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CHAPTER 1
GENERAL INTRODUCTION

Chapter 1

BACKGROUND
Last decade an accelerated decline in mortality rate accompanied by a dramatic
increase in life expectancy was observed in the Netherlands. Two-thirds of the
increase in life expectancy at birth since 2002 were due to declines in mortality
1

among those aged 65 and over. The increase in life expectancy has been largely
attributed to the decline in coronary heart disease (CHD) mortality rates. These fell
with 48% between 1997 and 2007 (Figure 1). This meant that 11,200 fewer CHD
deaths occurred in 2007 than would have been expected for the Dutch population if
1997 mortality rates had persisted. Lower mortality rates may result from lower
incidence rates and/or lower case-fatality rates. Important drivers of changes in
incidence and case fatality are changes in risk factors, changes in treatment during

Age-standardized CHD mortality rate per 100.000

the acute phase of the disease and changes in secondary prevention therapy.
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Figure 1 Age-standardized coronary heart disease (CHD) mortality rate in the
Netherlands between 1970 and 2012. Mortality rates were standardized to the age
distribution of the Dutch population in 2012. Data source: Dutch Heart Foundation.
Studying time trends in CHD incidence, case-fatality and mortality rates is important.
The resulting information is highly suggestive as to what might be expected in the
future. In addition, they are an effective approach to evaluate previous health
policies. Trends in incidence or mortality of disease are not fixed across a population.
Generally trends tend to differ across age and sex groups. Many previous studies
have only presented time trends in CHD incidence or mortality rates as age10
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standardized rates by period.

2-5

Age standardization is relevant for comparison

between calendar years within studies, or for comparison across studies, but with
standardization information is also lost. For example, falls in AMI incidence have
been reported to be greater in men than women.

4,6,7

Furthermore, in young adults

flattening of the CHD decline and even increases in AMI incidence have been
observed.

8,9

It is therefore relevant to study the dynamics of national trends.

Capewell and colleagues developed and refined a model, the IMPACT model, to
explore declines in CHD mortality in a variety of populations, and comprehensively
assess the potential contribution of medical treatments and risk factor changes to
the decline. The model was validated against the actual mortality falls observed in
the UK, Scotland, Ireland, Finland, Sweden, Spain, Portugal, Czech Republic, Poland,
Ontario, USA, New Zealand, Turkey, Syria, China and other countries.

10-23

Results

from these models indicated that changes in risk factors explained 50-75% of the
CHD mortality decline and changes in treatment uptakes 25-50%. In this thesis we
will present these data for the Netherlands. Very limited and fragmented information
was available on time trends in risk factors and on cardiovascular drug uptakes that
could explain the large decline in CHD mortality between 1997 and 2007.
Also, trends tend to differ by socioeconomic status being more favourable for
the most affluent group. As a consequence, the IMPACT CHD model recently
addressed policy questions taking socioeconomic circumstances (SEC) into
account.

10,24

These analyses showed that in the UK and Scotland indeed CHD

mortality trends were more favourable for the most affluent and therefore the gap
between the highest and lowest socioeconomic groups is actually widening.

10,24

Socioeconomic inequalities also exist in the Netherlands. The healthy life expectancy
without physical limitations is 14 years lower for men with low education compared
25

to men with a high education; for women the difference is even 15 years. Although
socioeconomic inequalities in CHD have been studied for several countries,
information for the Netherlands is limited.
Objectives of this thesis
The first objective of this thesis was to explain the decline in CHD mortality in the
Netherlands between 1997 and 2007 by applying the IMPACT model to Dutch data.
The second objective was to provide detailed information (by age, sex and
socioeconomic circumstances) on time trends in CHD mortality, incidence, shortterm case-fatality rates, risk factors, drug treatments and uptake of other
cardiovascular medical treatments.

11
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Outline
In chapter 2.1, we studied time trends in acute myocardial infarction (AMI) incidence,
including out-of-hospital mortality and hospitalized case-fatality rates. In addition,
we compared AMI trends by age, sex and socioeconomic circumstances. In chapter
2.2, we investigated whether the large declines in AMI rates between 1998 and 2007
also applied to other types of CHD (unstable angina and chronic CHD). We observed
shifts in the age distribution and from acute to chronic CHD hospitalizations. In
chapter 3 we focussed specifically on the role of socioeconomic circumstances. In
chapter 3.1, we compared the magnitude of socioeconomic inequalities in the
incidence of AMI by age and sex. In chapter 3.2, we investigated socioeconomic
inequalities in short-term case-fatality rates of AMI by age and sex. In chapter 4, we
described age-sex-specific time trends in risk factors for CHD between 1988-2010.
In chapter 5, we studied time trends in cardiovascular drug use for prevention and
treatment

of

CHD

between

1998-2010.

We

described

age-sex-specific

cardiovascular drug use for primary prevention, secondary prevention and acute
phase treatment of CHD. In chapter 6, we used Dutch data to explain the decline in
CHD mortality between 1997 and 2007 by age, sex and socioeconomic group by
applying the IMPACTSEC model. In chapter 7, the general discussion, we compared
our IMPACT results with previous IMPACT models applied in other countries and
implications and recommendations for future research and clinical management are
considered. Finally, a summary of the main results presented in this thesis is given in
chapter 8.
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CHAPTER 2.1
TRENDS AND INEQUALITIES
IN INCIDENCE AND OUTCOME OF
ACUTE MYOCARDIAL INFARCTION

Koopman C, Bots ML, van Oeffelen AAM, van Dis I, Verschuren WM, Engelfriet PM, Capewell S,
Vaartjes I. Population trends and inequalities in incidence and short-term outcome of acute
myocardial infarction between 1998 and 2007.

Int J Cardiol 2013; 168: 993-8

Chapter 2.1

ABSTRACT
Objective: We studied time trends in acute myocardial infarction (AMI) incidence,
including out-of-hospital mortality proportions and hospitalized case-fatality rates.
In addition, we compared AMI trends by age, gender and socioeconomic status.
Methods: We linked the national Dutch hospital discharge register with the cause of
death register to identify first AMI in patients ≥35 years between 1998 and 2007.
Events were categorized in three groups: 178,322 hospitalized non-fatal, 43,210
hospitalized fatal within 28 days, and 75,520 out-of-hospital fatal AMI events. Time
trends were analyzed using Joinpoint and Poisson regression.
Results: Since 1998, age-standardized AMI incidence rates decreased from 620 to
380 per 100,000 in 2007 in men and from 323 to 210 per 100,000 in 2007 in women.
Out-of-hospital mortality decreased from 24.3% of AMI in 1998 to 20.6% in 2007 in
men and from 33.0% to 28.9% in women. Hospitalized case-fatality declined from
2003 onwards. The annual percentage change in incidence was larger in men than
women (-4.9% vs. -4.2%, P<0.001). Furthermore, the decline in AMI incidence was
smaller in young (35-54 years: -3.8%) and very old (≥85 years: -2.6%) men and
women compared to middle-aged individuals (55-84 years: -5.3%, P<0.001). Smaller
declines in AMI rates were observed in deprived socioeconomic quintiles Q5 and Q4
relative to the most affluent quintile Q1 (P=0.002 and P=0.015).
Conclusions: Substantial improvements were observed in incidence, out-of-hospital
mortality and case-fatality after AMI in the Netherlands. Young and female groups
tend to fall behind, and socioeconomic inequalities in AMI incidence persisted and
have not narrowed.
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INTRODUCTION
In recent decades, coronary heart disease (CHD) mortality has markedly decreased
1

in Western societies. This is generally attributed to reductions in CHD incidence, as
a consequence of improvements in modifiable cardiovascular risk factors, and to
reductions in short-term case-fatality rates mainly reflecting increased uptake of
evidence-based treatments.

2,3

Since the start of this millennium, there have been
4

5

concerns mainly instigated by studies in the USA and UK , of a slowing trend in the
decline in CHD mortality following substantial increases in obesity and diabetes
prevalence. Where most studies focused on CHD mortality, only few studies have
6

quantified population trends in CHD incidence. Moreover, less is known about the
underlying pattern of change over time in incidence and case-fatality rates. Acute
myocardial infarction (AMI) is the major contributor to CHD incidence. Substantial
reductions have been reported in AMI incidence and short-term outcomes after
AMI.

7,8

Yet, most previous studies describing AMI trends restricted their analyses to

hospitalized patients, focused on selected subgroups of the population, or could not
distinguish between recurrent and first AMI events.

3,9-11

Confinement to these

subgroups of incidence results in an incomplete picture of reported trends in AMI.
Of public health concern is that previous studies reported that despite large falls
in AMI rates considerable differences continue to exist: the decline in incidence may
not have happened equally in men and women, the young and the elderly and across
socioeconomic groups. Falls in AMI incidence have been reported to be greater in
men than women.

7,8,12

Furthermore, in young adults flattening of the decline and

even increases in AMI incidence have been observed.

11,13

Socioeconomic status

(SES) is an established risk factor for AMI incidence, as most cardiovascular risk
factors are strongly associated with SES. Incidence rates may have declined more
strongly in more affluent socioeconomic groups compared to deprived groups, as
14

observed in Scotland , especially since advantaged groups might derive greater
benefit from interventions to reduce CHD than deprived groups.

15

The record linkage system between national hospital, death and population
registers in the Netherlands enables investigation of trends in AMI incidence
representative for the Dutch population. We therefore aimed to (1) quantify time
trends in AMI incidence, including out-of-hospital mortality proportions and shortterm case-fatality rates and (2) compare AMI trends over time by age, gender and
SES to identify any health inequalities.
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METHODS
The registries and linkage procedures used in this study have been described in
16

detail previously.

We linked data between registers using the record identification

number assigned to each resident in the Netherlands with a unique combination of
birth date, gender and postal code (84% of Dutch population). Records from the
Dutch hospital discharge register and cause of death register were linked to identify
persons aged 35 years and over with a first AMI between 1998 and 2007, using the
International Classification of Diseases (ICD) 9th revision code 410 and ICD 10th
revision code I20, respectively. Primary and secondary discharge diagnoses and
primary and secondary causes of death were used in order to better determine the
location of AMI (hospitalized or out-of-hospital) for persons coded with AMI as
primary cause of death while coded as secondary discharge diagnosis. To
distinguish a first AMI from a reinfarction, first AMI was defined in a standardized
manner using a time frame of 3 years during which a person with an AMI had not
been admitted for AMI previously. We categorized first AMI attacks in 3 mutually
exclusive groups: (1) hospitalized non-fatal, (2) hospitalized fatal and (3) out-ofhospital fatal AMI events. The first category of incidence consisted of hospitalized
AMI patients alive 28 days after admission. For the second category, we estimated
case-fatalities among hospitalized patients, defined as all-cause mortality within 28
days after the AMI admission. Patients dying in a hospital from a first AMI with a
primary and/or secondary discharge diagnosis different from AMI were also counted
in this hospitalized fatal AMI category. Out-of-hospital fatal AMI was defined as a
death due to AMI of a person who did not reach a hospital ward alive.
Socioeconomic status (SES) was defined based on an area-level SES indicator
by four-digit postal code, constructed by the Netherlands Institute for Social
Research (SCP) in 2002-2006.

17

In short, SES-scores for a total of 3,965 postal

codes were calculated by SCP. The mean number of inhabitants was 4,126 per fourdigit postal code in 2007. The SES-scores were based on a principal component
analysis of the following items: (1) mean annual income per household, (2)
percentage of households with low income, (3) percentage of households with low
education and (4) percentage of unemployed inhabitants. Rank numbers of SESscores per postal code were used to make socioeconomic quintiles in the
Netherlands, taking into account the number of inhabitants per postal code in 2007.
SES was estimated standardized over time, based on the postal code of residence at
January 1st from the year of incidence, obtained by linking with the population

20
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registry. Linkage of individual data between registers was performed in accordance
with the privacy legislation in the Netherlands.
Data analyses
Patient characteristics were described by means and standard deviation (SD) and
compared by independent t-tests. Analyses were conducted separately for men and
women. Incidence rates for the three categories were calculated with the population
≥35 years as denominator. A direct method for age-standardization was used on the
basis of the age distribution of the 2007 Dutch population with 10-year age-groups.
We assessed the trends in AMI by incidence category using Joinpoint Poisson
regression models (Joinpoint Regression Program, National Cancer Institute,
Bethesda, MD, version 3.4). This technique provides estimates of annual percentage
change (APC) in trends with corresponding 95% confidence interval (CI) and detects
points in time where significant changes in trends occurred. The APC can be
interpreted as the year-on-year change for each successive calendar year. A
maximum number of two joinpoints was allowed for estimation. A Bayesian
information criterion method was used to determine the simplest model, with the
smallest number of joinpoints, that best fitted the data. The test for parallelism was
used to test whether the pattern of change over time differed between pairwise
comparisons of the three incidence categories. A secondary analysis was performed
for comparison, using Poisson regression, to analyse the APC by age, gender and
SES. Interaction terms of age, gender and SES with year were added to test for
differences in time trends between groups. The secondary analyses were performed
using SPSS version 14.0. P-values less than 0.05 were considered significant.

RESULTS
Between 1998 and 2007, 297,052 first AMI events occurred (37.4% in women). Mean
age of patients increased from 70.3 (SD 13.0) years in 1998 to 70.8 (SD 13.6) years in
2007 (P<0.001). Patients with a non-fatal manifestation as first AMI were on average
9 years younger at incidence than patients suffering from a fatal AMI in hospital or
outside (66.3 (SD 12.7) vs. 75.2 (SD 11.9) years, P<0.001). Overall, 75,520 (25.4%)
patients died in out-of-hospital circumstances. Of those hospitalized, 43,210 (19.5%)
died within 28 days.
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Table 1 Trends in age-standardized acute myocardial infarction (AMI) rates per 100,000 population in men
and women aged 35 years and over in the Netherlands between 1998 and 2007.
Hospitalized nonfatal cases*

Hospitalized fatal
cases†

Out-of-hospital fatal
cases‡

Total AMI

Combined

Number
of events

AMI rate

Number
of events

AMI rate
(% of
hospitalized)

1998

13,106

388

2,793

81 (17.3)

5,158

151 (24.3)

21,057

620

37.4

1999

12,724

370

2,719

77 (17.3)

4,934

141 (24.0)

20,377

588

37.1

2000

12,582

359

2,688

75 (17.3)

4,813

135 (23.7)

20,083

569

36.9

2001

12,402

348

2,636

72 (17.2)

4,409

122 (22.4)

19,447

542

35.8

2002

12,601

346

2,703

73 (17.4)

4,086

110 (20.8)

19,390

529

34.6

2003

12,316

332

2,617

69 (17.2)

4,156

110 (21.6)

19,089

511

35.1

2004

11,814

313

2,486

64 (17.0)

3,677

96 (20.2)

17,977

472

33.8

2005

11,233

291

2,285

58 (16.5)

3,663

93 (21.1)

17,181

442

34.1

2006

10,527

269

1,976

49 (15.3)

3,516

87 (21.5)

16,019

404

33.6

2007

10,246

257

1,897

45 (15.0)

3,248

78 (20.6)

15,391

380

32.5

1998

6,301

164

2,074

53 (24.3)

4,166

107 (33.0)

12,541

323

49.3

1999

6,045

155

2,005

50 (24.5)

3,968

100 (32.7)

12,018

305

49.1

2000

5,975

152

1,992

49 (24.6)

3,848

95 (32.2)

11,815

296

48.8

2001

6,096

153

1,951

48 (23.9)

3,657

90 (30.9)

11,704

290

47.4

2002

6,320

156

2,030

49 (23.9)

3,454

84 (29.0)

11,804

289

45.9

2003

6,142

150

2,032

49 (24.5)

3,290

79 (28.4)

11,464

278

46.0

2004

5,936

143

1,810

43 (23.1)

3,056

73 (28.1)

10,802

259

44.7

2005

5,621

134

1,737

41 (23.3)

2,856

67 (27.7)

10,214

241

44.5

2006

5,169

121

1,457

33 (21.6)

2,859

66 (29.7)

9,485

220

44.9

2007

5,166

120

1,322

30 (19.9)

2,706

61 (28.9)

9,194

210

43.1

Year

Number
of events

AMI rate
(% of total)

Number
of events

AMI rate

case-fatality
proportion
of total (%)†‡

Men

Women

* Includes all AMI hospital admissions alive 28 days after the admission date.
† Includes all fatal AMIs that occurred during hospitalization or within 28 days after the AMI admission date.
‡ Includes all AMI case fatalities that occurred before reaching a hospital or in the emergency room.
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Table 2 Joinpoint analysis of acute myocardial infarction (AMI) incidence rates in Dutch men and
women aged 35 years and over, 1998 - 2007.
st

nd

1 Trend
Incidence category
Men
Hospitalized nonfatal AMI rate*
Hospitalized fatal
AMI rate†
Out-of-hospital fatal
AMI rate‡
Total AMI rate
Women
Hospitalized nonfatal AMI rate*
Hospitalized fatal
AMI rate†
Out-of-hospital fatal
AMI rate‡
Total AMI rate

rd

2 Trend

Year

APC (95% CI)

Year

APC (95% CI)

1998-2003

-2.8 (-3.8, -1.8)

2003-2007

-6.4 (-7.8,-5.0)

1998-2003

-2.6 (-4.4, -0.8)

2003-2007

-10.4 (-12.7, 8.1)

1998-2007

-6.9 (-7.5, -6.3)

1998-2003

-3.7 (-4.4, -3.1)

2003-2007

-7.1 (-8.0, -6.2)

1998-2003

-1.1 (-3.4, 1.1)

2003-2007

-6.0 (-8.9, -2.9)

1998-2003

-1.1 (-3.5, 1.4)

2003-2007

-11.1 (-14.2, 7.9)

1998-2007

-6.1 (-6.5, -5.8)

1998-2000

-4.0 (-11.6, 4.2)

2000-2003

-2.0 (-9.7, 6.5)

3 Trend
Year

APC (95% CI)

2.1

2003-2007

-7.1 (-9.5, -4.6)

APC annual percentage change. CI confidence interval.
* Includes all AMI hospital admissions alive 28 days after the admission date.
† Includes all fatal AMIs that occurred during hospitalization or within 28 days after the AMI admission date.
‡ Includes all AMI case fatalities that occurred before reaching a hospital or in the emergency room.

Table 3 Inequalities in acute myocardial infarction (AMI) incidence rates in Dutch men and women
aged 35 years and over, 1998 – 2007.
APC (95% CI)

Relative change
1998–2007 (%)

-4.7 (-4.8, -4.6)

-35.0

Men

-4.9 (-5.0, -4.7)

-36.7

-

Women

-4.2 (-4.4, -4.0)

-32.3

<0.001

35-54

-3.8 (-4.1, -3.5)

-29.5

<0.001

55-84

-5.3 (-5.4, -5.2)

-38.7

-

≥85

-2.6 (-2.9, -2.2)

-21.0

<0.001

Q1 – most affluent

-5.0 (-5.3, -4.7)

-37.2

-

Q2

-4.7 (-5.0, -4.4)

-35.3

0.15

Q3

-5.2 (-5.4, -4.9)

-38.3

0.37

Q4

-4.5 (-4.7, -4.2)

-34.0

0.015

Q5 – most deprived

-4.4 (-4.6, -4.1)

-33.2

0.002

Total

A

P-value*

Gender B

Age group, years C

Socioeconomic quintile D

APC annual percentage change. CI confidence interval. -, referent category. *, P-values from interaction term of year
with gender, age-group or socioeconomic status (SES).
A
Poisson model A: year, gender, age, SES.
B
Poisson model B: year, gender, age, SES, year*gender.
C
Poisson model C: year, gender, age, SES, year*age.
D
Poisson model D: year, gender, age, SES, year*SES.
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Year:
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Cumulative change in incidence rate (%)
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Men
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-40

Hospitalized fatal AMI
Out-of-hospital fatal AMI
Total AMI

-50

Cumulative change in incidence rate (%)

Year:

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
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-20

-30
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-40
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Out-of-hospital fatal AMI
Total AMI

-50

Figure 1 Percentage decrease in age-standardized acute myocardial infarction (AMI)
incidence rates relative to incidence rates in 1998 in men and women aged 35 years
and over in the Netherlands between 1998 and 2007. Hospitalized non-fatal AMI =
AMI hospital admissions alive 28 days after the admission date; Hospitalized fatal
AMI = all fatal AMIs that occurred during hospitalization or within 28 days after the
AMI admission date; Out-of-hospital fatal AMI = died due to AMI before reaching a
hospital or in the emergency room.
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Population trends
Since 1998, the age-standardized rate of AMI incidence declined from 620 to 380 per
100,000 in 2007 in men and from 323 to 210 per 100,000 in 2007 in women (Table
1). The largest declines were observed from 2003 onwards as shown by Joinpoint
regression analyses (Table 2). This change in trend in 2003 was detected in
particular in hospitalized AMI rates. Out-of-hospital mortality decreased over time
from 24.3% of AMI in 1998 to 20.6% in 2007 in men and from 33.0% to 28.9% in
women (Table 1). Figure 1 presents the patterns and degree of decline in the three
AMI incidence categories. From 2003, the rate of change was larger in hospitalized
fatal AMI compared to hospitalized non-fatal AMI (test for parallelism P=0.002).
Between 1998 and 2003, hospitalized 28-day case-fatality rates apparently remained
stable around 17% in men and 24% in women. Subsequently, hospitalized casefatality rates declined to 15.0% in men and to 19.9% in women in 2007. The
combined proportion of AMI incidence that ended up fatally within 28 days, both
hospitalized and out-of-hospital, decreased from 37.4% in 1998 to 32.5% in 2007 in
men and from 49.3% to 43.1% in women.
Health inequalities in AMI trends
The annual percentage change (APC) in incidence was larger in men than women,
with a corresponding APC of -4.9% (95% CI: -5.0 to -4.7%) in men and -4.2% (95% CI:
-4.4 to -4.0%) in women over the studied period. Decreases in AMI incidence were
smaller in young (35-54 years: -3.8%) and very old (≥85 years: -2.6%) men and
women compared to middle-aged individuals (55-84 years: -5.3%, P<0.001, Table 3).
AMI incidence decreased in all socioeconomic quintiles between 1998 and 2007 as
exemplified in Figure 2. However, decreases were smaller in deprived socioeconomic
quintiles Q5 and Q4 relative to the most affluent quintile Q1 (P=0.002 and P=0.015,
Table 3). Adjustment for differences in age and gender across socioeconomic
quintiles did not significantly change the magnitude of the socioeconomic gap.
Figure 3 reveals slightly divergent age-standardized trends between socioeconomic
inequalities over time in men and women.
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Figure 2 Socioeconomic trends in acute myocardial infarction (AMI) incidence. Total
age-standardized AMI incidence rates in men and women aged 35 years and over in
the Netherlands between 1998 and 2007 by socioeconomic quintile.
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Figure 3 The socioeconomic gap in acute myocardial infarction (AMI) incidence
between 1998 and 2007. Age-standardized socioeconomic trends in AMI incidence
rates in men and women aged 35 years and over in the Netherlands. Socioeconomic
quintile Q5 is most deprived. Total incidence rates are referent.

DISCUSSION
This detailed analysis of recent trends in 297,052 first AMI events demonstrates a
substantial decline in incidence between 1998 and 2007 in the Netherlands. The
absolute rate of fatal AMI events occurring in out-of-hospital circumstances
decreased steadily between 1998 and 2007. The decline in rates of hospitalized AMI
(both fatal and non-fatal) were smaller in the first part of the study period (19982003) compared to the second part (2003-2008). The magnitude of the decline in
incidence was smaller in women, the young and the elderly. Moreover,
socioeconomic inequalities persisted across the study period.
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International comparison of population trends
The decline that we found in out-of-hospital and hospitalized AMI incidence rates
was consistent with data from recent international studies. Nationwide or
18

7

6

population-based studies in Sweden , Norway , Western Australia and Northern
3

California that overlapped our study period observed similarly modest declines or
stabilizing trends in hospitalized AMI rates and declines of greater magnitude in outof-hospital fatal AMI rates compared to hospitalized AMI. Both hospitalized casefatality and out-of-hospital mortality decreased over time, as reported in other
studies.

18,19

Hospitalized case-fatality rates declined in the second part of the study

period, from 2003 onwards. No previous studies specifically reported changes in
20

case-fatality around this year. Danish , British

21

and Italian

22

studies have found

decreases in hospitalized case-fatality rates between 1998 and 2003, where
hospitalized case-fatality remained about stable in this period in the present study as
23

well as in studies from Scotland and US.

24

The magnitude of health inequalities differs by country. Some previous studies
reported large gender differences in the rate of decline in AMI incidence, for example
7

8

in Norway , Sweden and Finland.

12

The difference in the rate of decline between

men and women appeared relatively small in the Netherlands, and very similar to
results from a recent study from the UK.

25

Furthermore, previous studies observed

widening relative socioeconomic inequalities in CHD mortality, for example in the UK
and Australia.

26

Information on socioeconomic trends in CHD incidence is however

very limited. One study from Finland showed no substantial changes in
27

socioeconomic inequalities between 1988 and 2002.

Where absolute incidence rates have the population as denominator, casefatality rates are expressed in relative terms. Hospitalized case-fatality was defined
as the proportion of hospitalized AMI that ended up fatally within 28 days. Out-ofhospital mortality was defined as the proportion of all AMI that ended up fatally
before reaching hospital admission. An important difference between most previous
studies and the present study is the study population of the hospitalized fatal AMI
category. In the general population a substantial part of hospitalized fatal first AMI
occurs in patients already residing in a hospital for other reasons than AMI. This
group accounted for 11,520 of 43,210 (27%) case-fatalities that occurred during
hospitalization or within 28 days after AMI hospitalization, representing an older and
sicker population. Previous studies on trends in hospitalized case-fatality after AMI
often included only patients surviving long enough to obtain a definite diagnosis of
AMI and to profit from the increasing use of evidence-based therapies like early
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trombolytic treatment and primary percutaneous coronary intervention (PCI).
Hospitalized case-fatality from AMI is therefore about twice as high in the general
population as reported in those hospital-based studies.

10,28

Potential underlying mechanisms of trends
AMI incidence forms the most relevant indicator for the effect of primary prevention
in reducing CHD. Different underlying mechanisms may be responsible for the
decline in AMI incidence rates. First, there is evidence for favorable trends in smoking
and cholesterol levels in the Netherlands, however, trends in blood pressure are
29

unclear.

In contrast, as in many other countries, the prevalence of obesity and

diabetes continues to increase.

30,31

Younger people in particular show less favorable

trends in cardiovascular risk factors. Second, more subjects at high risk for AMI
started the use of preventive medication such as lipid-lowering and antihypertensive agents

32,33

, leading to lower event rates of AMI. Third, changes in

definition and diagnosis of AMI could have influenced the fall in AMI incidence. The
influence of introducing more sensitive diagnostic biomarkers such as troponin may
in particular account for the apparent slowing in the decline between 2000 and 2003,
as more sensitive assays may lead to the detection of AMIs that would otherwise
have remained undetected or formerly classified as unstable angina.
With respect to case-fatality, the introduction of troponin testing might have led
to an increase in smaller AMI with a better prognosis. Remarkably, hospitalized casefatality remained stable in the period between 1998 and 2003, while troponin testing
was gradually implemented in clinical practice. This is in line with studies suggesting
that the increased use of troponin testing has only a weak and non-significant effect
on 28-day case-fatality rates after hospitalization for AMI.

34

Furthermore, awareness

for early symptoms of AMI may have increased in the general population and is
another possible reason for earlier diagnosis and decreased severity of AMI at
presentation, and hence lower risk of death. Although uncertain, improvements in
acute phase treatment and secondary prevention could be a plausible explanation
for the decline in case-fatality after hospitalization from 2003 onwards, following the
increased implementation of PCI.

10

PCI has been reported to be more effective than

trombolytic treatment and medical treatments in reducing short-term case-fatality
22

after AMI , and has been increasingly used from 2001 in the Netherlands.
Limited data is available on trends in emergency transport times for the
Netherlands. Nonetheless, survival of out-of-hospital cardiac arrest increased in the
Netherlands between 1996 and 2006 from 9% to 17% of cases, mainly due to

29

2.1

Chapter 2.1

increased use of automated external defibrillators (AED).

35

Although AMI is different

from cardiac arrest, it can be the cause of a cardiac arrest. Increased initial survival
after AMI in out-of-hospital circumstances might have resulted in a small shift from
out-of-hospital incidence towards hospitalized AMI over time.
In view of declining absolute incidence rates, health inequalities are becoming an
increasingly important public health problem. The burden of CHD incidence may shift
from middle-aged men to a broader part of the population, affecting relatively more
women, young and elderly. Declining incidence at middle-age could mean that the
first manifestation of AMI in individuals is pushed towards older age, resulting in
smaller declines in the elderly. The slower decline in young people is worrisome, as
they will represent the next generation of AMI patients. Further research explaining
the smaller decrease in the young is warranted. Finally, low socioeconomic status
remains an important risk factor for AMI incidence. Differences in levels and rates of
change in risk factors could make an important contribution to continuing and
perhaps increasing socioeconomic inequalities in CHD incidence. For example, larger
increases in the prevalence of diabetes were observed in lower compared to higher
socioeconomic groups.

30

Future studies are needed to explain age, gender and

socioeconomic trends in CHD incidence and mortality in more detail.
Strengths and limitations
Strengths of this study include its large size, standardized methodology, and the
quality of being representative for a diverse nationwide population. We
comprehensively

described

time

trends,

uniquely

differentiating

between

hospitalized fatal, hospitalized non-fatal and out-of-hospital fatal first AMI events.
The large number of patients enabled analyses of the pattern of change over time by
consecutive year rather than assuming linear change over aggregated periods. The
use of registries provided identification of both in-hospital and out-of-hospital AMI
events and accurate assessment of population characteristics.
As with every other method of data collection, the use of routine statistics also
has its limitations. Firstly, our method relied on the AMI diagnoses registered in the
hospital and cause of death register. However, the quality of the national Dutch
registers has been previously investigated – the overall quality is high.

36

The validity

of ICD-codes was assessed, resulting in a sensitivity of 84% and a positive predictive
value of 97% for AMI codes.

37

Secondly, out-of-hospital fatal AMI is specifically

known to be prone to misclassification, with deaths incorrectly attributed to AMI as
well as the reverse, deaths incorrectly attributed to other causes of death. As there
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have been no changes in registering causes of deaths during the study period it is
likely that misclassification did not change over time, and therefore did not affect our
trend analyses. Thirdly, the Dutch hospital discharge register was only available
electronically from 1995, limiting our time period to wash out reinfarctions to the
three calendar years prior to the year of incidence. About 12% of all AMI was a
reinfarction. By using three years for exclusion of reinfarctions we could exclude 50%
of these reinfarctions. This resulted in a small overestimation of incidence which is
expected to be roughly constant over time and therefore not influencing our trend
analyses. Fourthly, from 2005 onwards, the participation of hospitals in registering
patient’s discharges declined from 100% coverage before 2005 to 97%, 91% and 89%
registration of hospital admissions in 2005, 2006, and 2007, respectively. This could
have resulted in a small overestimation of out-of-hospital AMI at the expense of
hospitalized AMI in the years after 2005, given that a small proportion of patients
could not be linked to their hospital admissions any more.

CONCLUSIONS
Substantial improvements in incidence, out-of-hospital mortality and hospitalized
case-fatality after AMI have been observed in recent years in the Netherlands. Fewer
people suffer from a first AMI, and of those who do, fewer patients die within 28
days. Young and female groups showed smaller improvements. Furthermore,
socioeconomic differences persisted and have not narrowed in the Netherlands. It
will be important to carefully monitor and manage cardiovascular risk factors levels
in the population in order to ensure continued decline in AMI incidence. To effectively
reduce socioeconomic inequalities a better understanding of contributing factors is
necessary. It seems that primary and secondary prevention of AMI have been
successfully employed in recent years in the Netherlands. Primary prevention is the
first line of defense and remains the key factor in reducing CHD incidence and
mortality, with potentially the greatest benefits to the entire population.
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CHAPTER 2.2
SHIFTS IN THE AGE DISTRIBUTION AND FROM
ACUTE TO CHRONIC CORONARY HEART
DISEASE HOSPITALIZATIONS

Koopman C, van Dis I, Bots ML, Vaartjes I. Shifts in the age distribution and from acute to chronic
coronary heart disease hospitalizations, 1998-2007.

Eur J Prev Cardiol 2014 [in press]
NTvG 2015 [in druk]

37

Chapter 2.2

ABSTRACT
Background: Shifts in the burden of coronary heart disease (CHD) from an acute to
chronic illness have important public health consequences.
Objective: To assess age-gender-specific time trends in rates and characteristics of
acute and chronic forms of CHD hospital admissions in the Netherlands.
Methods: Using nationwide Dutch registers, we assessed time trends between 1998
and 2007 in hospitalization rates of 188,266 acute myocardial infarction (AMI, ICD-9
410), 294,374 unstable angina (ICD-9 411, 413) and 205,649 chronic forms of CHD
(ICD-9 412, 414) admissions.
Results: Between 1998 and 2007, the age-standardized CHD hospitalization rate
declined from 688 to 545 per 100,000 in men and from 281 to 229 per 100,000 in
women. Overall, hospitalization rates decreased at younger age (<75 years), but
increased in very old age (≥85 years). The annual percentage change in
hospitalization rates was larger for AMI (men:-5.1%, women:-4.4%) than for unstable
angina patients (men:-2.0%, women:-2.0%). For chronic CHD, the average annual
percentage change was +0.7% in men and +2.1% in women. The proportion of
chronic CHD in the total of CHD admissions increased between 1998 and 2007 from
29% to 36% in men and from 23% to 30% in women. The proportion of AMI
decreased from 30% to 24% in men and from 27% to 22% in women.
Conclusions: An increasing proportion of Dutch CHD hospital admissions was for
chronic forms of CHD. The age at hospitalization was pushed towards older age:
premature CHD admission declined over time and admission rates at very old age
increased.
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INTRODUCTION
Coronary heart disease (CHD) continues to be a leading cause of death worldwide
and is a frequent reason for hospitalization. Acute myocardial infarction (AMI) is a
major component of the category CHD. Many previous studies have offered insight
into trends in hospitalization and incidence rates of AMI.

1-7

However, whether or not

these trends in AMI rates apply similarly to other components of CHD is less well
described.

8-12

Monitoring trends in CHD hospitalizations is important in the light of

the large burden that CHD place on the population and health care resources.
Most previous studies report on trends in AMI only or the combined CHD
category rather than separated into acute and chronic forms.

1-7

Furthermore, most

studies have reported total age-standardized rates. Although age-standardized rates
are useful in the analyses of overall trends, they might mask potential age
differences in trends and potential shifts in the age distribution of patients.

13

Important cohort effects can be missed by looking at an age-adjusted rate only.
Therefore, we assessed age-gender-specific time trends in rates and characteristics
of the different types of CHD hospitalizations in the Netherlands. We studied hospital
admissions for AMI, unstable angina and chronic forms of CHD between 1998 and
2007.

METHODS
The registries and linkage procedures used in this cohort study have been described
in detail previously.

14

We linked data between the national Dutch hospital discharge

register and the population register using a record identification number. This
number is assigned to each resident in the Netherlands with a unique combination of
birth date, gender and postal code (84% of Dutch population). Hospital discharge
records included information concerning primary diagnoses, performed medical
procedures, and dates of hospital admission and discharge. Hospital discharge
diagnoses were coded according to the WHO International Classification of Diseases
version 9 (ICD-9). Primary discharge diagnoses of AMI (ICD-9 code 410), unstable
angina (ICD-9 411, 413) and chronic forms of CHD (ICD-9 412, 414) were selected to
identify CHD admissions between 1998 and 2007. Time trends and admission rates
of ICD-9 code 411 (other acute and subacute forms of CHD) and 413 (angina
pectoris) were comparable, and therefore combined into one unstable angina
category. ICD-9 code 412 (old MI) was used in only 0.3% of all CHD hospitalizations
between 1998 and 2007, and therefore combined with ICD-9 code 414.
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Readmissions for CHD within 28 days were excluded from the study. Furthermore,
we assessed the history of CHD related hospital admissions in the three years prior
to the index admission in 1998 and 2007.
In a random sample of the Dutch hospital discharge register, 99% of the
personal, admission and discharge data and 84% of the principal diagnoses were
correctly registered.

15

The validity of the ICD-9 codes 410 (AMI) and 411 and 413

(unstable angina) in the Dutch hospital discharge register were assessed previously.
The positive predictive value for AMI was 97% and for unstable angina 78%.

16

Data analyses
Hospitalization rates of men and women were presented for all registration years
between 1998 and 2007 and age-standardized to the European standard population
(version 1976),

17

according to the direct method with 10-year age groups.

Characteristics of the hospital admissions were presented for the first and last year
of the study period only (1998 and 2007). Results as a percentage of patients were
standardized to the age distribution of the total CHD patient population in the study
period. This standardization of the population included both men and women,
registration years 1998 to 2007, and all types of CHD admission. By doing so, results
were directly comparable between the different subpopulations with respect to age.
Trends in CHD hospitalization rates were analysed using Poisson regression models.
We reported the annual percentage change (APC) with 95% confidence interval (CI),
which can be interpreted as the year-on-year change. We tested for differences in
the magnitude of change over time between AMI, unstable angina and chronic forms
of CHD by an interaction term of the type of CHD admission with the continuous
variable ‘registration year’.

RESULTS
Between 1998 and 2007 there were 456,690 (66%) CHD hospital admissions that
occurred in men and 231,599 (34%) in women. A total of 188,266 (27%) persons were
hospitalized for AMI, 294,374 (43%) persons were hospitalized for unstable angina
and 205,649 (30%) persons were hospitalized for chronic forms of CHD.
Overall age-standardized trends
Between 1998 and 2007, total age-standardized CHD hospitalization rates declined
in men from 688 to 545 per 100,000 and in women from 281 to 229 per 100,000.
This trend corresponded with a relative decline of 19% in men (APC -2.4%, 95% CI 40
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2.3, -2.4) and 16% in women (APC -1.9%, 95% CI -1.8, -2.0). Age-standardized time
trends in the different types of CHD admission rates are depicted in Figure 1. The
decline in hospitalization rates was larger for AMI (APC men: -5.1%, 95% CI -5.0, -5.2,
women: -4.4%, 95% CI -4.2, -4.5) than for unstable angina patients (APC men: -2.0%,
95% CI -1.9, -2.1, women: -2.0%, 95% CI -1.8, -2.0). For chronic CHD, the average
annual percentage change was +0.7% (95% CI +0.6, +0.8) in men and +2.1% (95% CI
+2.0, +2.2) in women. However, a rapid increase in chronic CHD hospitalization rates

Age-standardized rate per 100 000

was particularly observed between 2001 and 2004.
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Figure 1 Trends in coronary heart disease (CHD) hospitalization rates in the
Netherlands between 1998 and 2007 in men and women. This figure is based on
188,266 acute myocardial infarction (AMI, ICD-9 code 410) admissions, 294,374
unstable angina pectoris admissions (ICD-9 code 411 and 413) and 205,649 chronic
forms of CHD (ICD-9 code 412 and 414) admissions. First CHD hospital admissions
in 28 days were counted and incidence rates were standardized to the European
standard population.
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Shifts in the type of CHD admissions
We observed a shift in the type of CHD admissions from AMI to chronic CHD
admissions. The proportion of unstable angina patients in the total of CHD
admissions remained stable over time around 40% in men and 50% in women
(Figure 2). The proportion of chronic CHD in the total of CHD admissions increased
between 1998 and 2007 from 29% to 36% in men and from 23% to 30% in women.
The proportion of AMI in the total of CHD admissions decreased from 30% to 24% in
men and from 27% to 22% in women.
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Figure 2 Trends in the age distribution of coronary heart disease (CHD) hospital
admissions in the Netherlands in men and women in 1998 and 2007. This figure is
based on 188,266 acute myocardial infarction (AMI, ICD-9 code 410) admissions,
294,374 unstable angina pectoris admissions (ICD-9 code 411 and 413) and 205,649
chronic forms of CHD (ICD-9 code 412 and 414) admissions. First CHD hospital
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admissions in 28 days were counted and incidence rates were standardized to the
European standard population.
Shifts in the age distribution
The mean age at admission was lower in men than women with 63.5 (±11.4) years in
1998 in men and 69.1 (±11.8) years in 1998 in women. Mean age increased slightly
over time to 65.4 (±11.7) years in 2007 in men and 69.8 (±12.4) years in women
(Table 1). All categories of CHD showed a clear shift in the age distribution between
1998 and 2007 towards admission of patients at older age in 2007 (Figure 3).
Hospitalization rates for chronic CHD decreased slightly in patients <65 years and
increased in patients ≥65 years. For unstable angina patients hospitalization rates
decreased <75 years and increased in patients ≥75 years. Age group specific AMI
rates decreased in patients <95 years and increased slightly in patients ≥95 years.

Women 1998

Men 1998

29%

30%

23%

50%

40%

Women 2007

Men 2007

36%

24%

40%

AMI

27%

30%

22%

48%

Unstable angina

Chronic CHD

Figure 3 Distribution of coronary heart disease (CHD) hospital admissions in the
Netherlands in men and women in 1998 and 2007. AMI = acute myocardial infarction
(ICD-9 code 410), unstable angina pectoris (ICD-9 code 411 and 413), chronic forms
of CHD (ICD-9 code 412 and 414). First CHD hospital admissions in 28 days were
counted and standardized to the European standard population.
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Table 1a Age-standardized characteristics of coronary heart disease (CHD) hospitalizations
in the Netherlands in 1998 and 2007 by discharge diagnosis, in men.
Unstable
angina

AMI
i

i

Chronic CHD
i

Total
i

n (%)

n (%)

n (%)

n (%)

14,220

18,602

13,500

46,476

64.5 ± 12.5

63.7 ± 11.4

62.3 ± 10.1

63.5 ± 11.4

65.3

64.5

63.0

64.3

Prior AMI

920 (6.6%)

2,685 (14.2%)

2,680 (19.3%)

6,355 (13.4%)

Prior unstable angina

796 (5.8%)

4,854 (26.0%)

3,701 (27.2%)

9,376 (20.0%)

410 (2.9%)

2,847 (14.6%)

4,132 (29.6%)

7,402 (15.2%)

1,438 (10.7%)

6,165 (32.6%)

6,833 (49.6%)

14,565 (30.7%)

1998
Hospitalizations
Age (years)
Mean ± SD
Median
Prior admission (3 years)ii

Prior chronic CHD
Any prior CHD

Main procedure during index admission
Cardiac catheterisation

1,548 (10.5%)

5,744 (29.2%)

5,604 (40.9%)

12,984 (26.5%)

CABG

48 (0.3%)

389 (2.0%)

3,458 (25.8%)

3,898 (8.1%)

PCI

949 (6.4%)

854 (4.3%)

2,132 (15.2%)

3,936 (7.9%)

iii

2,545 (17.3%)

6,987 (35.5%)

11,194 (81.9%)

20,818 (42.5%)

Hospitalizations

10,331

17,505

16,012

43,963

65.1 ± 13.0

65.5 ± 12.0

65.4 ± 10.4

65.4 ± 11.7

65.0

66.1

66.2

65.9

Total
2007

Age (years)
Mean ± SD
Median
Prior admission (3 years)ii
Prior AMI

550 (5.3%)

1,626 (9.2%)

1,490 (9.3%)

3,719 (8.4%)

Prior unstable angina

549 (5.4%)

4,150 (23.7%)

2764 (17.2%)

7,478 (17.0%)

Prior chronic CHD

381 (3.8%)

2,649 (15.1%)

3,947 (24.4%)

6,992 (15.8%)

Any prior CHD

988 (9.7%)

5,072 (28.9%)

5,544 (34.4%)

11,673 (26.5%)

4,351 (24.6%)

5,078 (31.4%)

10,296 (23.2%)

Main procedure during index admission
Cardiac catheterisation
CABG

828 (8.1%)
195 (2.0%)

365 (2.1%)

3,053 (18.5%)

3,614 (8.2%)

PCI

4,193 (40.2%)

2,708 (15.4%)

3,359 (21.3%)

10,261 (23.1%)

Totaliii

5,216 (50.3%)

7,424 (42.2%)

11,490 (71.2%)

24,171 (54.5%)

AMI, acute myocardial infarction (ICD-9 code 410). Unstable angina (ICD-9 code 411 and 413). Chronic
CHD, coronary heart disease (ICD-9 code 412, 414). Any CHD (ICD-9 code 410-414). CABG, coronary
artery bypass graft. PCI, percutaneous coronary intervention. (i) Percentages are calculated standardized
to the total CHD population 1998-2007. (ii) Hospital admission between Jan 1 st 1995 and index date for
year 1998, and between Jan 1st 2004 and index date for year 2007. (iii) Total of procedures comprises
CATH or CABG or PCI.
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Table 1b Age-standardized characteristics of coronary heart disease (CHD) hospitalizations
in the Netherlands in 1998 and 2007 by discharge diagnosis, in women.
Unstable
angina

AMI
i

i

Chronic CHD
i

Total
i

n (%)

n (%)

n (%)

n (%)

6,958

11,753

5,010

23,789

71.7 ± 12.6

68.5 ± 11.7

66.8 ± 10.1

69.1 ± 11.8

73.8

70.0

68.1

70.6

Prior AMI

387 (5.3%)

1,299 (11.1%)

792 (16.0%)

2,506 (10.7%)

Prior unstable angina

389 (4.9%)

2,887 (24.2%)

1482 (29.8%)

4,768 (20.2%)

Prior chronic CHD

137 (2.2%)

1,337 (11.6%)

1478 (29.3%)

2,957 (13.1%)

Any prior CHD

655 (8.8%)

3,325 (28.1%)

2,411 (48.0%)

6,425 (27,4%)

2.2

1998
Hospitalizations
Age (years)
Mean ± SD
Median
Prior admission (3 years)ii

Main procedure during index admission
Cardiac catheterisation

579 (10.3%)

3,028 (26.9%)

2,081 (41.1%)

5,725 (25.9%)

CABG

18 (0.4%)

138 (1.1%)

1,139 (21.6%)

1,297 (5.5%)

PCI

357 (6.2%)

408 (3.7%)

751 (15.2%)

1,518 (6.8%)

iii

954 (16.9%)

3,574 (31.8%)

3,971 (77.9%)

8,540 (38.2%)

Hospitalizations

5,295

10,615

6,394

22,340

72.3 ± 13.6

69.0 ± 12.7

69.0 ± 10.6

69.8 ± 12.4

74.9

70.8

70.9

71.6

Total
2007

Age (years)
Mean ± SD
Median
Prior admission (3 years)ii
Prior AMI

252 (3.9%)

801 (7.5%)

529 (8.7%)

1,593 (7.1%)

Prior unstable angina

299 (5.0%)

2,153 (19.8%)

1110 (17.4%)

3,566 (15.8%)

Prior chronic CHD

157 (3.0%)

1,179 (11.2%)

1,357 (21.1%)

2,695 (12.3%)

Any prior CHD

484 (8.0%)

2,501 (23.3%)

2,030 (31.8%)

5,031 (22.5%)

2,552 (24.8%)

1,951 (30.4%)

4,929 (23.5%)

Main procedure during index admission
Cardiac catheterisation
CABG

413 (9.4%)
57 (1.3%)

105 (1.1%)

919 (13.3%)

1,081 (4.9%)

PCI

1,734 (38.4%)

1,112 (11.1%)

1,391 (21.9%)

4,237 (19.8%)

Totaliii

2,204 (49.1%)

3,769 (36.9%)

4,261 (65.6%)

10,247 (48.1%)

AMI, acute myocardial infarction (ICD-9 code 410). Unstable angina (ICD-9 code 411 and 413). Chronic
CHD, coronary heart disease (ICD-9 code 412, 414). Any CHD (ICD-9 code 410-414). CABG, coronary
artery bypass graft. PCI, percutaneous coronary intervention. (i) Percentages are calculated standardized
to the total CHD population 1998-2007. (ii) Hospital admission between Jan 1 st 1995 and index date for
year 1998, and between Jan 1st 2004 and index date for year 2007. (iii) Total of procedures comprises
CATH or CABG or PCI.
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DISCUSSION
This

large

population-based

study

showed

that

age-standardized

CHD

hospitalization rates in the Netherlands declined between 1998 and 2007 with 19% in
men and 16% in women. Moreover, we observed a shift from acute to chronic CHD
admissions. This shift was most pronounced in those aged 65 years and over. While
correcting for the aging population, we observed a shift in the age distributions of all
types of CHD admissions towards admissions at higher age.
International comparison
Previous studies from the United States,

10

8

Canada and Western Australia

12

reported

larger decreases in hospitalization rates for unstable angina compared to AMI. A
9

British study observed declines of similar magnitude in AMI and angina hospital
admissions. These results are in contrast with a Scottish

11

study and the present

study, which observed larger declines in AMI rates than unstable angina. Nedkoff et
al. who investigated hospitalization rates for CHD in Western Australia suggested
earlier that the differences with the Scottish results may be due to the definitions
that were used for angina. Nedkoff included primary diagnosis ICD-9 code 411,
whereas the Scottish study (and the present study) included both ICD-9 codes 411
and 413. Nedkoff suggested that the trends for ICD-9 code 413 might be different
from the trends for ICD-9 code 411 and that would explain the different results
between the studies. However, additional analyses of our data (data not shown)
revealed that the trends and patterns for ICD-9 codes 411 and 413 were similar.
CHD coding practices clearly seem to differ by country. The contribution of
unstable angina to the total of CHD admissions in the United States was 2% in 2007,
whereas in the Netherlands, a relatively constant 44% of the CHD patients was
discharged with a primary diagnosis of unstable angina between 1998 and 2007. In
18

19

Canada8, Sweden , Scotland

11

and the UK , about one in three acute coronary

syndrome patients is discharged with a primary diagnosis of unstable angina. The
contribution of unstable angina to the total of CHD admissions in the United States is
remarkable low compared to other countries. This may be due to coding guidelines
from the American Hospital Association’s, which recommended in 1993 that when
atherosclerosis was known to be the cause of unstable angina, the primary
diagnosis should be ICD-9 414 (other chronic forms of CHD).

20,21

Thus, in the United

States the chronic CHD hospital admission rates rose as a consequence of a
diagnostic shift from unstable angina to chronic CHD. In the Netherlands, chronic
CHD admissions increased in a reciprocal pattern with declining AMI rates. It is
46

Shifts from acute to chronic coronary heart disease hospitalizations

unlikely that a diagnostic shift from AMI to chronic CHD could underlie our observed
shift of acute to chronic CHD admissions in the Netherlands.
The distinct increase in CHD hospitalization rates in the very old compared to
the marked decrease in the rest of the population has to our knowledge not been
reported previously. Previous studies with age group specific results reported
declines across all age groups, although smaller declines in the older age groups.

2.2

8,10

Shift from acute to chronic CHD admissions
There are several mechanisms that could have contributed to the observed shift
from acute to chronic CHD admissions. Firstly, the use of blood-pressure and lipidlowering drugs for primary prevention of cardiovascular disease has increased
between 1998 and 2010 in the Netherlands.

22

Effective primary prevention (including

lifestyle recommendations) may lead to shifts in the type of manifestation of
ischemic cardiac events, from AMI to less severe unstable angina and from acute
forms (AMI or unstable angina) to chronic forms of CHD. Secondly, the number of
CHD patients may have increased over time. Declining case fatality rates for AMI
may increase the absolute number of individuals hospitalized for chronic forms of
CHD, because it leads to a larger number of individuals at risk for chronic CHD
admissions.1 However, this appears to be a small effect, since we did not observe an
increase in the proportion of CHD patients with a history of AMI in the three years
before the admission. The impact of declining AMI case fatality rates could be
counteracted by declining AMI incidence rates. AMI incidence rates in the
Netherlands have rapidly declined between 1998 and 2007 with almost 40%.

1

Although high-quality sources on trends in the size of the CHD population in the
Netherlands are lacking, it seems that based on GP registers that the size of the CHD
population is relatively stable after correction for the aging population.

23

Thirdly, the

increased use of cardiovascular medication in secondary prevention in the
Netherlands, which could have contributed to less recurrent acute CHD admissions
and lower mortality rates. Thus, although the size of the age-standardized CHD
population could be relatively constant over time, the time period that an individual
lives as CHD patient could have lengthened over time. Less people seem to develop
CHD, especially under the age of 65 years, and less people die from CHD and other
causes.

24

Fourthly, the reorganization of health care may have influenced the

observed trends. The relative increase in chronic CHD admissions might be related
to an expansion of revascularization procedures in persons of 65 years and over.

25

Most medical procedures (percutaneous coronary intervention, coronary artery
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bypass graft and diagnostic catheterization) during CHD hospital admissions were
performed during admissions coded as chronic CHD. Chronic CHD admissions in
particular increased between 2001 and 2004. This trend was highly related to the
conscious decision of the Dutch government to relax the budgetary constraints in
the health care system in this period.

26

Shifts in the age distribution of CHD admissions
Changes in hospitalization rates in younger age groups are most likely to be a
measure of incidence and short-term case fatality rates, whereas hospitalization
rates in older age groups are partly determined by longer-term survival; that is, from
younger to older age groups, the effect of specific treatments and case fatality
rates.

13

Ongoing improvements in individual health care and public health have led to

increased life expectancy, and might also be the cause of the marked shift in the age
distribution of CHD admissions. In other words, hospital admissions have not only
been prevented but also postponed. This cohort effect was clearly visible in all types
of CHD hospital admission rates. Furthermore, increased life expectancy could lead
to increased use of revascularization procedures in the elderly, but also vice versa,
increased use of revascularization procedures could lead to increased life
expectancy.
Strengths and limitations
Strengths of our nationwide study include the large size, population-based structure
and the wide group of age- and gender groups studies. We comprehensively
described time trends across all age groups rather than focusing on age-standardize
trends only. Furthermore, we uniquely differentiated between the separate types of
CHD admissions.
There are also some limitations related to the use of administrative registers. We
had limited possibilities to infer directly to trends in the incidence and prevalence of
acute and chronic CHD in order to fully explain the observed trends, due to the
influence of trends in coding practices, diagnostic fashion and lack of information on
the indication of hospital admissions. Furthermore, from 2005 onwards, the
participation of hospitals in registering patient’s discharges declined from 100%
coverage before 2005 to 97%, 91% and 89% registration of hospital admissions in
2005, 2006, and 2007, respectively. This could have resulted in a small
underestimation of admission rates in the years 2005-2008. Performed medical
procedures are underreported in the Dutch hospital discharge register. Our estimates
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of the use of diagnostic catheterization and revascularization procedures during
CHD hospital admissions are therefore likely to be an underestimation.
Implications
Shifts in the burden of CHD from an acute to chronic illness may have important
consequences for public health, health policies and health care resources.
Understanding trends in the different types of CHD will help shed light on the
planning for public health prevention and strategies. It seems that the Netherlands
has succeeded in declining the event rates of premature CHD and the most acute
form of CHD, AMI. However, the proportion of chronic CHD admissions is rising and
patients with CHD live longer which increases the burden of disease. When
interpreting the increase in CHD hospitalization rates in the oldest it is essential to
define whether it is a cohort effect of decreasing rates at younger age or improved
survival that has been driving the increase. The implications will be different, since
the latter may result in more years spent in ill-health, while reduced disease risks
would lead to more years of healthy life.

27

Both effects likely play a role, but further

research is necessary to answer the question which effect is larger (i.e. what is the
trend in change in life expectancy after onset of CHD?), and whether people really
spent more years in ill-health. Besides the established potential impact of primary
and secondary prevention strategies, this study warrants a focus on the treatment
and quality of life of chronic CHD patients.

CONCLUSION
Age-standardized CHD hospitalization rates declined in recent years in the
Netherlands, with the largest declines in AMI. An increasing proportion of CHD
hospital admissions in the Netherlands was for chronic forms of CHD. Furthermore,
the age at hospitalization was pushed towards older age: premature CHD admission
declined over time and admission rates at very old age increased.
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MYOCARDIAL INFARCTION INCIDENCE
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Capewell S, Vaartjes I. Neighbourhood socioeconomic inequalities in incidence of acute myocardial
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ABSTRACT
Background: Socioeconomic status has a profound effect on the risk of having a first
acute myocardial infarction (AMI). Information on socioeconomic inequalities in AMI
incidence across age- gender-groups is lacking. Our objective was to examine
socioeconomic inequalities in the incidence of AMI considering both relative and
absolute measures of risk differences, with a particular focus on age and gender.
Methods: We identified all patients with a first AMI from 1997 to 2007 through linked
hospital discharge and death records covering the Dutch population. Relative risks
(RR) of AMI incidence were estimated by mean equivalent household income at
neighbourhood-level for strata of age and gender using Poisson regression models.
Socioeconomic inequalities were also shown within the stratified age-gender groups
by calculating the total number of events attributable to socioeconomic
disadvantage.
Results: Between 1997 and 2007, 317,564 people had a first AMI. When comparing
the most deprived socioeconomic quintile with the most affluent quintile, the overall
RR for AMI was 1.34 (95% confidence interval (CI): 1.32 – 1.36) in men and 1.44 (95%
CI: 1.42 – 1.47) in women. The socioeconomic gradient decreased with age. Relative
socioeconomic inequalities were most apparent in men under 35 years and in
women under 65 years. The largest number of events attributable to socioeconomic
inequalities was found in men aged 45-74 years and in women aged 65-84 years.
The total proportion of AMIs that was attributable to socioeconomic inequalities in
the Dutch population of 1997 to 2007 was 14% in men and 18% in women.
Conclusions: Neighbourhood socioeconomic inequalities were observed in AMI
incidence in the Netherlands, but the magnitude across age-gender groups
depended on whether inequality was expressed in relative or absolute terms. Relative
socioeconomic inequalities were high in young persons and women, where the
absolute burden of AMI was low. Absolute socioeconomic inequalities in AMI were
highest in the age-gender groups of middle-aged men and elderly women, where the
number of cases was largest.
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INTRODUCTION
Coronary heart disease (CHD) is one of the leading causes of disability and death in
both high-income and low-income countries.

1,2

Both individual socioeconomic

status (SES) and the socioeconomic status of the neighbourhood of residence are
independently and significantly associated with incidence of acute myocardial
infarction (AMI).

3,4

The association between neighbourhood SES and AMI is generally

well documented in western countries, indicating that those living in deprived areas
experience the largest burden of the disease with higher incidence,
and mortality

7,15

4-13

prevalence

14

rates. Neighbourhood-level SES is often used in population-based

studies where individual-level SES is not available. However, the interest in
neighbourhood SES has also arisen because of the recognition of the importance of
the environment in which people live for the risk of CHD.
The magnitude of socioeconomic inequalities in AMI incidence varies between
countries and periods, and is related to socio-demographic factors such as age and
gender.

2,11,16

In general, age and gender are the most important factors that affect

health. Some studies have suggested that living in a deprived neighbourhood may
affect coronary health of women to a greater extent than men.

6,11-13

Furthermore, a

decrease in the socioeconomic gradient with age has been described.

6,11

However,

most of the studies on the association between SES and AMI were too small or
limited in age range to allow for explorations of the varying magnitude of
socioeconomic inequalities across a wide range of age- and gender-groups.

7,8,10,12

Several studies have expressed socioeconomic inequalities in AMI risk in relative
terms using conventional relative risk approaches. To our knowledge no study
described the age pattern in socioeconomic inequalities as the absolute number of
AMI events attributable to socioeconomic differences. It is important to assess
whether socioeconomic inequalities affect AMI incidence in a similar way in all agegender-groups. Relative effect measures may decrease with age, but absolute
differences may not. Knowledge on the age- and gender-distribution of the disease
burden of socioeconomic inequalities can provide useful insight to improve public
health. The objective of this study was to examine the importance of socioeconomic
inequalities in relation to first AMI in the Netherlands considering both relative and
absolute measures of risk differences, with a particular focus on age and gender.
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METHODS
We conducted a cohort study by linkage of national registries. Registries and linking
17

procedures used in this study have been described in detail previously.

We linked

data between national registers using a record identification number assigned to
each resident in the Netherlands with a unique combination of birth date, gender and
postal code (about 84% of population). We identified all patients with a first AMI
event by first AMI hospital admission or death between January 1997 and December
2007 for all uniquely identifiable individuals registered in the Dutch population
registry. Primary discharge diagnosis in the Dutch hospital discharge register (HDR)
and underlying cause of death from the cause of death register were used for this
purpose. Diagnoses were coded according to the International Classification of
Diseases (ICD-9 410 and ICD-10 I21, respectively). We collected information on
previous hospital admissions by linkage with the HDR of 1995 and 1996. Those with
previous AMI admissions were excluded. Linkage of individual data between
registers was performed in accordance with the privacy legislation in the
Netherlands.
SES was determined at the neighbourhood-level by mean income of the
neighbourhood of residence using the regional income register (RIO).

18

The RIO is a

national study that contains information on income levels of neighbourhoods based
on the tax information of about one third of Dutch inhabitants. The Netherlands
(N=15.6 million in 1997) is subdivided into 11,412 neighbourhoods with a mean
population of 1,364 inhabitants (range: 1 – 32,786). Mean equivalent household
income - a measure of disposable income in proportion to the household
composition - was used as SES indicator in our study. Less than 0.1% of Dutch
inhabitants had missing information on neighbourhood SES. The study population
was

divided

into

socioeconomic

quintiles

according

to

the

ranking

of

neighbourhoods in the RIO of 1997 weighted by the number of inhabitants per
neighbourhood (Q1 is the most affluent quintile and Q5 the most deprived). In this
manner each quintile contained about 20% of the person-years at risk from the
Dutch population.
The number of person-years at risk from the Dutch population was calculated
by age, gender and socioeconomic quintile from 1997 to 2007 and used as
denominator for the incidence rate calculations. The numerators of AMI incidence
cases and denominators of person-years at risk from the uniquely identifiable part of
the total Dutch population were used to study socioeconomic differences in AMI
incidence in relative terms. Thus, for incidence rates non-unique persons were
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excluded from both AMI incident cases and person-years at risk. A pilot study has
suggested that non-uniqueness on the linkage variables relates to large cities,
foreign origin and age, however differences are small for the determinants large
cities and foreign origin.

19

To examine the impact of socioeconomic inequalities on

differences in the absolute number of AMI events in the Netherlands we have inflated
the number of AMI events to correct for the exclusion of non-unique persons.
Adjustment for the 16% of Dutch inhabitants who were not included in our study
enabled the presentation of a nationally representative number of AMI events that
was attributable to socioeconomic disadvantage. We used age-gender specific
inflation factors, which were calculated on the population registry of the mid-year of
the study period 2002.
Statistical analyses
Incidence rates were calculated stratified by age, gender and socioeconomic quintile.
To compare incidence rates we standardized to the European standard population.
Age was stratified in 10-year age-groups with <35 years as youngest age-group and
≥95 years as oldest age-group. Absolute rate differences with 95% confidence
intervals (CI) between men and women were calculated as the difference between
the two incidence rates. Relative risks (RRs) by socioeconomic quintile were
obtained from Poisson regression models and presented with 95% CI. Interaction
terms between age, gender and socioeconomic quintile were added in unstratified
analyses.
RRs from stratified Poisson regression in the separate age-gender groups were
also used to assess the absolute magnitude of socioeconomic inequalities within the
age-gender groups. We calculated population attributable risk proportions (PAR)
using the extended formula for multi-category exposure, in this case the
socioeconomic quintiles:

20
k

PAR 

 p (RR  1)
i0

i

i

k

1  pi (RRi  1)
i0

Subscript i refers to the ith exposure level (Q2, Q3, Q4 and Q5). RRi is the relative risk
comparing the ith exposure level with Q1 (i=0). Factor pi comprises the proportion of
person-years of the specific socioeconomic quintile within an age-gender group with
respect to the total number of person-years of the age-gender group. The number of
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excess events attributable to socioeconomic inequalities was calculated as the total
number of events within the age-gender-groups (inflated for non-uniqueness)
multiplied by the PAR of that age-gender group. These total excess events can be
interpreted as the nationwide burden of AMI in the separate population groups that
would theoretically have been eliminated if all persons would have had the same risk
for AMI as those in the reference group Q1 (the most affluent socioeconomic
quintile).
To estimate the potential impact of a population shift in AMI risk by reducing
socioeconomic inequalities instead of eliminating, we calculated a more realistically
attainable proportion of potentially preventable cases using a variant of the above
formula for PAR. Here, we have chosen to use the term “preventable proportion”
(PP):

21
k

PP 

 p (RR  RR
i1

i

i

i1

)

k

1  pi (RRi  1)
i0

Subsequently, the PP was multiplied by the total number of events. The outcome of
this calculation can be interpreted as the reduction in number of events that
theoretically would not have occurred if the population in Q5, Q4, Q3 and Q2 would
have had the risk for AMI of one socioeconomic exposure-level down (i.e. less
deprived). Example calculations of the PP and PAR are provided in Additional File 1.
Analyses were performed using SPSS version 14.0 and P-values less than 0.05 were
considered significant.

RESULTS
Population distribution
The estimated total study population comprised 176,715,060 person-years of followup. Mean equivalent household income of neighbourhoods ranged from a median of
19,238 euro per year in the most affluent quintile, Q1, to a median of 13,096 euro per
year in Q5. The populations of each socioeconomic quintile showed different
distributions of age and gender, with relatively more younger persons in the most
deprived quintiles (Figure 1).
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AMI incidence rates
Table 1 shows the incidence rates of AMI in the various age-gender-groups. More
men than women had events (201,221 vs. 116,342), with higher event rates in every
age-group. Overall, men had a 2.45-times (95% CI: 2.43 – 2.47) higher risk for AMI
than women. Age-standardized comparison of incidence rates resulted in 212 AMI
events per 100,000 person-years in men, and 87 events per 100,000 person-years in
women. The relative risk for AMI by gender increased up to the age of 45-54 years
and subsequently decreased. The absolute rate difference between men and women
continuously increased with age. In Table 2 we present age- and gender-specific

3.1

incidence rates for the socioeconomic quintiles. Event rates increased with
increasing socioeconomic deprivation in both men and women, in all age-groups
except for the age-groups ≥95 years.
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Figure 1 Distribution of Dutch population from 1997 to 2007 by age, gender and
socioeconomic quintile. A total of 176,715,060 person-years is expressed in millions
of person-years. Socioeconomic quintiles are ranked at the neighbourhood level
according to their mean equivalent household income, quintile 1 is least deprived.
Distribution of population aged <30 year is not displayed. Men (left), women (right).
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Figure 2 Socioeconomic inequalities in AMI incidence across age-gender groups in
relative and absolute terms. Relative risks (RRs) for acute myocardial infarction
(AMI) per age-gender group by socioeconomic quintile (lines) and distribution of
excess number of AMI events attributable to socioeconomic inequalities (shaded
bars) in the Netherlands between 1997 and 2007. RRs are obtained from Poisson
regression and compare incidence rates with socioeconomic quintile 1 as reference
category. Total excess events are the total number of AMI events in the age-gender
groups in the population that would have been eliminated if all had the same risk for
AMI as those in socioeconomic quintile Q1.
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AMI, Acute Myocardial Infarction.
* Incidence rates are expressed as age-gender group specific event rates per 100 000 person-years of the age-gender group.
¶ Rate differences are differences in incidence rates between men and women, expressed per 100 000 person-years of the age-gender group.
† Relative Risks are incidence rate ratio’s with 95% confidence interval (CI).
‡ Age standardized rates are incidence rates standardized to the European standard population.
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Table 1 Incidence of AMI per 100 000 person-years in the Netherlands between 1997 to 2007 stratified by age and gender.
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AMI, Acute Myocardial Infarction.
* Incidence rates are expressed as socioeconomic quintile-specific event rates per 100 000 person-years of strata of socioeconomic quintiles within age-gender
groups.
‡ Age standardized rates are standardized to the European standard population.
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Table 2 Incidence rates of AMI per 100 000 person-years in the Netherlands between 1997 to 2007, stratified by socioeconomic quintile, age
and gender.*
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AMI, Acute Myocardial Infarction. *P-value < 0.05.
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Poisson regression model A: socioeconomic quintile, stratified by age and gender.
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Poisson regression model B: socioeconomic quintile adjusted for age, stratified by gender.
C
Poisson regression model C: socioeconomic quintile, gender, socioeconomic quintile*gender, stratified by age. P-values are obtained from the interaction term
socioeconomic quintile*gender.
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Table 3 Relative Risks (RRs) and 95% confidence interval (CI) by socioeconomic quintile for AMI in the Netherlands between 1997 to 2007,
stratified by age and gender.
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AMI, Acute Myocardial Infarction. N.A., not assessed, no significant association between neighborhood SES and AMI in age-groups ≥95 years.
† PAR: Proportion of AMI incidence attributable to socioeconomic inequalities. Socioeconomic quintile Q1 is the reference category.
Total number of events attributable to total socioeconomic inequalities (= PAR * number of events per age-gender group).
‡ PP: Preventable proportion of AMI incidence attributable to socioeconomic inequalities. Previous socioeconomic quintile is the reference category.
Number of events attributable to socioeconomic inequalities (= PP * number of events per age-gender group).
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Table 4 Magnitude of socioeconomic inequalities in AMI incidence in the Netherlands between 1997 and 2007 stratified by age and gender.
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Socioeconomic inequalities in relative and absolute terms
Table 3 and Figure 2 present RRs for AMI by socioeconomic quintile, stratified by age
and gender. There was a clear graded relationship of risk of AMI by socioeconomic
quintile. In general, the socioeconomic gradient was steeper in women than men (P <
0.001), with an overall RR of 1.34 (95% CI: 1.32 – 1.36) in men and 1.44 (95% CI: 1.42 –
1.47) in women, when comparing the most deprived quintile with the most affluent
quintile. The association between socioeconomic quintile and AMI incidence
decreased with increasing age (Table 3). RRs by socioeconomic quintile appeared
highest in women under 65 years and in men under 35 years.
The total proportion of AMIs that was attributable to socioeconomic inequalities in
the Dutch population of 1997 to 2007 was 14% in men and 18% in women (PAR; Table
4), corresponding to a total of 50,362 events. Similarly to the RR by socioeconomic
quintile the PAR decreased with age. The largest PAR was found in women aged 3544 with 42% of the AMI events attributable to socioeconomic inequalities. However,
the largest number of excess AMI events attributable to socioeconomic inequalities,
measured in absolute numbers, was observed in men aged 45-74 years and in women
aged 65-84 years.
We also examined a more realistically attainable preventable proportion (PP) of
AMIs that would have been eliminated if all persons from Q2, Q3, Q4 and Q5 would
have shifted to the risk for AMI of the next more affluent socioeconomic quintile.
Calculated in this manner, the PP was 6% in men and 7% in women. This potential
reduction in AMI events by reducing socioeconomic inequalities corresponded to a
total of 20,187 events between 1997 and 2007, meaning 1,835 preventable AMIs per
year. The relative and absolute perspective to socioeconomic inequalities are
presented in Figure 2, with an age- and gender-specific comparison of relative risks by
socioeconomic quintile with the absolute number of total excess events attributable to
socioeconomic inequalities in the Netherlands.

DISCUSSION
This study adds important new information about neighbourhood socioeconomic
inequalities in AMI incidence across a wide range of age- and gender-groups. The
combination of relative and absolute perspectives quantifying these age- and gendervariations in socioeconomic differences provides unique information. A considerable
proportion of AMI incidence was attributable to socioeconomic inequalities in the
Dutch population. The results demonstrated that the increased relative risk for AMI by
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socioeconomic disadvantage was most apparent in women, as well as in younger
persons. In contrast, the largest number of excess AMI events attributable to
socioeconomic inequalities was found in middle and early old age.
Our results on incidence rates and the socioeconomic gradient are consistent
with other studies of AMI incidence based on neighbourhood-level socioeconomic
4-6,11,22

status.

Socioeconomic relative risks were modest, as expected when

considering the Netherlands as a relatively small and homogeneous country. The
relation between age, gender and the effect of neighbourhood SES on AMI incidence in
the Netherlands corresponded to that found in Scottish, Swedish, French and Italian
6,11-13

studies,

with a steeper socioeconomic gradient in women compared to men, and

a decrease in the socioeconomic gradient with increasing age. We can think of several
explanations for this age pattern in relative socioeconomic inequalities. Firstly,
premature CHD disproportionately affects the most deprived groups. Simultaneously
with the increase in the number of AMI events with increasing age, at middle age in
men and at early old age in women, the socioeconomic relative risk of AMI started to
decrease. High socioeconomic relative risks could be related and limited to premature
AMI events. Secondly, socioeconomic inequalities in cardiovascular risk factors are
observed to be larger among younger than among older persons, especially regarding
smoking.

23

Thirdly, a healthy survivor effect may partly explain the observed decrease

in the socioeconomic gradient with age. Selective mortality could narrow
socioeconomic inequalities with age since disadvantaged people die younger leaving
relatively robust survivors.

24,25

Fourthly, in very old age a substantial part of the

population is institutionalized, for whom the neighbourhood of residence might not
accurately represent SES.
The apparent contradiction between relative and absolute perspectives on
socioeconomic inequalities in AMI incidence can be explained by considering the
factors that determine the absolute number of excess events attributable to
socioeconomic inequalities. Although the socioeconomic gradient in AMI incidence is
larger in women and at younger ages, the socioeconomic effect is diluted by the
increasing absolute incidence rates with increasing age and male gender. The agegender structure of the population is the third contributing factor to the absolute
number of excess events. We have provided age-gender pyramids to place our
findings in the perspective of the demography of the Dutch population. The
combination of the three factors resulted in the largest absolute number of excess
AMI events attributable to socioeconomic inequalities being found in middle-aged
men and middle-aged and elderly women.
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This is the first Dutch study to estimate the proportion of AMI incidence attributable to
socioeconomic inequalities by using population attributable risk methods.
Hallqvist et al.

27

22,26,27

compared relative and absolute differences in AMI risk according to

socioeconomic status in Swedish men and women, based on individual-level SES
derived from self-reported occupation. In their study, which concerned a comparison
between manual workers and low-level employees with high- and middle-level
employees in the age range of 45-64 years, they found a population attributable risk
proportion of 17% in men and 30% in women over the years 1992-94. The present
study found similar results with proportions of 17% in 45-64 year old men and 32% in
45-64 year old women attributable to socioeconomic inequalities between 1997 and
2007 in the Netherlands. A study of Ramsay et al.

22

estimated population attributable

risks in a population of British men aged 60-79 years old between 1998 and 2000. The
population attributable risk for AMI incidence of manual versus non-manual social
classes was estimated at 12%. Men aged 65-74 in the present study showed a
population attributable risk of 14% based on neighbourhood socioeconomic status.
However, population attributable risks are difficult to compare across studies. The
population attributable risk depends on both the socioeconomic relative risk and on
the prevalence of the exposure, in this case the distribution over socioeconomic
category. In addition, studies vary widely in their definition of SES. Both individual-level
measures (e.g. income, education and occupation) and neighbourhood-level
aggregated data or deprivation indices are frequently used to study socioeconomic
health differences.
Mean equivalent household income at the neighbourhood-level was used as SES
indicator in our study. Income levels have shown to be a good indicator and
determinant of SES,

28

even in more egalitarian countries.

29

It has been claimed that

neighbourhood income has an impact above and beyond the effect that personal
income itself exerts on individual health.

8,30,31

The neighbourhood socioeconomic

context is thought to contribute to the disadvantage of individuals through material,
4,32,33

psychological, physical and social mechanisms.

In addition, the effect of

neighbourhood SES can be in part either due to or mediated through conventional risk
factors.

34

For example, prevalence of smoking, obesity and physical inactivity were

found to be higher among more deprived populations in Sweden, independent of
individual-level socioeconomic status.

3

Approximately 50% of the relative and

absolute socioeconomic difference in CHD risk can probably be explained by the four
behavioural and biological risk factors - hypertension, smoking, high cholesterol and
diabetes.

26,35,36
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This nationwide study has several strengths but also some limitations. Strengths are
its large size, population-based nature and the wide range of age- and gender-groups
studied. A limitation is that the Dutch hospital discharge register was digitally available
for record linkage only from registration year 1995 onwards. Most recurrent events
occur within one year after the first AMI events,

37

although some AMI events,

particularly in the beginning of the study period could have been misclassified as
being incident events. Because the socioeconomic gradient in AMI risk has been
reported to be of similar magnitude in recurrent and incident AMI events,

38

we did not

consider this limitation a problem. A second limitation to address is that
neighbourhood SES was assessed only at a single point in time based on the first
place of residence in the study period. Neighbourhood of residence may have changed
during follow-up. Moving out of areas might have diluted the effect of neighbourhood
to a small extent, although most residential mobility in the Netherlands is to
neighbourhoods with comparable neighbourhood socioeconomic status.

39

Besides

the effect neighbourhood itself exerts on health, neighbourhood SES might also serve
as proxy for individual-level SES. Unfortunately, our nationwide study did not allow us
to disentangle the neighbourhood, individual and behavioural and biological effects
captured by neighbourhood-level SES.
Population attributable risks can inform policy makers in planning public health
interventions.

40

Nonetheless, some caution should be taken in the interpretation of

population attributable risks associated with socioeconomic inequalities. The starting
point of population attributable risk calculations is the assumption that there is a
causal relationship between exposure and disease. Since conventional risk factors
may mediate rather than confound part of the effect of neighbourhood SES on
10,41

CHD,

we considered the method appropriate to estimate the number of potentially

preventable AMI events attributable to socioeconomic inequalities. With our estimates
of the relative risks, population attributable risks and absolute numbers of excess
events due to socioeconomic inequalities we have provided information which can be
used in prevention at the individual level, and ultimately, to improve population health.
It is not realistic to expect that the total estimated population attributable risk
proportion, that was attributable in the past, could be avoided entirely in the future.
This would essentially mean to eliminate all inequality. Therefore we have also
estimated the potential impact of a population shift in the risk for AMI associated with
socioeconomic inequalities, adopting a population approach. Public health policies
aimed at reducing socioeconomic inequalities in AMI incidence should take note of the
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considerable benefit of shifting the population distribution, even in seemingly
egalitarian countries.
The implications for CHD prevention across the life course are clear. AMI
incidence is powerfully influenced by past as well as present socioeconomic status.
Effective interventions early in the life course might ameliorate risk factors of CHD
before irreversible vascular damage has occurred. Nevertheless, middle-aged and
older persons currently suffer from the largest burden of disease attributable to
socioeconomic inequalities. Prevention programs with rapid benefits, such as
smoking cessation and dietary change, should therefore not be overlooked.

3.1

CONCLUSIONS
Neighbourhood socioeconomic inequalities were observed in AMI incidence in the
Netherlands, but the magnitude across age-gender groups depended on whether
inequality was expressed in relative or absolute terms. Relative socioeconomic
inequalities were high in young persons and women, where the absolute burden of
AMI was low. Absolute socioeconomic inequalities in AMI were highest in the agegender groups of middle-aged men and elderly women, where the number of cases
was largest.
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APPENDIX
Explanation and example calculation of Population Attributable Risk (PAR) and
Preventable Proportion (PP)
Schematic presentation using artificial data:
Incidence and proportions of PAR, PP, explained by relative risks (RR) on Y-axis and
proportion of quintiles on X-axis.
RR Q5 vs. Q1
RR Q4 vs. Q1

 1.50
 1.35

RR Q3 vs. Q1

 1.20

RR Q2 vs. Q1
Reference

 1.15
 1.00

Q1
19%

Q2
18%

Q3
21%

Q4
22%

Q5
20%

Legend
1=
2=
3=
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Preventable proportion (PP) = 1 / (1+2+3)
Population Attributable Risk proportion (PAR) = (1+2) / (1+2+3)
Total incidence = 1+2+3
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PAR example calculation:
k

PAR 

 p (RR
i

i0

i

 1)

k

1   p i (RRi  1)
i0

PAR = 0.18*(1.15-1) + 0.21*(1.20-1) + 0.22*(1.35-1) + 0.20*(1.50-1)
1+ (0.18*(1.15-1) + 0.21*(1.20-1) + 0.22*(1.35-1) + 0.20*(1.50-1))

=

0.246
1+ 0.246

3.1

= 0.197  19.7%

PP example calculation:
k

PP 

 p (RR
i1

i

i

 RRi1 )

k

1   p i (RRi  1)
i0

PP = 0.18*(1.15-1) + 0.21*(1.20-1.15) + 0.22*(1.35-1.20) + 0.20*(1.50-1.35) = 0.1005
1+ (0.18*(1.15-1) + 0.21*(1.20-1) + 0.22*(1.35-1) + 0.20*(1.50-1))

1+ 0.246

= 0.081  8.1%
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CHAPTER 3.2
SOCIOECONOMIC INEQUALITIES
IN SHORT-TERM MORTALITY
AFTER ACUTE MYOCARDIAL INFARCTION

van Oeffelen AAM, Agyemang C, Bots ML, Stronks K, Koopman C, van Rossem L, Vaartjes I. The
relation between socioeconomic status and short-term mortality after acute myocardial infarction
persists in the elderly: results from a nationwide study.

Eur J Epidemiol 2012; 27: 605-13
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ABSTRACT
Objective: We assessed whether the previously observed relationship between
socioeconomic status (SES) and short-term mortality (pre-hospital mortality and 28day case-fatality) after a first acute myocardial infarction (AMI) in persons <75 years,
are also observed in the elderly (i.e. ≥75 years), and whether these relationships vary
by sex.
Methods: A nationwide register-based cohort study was conducted. Between 1
January 1998 and 31 December 2007, 76,351 first AMI patients were identified, of
whom 60,498 (79.2%) were hospitalised. Logistic regression analyses were
performed to measure SES differences in pre-hospital mortality after a first AMI
event and 28-day case-fatality after a first AMI hospitalisation. All analyses were
stratified by sex and age group (<55, 55-64, 65-74, 75-84, ≥85 years), and adjusted
for age, ethnic origin, marital status, and degree of urbanisation.
Results: There was an inverse relation between SES and pre-hospital mortality in
both sexes. There was also an inverse relation between SES and 28-day case-fatality
after an AMI hospitalisation, but only in men. Compared with elderly men in the
highest SES group, elderly men in the lowest SES group had a higher pre-hospital
mortality in both 75-84 year-olds (OR=1.26; 95% CI: 1.09-1.47) and ≥85 year-olds
(OR=1.26; 1.00-1.58), and a higher 28-day case-fatality in both 75-84 year-olds
(OR=1.26; 1.06-1.50) and ≥85 year-olds (OR=1.36; 0.99-1.85). Compared with elderly
women in the highest SES group, elderly women in the lowest SES group had a
higher pre-hospital mortality in ≥85 year-olds (OR=1.20; 0.99-1.46).
Conclusions: In men there were SES inequalities in both pre-hospital mortality and
case-fatality after a first AMI event; in women these SES inequalities were only
shown for pre-hospital mortality. The inequalities persist in the elderly (≥75 years of
age). Clinicians and policymakers need to be more vigilant on the population with a
low SES background, including the elderly.
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INTRODUCTION
In the last decades the mortality after a cardiovascular event has steadily declined in
Western societies,

1,2

though a socioeconomic status (SES) gradient still persists.

3

Acute myocardial infarction (AMI) is one of the major cardiovascular diseases with a
4

SES gradient in short-term mortality as well as long-term mortality. Short-term
mortality after an AMI comprises pre-hospital mortality and case-fatality. Prehospital mortality is defined as dying after a first AMI attack before hospitalisation;
case-fatality is defined as dying within 28 days after the first AMI hospitalisation.
Pre-hospital mortality has often shown to be stronger related to SES than casefatality.

5-8

This may be due to the clear relationship between SES and an

unfavourable risk factor profile (e.g. smoking, unhealthy diet, inactivity, stress),
which has more influence on pre-hospital mortality than on case-fatality.

9

10

Furthermore, time delay between the AMI event and hospitalisation is more prevalent
in low SES subjects, which could contribute to the SES gradient in pre-hospital
mortality.

11

Case-fatality is also probably less subjected to SES differences, because

the Netherlands is an equity-oriented country with a well developed social system.
Every Dutch citizen is obligatory insured with a health insurance company. For
citizens with a low income, the government contributes financially. Emergency
hospital care is funded by the insurance company without additional costs. Thus, the
availability of emergency hospital care should not vary by SES. Therefore, we expect
the SES gradient for case-fatality to be smaller than for pre-hospital mortality.
However, earlier studies in countries with similar health care systems still have
shown a relation between low SES and increased case-fatality after an AMI.

8,12

Studies on age- and sex-specific relations between SES and short-term AMI
mortality are often restricted to patients younger than 75 years of age, probably due
to a lack of large datasets that are needed for this kind of stratification.

6-8,13-17

In the

few studies that assessed this relation among patients over 75 years, it diminished in
the elderly.

13-15

This could be explained by ‘selective survival’.

18

Selective survival

prevents the sicker individuals in low-income groups to reach high ages, whereas
mortality in the high-income groups is postponed to higher ages. This results in
comparable mortality risks in the elderly low- and high-income groups.
With an increasing ageing population in Europe, it is pertinent to gain more
insight in SES inequalities in health in the elderly population. We therefore assessed
whether the previously observed relationships between household SES and shortterm mortality in the younger age groups are also observed in the elderly (i.e. ≥75
years), and whether these relationships vary by sex.
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METHODS
Cohort enrolment
Data were obtained from Dutch national registers; e.g. Hospital Discharge Register
(HDR), Dutch Population Register (PR), Cause of Death Register (CDR), and Regional
Income Survey (RIS). The registers were used to obtain the following information: the
HDR for AMI hospitalisations and comorbidities, the PR for demographic factors, the
CDR for fatal AMI events, and the RIS for income data used as SES indicator. The
registers have been described in detail previously.

19,20

By linking previous registers two cohorts were built. First, a cohort of all Dutch
subjects with a first (non-fatal or fatal) AMI event (ICD-9 code 410 and ICD-10 code
I21) between 1 January 1998 and 31 December 2007 was constructed. Subjects with
a previous hospitalisation for AMI from 1995 onwards were excluded. This resulted
in a cohort of 260,920 first AMI patients. Second, a cohort of all Dutch patients with a
first AMI hospitalisation (ICD-9 code 410) between 1 January 1998 and 31 December
2007 was constructed. Subjects with a previous AMI hospitalisation from 1995
onwards were excluded. This resulted in a cohort of 199,096 subjects with a first AMI
hospitalisation.
The first cohort included all subjects with a first AMI event and was used to
study the pre-hospital mortality, defined as death after a first AMI event before
hospitalisation for this event. The second cohort only included subjects with a first
hospitalisation for an AMI event and was used to study the 28-day case-fatality,
defined as death within 28 days after the first AMI hospitalisation.
Exposure measures

Socioeconomic status
Income data were obtained from the RIS.

21

The RIS started in 1994, when a

representative sample of 1.9 million Dutch citizens was selected. Every year, the
sample was corrected for emigration and mortality on one hand, and immigration
and birth on the other hand. All persons belonging to the households of the sample
population (about 5 million) were included in the RIS. SES was defined as the
standardised disposable income on household level (adjusted for number of
household members) in the year preceding the AMI.

78

Socioeconomic inequalities in short-term mortality after acute myocardial infarction incidence

Comorbidity
The presence and the extent of comorbidity were determined with the Charlson index
score, which proved to be a reliable and valid method to measure comorbidity in
clinical research.

22

The Charlson index score was constructed using 17 discharge

diagnosis of previous admissions, which have been selected and weighted on the
basis of the strength of their relation with mortality. The sum of weights represents
the Charlson index score.

23

Outcome measures
Pre-hospital mortality, defined as dying after a first AMI event without
hospitalisation, was determined among all subjects with a first AMI during the study
period 1998-2007. Case-fatality, defined as dying within 28 days after a first AMI
hospitalisation, was determined among subjects with a first AMI hospitalisation only.
Data analysis
To take the effect of inflation and small differences in definition of disposable income
over the years into account, the income of the year-specific AMI subjects was
divided into quintiles. Subsequently, all year-specific income quintiles were
combined in one variable. Baseline characteristics were calculated for every SES
quintile of first AMI subjects. Absolute mortality risks were calculated for every SES
quintile, stratified by sex and age (<55, 55-64, 65-74, 75-84, ≥85 years). To correct for
an unequal age distribution over quintiles, absolute mortality rates were standardised
to the age distribution of the study population. Odds Ratio’s (OR) with accompanying
95% CI, expressing the relation between SES and both short-term mortality
outcomes, were calculated using multivariate logistic regression models. These
analyses were performed in two ways: first with SES quintile dummy variables, with
the highest income quintile (quintile 1) as reference, and second, using SES quintiles
as a continuous variable to assess the trends across SES quintiles. Similar models
were used for analyses in men and women separately. The same approach was
used for analyses in the various age strata (<55, 55-64, 65-74, 75-84, ≥85 years).
Adjustments were made for potential confounding variables (age, sex, ethnic origin,
marital status, degree of urbanisation and Charlson index score). Data were analysed
with SPSS software, version 14.0 (SPSS Inc, Chicago, Illinois, USA). All analyses were
performed in accordance with privacy legislation Netherlands.
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3.2

Chapter 3.2

RESULTS
Baseline characteristics
Of the 260,920 subjects with a first AMI event, 76,351 had income data available in
the year preceding their AMI and were included in the study. Patients included in our
study were more often male (68.4% vs. 61.6%), more often married or living together
(73.4% vs. 62.2%), more often living in rural areas (38.4% vs. 36.1%), had less often
comorbidities (14.9% vs. 16.5%), and were younger (66.6 yr vs. 70.1 yr) than those
not included in our study. Compared with first AMI subjects in the high SES group,
first AMI subjects in the low SES group were older, more often living alone, more
often female, more often of non-native Dutch origin, more commonly living in strong
urban areas, and had more often comorbidities (Table 1).

Table 1 Characteristics of first acute myocardial infarction subjects with income data available
in year prior to the AMI event in the Netherlands between 1998 and 2007
Total
76,351

Q1c
15,264

Q2c
15,274

Q3c
15,272

Q4c
15,274

Q5c
15,267

Male %

68.4

76.1

72.6

69.6

64.0

59.4

Ethnic Dutch %a

87.3

88.0

87.5

87.7

89.6

83.8

Married or living together %

73.4

77.6

77.3

76.3

74.3

61.6

Very urban

16.8

15.2

15.6

16.9

17.1

19.1

Urban

23.9

23.1

24.0

24.8

24.1

23.5

Urban/rural

20.9

22.2

21.2

21.4

20.6

19.4

Rural

22.6

24.1

23.6

21.9

21.9

21.4

Very rural

15.8

15.5

15.6

14.9

16.2

16.6

Charlson index score >0 %

14.9

11.3

12.4

15.1

18.1

17.4

Mean age at AMI event in years

66.6

63.6

63.6

66.0

70.5

69.2

18,323

31,616

20,749

16,429

13,315

9,508

Number of subjects

Degree of urbanisation %b

Pre-hospital
mortality
Mean standardised disposable
household income in euros
a

Both parents born in the Netherlands
b
Population density (number of residents per km2). Very urban=>2000, urban=1001-2000, urban/rural=
501-1000, rural=251-500, very rural=<251
c
SES quintile 1 (Q1) is the highest SES group, SES quintile 5 is the lowest SES group
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Pre-hospital mortality
Of all subjects who suffered a first AMI, 15,853 (20.8%) subjects died outside the
hospital (60.5% men and 39.5% women). Although the absolute number of total first
AMI events was substantially lower in ≥75-year olds compared to those <75 (24,719
and 51,632 respectively), the absolute number of pre-hospital mortality was higher
(8,655 and 7,203 respectively) (Table 2). This makes the pre-hospital mortality risk in
AMI subjects of ≥75-year old about 2.5 times as high as this risk in AMI patients <75
years. Results of logistic regression analyses showed an inverse relation between
SES and pre-hospital mortality, restricted to those in the lowest SES quintile (men:
OR=1.24; 1.15-1.33, women: OR=1.26; 1.14-1.39). The results did not meaningfully
change after correcting for degree of urbanisation, ethnic origin, marital status and
comorbidity. After age stratification, the relations in the younger age categories (<75
years of age) persisted in the elderly (75-84 year-old men: OR=1.26: 1.09-1.4, ≥85
year-old men: OR=1.26; 1.00-1.58, ≥85 year-old women: OR=1.20: 0.99-1.46,Table 3).
Case-fatality
Of all subjects who suffered a first AMI, 60,498 (79.2%) were hospitalised (70.5% men
and 29.5% women); 9,656 (16.0%) of them died within 28 days (62.5% men and
37.5% women). Although the absolute number of total AMI hospitalisations was
substantially lower in ≥75-year olds compared with those <75 years (16,071 and
44,427 respectively), the absolute number of case-fatality was higher (5,227 and
4,423 respectively) (Table 4). This makes the case-fatality risk in AMI patients of ≥75
year old more than 3 times as high as this risk in AMI patients <75 year old. Results
of logistic regression analyses showed a gradual increase in case-fatality risk with
decreasing SES, but only in men (lowest vs. highest SES quintile: OR=1.28; 1.171.41). The results did not meaningfully change after correcting for degree of
urbanisation, ethnic origin, marital status and comorbidity. After age stratification, a
consistent inverse relation in men of 55 years of age and above was shown,
persisting in the older age categories (75-84 years: OR=1.26; 1.06-1.50, ≥85 years:
OR=1.36; 0.99-1.85). In women, no clear SES gradients in case-fatality were found
(Table 5).
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3.2

4,287 (9.0)

3,417 (8.4)

2,005 (9.1)

2,839 (11.1)

SES Quintile 2

SES Quintile 3

SES Quintile 4

SES Quintile 5

3,363 (9.4)

3,385 (9.5)

2,710 (8.4)

1,542 (8.5)

2,191 (10.6)

SES Quintile 2

SES Quintile 3

SES Quintile 4

SES Quintile 5

3,504 (9.2)

784 (8.5)

902 (7.1)

707 (8.2)

463 (11.2)

648 (12.7)

Total

SES Quintile

SES Quintile 2

SES Quintile 3

SES Quintile 4

SES Quintile 5

Women

13,191 (9.3)

Total

SES Quintile 1

730 (18.9)

555 (14.6)

707 (12.2)

721 (8.3)

649 (10.6)

3,362 (12.9)

2,130 (15.2)

1,598 (14.0)

2,494 (12.7)

3,167 (11.1)

3,777 (12.3)

13,166 (12.8)

2,860 (16.2)

2,153 (14.1)

3,201 (12.6)

3,888 (10.6)

4,426 (12.1)

16,528 (12.8)

55-64 years
N (%)

1,172 (22.4)

1,470 (18.5)

1,204 (17.4)

982 (18.0)

744 (16.9)

5,572 (18.8)

1,942 (22.4)

3,025 (21.0)

2,910 (17.9)

2,566 (18.0)

2,394 (18.3)

12,837 (19.4)

3,114 (22.4)

4,495 (20.2)

4,114 (17.7)

3,548 (18.0)

3,138 (18.0)

18,409 (19.2)

65-74 years
N (%)

1,983 (33.8)

2,037 (26.7)

1,356 (27.8)

1,038 (27.7)

912 (30.6)

7,326 (29.5)

1.959 (32.2)

2,865 (28.5)

2,094 (26.1)

1,578 (26.4)

1,571 (26.7)

10,067 (28.1)

3,942 (33.0)

4,902 (27.7)

3,450 (26.8)

2,616 (26.9)

2,483 (28.1)

17,393 (28.7)

75-84 years
N (%)

1,673 (57.7)

973 (46.9)

617 (51.2)

541 (49.9)

565 (52.2)

4,369 (52.7)

839 (52.4)

746 (43.4)

473 (41.2)

394 (42.6)

505 (45.7)

2,957 (45.9)

2,512 (55.9)

1,719 (45.4)

1,090 (46.9)

935 (46.8)

1,070 (49.2)

7,326 (50.0)

≥85 years
N (%)

Age-standardised pre-hospital mortality rate: standardised to the age distribution of the total study population
SES quintile 1 is the highest income group, SES quintile 5 is the lowest income group

a

4,147 (9.3)

Men

16,695 (9.3)

Total

SES Quintile 1

Total

<55 years
N (%)

6,206 (34.1)

5,498 (25.5)

4,591 (22.8)

4,184 (20.5)

3,654 (22.9)

24,133 (26.0)

9,061 (22.7)

9,776 (21.8)

10,681 (16.9)

11.090 (15.5)

11,610 (16.1)

52,218 (18.4)

15,267 (27.4)

15,274 (23.1)

15,272 (18.7)

15,274 (16.9)

15,264 (17.7)

76,351 (20.8)

Total
N (%)

Table 2 First AMI subjects in every SES-age-sex group and pre-hospital mortality risk in the Netherlands between 1998 and 2007
a

30.4

24.5

24.6

23.8

25.4

26.0

21.2

18.8

17.1

17.2

17.7

18.4

24.2

20.6

19.4

19.2

20.1

20.7

ASR

1.24 (1.15-1.33)*

SES Quintile 4

SES Quintile 5

0.90 (0.81-1.00)

1.26 (1.14-1.39)*

SES Quintile 3

SES Quintile 4

SES Quintile 5

<0.001

0.93 (0.84-1.04)

SES Quintile 2

P trend

1.00

0.90 (0.80-1.00)

SES Quintile 1b

Women

1.08 (1.00-1.16)

SES Quintile 3

<0.001

0.95 (0.88-1.02)

SES Quintile 2

P trend

1.00

0.96 (0.89-1.03)

SES Quintile 1b

0.007

1.48 (1.04-2.09)*

1.31 (0.89-1.93)

0.94 (0.65-1.35)

0.82 (0.57-1.17)

1.00

0.191

1.14 (0.95-1.37)

0.91 (0.73-1.13)

0.92 (0.77-1.10)

1.01 (0.86-1.19)

1.00

0.023

1.20 (1.03-1.41)*

0.99 (0.82-1.19)

0.92 (0.78-1.08)

0.97 (0.84-1.13)

1.00

<55
OR (95% CI)

0.000

1.81 (1.31-2.49)*

1.40 (0.99-1.98)

1.15 (0.82-1.62)

0.75 (0.52-1.08)

1.00

0.009

1.18 (1.01-1.37)*

1.09 (0.91-1.29)

0.99 (0.85-1.15)

0.88 (0.76-1.02)

1.00

<0.001

1.29 (1.12-1.48)*

1.15 (0.98-1.34)

1.01 (0.88-1.16)

0.85 (0.74-0.98)

1.00

55-64
OR (95% CI)

0.109

1.29 (1.02-1.64)*

1.09 (0.86-1.37)

1.00 (0.78-1.28)

1.06 (0.83-1.37)

1.00

0.001

1.21 (1.04-1.41)*

1.17 (1.02-1.35)*

0.96 (0.83-1.10)

0.99 (0.85-1.14)

1.00

<0.001

1.23 (1.08-1.39)*

1.14 (1.02-1.29)*

0.97 (0.86-1.09)

1.01 (0.89-1.14)

1.00

65-74
OR (95% CI)

<0.001

1.10 (0.93-1.31)

0.82 (0.69-0.97)*

0.88 (0.73-1.06)

0.87 (0.71-1.05)

1.00

0.001

1.26 (1.09-1.47)*

1.10 (0.96-1.27)

0.99 (0.85-1.14)

0.99 (0.85-1.17)

1.00

<0.001

1.20 (1.08-1.34)*

0.98 (0.88-1.09)

0.95 (0.84-1.06)

0.94 (0.83-1.07)

1.00

75-84
OR (95% CI)

b

1.00

≥85
OR (95% CI)

<0.001

1.20 (0.99-1.46)

0.82 (0.66-1.01)

0.97 (0.77-1.22)

0.94 (0.74-1.19)

1.00

0.005

1.26 (1.00-1.58)

0.95 (0.76-1.20)

0.86 (0.66-1.11)

0.88 (0.67-1.16)

1.00

<0.001

1.22 (1.05-1.41)*

0.88 (0.75-1.02)

0.92 (0.78-1.10)

0.92 (0.77-1.10)

Adjusted for age, ethnic origin, marital status, degree of urbanisation, and Charlson comorbidity index. In unstratified analyses also adjusted for sex
Reference
* p<0.05
SES quintile 1 is the highest income group, SES quintile 5 is the lowest income group

a

1.25 (1.18-1.33)*

SES Quintile 5

Men

1.01 (0.95-1.07)

SES Quintile 4

<0.001

0.94 (0.89-1.00)

P trend

0.94 (0.88-1.00)

1.00

SES Quintile 3

b

SES Quintile 2

SES Quintile 1

Total

Total
OR (95% CI)

Table 3 Relation between SES and pre-hospital mortality after a first AMI event in the Netherlands between 1998 and 2007, specific for age and
sex (odds ratio (OR))a

2,391 (4.6)

2,921 (4.8)

2,530 (5.0)

1,526 (4.1)

2,055 (4.5)

SES Quintile 2

SES Quintile 3

SES Quintile 4

SES Quintile 5

3,181 (7.0)

666 (6.2)

819 (7.1)

657 (7.8)

433 (6.5)

606 (7.4)

Total

SES Quintile 1

SES Quintile 2

SES Quintile 3

SES Quintile 4

SES Quintile 5

Women

11,693 (4.7)

Total

SES Quintile 1

627 (9.9)

515 (9.7)

598 (10.4)

630 (10.3)

558 (9.5)

2,928 (10.0)

1,893 (8.8)

1,485 (8.9)

2,191 (8.4)

2,692 (7.5)

3,223 (6.9)

11,484 (7.9)

2,520 (9.0)

2,000 (9.1)

2,789 (8.8)

3,322 (8.1)

3,781 (7.3)

14,412 (8.3)

55-64
N (%)

1,004 (18.2)

1,237 (15.0)

942 (15.5)

756 (16.8)

587 (17.5)

4,526 (16.4)

1,710 (19.7)

2,432 (16.9)

2,323 (15.8)

2,005 (15.8)

1,875 (14.2)

10,345 (16.4)

2,714 (19.2)

3,669 (16.2)

3,265 (15.7)

2,761 (16.0)

2,462 (15.0)

14,871 (16.4)

65-74
N (%)

1,465 (30.5)

1,483 (28.1)

891 (27.3)

714 (27.9)

615 (25.7)

5,168 (28.3)

1,523 (33.2)

2,077 (29.5)

1,427 (26.3)

1,095 (29.3)

1,115 (27.9)

7,237 (29.4)

2,988 (31.9)

3,560 (28.9)

2,318 (26.7)

1,809 (28.7)

1,730 (27.1)

12,405 (28.9)

75-84
N (%)

Age-standardised case-fatality rate: standardised to the age distribution of the total study population
SES quintile 1 is the highest income group, SES quintile 5 is the lowest income group

a

2,661 (5.1)

SES Quintile 5

Men

3,187 (5.6)

1.959 (4.6)

3,740 (5.3)

SES Quintile 2

SES Quintile 4

3,597 (4.9)

SES Quintile 3

15,144 (5.2)

Total

SES Quintile 1

Total

<55
N (%)

770 (44.4)

499 (41.5)

278 (45.0)

259 (42.5)

261 (43.7)

2,067 (43.4)

445 (50.3)

415 (44.1)

264 (44.3)

210 (50.0)

265 (43.8)

1,599 (46.6)

1,215 (46.6)

914 (42.7)

542 (44.6)

469 (45.8)

526 (43.7)

3,666 (44.8)

≥85
N (%)

4,472 (24.1)

4,167 (21.3)

3,366 (18.6)

3,178 (17.6)

2,687 (17.5)

17,870 (20.3)

7,626 (17.4)

7,935 (17.7)

8,735 (13.4)

8,923 (12.2)

9,409 (11.2)

42,628 (14.2)

12,098 (19.9)

12,102 (18.9)

12,101 (14.9)

12,101 (13.6)

12,096 (12.6)

60,498 (16.0)

Total
N (%)

Table 4 First hospitalised AMI patients in every SES-age-sex group and case-fatality risk in the Netherlands between 1998 and 2007

21.5

19.5

20.1

20.2

19.6

20.2

16.0

14.3

13.7

14.1

13.0

14.2

17.5

15.8

15.6

15.9

14.9

16.0

ASRa

0.98 (0.86-1.11)

1.11 (0.98-1.26)

SES Quintile 3

SES Quintile 4

SES Quintile 5

0.172

1.02 (0.89-1.17)

SES Quintile 2

P trend

1.00

1.05 (0.91-1.21)

SES Quintile 1b

Women

<0.001

1.28 (1.17-1.41)*

SES Quintile 5

P trend

1.06 (0.97-1.17)

1.13 (1.03-1.24)*

SES Quintile 4

SES Quintile 2

SES Quintile 3

1.00

1.10 (1.00-1.21)

SES Quintile 1b

Men

SES Quintile 5

<0.001

1.22 (1.13-1.32)*

SES Quintile 4

P trend

1.06 (0.98-1.14)

1.09 (1.01-1.17)*

SES Quintile 3

0.668

1.35 (0.87-2.12)

1.11 (0.67-1.83)

1.31 (0.86-2.02)

1.20 (0.79-1.82)

1.00

0.742

0.98 (0.75-1.30)

0.94 (0.69-1.29)

1.13 (0.88-1.46)

1.06 (0.83-1.35)

1.00

0.565

1.07 (0.85-1.35)

0.98 (0.75-1.27)

1.17 (0.95-1.46)

1.09 (0.88-1.34)

1.00

<55
OR (95% CI)

0.963

0.96 (0.65-1.42)

0.97 (0.64-1.46)

1.05 (0.71-1.55)

1.09 (0.74-1.59)

1.00

0.293

1.19 (0.97-1.48)

1.23 (0.89-1.55)

1.18 (0.96-1.44)

1.07 (0.88-1.31)

1.00

0.489

1.13 (0.94-1.37)

1.16 (0.95-1.42)

1.15 (0.96-1.38)

1.08 (0.91-1.29)

1.00

55-64
OR (95% CI)

0.290

0.98 (0.75-1.29)

0.80 (0.61-1.04)

0.84 (0.64-1.11)

0.94 (0.70-1.25)

1.00

0.003

1.40 (1.17-1.68)*

1.19 (1.00-1.41)

1.10 (0.93-1.31)

1.13 (0.94-1.34)

1.00

0.009

1.27 (1.09-1.47)*

1.06 (0.92-1.23)

1.03 (0.89-1.19)

1.08 (0.93-1.25)

1.00

65-74
OR (95% CI)

0.400

1.23 (0.99-1.52)

1.12 (0.90-1.39)

1.09 (0.86-1.38)

1.12 (0.87-1.42)

1.00

0.003

1.26 (1.06-1.50)*

1.09 (0.93-1.28)

0.93 (0.78-1.11)

1.08 (0.89-1.30)

1.00

0.002

1.24 (1.08-1.41)*

1.10 (0.96-1.25)

0.99 (0.86-1.14)

1.09 (0.94-1.26)

1.00

75-84
OR (95% CI)

b

Adjusted for age, ethnic origin, marital status, degree of urbanisation, and Charlson Index. In unstratified analyses also adjusted for sex
Reference
* p<0.05
SES quintile 1 is the highest income group, SES quintile 5 is the lowest income group

a

1.00

1.09 (1.01-1.18)*

b

SES Quintile 2

SES Quintile 1

Total

Total
OR (95% CI)

0.901

1.02 (0.76-1.35)

0.92 (0.68-1.25)

1.05 (0.74-1.48)

0.95 (0.67-1.35)

1.00

0.216

1.36 (0.99-1.85)

1.07 (0.78-1.47)

1.06 (0.75-1.51)

1.30 (0.90-1.88)

1.00

0.481

1.15 (0.93-1.41)

0.99 (0.79-1.23)

1.05 (0.83-1.35)

1.10 (0.86-1.42)

1.00

≥85
OR (95% CI)

Table 5 Relation between SES and case-fatality after a first AMI hospitalisation in the Netherlands between 1998 and 2007, specific for age and sex
(odds ratio (OR))a

Chapter 3.2

DISCUSSION
Previous studies already showed a SES gradient in short-term mortality after AMI in
those below 75 years of age. We expand this evidence by showing that this
relationship persists in 75 year olds and beyond. Most previous studies excluded AMI
patients ≥75 years of age. Those who included them often found less pronounced
13-15

relations in the elderly.

The lack of a socioeconomic gradient among the elderly

is often explained by ‘selective survival’,

18

which prevents the sicker individuals in

low-income groups to reach high ages. Subsequently, elderly low-income subjects
are healthier than their younger counterparts, and SES gradients diminish with age.
In our study, the elderly low SES AMI subjects still had a higher short-term mortality
compared with the elderly high SES AMI subjects. So even in case of selective
survival, relations did not disappear. Besides selective survival, misclassification of
SES may have influenced the diminishing relation with age in previous studies. The
SES indicators in those studies were on neighbourhood level instead of individual or
household level. Neighbourhood level SES is more sensitive to misclassification and
underestimation of results, especially in elderly living in institutional care where
neighborhood SES is probably less similar to individual SES. The results in our study
are based on household level SES, which is a more reliable indicator of a person’s
true SES and consequently less prone to misclassification.

25

As in many European countries the Dutch population is increasingly ageing,
which is partly caused by an increase in life expectancy. Moreover, the baby
boomers born close after the Second World War are reaching the age of 65 by now
and within ten years they will belong to the group of ≥75 year olds. Our study showed
that short-term mortality after a first AMI is about three times as high in ≥75 year
olds compared to <75 year olds. Diminishing SES differentials in short-term mortality
in the elderly population might thus be a viable step in improving population health,
and consequently in reducing health care costs. Interventions intended to promote
healthy lifestyle should not only focus on direct change but also on maintenance of
change. Elderly persons must be included in these interventions, because some
lifestyle changes, like smoking cessation,

26

still have beneficial health effects at an

older age. Additionally, physicians need to be more vigilant on the elderly population
from a low SES background, for example regarding therapy education and
compliance.
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Pre-hospital mortality
Our results showed an increased risk of dying immediately after a first AMI event in
patients with the lowest SES, which was of the same magnitude in men and women.
The relations were only present when comparing the two most deviating SES
quintiles, while previous studies reported graded relations over SES groups.

7,8,17

This

implies that in the Netherlands only the least wealthy group has a disadvantage with
respect to pre-hospital mortality risk after AMI. There are several possible
explanations for this, including more unfavourable risk factor profiles9 and seeking
medical care too late in low SES subjects.
low SES groups

27

11

Also larger and more severe infarcts in

and differences in medical care prior to the AMI could have

influenced pre-hospital mortality risk adversely.
Case-fatality
We expected that the SES gradients in case-fatality would be less pronounced
compared with the SES gradients in pre-hospital mortality. This was only correct for
women, where no clear relation with case-fatality was found. Our results still showed
an inverse relation between SES and case-fatality in men, which was of a similar
magnitude as the inverse relation with pre-hospital mortality. This is in line with
some previous studies using income on an individual level as SES indicator.

8,17,28

The

factors involved in an increased pre-hospital mortality risk in low SES groups
mentioned before (unfavourable risk factor profiles, seeking medical care too late,
and larger and more severe infarcts) can proceed after hospitalisation in survivors,
and increase the case-fatality risk. More comorbidity (e.g. diabetes)
differences in aggressiveness of treatment after AMI

30

29

and

are other possible

explanations of the SES gradient in case-fatality among men.
A SES gradient in case-fatality was found in men but not in women. Salomaa et
al presented some possible explanations for this sex difference in Finland, which has
8

a similar health care system as the Netherlands. Their research showed a delay
from onset of symptoms to medical presence in men with a low SES compared with
men with a high SES. In women, no SES difference was found. This time delay in
hospitalisation could postpone necessary treatment in low SES men, which may
increase case-fatality. They also found that angiography within 28 days after
hospitalisation was significantly more often performed in men with high SES than in
men with low SES. This was not the case in women. Delay in angiographic
procedures could mask the severity of the AMI and might withhold the patient from
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necessary treatments. This implies that even in an equity-oriented country with a
well developed social system, SES gradients in health care exist.
Limitations
There are some limitations that should be mentioned. Firstly, although there has
been corrected for co-existing diseases, some of them (e.g. diabetes) have been
underreported in the HDR. Since persons with a low SES have more comorbidity, the
relations reported in this study may have been overestimated. Secondly, the fact that
we had no information regarding previous admissions before 1995 might have
resulted in some ‘first-time’ AMI events that were actually recurrent events.
Recurrence of AMI is non-significantly more common in low SES groups than in high
SES groups. Therefore, the inclusion of recurrent events might have led to
overestimation of mortality risks (as recurrent events are usually more severe)
especially in the low SES groups. Thirdly, we were not able to go into depth
concerning underlying mechanisms of our findings, due to the absence of
information regarding risk factors, event severity, procedures and medication use.
Finally, AMI subjects included in our study (subjects with income data available) had
more favourable characteristics compared with AMI subjects not included in our
study, which are in general related to better health and a higher income. Including all
first AMI patients of the entire Dutch population would probably lead to a larger
spread in income range, resulting in more pronounced relations.
Strengths
By using national registers we were able to build a cohort of 260,920 first AMI
subjects over a ten year time-span including all age ranges. Previously it has been
investigated that the overall quality of Dutch national registers is high.

31

ICD-9 code

410 and ICD-10 code I21 were used to identify patients with an acute myocardial
infarction in the Hospital Discharge Register and the Cause of Death Register
respectively. The validity of these ICD-codes was previously assessed, resulting in a
sensitivity of 84% and a positive predictive value of 97%. This indicates that most
patients coded with ICD-9 code 410 and ICD-10 code I21 actually experienced an
AMI event, and are thus correctly coded.

32

Furthermore, we had the opportunity to

link the Regional Income Survey providing income data on household level. Most
other studies used surrogate indicators of SES on neighbourhood level, which
inevitably leads to some misclassification and may bias the results towards the
null.
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Additionally, the high number of AMI subjects in our study gave us the
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opportunity to stratify by sex and age, while keeping enough power for the analyses.
Unlike most previous studies we included elderly patients (≥75 years of age). With
the ageing of the Western population, the number of persons at risk for short-term
mortality after a first AMI grows simultaneously. This makes it important to include
the elderly population when studying this matter. Because pre-hospital mortality and
case-fatality partly differ in underlying mechanisms, we studied both outcome
measures separately. This large register-based study includes persons of all ages, a
SES indicator on household level, stratified analyses by sex and age, and distincts
between pre-hospital mortality and case-fatality. As such this study is, apart from
very relevant for clinicians and policy makers, unique and expands existing evidence.

CONCLUSION
In men there were SES inequalities in both pre-hospital mortality and case-fatality
after a first AMI event, in women these SES inequalities were only shown for prehospital mortality. The inequalities persist in the elderly. Interventions should focus
on healthy lifestyle promotion and maintenance over the life course in low SES
groups, which should not be restricted to the young. Clinicians working in primary as
well as secondary care need to be more vigilant on the population with a low SES
background, including the elderly.
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TRENDS IN RISK FACTORS
FOR CORONARY HEART DISEASE
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National trends in risk factors for coronary heart disease in the Netherlands, 1988-2012.
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ABSTRACT
Introduction: Favourable trends in risk factor levels in the general population may
partly explain the decline in coronary heart disease (CHD) morbidity and mortality.
Our aim is to present long-term national trends in established risk factors for CHD.
Methods: We used data from several large scale population based surveys, cohort
studies and general practitioner registers. Data included young (<65 years) and older
(≥65 years) adults.
Results: The results demonstrated favourable trends in smoking (except in older
women) and physical activity (except in older men). Unfavourable trends were found
for body mass index (BMI) and diabetes mellitus prevalence. Although systolic blood

4

pressure (SBP) and total cholesterol trends were favourable for older persons, SBP
and total cholesterol remained stable in younger persons.
Conclusions: Four out of six risk factors for CHD showed a favourable or stable
trend. The rise in diabetes mellitus and BMI is worrying with respect to CHD
morbidity and mortality.
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INTRODUCTION
Coronary heart disease (CHD) incidence, hospitalization, case-fatality and mortality
rates have markedly decreased in the Netherlands in the last decades, as in other
Western societies.

1-3

These declines could be attributed to improved medical

treatments and favourable changes in cardiovascular risk factors, which can be
attained by an increase in the use of cardiovascular drugs and revascularization
procedures and by improvements in lifestyle.

4

Previous international research

suggests a 25-50% contribution of changes in medical treatments to the decline in
CHD mortality and the remaining 50-75% by changes in risk factors.

5-7

Monitoring cardiovascular risk factor trends is of great importance as favourable
changes in cardiovascular risk factors can cause declines in CHD incidence rates,
short-term case-fatality rates (by less severe events), risks for re-infarctions and
mortality rates. Previous health policies and strategies can be evaluated by
monitoring parallel changes in risk factors. Furthermore, information on past and
current trends can help to address future policy questions.
Favourable trends for physical activity and smoking have been observed for the
Dutch population,

8,9

whereas no consistent trends in cholesterol levels were seen.

10

Furthermore, substantial rises in the prevalence of obesity, diabetes and small
increases in blood pressure levels have also been observed, which might attenuate
the previously observed decline in CHD incidence, hospitalization and mortality
rates.

11,12,13

However, the time span that was covered by these observations is

fragmented. Furthermore, older adults (over 70 years) were not included, despite that
the largest burden of CHD is in this age group. We aimed to provide a descriptive
analysis of age-sex specific time trends in systolic blood pressure (SBP), body mass
index (BMI), total cholesterol levels, diabetes mellitus, physical activity and smoking
prevalence in the general population including ages up to 85 years between 1988
and 2012. Data were obtained from several data sources comprising cohort studies,
surveys and general practitioner registers.

METHODS
Data sources

Systolic blood pressure (SBP)
Data on SBP were obtained from the National Institute for Public Health and the
Environment (RIVM) Doetinchem Cohort study for individuals under 65 years of
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age.

14

The Doetinchem Cohort study started in 1987-1991 (n = 7,769, aged 20-59

years at baseline). The study comprised a physical examination for measurements
of body weight, height, systolic and diastolic blood pressure, a non-fasting blood
sample (total cholesterol) and questionnaire information on lifestyle and diet. The
overall response rate at baseline was 62%. Follow-up examinations were carried out
every 5 years, with response rates varying between 75% and 80%. Blood pressure
was measured twice in each examination in sitting position after 2 minutes of rest.
The mean value of two measurements was used in the analyses. Blood pressure in
examination 4 was measured with a different device and patients sat in a slightly
different position. Random coefficient analyses were used to obtain a correction
factor for examination 4 to make blood pressure values at the different examinations
comparable.

4

For individuals aged 65 years or above we used data from the Longitudinal
Aging Study Amsterdam (LASA).

15

LASA is an ongoing study focusing on physical,

emotional, cognitive, and social functioning in older adults. Data collection started in
1992/1993 (n = 3,107, 55-85 years), from the population registries of 11
municipalities in the Netherlands. Every examination consisted of two parts, a main
examination and a medical interview. The initial response rate was 60%. Follow-up
examinations were carried out every 3 years since then. The response rates for
follow-up measurements were around 85%. In 2002-2003, a new cohort was
sampled (n = 1,002, 55-65 years). The initial response rate of the new cohort was
55%. Both samples were combined for the present analyses. Blood pressure was
measured in sitting position, three times in the first examination, once in examination
2 and 3, three times in examination 4 and 5 and four times in examination 6. The
mean value of the measurements was used in the present analyses. Blood pressure
in the first examination was measured with a different device than in the other
examinations. Therefore, we only included data on blood pressure of examinations 2
to 6.

Total cholesterol
Data on total cholesterol was obtained from the Doetinchem Cohort study for
individuals aged 35-64 years and from LASA for individuals aged 65 years or over.
Total cholesterol was measured in all 4 examinations in the Doetinchem Cohort
Study, until 1998 in non-fasting EDTA-plasma and from 1998 onwards in serum at a
lipid reference laboratory, using standardized enzymatic methods. Total cholesterol
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was measured in examination 2 and 6 in LASA, in non-fasting EDTA plasma samples
stored at −80 °C, using an enzymatic (CHOD-PAP) colorimetric test.

Body mass index (BMI)
Data on BMI was obtained from the Doetinchem Cohort Study for individuals aged
35-64 years and from LASA for individuals aged 65 years and over. Weight and
height of participants in the Doetinchem Cohort Study were measured with
participants wearing light indoor clothing with emptied pockets and without shoes.
Body weight was measured to the nearest 0.1 kg on calibrated scales and height to
the nearest 0.5 cm. BMI in the Doetinchem-study was calculated as weight minus
2

1 kg to adjust for clothing, divided by height squared (kg/m ). Weight and height of
participants in LASA were measured with participants wearing underwear. Some
participants wore clothes or a corset during the measurement. The adjustment for
clothing in LASA was minus 1 kg for clothing and/or minus 1 kg for a corset.

Smoking
Smoking data was obtained from the Dutch expert centre on tobacco control
STIVORO (Stichting Volksgezondheid en Roken, STIVORO, TNS-NIPO Continue
Onderzoek Rookgewoonten (COR) 1988-2011). COR collects online-data throughout
the year of 20,000 aduls aged 15 years and over about the number of people who
smoke, the characteristics of smokers and smoking behaviour. The response rate
was 70% in 2011. The question in the survey we used was “Do you smoke
(sometimes)?” (yes/no). This particular question has not changed during the study
period.

Diabetes mellitus
Diabetes mellitus data was obtained from the general practitioner (GP) registry
‘Huisartsen Netwerk Utrecht’ (HNU). HNU is a GP registry of 5 GP practices
comprising around 60,000 patients. The registry data were collected from 1996 to up
to 2012. We defined diabetes mellitus as an International Classification in Primary
Care (ICPC)-code T90 mentioned in the electronic patient record. Information was
collected from Huisartsen Informatie Systeem data (HIS: GP information system).
Since the information on diabetes mellitus dealt with previous or current diagnosis of
diabetes mellitus, the time window for patients in the beginning of the registry was
shorter than for those who were entered later in the registry. As a consequence, the
estimates of diabetes mellitus prevalence in the beginning years of the study period
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were underestimated. To adjust for underestimation, we created an adjustment
factor based on the average relative increase in diabetes prevalence between 1997
and 2007 that we estimated using all available data sources (GP register Continue
Morbiditeits Registratie-Nijmegen, GP register Registratienet HuisartsenpraktijkenLimburg, the Doetinchem Cohort Study and LASA). We did not have age-specific
data available from GP registers Continue Morbiditeits Registratie-Nijmegen and
Registratienet Huisartsenpraktijken-Limburg. The number of diabetics in the
Doetinchem Cohort Study was relatively small, therefore we we chose to use HNU as
main data source. We increased the prevalence of diabetes in HNU in 1997 by
applying this adjustment factor which was 2.2 in men <65 years, 2.3 in women <65
years, 2.0 in men ≥65 years and 2.7 in women ≥65 years. We gradually increased the
adjustment factors by every year before 2007 in a log-linear way, so that the relative

4

increase in diabetes prevalence between 1997 and 2007 equaled the calculated
relative increase from the combined data sources.

Physical activity
The ‘Centraal Bureau voor de Statistiek Gezondheidsenquete’ is a health survey
using a questionnaire on various health aspects performed in inhabitants of the
Netherlands. Information was available on physical activity from 2001 to 2011 from
about 15,000 individuals each year. The response rates varied between 60% and
65%. Physical activity was defined as self-reported compliance to the Dutch physical
activity standard entitled ‘Norm gezond bewegen’. Individuals of 18 to 54 years of
age were classified as active when they participated in activities with a Metabolic
Equivalent of Task (MET) ≥4 for at least 30 minutes a day for at least five days a
week. Individuals aged 55 years or over were classified as active when they
participated in activities with a Metabolic Equivalent of Task (MET) ≥3 for at least 30
minutes a day for at least five days a week.
Data analyses
Trends in risk factors were presented separately for men and women and
standardized to the age distribution of the Dutch population of 2010. Standardisation
was done using a direct method with 10 year age groups. Trends in continuous risk
factors (SBP, total cholesterol and BMI) were presented as age-standardized mean
values. To calculate 95% confidence intervals (CI) for continuous risk factors we
used 1.96 times the standard error (SE) of the mean either side of the estimate.
Trends in dichotomous risk factors (smoking, diabetes and physical activity) were
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presented as prevalence proportions (%). To calculate 95% CI for dichotomous risk
factors we used 1.96 times the SE either side of the estimate, where

SE 

p(1 p)
n

Factor p comprises the prevalence proportion of the risk factor and factor n the
sample size. We applied linear regression models to the age-standardized trends to
investigate whether trends over time were statistically significant. Statistical
significance was based on a two-sided P-value less than 0.05. It was not possible to
calculate P-values for trends in total cholesterol ≥65 years because we only had two
measurement points available.

4

RESULTS
Age-sex specific trends are presented in Figure 1. Results are summarized in
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<65 yrs - Systolic blood pressure

145
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115
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Systolic blood pressure (mmHg)

Systolic blood pressure (mmHg)
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145
135
125
115

Men
Women
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≥65 yrs - Physical activity

90%

80%

Men
Women

70%
60%

Men
Women

50%
40%

Figure 1 Age-standardized sex-specific time trends in risk factors for coronary heart
disease in adults <65 years and elderly ≥65 years in the Netherlands.
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SBP
Between 1987-1992 and 2003-2007, SBP remained stable over time in persons <65
years, with fluctuation in men between 127.9 mmHg and 131.1 mmHg (P=0.15), and
in women between 122.4 mmHg and 125.7 mmHg (P=0.59). In persons ≥65 years,
SBP declined in men from 152.5 mmHg in 1995/1996 to 141.9 mmHg in 2008/2009
(P<0.01) and in women from 151.7 mmHg to 139.7 mmHg (P=0.04).
Total cholesterol
Between 1987-1992 and 2003-2007, total cholesterol remained stable over time in
men and women <65 years with fluctuation between 5.5 mmol/l and 5.8 mmol/l
(P=0.15 in men and P=0.19 in women). In persons ≥65 years, total cholesterol
declined in men from 5.5 mmol/l in 1995/1996 to 5.1 mmol/l in 2008/2009 and in
women from 6.0 mmol/l to 5.7 mmol/l.

4

BMI
Between 1987-1992 and 2003-2007, BMI increased in men <65 years from 25.8
2

2

2

2

kg/m to 26.6 kg/m (P<0.01) and in women from 25.6 kg/m to 25.9 kg/m (P=0.02).
2

In persons ≥65 years, BMI increased in men from 25.7 kg/m in 1992/1993 to 26.9
2

2

kg/m in 2008/2009 (P=0.001) and remained stable in women from 27.5 kg/m to
2

27.9 kg/m (P=0.052).
Smoking prevalence
Between 1988 and 2011, the prevalence of smoking decreased in men <65 years
from 42% to 35% (P<0.001) and in women from 31% to 24% (P<0.001). In persons
≥65 years, the prevalence of smoking decreased in men from 35% in 1988 to 15% in
2011 (P<0.001) and remained stable over time in women around 11-13% (P=0.75).
Diabetes mellitus prevalence
Between 1995 and 2012, the prevalence of diabetes increased in men <65 years from
2.1% to 4.0% (P<0.001) and in women from 2.0% to 3.5% (P<0.001). In persons ≥65
years, the prevalence of diabetes increased in men from 8.7% in 1995 to 24.1% in
2012 (P<0.001) and in women from 12.2% to 22.1% (P<0.001).
Physical activity
Between 2001 and 2011, the proportion that complied to the Dutch physical activity
standard increased in men <65 years from 50% to 56% (P<0.001) and in women from
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53% to 58% (P<0.001). In persons ≥65 years, the proportion that complied to the
Dutch physical activity standard remained stable over time in men around 68-69%
(P=0.64) and increased in women from 46% to 58% (P<0.001).
Table 1 Dutch time trends in cardiovascular risk factors: main findings of the analyses
Adults <65 years

Adults ≥ 65 years

Men

Women

Men

Women

SBP

=

=





Total cholesterol

=

=





BMI







=

Smoking







=

Diabetes









Physical activity





=



SBP, systolic blood pressure. BMI, body mass index. , increasing time trend. , decreasing time trend.

4

=, stable time trend.

DISCUSSION
This study adds important information about long-term national trends in CHD risk
factors in the Netherlands between 1988-2012. The results demonstrated favourable
trends in smoking (except in women ≥65 years) and physical activity (except in men
≥65 years). Unfavourable trends were found for BMI and diabetes prevalence.
Although SBP and cholesterol trends were favourable for those aged 65 years or
over, SBP and cholesterol remained stable in men and women <65 years.
Our results are consistent with results from several other studies performed in
Western societies during approximately the same time frame. Declines in smoking
have been apparent in most western European countries as have declines in
cholesterol levels.

16-21

Increases in body mass index and diabetes mellitus have been

reported in many established and emerging economies.

6,20-23

Information on

adherence to the physical activity recommendation is more limited, but generally
shows improvement over time.

19,21

In countries surrounding the Netherlands

decreasing trends in SBP been reported across all age groups.

16,17,19,21,24

Despite the

similarity of the other risk factor trends in these countries, we did not observe a
decline in SBP in persons aged 65 years or below.
There are several factors and health policies that could have contributed to the
observed trends in cardiovascular risk factors: i) nationwide campaigns to raise
awareness and promote healthy behaviour (primary prevention), ii) screening and
case-finding in high risk populations (primary prevention), iii) cardiovascular risk
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management in patients and high-risk groups following the most recent guidelines
(primary and secondary prevention), iv) government policies, measures, restrictions
and changes in e.g. product availability or content (primary prevention).
Blood pressure, cholesterol and diabetes
Decreasing trends in blood pressure and cholesterol, especially in older people, may
4

be due to the increase in use of blood pressure and cholesterol lowering drugs. A
nationwide salt campaign started in 2006 (at the end of our study period) by the
Dutch Consumer Organisation and salt content in bread was reduced by legislation.
However, analyses of the Doetinchem Cohort Study showed that the salt intake in
persons under 65 years did not decline between 2006 and 2010.

25

The UK initiated a

nationwide salt reduction programme in 2003/2004. As expected, the observed
declines in SBP at population-level are larger in the UK than in the Netherlands.

21

The

increase in BMI may explain part of the lack of decline in systolic blood pressure in
those under 65 years, and is also likely to explain the increase in diabetes. Although
total fat intake decreased, saturated fat intake remained quite stable.

26

Data from

Dutch food consumption surveys (VCPs) showed that the intake of trans fatty acids
has decreased over time, from 4.5% in 1987/1988 to 0.5% in 2007/2010 in the
Netherlands, a trend that may have affected the population total cholesterol level
beneficially.

27,28

The dramatic increase in diabetes prevalence likely reflects a

combination of an increase in new cases and more active screening for diabetes by
general practitioners resulting in more undetected diabetes mellitus patients being
identified.
BMI, physical activity and smoking
The Dutch government has formulated several objectives in the last decades, aimed
at diminishing the problem of obesity, but none of these objectives have been
reached. Nevertheless, this study showed that the increase in BMI in older women
levelled off. Several nationwide campaigns to raise awareness on overweight and
promote physical activity were organised during the study period. An evaluation of a
large 5-year mass media campaign (2002-2007) on overweight and physical activity
showed that despite the high levels of free publicity and campaign exposure, the
campaign was not strong enough to provoke substantial changes in important
predictors of behaviour change.

29

Joint efforts of the government, food industry,

retail and NGO’s since 2005 resulting in a covenant on overweight are promising.
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The decline in smoking may in part be attributed to the increasing awareness and
education level in the Netherlands on the adverse effects of smoking. Furthermore,
the Dutch expert centre on tobacco control STIVORO took the lead in launching an
intensive media-supported millennium smoking cessation campaign. It was
estimated that 600.000 people (>15% of smokers) attempted to quit smoking at the
millennium and 12% managed to abstain for more than one year. Smoke-free
legislation started in the Netherlands in 2004 with a workplace smoking ban and in
2008 with the hospitality industry ban. An evaluation study observed a decline in
smoking prevalence after the implementation of the workplace ban, but not after the
hospitality industry smoking ban.

30

Furthermore, tobacco tax increases (2001, 2004,

and 2008) were implemented in the Netherlands and likely have contributed to the
decline in smoking. A systematic review showed that a 10% increase in price

4

increased cessation rates in adults with 3-5%.

31

Strengths and limitations
Our study is the first to show an overview of Dutch time trends in all major risk
factors for CHD, including young and older adults. Ideally, all risk factors would be
measured repeatedly over time in one large cohort or survey that is representative
for the general population. Unfortunately, data on risk factors is scattered in the
Netherlands, and thus we had to use the best data available from different data
sources. The size, quality and methodology of these studies differed. Trends in SBP,
cholesterol and BMI were estimated by repeated measurements within one cohort.
Response rates varied over time, which may have resulted in biased trend estimates.
Yet previous research with similar data showed limited selective dropouts.

32

Nevertheless, absolute levels of risk factors could be different from the general
population since those who volunteered to take part in studies tend to be healthier
than those who do not. Absolute differences in risk factors over time could be
smaller in healthier cohorts compared to the general population. Moreover, lower
baseline levels of risk factors will leave less room for improvement. Also, selfreporting could have underestimated absolute levels of smoking and overestimated
physical activity levels. This misclassification is expected to be constant over time
and therefore not influencing our trend analyses.
Trends in risk factors are generally used for evaluating public health policies and
interventions and to estimate the changes in CHD risk in a population. In the
Netherlands, we recently showed a steep decline in incidence of acute myocardial
infarction, a major contributor to CHD. From 1998 to 2007 the decline in incidence
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was 38% in men and 32% in women.

1

Although BMI and diabetes showed

unfavourable trends, the steep decline in incidence of acute myocardial infarction
suggests that the balance between favourable and unfavourable trends goes in
favour of CHD risk reduction. However, the poorer health of the younger generation is
a rising threat for the current decline in cardiovascular disease and therefore
monitoring of population-wide risk factor levels is highly warranted.

32

We advise to

integrate and harmonize the different Dutch data sources from cohorts, surveys and
registers.
In conclusion, four out of six risk factors for CHD showed a favourable or stable
trend. The rise in diabetes mellitus and BMI is worrying. These trends need to be
monitored and addressed by interventions to ensure a continuing decline in CHD
morbidity and mortality.

4
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CHAPTER 5
TRENDS IN CARDIOVASCULAR DRUG USE
FOR PREVENTION AND TREATMENT
OF CORONARY HEART DISEASE

Koopman C, Vaartjes I, Heintjes EM, Spiering W, van Dis I, Herings RMC, Bots ML. Persisting gender
differences and attenuating age differences in cardiovascular drug use for prevention and treatment
of coronary heart disease, 1998-2010.

European Heart Journal 2013; 34: 3198-205
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ABSTRACT
Background: Evidence on recent time trends in age-gender differences in
cardiovascular drug use is scarce. We studied time trends in age-gender-specific
cardiovascular drug use for primary prevention, secondary prevention and inhospital treatment of coronary heart disease.
Methods and results: The PHARMO database was used for record linkage of drug
dispensing, hospitalization and population data to identify drug use between 1998
and 2010 in 1,203,290 persons ≥25 years eligible for primary prevention, 84,621
persons hospitalized for an acute coronary syndrome (ACS) and 15,651 persons
eligible for secondary prevention. The use of cardiovascular drugs increased over
time in all three settings. In primary prevention, the proportion of women that used
lipid lowering drugs was lower than men between 2003 and 2010 (5.7% vs. 7.3% in
2010). The higher proportion of women that used blood pressure lowering drugs for
primary prevention, compared to men, attenuated over time (15.1% vs. 13.8% in
2010). During hospital admission for an ACS, the proportion of women that used
cardiovascular drugs was lower than men. In secondary prevention (36 months after
hospital discharge), drug use was lowest in young women. The proportion receiving
lipid lowering drugs declined after the age of 75 in all three settings. This age
difference attenuated over time.
Conclusions: Age differences in drug use tended to attenuate over time, while gender
differences persisted. Areas potentially for improvement are in the hospital treatment
of ACS in young women, in secondary prevention among young women and the
elderly and in the continuity of drug use in secondary prevention.
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INTRODUCTION
1

Coronary heart disease (CHD) is a largely preventable disease. Yet, it remains one of
the major causes of disability and death.

2

Recent guidelines on primary and

secondary prevention of CHD emphasize, apart from life style changes, the use of
cardiovascular drugs, in particular platelet aggregation inhibitors, lipid lowering drugs
(mostly statins) and blood pressure lowering drugs (including beta-blockers,
angiotensin-converting-enzyme inhibitors (ACEIs), angiotensin receptor blockers
(ARBs), calcium channel blockers (CCBs) and diuretics).

3-6

Several studies have indicated that in secondary prevention age and gender
inequalities exist in the use of preventive drugs.

7-11

These point towards less lipid

lowering drug use at older ages and in women. Data for primary prevention are much
more limited and seem to point towards differences in cardiovascular drug use with
increasing age, in particular lipid lowering drugs lagging behind blood pressure
lowering drugs.

12

Insight into time trends in cardiovascular drug use for the

prevention and treatment of CHD may provide important information on how much
progress has been made in different settings, which is vital information for future
strategies. As evidence on recent time trends in age and gender differences in
cardiovascular drug use is scarce, we set out to assess time trends in age-gender
specific cardiovascular drug use for primary prevention, secondary prevention and
in-hospital treatment of CHD.

METHODS
Data source
We conducted a population-level analysis on the PHARMO database network, a
record linkage system containing drug-dispensing records from community and
hospital pharmacies linked with hospital discharge records, as described in detail
previously.

13

Cardiovascular drug dispensings between 1998 and 2010 were

identified in a dynamic cohort of over 1.4 million residents aged 25 years and over in
the Netherlands. In order to estimate population-based treatment uptakes of
cardiovascular drug use, we used cross-sectional samples of each year, drawn from
the number of inhabitants of the well-defined 48 geographical areas of the PHARMO
area. The inhabitants of the PHARMO population are representative for the total
Dutch population of that year. The clustering of community pharmacies within the
PHARMO areas resulted in drug-dispensing information that contained more than
95% of all prescriptions dispensed to all the community-dwelling residents. Members
111
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of a dynamic cohort can leave or can be added over time to the cohort. In our study
individuals could have moved in or moved out of the PHARMO area, could have died,
could have turned 25 years of age or could have been institutionalized. These
aspects all lead to inclusion or exclusion out of the study population every year. The
number of inhabitants over 25 years in the PHARMO area increased from 1.0 million
in 1998 to 1.2 million in 2010. In the total study period, data from more than 1.4
million unique individuals were analysed.
Drug-dispensing records from hospital pharmacies were linked to hospital
discharge records of the same patient from the national hospital discharge register.
Hospital discharge records included information concerning primary and secondary
diagnoses, performed procedures, and dates of hospital admission and discharge.
Hospital discharge diagnoses were coded according to the International
Classification of Diseases version 9 (ICD-9). The drug-dispensing records from
hospital and community pharmacies contained information concerning the
dispensed drug, dispensing date and the prescription length. All prescription drugs
were coded according to the Anatomical Therapeutic Chemical (ATC) classification
system. The cardiovascular drug classes of interest were ATC group C
(cardiovascular drugs) and group B01 (antithrombotic agents). In the in-hospital
treatment of acute coronary syndromes, antithrombotics included the in-hospital
treatment with the anticoagulant heparin, additional to the antiplatelets aspirin and
thienopyridines. In the secondary prevention setting, antithrombotics refers to the
use of oral anticoagulants or antiplatelet drugs from community pharmacies (for
specification of ATC codes see supplementary file 1).
Primary prevention
We studied drug use of blood pressure lowering drugs (beta-blockers, ACEIs/ARBs,
CCBs and diuretics) and lipid lowering drugs (statins and others) in the eligible
population for primary prevention by a previously described method.

14

The primary

prevention population was defined from the total dynamic PHARMO cohort each
year separately. We used information on filled prescriptions from community
pharmacies to estimate drug use by a point prevalence at one time point in each
index year (for primary prevention at October 1st). An individual was defined as user
if this time point fell between the dispensing date and theoretical end date of a
prescription. The calculated theoretical duration of a prescription was multiplied with
1.1 to correct for early and irregular drug collection from the pharmacy as detailed
previously.
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To distinguish individuals with established cardiovascular disease from those in the
primary prevention population, persons with a cardiovascular related hospital
admission within five years and nine months prior to October 1st in the index year
(ICD-9 401-459 or an admission with PCI, CABG or diagnostic cardiac
catheterization performed), or those that were on nitrates (C01DA), digitalis
glycosides (C01AA) or antithrombotic drugs (B01) in the index year, were excluded
from the primary prevention population. The latter we considered as asymptomatic
individuals. We had data available from January 1998 to December 2010. Since five
years were needed to make sure that no hospital admission for cardiovascular
disease had taken place to identify asymptomatic individuals, time trends in
cardiovascular drug use for primary prevention were based on the time period
between 2003 and 2010.
In-hospital treatment
We studied cardiovascular drug use during hospital stay in individuals from the
dynamic PHARMO cohort admitted to the hospital for an acute myocardial infarction
(AMI, ICD-9 code 410) and for unstable angina (UA, ICD-9 code 411 or 413). These
individuals were identified by linking hospital discharge and hospital pharmacy

5

records. Primary discharge diagnoses were used to select AMI and UA hospital
admissions. Recurrent admissions within 3 months in the same individual were
excluded. To ensure enrollment status, individuals were required to have at least one
filled prescription from the hospital pharmacy during their hospitalization. Drug use
was defined as at least one prescription within a drug class during hospital stay.
Drugs evaluated were antithrombotic drugs (heparin, aspirin, thienopyridines),
vasodilators, blood pressure lowering drugs (beta-blockers, CCBs, ACEIs/ARBs,
diuretics), and lipid lowering drugs. Time trends in in-hospital treatment were studied
for the period between 1998 and 2010.
Secondary prevention
We followed closed cohorts of individuals admitted for acute coronary syndromes
(ACS, i.e. AMI or UA) in 1998, 2003 and 2007 with respect to drug use 3 months (T3),
12 months (T12) and 36 months (T36) after the date of hospital discharge (T0).
These time points were specifically chosen to make optimal use of the available data
(1998-2010), enabling us to study time trends in drug use between the beginning,
middle and end of the study period, and at shorter and longer intervals from hospital
discharge. The denominator was based on patients that were alive at hospital
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discharge. Individuals were excluded from the denominator at their disappearance
from the database, which could be due to moving out of the PHARMO area, death or
institutionalization. Information on drug dispensings at T3, T12 and T36 were
obtained from community pharmacy data and presented at cohort-level. We used
the same definition of drug use as in primary prevention, with T3, T12 and T36 as
time points for estimation of drug use in secondary prevention of CHD.
Data analyses
Treatment uptakes of cardiovascular drugs were presented as the percentage of
users of the different drug classes within the patient- and population-groups, and
plotted using yearly intervals. In secondary prevention, we analysed combination
therapy by the number of drugs that was used from the four preventive drug classes
(a) antithrombotics, (b) lipid lowering drugs, (c) beta-blockers and (d) other blood
pressure lowering drugs than beta-blockers (ACEIs, ARBS, CCBs or diuretics). We
age-standardized treatment uptakes for primary prevention to the asymptomatic
population of 2010 aged 25 years and over, using a direct method with 10 year age
groups. Treatment uptakes during in-hospital treatment and secondary prevention
were standardized to the age distribution of the ACS population in 2010.
Differences in the use of cardiovascular drugs by age, gender and over time
were evaluated by using generalized estimating equation (GEE) models. GEE models
were used to account for the correlation in treatment uptakes over time within
individuals. We adjusted for differences in age, gender and calendar year and in
secondary prevention and in-hospital treatment also for the diagnosis of the hospital
admission (AMI or UA). Interaction terms between calendar year and age or gender
were added to the models to assess the presence of changes in age and gender
differences over time. All analyses were performed using PROC GENMOD in SAS
Enterprise Guide version 4.3 (SAS Institute, Cary NC).

RESULTS
Primary prevention
From the dynamic PHARMO population we identified 1,203,290 eligible persons for
primary prevention in the total period, of which 55.3% were women. We considered
84.7% in 2003 and 77.2% of the population in 2010 as asymptomatic individuals.
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Overall use in time
In 2003, 3.3% of the population used lipid lowering drugs and 11.1% used any blood
pressure lowering drug. In 2010, these percentages were 6.5% and 14.6%. Use of all
cardiovascular drugs increased over time (all P-values<0.001, supplementary file 2).

Differences by age and gender
Cardiovascular drug use increased with increasing age, up to the age of 75 years for
lipid lowering drugs and up to the age of 85 years for blood pressure lowering drugs
(Figure 1). Use of blood pressure lowering drugs at old age (over 75 years) was at
least three times that of lipid lowering drugs (38.2% vs. 12.0% in 2010, P<0.001). The
age-standardized proportion that used lipid lowering drugs was lower in women than
men (5.7% vs. 7.3% in 2010, P<0.001). Women received lipid lowering drugs on
average at later age than men. The lower proportion of lipid lowering drug users in
women than men was present in all up to the age of 65 years (3.8% vs. 5.9% in 2010,
P<0.001), while the proportion of elderly (≥65 years) that used lipid lowering drugs
was higher in women than men (15.5% vs. 14.3% in 2010, P<0.001). The proportion
that used any blood pressure lowering drug was higher in women (15.1% vs. 13.8% in
2010, P<0.001), most pronounced at higher ages (Figure 1).
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Figure 1 Treatment uptakes of cardiovascular drugs for primary prevention (2003
grey lines and 2010 black lines), stratified by age and gender (men solid lines and
women dashed lines). These data represent 1,203,290 individuals included in the
PHARMO population who did not have a cardiovascular related hospital admission
during the 5 years and 9 months prior to October 1 in the index year. Blood pressure
lowering drugs included beta-blockers, ACEIs/ARBs, CCBs and diuretics.
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Age and gender specific time trends
Lipid lowering drug use increased over time in all age groups, yet most pronounced
aged 75 years and over (Figure 1, P<0.001). Use of lipid lowering drugs for primary
prevention increased in the age group of 75-84 years from 5.0% in 2003 to 14.7% in
2010 and in the age group of 85-94 years from 0.9% to 4.7%. The gender difference
in the use of lipid lowering drugs did not significantly change over time (P=0.28). The
difference between men and women in the use of blood pressure lowering drugs
attenuated over time (P<0.001).
In-hospital treatment
We identified 32,043 AMI and 52,578 UA hospital admissions between 1998 and
2010, of which 32.9% and 38.2% were women, respectively. The mean age was 64.8
(SD 13.3) years for AMI patients and 64.5 (SD 12.1) years for UA patients.

Overall use in time
Cardiovascular drug use during ACS hospitalization increased over time
(supplementary file 3). The most pronounced increases were observed in the use of
thienopyridines (from 2.2% to 77.0%), ACEIs or ARBs (from 30.3% to 58.3%) and lipid
lowering drugs (from 25.3% to 85.4%). Decreases were observed in the use of
vasodilators (from 74.8% to 54.0%) and CCBs (from 42.7% to 32.2%) (all P-values
<0.001). Trends in the use of combination therapy during hospitalization are
presented in supplementary file 4.

Differences by age and gender
In elderly ACS patients ≥75 years, compared to younger patients, the proportion
using lipid lowering drugs was lower (79.1% vs. 92.8% in 2010, P=0.02, Figure 2). For
antithrombotics and beta-blockers no differences were seen (P=0.16 and P=0.77).
The proportion using other blood pressure lowering drugs than beta-blockers was
higher in those over 75 years (84.8% vs. 72.0% in 2010, P<0.001). Women were less
likely to use antithrombotics (P=0.02), lipid lowering drugs (P<0.001) and betablockers (P=0.03) than men over the total study period (Figure 2), most pronounced
at younger ages. Especially in UA patients, a lower proportion of users in women
than men was observed (in 2010: antithrombotics 93.0% vs. 95.6%, lipid lowering
drugs 77.5% vs. 85.4%, beta-blockers 80.6% vs. 83.3% and other blood pressure
lowering drugs than beta-blockers 72.3% vs. 74.6%).
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Figure 2 Treatment uptakes of cardiovascular drugs for the in-hospital treatment of
acute coronary syndrome (ACS, 1998 grey lines and 2010 black lines), stratified by
age and gender (men solid lines and women dashed lines). All 32,043 hospital
admissions with a primary discharge diagnosis of acute myocardial infarction (ICD-9
code 410) and 52,578 hospital admissions for unstable angina (ICD-9 code 411 and
413) between 1998 and 2010 were used.

Age and gender specific time trends
The age difference in the use of lipid lowering drugs attenuated over time (P=0.03),
however a marked decline after the age of 85 years remained in 2010 (50.1% ≥85
years vs. 87.6% <85 years, Figure 2). The higher use of other blood pressure lowering
drugs than beta-blockers in patients ≥75 years compared to younger patients did not
significantly change over time (P=0.49). The differences between men and women
did not significantly change for the use of antithrombotics (P=0.73), lipid lowering
drugs (P=0.45) and beta-blockers (P=0.96).

117

5

5

Chapter 5

Secondary prevention
We followed 15,651 men and women after hospital discharge for ACS for
cardiovascular drug use in the secondary prevention setting at 3, 12 and 36 months
after discharge. Loss to follow up at 3, 12 and 36 months after hospital discharge
was 258 (1.6%) persons after 3 months, 867 persons (5.5%) at 12 months, and 2,359
persons (15.1%) at 36 months from hospital discharge.

Overall use in time
Drug use of recommended drugs in secondary prevention increased between the
cohorts of 1998, 2003 and 2007 (P<0.001). Three months after discharge in 1998,
64.6% of the patients used antithrombotics, 25.6% lipid lowering drugs, 47.4% a betablocker and 52.7% an ACEI, ARB, CCB or diuretic (supplementary file 5). Three
months after discharge in 2007, these percentages were 73.1%, 61.7%, 62.1% and
61.0%. Thirty-six months after hospital discharge in 1998, 63.2% used
antithrombotics, 36.1% lipid lowering drugs, 40.9% a beta-blocker and 50.0% other
blood pressure lowering drugs than beta-blockers. These percentages were 64.7%,
53.1%, 50.1% and 57.4% for patients admitted in 2007. In 2001, 25.4% of the patients
used none of the four recommended drugs, 35.9% drugs from one or two drug
classes, and 38.6% drugs from three or all four drug classes. In 2010, these
percentages were 26.3%, 22.3% and 51.3% (Figure 3).

Differences by age and gender
The use of antithrombotic drugs increased with age in a gradual manner (Figure 4). A
similar pattern was found for beta-blockers and other blood pressure lowering drugs.
Lipid lowering drug use seemed stable up to the age of 85 years after which the use
of lipid lowering drugs declined (28.2% ≥85 years vs. 53.0% <85 years in 2010, Figure
4). Women were less likely to use antithrombotic drugs than men (60.5% vs. 67.0% in
2010). For lipid lowering drugs a similar trend was seen, especially in 2010 (48.1% vs.
55.8%). Under the age of 65 years, women were also less likely to use combination
therapy than men (drugs from three or four drug classes, P<0.001, Figure 3).
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Figure 3 Combination-therapy of cardiovascular drugs in 2001 and 2010, 36 months
(T36) for 15,651 men and women after hospital discharge for acute coronary
syndrome in 1998 and 2007. Individuals that died, moved out of the PHARMO area or
were institutionalized between hospital discharge and T36 were removed from the
denominator of the secondary prevention population. The number of drugs that is
used from the four recommended drug classes (a) antithrombotics, (b) lipid lowering
drugs, (c) beta-blockers, (d) a second blood pressure lowering drug other than betablockers (ACEIs, ARBs, CCBs or diuretics) is presented by age and gender.
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Figure 4 Treatment uptakes of cardiovascular drugs for secondary prevention of
coronary heart disease (2001 grey lines and 2010 black lines), stratified by age and
gender (men solid lines and women dashed lines). Secondary prevention therapy is
assessed 36 months after hospital admission for 15,651 men and women admitted
to the hospital with acute coronary syndrome. Individuals that died, moved out of the
PHARMO area or were institutionalized between hospital discharge and T36 were
removed from the denominator of the secondary prevention population.

Age and gender specific time trends
The age differences in the use of the recommended drug classes did not significantly
change over time (all P>0.18). The gender differences in the use of lipid lowering
drugs and antithrombotic drugs in secondary prevention of CHD also did not
significantly change over time (P=0.32 and P=0.28).
An overview of all trends in cardiovascular drug use is presented in Table 1.
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Trends in gender differences

Gender differences

Trends in age differences

Age differences

Overall use

Secondary prevention

Trends in gender differences

Gender differences

Trends in age differences

Age differences

Overall use

In-hospital treatment

Trends in gender differences

Gender differences

Trends in age differences

Age differences

Overall use

Primary prevention

Persisted

Lower in women

Persisted

Increased up to 75 yrs

Increased

Lipid lowering drugs

Persisted

Lower in women

Attenuated

Decreased ≥75 yrs

Increased

Lipid lowering drugs

Persisted

Higher in women ≥75 yrs

Lower in women <75 yrs

Attenuated

Increased up to 75 yrs

Increased

Lipid lowering drugs

No gender difference

Persisted

Increased with age

Increased

Beta-blocker

Persisted

Lower in women

No age difference

Increased

Beta-blocker

Attenuated

Higher in women ≥65 yrs

Persisted

Increased up to 85 yrs

Blood pressure lowering
drugs
Increased

No gender difference

Persisted

Increased with age

Other blood pressure
lowering drugs
Increased

No gender difference

Persisted

Increased with age

Other blood pressure
lowering drugs
Increased

Persisted

Lower in women

Persisted

Increased with age

Increased

Antithrombotics

Persisted

Lower in women

No age difference

Increased

Antithrombotics

Table 1 Overview of trends in the use of cardiovascular drugs for prevention and treatment of CHD in the Netherlands in men and women
≥25 years
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DISCUSSION
We found that (i) the use of cardiovascular drugs increased between 1998 and 2010
in primary prevention, secondary prevention and in-hospital treatment of CHD (ii)
cardiovascular drug use generally increased with increasing age, however, this
pattern was different for lipid lowering drug use which declined after the age of 75
years (iii) young women were substantially less likely to use lipid lowering drugs and
antithrombotics than men in all three settings (iv) gender differences in
cardiovascular drug use persisted over time, whereas age differences generally
attenuated.
Primary prevention
Our data confirm the finding among general practitioners in 2009 in the United
Kingdom that at older age (i.e. 75 years and over) the use of lipid lowering drugs is
much lower than that of blood pressure lowering drugs.

12

This was found despite the

fact that trials consistently showed beneficial effects of these drugs up to the age of
16,17

80 years.

We expand on the findings of the UK study by showing that the

absolute use of cardiovascular drugs in primary prevention increased over time. The
guideline of the Dutch College of General Practitioners (NHG) for prescription of lipidlowering drugs has recently removed the previous upper age-limit, of 70 years in
men and 75 years in women, in the guideline of 2006. Persons ≥75 years showed the
largest increase in lipid lowering drug use between 2003 and 2010. The difference
between the use of lipid lowering and blood pressure lowering drugs highlights the
need for a stronger evidence base and clearer guidelines for the elderly.
In contrast to the UK study we found differences between men and women in
the use of lipid lowering drugs (lower in women) and blood pressure lowering drugs
(higher in women).

12

Gender differences in drug use could be a consequence of

differences in prescription attitude of physicians or differences in attitude in taking
the drugs by patients. In primary prevention, however, the most likely underlying
cause for gender differences are differences in indications for prescriptions. Since
women have a lower absolute risk for cardiovascular events, at least in younger age
ranges, a lower use of lipid lowering drugs in women might be a result of adherence
to guidelines.
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In-hospital treatment
As reported in other hospital-based studies, acute coronary syndrome patients are
generally treated well pharmacologically during hospital stay.

18

Yet, gender

differences persisted, especially in unstable angina patients. A study from Sweden
performed between 1995 and 1999 among 1,744 patients hospitalized for acute
coronary syndrome patients showed no gender differences. Yet, we observed that
especially young women used, compared to young men, less antithrombotics, lipid
lowering drugs and beta-blockers during acute coronary syndrome hospitalization.

19

A Japanese study observed lower use of aspirin in young women compared to young
men, and higher use of lipid lowering drugs in older women compared to older
men.

20

Age and gender differences in drug use during hospitalization could, to some

extent, be related to differences in the severity of the acute coronary syndrome and
comorbidities. However, one would expect that women with an acute coronary
syndrome receive the same treatment with respect to antithrombotics and lipid
lowering drugs in-hospital as men.

21,22

Secondary prevention
Our study, like most other studies, showed increases over time in use of

5

cardiovascular drugs in secondary prevention. Furthermore, we confirm that the use
of cardiovascular drugs substantially declined soon after hospital discharge, and
continued to decline in the following years.

9,23,24

Low continuation rates of

cardiovascular drugs are worrisome and need attention of both physicians and
patients. Quitters as compared to compliant individuals are at increased risk of
future events.

10,25

With respect to age and gender differences in secondary prevention, two British
studies reported persistent lower use of lipid lowering drugs in older age.

26,27

Underuse of lipid lowering drugs and beta-blockers in angina patients in Scotland
was most pronounced in older women.

28

Gender differences in the use of

cardiovascular drugs in secondary prevention increased over time in Scotland, while
age differences attenuated.

10

A recent Italian study showed that the improvement

over time in prescription of evidence based treatment was less in the elderly and
most pronounced in the young.

29

These studies all reported lower use of lipid

lowering drugs in secondary prevention in elderly patients. We expanded this by
showing that drug use was more worrisome in young women, which showed the
lowest use of antithrombotics, lipid lowering drugs, beta-blockers and other blood
pressure lowering drugs in secondary prevention. While age differences attenuated
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in primary prevention and in-hospital treatment, these age-gender differences
persisted in secondary prevention.
Age-gender differences in secondary prevention are most likely a consequence
of differences in prescription attitude of physicians or differences in attitude in taking
the drugs by patients. Furthermore, previous studies have reported that gender
differences in secondary prevention may be partly explained by more severe disease
in men.

23

It is important that both patients and physicians are aware of the need for

lifelong therapy with cardiovascular drugs in secondary prevention. Physicians might
focus more on reduction of risk factors (e.g. high blood pressure) rather than on the
risk for the patient. This might also be reflected in the lower use of cardiovascular
drugs in women than men in secondary prevention, the lower use of cardiovascular
drugs under 75 years, and the relatively high use of blood pressure lowering drugs
compared to the suboptimal use of lipid lowering drugs in elderly persons.
Study strengths and limitations
The main strength was the availability of large, longitudinal, population-based
datasets providing accurate data on hospital admissions and prescription of drugs
from hospital and community pharmacies. We were able to follow a well-defined
population of over 1.4 million community-dwelling Dutch inhabitants for information
up to the year 2010. We included all residents ≥25 years from the PHARMO area,
thus also those who rarely consult a general physician or specialist hospital doctor.
The use of pharmacy records is commonly considered more complete than medical
records.

30

Furthermore, pharmacy records bypass the potential recall bias that may

arise from interview data, or survey data using self-reported drug use.
Our study also had some limitations. Firstly, we might have misclassified some
cardiovascular disease patients as asymptomatic with our restriction of excluding
everyone within five years and nine months with a hospital admission for
cardiovascular disease. This approach might have led to a small overestimation of
cardiovascular drug use in primary prevention. Yet, our method of using information
from registries to distinguish cardiovascular disease patients from asymptomatic
individuals is well established.

31

A register-based study from Kildemoes et al.

reported the impact of applying different run-in periods to capture surviving
individuals with prior myocardial infarction in Denmark. About 60% of the AMI
patients was captured applying a run-in period of three years, 74% and 94% was
captured with run-in periods of five and 10 years, respectively.

31

Secondly, our

relatively tight definition of drug use may have resulted in an underestimation of drug
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use in primary and secondary prevention. Thirdly, we excluded persons that were
lost to follow-up because of death, movement out of the PHARMO area or
institutionalization from the secondary prevention population (15% lost to follow-up
after 36 months). We assume that there are no large differences in drug use between
the 85% of persons that remained in the PHARMO area and the 15% of persons who
disappeared from the PHARMO area. We therefore think that bias by survival is
unlikely. Yet, if our prevalence estimates in secondary prevention are biased by
survival, the estimates probably reflect an overestimation of the truth, as noncompliant patients are most likely to die, so there could be an underreporting of
those who did not use the medication. Fourthly, we had no information on the
indication for prescription or the contraindication for not prescribing, and thus
differences between men and women and between age ranges might be a
consequence of differences in risk estimates (primary prevention) or clinical
symptoms/presentation of the patient in in-hospital treatment and in secondary
prevention. Yet, we would like to stress that our results are meant for descriptive
purposes at a population-level rather than for use as indicator of quality of individual
care.

5

Implications
Effective primary and secondary prevention has the capacity to quickly lower the
burden of CHD, which makes optimal implementation of cardiovascular drugs in all
age and gender groups highly relevant and a necessary and desirable objective. Our
study highlights age and gender differences in use of cardiovascular drugs and
provides trends over time, which may trigger further research into the reasons for not
adhering to the current guidelines and for the observed age and gender differences.

CONCLUSIONS
The use of cardiovascular drugs for prevention and treatment of CHD increased in
recent years in the Netherlands. Overall, age differences in cardiovascular drug use
for prevention and treatment of CHD tended to attenuate over time, while gender
differences persisted. There seems to remain opportunity for improvement,
especially in the hospital treatment of young women, secondary prevention therapy
of young women and the elderly, and the continuity of drug use in long-term
secondary prevention.
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APPENDIX
Supplementary file 1 Drug categories and selected Anatomical Therapeutic Chemical (ATC)
codes
Drug category
Vitamin K antagonists (e.g. acenocoumarol)
Heparin
Thienopyridines (e.g. clopidogrel)
Aspirin

ATC classification
B01AA
B01AB
B01AC04/05/22/24
B01AC06/07/08,
N02BA01/15

Antithrombotics

B01AA, B01AB,
B01AC04/05/22/24,
B01AC06/07/08,
N02BA01/15

Vasodilators
Low-ceiling diuretics (thiazides and non-thiazides)
All diuretics (thiazides, non-thiazides and loop diuretics)
Beta-blocking agents
Calcium channel blockers

C01D
C03A, C03B
C03A, C03B, C03C
C07
C08

ACE inhibitors (ACEIs)

C09A, C09B

Angiotensin II antagonists (ARBs)

C09C, C09D

Lipid-lowering drugs
Any blood pressure lowering drug

5

C10A
C02, C03, C07, C08, C09

5
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Supplementary file 2 Treatment uptakes of blood pressure lowering and lipidlowering drugs in the asymptomatic Dutch population, for the period 2003-2010.
These data represent 1,203,290 individuals included in the PHARMO population who
did not have a cardiovascular related hospital admission during the 5 years and 9
months prior to October 1 in the index year. Blood pressure lowering drugs included
beta-blockers, ACEIs/ARBs, CCBs and diuretics. Each bar represents 1 year of data
between 2003 and 2010. Percentages of the first and last year are labelled.
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Supplementary file 3 Treatment uptakes of cardiovascular drugs during hospital
admission for acute coronary syndrome (ACS) in men and women in the
Netherlands, for the period 1998-2010. All 32,043 hospital admissions with a primary
discharge diagnosis of acute myocardial infarction (ICD-9 code 410) and 52,578
hospital admissions for unstable angina (ICD-9 code 411 and 413) between 1998
and 2010 were used. Each bar represents 1 year of data between 1998 and 2010.
Percentages of the first and last year are labelled. Treatment uptakes are
standardized to the age distribution of the ACS population in 2010.
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Supplementary file 4 Combination-therapy of cardiovascular drugs for 15,651 men
and women during hospital admission (T0) for acute coronary syndrome in 1998 and
2007. All hospital admissions with a primary discharge diagnosis of acute
myocardial infarction (ICD-9 code 410) or unstable angina (ICD-9 code 411 or 413)
were used. The number of drugs that is used from the four recommended drug
classes (a) antithrombotics, (b) lipid lowering drugs, (c) beta-blockers, (d) blood
pressure lowering drug other than beta-blockers (ACEIs, ARBs, CCBs or diuretics) is
presented by age and gender.
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Supplementary file 5 Cardiovascular drug use during hospitalization (T0) and 3, 12
and 36 months (T3, T12, T36) after hospital discharge for acute coronary syndrome
(ACS) in 1998, 2003 or 2007, in 15,651 men and women in the Netherlands.
Individuals that died, moved out of the PHARMO area or were institutionalized
between time points T0, T3, T12 or T36 were removed from the denominator of the
secondary prevention population of the next time point. Treatment uptakes were
standardized to the age distribution of the ACS population in 2010.

133

5

Chapter 5

134

CHAPTER 6
EXPLAINING THE DECLINE IN CORONARY
HEART DISEASE MORTALITY IN THE
NETHERLANDS
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ABSTRACT
Introduction: The decline in coronary heart disease (CHD) mortality in the
Netherlands started in the seventies and has continued in the early twenty-first
century. However, socioeconomic inequalities persist. We therefore set out to
determine what proportion of the recent mortality decline (from 1997 to 2007) could
be attributed to advances in medical treatment and to improvements in populationwide cardiovascular risk factors, both across and within socioeconomic groups.
Methods: We used a previously applied model, IMPACT-SEC.

Nationwide

information was obtained on changes between 1997 and 2007 in the use of 42
treatments in 7 non-overlapping groups of patients and in cardiovascular risk factor
levels in Dutch adults, aged 25 or over. The primary outcome was the number of
CHD deaths prevented or postponed.
Results: The age-standardized CHD mortality fell by 48% from 269 to 141 per
100.000. This resulted in 11,200 fewer CHD deaths in 2007 than expected. The
model was able to explain 72% of the mortality decline. Approximately 37% (95%
confidence interval: 10%-80%) of the decline was attributable to changes in acute
phase and secondary prevention treatments: the largest contributions came from
treating patients in the community with heart failure (11%) or chronic angina (9%)
and acute phase treatment of acute myocardial infarction (6%). Approximately 36%
(24%-67%) was attributable to decreases in risk factors: blood pressure (30%), total
cholesterol levels (10%), smoking (5%) and physical inactivity (1%). However, 10%
more deaths could have been prevented if body mass index and diabetes would not
have increased. Results were similar across socioeconomic groups.
Discussion: CHD mortality has recently halved in The Netherlands. Equally large
contributions have come from the increased use of acute and secondary prevention
treatments and from improvements in population risk factors (including primary
prevention treatments). Increases in obesity and diabetes represent a major
challenge for future prevention policies.
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INTRODUCTION
Coronary heart disease (CHD) remains the leading cause of death worldwide and is a
1

major contributor to chronic disease morbidity. Since the 1970s, CHD mortality has
fallen dramatically in Western societies. The IMPACT model has been developed to
estimate the contribution of changes in uptakes of evidence-based treatments and
nationwide changes in cardiovascular risk factors to the changes in CHD mortality.
The model has been applied in more than 20 countries.

2-18

Results vary by country,

with the contribution from treatments ranging from 25-50% and risk factor changes
explaining 50-75%.

2-18

These differences between countries can mostly be explained

by the precise time period chosen, and the scale of change in major CHD risk factors.
Analysis from England and then Scotland using an extended IMPACTSEC model
showed that relative inequalities between the most affluent and most deprived
groups have actually widened.

4,11

CHD burden tends to differ by socioeconomic

circumstances, with incidence and mortality generally being lower in more affluent
groups. Socioeconomic inequalities also exist in the Netherlands, although of smaller
magnitude compared to the UK. Nevertheless, the healthy life expectancy without
physical limitations is 14 years lower for men with low education compared to men
with a high education; for women the difference is 15 years.

19

Furthermore, we have

shown previously that socioeconomic inequalities in incidence of acute myocardial
infarction (AMI) persisted between 1997 and 2007.

20

Exploration of socioeconomic

differences thus remains in the Netherlands.
We therefore aimed to determine what proportion of the recent decline (from
1997 to 2007) in CHD mortality could be attributed to advancements in medical
treatment and to nationwide time trends in CHD risk factors, particularly in
socioeconomic subgroups of the population.

METHODS
The Dutch population aged 25 years and over between 1997 and 2007 was
evaluated using the IMPACTSEC model.

4,11

This model integrates nationwide data at

two time points to explain an observed change in mortality. The IMPACT model was
developed to (1) model CHD mortality trends and incorporates time trends in uptake
of evidence-based acute phase and secondary prevention treatments, in addition to
time trends in major CHD risk factors and (2) estimate the relative change in CHD
mortality associated with each of these items. The IMPACT model is validated and
applied in several countries.

2-18
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Data sources
Data used are described in detail in the Appendix. In short, data on the age, sex and
socioeconomic distribution of the Dutch population and on specific CHD death
counts (International Classification of Diseases version 10 code I20-I25) were
obtained from Statistics Netherlands. Dutch inhabitants were divided in three
socioeconomic groups: lowest (20% most deprived persons within age-sex-stratum),
medium (60% of age-sex-stratum) and highest (20% most affluent persons within
age-sex-stratum). Socioeconomic circumstances were based on an area-level
socioeconomic indicator constructed by the Netherlands Institute for Social
Research in 2002-2006.

21

The national Dutch hospital discharge register was used

to determine the number of eligible patients and their 1-year mortality rate.
Information on drug use came from the PHARMO Database Network, linking
pharmacy and hospitalization records of over 2.3 million subjects.
use in the community came

22,23

Data on drug

from the general practitioners (GP) register HNU

(Huisartsen Netwerk Utrecht). Data of major cardiovascular risk factors (blood
pressure, cholesterol, body mass index (BMI), diabetes, smoking, physical inactivity)
came from the Doetinchem/MORGEN (RIVM) cohort for those aged up to 65 years
and the LASA (Longitudinal Aging Study Amsterdam) cohort for those aged 65 years
and over.

24,25

Smoking information came from annual nationwide surveys on

smoking habits (STIVORO) and diabetes information from the GP register.
The primary output was the number of Deaths Prevented or Postponed (DPP) in
2007 due to lower CHD mortality rates. The DPP was calculated as the difference
between the observed 2007 CHD deaths and the expected CHD deaths in 2007, had
1997 mortality rates remained constant. Change in population size and age
distribution was considered using indirect standardization to the Dutch population of
2007. The expected number of CHD deaths was calculated by multiplying age-sexsocioeconomic group-specific mortality rates in 1997 by the population size for each
10-year age-sex-socioeconomic stratum in 2007.
Deaths prevented or postponed: treatment uptake
For example, in 2007, 1,143 men aged 65 to 74 years in the most deprived group
were hospitalized with an acute myocardial infarction (AMI), of whom, 81% received
aspirin. Aspirin reduces one year mortality rate by 15% based on recent metaanalyses.
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The one year mortality rate in these men was 8% in 1997. The
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approximate number of DPP attributable to aspirin use in AMI for 65-74 year old men
in the most deprived group was calculated as:
Patient numbers × treatment uptake × relative mortality reduction × 1-year mortality
rate = 1,143 × 81% × 15% × 8% ≈ 11 DPP.
As all treatments were in use in 1997, the net benefit of an intervention in 2007 was
calculated as: expected DPPs (using treatment uptakes in 1997) – observed DPPs
(using treatment uptakes in 2007).
Patients are given treatment combinations. Simply assuming that the efficacy of
multiple treatments was additive would overestimate the treatment effect. The Mant
and Hicks method was used instead to estimate one-year mortality reduction by
27

polypharmacy. This approach estimates the cumulative relative benefit :
Relative benefit = 1 − (1 − relative reduction in mortality rate for treatment A) × (1 −
relative reduction in mortality rate for treatment B) . . . × (1 − relative reduction in
mortality rate for treatment N).
The acute-phase and secondary prevention treatment component of the model
comprised seven mutually exclusive CHD subgroups: patients hospitalized for an
AMI, unstable angina, or heart failure associated with CHD and patients in the
community who were AMI survivors, or who were patients with stable coronary
artery disease (with and without percutaneous or surgical revascularization), or who
were patients with CHD-related heart failure. Within each of these groups, 42

6

medical and surgical therapies were evaluated (Table 3).

5

Deaths prevented or postponed: risk factor changes
Two approaches were used to estimate the number of DPPs due to changes in risk
factors. The regression coefficient approach was used for risk factors expressed in
continuous data: systolic blood pressure (SBP), total cholesterol level, and BMI.
Three variables were used for this approach: (1) the expected number of CHD deaths
in 2007, (2) multiplied by the absolute change in risk factor prevalence, (3) multiplied
by a regression coefficient that quantified the change in CHD mortality expected for
the change in risk factor level. For example, in 2007, there were 161 expected CHD
deaths among 202,031 women aged 55 to 64 years in the most deprived group. The
mean systolic blood pressure in this group decreased between 1997 and 2007 by
13.3 mm Hg. The relation of blood pressure treatment with CHD mortality estimated
age- and sex-specific reduction in CHD mortality to be 50% for every 20-mmHg
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reduction in SBP , yielding a natural logarithmic coefficient of –0.035.

The number

of DPPas a result of SBP change was :
(1 – e

coefficient × change

(1 – e

) × expected deaths in 2007 =

-0.035 × 13.3

) × 161 ≈ 60 DPP.

The second approach used was the population-attributable risk fraction (PARF). This
approach was used to for dichotomous risk factors:
PARF = [P × (RR − 1)]/[1 + (P × (RR − 1))]
where P is the risk factor prevalence and RR is the relative risk for CHD mortality
associated with the presence of that risk factor. DPP were estimated as the expected
CHD deaths in 2007 multiplied by the difference in PARF between 1997 and 2007.
For example, diabetes prevalence among men aged 65 to 74 years in the most
deprived group was 11% in 1997 and 28% in 2007. Assuming a relative risk of 1.86
constant over time,

29

the PARF was calculated as 0.087 in 1997 and 0.194 in 2007.

The number of deaths attributable to the increase in diabetes prevalence from 1997
to 2007 was :
Expected deaths in 2007 × (PARF in 2007 − PARF in 1997) =
887 × (0.194 − 0.087) ≈ 95 additional deaths.
Sensitivity analyses
For each model parameter, minimum and maximum plausible values were assigned
using the 95% confidence intervals (from the source documentation); if these were
unavailable, these limits were defined as 20% above and below the best estimate.
The minimum and maximum plausible values were introduced into the model,
generating minimum and maximum estimates for DPP. This represents a
conservative estimation of uncertainty as has been applied before.

10,18

RESULTS
Overall findings
Between 1997 and 2007, the age-standardized CHD mortality rate in adults aged 25
years and over fell from 269 to 141 per 100,000 population; a decline of 48% or 6.3%
per year (Table 1). In 2007, there were 11,855 CHD deaths, 57% of these were in men.
Nationally, there were 11,200 fewer CHD deaths in 2007 than if 1997 mortality rates
had persisted, representing the “total” deaths prevented or postponed. A
socioeconomic gradient in death rates was observed, with the lowest death rates in
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the most affluent group. The rate of decline did not differ significantly between
socioeconomic groups. Thus, relative socioeconomic inequalities remained stable
between 1997 and 2007 (Table 1).
As a result of changes in the acute phase and secondary prevention treatment of
CHD patients, some 4,134 fewer CHD deaths occurred (Table 2, Table 3). This
accounted for 37% (95% CI: 10% to 80%) of the fall in total CHD mortality in the
Netherlands (Table 2). The proportion of changes in uptake of medical and surgical
treatment attributable to the fall in CHD deaths was the same across socioeconomic
groups. Population level changes in the prevalence of risk factors accounted for
3,979 fewer deaths or 36% (95% CI: 24% to 67%) of the fall (Table 4), of which 25%
was related to non-pharmacological changes (in diet and lifestyle) and 11% to
changes in the use of blood pressure and cholesterol lowering drugs for primary
prevention. Substantial differences existed in the contribution of risk factor changes
by sex and socioeconomic circumstances (ranging from 7% in the most affluent
women to 57% in the most affluent men, Table 2). However, no consistent gradient
or pattern was observed. The model explained 72% of the overall fall in CHD mortality
(a shortfall of 3,087 deaths, Table 2). The proportion that could not be explained by
changes in treatments and risk factors was larger in the most deprived group (35%)
compared to the middle (24%) and most affluent group (29%, Table 2).
Changes in acute phase and secondary prevention treatments
The largest contribution to CHD deaths prevented or postponed by increased uptake

6

of treatments came from patients in the community with heart failure (1,258 DPPs,
11%) and chronic stable coronary artery disease (CAD, 1,017 DPPs, 9%), followed by
the acute phase treatment of patients with an AMI (668 DPPs, 6%) and hospital
treatment of heart failure (470 DPPs, 4%, Table 3). Uptake rates of beta-blockers in
heart failure patients in the community more than doubled between 1997 and 2007,
representing 5% of the total DPPs. Uptake rates of statins in chronic stable CAD
patients increased more than three-fold, representing 4% of the total DPPs. Between
1997 and 2007 small improvements were observed in secondary prevention therapy
after a hospital admission for an AMI or revascularization procedure. In general, the
improvements due to changes in treatment uptakes were evenly distributed across
socioeconomic groups.
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Table 1 CHD mortality rates 1997 and 2007 by sex and socioeconomic group
Year

National
(100%)

Most
affluent
group
(20%)

(60%)

Most
deprived
group
(20%)

Middle
group

Men
Population ≥25 years

1997

5,236,772

890,568

3,237,785

1,108,419

2007

5,572,741

1,114,194

3,344,676

1,113,871

1997

11,046

1,644

6,565

2,837

2007

6,743

1,178

4,014

1,551

1997

362

316

362

396

2007

188

167

187

210

6.3

6.2

6.4

6.1

Expected deathsc

2007

13,631

2,342

2,744

3,059

Target DPPsd

2007

6,888

1,164

1,405

1,508

% of expected deaths prevented

2007

50.5

49.7

51.2

49.3

1997

5,511,880

936,584

3,391,221

1,184,075

2007

5,856,439

1,171,650

3,513,791

1,170,998

1997

8,276

1,327

4,775

2,174

2007

5,112

889

2,998

1,225

Age-standardised rates

1997

177

151

175

201

(per 100,000)a

2007

95

82

93

114

6.1

5.9

6.2

5.6
2,157

Observed CHD deaths

Age-standardised rates
a

(per 100,000)

b

Annual % fall

Women
Population ≥25 years

Observed CHD deaths

b

Annual % fall

Expected deaths

c

2007

9,423

1,631

1,879

Target DPPsd

2007

4,311

742

879

932

% of expected deaths prevented

2007

45.8

45.5

46.8

43.2

1997

10,748,652

1,827,152

6,629,006

2,292,494

2007

11,429,180

2,285,844

6,858,467

2,284,869

1997

19,322

2,971

11,340

5,011

2007

11,855

2,067

7,012

2,776

Age-standardised rates

1997

269

234

268

299

(per 100,000)a

2007

141

125

140

162

6.3

6.1

6.3

5.9

Expected deathsc

2007

23,055

3,972

4,622

5,216

Target DPPsd

2007

11,200

1,905

2,285

2,440

% of expected deaths prevented

2007

48.6

48.0

49.4

46.8

Total
Population ≥25 years

Observed CHD deaths

b

Annual % fall

a

Rates in this table are standardised to the European Standard Population (version 2013) aged 25+ years
Annual % fall = (1-(observed 2007 rate/observed 1997 rate)^(1/10))
c
Expected deaths = CHD deaths expected in 2007 based on 2007 population had 1997 CHD rates
remained.
d
DPPs, deaths prevented or postponed. DPPs = expected – observed deaths in 2007
b
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Table 2 Proportion of CHD deaths prevented or postponed by socioeconomic group, due to
change in treatments and risk factors between 1997 and 2007
National

Most affluent
group
(100%)

(20%)

Most deprived
group
(60%)

Middle group

Treatments
Acute myocardial infarction

6.0%

6.7%

6.0%

5.4%

Unstable angina pectoris

2.3%

2.1%

2.3%

2.5%

Secondary prevention post AMI

2.0%

2.4%

1.8%

2.4%

2.0%

2.4%

1.8%

2.5%

Chronic stable CAD

9.1%

9.1%

9.0%

9.4%

Heart failure in the hospital

4.3%

1.5%

4.7%

5.4%

Heart failure in the community

11.2%

9.2%

13.0%

7.7%

Total treatments

36.9%

33.3%

38.6%

35.3%

Total treatments – men

32.4%

29.4%

33.3%

32.7%

Total treatments – women

44.1%

38.8%

47.1%

39.4%

Smoking

4.5%

4.0%

4.3%

5.7%

Diabetes

-9.0%

4.5%

-10.0%

-16.5%

Secondary prevention post
revascularization

Risk factors

Physical inactivity

1.3%

2.9%

1.6%

-0.8%

Systolic blood pressure, mmHg

29.5%

18.5%

31.9%

31.5%

3.8%

4.3%

3.8%

3.4%

10.4%

9.4%

10.4%

11.1%

7.0%

7.8%

6.9%

6.7%

Body Mass Index, m/kg2

-1.2%

-1.6%

-1,0%

-1.5%

Total risk factors

35.5%

37.5%

37.1%

29.5%

Total risk factors –men

37.5%

57.0%

34.6%

30.7%

Total risk factors –women

32.4%

7.0%

41.3%

27.6%

%DPPs explained by model

72.4%

70.9%

75.7%

64.8%

%DPPs explained by model – men

69.9%

86.3%

67.9%

63.4%

76.6%

45.8%

88.4%

67.0%

27.6%

29.1%

24.3%

35.2%

- Due to treatment uptake

4,134 (37%)

635 (33%)

2,639 (39%)

861 (35%)

- Due to risk factor change

3,979 (36%)

715 (38%)

2,544 (37%)

721 (30%)

DPPs unexplained by model

3,087 (28%)

555 (29%)

1,671 (24%)

858 (35%)

11,200
(100%)

1,905 (100%)

6,854 (100%)

2,440 (100%)

- due to changes in the uptake of
blood pressure lowering drugs
Total cholesterol, mmol/l
- due to changes in the uptake of
cholesterol lowering drugs

6

5

Total treatments + risk factors

%DPPs

explained

by

model

women
%DPPs not explained by model

–

DPP Counts
DPPs explained by the model

Target DPPs

CAD, coronary artery disease. AMI, acute myocardial infarction. DPP, death prevented or postponed
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Risk factor changes
The largest contribution from population level changes in risk factors came from the
3 mmHg fall in SBP. This SBP fall generated 3,304 fewer CHD deaths, representing
30% of the CHD mortality decrease (Table 4). Between 1997 and 2007, the uptake of
blood pressure lowering drugs for primary prevention therapy increased from 7% to
12% in men and from 11% to 16% in women (Table 4). The pharmacological
contribution was fairly small (4% of total DPPs) compared to the nonpharmacological contribution from changes in SBP. The most affluent group showed
about one-third smaller total contributions from total SBP changes (19%) compared
to the middle and most deprived group (32%). In contrast, the pharmacological
benefits were about one-fourth larger in the most affluent (4%) compared to the
most deprived (3%) group.
The second largest contribution from risk factor changes was the 0.2 mmol/l fall
in cholesterol levels, generating 1,161 (10%) fewer CHD deaths. About two-third of
the fall in total cholesterol was related to drug use. The uptake of cholesterol
lowering drugs for primary prevention increased between 1997 and 2007 from 0.3%
to 7% in men and from 0.2% to 6% in women. In the most affluent SEC group, the
largest proportion of DPPs due to changes in cholesterol were related to an
increased use of drugs (7.8% pharmacological from 9.4% total, Table 2). Trends in
risk factors by SEC group, age and sex are presented in Appendix Table K and L.
Favorable changes in the behavioral risk factors made a modest contribution to
DPPs. From 1997 to 2007, smoking prevalence dropped by about 5%, leading to 500
fewer deaths (5% DPPs, Table 4). Socioeconomic gradients were observed in the
proportion of DPPs due to changes in smoking and physical inactivity. The most
deprived group was the only socioeconomic group that showed increases in physical
inactivity, leading to 20 additional deaths (-1% DPPs). The most deprived group,
however, did show the largest improvement (-6%) in smoking rates (from 35% to
29%) compared to -4% (from 30% to 26%) in the most affluent group ( Table 3,
Appendix Table K).
Adverse risk factor trends
The mortality gains due to positive trends in SBP, cholesterol, smoking and physical
inactivity were negated by increases in BMI and diabetes (together contributing 1,137
additional deaths, equivalent to a 10% increase in CHD mortality). The most affluent
group was the only SEC group that showed a decline in diabetes (from 6% to 5%,
Appendix Table K).
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Table 3 Deaths Prevented or Postponed (DPPs) due to change in acute-phase and secondary
prevention treatments for CHD between 1997 and 2007
%
Treatment
uptake
Nr. of

1997

2007

RRR

patients
AMI

1-year
mortality

18,002

21.0%

DPPs,
Mean (%) (Range)
668 (6.0) (0.3, 12.3)

Thrombolysis

55.0

2.0

0.24

0

Antiplatelets

87.3

91.0

0.23

29 (0.3) (0.1, 1.1)

B-Blocker

75.9

89.5

0.04

18 (0.2) (-0.2, 1.3)

ACE inhibitor or ARB

29.9

57.4

0.07

45 (0.4) (0.1, 1.1)

Clopidogrel

0.9

77.7

0.03

66 (0.6) (0.1, 2.0)

Primary PCI (within 14 days)

8.0

39.5

0.30

254 (2.3) (0.2, 6.5)

Primary CABG (within 6 wks)

3.8

4.5

0.39

12 (0.1) (0.0, 0.2)

CPR in the community

2.3

4.3

0.79

244 (2.2) (1.8, 2.6)

Heparin

49.6

55.0

0.33

Antiplatelets

76.1

77.1

0.15

18 (0.2) (0.1, 0.4)

IIB/IIIA

0.0

0.6

0.09

0.4 (0.0) (0.00, 0.01)

ACE inhibitor or ARB

17.3

46.1

0.07

40 (0.4) (0.1, 1.0)

B-Blocker

66.8

83.4

0.04

12 (0.1) (-0.1, 0.8)

Clopidogrel

0.1

60.4

0.07

74 (0.7) (0.1, 1.8)

CABG surgery (within 6 wks)

9.4

6.8

0.39

0

PCI (within 14 days)

5.8

14.3

0.32

47 (0.4) (0.0, 1.2)

Antiplatelets

52.1

52.8

0,15

7 (0.1) (0.0, 0.1)

B-Blocker

40.1

46.6

0.23

61 (0.5) (0.2, 1.3)

ACE inhibitor or ARB

21.8

38.0

0.20

62 (0.6) (0.2, 1.3)

Statin

33.0

47.0

0.24

85 (0.8) (0.2, 1.9)

Acenocoumarol

10.9

10.7

0.22

12 (0.1) (0.0, 0.3)

Rehabilitation

28.5a

28.5a

0.26

0 (0) (0, 0)

Unstable angina

Secondary prevention post MI

Secondary prevention post

29,000

7.2%

110,770

63 (0.6) (0.2, 1.2)

3.9%

82,467

255 (2.3) (0.4, 6.3)

5.2%

228 (2.0) (0.6, 4.8)

228 (2.0) (0.6, 4.4)

revascularization
Antiplatelets

51.8

52.7

0.15

6 (0.1) (0.0, 0.1)

B-Blocker

40.4

46.8

0.23

40 (0.4) (0.1, 0.8)

ACE inhibitor or ARB

21.8

38.3

0.20

77 (0.7) (0.2, 1.5)

Statin

33.5

47.6

0.22

101 (0.9) (0.2, 1.8)

Acenocoumarol

11.4

10.8

0.22

3 (0) (0.0, 0.1)

Rehabilitation

28.5a

28.5a

0.26

0 (0) (0, 0)

Antiplatelets

40.4

64.8

0.15

294 (2.6) (1.0, 5.7)

Statins

15.1

50.1

0.23

420 (3.8) (0.8, 7.3)

ACE inhibitor or ARB

16.0

37.9

0.17

303 (2.7) (0.8, 5.5)

CABG surgery (last 5 yrs)

12.1

8.7

0.39

0

Chronic stable CAD

277,170

4.0%

1,017 (9.1) (2.6, 18.6)
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Heart failure in the hospital

13,320

42.1%

479 (4.3) (1.6, 9.2)

ACE inhibitor or ARB

62.4

71.7

0.20

33 (0.3) (0.1, 0.7)

B-Blocker

22.5

69.2

0.35

388 (3.5) (1.3, 7.3)

Spironolactone

44.9

49.6

0.30

39 (0.4) (0.1, 0.8)

Antiplatelets

45.1

51.0

0.15

Heart failure in the community

46,435

19 (0.2) (0.1, 0.4)
18.3%

1,258 (11.2) (4.0, 24.7)

ACE inhibitor/ARB

34.4

59.1

0.20

143 (1.3) (0.4, 2.9)

B-Blocker

19.7

51.9

0.35

566 (5.1) (1.9, 10.7)

Spironolactone

4.5

22.5

0.31

263 (2.3) (0.7, 5.5)

Antiplatelets

31.2

69.1

0.15

Total treatments

287 (2.6) (1.0, 5.6)
4,134 (36.9) (10.1, 80.2)

Abbreviations: ACE, angiotensin-converting enzyme; AMI, acute myocardial infarction; ARB, angiotensin II receptor
blocker; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CPR, cardiopulmonary resuscitation;
PCI, percutaneous coronary intervention (with or without stenting); RRR, relative risk reduction
a

No change assumed in uptake between 1997 and 2007

146

0.3%

5.4

26.5

6.6%

Treatment uptake
0.6

+6.3%

-0.2

+4.3%

-2.8

-5.3%

2.6%

-5.3%

Absolute change in risk
factorsa

3,979 (35.5) (23.8, 67.0)

-134 (-1.2) (-0.8, -2.1)

787 (7.0) (1.7, 17.6)

1,161 (10.4) (7.9, 17.1)

422 (3.8) (1.8, 6.8)

3,304 (29.5) (23.5, 45.8)

144 (1.3) (1.2, 1.7)

-1,003 (-9.0) (-8.3, -12.5)

Deaths Prevented or Postponed,
Mean (%) (range)
507 (4.5) (4.3, 6.5)

34

Eligible persons (n=9,747,083) for primary prevention treatment were defined as all persons who did not have a cardiovascular-related hospital admission during the

25.9

Treatment uptake

5.6

13.7%

Treatment uptake

129.4

54.9%

8.1%

27.2%

Risk factor level
2007

5 years and 9 months prior to October 1 in the index year, and did not use nitrates, digitalis glycosides or antithrombotic drugs in the index year.

a

SBP, systolic blood pressure.

Total risk factors

Body mass index, kg/m2

cholesterol lowering drugsa

-due to changes in the uptake of

Total cholesterol, mmol/l

9.4%

132.2

SBP, mmHg
Treatment uptake

60.2%

Physical inactivity

blood pressure lowering drugsa

5.5%

Diabetes prevalence

-due to changes in the uptake of

32.5%

Smoking prevalence

Risk factor level
1997

Table 4 Deaths Prevented or Postponed (DPPs) due to changes in risk factors for coronary heart disease including the effect of changes in
primary prevention treatments between 1997 and 2007
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DISCUSSION
Between 1997 and 2007, Dutch CHD mortality rates fell by an impressive 48%,
resulting in 11,200 fewer CHD deaths in 2007. At least 37% of this decline could be
attributed to the increased use of acute phase and secondary prevention treatments.
Similarly at least 36% could be attributed to changes in population levels of several
cardiovascular risk factors (predominantly non-pharmacological). Our results
suggest that in the most affluent part of the population the contribution to the
decline in CHD mortality was driven by a different set of risk factors changes than in
the most deprived part of the population. Approximately 10% more deaths could
have been prevented if body mass index and diabetes would not have increased.
Comparison overall results with other studies
Several studies reported country specific results from the IMPACT model.

2-18

With

respect to the contribution of changes in uptake in medical treatment in the acute
phase and in secondary prevention, estimates ranged from 23 to 41%, with our
estimate (37%) thus being towards the upper end of the distribution (Figure 1). In all
IMPACT studies with a starting year before 1995 non-pharmacological changes in
population risk factors explained mortality to a larger extent than in more recently
started studies. Our contribution of 25% is the lowest observed. It is to partly reflect
our relatively low (3%) non-pharmacological contribution from changes in population
cholesterol levels in our study.
Some 28% of the mortality fall was not explained by our model. This relatively
high percentage may reflect measurement imprecision, lag effects and changes in
other, unmeasured risk factor. Although all IMPACT studies have used a broadly
similar methodology, the assumptions underlying specific data have inevitably
differed between some studies, making direct comparisons imprecise.
Comparison IMPACTSEC results with other studies
This is the first IMPACTSEC study outside the United Kingdom to address
socioeconomic differentials concealed within the overall decline in CHD mortality.

4,11

CHD mortality falls were remarkably similar cross socioeconomic groups in the
Netherlands. This represents a striking contrast with England and Scotland where
relative socioeconomic inequalities widened over time.

4;11

Furthermore, in the

Netherlands, we also found that the total contribution from risk factor changes was
also similar across socioeconomic groups in the Netherlands (although the
individual contributions of risk factors differed). The deprived groups benefited from
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greater falls in smoking rates, blood pressure and cholesterol. However, the most
affluent socioeconomic group seemed to show slightly larger benefits from the
increased use of blood pressure and cholesterol lowering drugs for primary prevention
therapy as compared to the most deprived socioeconomic group. In addition, a more
modest change in diabetes prevalence and decline in physical inactivity was observed
in the affluent group. This might perhaps reflect more supportive environments, easier
access to health care, or greater responsiveness to the general practitioner primary
prevention interventions. This insight is very similar to the findings in the UK.

4,11

The

underlying contributory factors remain unclear and therefore represent an important
area for future investigation.

Acute phase and secondary
prevention treatments

Primary prevention
treatments

US, 1980-2000

35

12

Italy, 1980-2000

36

4

Iceland, 1981-2006

23

New Zealand, 1982-1993

9

55

0

53

7

48

Czech Republic, 1985-2007

33

10

52

Sweden, 1986-2002

30

6

55

Northern Ireland, 1987-2007

28

7

Poland, 1991-2005

32

5

41

Turkey, 1995-2008

Netherlands, 1997-2007
5

37

West Bank, 1998-2009

25

18

England and Wales, 2000-2007
17
16

11
2

Scotland, 2000-2010
0

50

9
11

42

8

67

5
14

39
50

100 0

18
50

100 0

Contribution (%)

Figure 1 Percentage of the decrease in deaths from coronary heart disease attributed
to changes in acute phase and secondary prevention treatments, primary prevention
treatments and non-pharmacological risk factor changes in our study population and
in other populations. Studies are ranked by starting year.

5

28

34

16
100 0

6

9

25

19

11

27

9
5

42

4

4

33

4

48

18

12

24
12

54

6

32

0

60

2

41

Portugal, 1995-2008

3

54

33

Ontario Canada, 1994-2005

5

73

7

23

Republic of Ireland,1985-2006

Unexplained

44

3
39

Finland, 1982-1997

Risk factors
(non-pharmacological)

50

100
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Potential implication
Our data highlight several areas meriting greater attention and prevention efforts. For
example, the low uptake levels of many secondary preventive medications. Primary
prevention interventions should clearly complement secondary prevention efforts,
and reflect cost benefit estimates.
Limitations
The quality of any modelling study is largely determined by the adequacy of the
available data to reflect what is going on in a country. Like others we made several
assumptions. All were transparent and documented in the Technical Appendix. The
use of record linkage represented a substantial methodological improvement
compared with some previous IMPACT studies because it allowed accurate
accounting for potential overlaps between patient groups. Hospital, population,
pharmacy and GP registers were fairly representative for the entire population and
large enough for reasonably accurate estimates. Trends in population based risk
factor levels were based on individual cohort data, not necessarily precisely
representing the entire Dutch population.

24;25

Though not perfect, these remain the

best available data for the Netherlands.
Socioeconomic groups were based on an area-level indicator by postal code.

31

Although neighborhood socioeconomic circumstances correlate well with individual
socioeconomic position,

32;33

some misclassification may have occurred which could

reduce the possibility to observe differences.

CONCLUSIONS
CHD mortality in The Netherlands has dramatically declined since 1997. Equally large
contributions have come from the increased use of acute phase and secondary
prevention treatments, and from improvements in population risk factors (including
primary prevention treatments). These positive trends have been negated by
substantial increases in obesity and diabetes, which represent a major challenge for
future, more effective prevention policies.

ACKNOWLEDGEMENTS
We adapted the English IMPACTsec to create the Dutch IMPACTSEC model. The
English IMPACTsec project was conducted by Madhavi Bajekal (MB) and Shaun
Scholes (SS). Hande Love set up the worksheet template; SS populated the model

150

Explaining the decline in coronary heart disease mortality in the Netherlands

and was its custodian. MB ensured the integrity of in/outputs and provided SECrelated methodological solutions. Martin O’Flaherty & Nat Hawkins provided support,
clinical expertise and generated the therapeutic input. The UCL team was led by
Rosalind Raine, and Simon Capewell co-ordinated the overall project.

REFERENCES
1.

WHO.

The

top

10

causes

of

death,

Factsheet

no.

310,

updated

May

2014

[http://www.who.int/mediacentre/factsheets/fs310/en/index.html]
2.

Abu-Rmeileh NM, Shoaibi A, O'Flaherty M, Capewell S, Husseini A. Analysing falls in coronary
heart disease mortality in the West Bank between 1998 and 2009. BMJ Open 2012;2.

3.

Aspelund T, Gudnason V, Magnusdottir BT, Andersen K, Sigurdsson G, Thorsson B,
Steingrimsdottir L, Critchley J, Bennett K, O'Flaherty M, Capewell S. Analysing the large decline
in coronary heart disease mortality in the Icelandic population aged 25-74 between the years
1981 and 2006. PLoS One 2010;5:p e13957.

4.

Bajekal M, Scholes S, Love H, Hawkins N, O'Flaherty M, Raine R, Capewell S. Analysing recent
socioeconomic trends in coronary heart disease mortality in England, 2000-2007: a population
modelling study. PLoS Med 2012;9:p e1001237.

5.

Bandosz P, O'Flaherty M, Drygas W, Rutkowski M, Koziarek J, Wyrzykowski B, Bennett K,
Zdrojewski T, Capewell S. Decline in mortality from coronary heart disease in Poland after
socioeconomic transformation: modelling study. BMJ 2012;344:p d8136.

6.

Bennett K, Kabir Z, Unal B, Shelley E, Critchley J, Perry I, Feely J, Capewell S. Explaining the
recent decrease in coronary heart disease mortality rates in Ireland, 1985-2000. J Epidemiol
Community Health 2006;60:p 322-327.

7.

Bjorck L, Rosengren A, Bennett K, Lappas G, Capewell S. Modelling the decreasing coronary
heart disease mortality in Sweden between 1986 and 2002. Eur Heart J 2009;30:p 1046-1056.

8.

Bruthans J, Cifkova R, Lanska V, O'Flaherty M, Critchley JA, Holub J, Jansky P, Zvarova J,
Capewell S. Explaining the decline in coronary heart disease mortality in the Czech Republic
between 1985 and 2007. Eur J Prev Cardiol 2012;21:p 829-839.

9.

Capewell S, Beaglehole R, Seddon M, McMurray J. Explanation for the decline in coronary heart
disease mortality rates in Auckland, New Zealand, between 1982 and 1993. Circulation
2000;102:p 1511-1516.

10.

Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke TE, Giles WH, Capewell S.
Explaining the decrease in U.S. deaths from coronary disease, 1980-2000. N Engl J Med
2007;356:p 2388-2398.

11.

Hotchkiss JW, Davies CA, Dundas R, Hawkins N, Jhund PS, Scholes S, Bajekal M, O'Flaherty M,
Critchley J, Leyland AH, Capewell S. Explaining trends in Scottish coronary heart disease
mortality between 2000 and 2010 using IMPACTSEC model: retrospective analysis using
routine data. BMJ 2014;348:p g1088.

12.

6

Hughes J, Kee F, O'Flaherty M, Critchley J, Cupples M, Capewell S, Bennett K. Modelling
coronary heart disease mortality in Northern Ireland between 1987 and 2007: broader lessons
for prevention. Eur J Prev Cardiol 2013;20:p 310-321.

151

5

Chapter 6

13.

Kabir Z, Perry IJ, Critchley J, O'Flaherty M, Capewell S, Bennett K. Modelling Coronary Heart
Disease Mortality declines in the Republic of Ireland, 1985-2006. Int J Cardiol 2013;168:p 24622467.

14.

Laatikainen T, Critchley J, Vartiainen E, Salomaa V, Ketonen M, Capewell S. Explaining the
decline in coronary heart disease mortality in Finland between 1982 and 1997. Am J Epidemiol
2005;162:p 764-773.

15.

Palmieri L, Bennett K, Giampaoli S, Capewell S. Explaining the decrease in coronary heart
disease mortality in Italy between 1980 and 2000. Am J Public Health 2010;100:p 684-692.

16.

Pereira M, Azevedo A, Lunet N, Carreira H, O'Flaherty M, Capewell S, Bennett K. Explaining the
decline in coronary heart disease mortality in Portugal between 1995 and 2008. Circ Cardiovasc
Qual Outcomes 2013;6:p 634-642.

17.

Unal B, Sozmen K, Arik H, Gerceklioglu G, Altun DU, Simsek H, Doganay S, Demiral Y, Aslan O,
Bennett K, O'Flaherty M, Capewell S, Critchley J. Explaining the decline in coronary heart
disease mortality in Turkey between 1995 and 2008. BMC Public Health 2013;13:p 1135.

18.

Wijeysundera HC, Machado M, Farahati F, Wang X, Witteman W, Van D, V, Tu JV, Lee DS,
Goodman SG, Petrella R, O'Flaherty M, Krahn M, Capewell S. Association of temporal trends in
risk factors and treatment uptake with coronary heart disease mortality, 1994-2005. JAMA
2010;303:p 1841-1847.

19.

Bruggink JW. Ontwikkelingen in (gezonde) leevnsverwachtin naar opleidingsniveau [in Dutch].
Bevolkingstrends 4e kwartaal 2009.

20.

Koopman C, Bots ML, van Oeffelen AA, van D, I, Verschuren WM, Engelfriet PM, Capewell S,
Vaartjes I. Population trends and inequalities in incidence and short-term outcome of acute
myocardial infarction between 1998 and 2007. Int J Cardiol 2012.

21.

Knol FA. From high to low; from low to high: the development of social status of
neighbourhoods between 1971 and 1995. The Hague: Sociaal Cultureel Planbureau; 1998 [in
Dutch].

22.

Herings R, Pedersen L. Pharmacy-based Medical Record Linkage Systems. In: Strom B, Kimmel
S, Hennessy S, editors. Pharmacoepidemiology. 5 ed: John Wiley & Sons, Ltd.; 2012. p. 270-86.

23.

van Herk-Sukel MP, van de Poll-Franse LV, Lemmens VE, Vreugdenhil G, Pruijt JF, Coebergh
JW, et al. New opportunities for drug outcomes research in cancer patients: the linkage of the
Eindhoven Cancer Registry and the PHARMO Record Linkage System. Eur J Cancer
2010;46:395-404.

24.

Huisman M, Poppelaars J, van der HM, Beekman AT, Brug J, van Tilburg TG, Deeg DJ. Cohort
profile: the Longitudinal Aging Study Amsterdam. Int J Epidemiol 2011;40:p 868-876.

25.

Verschuren WM, Blokstra A, Picavet HS, Smit HA. Cohort profile: the Doetinchem Cohort Study.
Int J Epidemiol 2008;37:p 1236-1241.

26.

Nichol G, Stiell IG, Hebert P, Wells GA, Vandemheen K, Laupacis A. What is the quality of life for
survivors of cardiac arrest? A prospective study. Acad Emerg Med 1999;6:p 95-102.

27.

Mant J, Hicks N. Detecting differences in quality of care: the sensitivity of measures of process
and outcome in treating acute myocardial infarction. BMJ 1995;311:p 793-796.

28.

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific relevance of usual blood
pressure to vascular mortality: a meta-analysis of individual data for one million adults in 61
prospective studies. Lancet 2002;360:p 1903-1913.

29.

Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, Budaj A, Pais P,
Varigos J, Lisheng L. Effect of potentially modifiable risk factors associated with myocardial

152

Explaining the decline in coronary heart disease mortality in the Netherlands

infarction in 52 countries (the INTERHEART study): case-control study. Lancet 2004;364:p 937952.
30.

O'Flaherty M, Ford E, Allender S, Scarborough P, Capewell S. Coronary heart disease trends in
England and Wales from 1984 to 2004: concealed levelling of mortality rates among young
adults. Heart 2008;94:p 178-181.

31.

Knol FA. From high to low; from low to high: the development of social status of
neighbourhoods between 1971 and 1995. The Hague: Sociaal Cultureel Planbureau; 1998 [in
Dutch].

32.

Stjarne MK, Fritzell J, De Leon AP, Hallqvist J. Neighborhood socioeconomic context, individual
income and myocardial infarction. Epidemiology 2006;17:p 14-23.

33.

Sundquist K, Malmstrom M, Johansson SE. Neighbourhood deprivation and incidence of
coronary heart disease: a multilevel study of 2.6 million women and men in Sweden. J
Epidemiol Community Health 2004;58:p 71-77.

34.

Koopman C, Vaartjes I, Heintjes EM, Spiering W, van D, I, Herings RM, Bots ML. Persisting
gender differences and attenuating age differences in cardiovascular drug use for prevention
and treatment of coronary heart disease, 1998-2010. Eur Heart J 2013;34:p 3198-3205.

6

5

153

Chapter 6 - Appendix

APPENDIX FOR THE DUTCH IMPACTSEC MODEL, 1997 - 2007
Contents

Overview of the IMPACTSEC model

1
2

Introduction
Data sources and examples of deaths prevented or
postponed (DPP) calculations
Socioeconomic groups
Changes in mortality rates from CHD, Netherlands 1997 to
2007: Expected and observed number of deaths from CHD
Treatment component of IMPACTSEC model
Risk factor component of IMPACTSEC model
Other methodological considerations
Accounting for poly-pharmacy
Potential overlaps between patient groups: avoiding double
counting
Overlap between pharmacological and non-pharmacological
contributions to risk factor DPPs
Negative DPPs
Cumulative risk-reduction: adjusting DPPs to calculate
cumulative benefit of multiple risk factor changes

156
157

CHD mortality rates in 1997 and 2007 by sex and
socioeconomic groups
Population and patient data sources
Assumptions and overlap adjustments used in the
IMPACTSEC Model
Data sources for treatment uptake levels:
Medical and surgical treatments included in the model
Treatment uptake in 1997 and 2007
Clinical efficacy of interventions: Relative risk reductions
obtained from meta-analyses and RCTs
One-year mortality rates for each patient group
Risk factors – variable definitions and source
Beta coefficients for CHD mortality:
Systolic blood pressure, total cholesterol, BMI
Relative risk for CHD mortality:
Smoking, diabetes and physical inactivity
Observed risk factor levels in 1997 and 2007 by sex and
socioeconomic group
Deaths Prevented or Postponed (DPPs) due to changes in
risk factors for coronary heart disease including the effect of
changes in primary prevention treatments by age and sex
between 1997 and 2007

167

Reference list

188

2.1
2.2
2.3
2.4
3
3.1
3.2
3.3
3.4
3.5

Table A.
Table B.
Table C.
Table D.
Table E.
Table F.
Table G.
Table H.
Table I.
Table J.
Table K.
Table L.

154

Page

157
158
158
160
162
162
164
165
165
166

168
170
171
172
174
178
179
183
184
185
186

Explaining the decline in coronary heart disease mortality in the Netherlands

1. OVERVIEW OF THE IMPACTSEC MODEL: INTRODUCTION
This technical appendix is based on the technical report for the IMPACT SEC model
created using English and Scottish data.

1,2

We have adapted their model to create

the Dutch IMPACTSEC model. However, much of the theory and methods remain.
IMPACT is a deterministic, cell-based policy model. The IMPACT model examines
the effects of changes in treatment uptake and risk factor trends on changes in
mortality from coronary heart disease (CHD) among adults in the Netherlands aged
25 years and over. It uses epidemiological information to estimate the contributions
of population-level risk factor changes (impacting mainly on incidence) and changes
in the uptake of evidence-based treatments (impacting mainly on case fatality) on
mortality decline between two points in time (the start-year and the end-year). The
primary outcome measure of the model is the deaths prevented or postponed
(DPPs). The extended IMPACTSEC model accommodates sub-national variation in
CHD mortality trends by socioeconomic circumstances (SEC groups). The tables
included in this supplementary appendix provide details about the sources and
methods that were used in extending the IMPACT model to accommodate
socioeconomic circumstances (IMPACTSEC model).
The starting point for the model is to calculate the ‘target’ number of CHD
deaths the model needs to explain. This target number is obtained by linking the
Dutch population register with the Dutch cause of death register to calculate the
difference between the actual observed CHD deaths recorded in the end-year and
the deaths expected in the end-year had the CHD mortality rates remained the same
as in the start-year (i.e. simple direct standardisation).
The calculation of the modelled estimate of DPPs rests on utilising two wellstudied relationships: firstly, that between risk factor change and the relative
reduction in CHD mortality; secondly, that between treatment uptake and reductions
in one-year mortality in patients with a specific form of CHD.
The model applies the relative risk reduction quantified in previous randomised
controlled trials and meta-analyses to estimate the mortality reduction attributable
to: a) temporal change in risk factor prevalence (in those without diagnosed CHD) to
calculate the DPPs ‘explained’ by specific risk factor trends;
b) net change over the period in the uptake of specific treatments in patients with
each specific form of CHD to estimate DPPs ‘explained’ owing to improved one-year
mortality rates. Great care is taken to avoid double counting of the same individuals.
The mortality benefits from the risk factor reduction in the population, and the
treatment benefits in patient groups are then summed. Thus summing uses a
155
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cumulative approach (rather than an additive approach), in order to avoid doublecounting of benefits in the same individual. (This approach is detailed in Section 3.5).
This mortality sum represents the deaths prevented or postponed (DPPs) ‘explained’
by the model. At the end of the modelling process, the total DPPs ‘explained’ by the
model is then compared with the observed fall in deaths (the ‘target’ to be explained).
Model fit is therefore calculated as the difference between the observed deaths and
model DPPs, and expressed as the percentage explained. This measures the extent
to which the model was successful in explaining the observed change in CHD
mortality in the population.
A policy model like IMPACT thus stands in contrast to a typical multivariate
regression model. A typical multivariate regression model represents a statistical
approach to describing a single data-set, for instance generated by a single cohort or
randomised controlled trial. In contrast, a policy model such as IMPACT seeks to
integrate and synthesise best estimates from a variety of sources to reliably
estimate the extent to which a range of factors, acting in combination, explain or
predict an outcome. We did not obtain the parameters for this model by running
regressions. Rather, the model incorporates the best coefficients from the largest
meta-analysis or randomised controlled trials of the reduction in case fatality
attributed to treatment or the independent effect sizes of a unit change in each risk
factor on CHD mortality.
Examples of the calculation method used for estimating the DPPs due to
treatment uptake (Example 1, page 97) and for continuous and binary risk factor
change (Examples 2 and 3, respectively, page 98) are provided below. Earlier
versions of the IMPACT mortality model have been previously applied to national
data from Europe, United States, Ontario, New Zealand and China.
methodology has previously been described in detail online and elsewhere.

3-7

The

4-6

2. DATA SOURCES AND EXAMPLES OF DEATHS PREVENTED OR POSTPONED (DPP)
CALCULATIONS
2.1 Socioeconomic groups
We used a socioeconomic indicator by postal code (SCP 2002-2006) as a proxy
8

indicator of socioeconomic circumstances. Socioeconomic scores for a total of
3,965 postal codes were calculated by SCP (Netherlands Institute for Social
Research). The mean number of inhabitants was 4,126 per four-digit postal code in
2007. The socioeconomic scores were based on a principal component analysis of
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the following items: (1) mean annual income per household, (2) percentage of
households with low income, (3) percentage of households with low education and
(4) percentage of unemployed inhabitants. Rank numbers of socioeconomic scores
per postal code were used to make three socioeconomic groups in the Netherlands;
lowest socioeconomic group (20% most deprived Dutch inhabitants), middle group
(60% of Dutch inhabitants) and highest socioeconomic group (20% most affluent
Dutch inhabitants). Socioeconomic circumstances were defined separately in every
age-sex stratum. By doing so, the age and sex distribution of the three
socioeconomic groups was comparable.
2.2 Changes in mortality rates from CHD, Netherlands 1997 to 2007: Expected and
observed number of deaths from CHD
Mortality rates from CHD were calculated using the underlying cause of death (ICD9
code 410-414). Both unadjusted and age-adjusted mortality rates were calculated
and presented in Table A. The expected number of CHD deaths in 2007 was
calculated by multiplying the age-sex-socioeconomic group specific mortality rates
from CHD in 1997 by the population counts for 2007 in that age-sex-socioeconomic
stratum. Summing over all strata then yielded the expected number of deaths in
2007 had mortality rates remained unchanged. The difference between the number
of expected and observed deaths from CHD represented the mortality fall, or the total
number of deaths prevented or postponed (DPP), in 2007 relative to 1997. Population
counts, CHD mortality rates, observed and expected numbers of deaths are shown in

6

Table A.

5

2.3 Treatment component of CHD patients in the IMPACTSEC model
The treatment component of the IMPACTSEC model included seven mutually
exclusive CHD patient groups (disease group, DG):
DG1.

Patients treated in hospital for acute myocardial infarction (AMI, STelevation myocardial infarction and non-ST elevation acute coronary
syndrome)

DG2.

Patients admitted to hospital with unstable angina (UA)

DG3.

Community-dwelling patients who have survived a myocardial infarction

DG4.

Patients who have undergone a revascularisation procedure: Coronary
Artery Bypass Grafting (CABG), or a Percutaneous Coronary Intervention
(PCI).

DG5.

Community-dwelling patients with stable coronary artery disease (CAD)
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DG6.

Patients admitted to hospital with heart failure (HF associated with CHD)

DG7.

Community-dwelling patients with heart failure (HF associated with CHD)

The data sources used to estimate the size of each disease group (stratified by agesex-socioeconomic) are shown in Table B. The general approach to calculating the
number of DPPs from an intervention among a particular disease group was first to
stratify by age, sex and socioeconomic, then to multiply the estimated number of
patients in 2007 by the proportion of these patients receiving a particular treatment,
by the one-year mortality rate, and by the relative reduction in the mortality rate due
to the administered treatment. Sources for treatment uptake are shown in Table D.
Sources for estimates of treatment efficacy (relative risk reductions) are shown in
Table F. We obtained the relative risks based on the most recent published
systematic reviews and meta-analyses of epidemiological studies. Each treatment
relative risk value in the model was based on a meta-analysis comparison with an
older therapy, or in some cases with a placebo if relevant. Age-sex specific one-year
mortality rates for each patient group are presented in Table G. Linked hospital
admission and death data were used to calculate historical (1997) one-year mortality
rates in the Netherlands where possible (DG1 AMI, DG2 Unstable angina and DG6
7

Hospital HF). Previously published data was used for the remaining disease groups
where Dutch data was not available to calculate rates.
It was assumed that compliance (adherence), i.e. the proportion of treated patients
actually taking therapeutically effective levels of medication, was 100% among
hospital patients, 70% among symptomatic community patients, and 50% among
asymptomatic community patients taking cholesterol-lowering drugs or blood
pressure lowering medication for primary prevention. An adjustment was also made
in certain cases for sub-optimal dose.
EXAMPLE 1: Estimation of DPPs from a specific treatment

Mortality fall in unstable angina patients as a result of taking aspirin in men aged 6574 in the most deprived group
For example, in the Netherlands in 2007, about 1143 men aged 65-74 in the most
deprived group were hospitalised with unstable angina (ICD-9: 411,413). Uptake of
aspirin in this age-sex-socioeconomic stratum was estimated to be approximately
81% in 2007. Aspirin use reduces mortality in patients with unstable angina by
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approximately 15%. The underlying one-year mortality rate in these men was
approximately 8%. The observed DPPs were therefore calculated as:

Patient nrs07 × treatment uptake07 × relative risk reduction × one-year mortality
= 1143 × 81% × 15% × 8% ≈ 11 DPPs
This calculation was then repeated:
a)

For each age-sex-socioeconomic group (42 in total).

b)

Incorporating a Mant and Hicks adjustment for multiple medications within

9

each patient group (see Section 3.1).
As all treatments were in use in 1997, the net benefit of an intervention in 2007 was
calculated by as: expected DPPs – observed DPPs.
The expected DPPs were calculated as:

Patient nrs07 × treatment uptake97 × relative risk reduction × one-year mortality
2.4 Risk factor component of IMPACTSEC model
The second part of the IMPACTSEC model estimated the number of DPPs related to
changes in cardiovascular risk factor levels in the population. The risk factors
considered were smoking, total cholesterol, systolic blood pressure, body mass
index, diabetes and physical inactivity. Two approaches to calculating DPPs from
changes in risk factors were used: the regression approach and change in the
Population Attributable Risk Fraction (PARF) approach. These are illustrated below.

Estimating DPPs from risk factor change – regression approach for continuous risk
factors
In the regression approach – used for systolic blood pressure (SBP), total cholesterol
and body mass index – the number of CHD deaths in 1997 (the start year) after
adjusting for population change between 1997 and 2007 were multiplied by the
absolute change in risk factor level, and by a regression coefficient (‘beta’)
quantifying the estimated relative change in CHD mortality that would result from a
one-unit change in risk factor level (Table I). Natural logarithms were used, as is
conventional, in order to best describe the log-linear relationship between absolute
changes in risk factor levels and relative change in mortality. Levels of risk factors in
1997 and 2007 by sex and socioeconomic group are shown in Table K.
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EXAMPLE 2: Estimation of DPPs from risk factor changes using regression method

Mortality fall due to reduction in SBP in women 55-64 in the most deprived group
For example, in 1997, there were 142 CHD deaths among 178,317 women aged 5564 years in the most deprived group in the Netherlands. The population total had
increased to 202,031 in 2007. Applying the CHD death rate from 1997 (0.8 per 1000)
to the 2007 population gives an (adjusted) total of 161 expected deaths in 2007.
Mean SBP in this group fell by an estimated 13.3 millimetres of mercury (mmHg)
(from 142.6 in 2000 to 129.3 in 2007). The largest meta-analysis reports an
estimated age-sex specific reduction in mortality of 50% for every 20 mmHg
reduction in SBP, generating a logarithmic coefficient of -0.035 (i.e. natural logarithm
of 0.5 divided by 20). The subsequent reduction in CHD deaths between 1997 and
2007 was then estimated as the product of three variables:

DPPs = expected CHD deaths in 2007 (had 1997 mortality rates remained constant)
× absolute risk factor reduction between 1997 and 2007 × regression coefficient
exponentiated = (1-(exponential (regression coefficient × absolute change))) ×
expected deaths in 2007 = (1-(exponential (-0.035 × 13.3))) × 161 ≈ 60
This calculation was then repeated for each age-sex-socioeconomic group. Data
sources for the number of CHD deaths are shown in Table B and data sources for
risk factors trends in Table H. Sources for the regression (beta) coefficients used in
these analyses are listed in Table I. The regression coefficients were assumed equal
across socioeconomic groups.

Estimating DPPs from risk factor change - PARF approach for binary risk factors
The PARF approach was used for smoking, diabetes, and physical inactivity. PARF,
which can be interpreted as the proportion by which the mortality rate from CHD
would be reduced if the exposure were eliminated,

10

was calculated as:

PARF = [P × (RR - 1)] / [1 + P × (RR - 1)]
Where P is the prevalence of the risk factor and RR is the relative risk for CHD
mortality associated with risk factor presence. A RR of 3.3 associated with smoking,
for example, expresses the ratio of risk of CHD mortality in smokers to that in nonsmokers. DPPs were then estimated as the expected CHD deaths in 2007 (had 1997
mortality rates remained constant) multiplied by the difference in PARF for 1997 and
2007.
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EXAMPLE 3: Estimation of DPPs from risk factor changes using the PARF method

Mortality increase due to increase in diabetes in men aged 65-74 in the most
deprived group
For example, the prevalence of diabetes among men aged 65-74 years was 11% in
1997 and 28% in 2007. Assuming a relative risk of 1.86, the PARF for deprived men
aged 65-74 was 0.087 in 1998 and 0.194 in 2007.
The DPPs attributable to the increase in diabetes prevalence were therefore:

DPPs = expected CHD deaths in 2007 (had 1997 mortality rates remained constant)
× (PARF1997 – PARF2007)
DPPs = 887 × (0.087 – 0.194) ≈ -95 DPPs
A negative sign for the DPPs denotes deaths increased or brought-forward due to
the increase in diabetes prevalence. The calculation was then repeated for each agesex-socioeconomic group.
Relative risks estimated by expert working groups for the World Health
Organization’s Global Burden of Disease 2001 Study were used for smoking and
physical activity.

11

Effect estimates were based on systematic reviews of cohort

studies (adjusted for regression dilution bias) and meta-analyses of randomised
controlled trials. Age-variation in the relative risks for diabetes were taken from the
DECODE study.

12

These were then applied to the sex-variation in relative risks

estimated by Huxley et al.

13

The published relative risk values for smoking, physical

6

activity and diabetes are shown in Table J. These were adjusted in our study to: a)
match the 10-year age bands used in IMPACTSEC and b) employ a dichotomous
rather than trichotomous measure of physical activity. Detailed information on how
RRs were modified to fit to the age-sex distributions used in the IMPACTSEC model
2

can be found in the Scottish IMPACTSEC supplementary appendix (page 41-47). RRs
were assumed constant across socioeconomic groups. Age-sex specific RRs are
given in Table J.

3. OTHER METHODOLOGICAL CONSIDERATIONS
Other than calculations to take into account change in treatments and risk factors
over time, several other adjustments had to be made.
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3.1 Accounting for poly-pharmacy
Persons with or at high risk of developing CHD may take a number of different
medications. However, data from randomised clinical trials on efficacy of treatment
combinations are sparse. Mant and Hicks suggested a method to estimate mortality
9

reduction by poly-pharmacy. The adjustment is carried out in a step-by-step
manner as set out in the example below. First the total effect is calculated using an
inappropriate additive model, which is then adjusted using effect size calculation
with an appropriate multiplicative model.
EXAMPLE 4: Estimation of reduced benefit if patient taking multiple medications
(Mant and Hicks approach)

Adjustment for poly-pharmacy in secondary prevention post revascularization in
men aged 55-64 in the most affluent group
Taking the example of secondary prevention post myocardial infarction, good
evidence (Table F) suggests that, for each intervention, the relative reduction in
mortality is approximately: aspirin 15%, beta-blockers 23%, ACE inhibitors (ACE I)
20%, cholesterol lowering drugs 22%, acenocoumarol 22%, and rehabilitation 26%.
Our best estimates for uptake were respectively 56%, 46%, 40%, 53%, 10%, and 29%.
Assuming a one-year mortality rate of 3% for men aged 55-64 and a total of 3,060
men aged 55-64 residing in the most affluent group in 2007 the total DPPs, with no
adjustment for poly-pharmacy, would be calculated as shown in the table below:
Secondary
prevention post MI
Treatment

Nrs

Treatment
uptake

Compliance

Relative risk
reduction

One year
mortality
rate

Unadjusted
DPPs

Factor

A

B

C

D

E

Aspirin

3,060

56%

70%

15%

3%

(A × B × C
× D × E)
5.4

Beta blockers

3,060

46%

70%

23%

3%

6.8

ACE Inhibitors

3,060

40%

70%

20%

3%

5.1

Cholesterol

3,060

53%

50%

22%

3%

5.4

Acenocoumarol

3,060

10%

70%

22%

3%

1.4

Rehabilitation

3,060

29%

65%

26%

3%

lowering drugs

Total

4.5
28.6

The Mant and Hicks approach suggests that in individual patients receiving all these
interventions, mortality reduction is very unlikely to be simply additive. Instead,
having considered the 15% mortality reduction achieved by aspirin, the next
medication, in this case a beta-blocker, can only reduce the residual mortality (1162
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0.15). Likewise, the subsequent addition of an ACE inhibitor can then only decrease
the remaining mortality, which will be (1-0.15) × (1-0.23). The Mant and Hicks
approach therefore suggests that a cumulative relative benefit can be estimated as
follows:
Cumulative relative benefit = 1 – [(1 – (uptake of drug A × relative reduction in

mortality rate for drug A)) × (1 – (uptake of drug B × relative reduction in mortality
rate for drug B)) × …. × (1 – (uptake of drug N × relative reduction in mortality rate for
drug N))]
In considering appropriate treatments for post revascularization patients, applying
relative risk reductions (RRR) for aspirin, beta-blockers, ACE I, cholesterol lowering
drugs, acenocoumarol, and rehabilitation then gives the following cumulative relative
benefit:
Cumulative relative benefit =1 – [(1 – (aspirinuptake × aspirinRRR)) × (1 – (beta
blockersuptake × beta blockersRRR)) × (1 – (ACE Iuptake × ACE IRRR)) × (1 – (statinsuptake ×
statinsRRR)) × (1 – (warfarinuptake × warfarinRRR)) × (1 – (rehabilitationuptake ×
rehabilitationRRR)) = 1 – [(1 – (0.56 × 0.15)) × (1 – (0.46 × 0.23)) × (1 – (0.40 × 0.20)) ×
(1 – (0.53 × 0.22)) × (1 – (0.10 × 0.22)) × (1 – (0.29 × 0.26))] = 1 – [0.92 × 0.89 × 0.92
× 0.88 × 0.98 × 0.92] ≈ 0.40 (i.e. a 40% lower mortality)
Additive benefit = (aspirinuptake × aspirinRRR) + (beta blockersuptake × beta blockersRRR)

6

+ (ACE Iuptake × ACE IRRR) + (statinsuptake × statinsRRR)+ (acenocoumaroluptake ×
acenocoumarolRRR) + (rehabilitationuptake × rehabilitationRRR))
= (0.56 × 0.15) + (0.46 × 0.23) + (0.40 × 0.20) + (0.53 × 0.22) + (0.10 × 0.22) + (0.29 ×
0.26) ≈ 0.48 (i.e. a 48% lower mortality)
This represented a 17% relative reduction 1-(0.40/0.48) on the simple additive value,
resulting in 17% fewer DPPs out of an original total of 28.6 DPPs:

Adjusted DPPs = unadjusted DPPs × (cumulative relative benefit / additive benefit) =
28.6 × (0.40/0.48) ≈ 23.8
All treatment DPPs quoted in the results tables refer to the adjusted DPPs.
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3.2 Potential overlaps between patient groups: avoiding double counting
To avoid double counting, potential overlaps between different groups of patients
were identified and appropriate adjustments made by record linkage or subtracting
one group from another. For instance, we can subtract the number of severe heart
failure patients treated in hospital from the total number of heart failure patients in
the community (because community heart failure patients could be admitted to
hospital on one or more occasions). As far as possible record linkage has been used
to assign individual patients to only one of the eight disease states; thus avoiding
overlaps. A hierarchy of allocation based on mortality was created to assign an
individual patient (existing in multiple patient groups) to just one patient group (the
one with the highest one-year mortality). The hierarchy structure used was
hospitalized HF>hospitalized AMI>hospitalized UA>community HF>community post
AMI>community post revascularization. Where this process is not possible then
assumptions on overlap adjustment were made showing how potential overlaps
were accounted for; these are shown in Table C.
3.3 Pharmacological and non-pharmacological contributions to risk factor DPPs
Risk factor improvements, such as lower blood pressure or total cholesterol, may be
achieved through medications, lifestyle changes, or a combination. First we
calculated the overall number of DPPs due to changes in mean SBP and total
cholesterol levels. Then, we calculated the proportion of DPPs that was due to
pharmacological contributions. The estimated effect of blood pressure and
cholesterol lowering drugs for primary prevention was calculated in a similar way as
treatment effects in the treatment component were calculated (eligible population for
primary prevention therapy × treatment uptake × relative risk reduction × one-year
mortality rate). All DPPs due to risk factor changes were counted in the risk factor
component. The proportion of DPPs due to pharmacological contributions was
presented separately in the risk factor component.
3.4 Negative DPPs (treatments)
In a small number of cases, “negative” DPPs were apparently generated reflecting a
decrease in treatment uptake or numbers. For instance with thrombolysis
treatments (a larger proportion receiving angioplasty instead of thrombolysis). These
negatives were mostly trivial, and were zeroed to reflect the reality: harmful
treatments were not being administered. This approach was applied only to disease
group (DG)1 AMI in relation to treatment using thrombolysis, DG2 UA in relation to

164

Explaining the decline in coronary heart disease mortality in the Netherlands

heparin treatment and in DG2 UA and DG5 chronic stable angina in relation to CABG
surgery.
3.5 Cumulative risk-reduction: adjusting DPPs to calculate cumulative benefit of
multiple risk factor changes
CHD deaths are usually caused by multiple risk factors acting simultaneously.
Hence, part of the effect of one risk factor may be mediated through another. For
example, physical inactivity may have a direct effect on CHD but may also partly be
mediated through its effects on BMI and blood pressure. It is recommended
therefore that mortality benefits attributable to risk factors which may be causally
related, or which overlap in population groups, should not be combined by simple
addition. Ideally, their effects should instead be jointly estimated.

14-18

We do not

currently have sources that allow joint estimation of relative risks for combinations
of risk factors in this Dutch population. However, several large cohort studies and
meta-analyses have published independent risk reduction coefficients for each risk
factor included in this study. These are detailed in Tables I and J for continuous and
dichotomous risk factors, respectively. One approach commonly used is to calculate
19

the cumulative risk-reduction.

This approach accounts for risk factor prevalence

overlap but assumes independence of effects.

15,16

The general equation for

cumulative risk-reduction is stated as:
Combined (or cumulative) effect = 1 – ((1-a) × (1-b) × (1-c) ×….× (1-n))

6

Thus for CHD risk factors, the specific equation is stated as:

5

1 – ((1-RSBP) × (1-Rsmoking) × (1-Rdiabetes) ×….× (1-Rn))
where R denotes the mortality change attributable to a specific risk factor.
This is in contrast to additive risk-reduction:
(RSBP)+(Rsmoking)+(Rdiabetes)+…+(Rn)
The adjustment factor is calculated as: Combined effect/Additive risk-reduction.
The adjustment factor would always be expected to be less than 1. In other words,
cumulative risk factor reduction would be smaller than the mortality benefits arrived
at by a simple summation of the benefits of each risk factor in turn. In order to avoid
positive and negative R values cancelling each other out in the mathematical
application, with the perverse effect of the cumulative benefits being apparently
greater than the additive in some instances, we first converted all R values into
absolute (i.e. sign-free) numbers. We did this on the understanding that the
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proportional change in CHD mortality associated with risk factor change was
independent of the direction of change. The age-sex-socioeconomic adjustment
factors fell within the range of 0.78 to 0.97.
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TABLE A CHD mortality rates 1997 and 2007 by sex and socioeconomic group

(100%)

Most
affluent
group
(20%)

(60%)

Most
deprived
group
(20%)

1997

5,236,772

890,568

3,237,785

1,108,419

2007
1997

5,572,741

1,114,194

3,344,676

1,113,871

11,046

1,644

6,565

2,837

2007

6,743

1,178

4,014

1,551

1997

362

316

362

396

2007

188

167

187

210

6.3

6.2

6.4

6.1

Expected deathsc

2007

13,631

2,342

2,744

3,059

Target DPPsd

2007

6,888

1,164

1,405

1,508

% of expected deaths prevented

2007

50.5

49.7

51.2

49.3

1997

5,511,880

936,584

3,391,221

1,184,075

2007

5,856,439

1,171,650

3,513,791

1,170,998

1997

8,276

1,327

4,775

2,174

2007

5,112

889

2,998

1,225

1997

177

151

175

201

Year

National

Middle
group

Men
Population ≥25 years

Observed CHD deaths

Age-standardised rates
a

(per 100,000)

b

Annual % fall

Women
Population ≥25 years

Observed CHD deaths

Age-standardised rates
a

(per 100,000)

2007

Annual % fallb
Expected deaths

c

95

82

93

114

6.1

5.9

6.2

5.6

2007

9,423

1,631

1,879

2,157

Target DPPsd

2007

4,311

742

879

932

% of expected deaths prevented

2007

45.8

45.5

46.8

43.2

1997

10,748,652

1,827,152

6,629,006

2,292,494

2007

11,429,180

2,285,844

6,858,467

2,284,869

1997

19,322

2,971

11,340

5,011

2007

11,855

2,067

7,012

2,776

Age-standardised rates

1997

269

234

268

299

(per 100,000)a

2007

141

125

140

162

6.3

6.1

6.3

5.9

Expected deathsc

2007

23,055

3,972

4,622

5,216

Target DPPsd

2007

11,200

1,905

2,285

2,440

% of expected deaths prevented

2007

48.6

48.0

49.4

46.8

Total
Population ≥25 years

Observed CHD deaths

b

Annual % fall

a

Rates in this table are standardised to the European Standard Population (version 2013) aged 25+ years
b
Annual % fall = (1-(observed 2007 rate/observed 1997 rate)^(1/10))
c
Expected deaths = CHD deaths expected in 2007 based on 2007 population had 1997 CHD rates
remained.
d
DPPs, deaths prevented or postponed. DPPs = expected – observed deaths in 2007
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TABLE B Population and patient data sources used in the Dutch IMPACTSEC model

All data by age, sex and socioeconomic group
Information

Source

Population data
Population:
counts by age, sex and socioeconomic
circumstances
Deaths:
counts by age, sex and socioeconomic
circumstances

Record linkage:
- Dutch population register
st
(inhabitants at Jan 1 of 1997 and 2007)

Number of patients admitted to hospital
DG1. Acute myocardial infarction (AMI)
DG2. Unstable angina pectoris (UA)
DG6. Heart failure (HF)

- Dutch cause of death register
(1997 and 2007: primary cause of death ICD-10 I20-I25)

Dutch hospital discharge register
(2007: primary diagnosis ICD-9 410)
Dutch hospital discharge register
(2007: primary diagnosis ICD-9 411,413)
Dutch hospital discharge register
(2007: primary diagnosis ICD-9 428)

Number of patients in the community eligible for secondary prevention therapies
DG3. Post AMI
Record linkage:
- Dutch population register (inhabitants Jan 1st 2007)
- Dutch hospital discharge register (hospital admission
primary diagnosis ICD-9 410 between 1995-2006)
DG4. Post revascularization
Record linkage:
- Dutch population register (inhabitants Jan 1st 2007)
- Dutch hospital discharge register (main procedure CvV
8837.0, 8837.4, 8837.8, 8837.9 or 5361 between 19952006)
DG5. Chronic stable angina (without HF or
Huisartsen Netwerk Utrecht (HNU):
AMI)
ICPC-code K74 mentioned in the electronic patient record
before Jan 1st 2007 without ICPC-code K75 or K77
DG7. Heart failure (HF)
Huisartsen Netwerk Utrecht (HNU, ICPC-code K77
mentioned in the electronic patient record before Jan 1st
2007)
Number of patients eligible for primary prevention therapies
Risk factor component:
Record linkage:
Primary prevention population
- Dutch population register (inhabitants Jan 1st 2007)
- Dutch hospital discharge register (exclusion of those with
a primary or secondary cardiovascular diagnosis ICD-9
code 401-459 in prior 5 calendar years, exclusion of those
with main cardiovascular procedure CvV code 883X 127
535X 536X 537X 538X or 539X in prior 5 calendar years)
- PHARMO community pharmacy records (exclusion of
those who used nitrates, digitalis glycosides or
antithrombotic drugs (ATC code C01DA, C01AA or B01) in
2007)
DG, disease group. ICD, Internation Classification of Diseases code. ICPC, International Classification in
Primary Care code. CvV, ‘Classificatie van Verrichtingen’ code. ATC, Anatomical Therapeutic Chemical
classification system
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DATA SOURCES POPULATION AND PATIENT NUMBERS
Record linkage in the Netherlands
We linked data between national registers using a record identification number
assigned to each resident in the Netherlands with a unique combination of birth date,
sex and postal code (about 84% of population). Registries and linking procedures
used in this study have been described in detail previously.

20

The quality of the

national Dutch registers has been previously investigated – the overall quality is
high.

21,22

Linkage of individual data between registers was performed in accordance

with the privacy legislation in the Netherlands.

Dutch population register
Data on the size and composition of the Dutch population were provided by the
population register. The Netherlands has a population of 16.4 million people in 2007.

Dutch cause of death register
Data on the number of deaths in the Netherlands were derived from the national
cause of death register. Primary (one) and secondary (maximum of three) causes of
death were coded according to the International Classification of Diseases version
10 (ICD-10). In 1997, 19,322 persons aged 25 years and over died with CHD as
primary cause of death. In 2007 this number was 11,855 (-49%).

6

Dutch hospital discharge register
Hospital discharge records included information concerning primary and secondary
diagnoses, performed medical procedures, and dates of hospital admission and
discharge. Hospital discharge diagnoses were coded according to ICD-9. Performed
medical procedures were coded using ‘Classificatie van Verrichtingen’ codes. The
Dutch hospital discharge register was available electronically from 1995 onwards.

PHARMO
PHARMO is a database network, i.e. a dynamic cohort study of over 1.4 million
persons aged 25 years and over, based on a record linkage system containing drugdispensing records from community and hospital pharmacies linked with hospital
discharge records, as previously described.

23

The drug-dispensing records from

hospital and community pharmacies contained information concerning the
dispensed drug, dispensing date and the prescription length. All prescription drugs
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were coded according to the Anatomical Therapeutic Chemical (ATC) classification
system. Data was available from 1994 onwards.
HNU
‘Huisartsen Netwerk Utrecht’ (HNU) is a general practitioner (GP) registry of 5 GP
practices comprising around 60,000 patients. The registry data we used were
collected from 1996 to up to 2013. Information was collected from HIS data (HIS: GP
information system).
TABLE C Main assumptions and overlap adjustments used in the IMPACTSEC model
Treatment category
DG1.
Acute
myocardial
infarction (AMI)

Assumptions and overlap adjustments
Persons who were already counted in DG6
hospital HF were excluded by record linkage

Justification
Record linkage

DG2. Unstable angina pectoris
(UA)

Persons who were already counted in DG6
hospital HF or DG1 AMI were excluded by record
linkage

Record linkage

DG3. Post AMI

Persons who were already counted in DG6
hospital HF, DG1 AMI or DG2 UA were excluded
by record linkage.
Furthermore, we assumed that 25% was already
counted in DG7 community HF.

Record linkage

Persons who were already counted in DG6
hospital HF, DG1 AMI, DG2 UA or DG3 Post-MI
were excluded by record linkage.
Furthermore, we assumed that 25% was already
counted in DG7 community HF.

Record linkage

DG5. Chronic stable angina
(without HF or AMI)

Those with a history of HF or AMI in the patient
record were excluded.
Then we deducted the number of persons already
counted in DG2 hospital UA.

Capewell (2000)3

DG6. Heart failure in hospital
associated to CHD

We assumed that 50% of all HF admissions were
associated to CHD.

DG7. Heart failure in the
community associated to CHD

We assumed that 50% of all HF patients were
associated to CHD.
Then we deducted the number of persons already
counted in DG6 hospital HF.

Risk factor component:
Population fall in SBP

First, we estimated the overall DPPs from
changes in SBP levels. Then, we estimated the
number of DPPs that were due to changes in the
uptake of blood pressure lowering drugs for
primary prevention.
First, we estimated the overall DPPs from
changes in total cholesterol levels. Then, we
estimated the number of DPPs that were due to
changes in the uptake of cholesterol lowering
drugs for primary prevention.

DG4. Post revascularization

Risk factor component:
Population
fall
in
cholesterol

total

Weir (2006)24

Weir (2006) 24

Capewell (1999)4
Capewell (2000)3

DG, disease group. AMI, acute myocardial infarction. HF, heart failure. CHD, coronary heart disease. DPPs,
deaths prevented or postponed. HNU, Huisartsen Netwerk Utrecht. SBP, systolic blood pressure.
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TABLE D Data sources for treatment uptake levels

All data by age, sex and socioeconomic group unless otherwise stated
Treatment category
DG1. Acute myocardial
infarction (AMI)

Information
- Drug use during hospital admission
(antiplatelets, b-blocker, ACE inhibitor or
ARB, clopidogrel)
- PCI within 14 days and CABG within 6
weeks of AMI hospital admission
- Trombolysis
- CPR in the community

DG2. Unstable angina
pectoris (UA)

Data source
- PHARMO record linkage
1998 and 2007
- Hospital discharge register
1997 and 2007
- Literature (Erasmus MC
a,25
Rotterdam) 1997, 2007
- RAVU 2013 for discharge
diagnoses of community CPR
- ARREST study for uptake
b,26
CPR

- Drug use during hospital admission
(heparin, antiplatelets, IIB/IIIA, b-blocker,
ACE inhibitor or ARB, clopidogrel)
- PCI within 14 days and CABG within 6
weeks of AMI hospital admission

- PHARMO record linkage
1998 and 2007

DG3. Post AMI
/DG4. Post
revascularizationc

- Drug use from community pharmacies
(antiplatelets, b-blocker, ACE inhibitor or
ARB,
cholesterol
lowering
drugs,
acenocoumarol)
- Rehabilitation

- PHARMO record linkage c
Drug use 3 years after
discharge for AMI in 1998
and 2007
- Literature 2007d,27

DG5. Chronic stable angina
(without HF or AMI)

- Drug use from electronic patient record
(antiplatelets, ACE inhibitor or ARB,
cholesterol lowering drugs)
- CABG surgery (last 5 years)

- HNU
1997 and 2007

- Hospital discharge register
1997 and 2007

- Population register
Inhabitants Jan 1st 2007
- Hospital discharge register
CvV code 5361 in 2002-2006
CvV code 5361 in 1995-1996,
extrapolated to 1992-1994

DG6. Heart failure in
hospital associated to CHD

- Drug use during hospital admission
(antiplatelets, ACE inhibitor or ARB, bblocker, spironolactone)

- PHARMO record linkage
1998 and 2007

DG7. Heart failure in the
community associated to
CHD

- Drug use from community pharmacies
(antiplatelets, ACE inhibitor or ARB, bblocker, spironolactone)

- HNU
1997 and 2007

Risk factor component:
Primary prevention
population

- Drug use from community pharmacies
(blood pressure and cholesterol lowering
drugs)

- PHARMO record linkage
2001-2007 extrapolated to 1997

6

5

DG, disease group. HNU, Huisartsen Netwerk Utrecht. RAVU, ‘Regionale Ambulance Voorziening Utrecht’.
a
Data from literature not stratified by age, sex and socioeconomic group. Therefore we applied the agegradient from English IMPACTSEC .
b
RAVU and ARREST data not stratified by age, sex, socioeconomic group.
c
Due to small numbers, treatment uptakes estimates for age groups 25-34 yrs and 85+ yrs were not SEC
specific, but the average socioeconomic gradient was applied on national values. Furthermore, because
of the small numbers and large overlap between patients in DG3 and DG4, treatment uptakes were
calculated for DG3 and DG4 combined.
d
Data on rehabilitation from literature not stratified by age, sex and socioeconomic group and no trend
data available. Treatment uptake is assumed equal in 1997 and 2007.
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18002
18002
18002
18002
18002
18002
18002
18002
49,6
76,1
0,0
17,3
66,8
0,1
9,4
5,8

29000
29000

29000
29000
29000
29000
29000
29000

55,0
87,3
75,9
29,9
0,9
8,0
3,8
2,3

0,6
46,1
83,4
60,4
6,8
14,3

55,0
77,1

2,0
91,0
89,5
57,4
77,7
39,5
4,5
4,3

52,1
40,1
21,8
33,0
10,9
28,5

110770
110770
110770

110770
110770
110770

47,0
10,7
28,5

52,8
46,6
38,0

Aspirin
B-Blocker
ACE I/ARB
Cholesterol lowering

82467
82467
82467
82467

51,8
40,4
21,8
33,5

52,7
46,8
38,3
47,6

DG4. Secondary prevention post revascularisation

Aspirin
B-Blocker
ACE I/ARB
Cholesterol lowering
drugs
Acenocoumarol
Rehabilitation

DG3. Secondary prevention post myocardial infarction

Heparin
Aspirin
Platelet glycol-protein
IIB/IIIA I
ACE I/ARB
B-Blocker
Clopidogrel
CABG (< 6 weeks)
PCI (0-14 days)

DG2. Unstable angina (UA)

Thrombolysis
Aspirin
B-Blocker
ACE I/ARB
Clopidogrel
Primary PCI
Primary CABG
Community CPR

DG1. Acute myocardial infarction (AMI)

N

National
(100%)
Uptake (%)
1997
2007

15138
15138
15138
15138

19491
19491
19491

19491
19491
19491

5074
5074
5074
5074
5074
5074

5074
5074

3180
3180
3180
3180
3180
3180
3180
3180

N

57,8
37,4
17,0
36,2

35,7
9,7
28,5

59,3
37,6
16,4

0,0
23,0
72,2
0,8
9,7
6,1

38,8
90,9

54,6
91,8
67,3
25,3
0,5
8,4
3,5
2,3

54,0
45,7
39,7
49,0

48,8
9,7
28,5

54,6
45,9
39,1

0,7
49,5
78,1
47,2
7,6
15,8

52,5
75,1

2,0
95,9
88,8
51,0
71,7
39,0
5,3
4,3

Most affluent
(20%)
Uptake (%)
1997
2007

TABLE E Treatment uptake in 1997 and 2007 (For sources see Table D)

49244
49244
49244
49244

66287
66287
66287

66287
66287
66287

16999
16999
16999
16999
16999
16999

16999
16999

10553
10553
10553
10553
10553
10553
10553
10553

52,8
41,4
22,1
35,7

34,8
9,8
28,5

52,9
41,0
22,2

0,0
15,3
67,4
0,0
9,6
6,0

47,4
77,3

55,0
84,9
78,3
28,5
0,6
7,8
4,0
2,3

52,0
45,8
37,8
47,7

47,0
10,6
28,5

52,2
45,5
37,4

0,6
46,0
83,5
63,0
7,1
14,4

56,2
75,8

2,0
91,1
89,7
55,9
78,0
39,7
4,5
4,3

Middle socioeconomic group
(60%)
N
Uptake (%)
1997
2007

18085
18085
18085
18085

24991
24991
24991

24991
24991
24991

6927
6927
6927
6927
6927
6927

6927
6927

4268
4268
4268
4268
4268
4268
4268
4268

N

44,2
40,4
25,2
25,3

26,0
14,7
28,5

44,4
39,7
24,8

0,0
18,1
61,3
0,0
8,7
5,0

62,8
62,2

55,4
89,8
76,4
36,8
2,2
8,2
3,4
2,3

53,6
50,4
38,7
46,2

45,9
11,6
28,5

53,2
49,9
38,6

0,6
44,0
86,8
63,8
5,6
12,9

53,8
81,9

2,0
87,3
89,6
66,0
81,7
39,1
3,8
4,3

Most deprived
(20%)
Uptake (%)
1997
2007

82467
82467

11,4
28,5
40,4
15,1
16,0
12,1

277170

277170
277170

277170

44674

8,7

13320
13320
13320
13320

62,4
22,5
44,9
45,1

46435
46435
46435
46435

34,4
19,7
4,5
31,2

59,1
51,9
22,5
69,1

71,7
69,2
49,6
51,0

Blood pressure
lowering drugs
Cholesterol lowering
drugs
9,4
0,3

9747083

9747083

6,6

13,7

Risk factor component. Primary prevention therapies

ACE I/ARB
B-Blocker
Spironolactone
Aspirin

DG7. Heart failurepatients in the community

ACE I/ARB
B-Blocker
Spironolactone
Aspirin

1949283

1949283

6496
6496
6496
6496

2114
2114
2114
2114

44674
44674

44674

15138
15138

50,1
37,9

64,8

10,8
28,5

DG6. Heart failure patients during hospitalisation

Aspirin
Cholesterol lowering
drugs
ACE I/ARB
CABG surgery (last 5
years)

DG5. Chronic stable coronary artery disease

drugs
Acenocoumarol
Rehabilitation

0,3

8,9

48,4
13,1
8,2
33,8

76,3
28,5
52,0
45,9

14,7

18,8
23,4

41,4

10,7
28,5

6,2

13,1

54,7
53,5
22,2
71,1

67,1
66,7
45,0
43,3

10,0

47,4
37,6

64,5

9,9
28,5

5849230

5849230

27998
27998
27998
27998

8138
8138
8138
8138

170475

170475
170475

170475

49244
49244

0,4

9,7

27,7
15,0
4,6
23,3

58,0
21,4
44,9
44,8

11,9

14,5
19,9

36,3

10,1
28,5

6,7

13,8

61,8
52,5
22,5
68,7

73,6
69,2
50,2
51,2

8,6

51,9
37,7

67,0

10,9
28,5

1948570

1948570

11941
11941
11941
11941

3068
3068
3068
3068

62022

62022
62022

62022

18085
18085

0,0

9,2

42,7
34,3
2,3
48,3

64,7
21,0
40,1
45,3

10,7

14,2
0,0

51,0

15,6
28,5

6,9

13,8

55,3
49,5
22,8
69,0

69,9
70,7
50,9
55,8

8,2

47,3
38,4

58,7

11,6
28,5

Relative risk
a
reduction

39%
(95% CI: 23,52)
30%
(95% CI: 15,42)
4%
(95% CI: -8,15)
7%
(95% CI: 2,11)
3%
(95% CI: 1,6)
33%
(95% CI: 10,36)

Primary CABG surgery

Primary PCI

Beta blockers

ACE inhibitors

Clopidogrel

Hospital CPR

Aspirin

15%
(95% CI: 11,19)

23%
(95% CI: 15,30)

Aspirin

DG2 Unstable angina (UA)

31%
(95% CI: 14,45)

Thrombolysis

DG1 Acute myocardial infarction (AMI)

Treatments

OR=0.85 (95% CI: 0.49,0.95); RRR=15% (95% CI:
11,19). Outcome is vascular and nonvascular deaths

Survival at 24 hours estimated to be 32%, discharge to
home at 21%, and 1 year survival to be 15% overall.

RRR=3% (95% CI: 1,6) for 30 day mortality in
myocardial infarction

OR=0.93 (95% CI: 0.89,0.98); RRR=7% (95% CI: 2,11)
for 30 day mortality in myocardial infarction

OR=0.96 (95% CI: 0.85,1.08); RRR=4% (95% CI: -8,15)
on page 1732

OR=0.70 (95% CI: 0.58,0.85); RRR=30% (95% CI: 15,42)
outcome
compares
primary
angioplasty
to
thrombolytics.

OR=0.61 (95% CI: 0.48,0.77); RRR=39% (95% CI: 23,52)
on page 565, 0-5 year mortality

RRR=23% (95% CI: 15,30): outcome is vascular deaths

<55 years: Odds Ratio (OR)=0.692; Relative Risk
Reduction (RRR)=30.8% (95% CI: 14,45)
55-64 years: OR=0.736; RRR=26.4% (95% CI: 17,40)
65-74 years: OR=0.752; RRR=24.8% (95% CI: 15,37)
> 75 years: OR=0.844; RRR=15.6% (95% CI: 4,30)

Comments

28

Antithrombotic Trialists’ Collaboration
(2002)38

Tunstall-Pedoe (1992)36
Nadkarni (2006)37

Chen (2005)34
Sabatine (2005)35

ACE Inhibitor Myocardial Infarction
Collaborative Group (1998)33

Freemantle (1999)32

Keeley (2003)31

Yusuf (1994)

30

ISIS-2 (1988)

29

Estess (2002)

Source paper: First author (year) [ref list],
notes

TABLE F Clinical efficacy of interventions: relative risk reductions obtained from meta-analyses, and randomised clinical trials

32%
(95% CI: 5,51)
39%
(95% CI: 23,52)

Early PCI

7%
(95% CI: 2,11)

OR=0.93 (95% CI: 0.89,0.98); RRR=7% (95% CI: 2,11)
for 30 day mortality in myocardial infarction

OR=0.96 (95% CI: 0.85,1.08); RRR=4% (95% CI: -8,15)
on page 1732

RRR=7% (95% CI: 2,11)

OR=0.61 (95% CI: 0.48,0.77); RRR=39% (95% CI: 23,52)
on page 565, 0-5 year mortality

OR=0.68 (95% CI: 0.49,0.95); RRR=32% (95% CI: 5,51)

OR=0.91 (95% CI: 0.84,0.98); RRR=9% (95% CI: 2,16).
Study looked at acute coronary syndrome without
persistent ST elevation.

OR=0.67 (95% CI: 0.48,1.02); RRR=33% (95% CI: 2,56%) in Table 2. The study outcome is composite MI
death and non-fatal MI; compares those on aspirin &
heparin to aspirin only.

23%
(95% CI: 15,31)
20%
(95% CI: 13,26)

Beta blockers

ACE inhibitors or
receptor antagonists

Angiotensin-II

15%
(95% CI: 11,19)

Aspirin

OR=0.80 (95% CI: 0.74,0.87); RRR=20% (95% CI: 13,26)
on page 1577, death up to four years [endpoint of
study looking at those with heart failure or LV
dysfunction].

OR=0.77 (95% CI: 0.69,0.85); RRR=23% (95% CI: 15,31)
on page 1734. Odds of death in long term trials.

OR=0.85 (95% CI: 0.49,0.95); RRR=15% (95% CI:
11,19). Outcome is vascular and nonvascular deaths
on page 75. This data seems to be appropriate to this
outcome in CHD patients.

DG3/4 Secondary prevention post myocardial infarction/revascularisation

ACE inhibitors

Beta blockers

Clopidogrel

7%
(95% CI: 2,11)
4%
(95% CI: -8,15)

9%
(95% CI: 2,16)

Platelet glycoprotein IIB/IIA inhibitors

Primary CABG surgery

33%
(95% CI: -2,56)

Heparin

on page 75. Assume appropriate for patients with
NSTE-ACS.

30

40

Flather (2000)43

Freemantle (1999)32

Antithrombotic Trialists’ Collaboration
(2002)38

ACE Inhibitor Myocardial Infarction
Collaborative Group (1998)33

Freemantle (1999)32 Assumed similar as
STEMI

Yusuf (2001)

42

Yusuf (1994)
Assumed similar as STEMI

Fox (2005)

41

Boersma (2002)

39

Oler (1996)

22%
(95% CI: 13,31)
26%
(95% CI: 10,39)

Warfarin

32%
(95% CI: 2,30)

No effect
15%
(95% CI: 11,19)
23%
(95% CI: 10,26)
17%
(95% CI: 6,28)

CABG surgery
years 6-10

Angioplasty

Aspirin

Cholesterol lowering drugs

ACE inhibitors/ARB

RRR=17% (95% CI 6,28)

RRR=23% (95% CI 10,26)
Standard dose statin therapy in coronary artery
disease.

OR=0.85 (95% CI: 0.49-0.95); RRR=15% (95% CI:
11,19). Outcome is vascular and nonvascular deaths
on page 75.

OR = 0.83 (95% CI: 0.70-0.98), RRR 17% (95% CI: 2,30)
on page 565, 10 year mortality.
OR = 0.68 (95% CI: 0.56-0.83), RRR 32% (95% CI:
17,44) on page 565, 7 year mortality
CABG compared to medical treatment

OR = 0.61 (95% CI: 0.48-0.77), RRR 39% (95% CI:
23,52) on page 565, 5 year mortality

OR=0.74 (95% CI: 0.61,0.90); RRR=26% (95% CI: 10,39)
in Figure 1, page 685 Taylor reference

OR=0.78 (95% CI: 0.67,0.90); RRR=22% (95% CI: 10,33)

RRR=24% (95% CI: 10,26)
Intensive statin therapy in acute coronary syndromes.

ACE inhibitors

20%

OR=0.80 (95% CI: 0.74,0.87); RRR=20% (95% CI: 13,26)

DG6/7 Heart failure in patients requiring hospitalisation or in the community

39%
(95% CI:23,52)

CABG surgery
years 0-5

DG5 Chronic stable coronary artery disease

Rehabilitation

24%
(95% CI: 10,26)

Cholesterol lowering drugs

44

45

Flather (2000)43

Al-Mallah (2006)49

Wilt (2004)48

Antithrombotic Trialists’ Collaboration
(2002)38

Boden (2007)47

Yusuf (1994)30

Yusuf (1994)30

Taylor (2004)

46

Anand and Yusuf (1999)

Hulten (2006)

30%
(95% CI: 18,41)

Spironolactone

No effect

Cholesterol lowering drugs

35% (95% CI: 11,52)

Cholesterol lowering drugs

a

DG, disease group.
Relative risk reduction (RRR) calculated as 1 – odds ratio

24% (95% CI: )

Blood pressure lowering drugs

Risk factor component. Primary prevention therapies

15%
(95% CI: 11,19)

Aspirin

31%
(95% CI: 18,42)

35%
(95% CI: 26,43)

Beta blockers

(95% CI: 13,26)

RRR=24%;
One drug at standard dose with a systolic blood
pressure of 150 mmHg and a diastolic blood pressure
of 90 mmHg reduces incidence of CHD with 24%,
page 12.
OR=0.65 (95% CI: 0.48,0.89); RRR=35% (95% CI: 11,52)
for CHD mortality (only trials using statins), Figure 3
on page 4

OR=0.85 (95% CI: 0.49,0.95); RRR=15% (95% CI:
11,19). Outcome is vascular and nonvascular deaths
on page 75.

OR=0.70 (95% CI: 0.59,0.82); RRR=30% (95% CI: 18,41)
in those that had at least one cardiac related
hospitalisation.
OR=0.69 (95% CI: 0.58,0.82); RRR=31% (95% CI: 18,42)
in entire study population consisting of those with
community heart failure, page 711.

OR=0.65 (95% CI: 0.57,0.74); RRR=35% (95% CI:
26,43): all cause mortality

on page 1577 [death up to four years was study
endpoint for those with heart failure or LV
dysfunction]

51

Pignone (2000)55

Law (2009)54

Kjekshus (2007)
Tavazzi (2008)53

52

Antithrombotic Trialists’ Collaboration
38
(2002)

Pitt (1999)

50

Shibata (2001)

Hospitalized
AMI

(age in
years)

0,054

0,046

0,106

0,200

0,366

0,533

35-44

45-54

55-64

65-74

75-84

85+

0,028

0,077

0,120

0,198

0,360

0,548

35-44

45-54

55-64

65-74

75-84

85+

0,241

0,126

0,052

0,020

0,009

0,005

0,000

0,260

0,161

0,082

0,035

0,013

0,005

0,029

Hospitalized
UA

DG2A

0,502

0,402

0,304

0,227

0,168

0,221

0,313

0,603

0,479

0,361

0,255

0,201

0,200

0,286

Hospitalized HF

DG6A

0,177

0,052

0,028

0,014

0,011

0,008

0,008

0,189

0,067

0,027

0,013

0,006

0,006

0,091

Post
AMI

DG3B

AMI, acute myocardial infarction. UA, unstable angina. HF, heart failure.
A
Source: Record linkage Dutch hospital discharge register in 1997 with cause of death register
B
Source: Ontario Canada, Wijeysundera et.al (2010)7

0,150

25-34

Women

0,091

25-34

Men

DG1A

Patient
group

TABLE G One-year mortality rates for each patient group

0,083

0,084

0,064

0,044

0,033

0,000

0,000

0,194

0,078

0,045

0,030

0,020

0,050

0,155

0,054

0,025

0,014

0,010

0,007

0,007

0,163

0,065

0,029

0,016

0,012

0,009

0,006

Chronic stable
coronary artery
disease

Post revascularisation

0,250

DG5B

DG4B

0,300

0,170

0,120

0,080

0,050

0,050

0,050

0,320

0,200

0,130

0,080

0,060

0,040

0,040

HF in the
community

DG7B

0,094

0,035

0,014

0,006

0,002

0,001

0,000

0,094

0,035

0,014

0,006

0,002

0,001

0,000

Primary
prevention
population

Risk factor
B
component

Explaining the decline in coronary heart disease mortality in the Netherlands

TABLE H. RISK FACTORS VARIABLE DEFINITIONS AND SOURCES
Data sources

RIVM
The National Institute for Public Health and the Environment (RIVM) was the main
data source for risk factor values in those aged <65 years. We used data from the
Doetinchem Cohort Study.

56

The Doetinchem Cohort study started in 1987-1991

(N=7,768, aged 20-59 years at baseline). The study comprised a physical
examination for measurements of body weight, height, body mass index (BMI),
systolic and diastolic blood pressure, a non-fasting blood sample (total cholesterol
and glucose) and several questionnaires about lifestyle and diet. The overall
response rate was 62%. Follow-up examinations were carried out every 5years. The
response rates for all follow-up measurements varied between 75% and 80%. Blood
pressure was measured twice in each examination in sitting position after 2 minutes
of rest. The mean value of two measurements was used in the analyses. We used
data from examination 2 (1993-1997) and examination 4 (2003-2007). Blood
pressure in examination 4 was measured with a different device and participants sat
in a slightly different position during the measurement compared with previous
examinations. Therefore, blood pressure measurements in examination 4 were
statistically adjusted to make blood pressure values in the different examinations

6

comparable.

LASA
The Longitudinal Aging Study Amsterdam (LASA) focuses on physical, emotional,
cognitive, and social functioning in older adults. Full details on LASA are provided at
www.lasa-vu.nl. In summary, a random sample of older men and women (55-85
years), stratified by age and sex, was drawn from the population registries of 11
municipalities in the Netherlands. Data collection started in 1992/1993 (N=3,107)
with participants born between 1908-1937. Further follow-ups were carried out every
3 years since then. In 2002-2003, a new cohort was sampled (birth years 1938-1947,
N=1,002) with the same sampling frame as the earlier cohort. Both samples were
combined and follow-up was carried out every 3 years (wave). Every examination
consists of two parts, a main examination and a medical interview. For the Dutch
IMPACT-NL model, data were used from the follow-up wave C 1995/1996 and D
1998/1999 to obtain information for the base year of the model (1997). Follow-up
wave F 2005/2006 and G 2008/2009 were used to obtain estimates for the final year
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in the model (2007). Systolic blood pressure (SBP) was measured once in wave C
and D and three times in F and four times in G. Body weight was measured once
every wave and corrected for clothes, shoes and corsets. Information on physical
activity was obtained during each main interview of LASA.
Risk factor

LASA wave

Description

SBP (mmHg)

C, D, F & G

1997: average wave C & wave D
2007: average of mean wave F & mean wave G

2

Body Mass Index (kg/m )

C, D, F & G

1997: average wave C & wave D

Total cholesterol (mmol/l)

Only available

1997: average wave B & wave C

B,C & G

2007: wave G

C, D, F & G

1997: wave D, if data was missing or if persons

2007: average wave F & wave G

Physical inactivity (%)

answered

that

the

activity

pattern

was

not

representative for the rest of the year, then wave C
was used if that activity pattern was representative
2007: wave G, if data was missing or if persons
answered

that

the

activity

pattern

was

not

representative for the rest of the year, then wave F
was used if that activity pattern was representative
Wave B=1992/1993, C=1995/1996, D=1998/1999, F=2005/2006, G=2008/2009

STIVORO
Smoking data was obtained from the Dutch expert centre on tobacco control
STIVORO (Stichting Volksgezondheid en Roken, STIVORO, TNS-NIPO Continue
Onderzoek Rookgewoonten (COR) 1988-2011). COR annually sent outs a
questionnaire to 20,000 adults aged 15 years or over assessing information on the
number of people who smoke, the characteristics of smokers and smoking
behaviour. In 2011, 26,715 adults were asked to participate and 18,586 (70%)
responded. The question in the survey we used was “Do you smoke (sometimes)?”
(yes/no). This particular question has not changed during the study period.

HNU
‘Huisartsen Netwerk Utrectht’ (HNU) is a general practitioner (GP) registry of 5 GP
practices comprising around 60,000 patients. The registry data we used were
collected from 1996 to up to 2013. Information used from HNU for the IMPACT-NL
model was diabetes prevalence, defined as an ICPC-code T90 mentioned in the
electronic patient record. Information was collected from HIS data (HIS: GP
information system).
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Risk factors

Systolic blood pressure
We used RIVM data for the age groups 25-54 years and LASA data for the age group
of ≥55 years. For the age group of 25-34 years we had no trend data available,
therefore we assumed similar trends as in the age group 35-44 years. Due to the
small numbers we used a weighted average for all persons above the age of 75
years. Trends in the age groups 75-84 years and 85+ were assumed equal.

Total Cholesterol
We used RIVM data for the age groups 25-64 years and LASA data for the age group
of ≥65 years. For the age group of 25-34 years we had no trend data available,
therefore we assumed similar trends as in the age group 35-44 years. In LASA the
time period between available cholesterol data from wave C and G was 13 year.
Because our trend 1997-2007 was 10 years we applied a 10/13 adjustment factor to
the change in total cholesterol.

BMI
We used RIVM data for the age groups 25-64 years and LASA data for the age group
of ≥65 years. For the age group of 25-34 years we had no trend data available,
therefore we assumed similar trends as in the age group 35-44 years.

6

Smoking
STIVORO data was provided in 10-year age bands while IMPACT uses 10 year age
groups. We adapted the data to fit the IMPACT age groups.
We calculated four separate socioeconomic gradients: RIVM-1997, RIVM-2007,
LASA-1997 and LASA-2007. The four socioeconomic gradients were applied to the
STIVORO data, which did not have socioeconomic information available.

Physical inactivity
We used RIVM data for the age groups 25-54 years and LASA data for the age group
of ≥55 years. For the age group of 25-34 years we had no trend data available,
therefore we assumed similar trends as in the age group 35-44 years. Physical
inactivity is defined as not complying to the ‘Nederlandse Norm Gezond Bewegen’.
Adults aged 25–55 years should do at least 30 minutes of vigorous-intensity aerobic
physical activity (≥4 metabolic equivalents (METs)) on at least five days in the week.
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Persons aged ≥55 years should do at least 30 minutes of moderate-intensity (≥3
METs) aerobic physical activity on at least five days in the week.

57

Diabetes prevalence
We obtained diabetes data from five different sources: RIVM, LASA, CMR-Nijmegen,
RNH-Limburg and HNU and noticed substantial differences in trends over time.
Sex

Data source

Trend 1997-2007

Men

RIVM

- 2%

LASA

+ 114%

CMR-Nijmegen

+ 75%

RNH-Limburg

+ 60%

HNU

+ 252%

RIVM

- 14%

LASA

+ 119%

CMR-Nijmegen

+ 40%

RNH-Limburg

+ 33%

HNU

+ 248%

Women

58

Looking at sample size and availability of age-sex-SEC specific data, HNU was the
best available data source. Since the information on diabetes mellitus dealt with
previous or current diagnosis of diabetes mellitus, the time window for patients in
1997 was shorter than for those in 2007. As a consequence, the estimates of
diabetes mellitus prevalence were underestimated in 1997. Therefore, we adjusted
the trend based on the average of three data sources. We used age-sex specific
adjustment factors. For persons <55 years we used an adjustment-factor for 1997
based on the mean of RIVM, CMR-Nijmegen and RNH-Limburg. For persons ≥55
years we used an adjustment-factor for 1997 based on the mean of LASA, CMRNijmegen and RNH-Limburg. For 2007 we used the raw HNU data.
Based on the availability of socioeconomic data, we calculated four separate
socioeconomic gradients: RIVM-1997, RIVM-2007, LASA-1997 and LASA-2007. The
four socioeconomic gradients were applied to the calculated mean values from the
different sources in 1997 and 2007.
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TABLE I Beta coefficients: relation of change in risk factors with change in CHD mortality

Beta coefficients were assumed constant across socioeconomic groups.
Cholesterol

Age groups (years)
25-44

45-54

55-64

65-74

75-84

85+

CHD mortality reduction per 1 mmol/l
Men

0.55

0.53

0.36

0.21

0.21

0.21

Women

0.57

0.52

0.35

0.23

0.23

0.23

Men

-0.799

-0.755

-0.446

-0.236

-0.117

-0.083

Minimum

-0.639

-0.604

-0.357

-0.189

-0.093

-0.067

Maximum

-0.958

-0.906

-0.536

-0.283

-0.140

-0.100

Women

-0.844

-0.734

-0.431

-0.261

-0.174

-0.051

Minimum

-0.675

-0.587

-0.345

-0.209

-0.139

-0.041

Maximum

-1.013

-0.881

-0.517

-0.314

-0.209

-0.062

Log coefficient

Source:

Prospective studies collaborative meta-analysis, Lancet 200760

Units:

Percentage change in CHD mortality per 1 mmol/l change in total cholesterol

Body Mass Index (BMI)

Age groups (years)
<45

45-59

60-69

70-79

80+

Hazard ratio CHD mortality

0.89

0.91

0.95

0.96

0.97

Risk reductiona per 1 kg/m2

0.11

0.09

0.05

0.04

0.03

Age gradient (45-59 as reference)

1.22

1.00

0.56

0.44

0.33

James et.al (2004):

Bogers (2006):

Relative risks per 1 kg/m2 applying age
gradients from James et. al

5

1.16

Relative risks, CHD deaths per 5 BMI units
(kg/m2)
1.04

1.03

1.02

1.01

1.01

Log coefficients

0.0363

0.0297

0.0165

0.0132

0.0099

Minimum

0.0255

0.0209

0.0116

0.0093

0.0070

Maximum

0.0466

0.0381

0.0212

0.0169

0.0127

61

62

Source:

Bogers et al (2006) , James et al (2004)

Units:

Percentage change in CHD mortality per 1 kg/m2 change in
BMI

a

6

Risk reduction = 1 – hazard ratio
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Systolic blood pressure

Age group (years)
25-44

45-54

55-64

65-74

75+

0.49

0.49

0.52

0.58

0.65

-0.036

-0.035

-0.032

-0.027

-0.021

Minimum

-0.029

-0.028

-0.026

-0.022

-0.017

Maximum

-0.043

-0.042

-0.039

-0.032

-0.025

0.40

0.40

0.49

0.52

0.59

Women
(log hazard ratio CHD mortality per 1 mmHg)

-0.046

-0.046

-0.035

-0.032

-0.026

Minimum

-0.037

-0.037

-0.028

-0.026

-0.021

-0.055

-0.055

-0.042

-0.039

-0.031

Men
(hazard ratio CHD mortality per 20 mmHg)
Men
(log hazard ratio CHD mortality per 1 mmHg)

Women
(hazard ratio CHD mortality per 20 mmHg)

Maximum

Prospective studies collaborative meta-analysis,
Lancet 200259
Percentage change in CHD mortality per 20 mmHg
change in systolic blood pressure

Source:
Units:

TABLE J Relative risk for CHD mortality: smoking, diabetes and physical inactivity

Relative risks were assumed constant across socioeconomic groups.
Smoking
Source: Ezzati (2004)

Physical inactivity
11

Source: Ezzati (2004)

11

Diabetes
Source: Huxley (2006)13
Roglic (2010)12

Men 25-34

5.51 (2.47-12.25)

1.50 (1.35-1.67)

4.33 (3.47-5.20)

Men 35-44

5.51 (2.47-12.25)

1.50 (1.35-1.67)

3.22 (2.58-3.86)

Men 45-54

3.04 (2.66-3.48)

1.50 (1.35-1.67)

2.14 (1.71-2.57)

Men 55-64

2.51 (2.22-2.84)

1.50 (1.35-1.67)

1.99 (1.59-2.39)

Men 65-74

1.69 (1.52-1.89)

1.44 (1.30-1.61)

1.86 (1.49-2.23)

Men 75-84

1.31 (1.11-1.56)

1.32 (1.19-1.47)

1.71 (1.37-2.05)

Men 85+

1.05 (0.78-1.43)

1.23 (1.11-1.37)

1.71 (1.37-2.05)

Women 25-34

2.26 (0.83-6.14)

1.50 (1.35-1.68)

7.55 (6.04-9.06)

Women 35-44

2.26 (0.83-6.14)

1.50 (1.35-1.68)

5.63 (4.51-6.76)

Women 45-54

3.78 (3.10-4.62)

1.50 (1.35-1.68)

3.81 (3.05-4.57)

Women 55-64

3.21 (2.70-3.82)

1.50 (1.35-1.68)

3.12 (2.50-3.74)

Women 65-74

2.17 (1.89-2.47)

1.45 (1.30-1.61)

2.55 (2.04-3.06)

Women 75-84

1.58 (1.33-1.88)

1.33 (1.20-1.47)

2.36 (1.89-2.83)

Women 85+

1.38 (1.08-1.77)

1.24 (1.13-1.37)

2.36 (1.89-2.83)

Detailed information on how RRs were modified to fit to the age-sex distributions
used in the IMPACTSEC model, can be found in the Scottish IMPACTSEC
supplementary appendix (page 41-47)
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Smoking prevalence, %
Men
<65 years
≥65 years
Women
<65 years
≥65 years
Diabetes prevalence, %
Men
<65 years
≥65 years
Women
<65 years
≥65 years
Physical inactivity, %
Men
<65 years
≥65 years
Women
<65 years
≥65 years
SBP, mmHg
Men
<65 years
≥65 years
Women
<65 years
≥65 years
Cholesterol, mmol/L
Men
<65 years
≥65 years
Women
<65 years
≥65 years
Body mass index, kg/m2
Men
<65 years
≥65 years
Women
<65 years
≥65 years

2007
27,2%
33,2%
15,0%
28,2%
13,0%
8,1%
5,2%
21,1%
4,6%
19,5%
54,9%
47,8%
74,7%
49,8%
80,9%
129,4
129,3
144,3
121,7
144,3
5,4
5,5
4,9
5,4
5,6
26,5
26,5
27,1
25,8
28,0

1997
32,5%
38,8%
28,0%
32,8%
14,0%
5,5%
3,2%
11,5%
3,7%
14,9%
60,2%
49,6%
78,3%
58,5%
88,0%
132,2
130,5
152,4
123,5
151,9
5,6
5,6
5,4
5,5
5,9
25,9
25,8
26,2
25,3
27,8

National
(100%)

6,1%
3,0%
14,7%
3,5%
19,1%
60,7%
47,4%
79,8%
61,7%
87,8%
131,8
131,8
150,3
123,4
145,6
5,5
5,6
5,3
5,5
5,8
25,6
25,6
26,3
25,1
26,6

5,4%
3,5%
14,1%
3,1%
13,0%
50,7%
43,5%
71,0%
45,1%
78,5%
129,3
129,7
142,9
121,3
144,1
5,4
5,4
4,8
5,3
5,6
26,2
26,3
27,4
25,6
27,1

Most affluent
(20%)
1997
2007
29,6%
25,6%
34,3%
30,2%
30,8%
18,0%
28,9%
25,7%
15,4%
15,6%

TABLE K Observed risk factor levels in 1997 and 2007 by age, sex and socioeconomic group

4,9%
2,7%
10,7%
3,1%
13,8%
52,6%
39,0%
76,4%
50,7%
86,7%
132,2
130,4
152,6
123,0
153,4
5,6
5,6
5,4
5,5
5,9
25,8
25,9
26,2
24,9
27,9

8,1%
5,1%
21,4%
4,5%
19,8%
57,4%
49,4%
73,7%
55,7%
78,3%
129,3
129,0
145,0
121,8
143,4
5,5
5,6
5,0
5,4
5,5
26,3
26,5
27,0
25,6
27,6

Middle group
(60%)
1997
2007
32,9%
27,1%
39,7%
33,2%
25,8%
14,0%
33,5%
28,3%
12,9%
12,2%
5,8%
3,7%
11,1%
4,2%
14,3%
57,6%
50,7%
81,5%
48,6%
93,1%
132,8
129,3
154,2
125,1
153,9
5,6
5,6
5,4
5,5
5,9
26,0
25,8
26,0
25,5
28,1

10,7%
7,0%
28,0%
6,2%
25,8%
58,8%
52,5%
86,9%
50,0%
88,2%
130,0
129,8
143,6
121,8
147,5
5,4
5,5
4,7
5,4
5,6
26,5
26,2
27,2
26,0
28,4

Most deprived
(20%)
1997
2007
35,2%
29,4%
41,0%
35,3%
35,1%
18,3%
34,6%
30,0%
17,6%
15,9%

≥65 years

≥65 years
<65 years

<65 years
≥65 years

Women

<65 years

Women

Women

Men

<65 years

≥65 years

<65 years

≥65 years
- due to blood pressure
lowering drugsa

<65 years
≥65 years

≥65 years

<65 years

≥65 years

Men

SBP, mmHg

Women

Physical inactivity
Men
<65 years

<65 years
≥65 years

Men

Diabetes prevalence

Women

Smoking prevalence
Men
<65 years

129.3
144.3
121.7

130.5
152.4
123.5

22.8%
7.1%

33.4%
10.0%

151.9
144.3
Treatment uptake 1997: Treatment uptake 2007:
9.4%
13.7%
4.8%
8.6%

129.4

80.9%

88.0%
132.2

49.8%

58.5%

19.5%

14.9%
54.9%
47.8%
74.7%

21.1%
4.6%

11.5%
3.7%
60.2%
49.6%
78.3%

8.1%
5.2%

28.2%
13.0%

32.8%
14.0%
5.5%
3.2%

Risk factor level
2007
27.2%
33.2%
15.0%

Risk factor level
1997
32.5%
38.8%
280%

+2.9%

+10.6%

117 (1.0) (0.5, 1.9)
32 (0.3) (0.1, 0.5)

422 (3.8) (1.8, 6.8)
54 (0.5) (0.2, 0.9)

+4.3%
+3.6%

1,176 (10.5) (7.8, 16.3)

1,580 (14.1) (11.3, 21.8)
165 (1.5) (1.2, 2.2)

382 (3.4) (3.1, 5.5)

3,304 (29.5) (23.5, 45.8)

67 (0.6) (0.6, 0.8)

-1 (0.0) (0.0, 0.0)

144 (1.3) (1.2, 1.7)
23 (0.2) (0.2, 0.3)
55 (0.5) (0.4, 0.6)

-330 (-2.9) (-2.7, -4.1)

-522 (-4.7) ( -4.4, -6.6)
-33 (-0.3) (-0.3, -0.4)

-1,003 (-9.0) (-8.3, -12.5)
-118 (-1.1) (-1.0, -1.5)

9 (0.1) (0.1, 0.1)
29 (0.3) (0.3, 0.5)

Deaths Prevented or Postponed,
Mean (%) (range)
507 (4.5) (4.3, 6.5)
97 (0.9) (0.8, 1.2)
372 (3.3) (3.2, 4.7)

-7.6

-1.8

-1.2
-8.1

-7.1%
-2.8

-8.7%

-3.6%

-5.3%
-1.8%

+0.9%
+4.6%

+2.0%
+9.6%

2.6%

-1.0%

-13.0%
-4.6%

Absolute change in
risk factorsa
-5.3%
-5.6%

TABLE L Deaths Prevented or Postponed due to changes in risk factors for coronary heart disease by age and sex, including the
effect of changes in primary prevention treatments, between 1997 and 2007

≥65 years

<65 years

≥65 years

<65 years
5.4
5.5

2

≥65 years

25.8
26.2
25.3
27.8

26.5
26.5
27.1
25.8
28.0

17.0%

0.5%

≥65 years
25.9

16.6%
4.0%

0.2%
0.3%

<65 years

219 (2.0) (0.9, 3.5)

+0.2

0.6
+0.7
+0.9
+0.5

+16.5%

+3.7%

+16.4%

3,979 (35.5) (23.8, 67.0)

-134 (-1.2) (-0.8, -2.1)
-38 (-0.3) (-0.2, -0.6)
-96 (-0.9) (-0.6, -1.5)
-0.4a (0.0) (0.0, 0.0)
0.4a (0.0) (0.0, 0.0)

373 (3.3) (0.8, 8.9)

212 (1.9) (0.5, 4.8)
92 (0.8) (0.2, 1.8)

787 (7.0) (1.7, 17.6)
109 (1.0) (0.2, 2.1)

+6.3%
+5.2%

275 (2.5) (1.8, 4.0)

576 (5.1) (3.9, 8.5)
42 (0.4) ( 0.3, 0.6)

1,161 (10.4) (7.9, 17.1)
268 (2.4) (1.9. 4.0)

-0.3

-0.1

-0.5

-0.1

-0.2

+9.3%

SBP, systolic blood pressure.
a
Eligible persons for primary prevention treatment (n= 9,747,083) were defined as all persons who did not have a cardiovascular-related hospital
admission during the 5 years and 9 months prior to October 1 in the index year, and did not use nitrates, digitalis glycosides or antithrombotic drugs
in the index year.23
b
Despite an increase in BMI in women (age-standardized to the Dutch population), DPPs are almost 0. Changes in BMI are inconsistent in women:
all age groups showed an increase in BMI, except for the age groups 55-64 years and 75-84 years.

Total risk factors

4.9
5.4

5.6

41.3%
5.4
5.5

32.0%

5.9
5.6
Treatment uptake 1997: Treatment uptake 2007:
0.3%
6.6%
0.3%
5.5%

5.6

≥65 years

<65 years

Body mass index, kg/m
Men
<65 years
≥65 years
Women
<65 years

Women

Men

≥65 years
- due to cholesterol
a
lowering drugs

Women

Men

Total cholesterol, mmol/L
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In this thesis, we applied the IMPACT model to explain the 48% decline in coronary
heart disease (CHD) mortality between 1997 and 2007 in the Netherlands. We
investigated trends in multiple factors that could have influenced CHD mortality. We
studied trends in incidence, short-term case-fatality, hospitalizations, long term
mortality, risk factors and uptake of treatments. Furthermore, the role of age, sex and
socioeconomic circumstances (SEC) was examined. The fall in CHD mortality was
examined by changes in 1) risk factors on a population level, 2) primary prevention
(drug) treatments and 3) acute phase and secondary prevention treatments.

KEY FINDINGS
- Trends in AMI incidence/hospital admissions: We observed a substantial decline in
acute myocardial infarction (AMI) incidence and hospitalization rates between 1998
and 2007. Young persons and women showed smaller declines. Socioeconomic
inequalities in AMI incidence remained stable over time.
- Trends in CHD hospital admissions: We observed a shift from acute to chronic CHD
hospitalizations. Furthermore, the age at CHD hospitalization admission was pushed
towards older age: premature CHD admission (<65 years) declined over time and
admission rates at very old age increased.
- Trends in risk factors: Favorable trends in smoking and physical inactivity in the
population were partly negated by increases in body mass index and diabetes. SBP
and cholesterol levels declined in older persons (≥65 years), but did not significantly
decline in the population <65 years.
- Trends in treatment uptakes: The use of cardiovascular drugs for prevention and
treatment of CHD increased between 1998 and 2010. While acute phase drug
treatment uptakes were close to maximum level, three years after discharge for an
AMI or revascularization procedure in 2007 only half of the patients was still using the
recommended drugs. Drug use was lowest in young women and in elderly persons
(≥75 years).
- Explaining the CHD mortality fall: The CHD mortality fall between 1997 and 2007 in
the Netherlands can be attributed fairly equally to changes in population risk factors
(primary prevention, 36%) and changes in the uptake of evidence-based
pharmacological and medical treatments (acute phase and secondary prevention
therapy, 37%, Figure 1). The largest contributions came from declines in systolic blood
pressure (SBP) in the population (contributing 30%), declines in total cholesterol levels
(10%),
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with heart failure (11%) and chronic stable coronary artery disease (9%) in the
community and changes in the acute phase treatment of AMI (7%).
- Socioeconomic trends in the CHD mortality fall: Socioeconomic inequalities in CHD
mortality remained stable between 1997 and 2007. The overall contribution from
changes in treatments and changes in risk factors to the fall in CHD mortality was
equivalent across socioeconomic groups. Yet, our results suggest that in the most
affluent populations the contribution to the decline in CHD mortality was driven by a
different set of risk factor changes than in the most deprived populations.

Figure 1 Overview of results from the Dutch IMPACTSEC model. A total of 11,200
less coronary heart disease (CHD) deaths occurred in 2007, when compared to what
was expected from 1997 CHD death rates. Changes in population risk factors
(including primary prevention treatments) explained 36% (46% risk factors better 10% risk factors worse = 36%) and changes in acute phase and secondary
prevention treatment uptakes explained 37%. The model failed to explain 28% of the
CHD deaths that were prevented or postponed.

INTERNATIONAL COMPARISON OF IMPACT RESULTS
In chapter 6 we provided an overview of results from previous IMPACT models that
explained a fall in CHD mortality.

1-17

The fall in CHD mortality can be explained by

changes in 1) risk factors levels on a population level, 2) primary prevention (drug)
treatment uptake and 3) acute phase and secondary prevention treatment uptake.
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The balance between these three components differs between countries and study
period. Without being exhaustive, we will point out a number of elements that could
have played a role in the differences in result between countries:
Methodological:
-

Differences in time period. Treatment effects could potentially be larger in earlier
periods, because start levels of treatment uptakes were lowest. However, most
advancements in treatments occurred from the 90s onwards.

-

Differences in quality of data (validity and coverage). Outliers in results could be
an indication for data with lower validity (biased) or lower precision (larger
confidence intervals).

-

Small differences in assumptions, estimating overlaps, correction factors and
calculation of DPPs made by the different teams that applied the IMPACT
model.

Demographical:
-

Demographical differences between countries (e.g. age distribution or education
level).

-

Differences in the distance to acute treatment in case of emergency. Some
countries with remote regions could potentially benefit less from changes in
acute phase treatments.

Policy:
-

The development and wide availability of evidence-based guidelines for
cardiovascular risk management and treatment of CHD over time.

-

The implementation of the evidence-based guidelines in practice. For example
clear policy guidance, commitment and consensus on the implementation.

-

The availability and effectiveness of active screening and case-finding in high
risk populations.

-

The availability and effectiveness of nationwide campaigns to raise awareness
and promote healthy behavior.

-

The availability and effectiveness of government policies, measures, restrictions
and changes in e.g. product availability or content (taxes, smoking bans, salt
content).

-

Clearly defined monitoring and evaluation plan on population level risk factors
factors and treatment uptakes.
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-

Political decisions and restrictions on how to spend budgets on health care and
prevention activities.

Health care:
-

Differences in the set-up of health care systems. General practitioners/health
care centers/emergency rooms/hospitals and how they can be accessed
(during and outside office hours).

-

The type of insurance system for health care costs (and the part of health care
costs that has to be paid at own expense) can be of influence on the
accessibility of health care for different subgroups in the population.

-

Good communication at all levels (between government, hospitals, general
practitioners and patients).

It is clear that these many elements require a conservative approach to compare
results between IMPACT studies. We made a cautious attempt in the next
paragraphs.
Comparing the contribution from acute phase and secondary prevention treatments
The contribution from acute phase and secondary prevention treatments ranged
2

13

from 23% (Iceland and Finland ) to 41% (Turkey

16

17

and Ontario , Figure 2). In that

perspective, the 37% contribution of acute phase and secondary prevention
treatments in the Netherlands was relatively large (#14 out of 17 studies). This large
contribution is, at least in part, likely related to the recentness of our study period.
There have been many beneficial developments since the end of the 80s / beginning
of 90s in medical and surgical cardiovascular treatments, such as the introduction of
statins, the increase in renin-angiotensin-aldosterone system (RAAS) inhibitors,
primary Percutaneous Coronary Intervention (PCI) and clopidogrel in guidelines and

7

17

clinical practice. Our results were very similar to the results from Ontario , which
showed the largest (41%) contribution from acute phase and secondary prevention
treatments. The Ontario

17

model showed the same top three contributing disease

groups as in our Dutch model (patients with chronic stable CAD in the community,
patients with heart failure in the community and the acute phase treatment of AMI).
Also within these disease groups the contributions were very similar, with large
contributions from changes in the uptake of beta-blockers in heart failure patients
and statins in chronic stable CAD patients.
Higher prevalence and hospitalization rates could result in larger contributions
from treatments, because more patients can potentially generate more CHD deaths
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prevented. The prevalence rates of CHD and heart failure in the community were
3

10

relatively low in the Netherlands compared to for example England and Scotland .
Although prevalence rates were generally lower, the hospitalization rate of AMI,
unstable angina and CHD-related heart failure was higher in the Netherlands than in
the UK. The relatively high contribution from hospital disease groups (13% in the
Netherlands, 1% in England and 5% in Scotland) is partly related to a one-fourth
higher hospitalization rate in the Netherlands (¼*13% =3% more explained because
of higher hospitalization rates).
In conclusion, the relatively high contribution from acute phase and secondary
prevention treatments in the Netherlands compared to previous IMPACT studies is
likely related to: 1) larger improvements in treatment uptakes of hospitalized AMI
patients (especially community CPR and primary PCI), hospitalized unstable angina
patients (especially clopidogrel), hospitalized heart failure patients (especially betablockers), together with the fact that CHD hospitalization rates were relatively high in
the Netherlands, and 2) relatively large advances in medical treatments in patients in
the community with chronic stable coronary artery disease (especially cholesterol

CHD mortality decrease attributable to changes in acute
phase and secondary prevention treatment uptakes (%)

lowering drugs) and heart failure (especially beta-blockers).
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Figure 2 Percentage of the decrease in deaths from CHD attributed to changes in
acute phase and secondary prevention treatments. IMPACT studies are ranked
(#number) from low to high percentage contribution.
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CHD mortality decrease attributable to changes in
primary prevention treatment uptakes (%)

Comparing the contribution from primary prevention treatments
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Figure 3 Percentage of the decrease in deaths from CHD attributed to changes in
the use of blood pressure and cholesterol lowering drugs for primary prevention.
IMPACT studies are ranked (#number) from low to high percentage contribution.
The proportion that could be attributed to changes in the use of cardiovascular drugs
for primary prevention ranged from 0% (Finland13) to 19% (England3, Figure 3). The
contribution of 11% in the Netherlands was in the middle to higher end of this range
(#13 out of 17 studies), corresponding to the contribution from acute phase and
secondary prevention treatments (#14 out of 17 studies). The relatively large
contribution in the Netherlands was partly related to our definition of the eligible

7

population for primary prevention. We used the total population without
cardiovascular disease (a larger population means a larger potential effect), while
some other countries restricted the eligible population to persons with hypertension
or hypercholesterolemia.
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CHD mortality decrease attributable to non-pharmacological
changes in population risk factors (%)

Comparing the non-pharmacological contribution from population risk factors
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Figure 4 Percentage of the decrease in deaths from CHD attributed to nonpharmacological changes in population risk factors in our study population and in
other populations. Changes in systolic blood pressure, total cholesterol levels, body
mass index, smoking, physical inactivity and diabetes mellitus were included. The
effect of blood pressure and cholesterol lowering drugs was excluded (see primary
prevention treatments). IMPACT studies are ranked (#number) from low to high
percentage contribution.
Estimates for the contribution of non-pharmacological changes in population risk
factors ranged from 25 to 73%. The proportion was lowest in our study (25%, #1 out
of 17 studies, Figure 4). In most IMPACT studies, the largest contribution to the
decline in CHD mortality came from a fall in SBP. The non-pharmacological
contribution of changes in SBP in the Netherlands (26%) was comparable to many
other studies. However, the contribution from the reduction in cholesterol from
lifestyle and dietary changes was very low in the Netherlands (3%), when compared
4

to other populations such as Czech republic (40%), West Bank (40%), Poland (39%),
2

Iceland (32%), Republic of Ireland
3

12

(24%), Ontario

Results from England (6%) and Scotland

10

17

(23%) and Portugal

15

(16%).

(9%) were more comparable. The decline

in total cholesterol was less than 0.1 mmol/l in the Netherlands after subtraction of
the effect from primary prevention treatments with cardiovascular drugs. The intake
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of trans fatty acids decreased over time in the Netherlands, already starting in a
previous period.

18,19

However saturated fat intake remained quite stable.

20

Although

physical inactivity decreased over time, many inhabitants still show a positive energy
balance resulting in increases in BMI and diabetes mellitus over time. If the
overconsumption was related to unhealthy dietary habits, this might explain why
dietary and lifestyle changes in cholesterol have not reached declines as large as in
other countries. However, we do not have evidence that the caloric overconsumption
in the Netherlands was more related to unhealthy dietary habits than in other
countries. The increase in BMI causing 1% excess deaths was not extraordinary,
even relatively low. Nevertheless, the contribution from excess deaths (9%) due to an
increase in the prevalence of diabetes mellitus was relatively large. The contribution
from smoking was expected to be lower than in IMPACT models with earlier start
years than the Netherlands, because the largest declines in smoking rates already
took place before the start of our study period. Nevertheless, the contribution from
smoking (5%) and physical inactivity (1%) were quite average compared to other
studies.
In conclusion, the relatively low non-pharmacological contribution from
population risk factors in the Netherlands was probably for the largest part related to
a very low contribution from dietary and lifestyle changes in population cholesterol
levels and a relatively large increase in diabetes mellitus.
The proportion of the CHD fall that the model failed to explain
Estimates for the proportion of the CHD fall that remained unexplained by the
IMPACT model ranged from 0 to 28%. The proportion was highest in our study (28%,
#17 out of 17 studies, Figure 5). There might be a relation between the very low
contribution from non-pharmacological risk factors (lowest of 17 studies, Figure 4)
and the very large proportion that the model failed to explain in the Netherlands
(highest of 17 studies, Figure 5). In theory, trends in unmeasured risk factors (e.g.
psychosocial stress, dietary intake of fruits and vegetables, saturated fat or alcohol
intake) could have had a larger influence in the Netherlands than in other countries.
More likely, however, is that the low contribution from non-pharmacological risk
factors and high unexplained proportion were both partly related to the
generalizability of the Dutch data sources for population based risk factor levels.
Many countries had data on trends in risk factors available from very large national
surveys. We were restricted to long-term follow-up of individual cohorts. Persons
who volunteer to take part in studies tend to be healthier than those who do not. As a
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result, starting levels of risk factors were lower. Consequently, absolute differences
over time in risk factors were expected to be smaller (biased) in healthier
populations. Not only data availability and quality differed between countries, but
also how countries dealt with inconsistencies and outliers between and within
different available data sources. We were probably one of the IMPACT studies with
the least manual refinements after the first input of raw data in the model. Especially
when the sample size of data sources are relatively small (our sources for nonpharmacological risk factor trends) the final results can be imprecise. In conclusion,
the relatively high proportion of the CHD fall that the IMPACT model failed to explain
in the Netherlands is probably related to the limited generalizability of the cohorts

CHD mortality decrease unexplained
by the IMPACT model (%)

that we used for some risk factor trends (SBP, total cholesterol and BMI).
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Figure 5 The proportion of the decrease in deaths from CHD that the IMPACT model
failed to explain. Studies are ranked (#number) from low to high percentage
contribution.

WERE CHD DEAHTS PREVENTED OR POSTPONED
The observed decline in CHD deaths could in fact be split into two effects: 1) true
prevented deaths and 2) postponed deaths. A downward trend in incidence or
mortality could be interpreted as true prevention and a forward trend (as in Figure 2
in chapter 2.2) as postponement of the process that leads to CHD death. Individuallevel analyses enables to define whether preventive efforts have resulted in true
202
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prevention (no CHD occurrence in an individual’s life, possibly caused by competing
risks from other causes of deaths during the postponement of CHD ) or postponed
CHD (delayed onset of CHD at a more advanced age). Unfortunately, our populationlevel analyses do not allow to define exactly which CHD deaths were prevented and
which postponed. However, it is possible to estimate the magnitude of the effects. In
the theoretical case that 100% of the prevented CHD deaths in 2007 would be due to
prevention of CHD and 0% due to postponement, then the CHD mortality rate in every
age group would be expected to decline in a similar magnitude. In the theoretical
case that 100% of the prevented CHD deaths in 2007 would be due to postponement
of CHD and 0% due to true prevention, then the decline would be expected to be
largest in the youngest age group (possibly 100%) and smallest in the oldest age
group (possibly 0% if competing risks would not exist). Looking at CHD mortality
trends in our IMPACT study (chapter 6), there was a decline in every age-sex group,
but relative declines were smaller at older age. The decline was about 60% in men
and women 55-74 years, about 50% in men and women 65-74 years and in the
oldest age group (≥85 years) the decline was 30% in men and 36% in women.
Because of the smaller declines in older age groups, we conclude that between 1997
and 2007 a substantial part of CHD deaths was postponed, and partly prevented.

THE FUTURE CHD BURDEN
At population-level, data based on GP registers show that the size of the CHD
population is relatively stable after correction for the aging population.

21

This does,

however, not necessarily imply that at individual-level no major changes occurred.
Our studies (chapter 2.1 and 2.2) suggest that less people develop CHD, but that
those who do tend to live longer. Because of the aging population, the increased life
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expectancy and the declining CHD mortality rates, the future burden of CHD will to a
large extent be determined by CHD morbidity. However, the total burden of CHD
mortality is also expected to remain high, due to the aging of the Dutch population.
CHD morbidity compression or expansion?
Two scenarios are possible for CHD morbidity trends: morbidity compression and
morbidity expansion (Figure 6).
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The decline in CHD incidence (chapter 2.1) due to

changes in primary prevention (chapter 4 and 5) could result in ‘morbidity
compression’.
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When the onset of CHD is postponed (chapter 2.2), CHD morbidity

will be compressed into a shorter time period at the end of life. Declining short-term
(chapter 2.1) and long-term case-fatality rates of CHD due to changes in acute
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phase treatment and secondary prevention (chapter 5) could result in ‘morbidity
expansion’.
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The increase in survival could at individual-level lead to an increasing

number of years spent in poor health (while at population-level the age-standardized
number of years spent in poor health could remain stable). When the theory of
morbidity compression and expansion concomitantly holds true one could speak of
‘relative morbidity expansion’. Morbidity is compressed because of postponed CHD
incidence, but subsequently expanded due to increased survival. Less patients
developed CHD over time (chapter 2.1), but those who did tended to live longer with
chronic CHD.

Figure 6 Schematic representation of different scenarios on CHD morbidity trends,
based on a figure from Fries et al in J Aging Res 2011.
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In the scenario of morbidity

expansion (second row) the survival of CHD patients is extended. In the scenario of
morbidity compression (third row) the onset of CHD is postponed. The most likely
scenario between 1997 and 2007 was relative morbidity extension (fourth row): the
onset of CHD was postponed and survival of CHD patients has increased.

IMPLICATIONS
Some risk factors are more powerful than others to have an effect on CHD mortality.
Each risk factor has a corresponding beta-coefficient (for continuous risk factors) or
relative risk (for dichotomous risk factor) that quantifies the potential effect of a
change in a risk factor on CHD mortality (chapter 6 appendix Table I and J). Systolic
blood pressure is the most powerful modifiable risk factor for CHD, followed by
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cholesterol. About one-third of the decline in CHD mortality between 1997 and 2007
in the Netherlands could be attributed to the 3 mm Hg fall in population levels of SBP
(chapter 6). The contribution from dietary and lifestyle changes in total cholesterol
were disappointing when compared to results from other countries in the same time
period (chapter 6). This highlights one of the areas in which future gains are possible.
Especially the younger population <65 years are a group of concern, which showed
no significant decline in total cholesterol levels or SBP (chapter 4). Furthermore, the
increase in obesity and diabetes forms a threat to a continuing decline in CHD
mortality. The information on risk factor trends in the Netherlands that was available
was limited and fragmented. Data from individual cohorts might have limited
generalizability to the total population. The future development of one national
monitoring system on all major cardiovascular risk factor levels using standardized
methodology with large representative sample sizes across all ages will be important
to enable evidence-informed policy making. Socioeconomic inequalities in AMI
incidence and CHD mortality have persisted and did not narrow over time (chapter 1
and chapter 6). Future policies achieving further small risk factor reductions could
result in large mortality reductions, especially in deprived groups where risk factor
levels are high. Hence would potentially narrow the inequalities gaps. Declines in
CHD mortality between 1997 and 2007 were explained by a different set of risk
factors in the most affluent compared to the most deprived group. Tackling
inequalities in CHD will thus require a set of strategies tailored to the individual needs
of each group.
Although in-hospital treatment uptakes were almost optimal, there remains
opportunity for improvement in treatment uptakes, especially in the hospital
treatment of women, secondary prevention therapy of young women and the elderly,
and the continuity of drug use in long-term secondary prevention (chapter 5).
Discontinuation rates were highest in the first three months after hospital discharge
for an acute coronary syndrome or revascularization procedure and drug use
continued to decline thereafter. Further research into the reasons for not adhering to
the current guidelines is required to improve the management of CHD patients in
clinical practice.

OVERALL CONCLUSION
CHD mortality has recently halved in The Netherlands. Both incidence and shortterm case-fatality rates of CHD decreased over time. Equally large contributions to
the fall in CHD mortality have come from the increased use of acute and secondary
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prevention treatments and from improvements in population risk factors (including
primary prevention treatments with cardiovascular drugs). Fewer patients developed
CHD over time, but those who did tended to live longer. Both the age of onset of CHD
and the age at death were postponed, which is also referred to as relative morbidity
expansion. Quality of life, healthy life years and compression of CHD morbidity
becomes increasingly important to reduce the future burden of CHD. Primary
prevention strategies should go together with secondary prevention efforts to ensure
a continuing decline in CHD mortality and morbidity in the future.
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EXPLAINING TRENDS IN CORONARY HEART DISEASE IN THE NETHERLANDS
A dramatic increase in life expectancy was observed in the last decade in the
Netherlands. This increase in life expectancy has been largely attributed to declines in
coronary heart disease (CHD) mortality rates. These fell with 48% between 1997 and
2007. The main objective of this thesis was to explain the decline in CHD mortality in
the Netherlands between 1997 and 2007 by applying the IMPACT model to Dutch
data. The second objective was to provide detailed information (by age, sex and
socioeconomic circumstances) on time trends in CHD mortality, incidence, short-term
case-fatality rates, risk factors, and uptake of cardiovascular treatments.
Declines in CHD mortality can be attributed to declines in incidence or declines in
case-fatality rates. Acute myocardial infarction (AMI) is a major component of the
category CHD. In chapter 1 we studied trends in AMI incidence and short-term casefatality rates. AMI incidence declined between 1998 and 2007 with 39% in men and
35% in women. The pre-hospital proportion (AMI patients that did not reach a hospital
alive) decreased in men from 24% in 1998 to 21% in 2007 and in women from 33% to
29%. In patients hospitalized for a first AMI, case-fatality rates declined from 2003
onwards. Declines in AMI incidence were smaller in women compared to men, and
smaller in young (<55 years) and very old persons (≥85 years) compared to middleaged individuals (55-84 years). Socioeconomic inequalities in AMI incidence persisted
and did not narrow over time.
Next, we investigated in chapter 2 whether the large declines in AMI rates also
applied to other types of CHD (unstable angina and chronic CHD). We observed
smaller declines in hospitalization rates of unstable angina and chronic CHD than AMI.
As a consequence, an increasing proportion of CHD hospital admissions was for
chronic forms of CHD. Yet, individuals tend to live longer as chronic CHD patient.
In chapter 3 we specifically focused on the magnitude of socioeconomic
inequalities in AMI across age and sex groups. Socioeconomic relative risks were
largest where absolute AMI rates were lowest (under 35 years in men and under 65
years in women). Absolute socioeconomic differences were largest where the
absolute burden of AMI was highest. Socioeconomic inequalities in pre-hospital and
case-fatality rates after a first AMI persisted in the elderly (≥75 years).
Chapter 4 described time trends in risk factors for CHD in the Netherlands by age
and sex groups. The results demonstrated favourable trends in smoking (except in
older women) and physical activity (except in older men). Unfavourable trends were
found for body mass index (BMI) and diabetes mellitus prevalence. Although systolic
blood pressure (SBP) and total cholesterol trends were favourable for older persons,
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SBP and total cholesterol remained stable in younger persons. Trends in men and
women followed a similar pattern.
The following chapter described age-sex specific time trends in the use of
cardiovascular drugs for primary prevention, secondary prevention and in the acute
phase of CHD. The use of cardiovascular drugs increased over time in all three
settings. During hospital admission for an acute coronary syndrome the uptake of
cardiovascular drugs was close to maximum levels. However, three years after
discharge for an AMI or revascularization procedure in 2007 only half of the patients
was still using the recommended drugs, with the lowest drug use in young women.
The proportion receiving lipid lowering drugs declined after the age of 75 in all three
settings. Areas potentially for improvement are in the hospital treatment of acute
coronary syndrome in young women, in secondary prevention among young women
and the elderly and in the continuity of drug use in secondary prevention.
Chapter 6 reports the results from the IMPACTSEC model to explain the decline in
CHD mortality between 1997 and 2007 in the Netherlands, both across and within
socioeconomic (SEC) groups. Approximately 11,200 fewer CHD deaths occurred in
2007 than expected. The model was able to explain 72% of the mortality decline.
About 37% (95% confidence interval: 10%-80%) of these deaths prevented was
attributable

to changes in the treatment in the acute phase and in secondary

prevention treatments: the largest contributions came from treatment of patients in
the community with heart failure (11%) or chronic angina (9%) and acute phase
treatment of acute myocardial infarction (6%). Approximately 36% (24%-67%) was
attributable to changes in risk factors: blood pressure (30%), total cholesterol levels
(10%), smoking (5%) and physical inactivity (1%). However, 10% more deaths could
have been prevented if BMI and diabetes would not have increased. The benefits from
treatments were fairly equitable whereas the contribution from risk factor changes
differed across socioeconomic groups.
In the general discussion (chapter 7), we compared our IMPACT SEC results to 16
previous IMPACT studies. The contributions from acute phase, secondary prevention
and primary prevention to the decline in CHD were relatively high in our study
compared to previous studies. In contrast, the contribution from non-pharmacological
risk factor changes was the lowest in our study, probably related to a relatively low
contribution from dietary and lifestyle changes in population cholesterol levels. The
high proportion that the model failed to explain (28%) might be related to the
generalizability of some of the risk factor data sources. In contrast to other countries
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that have performed IMPACT studies, the Netherlands seems to have less information
that can be considered entirely representative for the entire population.
The chapter ends with the following overall conclusions:
-

CHD mortality has recently halved in The Netherlands.

-

Both incidence and short-term case-fatality rates of CHD decreased over
time.

-

Equally large contributions to the fall in CHD mortality have come from the
increased use of acute phase and secondary prevention treatments and from
improvements in population risk factors (including primary prevention
treatments with cardiovascular drugs).

-

Fewer patients developed CHD over time, but those who did tended to live
longer. Both the age of onset of CHD and the age at death were postponed,
which is also referred to as relative morbidity expansion.

-

Quality of life, healthy life years and compression of CHD morbidity becomes
increasingly important to reduce the future burden of CHD.

-

Primary prevention strategies should go together with secondary prevention
efforts to ensure a continuing decline in CHD mortality and morbidity in the
future.
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HET VERKLAREN VAN TRENDS IN CORONAIRE HARTZIEKTEN IN NEDERLAND
Hart- en vaatziekten vertegenwoordigen een grote ziekte- en sterftelast in Nederland
en ook in andere Westerse landen. Ruim een kwart van de sterfgevallen aan hart- en
vaatziekten wordt veroorzaakt door coronaire hartziekten. Coronaire hartziekten zijn
ziekten van de kransslagaders (coronair arteriën) van het hart, als gevolg van
slagaderverkalking (atherosclerose). De twee bekendste diagnosen binnen de
coronaire hartziekten zijn het acuut hartinfarct en angina pectoris (pijn op de borst).
Coronaire hartziekten worden onderverdeeld in acute (hartinfarct en instabiele angina
pectoris) en chronische vormen van coronaire hartziekten (waaronder stabiele angina
pectoris).
In het laatste decennium is de levensverwachting in Nederland sterk gestegen.
Deze toename in levensverwachting is voor een groot deel toe te schrijven aan een
daling in de sterfte aan coronaire hartziekten. Tussen 1997 en 2007 is de sterfte aan
coronaire hartziekten bijna gehalveerd in Nederland (-48%). Deze daling in sterfte kan
mogelijk worden verklaard door 1) een daling in incidentie (minder mensen uit de
algemene bevolking die coronaire hartziekten ontwikkelen) of 2) een daling in de kans
om te sterven bij patiënten die een vorm van coronaire hartziekten ontwikkeld hebben.
Veranderingen in incidentie worden vooral veroorzaakt door veranderingen in
risicofactoren voor coronaire hartziekten in de algemene bevolking. Veranderingen in
de sterftekans van coronaire patiënten worden vooral veroorzaakt door veranderingen
in de behandeling van coronaire hartziekten patiënten.
Het doel van het IMPACT onderzoek leidend tot dit proefschrift was om te
verklaren hoe groot de bijdrage was van verschillende factoren aan de daling in sterfte
in coronaire hartziekten in Nederland. Wij hebben hiervoor het IMPACT SEC model
toegepast op Nederlandse data. Het IMPACT model is ontwikkeld door de universiteit
van Liverpool en eerder op data van andere landen toegepast, sommige studies met
resultaten uitgesplitst naar sociaaleconomische (SEC) status. Een tweede doel was
om gedetailleerde voor de Nederlandse bevolking representatieve informatie
(uitgesplitst naar groepen van leeftijd, geslacht en sociaaleconomische status) weer te
geven over trends in sterfte, incidentie, risicofactoren en behandelingen van coronaire
hartziekten.
In hoofdstuk 1 hebben we trends weergegeven in het aantal nieuwe hartinfarcten
(incidentie) en in de sterftekans na een eerste acuut hartinfarct (28-daagse sterfte).
Het aantal personen met een eerste acuut hartinfarct daalde tussen 1998 en 2007 met
39% bij mannen en met 35% bij vrouwen. Van de personen die een eerste acuut
hartinfarct doormaakten, overleden in deze periode minder patiënten buiten het
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ziekenhuis (21% bij mannen en 29% bij vrouwen in 2007). Ook overleden in deze
periode minder patiënten tijdens verblijf in het ziekenhuis of binnen 28 dagen na
ziekenhuisopname voor een acuut hartinfarct in deze periode (15% bij mannen en 20%
bij vrouwen in 2007). Bij vrouwen, jonge personen (<55 jaar) en erg oude personen
(≥85 jaar) was de daling lager in incidentie van hartinfarcten in Nederland.
In hoofdstuk 2 hebben we onderzocht of de sterke daling in incidentie van het
acuut hartinfarct ook van toepassing was op andere uitingsvormen van coronaire
hartziekten (instabiele angina en chronische coronaire hartziekten). De daling in het
ziekenhuisopnamecijfer voor instabiele angina en chronische coronaire hartziekten
was kleiner dan de daling in het acuut hartinfarct. Een toenemend deel van de
ziekenhuisopnamen voor coronaire hartziekten betrof een patiënt met chronische
coronaire hartziekten. Minder mensen ontwikkelden coronaire hartziekten, maar de tijd
dat elk individu gemiddeld als coronaire hartziekten patiënt leeft lijkt toegenomen.
In hoofdstuk 3 hebben we de grootte van sociaaleconomische verschillen in het
acuut hartinfarct onderzocht in Nederland. De groep van vrouwen met de laagste
sociaaleconomische status hadden een 34% hogere kans op een eerste acuut
hartinfarct dan vrouwen met de hoogste sociaaleconomische status. Bij mannen was
het risico in de laagste sociaaleconomische groep 44% hoger dan in de hoogste
sociaaleconomische

groep.

Met

toenemende

leeftijd

werden

relatieve

sociaaleconomische verschillen in de incidentie van het acuut hartinfarct kleiner. De
hogere kans op sterfte bij patiënten met een lage sociaaleconomische status bleef ook
op oudere leeftijd voortbestaan. Sociaal economische verschillen in de kans op een
hartinfarct bleven stabiel over tijd.
Hoofdstuk 4 beschrijft trends over de tijd in risicofactoren voor coronaire
hartziekten, uitgesplitst naar groepen van leeftijd en geslacht. Gunstige trends werden
in Nederland waargenomen voor roken (behalve bij oudere vrouwen) en beweging
(behalve bij oudere mannen). Ongunstige trends werden waargenomen voor
overgewicht (BMI) en diabetes. Hoewel er gunstige trends werden waargenomen in de
gemiddelde bloeddruk en cholesterolwaarde bij oudere personen in Nederland, bleef
de gemiddelde bloeddruk en cholesterolwaarde bij jongere personen stabiel over de
tijd.
In hoofdstuk 5 worden trends in het gebruik van cardiovasculaire medicatie voor
de preventie en behandeling van coronaire hartziekten beschreven. Door het verlagen
van de bloeddruk en cholesterolwaarde in de algemene bevolking kan men het risico
op coronaire hartziekten verkleinen, en het ontwikkelen van coronaire hartziekten
mogelijk voorkómen (primaire preventie). Het gebruik van bloeddruk en cholesterol
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verlagende medicatie ter primaire preventie nam toe: in 2010 gebruikte 7% van de
personen

boven

de

25

jaar

cholesterolverlagende

medicatie

en

14%

bloeddrukverlagende medicatie. Ook het gebruik van cardiovasculaire medicatie
tijdens een ziekenhuisopname voor een acuut hartinfarct of instabiele angina nam toe
tot bijna optimaal niveau. Drie jaar na ontslag uit het ziekenhuis in 2007 gebruikte
echter nog maar de helft van de patiënten de aangeraden medicatie ter secundaire
preventie (o.a. voor het verlagen van de kans op een nieuw hartinfarct of sterfte). Het
gebruik van cholesterolverlagende medicatie nam af na de leeftijd van 75 jaar, zowel
bij primaire als secundaire preventie en gebruik tijdens ziekenhuisopname.
Suboptimaal gebruik van cardiovasculaire medicatie werd met name waargenomen
tijdens ziekenhuisbehandeling van jonge vrouwen met een acuut hartinfarct of
instabiele angina en bij secundaire preventie therapie van jonge vrouwen en ouderen.
In hoofdstuk 6 worden tenslotte de resultaten van de Nederlandse IMPACT SEC
studie naar de verklaring van de daling in coronaire hartziekten sterfte tussen 1997 en
2007 in Nederland beschreven. In 2007 traden 11.200 minder sterfgevallen op aan
coronaire hartziekten dan verwacht. Ongeveer 37% van de sterfgevallen die
voorkómen zijn was te danken aan verandering in behandelingen in de acute fase en
tijdens secundaire preventie. De grootste bijdragen kwamen door toename van
behandeling van patiënten in de bevolking met hartfalen (11%) en chronische angina
pectoris (9%) en door toename van behandeling in de acute fase van het acuut
hartinfarct (6%). Ongeveer 36% was te danken aan veranderingen in risicofactoren in
de algemene bevolking: veranderingen in bloeddruk verklaarde 30% van de daling in
sterfte, cholesterol 10%, roken 5% en beweging 1%. Een stijging in overgewicht en
diabetes zorgden voor een stijging van 10% in sterfgevallen aan coronaire hartziekten.
We vonden geen sociaaleconomische verschillen in trends in behandelingen, echter de
bijdrage van trends in risicofactoren was verschillend van samenstelling bij de drie
sociaaleconomische groepen. Het model kon 28% van de daling in sterfte aan
coronaire hartziekten niet verklaren.
In de algemene discussie (hoofdstuk 7) hebben we een vergelijking gemaakt van
de Nederlandse IMPACTSEC resultaten met 16 eerdere IMPACT studies. De bijdrage
van behandelingen (primaire preventie, acute fase en secundaire preventie therapie)
aan de daling in coronaire hartziekten sterfte was relatief hoog in Nederland
vergeleken met eerdere studies uit andere landen. De bijdrage van risicofactoren was
daarentegen in vergelijking laag, vooral door een lage bijdrage van leefstijl gerelateerde
veranderingen in cholesterol niveaus (niet-medicamenteus) in de algemene bevolking
en een sterke toename in diabetes.
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De algemene discussie eindigt met de belangrijkste bevindingen:
-

De sterfte aan coronaire hartziekten is recentelijk gehalveerd in Nederland.

-

Zowel de incidentie als de korte termijn sterfte na een acuut hartinfarct zijn
gedaald.

-

Bijdragen aan de daling in sterfte aan coronaire hartziekten door a)
veranderingen in de behandeling tijdens de acute fase en bij secundaire
preventie en b) veranderingen in risicofactoren (inclusief het medicijngebruik
voor primaire preventie medicatie) waren van gelijke grootte.

-

Minder mensen ontwikkelden coronaire hartziekten, maar de tijd dat elk
individu gemiddeld als patiënt met coronaire hartziekten leeft lijkt
toegenomen. Mensen zijn ouder bij het ontstaan van coronaire hartziekten,
maar ook ouder ten tijde van overlijden. Dit fenomeen noemt men ook wel
‘relatieve morbiditeitscompressie’.

-

Kwaliteit van leven, gezonde levensjaren en compressie van morbiditeit zijn
van toenemende betekenis in het bepalen van het beleid voor de toekomstige
ziektelast van coronaire hartziekten in Nederland.

-

Om een voortzetting van de daling in ziekte en sterfte aan coronaire
hartziekten te bewerkstelligen is complementair beleid nodig op het gebied
van primaire en secundaire preventie. De resultaten uit de Nederlandse
IMPACTSEC studie beschrijven de gebieden waar vooruitgang is geboekt of
juist waar vooruitgang nog mogelijk is. Deze gegevens over trends in 6
verschillende risicofactoren en 42 behandelingen in 7 ziektegroepen van
coronaire hartziekten kunnen worden gebruikt bij het maken van toekomstig
beleid.
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elephant in the age distribution of the number of coronary heart disease deaths )

“Mon dessin ne représentait pas un chapeau. Il représentait
un serpent boa qui digérait un elephant.”

 Number of coronary
heart disease deaths

Figure 1 source: Le Petit Prince (©Antoine de Saint-Exupéry, 1945)

.

 Age (years)

Figure 2

Koopman et al, 2011-2015
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