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abstRact
INTRODUCTION: In Denmark, the European risk chart Sys-
tematic COronary Risk Evaluation (SCORE) from the Europe-
an Society of Cardiology is recommended for use in cardio-
vascular prevention. Nevertheless, its predictive ability in a 
Danish population has never been investigated. The pur-
pose of this study was therefore to assess the predictive 
ability of the SCORE risk chart with regard to fatal cardio-
vascular risk according to the socio-demographic factors of 
age, sex, income and education in a Danish population. 
MATERIAL AND METHODS: Data from the third Copenhagen 
City Heart Study (n = 4,224) were linked to the Danish Cause 
of Death Registry. Calibration (i.e. Hosmer-Lemeshow good-
ness-of-fit), expected-to-observed (E/O) mortality ratios in 
the total population and for subgroups, as well as discrimi-
nation (i.e. sensitivity, specificity, area under the Receiver 
Operator Characteristic (AUROC) and predictive values) 
were tested. Both SCORE high-risk and low-risk were ap-
plied for comparison. 
RESULTS: The results showed that both SCORE high-risk and 
low-risk performed acceptably in terms of discrimination 
(AUROC ≈ 0.7-0.8); however, calibration for both SCORE 
charts was inadequate (χ2 > 20; p < 0.001). E/O-ratios varied 
with age, sex and socioeconomic status. 
CONCLUSION: There is a need to recalibrate SCORE to risk 
levels and risk factor distribution in the Danish population. 
FUNDING: not relevant.
TRIAL REGISTRATION: not relevant.

Cardiovascular disease (CVD) remains one of the leading 
causes of mortality in developed countries and it is the 
number one cause of death globally [1]. Comprehensive 
cardiovascular risk assessment models have conse-
quently been developed to assist prevention and ensure 
early identification and treatment of persons at high risk 
of dying from CVD. The European risk chart Systematic 
COronary Risk Evaluation (SCORE) is such a risk assess-
ment model. 

It is derived from data from > 200,000 individuals 
pooled from 12 European cohort studies collected in the 
1980-90s (from Denmark: several population studies 
from Research Centre for Prevention and Health), and 
constructed by the European Society of Cardiology (ESC) 
with the aim of providing better predictive ability for 
European individuals. SCORE estimates the ten-year risk 

of a fatal CVD event for individuals in the age range  
40-65 years without diabetes [2]. 

The ESC guidelines for CVD prevention in clinical 
practice advocate the use of SCORE for more rigorous 
identification of asymptomatic individuals who are at in-
creased risk of CVD [3]. The Danish Society of Cardiology 
has embraced these guidelines, and since 2004 the sys-
tematic use of SCORE in primary practice has been rec-
ommended in Danish guidelines on CVD prevention [4].

Like in many other European populations, cardio-
vascular mortality has declined in Denmark during re-
cent decades [5]. Risk estimates based on cohort studies 
that started more than a decade ago are thus likely to 
estimate cardiovascular risk incorrectly. The applicability 
of SCORE has been evaluated in several European coun-
tries. Studies show that SCORE generally overestimates 
the CVD risk [6-10], and so the chart has been recali-
brated for a number of European countries [11]. Despite 
national guidelines dating back to 2004 advising system-
atic use of the risk chart in general practice in Denmark 
[4], the predictive ability of SCORE in a Danish popula-
tion has never been investigated.

The individual SCORE risk estimation is based on 
gender, age, smoking status, systolic blood pressure, 
and total cholesterol. A series of other CVD risk factors 
are classified as ‘qualifiers’. Social deprivation is such a 
qualifier [3, 12]. This means that risk may be higher than 
indicated by SCORE in socially deprived individuals.  Yet, 
evidence is limited on the performance of SCORE in dif-
ferent socioeconomic groups.

The aim of this study, therefore, was to use popula-
tion-based data to assess the predictive ability of SCORE 
in Denmark by the socioeconomic factors of income and 
education. 

matERial and mEthOds
copenhagen city heart study 
The Copenhagen City Heart Study (CCHS) is a prospec-
tive cardiovascular study of 20,000 women and men 
aged 20 years and older, randomly drawn from the Co-
penhagen Population Register [13]. Four studies were 
conducted (1976-78, 1981-83, 1991-94, 2001-2003). The 
third study (1991-1994) of the CCHS was selected for 
this study because it is the most recent study for which 
the prerequisite 10-year follow-up was available from 
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The Danish Register of Cause of Death (data were avail-
able up to 31-12-2009). Information on examination 
procedures and distribution of risk factors is described in 
Schnohr et al, 2001 [13].

study sample
From a total study sample of 10,135 individuals from the 
third study by the CCCHS, 4,224 subjects were included 
in the analyses. Reasons for exclusion were: failure to 
fulfil the age restriction of SCORE (40-65 years) (n = 
5,441, 54%), previous CVD events (n = 229, 2.3%), diabe-
tes (n = 131, 1.3%) and missing values on covariates (n = 
110, 1.1%).

definition of endpoints
The study population was traced by means of the unique 
identification number of all Danish citizens which was 

linked to the Danish Cause of Death Registry. The ICD 
codes of death certificates used to create SCORE [2] 
were applied, i.e. International Classification of Diseases 
(ICD)-10 codes I10-I25, I44-I51, I61-I73 and R96-R96.1 
and the corresponding ICD-8 codes 401-414, 426-443 
(with the exception of 426.7, 429, 430, 432.1, 437.3, 
437.4, 437.5) and 798.1, 798.2 

statistical analyses
The predictive ability of SCORE was studied by means of 
calibration measures, expected-to-observed (E/O) mor-
tality ratios and discrimination measures. Calibration is 
the extent to which predicted and observed events coin-
cide. For this the Hosmer-Lemeshow goodness-of-fit sta-
tistic was used. Low values indicate good calibration, 
and values > 20 indicate significant lack of calibration (p 
< 0.01) [14]. The E/O-ratios supplemented the calibra-
tion by assessing the (dis)agreement in subgroups of 
age, sex and socioeconomic indicators.  Discrimination is 
the model’s ability to correctly rank individuals accord-
ing to risk. For this sensitivity, specificity and predictive 
values at the risk threshold of SCORE (≥ 5%) as well as 
the area under the receiver operator characteristic (AU-
ROC) curve was assessed. The area under the curve is 
the probability that a person who experiences an event 
will have a higher risk score than a person who does not 
experience an event.

In 2012 Denmark was re-categorized from a high 
CVD risk region to a low CVD risk region and hence now 
uses the low-risk version of SCORE (Figure 1). 
Consequently, the number of expected CVD events esti-
mated by both SCORE high-risk and low-risk was calcu-
lated for comparison. This calculation used the same 
methodology, i.e. risk factors (age at baseline, sex, 
smoking yes/no, systolic blood pressure (mmHg) (meas-
ured in a sitting position on the left upper arm after five 
minutes of rest, determined by a London School of 
Hygiene sphygmomanometer [13]) and total cholesterol 
(mmol/l) (determined by cholesterol oxidase-phenol-
aminophenazone (CHOD-PAP) method [13]) were used) 
and risk coefficients as in SCORE [2]. Socioeconomic po-
sition was defined by income, measured as the total 
gross household income (categorized into low (< 
100,000 DKK), lower middle (100,000-199,000 DKK), up-
per middle (200,000-399,000 DKK) and high (≥ 400,000 
DKK)) and education measured as vocational training 
(categorized into none, ≤ 1 year, 1-3 years, > 3 years). 
The expected number of CVD events was calculated as 
the sum of individual absolute risks [6].

The statistical analyses were performed using SAS 
version 9.2. Data are presented as means ± standard de-
viations and percentage frequencies. 

Trial registration: not relevant.

FigURE 1

SCORE (Systematic COronary Risk Evaluation) – European low-risk chart. Ten-year risk of fatal cardiovas-
cular disease in low-risk regions of Europe by gender, age, systolic blood pressure, total cholesterol and 
smoking status.
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REsUlts
The baseline characteristics of the study population by 
sex, age, income and education are given in table 1. Of 
the 4,224 subjects in our study population, 157 (114 
men and 43 women) developed a fatal cardiovascular 
event over the course of ten years. The number of 
events predicted by SCORE was 212 for the high-risk 
model and 122 for the low-risk model. When looking at 
the distribution of the actual, observed events by the 
SCORE risk classification of the study population (table 
2), there was good agreement for men: the majority ex-
periencing a fatal CVD event were classified by SCORE as 
high-risk subjects (86.8% and 70.2% of all events, re-
spectively, for SCORE high-risk and SCORE low-risk). The 
agreement was less satisfactory for women: of the 43 
women experiencing an event, 23 (53.5 %) and 27 
(62.8%), respectively, were classified in the intermediate 
risk of 1-4%. 

Hosmer-Lemeshow χ2 statistic was ± 33 (p < 0.01), 
exceeding the limit of 20, and thereby indicating signifi-
cant lack-of-fit for both models. However, when stratify-
ing by sex, both models showed a better fit for women, 
slightly better for SCORE low-risk (p ≈ 0.19, χ2 ≈ 11.2) 
than for SCORE high-risk (p ≈ 0.13, χ2 ≈ 12.4). For men 
both models still lacked fit with the data, with SCORE 
low-risk (p < 0.01, χ2 ≈ 34.4) performing slightly poorer 
than SCORE high-risk (p ≈ 0.01, χ2 ≈ 31.2).

In table 3 the E/O ratios are stratified by age,  
sex, income and education. Overall, SCORE high-risk 
overestimated the number of events, especially among 
women. SCORE low-risk was a relatively good predictor 
among women and among men in the age range 45-54 
years, but underestimated the risk among men aged ≥ 
55 years. SCORE high-risk was a better predictor among 
the lower income and education groups, while SCORE 
low-risk was a better predictor among the higher in-
come and education groups. This was applicable for 
both women and men – though most markedly for men.

In table 4, we quantify and compare the capacity of 
the models to predict events by means of the ROC curve 
and by comparing sensitivities, specificities and predic-
tive values at the recommended risk threshold for inter-
vention (≥ 5%). With areas under the ROC-curve of ≈ 0.7-
0.8 for both models, the discriminative predictive ability 
of SCORE in the study population was acceptable. 
Sensitivity was best among men, and, conversely, speci-
ficity was best among women. The 5% threshold showed 
good balance between sensitivity and specificity. The 
balance was better among men than among women. 

discUssiOn 
Overall, we found that SCORE has good discriminative 
ability. However, calibration is inadequate and E/O ra-
tios vary with age, sex and socioeconomic status in this 

Danish population. This is in line with the common ob-
servation that SCORE performs relatively well in differ-
ent populations in terms of discrimination, while calibra-
tion varies widely [2, 8]. SCORE high-risk, which until 
2012 was recommended in Denmark, substantially over-
estimated CVD events in the population. This finding is 
in accordance with observations in other Nordic coun-
tries [6, 7, 9]. Besides being a better predictor in women, 
SCORE low-risk, which is today’s recommended version, 
did not perform much better when predicting absolute 
risks. 

The discriminative values match those previously 
reported in the literature (AUROC = 0.71-0.84) [15]. Few 
studies have reported sensitivity and specificity, but for 
those which have, our findings are comparable [8, 9]. A 

tablE 1

Baseline characteristics of the study population.

all men Women

n 4,224 1,900 2,324

Age, % (n)

40-44 yrs 13.5 (571) 13.3 (253) 13.7 (318)

45-49 yrs 14.6 (615) 16.2 (308) 13.2 (307)

50-54 yrs 21.0 (886) 22.4 (425) 19.8 (461)

55-59 yrs 22.6 (954) 21.6 (411) 23.4 (543)

60-65 yrs 28.4 (1,198) 26.5 (503) 29.9 (695)

Age, yrs, mean (± SD) 54.1 (± 7.2) 53.8 (± 7.1) 54.4 (± 7.2)

Smokers, % (n) 55.4 (2,341) 47.5 (1,111) 52.5 (1,230)

SBP, mmHg, mean (± SD) 135.4 (± 20.1) 138.4 (± 19.4) 132.9 (± 20.3)

TC, mmol/l, mean (± SD) 6.2 (± 1.2) 6.1 (± 1.1) 6.3 (± 1.3)

Incomea, % (n)

Low  9.9 (407)  9.2 (172) 10.5 (235)

Lower middle 25.7 (1,059) 22.0 (412) 28.8 (647)

Upper middle 40.6 (1,671) 41.2 (779) 39.7 (892)

High 23.8 (979) 27.2 (509) 20.9 (470)

Educationb, % (n)

None 20.3 (855) 14.9 (282) 24.8 (573)

≤ 1 yr 29.3 (1,231) 43.2 (816) 18.0 (416)

1-3 yrs 30.7 (1,289) 18.7 (354) 40.4 (935)

> 3 yrs 19.7 (826) 23.1 (436) 16.8 (390)

SBP = systolic blood pressure; SD = standard deviation; TC = total cholesterol concentration.
a) Income is measured as the total gross household income for the calendar year preceding the year of 
data collection, N = 4,116 (1,876 men, 2,244 women). 
b) Education is measured as vocational training, N = 4,202 (1,888 men, 2,314 women). 

tablE 2

Distribution of observed fatal cardiovascular disease events by Systematic COronary Risk Evaluation 
(SCORE) risk classification. The values are % (n).

scORE, high-risk scORE, low-risk

all men women all men women

High risk: ≥ 5% 75.8 (119) 86.8 (99) 46.5 (20) 59.2 (93) 70.2 (80) 30.2 (13)

Intermediate risk: 1-4% 23.6 (37) 12.3 (14) 53.5 (23) 36.3 (57) 26.3 (30) 62.8 (27)

Not at risk: < 1%  0.6 (1)  0.9 (1) –  4.5 (7)  3.5 (4)  7.0 (3)
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lower sensitivity among women (and conversely higher 
specificity) is also in line with previous studies [16]. The 
low positive predictive values reflect the low prevalence 
of fatal CVD events in the study population. Regarding 
calibration, the performance of SCORE is obviously af-
fected by the secular changes in CVD mortality between 
the time when the function was derived and the time at 
which it was applied. 

Our analyses also point to substantial variation in 
CVD risk according to sex and age, and show that this 
variation exceeds what may be accounted for by SCORE. 
This result is in line with an Icelandic study of SCORE. In 
this study, the risk for younger men tallied with that in 
low-risk European countries and diverged towards that 
in high-risk countries with increasing age, while the risk 
for women was identical to that for women in low-risk 

countries [9]. Our analyses also showed that the predic-
tive ability of SCORE varied by socioeconomic position. 
SCORE high-risk was a better predictor of risk in lower 
socioeconomic groups, while SCORE low-risk was a bet-
ter predictor in higher socioeconomic groups. This find-
ing is similar to the outcomes reported in a recent study 
in British men which found that overestimation by 
SCORE was particularly marked in high socioeconomic 
classes [17]. This finding also supports the classification 
of social deprivation as a SCORE qualifier [3] , and is in 
accordance with Danish literature on socioeconomic dif-
ferences in CVD [18]. 

Some limitations of this study need to be ad-
dressed, one of which is that the study data date back to 
1991-1994. This is an inherent limitation to any such 
study since ten-year follow-up is required. Another limi-

tablE 3

Observed and expected number of fatal cardiovascular disease events within ten years by age, income and vocational training. 

scORE high-risk scORE low-risk

Observed events expected events E/O ratio expected events E/O ratio

all men women all men women all men women all men women all men women

Total 157 114 43 211.9 145.6 66.2 1.35 1.28 1.54 122.2 79.1 43.1 0.78 0.67 1.00

Age

40-44 yrs   5   5  0   4.0   3.5   0.6 0.80  0.70 –   2.1  1.7  0.3 0.42 0.34 –

45-49 yrs   5   5  0  10.0   8.4  1.6 2.00 1.68 –   5.2  4.3  1.0 1.04 0.86 –

50-54 yrs  16  12  4  28.0  21.8  6.2 1.75 1.82 1.55  15.3 11.8  3.9 0.96 0.98 0.97

55-59 yrs  36  28  8  52.1  36.9 15.2 1.45 1.32 1.90  29.5 19.8  9.7 0.82 0.71 1.21

60-65 yrs  95  64 31 117.8  75.0 42.7 1.24 1.17 1.38  70.1 41.9 28.1 0.74 0.65 0.91

Income

Low  30  21  9  27.9  16.5 10.7 0.91 0.78 1.19  16.1  9.0  7.0 0.54 0.43 0.78

Lower middle  43  31 12  63.6  40.5 23.1 1.48 1.31 1.92  37.5 22.4 15.1 0.87 0.72 1.26

Upper middle  61  46 15  83.2  60.1 23.2 1.36 1.31 1.55  47.5 32.5 15.0 0.79 0.71 1.00

High  20  14  6  32.6  25.7  6.9 1.63 1.79 1.15   18.2 13.7  4.4 0.91 0.98 0.73

For incomea  154 112 42 206.8 142.8 64.0 1.34 1.28 1.53 119.2 77.6 41.5 0.78 0.69 0.99

Education 

None  40  24 16  47.5  24.5 23.0 1.19 1.02 1.44  28.3 13.3 15.0 0.71 0.55 0.94

≤ 1 yr  69  62  7  84.3  71.8 12.5 1.22 1.16 1.79  47.3 39.2  8.1 0.68 0.63 1.16

1-3 yrs  33  17 16  52.4  26.9 25.5 1.59 1.58 1.59  31.1 14.5 16.6 0.94 0.85 1.04

> 3 yrs  13  10  3  26.8  21.9  4.9 2.06 2.19 1.63  14.9 11.8  3.2 1.15 1.18 1.07

For educationa 155 113 42 211.0 145.1 66.0 1.36 1.28 1.57 121.7 78.8 43.0 0.78 0.70 1.02

E/O = expected events/observed events.
a) For income (n = 4,116) and education (n = 4,202) a few cases were missing cf. Table 1. Therefore the ratios for these variables are presented separately.  

tablE 4

Sensitivity, specificity, positive and negative predictive values at the 5% risk threshold, and AUROC for both models of SCORE. 

scORE, high-risk scORE, low-risk

sensitivity specificity PPV nPV aUROc (95% ci) sensitivity specificity PPV nPV aUROc (95% ci)

All 0.76 0.68 0.08 0.99 0.798 (0.765-0.831) 0.59 0.84 0.13 0.98 0.797 (0.765-0.830)

Men 0.87 0.49 0.10 0.98 0.764 (0.721-0.807) 0.70 0.73 0.14 0.97 0.765 (0.722-0.808)

Women 0.46 0.83 0.05 0.99 0.773 (0.716-0.830) 0.30 0.93 0.07 0.97 0.774 (0.718-0.831)

AUROC = area under the receiver operator characteristic; CI = confidence interval; NPV = negative predictive value; PPV = positive predictive value.
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tation is the relatively low number of events, particularly 
among women (n = 44), which needs to be noted for re-
liability interpretation purposes, especially in age-strati-
fied subgroups. A main strength of the study is the quali-
ty of the data used, both from the Danish Register of 
Cause of Death and the CCCHS. 

The purpose of this study was to assess the predic-
tive ability of SCORE in a Danish population. This study 
demonstrated that there is a need for recalibration of 
SCORE to risk levels and risk factor distribution in the 
Danish population. Because of secular time changes in 
CVD risk, a viable solution would be a continuous update 
of SCORE, which is feasible in Denmark where recent 
mortality statistics and epidemiological studies of risk 
factor distribution are accessible. What truly matters 
when assessing risk prediction models is the perfor-
mance close to the levels at which decisions are made, 
not at the extremes when decisions are obvious. 
SCORE’s classification of women at risk in the study pop-
ulation is therefore disappointing. This result adds to the 
growing evidence in favour of lowering the thresholds in 
female populations [16, 19] and amplifies the gain of a 
recalibration.

While estimating total risk seems eminently logical, 
it remains unknown whether an individual risk estima-
tion approach results in risk factor – and ultimately mor-
bidity – reduction [12], and research is warranted re-
garding clinical benefits and cost effectiveness. An 
innate consideration is the number needed to treat to 
achieve desirable outcomes. Finally, an important chal-
lenge for the future will be to introduce efficient public 
health policies with an emphasis on a population ap-
proach to support the current high-risk approach for car-
diovascular prevention [20].
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