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Objective: To determine the accuracy of assessing cardiovascular disease (CVD) risk in the primary
prevention of CVD and its impact on clinical outcomes.

Design: Systematic review.

Data sources: Published studies retrieved from Medline and other databases. Reference lists of identified
articles were inspected for further relevant articles.

Selection of studies: Any study that compared the predicted risk of coronary heart disease (CHD) or CVD,
with observed 10-year risk based on the widely recommended Framingham methods (review A).
Randomised controlled trials examining the effect on clinical outcomes of a healthcare professional
assigning a cardiovascular risk score to people predominantly without CVD (review B).

Review methods: Data were extracted on the ratio of the predicted to the observed 10-year risk of CVD
and CHD (review A), and on cardiovascular or coronary fatal or non-fatal events, risk factor levels,
absolute cardiovascular or coronary risk, prescription of risk-reducing drugs and changes in health-
related behaviour (review B).

Results: 27 studies with data from 71 727 participants on predicted and observed risk for either CHD or
CVD were identified. For CHD, the predicted to observed ratios ranged from an underprediction of 0.43
(95% CI 0.27 to 0.67) in a high-risk population to an overprediction of 2.87 (95% Cl 1.91 to 4.31) ina
lower-risk population. In review B, four randomised controlled trials confined to people with hypertension
or diabetes found no strong evidence that a cardiovascular risk assessment performed by a clinician
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improves health outcomes.

accepted way of targeting preventive treatment at

patients who are asymptomatic but at high risk of
cardiovascular disease (CVD). Multivariate risk functions
derived in several cohort studies and randomised trials form
the basis of predictive functions and risk scores."™ Many,
especially those derived from the Framingham Heart Study,
have been adapted for use in primary care as simplified
charts, tables, computer programs and web-based tools, and
are routinely recommended in policy documents and guide-
lines.”® Depending on their absolute risk, asymptomatic
people may be offered blood pressure and cholesterol-
lowering treatment and aspirin, in addition to advice about
relevant health behaviours. Such interventions may be life
long and are associated with risks as well as benefits.

Cardiovascular risk scores, like clinical prediction rules,
help clinicians prioritise treatment and should be subject to
evaluation before implementation. The predictive perfor-
mance of the risk score needs to be examined in different
populations, and then its clinical impact must be assessed by
means of a randomised controlled trial.” For the risk-scoring
approach to be a viable strategy for primary prevention, it
should favourably influence people’s risk of disease or risk
factors or, in the absence of such information, increase
prescription of effective preventive treatments to appropriate
patients.

The objectives of this study were to systematically review:
(1) the external validity—that is, the extent to which
predicted risk assessments accurately reflected observed
risk—of widely recommended Framingham risk scores in

ﬁ ssessing a person’s cardiovascular risk has become the
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Conclusion: The performance of the Framingham risk scores varies considerably between populations and
evidence supporting the use of cardiovascular risk scores for primary prevention is scarce.

different populations; and (2) the randomised controlled
trials that have evaluated the effectiveness of risk-scoring
methods for improving CVD-related outcomes.

METHODS

For the two systematic reviews, a common literature base
was identified and a search strategy was designed to find all
studies of the external validity and clinical impact of
cardiovascular risk scores. The scope of the review was to
determine how well any of the relevant prediction models or
scores perform in terms of observed event rates compared
with predicted event rates in different settings and popula-
tions. For evaluations, only randomised trials were consid-
ered sufficiently robust to determine the unbiased and
unconfounded effects of risk factor scoring on clinical
outcomes.

Search strategy

Table 1 details the terms used to search Medline. Appropriate
adaptations of search syntax were made when searching
other databases. The Cochrane controlled trials register
(CENTRAL), Medline, Embase, CINAHL, PsycINFO, ISI
Proceedings and ZETOC were searched. Searches covered
from database inception to September 2004. Reference lists of
articles were searched to identify additional relevant reports
and key journals were hand searched. No language restric-
tions were applied and articles were translated when

Abbreviations: CHD, coronary heart disease; CVD, cardiovascular
disease; INSIGHT, Intervention as a Goal in Hypertension Treatment
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Table 1

Medline search terms and strategy

#1 chd risk assessment$

#2 cvd risk assessment$

#3 heart disease risk assessment$
#4 coronary disease risk assessment$
#5 cardiovascular disease risk assessment$
#6 cardiovascular risk assessment$
#7 cv risk assessment$

#8 cardiovascular disease$ risk assessment$
#9 coronary risk assessment$

#10 coronary risk scor$

#11 heart disease risk scor$

#12 chd risk scor$

#13 cardiovascular risk scor$

#14 cardiovascular disease$ risk scor$
#15 cvd risk scor$

#16 cv risk scor$

#17 or/1-16

#18 cardiovascular diseases/

#19 coronary disease/

#20 cardiovascular disease$

#21 heart disease$

#22 coronary disease$

#23 cardiovascular risk?

#24 coronary risk?

#25 exp hypertension/

#26 exp hyperlipidemia/

#27 or/18-26

#28 risk function

#29 Risk Assessment/mt [Methods]
#30 risk functions

#31 risk equation$

#32 risk chart?

#33 (risk adj3 tool$)

#34 risk assessment function?

#35 risk assessor

#36 risk appraisal$

#37 risk calculation$

#38 risk calculator$

#39 risk factor$ calculator$
#40 risk factor$ calculation$
#A41 risk engine$

#42 risk equation$

#43 risk table$

#44 risk threshold$

#45 risk disc?

#46 risk disk?

#47 risk scoring method?
#48 scoring scheme?

#49 risk scoring system?
#50 risk prediction?

#51 predictive instrument?
#52 project$ risk?

#53 cdss

#54 or/28-53

#55 27 and 54

456 17 or 55

#57 new zealand chart$
#58 sheffield table$

#59 procam

#60 General Rule to Enable Atheroma Treatment
#61 dundee guideline$
#62 shoper scor$

#63 (brhs adj3 score$)
#64 (brhs adj3 risk$)

#65 copenhagen risk

#66 precard

#67 (framingham adj1 (function or functions))
#68 (framingham adj2 risk)
#69 framingham equation
#70 framingham model$
#71 (busselton adj2 risk$)
#72 (busselton adj2 score$)

#73 erica risk score$

#74 framingham scor$

#75 dundee scor$

#76 brhs scor$

#77 British Regional Heart study risk scor$
#78 brhs risk scor$

#79 dundee risk scor$

#80 framingham guideline$

#81 framingham risk?

#82 new zealand table$

#83 ncep guideline?

#84 smac guideline?

#85 copenhagen risk?

486 or/57-85

#87 56 or 86

#88 exp decision support techniques/
#89 Diagnosis, Computer-Assisted/
#90 Decision Support Systems, Clinical/
#91 algorithms/

#92 algorithm?

#93 algorythm?

#94 decision support?

#95 predictive model?

#96 treatment decision?

#97 scoring method$

#98 (prediction$ adj3 method$)
#99 or/88-98

#100 Risk Factors/

#101 exp Risk Assessment/

#102 (risk? adj1 assess$)

#103 risk factor?

104 or/100-103

#105 27 and 99 and 104

#106 87 or 105

necessary. No restrictions were applied to the years of
publication. Articles were incorporated into a Reference
Manager database (Thomson ResearchSoft, Carlsbad,
California, USA).

Abstract screening, data extraction and inclusion
criteria

Titles and abstracts were initially screened by two reviewers
(ADB, PB), and potentially relevant articles were acquired
and independently read by the reviewers who also extracted
and checked relevant data. Authors of studies with insuffi-
cient information were contacted.

External validity —review A

When the external validity of the Framingham risk score was
examined, information was extracted on the patient char-
acteristics of the test dataset, as well as risk factors included
in the risk score, the disease outcomes, prediction period and
statistical methods.

We reviewed studies that evaluated the calibration by
means of the risk of coronary heart disease (CHD) or CVD
predicted by Framingham risk scores compared with the risk
observed in the test population. A model is perfectly
calibrated if the predicted risk of a person or a group of
people is the same as the observed risk. The predicted and
observed risks for all the studies were calculated with the
number of events as the numerator and the number of
participants as the denominator. For easy comparison
between studies of different follow-up periods, the observed
risk for each study was presented as a 10-year risk.

Effectiveness—review B
For the second review, any published randomised controlled
trial that assessed the effectiveness of a healthcare

professional using a cardiovascular risk score to aid primary
prevention was considered. Control patients were required to
have received usual care as provided by a general practitioner
or healthcare professional with appropriate treatment and
lifestyle recommendations based on current practice. The
participants of studies were not subject to any age, sex or
nationality exclusion criteria, but were required to be
predominantly free from symptomatic CVD (less than 20%
of the population studied with clinically established CVD).
Patients with diabetes, raised risk factors or given preventive
treatment were eligible. Studies were required to provide data
on at least one of the following outcomes: cardiovascular or
coronary fatal or non-fatal events, risk factor levels, absolute
cardiovascular or coronary risk, the prescription of risk-
reducing drugs and changes in health-related behaviour such
as smoking. Information on the methodological quality of the
trials including the method of randomisation, concealment of
allocation, baseline group comparisons and blind outcome
assessment was collected. Disagreements were resolved by
discussion and, if necessary, in consultation with members of
the project advisory panel.

RESULTS

We identified a total of 3439 articles, of which 996 were
considered potentially relevant to cardiovascular risk assess-
ment and were acquired for assessment (fig 1). We found 52
studies examining the external validity of four Framingham
risk scores' * ' ' in 112 different population groups, of which
34 provided data on predicted and observed risk for combined
fatal and non-fatal CHD or CVD outcomes. The more recent
Framingham methods based on these outcomes described by
Anderson ef al' and Wilson et al’ form the basis of widely
recommended charts, tables and computer programs. These
were subject to validation in 27 population groups and are
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Articles screened
3439
Articles excluded on basis
of title and abstract
2443
Articles retrieved for datailed evaluation
996
Articles on accuracy Articles on clinical impact
62 26
Exclusions: Validation of Framingham Exclusions:
Non-Framingham 10 methods Not an RCT 11
methods . No healthcare professional involved 2
52 art.lcles Used only for trial selection 2
112 population groups Used only to assess frial outcomes 3
Incomplete follow-up 1
l Risk score not main intervention 1
Predicted versus Rgndomised controlled IS\‘i:wllelieschcI;i%n’rs only }
observed data on trials
Framingham methods 4 Total 22
34 population groups
8 Wilson 19 Anderson
7 others not in clinical use
Figure 1 Flow of studies through the review. RCT, randomised controlled trial.

reported here. Seven studies investigating the validity of two
older risk scores not used in clinical practice were
excluded,'* ' as were studies reporting only fatal outcomes.

A further 26 studies that examined the issue of effective-
ness of risk-scoring methods were found, of which four were
randomised controlled trials.

External validity —review A

Table 2'** shows the characteristics of patient groups with
predicted to observed ratios based on the Framingham
Anderson and Wilson methods. The populations were derived
from cohort studies, randomised controlled trials or health
checks, or were studies of specific patient groups. Populations
varied in age range and sex, date of recruitment and
outcomes studied. The groups studied were representative
samples of men and women, and people with diabetes, raised
cholesterol, treated hypertension, no CHD determined by
angiography and a family history of CVD. The start of
baseline data collection in the studies ranged from 1961 to
1996. Outcomes were combined fatal and non-fatal CHD or
combined fatal and non-fatal CVD.

Figure 2 shows predicted to observed ratios in populations
ordered by level of observed risk of fatal and non-fatal CHD
and CVD. No summary estimate is presented due to the
considerable heterogeneity between the studies as indicated
by the large > and I? scores. For CHD, the predicted to
observed ratios ranged from an underprediction of 0.43 in a
study of people with a family history of CHD" to an
overprediction of 2.87 in women from Munster."”
Underprediction was observed in studies of higher-risk
patients, specifically patients with diabetes' and a family
history of premature CHD" " and in a higher-risk UK
primary care population.'® For CVD, there was a similar
trend of increasing underprediction with increasing risk of
the population (the INSIGHT (Intervention as a Goal in
Hypertension Treatment) trial excepted), although the range
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from maximum overprediction to maximum underprediction
was less than that for the CHD outcome. This reflects the
smaller number of studies available and the narrower range
of background 10-year risk between them. The INSIGHT trial
compared the effectiveness of two different hypertension
treatment regimens and was an exception to this trend,
probably because all the participants received blood pressure-
lowering drugs and many were also taking concurrent
cholesterol-lowering drugs—variables not included in the
Anderson equation."”

Effectiveness—review B

Table 3 shows the study characteristics of the four
randomised controlled trials. Three of the studies included
patients with a predefined diagnosis of hypertension,””' and
the other comprised exclusively patients with diabetes.’> Two
of them used computerised clinical decision support sys-
tems,” ** and the others informed doctors of the patient’s risk
either directly’ or by recording it prominently in the medical
notes.”” The risk scores used were based on the Framingham
Anderson 1991 “all CVD events” equation'***'** or the
Westlund Score derived in a Norwegian population.”
Outcomes related to absolute risk, treatment, referral and
changes in risk factor levels.

Hall et al’* recruited 167 men and 156 women with type 2
diabetes attending a hospital outpatients’ clinic in Dundee,
Scotland, and allocated 162 of them to an intervention group
and 161 to a control group. The intervention group had the
cardiovascular risk score documented on the front of the
notes and the control group did not. The authors found that
overall the intervention and control groups did not differ in
change of diabetes treatment, change in hypertension drugs,
change in lipid-lowering drugs or referral to a dietician.
However, they noted that within a high-risk subgroup of
patients (> 20% five-year risk) those in the intervention group
were more likely to be prescribed blood pressure-lowering
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Study Predicted Observed RR (random) 10 year

or sub-category n/N n/N 95% Cl Score risk

Framingham CHD calibration by observed risk
Germany Augsberg women 82/2925 32/2925 —&——  Anderson 1
Germany Munster women 89/3155 31/3155 ——a——  Anderson 1
France PRIME 463/7359 197/7359 —— Wilson 5
Germany Augsberg men 292/2861 146/2861 —a— Anderson 5
Germany Munster men 544/5527 307/5527 —-— Anderson 5
Europe INSIGHT 285/4127 124/4127 —o— Anderson 8
UK Caerphilly & Speedwell 1 343/3213 27/3213 —a— Anderson 9
Northern Ireland PRIME 161/2399 120/2399 —a— Wilson 10
Scotland WOSCOPS Pravastatin 103/1803 81/1803 —a— Anderson 10
UK Caerphilly & Speedwell 2 325/2467 238/2467 —— Anderson 10
UK BRHS 1062/6643 677/6643 - Anderson 10
USA Los Angeles 115/1029 84/1029 —o— Wilson 12
USA Normative Aging Study 222/1393 206/1393 —ta— Anderson 15
Scotland WOSCOPS control 95/1251 88/1251 —— Anderson 16
UK Whickham 401/1700 529/1700 - Anderson 16
USA Johns Hopkins 2 64/736 95/736 — Wilson 20
USA Johns Hopkins 1 21/256 56/256 —a Wilson 22
Germany angiography 6/42 10/42 & Wilson 24
UK diabetic women 31/396 67/396 —_—— Anderson 42
UK diabetic men 52/542 105/542 —a— Anderson 48

Total (95% CI) 49824 49824

Total events: 4759 (Predicted), 3469 (Observed)

Test for heterogeneity: 3> = 366.84, df = 19 (p < 0.00001), I* = 94.8%

Framingham CVD calibration by observed risk
Australia women 94/1045 87/1045 —— Wilson 8
New Zealand women 79/1716 86/1716 —a— Anderson 10
Australia men 115/755 105/755 —0— Wilson 14
New Zealand men 277/4638 325/4638 — Anderson 14
Europe INSIGHT 601/4127 231/4127 —— Anderson 15
N Europe/USA LIFE 410/9194 479/9194 ——| Anderson 52
UK diabetics 64/428 96/428 —0— Anderson 53

Total (95% Cl) 21903 21903

Total events: 1640 (Predicted), 1409 (Observed)

Test for heterogeneity: x° = 172.37, df = 6 (p < 0.00001), I = 96.5%

| | | |
0.2 0.5 1 2 5

Under prediction  Over prediction

Figure 2 Studies examining the predicted to observed ratio of Framingham Anderson and Wilson risk scores, ordered by the observed 10-year risk
(%) in the test populations. BRHS, British Regional Heart Study; CHD, coronary heart disease; Cl, confidence interval; CVD, cardiovascular disease;
INSIGHT, Intervention as a Goal in Hypertension Treatment; LIFE, Losartan Intervention For Endpoint reduction in hypertension study; PRIME,
Prospective Epidemiological Study of Myocardial Infarction; RR, relative risk; WOSCOPS, West of Scotland Coronary Prevention Study.

(23% v 10%) and lipid-lowering drugs (20% v 9%) than in the
control group (p = 0.01 for both comparisons).

Montgomery et al*® used a cluster randomised controlled
trial design with 614 patients from 27 general practices in
Avon, England. Patients were randomly allocated to a
computerised clinical decision support system plus cardio-
vascular risk chart; cardiovascular risk chart alone; or usual
care. The authors found no differences between the
computerised clinical decision support system plus chart
group and the usual care group, but the chart-only group had
significantly lower systolic blood pressure and was more
likely to be prescribed cardiovascular drugs than the control
group. Information on adherence to the intervention by the
doctors and nurses was not supplied.

Hanon ef al’’ randomly assigned 1526 patients with
hypertension from 953 general practitioners in France to
two groups, where one group of general practitioners were
told the patients” calculated risk and the other group were not.
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They found no difference between the two groups in the final
blood pressure, 10-year CVD risk or proportions prescribed two
hypertension drugs compared with monotherapy.

Hetlevik et al® offered a computerised clinical decision
support system to 17 Norwegian health centres in the
intervention group, and the general practitioners in the control
group practised usual care. They found no clinically significant
difference in blood pressure or total cholesterol between the two
groups at the end of 21 months’ follow up. Despite the doctors
having an average of 1.5 h of training on the clinical decision
support system, it had been used in the treatment of only 12% of
the patients in the intervention group.

Trial quality

As few trials were found, none that met the inclusion criteria
were excluded because of their study quality. The informa-
tion reported was limited, making formal comparison with
set quality criteria difficult (table 3).
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DISCUSSION
This systematic review has shown that the accuracy of the
Framingham risk scores cannot be assumed and that it
relates to the background risk of the population to which
they are being applied. We have also found no strong
evidence supporting the assumption that cardiovascular risk
assessment performed by a clinician improves health out-
comes. Screening of the population with Framingham-based
risk-scoring methods continues to be recommended in
current guidelines in the UK and elsewhere.®” ** ** The lack
of evidence supporting the effectiveness of risk scores and the
variable accuracy of the screening methods is of concern.
We found only four randomised controlled trials that had
investigated the effectiveness of cardiovascular risk-scoring
methods, in contrast to the volume of information about the
accuracy of risk prediction with 52 studies examining the
external validity of the Framingham risk scores. In particular,
no studies included people without hypertension or diabetes—
the patients who often require a cardiovascular risk assess-
ment to determine need for drug treatments. The two studies
that used computerised clinical decision support systems
showed very poor uptake by the doctors in one trial*> and a
negative effect when added to a risk chart in the other,”
suggesting that including clinicians in the design of decision
aids may improve their use.

Strengths and limitations

This review used a sensitive search strategy with no language
restrictions, and it was performed according to standard
Cochrane review methods. Comparison of the studies
assessing the external validity of the Framingham scores
was difficult. There is no standard format for applying them
or assessing their quality, and each of the studies had slightly
different inclusion criteria, methods of case ascertainment
and end point definitions. Broad CHD and CVD end points
including fatal and non-fatal outcomes had to be used due to
the variable definitions. Had it been possible, it would have
been preferable to separate the harder CHD outcomes, such
as non-fatal myocardial infarction and coronary death, from
outcomes that include angina pectoris. We have not
examined the ability of the Framingham scores to accurately
identify high- and low-risk patients (discrimination) and
concentrated only on calibration in different populations. We
recognise that the discriminatory ability of a model is an
important property; however, it is the calibration that varies
most between populations and it is more amenable to
adjustment.”

Other studies

To our knowledge, this is the only study that has reviewed
the international literature on the effectiveness of calculating
a risk score. One existing review on the validity of
Framingham prediction rules included only three studies
with data on predicted to observed ratios.* Our results are
consistent with a study by the Diverse Populations
Collaborative Group, which examined the accuracy of a
single Framingham proportional hazards predictive function
in 16 observational studies.”” Unlike the models used in
studies in our review, their model had not been used as a risk
score in clinical practice. Nevertheless, like us, they con-
cluded that their model tended to overpredict absolute risk in
populations with low observed CHD mortality and to under-
predict risk in populations with high CHD mortality.

Implications

The findings of this review suggest that true cardiovascular
risk in low-risk populations is likely to be overestimated,
perhaps leading to unnecessary treatment of many patients.
Conversely, in high-risk populations, true cardiovascular risk
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is likely to be underestimated, potentially resulting in these
high-risk people not reaching a treatment threshold and
being denied appropriate drug treatment. For example, in a
deprived Scottish population Framingham predicted CVD
mortality risk tended to increase with increasing socio-
economic deprivation. However, this significantly under-
estimated the observed gradient of increasing risk across
socioeconomic groups.*® This inaccuracy between populations
is relevant to other cardiovascular risk-scoring methods
based on similar combinations of risk factors. Including a
variable representing social deprivation may improve the
performance of risk prediction models. Recalibrating the
prediction models to adjust for the background risk of
different geographical regions* and ethnic groups®™ is an
alternative solution.

No matter how well calibrated a risk score may be, its
primary purpose is to improve the management of those
patients it identifies as being at high cardiovascular risk. This
involves understanding how a clinician and patient interact
once cardiovascular risk has been assessed. While absolute
cardiovascular risk assessment remains the recommended
method of targeting primary prevention, considerable work is
needed to make it a practical and effective clinical tool.
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Computed tomography to visualise a left coronary artery main stem stent

LMS stent

result.

angiography.

cardiac history, having originally undergone coronary artery bypass surgery in 1986 (left
internal mammary artery grafted to the left anterior descending artery and vein graft to

the first obtuse marginal branch of the circumflex artery).
In 2000 the patient developed an acute coronary syndrome. Percutaneous angiography
showed stenosis of the left coronary artery main stem (LMS). She underwent percutaneous
coronary intervention to this lesion during which a bare metal stent was deployed with good

! 78-year-old woman presented with worsening angina in 2004. She had a long personal

In order to investigate the patient’s current symptoms, percutaneous angiography was
performed, during which it was not possible to selectively engage the LMS because the stent
was projecting into the lumen of the aorta. We therefore carried out a computed tomographic
(CT) scan to assess stent patency.

Images were obtained using a 16-slice scanner (Toshiba Aquilion CFX). The reconstructed
picture obtained is shown in the panel. The LMS stent can be seen with no evidence of
restenosis. The remainder of the scan showed that both grafts were patent.

Sixteen-slice CT scanning is a good method for assessing stent patency in the LMS, and is
particularly useful if stent insertion has resulted in unfavourable conditions for percutaneous
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