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Objecive: To assess the association between socioeconomic status and ischaemic heart disease {IHD)
mortality in 10 western European populations during the 1990s.

Design: Longitudinad study.

Sefting: 10 European populations {95 00% 822 person years).

Methods: Longitudinal daia on IHD mortality by educational level were obiained from registries in Finland,
Norway, Denmark, England/Wales, Belgium, Switzerland, Austria, Turin {lialy}, Barcelona {Spain), and

See end of article for Madrid (Spain). Age standardised rotes and rate ratios (RRs) of IHD mortality by educational level were
authors” affiictions cofculated by using Poisson regression.

"""""""""""" Results: KD morfality was higher in those with a lower sociosconomic status than in those with o higher
Correspondence fo: socioecanomic status among men oged 30-59 {RR 1.55, 95% confidence inferval {Cl) 1.51 to 1.60) and 60

g‘: ‘z":"%ﬁci" '?‘;e’l:‘)‘l:!"mr years and over {RR 1.22, 95% CI 1.21 to 1.24), and among women aged 30-59 (RR 2,13, 95% Ci1.98t0
Heghh, ;ZSI?’\USUME 2.29) and 60 years and aver (RR 1.36, 95% C1 1.33 fo 1.38). Sacioeconomic disparities in IHD mortality were
University Medici Centre  larger in the Scandinavian countries and England/Wales, of moderate size in Belgium, Switzerland, and

Rotterdam, PO Box 1738, Austria, and smaller in southern European populations among men and younger women {p < 0.0001). For

%%?ﬁegfnsznerdﬂm’ elderly women the north-south gradient was smaller and there was less variation between poputations. No
m.ovendanopabon@ sociaeconomic disparities in IHD mortality existed among elderly men in southem Europe.

erasmusme.nl Conclusions: Scciosconomic disparities in IHD mortality were larger in northern than in southern
Accepted 11 August 2005 European populf]rions cfuring the 1990s. Th.is partly reﬂects- the pottern czi socioeconomic dispuriﬁgs in
Publiched Online First cardiovascular risk factars in Eurape. Populafion wide strategies to reduce risk factor prevalence combined
10 October 2005 with interventions targeted at the lower socioeconomic groups can coniribute to reduce IHD mortality in
....................... Europe.

millicn deaths every year in the developed world." A lower

sociveconomic status is associated with a higher risk of
dying of THD,** 50 that around a quarter of all IHD deaths can
be attributed to a lower socioeconomic status.” IHD is the
largest contributor to sodoeconormic differences in life
expectancy and mortality in Europe.® Thus, examining THD
disparities is essential to understand recent cardiovascular
mortality trends. :

During the 1980s, large social class disparities in THD
mortality were reporsied in northern European populations
among middle aged men. In confrast, no social class
disparities in IHD mortality existed in southern and
Mediterranean countries.” This north—south gradient sug-
gests that specific risk factors such as the Mediterranean diet
may have protected the entire southern European population
from higher THD mortality.” Furthermore, southern Buropean
countries may be lagging behind in the epidemiological
transition earlier experienced by northern Europe and the
USA.** Consequently, no social class differences in risk
Factors such as smoking would have yet emerged in southern
populations.® Only through international comparisons is it
possible to elucidate the impact of country specific risk
factors and health care practices cn socioeconomic disparities
in THD mortality.

Previous studies have compared socioeconomic disparities
in THD mortality only among middle aged men based on cross

Ischaemic heart disease (IHD) accounts for about 2.7

sectional data for some countries.” Within a large European
collaboration, we coliated longitudinal data on mortality
disparities for 2 more recent period. This study assessed
differences in THD mortality between socioeconomic groups
during the 1990s in 10 western European populations, It is
the first study of IHD disparities during this period for both
men and women, which also compares middle aged and
elderly populations. This is the largest study of sociceconomic
differences in IHD meortality ever, comprising more than 95
million person years and around 263 000 deaths. This yielded
robust estimates of the association between sccioeconomic
status and {HD mortality.

METHODS

Data and subjects

Longitudinal data on mortality by educational level, sex, and
age were obtained for 10 Buropean populations. Subjects
were enumerated during a census in the early 1990s and
followed wup for different periods (appendix}. For each
person, information on cause of death was obtained [rom
national statistics registries and linked fo census data on
educational level. Most studies covered the entire national
population, except for Madrid (regional), Barcelona and
Turin (urban), Switzerland {population living in German

Abbreviations: 1CD, Infernational classification of diseases; IHD,
ischaemic heart disecse; RR, rate ratio
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speaking arcas), and England/Wales {i% represeniative
sample of the population). Populations were selected to
represent different geographical regions (for example, north-
ern or southern) in western Europe. Longitudinal data were
not available or linkage between census and mortality
registry data was not possible for other western European
countries. People aged 30 years and over {age specified at the
start of follow up) were studied, except in Denmark, where
data on education were not available for people aged 70 years
Or more.

Educational level was used as an indicator of socio-
economic status and assessed at baseline for each person,
As opposed to occupational class, educational level can be
applied equally o both men and women, it is more
comparable between age groups, and it comprises both
economically active and inactive populations.” It is also more
comparable across countries than other indicators such as
income.” Education was first coded according to national
schemes and subsequently reclassified into three equivalent
categories so that the size of the low educational level group
was similar across countries. Data on the distribution of
education by country have been reported elsewhere.' These
groups comresponded reughly o levels (-2 (pre-primary,
primary, and lower secondary education), 3 {upper secondary
educatien), and 4-6 (postsecondary education) of the Unesco
standard classificadon scheme. In most countries, abeut 65—
80% of the population had a low educational level, 15-30%
had a middle educational level, and about 10~15% had a high
educational level.

Causes of death were coded according to the Infersational
classification of diseases {ICD}, ninth revision (ICD-9), in most
countries. IHD was defined as code numbers 410-414, stroke
as code numbers 430-438, and lung cancer as code numbers
162, 163, and 165. The only exceptions were Denmark and
Switzerland, where codes 410414 (IHD), 430-438 (stroke),
and 162-163 (lung cancer) from the 1CD-8 and codes 120-125
(IHD), 160169 (stroke), and C33, C34, and €39 {lung cancer)
from the ICD-10 were used.

Avendano, Kunst, Huismen, si al

Methods of analyses

Age standardised mortality rates were calculated for sex and
educational level strata distinguishing two age groups: 30-59;
and 60 years and over. Data were analysed separately for
these two age groups because IHD mortality increases sharply
from age about 60 years upwards, particularly for men.
Nevertheless, analyses were replicated for age groups 30-63
and 65 years and over, vielding similar results. Rates were
standardised by five year age groups by the direct method
and the European Union population of 1995 as the
standard.' Each population separately and a pooled dataset
of all countries weighted on the size of each cohort were
analysed.

Age adjusted rate ratios (RRs) were calculated by Poisson
regression. RRs compared the mortality of low and middle/
high combined educational level groups, with the combined
middle/high group serving as the reference category. Owing
to their small size, middle and high levels were combined to
obtain more precise estimates. Tables and figares presenr
results organised according to countries’ approximate geo-
graphical latitude in western Europe.

Comparable RR estimates of mortality according to
educational level were calculated for stroke and lung cancer,
which share some determinants with IHD such as smoking
and hypertension. The international patternn for IHD and
these causes of death were compared, which can shed light
on shared determinants that may comiribute to sodoeco-
nomic differences in IHD mortality in Europe. Data were
analysed with SAS, version 8.2 (SAS Institute, Cary, North
Carolina, USA).

RESULTS

I 44 673 469 person years, 146 043 men died of IHD. Table 1
shows that, among middle aged men (30-59 years), IHD
moriality was higher among lower than among higher
educational level groups in all populations. Among elderly
men (60 years and over), IHD mortality differed by
educational Jevel in all but southern European populations
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(table 1). Among both middle aged and elderly men,
socioeconomic differences in IHD mortality were generally
larger in Scandinavian countries and England/Wales, of
moderate size in Belgium, Austria, and Switzerland, and
smaller in Turin, Barcelona, and Madxid {test for interaction
between education and country, p < .0001). This north—
south gradient was consistent both for relative and zbsolute
differences in IHD mortality.

Among women, 117 802 died of 1HD over 50 336 353
person years. Table 2 shows that IHD mortality was higher
among lower educated women in all populations. Despite
wide confidence intervals (CIs), RRs were generally larger in
northern than in southern European populations for middle
aged women (test for interaction between education and
country, p < 0.0001}. Among elderly women, however, this
north—south gradient was smaller: although there were no
sociceconomic disparities in IHD mwortality in Madrid and
Turin, disparities were large in Barcelona and RRs in other
popuiations were generally close to the European average {RR
1.36, 95% CI 1.33 to 1.38). Absolute rate dillerences between
educational groups were larger in northern than in southern
populations among women in both age groups {tables 1 and
2). RRs were larger for women than for men in most
populations, whereas absolute rate differences were generally
larger for men than for women.

Figure 1 shows a pronounced north-south gradient in
educational ditferences in IHD mortality among men aged 30
years and over. This north—south pattern existed also among
women, with the exception of Barcelona, which had a
relatively large RR for THD {fig 2). Despite wide CIs, RRs for
lung cancer mortality were larger in nmorthern populations
and smaller in southern pepulations in comparison to the
Eurcpean average for men (RR 1.62, 95% CI 1.59 to 1.66) and
women (RR 1.I17, 95% CI 1.12 to 1.23). In contrast,
educational disparities in stroke mortality were of a similar
magnitude in most populations and were all close to the
European average among men {RR 1.27, 95% CI 1.24 to 1.30}
and women (RR 1.29, 95% CI 1.27 to 1.32).

DISCUSSION

Previous studies have shown that IHD mortality is low in
southern and Mediterranean populations and high in the
north of Burope.” We have shown that socioeconomic
differences in IHD mertality during the 1990s were larger
in $candinavian countries and England/Wales, of a moderate
size in Beigitm, Austria, and Switzerland, and smaller in
Turin, Barcelona, and Madrid. This north-south gradient was
smaller among elderly women, with less variation between
populaticns. These findings suggest that the association
between secioeconornic status and JHD not only changes over
rime’ * but also varies considerably between countries.

Evaluation of data and study limitations
We used the most recent data on THD disparities in Europe.
Nevertheless, some Hmitations in this swdy should be
considered, Firstly, IHD deaths may be wrongly coded as
other causes of death.” This would bias our results il a
greater proportion of southern populations and more lower
than higher educated people were misclassified, To assess the
impact of this problem, we assessed the pattern of educa-
tlonal disparities for a combined category of THD and other
heart diseases {ICD-9 codes 416 and 420-429). Although
north-south gradients in IHD disparities were somewhat
smaller for women and middle aged men, the north-south
gradient for elderly men remained strong. Furthermore, our
findings are consistent with studies showing a north-south
gradient in cardiovascular risk factors in Burope.= Thus,
there is no clear evidence that our results can be explained by
misclassification. ’
Despite our efforts at standardisation, differences
remained between countries in measurements and data
collection. Data for Madrid and Austria comprised a shorter
follow up period. However, research indicates that mortality
differentials by educational level are unrelated to follow up
time.'” Thus, any bias caused by this problem is likely to be
small, Furthermoxe, we used a different revision of the ICD
code for Switzerland and Denmark, which may influence
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Figure 1 Rate ratics of ischaemic heart disease {IHD}, lung cancer, and stroke mortality according to educdtiondl level for men aged 30 years ond

over in western Europe. *Ages 30-69 years.

overall mortality. However, this is unlikely to affect RRs that
compare mortality between educational level groups.

Although census data were collected by standard proce-
dures, differences between populations may remain in the
precision with which educational level was measured.
However, if measurement precision differed systematically
between northern and southern countries, a north-south
gradient would have also been observed for other causes of
death. Instead, we did not observe a north—-south gradient for
disparities in most other causes, including stroke and ali
cause mortality. ** ** Furthermore, we reclassified national
levels inro broad categories,' thus minimising the impact of
misclassification across country specific educational levels.
Thus, misclassification of educational attainment is unlikely
to explain our findings.

Except in Switzerland, where the proportion of highly
educated people was larger, the distribution of educational
level was comparable between countries.’® Thus, our study
compared the effect of relative—-as opposed te absclure—
socioeconomic position on THD mortality between popula-
tions. However, reclassified categories corresponded roughly
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with the Unesco standard classification.'* Furthermore,
sensitivity analyses based in the relative index of inequality
{an effect measure that is based on all educational levels and
simultaneously adjusts for differences in the educational
distribution)” showed an identical pattern (resudts not
shown}. Thus, results are likely to be comparable when
assessing the effect of absclute educational level
Nevertheless, we do not know whether [indings would be
similar when dividing the lower educated group into more
specific levels,

Data for Switzerland can only be generalised to the
German speaking population. However, this corresponds to
about 72% of the entire Swiss population. The dataset for
most countries c¢omprised the national population or a
representative sample of the total population, whereas only
regional or urban data were available for southern Eurcpe.
However, previous studies of national data have also reported
smaller IHD disparities in southern countries such as Spain
and Portugal.? Furthermore, urban areas are often in a more
advanced stage of the epidemiological transition, so that
sociceconomic differences in mortality are generally larger
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Figure 2 Rate rafic of IHD, Jung cancer, and stroke mertality according o educafional feve! for women aged 30 years and over in western Eurepe.

*Ages 30-49 years.
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within cities than at the national level.” Thus, by including
national estimates for Italy and Spain, the north-seuth
contrast in educational disparities in IHD mortality is likely to
be greater than that cbserved in our study.

Comparisor with previous studies

Previous research reported a north-south gradient in social
class differences in THD mortality among middle aged men
during the 1980s.2 OQur findings suggest that this north-south
gradient alse existed during the 1990s, for middie aged men
and women and for elderly men. These findings are
interesting in the context of previous research showing that
overail IHD meortality is also lower in southern European
countries and Framce than in northern countries such as
Finland.” Our data also show a north-south gradient in
overall IHD mortality, for both the higher and the lower
socioeconomic groups separately (tables 1 and 2). However,
this north-south gradient was greater among the lower
socioeconomic classes. This pattern resulted in both lower
THD mortality and smaller socioeconemic differences in THD
mortality in southern than in northern European popula-
tions.

Austria, Belgium, and Switzerland generally occupied an
intermediate position in the size of educational differences in
THD mortality, This further highlights the persistence of the
north-seuth gradient throughout western Europe, Previous
studies reported that the pattern for Switzerland resembled
that for Mediterranean populations.* However, previous
research relied on cross sectional and occupational data for
this country and may have been biased by excluding
economically inactive people.® 7

Previous studies suggested that socioeconomic differences
in [HD mortality started to emerge in southern populations
during the 1990s.”° Although our data are not fully
comparable with data from previous studies,®’> our results
suggest that socioeconomic disparities in IHD mortality may
have indeed recently emerged in younger cehorts in Italy and
Spain, particularly among men. In centrast, o disparities
existed among eclderly men. Nevertheless, socioeconormic
differences in IHD moriality were still smaller in southern
than in other Furopean populations.

Explanation of results

Our results raise questions about risk factors for THD that
may explain the north-south gradient in IHD disparities,
among which smoking is an interesting candidate. Research
indicates that smoking diffuses within societies as an
epidemic.® It is first adopted by the higher sociceconemic
classes; subsequently, smoking declines among the higher
classes and spreads rapidly among the lower socioeconomic
groups.® Whereas northern European countries and the USA
have already experienced this transition, the smoking
epidemic is far less advanced in Spain and Twaly® ' #
These findings are in line with the pattern we observed for
lung canrcer mertality, which partly reflects smoking pre-
valence during previous decades.** Our study shows that
socineconomic disparities in lung cancer mortality tended to
be larger in northern than in southern European populations.
Accordingly, a siriking north—south gradient in sociceco-
nomic disparities in smoking has been reported in Europe.*
This lag in the progression of the smoking epidemic in
southern as compared with northern populations may partiy
explain why socioeconomic differences in IHD mortality are
smaller in the scuth than in the nerth of Europe.

Other risk factors, however, have traditionally protected
southern European populations {rom higher [HD razes, which
may have benefited all social classes equally. Adherence to
the Mediterranean diet can reduce the risk of dving of IHD as
much as 40%.” Previous research has shown that a healthy
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diet based on vegetables, fruits, and clive oil is generally
available to all in southern Europe but only to the higher
sociceconomic groups im northern populations.® ' The
Mediterranean diet may thus contribute not only to low
IED mortality but also to small socioeconomic differences in
IHD mortality in southern Europe. Similarly, larger socio-
economic disparities in excessive alcohol consumption exist
among men In Scandinavian countries and the UK, @ *
whereas alcohol disparities are small in most southern
countries.”™ Lastly, socloeconomic disparities in overweight
and obesity among men are smaller in southern than in
northern Buropean populations.” ** These factors may have
protecied the entire southern European population from
higher THI} mortality.

Cross country variation was smaller in socioeconomic
disparities in THD mortality among elderly women. Owing
to the low prevalence of smoking in this group,” relatively
few THD deaths might be attributable to this risk factor in
older women. Thus, other factors may have had a more
prominent role. Obesity, an important predictor of cardio-
vascular 1isk amoeng women, is a plausible candidate. The
consistency of sociceconomic disparities in IHD mortality
among elderly women may result from lasting socioeconomic
disparities in obesity. Since the 1960s, a higher prevalence of
obesity in lower than in higher sociveconomic groups has
been observed among women in Europe.” These disparities
are larger and have existed for a longer period among women
than among men."” * * Thus, the obesity epidemic may have
preceded the smoking epidemic that occurred decades
later® ¥ * and influenced the pattern of YHD disparities only
for younger women. Obesity may have also partly contributed
to larger sociocconomic disparities in IHD mortality among
women than among men in Europe.

The north-south gradient in sociceconomic disparities in
THD mortality was not observed for stroke.”® This raises
questions about other risk faciors that may explain the
similarities in the size of stroke disparities in Burope. A
possible candidate is hypertension, a major risk factor for
stroke. There are socioeconomic differences In the prevalence
and treatment of hypertension in Europe,® ¥ which may
have a role in the consistency of stroke disparities. However,
a different pattern may exist for the two broadest categories
of stroke: trends in IHD and cerebral infarct have had a
similar pattern, whereas trends in cerebral haemorrhage
mortality are very different.® Thus, the pattern of sccio-
economic disparities in cerebral infarction may resemble that
for IHD mortality, whereas other determinants such as
adverse childhood circumstances may contribute to similar
sociceconomic disparities in cerebral haemorrhage in
Eurcpean pepulations.® Further research should compare
sociceconomic disparities im stroke subtypes and 1HD
mortality in Europe.

Absolute differences in IHD morzality were largest among
those aged 60 years and over. However, the strength of the
relative association between sociceconomic status and THD
mortality declined with age. This may be parily explained by
the differential effect of selective survival. People with a
lower socioeconomic status may have died earlier and only
the healthiest may have sarvived into old age. Consequently,
sociceconomic differences in YHD mortality diminished at
alder ages. However, previous rtesearch indicates that
selective survival cannot fully explain this age pattern,*
Further research is warranted 1o assess the impact of this
mechanism.

Lastly, inequity in health care access may have also
contributed to socivecoromic disparities in THD mortality.
Imequity in access to procedures such as coronary artery
bypass surgery and angiography has been reported both in
northern® and in southemn populations.”? Similarly, inequity
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in specialist care persists in most Buropean countries,®
Nevertheless, countries with more egalitarian policies such
as the Scandinavian populations had larger socioeconomic
disparities in IHD mortality than southern populations. Thus,
it is uncertain to what extent health care disparities
contribute to cross country variations in socioeconomic
disparities in THD mortakity in Europe.

Clinical implications

We observed smaller socioeconomic disparities in IHD
mortality in southern Buropean populations, where overall
THD mortality is low.”* A strategy to reduce IHD disparities
may comprise two complementary approaches. Firstly,
population wide strategies to decrease the overall prevalence
of risk factors such as diet and obesity may provide great
benefits to reduce both overall IHD mortality and IHD
disparities.’ Secondly, interventions to reduce the prevalence
of risk factors such as smoking* ** targeted at the lower
socioeconomic groups can boos: the impact of interventions
in this high risk population. Furthermore, clinicians are
confronted with a large number of low socloeconomic status
patients.” Therefore, clinicians can contribute to improved
survival after the first occuszence of heart disease by assuring
equal access to secondary prevention and case for patients
from the lower socioeconomic groups.® ** Cross country
variations suggest that specific interventions and policies
may be required for each country. In conclusion, population
wide strategies to reduce the prevalence of risk factors such
as diet combined with prevention of risk factors such as
smoking targeted at the lower sociceconomic groups are
likely to contribute to reduced IHD mortality in Europe.
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Transient abnormal Q waves during exercise electrocardiography: a new potential cause

cise ECG are rare and not well undes-

stood. Electrical axis alteration caused by
hyperventilation, rate related fascicular
block, or reversible ischaemia have been
considered as possible causes for this
abnormality. We report a relatively new
cause of transien: Q waves during exercise
testing.

A 45 year old asymptomatic man with
diabetes was teferred for an exercise test.
Clinical examination and baseline 12 lead
ECG were normal. The patient exercised for
seven minutes 13 seconds (workload of 8.3
metabolic equivalents) en a Bruce protocol,
He achieved a maximum heart rate of
166 beats/min and a blood pressure of 220/
110 mm Hg. During peak exercise the tread-
mill report showed Q waves in lead [ 1L,
AVE, V2-¥6, which persisted for one minute
post-exercise with the patient remaining
asymptomatic. The appearance of @ waves
during exercise was difficult ro explain until
we saw the long strip of 1eal time lead II
tracing at the bottom of the printout which
showed no Q waves, indicating the reported
Q waves were an artefact of computer
processing.

Treadmill systems use various algorithms
in order to avoid motion artefact and provide
stable baseline recording and generate rea-
sonabie stable printouts. However, this pro-
cess itself may create a different ECG. The
long swrip of lead 1 (at the bottom of the

Transient abaormal @ waves during exer-

[ -—-%—IAVR"’#/‘ v1’"’1\"'v4—4v/‘

I *L'——AVL—W; vz%v5+
i *‘n'MAVF% V3‘%V6"‘4’-’

[ AVRJN i
v A

i \V\ AVL e v2\v\ VS\Y\
N~ AVF\V\ vs\v\ V6~

Baseline

At peak exercise

[igure) showed no Q waves whereas the linked median printout has generated new @ waves in
leads at that time. Uniess this possibility is kept in mind, misdiagnosis and unnecessary
investigaticns may be done. A wider appreciation of similar abnormalities resulting fromn the
computer processing of data during treadmill testing is warranted.
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