.2 (4.6) 28.4 (6.0) 

Positive family history CVDe (%) - - - - 26% 33% 17% - - - - 14% 13% 

Antihypertensive drug treatment (%) 7% 7% - - - - 10% - - 7% 16% 8% 7% 

a NHG-standaard was not included in the table because data was not available 
b data based on 16288 males and 7328 females35 
c F: female, M: male 
d IQR: interquartile range 
e Positive family history of cardiovascular disease (CVD) was defined as having parents and/or siblings with a heart disease 
‘-’ Value not reported 
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Comparison of estimated cardiovascular risk of patients with psychotic 
disorders 

Median estimated ten year risk for cardiovascular morbidity/mortality ranged from 0.3% 

(SCORE) to 6.8% (Dutch risk function) for males and from 0% (NHG-standaard) to 4.7% 

(ASSIGN) for females. (Table 3) Framingham and PROCAM predict the same outcome, but 

for male patients the median risk using Framingham was higher than the median risk using 

PROCAM. ASSIGN and CUORE which also predict mortality and morbidity estimated a 

much lower risk for male patients than Framingham. For female patients, ASSIGN estimated 

a considerably higher risk than all other risk scores. SCORE and NHG-standaard predicted 

approximately the same risk. 

 

Table 3: Estimated cardiovascular risk in male and female patients 

 males females 

Risk score median mean IQRa range median mean IQRa range 

Framing-
ham 

 
5.6% 

 
8.2% 

 
3-10% 

 
0-41% 

 
2.4% 

 
4.4% 

 
0-7% 

 
0-22% 

PROCAMb 2.0% 4.9% 0-4% 0-30% 2.0% 2.5% 0-4% 0-19% 

ASSIGN 0.9% 1.5% 1-2% 0-9% 4.7% 8.6% 2-12% 1-46% 

CUORE 0.4% 2.7% 0-1% 0-100% 0.3% 2.5% 0-2% 0-61% 

SCOREc 0.3% 1.7% 0-2% 0-19% 0.1% 0.8% 0-1% 0-6% 

NHG-
standaardc 

 
1.0% 

 
1.5% 

 
1-2% 

 
0-23% 

 
0.0% 

 
0.9% 

 
0-1% 

 
0-8% 

Dutch risk 
function 

 
6.8% 

 
13.7% 

 
4-17% 

 
2-84% 

 
3.9% 

 
8.4% 

 
2-10% 

 
0-49% 

a IQR: interquartile range 
b for the calculation of mean and median we used average values instead of ranges (e.g. 2% risk for a risk 
between 0 and 4%) 

c a risk of 5% was assigned to patients with diabetes and an estimated risk below 5%  
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Figure 2: Cardiovascular risk in male patients 

Figure 1: Cardiovascular risk in female patients 
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Figure 1 and 2 show the distribution of patients in three risk categories by the different risk 

scores. 69% (n=101) of the female (figure 1) and 61% (n=160) of the male (figure 2) patients 

were categorized identically according to all scores; all of these 261 patients were categorized 

in the low risk category. The number of patients with an elevated risk ranged from three 

(2%) patients (PROCAM) to 41 (28%) patients (ASSIGN) in female and from no patients 

(ASSIGN) to 81 (31%) patients (Framingham) in male patients. Kappa values calculated 

between the combinations of two risk scores ranged from 0.10 (PROCAM and ASSIGN, and 

PROCAM and the Dutch risk function in females) to 0.94 (SCORE and NHG-standaard in 

females). (Table 4) The strength of agreement was good or very good in one (7%) 

combination of two scores in males and in three (15%) combinations of two scores in 

females. The other combinations showed poor, fair, or moderate agreement (female: 18 

combinations (86%); males: 14 combinations (93%)). 

 

Table 4: Agreement between combinations of two risk scores (κ values) 

 females 

Framing- 
ham 

PROCAM ASSIGN CUORE SCORE NHG-
standaard 

Dutch risk 
function 

m
a
le

s 

Framing- 
ham 

Framing- 
ham 

 
0.19 

 
0.67 

 
0.41 

 
0.37 

 
0.41 

 
0.44 

PROCAM 0.50 PROCAM 0.10 0.13 0.14 0.13 0.10 

ASSIGN - - ASSIGN 0.27 0.24 0.27 0.64 

CUORE 0.19 0.13 - CUORE 0.27 0.25 0.30 

SCORE 0.42 0.53 - 0.48 SCORE 0.94 0.31 

NHG-
standaard 

 
0.35 

 
0.51 

 
- 

 
0.45 

 
0.87 

NHG-
standaard 

 
0.36 

Dutch risk 
function 

 
0.59 

 
0.45 

 
- 

 
0.24 

 
0.49 

 
0.43 

Dutch risk 
 function 

‘-’ κ-statistics could not be applied as all males were classified in one category (no risk) 

Discussion 
The analysis of population characteristics showed that the PROCAM risk population and the 

cohort of patients with psychotic disorders were similar. Other risk populations were 

considerably older and had probably therefore higher blood pressure and total cholesterol 

levels than patients with psychotic disorders. However, despite the older age, the prevalence 

of overweight and diabetes was equal or lower than in patients with psychotic disorders. In 

addition, the prevalence of smokers was considerably lower in all risk score populations 

compared to patients with psychotic disorders. It is important to note that our cohort was 

representative for patients with psychotic disorders. Population characteristics and the 

average estimated risk using Framingham (female: 4.4%, male: 8.2%) were similar to earlier 
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published studies reporting risks between 2.3 and 6.3 % for female patients and between 8.3 

and 9.5% for male patients.12,14-18 

 

Patients with psychotic disorders have a number of risk factors with a high prevalence which 

are not included in most of the risk scores. A low socioeconomic status is frequent in these 

patients and is known to be associated with cardiovascular mortality.21 A measure of the 

socioeconomic status was only included in one of the risk scores.26 Similarly, an unhealthy 

sedentary lifestyle with poor eating habits and low rates of physical exercise is known to be 

associated with cardiovascular mortality1 and highly prevalent in patients with psychotic 

disorders.4-6 It is enhanced by negative and depressive symptoms of the disease and by co-

medication such as sedative drugs. None of the risk scores included in our study used a 

measure for unhealthy lifestyle. Other risk factors are the treatment with antipsychotic 

agents known to cause diabetes, dyslipidemia, and overweight7, and the disease 

schizophrenia known for its increased prevalence of diabetes36. These factors are only 

indirectly taken into account in the risk estimation e.g. through glucose levels. Finally, 

patients with psychotic disorders will probably have a worse prognosis of cardiovascular 

mortality/morbidity, as appropriate access to somatic (preventive) care is often lacking for 

these patients.37 Yet, it remains unclear in which way these factors interact with other well-

established risk factors for cardiovascular diseases.  

 

About one third of the patients was classified in different risk categories depending on the 

risk score used. For the classification of the other patients the risk scores agreed well, 

however all of them were classified in the low risk category. Such variance in people with risk 

factors has been described in the general population.38 Also poor agreement between risk 

estimates of the US based Framingham risk score and European risk scores was expected. 

The Framingham risk score has been shown to over-predict risk in European populations.20 

But also the European risk scores differed widely in their risk prediction for our cohort. 

CUORE considered only relatively few patients at risk and did not agree well with any of the 

other risk scores. This might be due to its validation in Southern Europe; Individuals from 

southern European countries are known to have a lower cardiovascular risk compared to 

northern European countries.1 Considering geographical differences SCORE, NHG-

standaard, ASSIGN, the Dutch risk function, and PROCAM are geographically most similar 

to our population. However also these risk scores have some limitations. The ASSIGN risk 

score gave unreasonable results in the male population. It did not consider any of the male 

patients in our population to have an elevated risk. The Dutch risk function predicted total 

mortality which was found to be three times the cardiovascular mortality in the general 
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population. Hence a different percentage of cardiovascular mortality in patients with 

psychotic disorders might lead to different results. PROCAM, SCORE, and NHG-standaard 

found a similar number of male patients at elevated risk, but PROCAM considered less 

females at elevated risk than SCORE and NHG-standaard. Also agreement about which 

patients have an elevated risk was only moderate (males) or poor (females). This variance 

might be explained by differences in the availability of a risk equation for individuals at 

young age. All patients younger than 40 were considered as 40 as this was the youngest 

available age with an risk estimation available for NHG-standaard and SCORE while it was 

24 years for males and 34 years for females for the PROCAM risk score. Considering these 

limitations PROCAM seems to be the most appropriate to be used in our cohort.  

 

Despite the known high cardiovascular mortality rates in patients with psychotic disorders, 

only few patients were considered to have an elevated risk. Main reason for this low 

estimated risk is the young age of our population, as age is the strongest single risk factor for 

cardiovascular events. PROCAM, which agreed best with the characteristics of our cohort, 

considered very few patients at elevated risk. According to the risk scores, individuals at 

young age have a low ten-year risk regardless of the number and severity of the risk factors. 

Risk scores seem insufficiently sensitive to detect an increased risk of patients with psychotic 

disorders at young age compared to the general population. Risk scores could be adapted by 

the use of stricter cut-off levels or by placing patients in older age categories.1 However 

considering the additional risk factors of patients with psychotic disorders as well as the 

young age, it seems more reasonable to assess single risk factors than using adapted risk 

estimations. 

 

Some limitations of our study should be addressed. Firstly, we did not collect data on 

observed mortality rates and could therefore not draw conclusion about the accuracy of risk 

prediction. Further research has to be conducted and patients have to be followed 

prospectively. Long-term outcome data is needed to determine the specific risk factors in 

this young population. Secondly, we compared the population characteristics of the different 

risk scores based on average values and could not conduct statistical tests, because of limited 

data reported from the different studies.  

 

Our study calls into question the uncritical application of cardiovascular risk scores in 

patients with psychotic disorders. Main reasons are their young age and the omission of risk 

factors which are specific for patients with psychotic disorders. Depending on the risk score 

used, we found considerable differences in the estimated risk. In general, predicted risk was 
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low and did not reflect the elevated cardiovascular mortality of patients with psychotic 

disorders. There is wide evidence that patients with psychotic disorders have an increased 

cardiovascular risk and risk assessment is necessary, however currently available tools for 

the estimation of cardiovascular risk need to be further developed. 
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