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Is the high-risk strategy to prevent cardiovascular
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Abstract

Background: Statins are increasingly prescribed to prevent cardiovascular disease (CVD) in asymptomatic
individuals. Yet, it is unknown whether those at higher CVD risk – i.e. individuals in lower socio-economic position
(SEP) – are adequately reached by this high-risk strategy. We aimed to examine whether the Danish
implementation of the strategy to prevent cardiovascular disease (CVD) by initiating statin (HMG-CoA reductase
inhibitor) therapy in high-risk individuals is equitable across socioeconomic groups.

Methods:
Design: Cohort study.
Setting and participants: Applying individual-level nationwide register information on socio-demographics,
dispensed prescription drugs and hospital discharges, all Danish citizens aged 20+ without previous register-
markers of CVD, diabetes or statin therapy were followed during 2002–2006 for first occurrence of myocardial
infarction (MI) and a dispensed statin prescription (N = 3.3 mill).
Main outcome measures: Stratified by gender, 5-year age-groups and socioeconomic position (SEP), incidence of MI
was applied as a proxy for statin need. Need-standardized statin incidence rates were calculated, applying MI
incidence rate ratios (IRR) as need-weights to adjust for unequal needs across SEP.Horizontal equity in initiating
statin therapy was tested by means of Poisson regression analysis. Applying the need-standardized statin
parameters and the lowest SEP-group as reference, a need-standardized statin IRR > 1 translates into horizontal
inequity favouring the higher SEP-groups.

Results: MI incidence decreased with increasing SEP without a parallel trend in incidence of statin therapy.
According to the regression analyses, the need-standardized statin incidence increased in men aged 40–64 by 17%,
IRR 1.17 (95% CI: 1.14-1.19) with each increase in income quintile. In women the proportion was 23%, IRR 1.23
(1.16-1.29). An analogous pattern was seen applying education as SEP indicator and among subjects aged 65–84.

Conclusion: The high-risk strategy to prevent CVD by initiating statin therapy seems to be inequitable, reaching
primarily high-risk subjects in lower risk SEP-groups.
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Background
A steep inverse relationship between socioeconomic
position (SEP) and incidence of cardiovascular disease
(CVD) has consistently been shown across high-income
Western countries [1-3]. The social gradient has
widened over the last decades [4,5] and is to a large ex-
tent mediated by the conventional risk factors (i.e.,
smoking, high blood pressure and serum cholesterol) –
when evaluated in absolute terms [1,6-8]. This holds also
for the most important CVD component, myocardial in-
farction (MI) [9].
As CVD is one of the leading causes of premature

death in the Western world, preventive strategies are on
political agendas, all focusing on the conventional risk-
factors, either through their socio-cultural determinants
(population (structural) strategies) or through individual
behaviour/risk-factors, such as the high-risk strategy to
prevent CVD in general practice. In the high-risk strat-
egy (often termed ‘primary prevention’), asymptomatic
individuals are screened to determine the need for pre-
ventive interventions, such as antihypertensives or lipid
lowering drugs (almost exclusively statins). In the
present study, we focus on statins (HMG-CoA reductase
inhibitors), introduced in 1994 [10] to, reduce post-MI
mortality in middle-aged men with hypercholesterol-
emia. Following subsequent randomised clinical trials
(RCTs), recommendations for statins have broadened,
including now also asymptomatic individuals (i.e., with-
out established CVD or diabetes) irrespective of lipid-
levels age and gender. “The question of ‘at what lipid
level to initiate treatment’ has to be replaced by ‘at what
cardiovascular risk should statins be started’“[11].
The high-risk strategy has been implemented in

Denmark as an opportunistic screening strategy i.e. cli-
ents who show up in the general practitioner’s (GP)
office may be screened for high CVD risk for possible
prescription of preventive drugs. In line with the Euro-
pean guidelines and the European Systematic Coronary
Risk Evaluation [12], Danish GPs are recommended to
use a matrix of serum lipid and blood pressure levels
(stratified by age, gender and smoking status) for identi-
fying high-risk individuals, applying an estimated
10-year risk of fatal atherosclerotic events above 5% as
high risk threshold. While risk thresholds and CVD end-
points vary slightly according to country, all risk-score
charts are based on the same risk-factor matrix, provid-
ing risk estimates based on data and risk-equations from
historic cohort studies and RCTs [12-14].
The Danish health care system is mainly tax-financed

and based on the egalitarian principle, with equal health
care (access/treatment/outcome) for equal (legitimate)
health care needs [15] – also called horizontal equity
[16]. While authorized GP services are free, prescription
drugs require patient co-payment. Based on decisions by
an authority under the Ministry of Health, the actual
amount of reimbursement depends on whether a par-
ticular drug is reimbursable and the actual reimburse-
ment schedule for reimbursable drugs [17]. The current
‘need-dependent’ reimbursement schedule (introduced
March 2000) has a number of reimbursement levels, the
reimbursed percentage increasing stepwise with the indi-
vidual’s annual drug expenditures. Reimbursement is
based on the cheapest generic drug [17]. Despite near
universal health care coverage in many European coun-
tries, income-related inequalities in the use of physician
services have been observed [18-20]. In Denmark this
holds true especially in regards to elective procedures
[21] and services with co-payments, such as prescription
drugs [22-24]. Yet, European health-care systems are
under pressure due to increasing health care expendi-
tures and the challenges of an ageing population [25,26],
which includes shortage of GP’s partly due to the retire-
ment of the baby-boom generation.
There is an ongoing debate about the high-risk strat-

egy [14,27-29], encompassing allocation of scarce health
care resources [28] and “The strategy of preventive
medicine”, by Geoffrey Rose [30], i.e., the high-risk strat-
egy versus the population strategy [29,31,32]. As reduc-
tion of social inequalities in health is a central goal in
WHO and EU programmes [33,34], it is also being
debated whether or not these strategies will reduce in-
equalities in CVD [35,36]. A range of studies have
explored inequalities in utilisation of CVD drugs, but
without explicitly taking need-determined measures into
account, some focusing on regional or socioeconomic
inequalities [37-40], others restricting analyses to indivi-
duals with the same medical condition [23,41]. In a
study of equity in statin prescribing by GPs in the UK,
the authors explore to what extent prescribing variations
in different primary care trusts are associated with the
frequency of CVD admissions and socio-demographic
characteristics [38]. Assuming implicitly equal needs
across these groups, the results of the UK study could
indicate inequitable statin prescribing. Yet, inequality in
health care delivery can only be interpreted as inequity if
legitimate need-determined inequalities are taken into
account [19,20].
In the present study, we focus on initiation of prevent-

ive statin therapy in the high-risk strategy as implemen-
ted in Denmark. Due to the social gradient in incidence
of CVD we expect an increasing need for CVD prevent-
ive drugs with decreasing SEP i.e. unequal needs across
socioeconomic groups. In line with other studies focus-
ing on equity in health care delivery [22,42], we assume
that equity will be met if care is provided proportionally
to the need. To our knowledge no studies has explored
to what extent the high-risk strategy to reduce CVD is
equitable.
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The aim of this study was to examine whether the Da-
nish implementation of the strategy to prevent CVD by
initiating statin therapy in high-risk individuals is equit-
able across socioeconomic groups; hypothesising that
this high-risk strategy will not adequately reach groups
with a lower SEP, characterised by having a higher risk
of CVD.

Methods
Data source and participants
From nationwide Danish registers maintained by the Na-
tional Board of Health and Statistics Denmark, we
retrieved individual-level information on dispensed pre-
scription drugs, hospital discharges, dates of death or
emigration, and socioeconomic indicators. Data were
linked by means of a unique encrypted person-identifier,
allowing authorised researchers to follow individuals in
multiple individual-level registries hosted in Statistics
Denmark. Register-based studies in Denmark do not re-
quire approval by an ethics board.
A cohort corresponding to all Danish citizens aged 20

+ without previous register markers of CVD, diabetes or
statin treatment were followed, during 2002–2006, in
the registries, for dispensed statin prescriptions and the
first occurrence of MI (N= 3.3 mill). We applied two dif-
ferent SEP indicators: disposable family income and
highest attained education (as of 2002). Table 1 shows
the characteristics of the cohort of asymptomatic indivi-
duals, by gender, age and highest attainted education,
demonstrating that historical information on education
is poorly covered among persons older than 75.
Table 1 The cohort as of January 1, 2002, according to gende

Gender Educational
Levela

20-39 40-54 55-64

N (%) N (%) N

Male 1 (Basic) 215,607 (32) 120,082 (24) 79,745

2 229,083 (34) 210,144 (42) 108,985

3 134,755 (20) 50,034 (10) 15,949

4 (High) 80,853 (12) 95,065 (19) 50,505

Missing 20,213 (3) 25,017 (5) 10,633

All 673,773 500,343 265,81

Female 1 (Basic) 171,753 (27) 141,319 (29) 109,669

2 190,837 (30) 160,811 (33) 95,961

3 146,308 (23) 38,984 (8) 13,709

4 (High) 114,502 (18) 126,700 (26) 46,609

Missing 19,084 (3) 24,365 (5) 8,225

All 636,122 487,306 274

Both Total 1,309,895 987,646 539

Danish residents without register markers of CVD, diabetes and/or statin treatment.
a) Educational levels:
1) 7–10 years basic school, 2) Vocational training after basic school, 3) High school
higher education.
From the Danish National Patient Registry, we
retrieved information on patient discharge from non-
psychiatric hospitals since 1977. Records include the ad-
mission and discharge dates, discharge diagnoses accord-
ing to the International Classification of Diseases (ICD),
8th revision until 1993, and 10th revision thereafter (9th

revision has not been used in Denmark) along with
codes for diagnostic and surgical procedures. We
included main and secondary diagnoses for admitted
patients and patients in ambulatory care. From the
Registry of Causes of Death, we retrieved date and cause
of death (primary and contributory).
Information on dispensed prescription drugs was

retrieved from the Danish National Prescription Registry
(DNPR), containing full information since 1996 on all out-
of-hospital purchases of prescription drugs at Danish phar-
macies including those of nursing home residents [43].
Records include the person identifier, date of dispensing,
and the Anatomical Therapeutic Chemical (ATC) classifica-
tion code of the dispensed drug [44]. From the DNPR we
retrieved information on dispensed cardiovascular drugs
(ATC groups C and B01) and antidiabetics (A10).
To identify asymptomatic individuals, we applied

historical register data on in/out-patient diagnoses and
procedures along with dispensed prescription drugs as
register-markers for a range of CVD conditions, including
ischemic heart disease (IHD) with or without myocardial
infarction (MI), stroke, a range of other atherosclerotic
conditions, and diabetes. We define asymptomatic indivi-
duals as individuals without register-markers of CVD or
diabetes, as defined in a recent publication [45].
r, age and educational level

65-74 75-84 85+ All

(%) N (%) N (%) N (%) N

(30) 53,249 (42) 25,022 (43) 131 (1) 493,837

(41) 46,910 (37) 13,966 (24) 0 (0) 609,087

(6) 5,071 (4) 1,746 (3) 0 (0) 207,555

(19) 17,750 (14) 6,401 (11) 262 (2) 250,836

(4) 2,536 (2) 10,474 (18) 12,722 (97) 81,594

6 126,784 58,190 13,115 1,638,021

(40) 91,760 (59) 52,508 (55) 320 (1) 567,329

(35) 40,437 (26) 15,275 (16) 0 (0) 503,320

(5) 4,666 (3) 1,909 (2) 0 (0) 205,576

(17) 17,108 (11) 5,728 (6) 0 (0) 310,647

(3) 3,111 (2) 20,048 (21) 31,359 (98) 106,192

,173 155,525 95,469 31,999 1,680,594

,989 822,298 101,359 45,114 3,318,615

or 9/10 years basic school with 1 year higher education 4) More than two years
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Study design
While measures such as the Gini-coefficient of inequality,
concentration index and the slope index of inequalities
provide means for quantifying the degree of for example
income-related inequality in health or health care delivery
[46], a measure combining potential inequalities both in
health care delivery and health care needs is indispensable
to quantify inequities in health care delivery – if needs also
are unequal across strata. However, measuring the need
for preventive health care is a challenge, as such needs not
may be captured by for example self-rated health scales.
We opted to apply a need-proxy analogous to the under-
lying presumption of the risk-score chart, namely a meas-
ure of CVD- incidence in the background population of
asymptomatic individuals, i.e. without CVD, diabetes or
statin therapy - stratified by gender, 5-year age groups and
SEP indicator.
Due to the high validity of the diagnosis of MI in the

Danish registries [47], we applied the incidence of MI as
Table 2 Observed and need-standardized incidence of statin
gender, age-group and SEP indicators

Gender SEP 40-54 55-64

Need Statin incidence d Need Statin

Weight c Observed St.
dized e

Weight ObservINCOME a

Male 1 (Low) 1.00 8.0 8.0 1.00 16.0

2 0.90 9.0 10.0 1.01 19.1

3 0.91 9.8 10.7 0.90 20.3

4 0.82 10.2 12.4 0.80 21.2

5 (High) 0.71 10.5 14.9 0.70 21.3

Female 1 (Low) 1.00 8.3 8.3 1.00 23.5

2 0.80 8.3 10.4 0.85 25.2

3 0.64 8.4 13.1 0.64 24.7

4 0.60 8.5 14.1 0.57 23.1

5 (High) 0.49 7.6 15.6 0.31 20.7

EDUCATIONb

Male 1 (Basic) 1.00 9.4 9.4 1.00 18.7

2 0.81 10.2 12.6 0.89 20.6

3 0.59 8.3 14.1 0.75 18.5

4 (High) 0.50 8.8 17.8 0.66 19.9

Female 1 (Basic 1.00 9.9 9.9 1.00 25.6

2 0.63 8.8 14.0 0.68 23.8

3 0.43 6.0 14.0 0.47 18.7

4 (High) 0.34 6.2 18.2 0.38 19.1

a) Quintiles of disposable family income within gender and 5-years age-groups – in
b) Educational levels, cf. notes in Table 1.
c) Incidence Rate Ratio of myocardial infarction (MI-IRR) among asymptomatic indiv
group.
d) Incidence of statin therapy among asymptomatic individuals: 1000*(Number inci
e) Need-standardized statin incidence (‘St.dized’): Observed statin incidence/MI-IRR.
need-proxy, using two alternative need-proxies in a sen-
sitivity analysis: first stroke or MI as combined CVD
endpoint and CVD as cause of death (MI, stroke or aor-
tic aneurysm). Stratum specific MI-incidence rates were
calculated, corresponding to number of incident MI
cases (hospitalised or fatal) per 10,000 person-years at
risk (PYR) during 2002–2006, censoring at death, emi-
gration and register-markers of CVD, diabetes or statin
therapy. Analogously, we calculated the ‘observed’ inci-
dence of statin therapy (number redeeming the first sta-
tin prescription/10,000 PYR – censoring at death,
emigration and register-markers of CVD or diabetes)
and the combined MI-stroke endpoint. In order not to
confine CVD-mortality to sudden CVD-death, CVD-
mortality was calculated without censoring for new
events of CVD or diabetes, covering also a longer span
of time (2002–2008).
We applied a fixed SEP level corresponding to the be-

ginning of the observation period (primo 2002). In order
treatment among asymptomatic individuals, according to

65-74 75-84

incidence Need Statin incidence Need Statin incidence

ed St.
dized

weight Observed St.
dized

weight Observed St.
dized

16.0 1.00 18.6 18.6 1.00 10.2 10.2

18.9 0.96 22.2 23.2 0.81 10.9 13.5

22.5 0.89 23.3 26.1 0.85 11.2 13.2

26.4 0.79 23.2 29.3 0.77 12.6 16.3

30.5 0.65 23.4 35.8 0.66 15.0 22.8

23.5 1.00 28.2 28.2 1.00 14.1 14.1

29.8 0.85 29.4 34.6 0.90 15.3 17.1

38.8 0.90 28.8 32.0 1.02 15.6 15.3

40.5 0.69 29.2 42.0 0.82 17.7 21.6

67.0 0.44 28.2 63.4 0.64 17.5 27.5

18.7 1.00 20.5 20.5 1.00 11.6 11.6

23.2 0.97 23.9 24.6 0.94 14.6 15.6

24.6 0.82 22.1 27.0 0.76 13.9 18.2

30.2 0.65 23.8 36.7 0.72 15.7 21.8

25.6 1.00 28.9 28.9 1.00 17.3 17.3

35.2 0.79 30.0 38.1 0.82 20.2 24.7

39.6 0.54 25.2 46.3 0.68 17.2 25.3

50.8 0.53 26.4 50.2 0.65 19.0 29.5

flated average over 1996–2001.

iduals, applying lowest SEP group (within gender and age-group) as reference

dent statin dispensing/person years at risk).
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to capture income fluctuations over time, we calculated
the average annual income between 1996 and 2001
(inflated to 2000 purchasing power), divided into income
quintiles within gender and age group. The highest
attained educational levels as of 2002 were divided into
four groups according to length of formal education, cf.
Table 1. As the analysis covers a time span of five years,
individuals were considered to belong to a fixed 5-year
age-group (i.e., that of 2002).
To evaluate horizontal inequity in initiation of pre-

ventive statin therapy, we adjusted the observed inci-
dence of statin therapy according to the different
needs across SEP-groups, applying stratum specific
MI-incidence as proxy for needs. By means of indirect
standardisation, we calculated the expected incidence
of statin therapy (‘need-standardized statin incidence’),
assuming that incidence of statin therapy must in-
crease proportionally to the need across SEP-groups -
for equity to be met. The need-standardized statin
incidence was calculated as the observed statin inci-
dence divided by the stratum specific need weights cor-
responding to the incidence rate ratio of MI (MI-IRR),
Table 2. The denominator (PYR) of the observed statin
incidence rather than the nominator (number of
events) was need-standardized, dividing the observed
PYR by MI-IRR.
Based on the need-standardized statin incidence para-

meters (observed statin events (counts), need-
standardized PYR (exposure)), Poisson regression ana-
lyses were applied to test the overall horizontal equity
across SEP. With the lowest SEP-group (and age group)
as reference, a need-standardized statin-IRR> 1 translates
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Figure 1 Incidence of statin therapy versus incidence of myocardial in
into horizontal inequity favouring the higher SEP-groups.
The null hypothesis, horizontal equity, corresponds
thus to statin-IRR= 1. We estimated a ‘horizontal in-
equity gradient’ (the overall linear trend) reflecting the
increase in need-standardized statin-IRR for each in-
crease in SEP. Owing to a gender and age specific pat-
tern of both MI-incidence (need) and incidence of
preventive statin therapy, we stratified the analyses
according to gender and ages +/−65, cf. Figure 1.
Nonparametric bootstrapping [48] was applied to

incorporate the precision of the need-weights in the
confidence intervals (CI) of the need-standardized
statin IRR. Based on 10,000 bootstrap replications,
need-weights were calculated and applied in the Pois-
son regression analyses of need-standardized statin
incidence parameters. Normal based 95% CI from
the bootstrapping procedure were applied as CI for
the point estimate for statin IRR calculated from the
original data.
All analyses were performed using Stata Release 11.1

(StataCorp, College Station, TX, USA). Access to data
was provided and secured through collaboration be-
tween the University of Copenhagen and Statistics Den-
mark. Register-based studies in Denmark do not
require approval by an ethics board.

Results
Figure 1 depicts the incidence of MI and statin therapy
among asymptomatic individuals during 2002–2006
according to age, stratified by gender. Both in men and
women, the MI-incidence increases gradually with age,
whereas statin incidence increases steeply until the age
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farction during 2002–2006 in asymptomatic individuals.



Table 3 Result of Poisson regression analysis, testing horizontal equity across levels of socio-economic position (SEP)
with differential needs

SEP indicator a Age 40-64 Age 65-84

Male Female Male Female

Income Quintiles IRR b 95% CI c IRR 95% CI IRR 95% CI IRR 95% CI

1 1.00 1.00 1.00 1.00

2 1.22 (1.10-1.35) 1.27 (1.04-1.55) 1.27 (1.05-1.54) 1.25 (1.04-1.51)

3 1.38 (1.29-1.48) 1.63 (1.39-1.92) 1.38 (1.17-1.63) 1.16 (0.93-1.45)

4 1.61 (1.47-1.76) 1.73 (1.40-2.15) 1.58 (1.36-1.84) 1.54 (1.27-1.86)

5 1.89 (1.70-2.10) 2.44 (1.86-3.21) 1.99 (1.68-2.35) 2.26 (1.80-2.80)

HIE gradient d 1.17 (1.14-1.19) 1.23 (1.16-1.29) 1.17 (1.14-1.20) 1.20 (1.14-1.27)

Educational level IRR 95% CI IRR 95% CI IRR 95% CI IRR 95% CI

1 1.00 1.00 1.00 1.00

2 1.29 (1.17-1.42) 1.38 (1.27-1.49) 1.19 (1.07-1.33) 1.33 (1.13-1.56)

3 1.40 (1.18-1.66) 1.49 (1.33-1.65) 1.34 (1.19-1.52) 1.52 (1.23-1.89)

4 1.74 (1.51-2.01) 1.90 (1.72-2.09) 1.77 (1.59-1.97) 1.70 (1.47-1.97)

HIE gradient 1.19 (1.15-1.24) 1.24 (1.19-1.29) 1.21 (1.17-1.25) 1.21 (1.14-1.28)

a) Indicators of SEP: Quintiles of disposable income and 4 levels of formal education, cf. notes Table 1.
b) Poisson regression analyses of need-standardized statin Incidence Rate Ratio (IRR), applying need-standardized statin incidence parameters within gender and
5-year age-groups, based on indirect standardization with Incidence of myocardial infarction in the background population as need-weights, cf. Table 2.
c) Bootstrapping (10,000 reps.) is applied for 95% confidence intervals (CI).
d) Horizontal Inequity (HIE) gradient: The relative change in need-standardized statin incidence for each increase in SEP, i.e., the estimated overall linear trend.

Wallach-Kildemoes et al. BMC Public Health 2012, 12:610 Page 6 of 11
http://www.biomedcentral.com/1471-2458/12/610
of 65, decreasing markedly thereafter. While the MI-
incidence is highest among men of all ages, the opposite
is the case as regards statin incidence.
Table 2 shows that the need-weights (MI-IRR relative

to the lowest SEP-group) are decreasing with increasing
SEP – independently of gender and age categories. In
men aged 55–64, the need (MI-incidence) in the highest
income quintile is 70% of that in the lowest income
quintile, in women the figure is 30%. Above the age of
75 the gradient is less pronounced. Analogously, when
applying four educational levels as an indicator for SEP,
the need in men aged 55–64 with the highest educa-
tional level is 70% of those with basic education – in
Table 4 Sensitivity analysis of horizontal equity in incidence
need-weights (need-proxies) in the need-standardized analys
or CVD-death b

SEP indicator c Age Horizontal Ineq

MI

Male Female

Income 40-64 1.17 1.23

65-84 1.17 1.20

Educational level 40-64 1.19 1.24

65-84 1.21 1.21

a) Need-standardized Poisson analyses see notes Table 3.
b) Myocardial infarction (MI) as need-weight in the basic analyses. Two alternative C
2006, and CVD-death (i.e., MI, stroke and aorta-aneurism) during 2002–2008.
c) Indicators of socio-economic position (SEP): cf. notes Tables 1 & 3.
d) Horizontal Inequity (HIE) gradient: The relative change in need-standardized stati
women the figure is 40%. Yet, while the observed statin
incidence increases with increasing income in men, only,
the need-standardized statin incidence increases steeply
with increasing income in both genders – and more so
among women due to the steeper gradient in MI-
incidence.
Table 3 presents the results of the gender/age stratified

Poisson regression analyses on need-standardized statin
parameters. In men aged 40–64, the need-standardized
statin incidence increases by 17% (IRR 1.17; 95% CI
1.14-1.19) for each increase in income quintile – corre-
sponding to the horizontal inequity gradient (HIE-gradi-
ent). In women the HIE gradient is greater 23% (1.23;
of preventive statin therapy: Three alternative
es a: Myocardial infarction (MI), combined MI-stroke

uity gradient (IRR)d dependent on need-weights

MI-stroke CVD-death

Male Female Male Female

1.18 1.15 1.39 1.36

1.15 1.10 1.29 1.23

1.18 1.11 1.33 1.22

1.15 1.11 1.23 1.29

VD need: Incidence of MI and stroke as combined endpoint during 2002–

n incidence for each increase in SEP, i.e., the estimated overall linear trend.
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1.16-1.29). Among individuals older than 65, the corre-
sponding HIE-gradient is 17% (1.17; 1.14-1.20) and 20%
(1.20; 1.14-1.27), in men and women, respectively.
The HIE-gradient concerning educational level reveals

a similar pattern, i.e., 19% (1.19; 1.15-1.24) in men aged
30–64, and 24% (1.24; 1.19-1.29) in women.
Table 4 shows sensitivity analysis of the need-proxy,

where the HIE-gradient is calculated applying the ori-
ginal need-proxy, MI incidence, as well as the two alter-
native need-proxies: MI/stroke as combined end-point
and CVD as cause of death, respectively. Independently
of need-weights (need-proxy) used, the sensitivity ana-
lysis revealed the same pattern of horizontal inequity,
favouring the better-off. Yet, the HIE-gradient is attenu-
ated when applying MI/stroke as a combined end-point.
This is particularly true for women. Conversely, the
HIE-gradient is enhanced when applying CVD-death as
need-proxy – especially among men.
Discussion
Principal findings
Applying indirect standardisation and MI-incidence as a
proxy for need, we developed a pharmacoepidemiologi-
cal method to explore horizontal equity in initiation of
preventive statin therapy across SEP-groups with un-
equal needs, adjusting the observed statin incidence
according to relative needs across socio-demographic
groups. Our study indicates that the high-risk strategy
(as implemented in Denmark) to prevent CVD by initi-
ating preventive statin therapy is inequitable, reaching
primarily high-risk individuals in low-risk SEP-groups.
The favouring of more advantaged groups holds for both
genders, independently of applying income quintiles or
educational level as SEP indicator. In men aged 30–64,
the need-standardized statin incidence increased by 17%
for each increase income quintile (the horizontal in-
equity gradient) – in women the increase was 21%.
Only among men, the observed incidence statin ther-

apy tended to increase with increasing SEP, but due to a
steeper social gradient in MI-incidence among women,
the horizontal inequity gradient of initiating preventive
statin therapy was steepest in women.
Strengths and limitations
Given the inverse relationship between SEP and
CVD, the challenge of this study examining equity in
the medicamental high-risk strategy to prevent CVD
was twofold: firstly, to operationalize need and equity
in CVD preventive drug therapy across SEP-groups
with unequal needs, and secondly, to develop appro-
priate pharmacoepidemiological methods for testing
horizontal equity.
Needs
We opted to apply nationwide register data on MI-
incidence in the statin free and asymptomatic back-
ground population stratified by gender, age and SEP as
need-proxy, instead of calculating individual-level CVD-
risk based on survey information on CVD-risk factors
and risk scoring,
This is a strength for at least three reasons:

1) The nationwide approach is without the well-known
selection bias problems from cohort studies/surveys
where people are invited to participate.

2) The risk-score charts generally have low predictive
value – both at the individual and the group level.
Various cohort studies indicate that standard risk-
score charts tend to underestimate CVD-risk in
worse-off groups, overestimating the risk in better-
off groups [36,49,50], and attempts have been made
to modify risk-score charts according to the actual
background populations [51] and/or socioeconomic
groups [49,50]. Yet, individual risk prediction is
notoriously difficult [52,53], and as most CVD
events occur in people with modest risk-factor
values, overlapping with those seen in people
without CVD, the appropriateness of applying
individual risk-factor levels as a screening tool has
been questioned [52,54,55]. The risk-score charts
applied in Denmark seems, in fact, to have a very
poor predictive value [56]. In the present study we
applied risk (MI-incidence) at the sub-group level
(gender, age and SEP) as need-proxy rather than risk
at the individual level. Yet, individual risk estimates
based on risk-scoring relies on risk calculated at the
group level (age and gender) from historic survey
data.

3) Register-based information on MI-diagnoses is
regarded as valid in-hospital diagnosis information
[47]. Thus, the estimated MI-incidences should
reveal the actual SEP gradient in MI-incidence.
However, due to potential differential symptom
awareness and communication barriers, a social
gradient in admission for MI may exist, leading to
an underestimated MI-incidence in less advantaged
groups. The better-off, on the other hand, may be
more likely to prevent MI by means of invasive
coronary procedures, leading to a potential
underestimated MI-incidence here. Yet, including
acute invasive coronary procedures as marker for
MI revealed the same results (data not shown).
Thus, we regard this bias of minor importance. In a
sensitivity analysis, stroke/MI as a combined
endpoint and CVD-death were tested as two
alternative need-proxies. Independently of need-
measure, the sensitivity analysis demonstrated
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similar patterns of horizontal inequity. Yet, when
applying the combined endpoint, the horizontal
inequity gradient was – especially in women –
attenuated, presumably due to a less pronounced
social gradient in the incidence of stroke than in
MI-incidence. Applying CVD-death as a need-proxy
(corresponding to the risk measure applied in
Danish risk-scoring charts), the horizontal inequity
was enhanced. Yet the ‘validity’ of actual MI-
incidence as the need-proxy rests upon the
assumption that the need for statin therapy is a
question of CVD-risk rather than a single risk-factor
level – and partly on the finding that conventional
risk-factors to a large extent mediate the social
gradient in CVD-risk (in absolute terms). However,
high cholesterol level has not consistently been
found to increase with decreasing SEP [6,8,57],
potentially explained by the rather imprecise
cholesterol parameters applied: risk thresholds for
cholesterol levels and measurement of total
cholesterol without distinguishing between the
various lipid-fractions. Conversely, other studies
have demonstrated an association between the
metabolic syndrome (caused by physical inactivity,
unhealthy diets, and obesity) and elevated low-
density lipid cholesterol (LDL) [58], indicating that
the inverse social gradient in LDL may follow the
social stratification in physical inactivity and obesity.
Pharmacoepidemiological method for testing equity
Analogous to studies within economic equity research
[19,22,42], we applied indirect standardisation to evalu-
ate horizontal equity in health care delivery. In a study
on equity in US ambulatory care [42], the number of
ambulatory visits was adjusted according to differential
self-rated health. Applying the need-standardized
counts of the dependent variable (ambulatory visits)
and a continuous income variable as the explanatory
variable, a ‘horizontal inequity index’ (i.e., a need-
standardized concentration index) was estimated. In
our pharmacoepidemiological approach, we calculated,
instead, a need-standardized incidence rate of statin
therapy. Applying need-standardized statin incidence
parameters as a dependent variable and a SEP indica-
tor as an ordinal explanatory variable (e.g., income
quintiles), we estimated a horizontal inequity gradient.
We consider this methodological analogy to be a
strength. Yet, while it is intuitively reasonable to ‘ad-
just’ for differential health conditions when evaluating
horizontal equity in ambulatory visits, it may be less
obvious that incidence of preventive CVD-drug ther-
apy should be proportional to the risk of disease for
equity to be met.
Interpretation and comparison with other studies
While a range studies have demonstrated inequality in
prescription of CVD preventive drugs [23,59-61], no stud-
ies have examined and quantified inequities, including
both prescribing patterns and needs in a nationwide per-
spective. In contrast to a Norwegian health survey study
[40] showing a decreasing trend of incidence of statin
treatment by increasing education in individuals without
reported CVD or diabetes at baseline, we found almost
the same incidence across educational groups among
asymptomatic individuals, censoring for new onset of
CVD/diabetes. The lack of censoring for onset of disease
in the Norwegian study most likely explains the discrep-
ancy between the studies, as lower SEP individuals are at
higher risk of developing disease and may thereby be mis-
classified as free of CVD or diabetes when initiating statin
treatment. Our finding that the high-risk strategy as
implemented in Denmark seems to be inequitable may re-
flect both the poor predictive value of the applied risk-
score charts and a selective uptake. The latter being an in-
herent consequence of applying an opportunistic screen-
ing strategy, where uptake depends on the client’s
participation and the physician’s general judgement of
her/his client. A so-called ‘healthy user effect’ has been
shown in pharmacoepidemiological studies, indicating that
preventive measures (e.g., vaccinations and drugs) tend to
be used by population segments with a broad spectrum of
healthier behaviours [62]. With the consistently shown so-
cial gradient in CVD in most Western countries, our find-
ings are likely to be applicable in other settings applying
an opportunistic screening strategy. Several studies have
demonstrated a socioeconomic gradient in screening up-
take [63], indicating both financial (due to drug co-pay-
ment) and psychosocial barriers in socially deprived
groups [64]. Psychosocial barriers to CVD screening may
include negative perceptions about screening tests, risk
perceptions and the social stress associated with talking
about unhealthy lifestyles with the GP – of higher SEP.
Our findings may also reflect that high CVD risk in lower
SEP at first hand is ‘attacked’ by encouraging individual
lifestyle modifications.
In line with other studies [61,65] our study indicates

that the high-risk strategy may widen the socioeconomic
gradient in CVD owing to the inequitable uptake. How-
ever, any widening of the CVD incidence gradient
depends on the outcome of therapy and not merely on
initiation of therapy. Here two other issues are import-
ant: Differential adherence to therapy and differential
outcome of therapy. In fact, long-term adherence to sta-
tin treatment is disappointing [66] – and is likely to de-
pend on SEP, indication and experienced adverse effects
(potentially weighted against the perceived beneficial ef-
fect). While the risk of life-threatening adverse effects is
low (e.g., rhabdomyolysis), various degrees of muscle
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side effects are not unusual, ranging from muscle weak-
ness to rhabdomyolysis [67]. If both incidence and dur-
ation of therapy are lowest among less advantaged
groups – the social gradient in prevalence and outcome
of therapy is likely to be even steeper than the gradient
found as to initiation of therapy. However, being
exposed to multiple risk factors (known and unknown)
acting in concert, socially disadvantaged groups may be
more vulnerable to high LDL levels than the better-off.
Hence, the outcome or beneficial effect of lifelong pre-
ventive statin therapy may be greater in less advantaged
groups – provided adherence to therapy.

Unanswered questions and future research
Various incentives have been proposed to enhance ad-
herence, requiring often GPs to be more actively
involved [68,69]. In a forthcoming study on the same na-
tionwide Danish data we explore potential socioeco-
nomic differences in adherence to statin treatment in
asymptomatic individuals.
The incidence of preventive statin treatment in this

study was found to peak around the age of 65, and to
decrease steeply hereafter. This pattern may reflect the
widespread use of the risk-score charts, covering the age
range of 40–65, potentially representing an issue of age-
ism. The finding that statin incidence is considerably
higher in asymptomatic women than men although MI-
incidence is higher in men (cf. Figure 1) may both reflect
a consequence of an opportunistic preventive screening
strategy and an overestimation of CVD-risk in Danish
women, corresponding to the finding in a Norwegian
study [70]. Both matters will require further research.
In contrasts to the opportunistic screening strategy ap-

plied in Denmark, a universal screening programme to
prevent CVD is actually being implemented in the UK
[71]. Here, all asymptomatic individuals aged 40–74 are
invited for risk-scoring and potential preventive statin
therapy. Yet, there is an ongoing discussion about the
programme covering both resource implications [72] and
the dilemma between a targeted high-risk strategy with a
high CVD risk threshold for initiating therapy with poten-
tially non-generic more potent and effective statins versus
a “population strategy” in which all invited individuals
should be prescribed low-price preventive treatment (gen-
eric statins) [71] or eventually a Polypill (a combination of
four CVD-preventive drug categories) [73,74],bypassing
the risk-scoring charts of poor predicative value and po-
tentially also subsequent GP visits. While recent cost-
effectiveness reviews indicate a very high cost effectiveness
of Polypill strategies [75], a pilot project may uncover
equity concerns before implementation of a general
screening strategy. Another strategy could be to focus the
high-risk drug strategy on middle-aged asymptomatic
men in whom the beneficial effect of preventive statin
treatment is best documented, testing various settings in
order to reach lower SEP groups before implementation -
potentially also adjusting the reimbursement system ac-
cordingly. Yet, by not controlling the causes of high CVD
incidence (e.g., low cigarette prices; high levels of saturated
and trans-fats, sugars, salt hidden in processed foods, and
environmental factors) this ‘population’ strategy will be
palliative and not radical as structural/population strat-
egies tends to be [55]. Proposing a range of actions to be
taking, a newly published Danish report “Health inequality
- determinants and policies” [76] demonstrates that redu-
cing health inequality is not primarily a health care task,
but a complex task requiring coordinated efforts from dif-
ferent sectors (e.g. the education, social, healthcare, and
employment sectors).

Conclusions and implications for policy and
practice
Our study indicates that the high-risk strategy to prevent
CVD by means of preventive statin therapy – as practiced
in Denmark – is inequitable, primarily reaching high-risk
individuals in low-risk groups, i.e., individuals in higher
SEP-groups. The inequity is likely to be the consequence
of using a screening tool with low predictive value and a
screening programme with differential socioeconomic up-
take. Provided long-term adherence and a beneficial effect
of preventive statin therapy independent of SEP, the strat-
egy may contribute to accentuating the inverse relation-
ship between SEP and CVD. Facing the challenges posed
by an ageing population, one might question to what ex-
tent scarce GP resources should be allocated for better-off,
asymptomatic individuals.

Abbreviations
SEP: Socioeconomic position; CVD: Cardiovascular disease; RCTs: Randomised
clinical trials; GP: General practitioner; DNPR: Danish National Prescription
Registry; ICD: International Classification of Diseases; ATC: Anatomical
Therapeutic Chemical classification system; IHD: Ischemic heart disease;
MI: Myocardial infarction; PYR: Person-years at risk; IRR: Incidence rate ratio;
HIE gradient: Horizontal inequity gradient.

Competing interests
The authors declare no conflicts of interest. Morten Andersen participates,
however, in a research project on statins funded by AstraZeneca, Merck
Sharp & Dohme and Pfizer.

Authors’ contribution
All authors read and approved the final manuscript.

Authors’ information
Finn Diderichsen, Allan Krasnik and Theis Lange contributed equally to the
work.
Helle Wallach-Kildemoes, first and corresponding author.
Morten Andersen contributed as last author and principal co-author.

Acknowledgements
This study was financed partly by a grant from the Danish Health
Foundation and partly by the Nordea Foundation, the latter financing the
Centre for Healthy Aging. The register-based study was defined and
performed entirely by the researchers. Register-based studies in Denmark do
not require approval by an ethics board.



Wallach-Kildemoes et al. BMC Public Health 2012, 12:610 Page 10 of 11
http://www.biomedcentral.com/1471-2458/12/610
Author details
1Centre for Healthy Aging, Department of Public Health, University of
Copenhagen, �ster Farimagsgade 5, Copenhagen 1014, Denmark. 2Social
Medicine, Department of Public Health, University of Copenhagen, �ster
Farimagsgade 5, Copenhagen 1014, Denmark. 3Health Services Research,
Department of Public Health, University of Copenhagen, �ster Farimagsgade
5, Copenhagen 1014, Denmark. 4Biostatistics, Department of Public Health,
University of Copenhagen, �ster Farimagsgade 5, Copenhagen 1014,
Denmark. 5Centre for Pharmacoepidemiology, Karolinska Institutet,
Stockholm SE-171 77, Sweden. 6Research Unit for General Practice, Institute
of Public Health, University of Southern Denmark, B. Winsløws Vej 9A,
Odense 5000, Denmark.

Received: 23 April 2012 Accepted: 20 July 2012
Published: 4 August 2012

References
1. Lynch J, Davey SG, Harper S, Bainbridge K: Explaining the social gradient

in coronary heart disease: comparing relative and absolute risk
approaches. J Epidemiol Community Health 2006, 60(5):436–441.

2. Marmot MG, Smith GD, Stansfeld S, Patel C, North F, Head J, White I,
Brunner E, Feeney A: Health inequalities among British civil servants: the
Whitehall II study. Lancet 1991, 337(8754):1387–1393.

3. Mackenbach JP, Cavelaars AE, Kunst AE, Groenhof F: Socioeconomic
inequalities in cardiovascular disease mortality; an international study.
Eur Heart J 2000, 21(14):1141–1151.

4. Mackenbach JP, Bos V, Andersen O, Cardano M, Costa G, Harding S, Reid A,
Hemstrom O, Valkonen T, Kunst AE:Widening socioeconomic inequalities in
mortality in six Western European countries. Int J Epidemiol 2003, 32(5):830–837.

5. In Trends in socioeconomic health differences between 1980–2005. Edited by
Palosuo H, Koskinen S, Lahelma E, Kostiainen E, Prättälä R, Martelin T,
Ostamo A, Keskimaki I, Sihto M, Linnanmäki E. Finland:; 2009. http://www.
stm.fi/c/document_library/get_file?folderId=39503&name=DLFE-8648.pdf.

6. Lynch JW, Kaplan GA, Cohen RD, Tuomilehto J, Salonen JT: Do
cardiovascular risk factors explain the relation between socioeconomic
status, risk of all-cause mortality, cardiovascular mortality, and acute
myocardial infarction? Am J Epidemiol 1996, 144(10):934–942.

7. Smith GD, Shipley MJ, Rose G: Magnitude and causes of
socioeconomic differentials in mortality: further evidence from the
Whitehall Study. J Epidemiol Community Health 1990, 44(4):265–270.

8. Singh-Manoux A, Nabi H, Shipley M, Gueguen A, Sabia S, Dugravot A,
Marmot M, Kivimaki M: The role of conventional risk factors in explaining
social inequalities in coronary heart disease: the relative and absolute
approaches to risk. Epidemiology 2008, 19(4):599–605.

9. Manrique-Garcia E, Sidorchuk A, Hallqvist J, Moradi T: Socioeconomic
position and incidence of acute myocardial infarction: a meta-analysis.
J Epidemiol Community Health 2011, 65(4):301–309.

10. Scandinavian Simvastatin Survival Study group: Randomised trial of cholesterol
lowering in 4444 patients with coronary heart disease: the Scandinavian
Simvastatin Survival Study (4S). Lancet 1994, 344(8934):1383–1389.

11. Ong HT: The statin studies: from targeting hypercholesterolaemia to
targeting the high-risk patient. QJM 2005, 98(8):599–614.

12. Conroy RM, Pyorala K, Fitzgerald AP, Sans S, Menotti A, De Backer G, De
Bacquer D, Ducimetiere P, Jousilahti P, Keil U, Njolstad I, Oganov RG,
Thomsen T, Tunstall-Pedoe H, Tverdal A, Wedel H, Whincup P, Wilhelmsen L,
Graham IM: Estimation of ten-year risk of fatal cardiovascular disease in
Europe: the SCORE project. Eur Heart J 2003, 24(11):987–1003.

13. Manuel DG, Kwong K, Tanuseputro P, Lim J, Mustard CA, Anderson GM,
Ardal S, Alter DA, Laupacis A: Effectiveness and efficiency of different
guidelines on statin treatment for preventing deaths from coronary
heart disease: modelling study. BMJ 2006, 332(7555):1419.

14. McElduff P, Jaefarnezhad M, Durrington PN: American, British and
European recommendations for statins in the primary prevention of
cardiovascular disease applied to British men studied prospectively.
Heart 2006, 92(9):1213–1218.

15. Strandberg-Larsen M, Nielsen M, Vallgårda S, Krasnik A, Vrangbæk K: In
Health system review. Edited by Mossialos E. Denmark: Health Systems in
Transition: World Health Organisation; 2007. 9(6).

16. Donaldson C, Gerard K: Economics of health care financing: The visible hand.
1st edition. London: Macmillan Press Ltd.; 1993.
17. Pedersen KM: Pricing and reimbursement of drugs in Denmark. Eur J
Health Econom 2003, 4:460–465.

18. van DE, Wagstaff A, der BH v, Christiansen T, De GD, Duchesne I, Gerdtham
UG, Gerfin M, Geurts J, Gross L, Hakkinen U, John J, Klavus J, Leu RE, Nolan
B, O’Donnell O, Propper C, Puffer F, Schellhorn M, Sundberg G, Winkelhake
O: Equity in the delivery of health care in Europe and the US. J Health
Econ 2000, 19(5):553–583.

19. van Doorslaer E, Koolman X, Jones AM: Explaining income-related
inequalities in doctor utilisation in Europe. Health Econ 2004, 13(7):629–647.

20. Wagstaff A, van Doorslaer E: Measuring and testing for inequity in the
delivery of health care. J Hum Resour 2000, 35(4):716–733.

21. Rasmussen JN, Rasmussen S, Gislason GH, Abildstrom SZ, Schramm TK,
Torp-Pedersen C, Kober L, Diderichsen F, Osler M, Madsen M: Persistent
socio-economic differences in revascularization after acute myocardial
infarction despite a universal health care system-a Danish study.
Cardiovasc Drugs Ther 2007, 21(6):449–457.

22. Gundgaard J: Income related inequality in prescription drugs in
Denmark. Pharmacoepidemiol Drug Saf 2005, 14(5):307–317.

23. Rasmussen JN, Gislason GH, Rasmussen S, Abildstrom SZ, Schramm TK,
Kober L, Diderichsen F, Osler M, Torp-Pedersen C, Madsen M: Use of statins
and beta-blockers after acute myocardial infarction according to income
and education. J Epidemiol Community Health 2007, 61(12):1091–1097.

24. Gundgaard J: Income-related inequality in utilization of health services in
Denmark: Evidence from Funen County. Scand J Public Health 2006, 34(5):462–471.

25. Pammolli F, Riccaboni M, Magazzini L: The sustainability of European
health care systems: beyond income and aging. Eur J Health Econ 2011,
E-pub ahead of print.

26. Chappell NL, Hollander MJ: An evidence-based policy prescription for an
aging population. Healthc Pap 2011, 11(1):8–18.

27. Getz L, Sigurdsson JA, Hetlevik I, Kirkengen AL, Romundstad S, Holmen J:
Estimating the high risk group for cardiovascular disease in the
Norwegian HUNT 2 population according to the 2003 European
guidelines: modelling study. BMJ 2005, 331(7516):551.

28. Ward S, Lloyd JM, Pandor A, Holmes M, Ara R, Ryan A, Yeo W, Payne N: A
systematic review and economic evaluation of statins for the prevention
of coronary events. Health Technol Assess 2007, 11(14):1–160.

29. Sigurdsson EL, Thorgeirsson G: Primary prevention of cardiovascular
diseases. Scand J Prim Health Care 2003, 21(2):68–74.

30. Rose G: The strategy of preventive medicine. Oxford, New York, Tokyo: Oxford
University Press; 1992.

31. Emberson J, Whincup P, Morris R, Walker M, Ebrahim S: Evaluating the
impact of population and high-risk strategies for the primary prevention
of cardiovascular disease. Eur Heart J 2004, 25(6):484–491.

32. Manuel DG, Lim J, Tanuseputro P, Anderson GM, Alter DA, Laupacis A,
Mustard CA: Revisiting Rose: strategies for reducing coronary heart
disease. BMJ 2006, 332(7542):659–662.

33. Marmot M, Friel S, Bell R, Houweling TA, Taylor S: Closing the gap in a
generation: health equity through action on the social determinants of
health. Lancet 2008, 372(9650):1661–1669.

34. Atkinson T: Social inclusion and the European Union. Journal of Common
Market Studies 2002, 40(4):625–643.

35. Capewell S, Graham H: Will cardiovascular disease prevention widen
health inequalities? PLoS Med 2010, 7(8):e1000320.

36. Tunstall-Pedoe H, Woodward M: By neglecting deprivation,
cardiovascular risk scoring will exacerbate social gradients in disease.
Heart 2006, 92(3):307–310.

37. Usher C, Bennett K, Feely J: Regional variation in the prescribing for
diabetes and use of secondary preventative therapies in Ireland.
Pharmacoepidemiol Drug Saf 2005, 14(8):537–544.

38. Ward PR, Noyce PR, St Leger AS: How equitable are GP practice
prescribing rates for statins?: an ecological study in four primary care
trusts in North West England. Int J Equity Health 2007, 6:2.

39. Ohlsson H, Lynch K, Merlo J: Is the physician’s adherence to prescription
guidelines associated with the patient’s socio-economic position? An
analysis of statin prescription in South Sweden. J Epidemiol Community
Health 2010, 64(8):678–683.

40. Selmer R, Sakshaug S, Skurtveit S, Furu K, Tverdal A: Statin treatment in a
cohort of 20 212 men and women in Norway according to
cardiovascular risk factors and level of education. Br J Clin Pharmacol
2009, 67(3):355–362.

http://www.stm.fi/c/document_library/get_file?folderId=39503&name=DLFE-8648.pdf
http://www.stm.fi/c/document_library/get_file?folderId=39503&name=DLFE-8648.pdf


Wallach-Kildemoes et al. BMC Public Health 2012, 12:610 Page 11 of 11
http://www.biomedcentral.com/1471-2458/12/610
41. Reid FD, Cook DG, Whincup PH: Use of statins in the secondary prevention
of coronary heart disease: is treatment equitable? Heart 2002, 88(1):15–19.

42. Shin H, Kim J: Differences in income-related inequality and horizontal
inequity in ambulatory care use between rural and non-rural areas:
using the 1998–2001 U.S. National Health Interview Survey data. Int J
Equity Health 2010, 9:17.

43. Kildemoes HW, Sorensen HT, Hallas J: The Danish National Prescription
Registry. Scand J Public Health 2011, 39(Supple 7):38–41.

44. WHO Collaborating centre for Drug Statistics Methodology: Guidelines for
ATC classification and DDD assignment, 2010. Oslo: Norwegian Institute of
Public Health; 2010.

45. Wallach Kildemoes H, Hendriksen C, Andersen M: Drug utilization
according to reason for prescribing: a pharmacoepidemiologic method
based on an indication hierarchy. Pharmacoepidemiol Drug Saf 2011.
doi:10.1002/pds.2195.

46. Mackenbach JP, Kunst AE: Measuring the magnitude of socio-economic
inequalities in health: an overview of available measures illustrated with
two examples from Europe. Soc Sci Med 1997, 44(6):757–771.

47. Madsen M, Davidsen M, Rasmussen S, Abildstrom SZ, Osler M: The validity
of the diagnosis of acute myocardial infarction in routine statistics: a
comparison of mortality and hospital discharge data with the Danish
MONICA registry. J Clin Epidemiol 2003, 56(2):124–130.

48. Efron B: Nonparametric Estimates of Standard Error - the Jackknife, the
Bootstrap and Other Methods. Biometrika 1981, 68(3):589–599.

49. Woodward M, Brindle P, Tunstall-Pedoe H: Adding social deprivation and
family history to cardiovascular risk assessment: the ASSIGN score from the
Scottish Heart Health Extended Cohort (SHHEC). Heart 2007, 93(2):172–176.

50. Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, Minhas R, Sheikh A,
Brindle P: Predicting cardiovascular risk in England and Wales: prospective
derivation and validation of QRISK2. BMJ 2008, 336(7659):1475–1482.

51. Thomsen TF, McGee D, Davidsen M, Jorgensen T: A cross-validation of risk-
scores for coronary heart disease mortality based on data from the
Glostrup Population Studies and Framingham Heart Study. Int J Epidemiol
2002, 31(4):817–822.

52. Brugts JJ, Deckers JW: Statin prescription in men and women at cardiovascular
risk: to whom and when? Curr Opin Cardiol 2010, 25(4):484–489.

53. Henderson R, Keiding N: Individual survival time prediction using
statistical models. J Med Ethics 2005, 31(12):703–706.

54. Law MR, Wald NJ, Morris JK: The performance of blood pressure and
other cardiovascular risk factors as screening tests for ischaemic heart
disease and stroke. J Med Screen 2004, 11(1):3–7.

55. Rose G: Sick individuals and sick populations. Int J Epidemiol 1985, 14(1):32–38.
56. Diederichsen AC, Sand NP, Norgaard B, Lambrechtsen J, Jensen JM,

Munkholm H, Aziz A, Gerke O, Egstrup K, Larsen ML, Petersen H, Hoilund-
Carlsen PF, Mickley H: Discrepancy between coronary artery calcium score
and HeartScore in middle-aged Danes: the DanRisk study. Eur J Prev
Cardiol 2012, 19(3):558–564.

57. Smith GD, Hart C, Watt G, Hole D, Hawthorne V: Individual social class, area-
based deprivation, cardiovascular disease risk factors, and mortality: the
Renfrew and Paisley Study. J Epidemiol Community Health 1998, 52(6):399–405.

58. Suadicani P, Hein HO, von Eyben FE, Gyntelberg F: Metabolic and lifestyle
predictors of ischemic heart disease and all-cause mortality among
normal weight, overweight, and obese men: a 16-year follow-up in the
Copenhagen Male Study. Metab Syndr Relat Disord 2009, 7(2):97–104.

59. Dominguez H, Schramm TK, Norgaard ML, Abildstrom SZ, Kober L,
Jorgensen C, Guterbaum TJ, Poulsen HE, Torp-Pedersen C, Gislason GH:
Initiation and persistence to statin treatment in patients with diabetes
receiving glucose-lowering medications. Open Cardiovasc Med J 2009,
3:152–159.

60. Forde I, Chandola T, Raine R, Marmot MG, Kivimaki M: Socioeconomic and
ethnic differences in use of lipid-lowering drugs after deregulation of
simvastatin in the UK: the Whitehall II prospective cohort study.
Atherosclerosis 2011, 215(1):223–228.

61. Stocks NP, Ryan P, McElroy H, Allan J: Statin prescribing in Australia:
socioeconomic and sex differences. A cross-sectional study. Med J Aust
2004, 180(5):229–231.

62. Brookhart MA, Patrick AR, Dormuth C, Avorn J, Shrank W, Cadarette SM,
Solomon DH: Adherence to lipid-lowering therapy and the use of
preventive health services: an investigation of the healthy user effect.
Am J Epidemiol 2007, 166(3):348–354.
63. McCaffery K, Wardle J, Nadel M, Atkin W: Socioeconomic variation in
participation in colorectal cancer screening. J Med Screen 2002, 9(3):104–108.

64. von Wagner C, Good A, Whitaker KL, Wardle J: Psychosocial Determinants
of Socioeconomic Inequalities in Cancer Screening Participation: A
Conceptual Framework. Epidemiol Rev 2011, 33(1):135–147.

65. Capewell S: Will screening individuals at high risk of cardiovascular
events deliver large benefits? No. BMJ 2008, 337:a1395.

66. Perreault S, Blais L, Dragomir A, Bouchard MH, Lalonde L, Laurier C, Collin J:
Persistence and determinants of statin therapy among middle-aged patients
free of cardiovascular disease. Eur J Clin Pharmacol 2005, 61(9):667–674.

67. Golomb BA, Evans MA: Statin adverse effects: a review of the literature
and evidence for a mitochondrial mechanism. Am J Cardiovasc Drugs
2008, 8(6):373–418.

68. Bates TR, Connaughton VM, Watts GF: Non-adherence to statin therapy: a
major challenge for preventive cardiology. Expert Opin Pharmacother
2009, 10(18):2973–2985.

69. Huser MA, Evans TS, Berger V: Medication adherence trends with statins.
Adv Ther 2005, 22(2):163–171.

70. Lindman AS, Veierod MB, Pedersen JI, Tverdal A, Njolstad I, Selmer R: The ability
of the SCORE high-risk model to predict 10-year cardiovascular disease
mortality in Norway. Eur J Cardiovasc Prev Rehabil 2007, 14(4):501–507.

71. Hingorani AD, Hemingway H: How should we balance individual and
population benefits of statins for preventing cardiovascular disease? BMJ
2011, 342:c6244.

72. Marshall T: Targeted case finding for cardiovascular prevention. BMJ 2010,
340:c1376.

73. Wald DS, Wald NJ: The polypill in the primary prevention of
cardiovascular disease. Fundam Clin Pharmacol 2010, 24(1):29–35.

74. Malekzadeh F, Marshall T, Pourshams A, Gharravi M, Aslani A, Nateghi
A, Rastegarpanah M, Khoshnia M, Semnani S, Salahi R, Thomas GN,
Larijani B, Cheng KK, Malekzadeh R: A pilot double-blind randomised
placebo-controlled trial of the effects of fixed-dose combination
therapy (‘polypill’) on cardiovascular risk factors. Int J Clin Pract 2010,
64(9):1220–1227.

75. Vos T, Carter R, Barendregt J, Mihalopoulos C, Veerman J, Magnus A, Cobiac
L, Bertram M, Wallace A: Assessing cost-effectiveness in prevention (ACE-
Prevntion): Final report. Melbourne: University of Queensland, Brisbane and
Deakin University; 2010. www.sph.uq.edu.au/bodce-ace-prevention.

76. Diderichsen F, Andersen I, Manual C: Health inequalities - determinants and
policies. Copenhagen: University of Copenhagen & Danish Ministry of
Health; 2011. http://www.sst.dk/~/media/English/Health%20promotion%
20and%20disease%20prevention/International/Health%20Inequality%20-%
20determinants%20and%20policies.ashx\.

doi:10.1186/1471-2458-12-610
Cite this article as: Wallach-Kildemoes et al.: Is the high-risk strategy to
prevent cardiovascular disease equitable? A pharmacoepidemiological
cohort study. BMC Public Health 2012 12:610.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://dx.doi.org/10.1002/pds.2195
http://www.sph.uq.edu.au/bodce-ace-prevention
http://www.sst.dk/~/media/English/Health%20promotion%20and%20disease%20prevention/International/Health%20Inequality%20-%20determinants%20and%20policies.ashx
http://www.sst.dk/~/media/English/Health%20promotion%20and%20disease%20prevention/International/Health%20Inequality%20-%20determinants%20and%20policies.ashx
http://www.sst.dk/~/media/English/Health%20promotion%20and%20disease%20prevention/International/Health%20Inequality%20-%20determinants%20and%20policies.ashx

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Data source and participants

	link_Tab1
	Study design

	link_Tab2
	Results
	link_Fig1
	link_Tab3
	link_Tab4
	Discussion
	Principal findings
	Strengths and limitations
	Needs
	Pharmacoepidemiological method for testing equity
	Interpretation and comparison with other studies
	Unanswered questions and future research

	Conclusions and implications for policy and practice
	Competing interests
	Authors´ contribution
	Authors´ information
	Acknowledgements
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR47
	link_CR48
	link_CR49
	link_CR50
	link_CR51
	link_CR52
	link_CR53
	link_CR54
	link_CR55
	link_CR56
	link_CR57
	link_CR58
	link_CR59
	link_CR60
	link_CR61
	link_CR62
	link_CR63
	link_CR64
	link_CR65
	link_CR66
	link_CR67
	link_CR68
	link_CR69
	link_CR70
	link_CR71
	link_CR72
	link_CR73
	link_CR74
	link_CR75
	link_CR76


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


