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1
Introduction

1.1

Background

1.1.1

Socioeconomic differences in health

Studies carried out in several \\'estern societies have shmvn that people in a lower
socioeconomic position suffer more from discases and have a shorter life expectancy than
people in a higher socioeconomic position. l -4 It is important for health policy makers to
understand socioeconomic differences in health. For example, it may be shown that
people of a particular socioeconomic group share a certain lifestyle, so that some
determinants of disease are more prevalent in this socioeconomic group. Studies on
socioeconomic differences may then suggest potential interventions with respect to these
determinants \vhich will reduce differences in health between socioeconomic groups and
improve the overall health of a population. In addition, studies on socioeconomic
differences may also enhance the understanding of disease aetiology. For example, they
may disclose new risk factors in relation to the social environment, if knmvn risk factors
could not explain all socioeconomic differences in health.
A socioeconomic gradient has been observed for almost any disease, but this thesis
will focus only on socioeconomic differences in cardiovascular disease, a major cause of
chrome morbidity and mortality.
In The Netherlands, the discussion about socioeconomic inequalities in health \vas
mainly initiated by the first target of the 'Hcalth-for-all-strategy' of the World Health
Organisations: 'By the year 2000 the differences in health status between countries and
between groups within countries should be reduced by at least 25% by improving the
level of health of disadvantaged nations and groups'. This statement \vas included in an
important policy document published by the Dutch government in 1984.6 Since then, the
number of Dutch publications on socioeconomic inequalities has increased, showing that
people in a lower socioeconomic position have higher morbidity and mortality rates
compared to those in a higher socioeconomic position.7- lO

1.1.2

Explanations for socioeconomic differences in health

\\/hy are lower socioeconomic groups \vorse off with respect to their health? T\vo main
explanations for socioeconomic differences in health have been proposed: (1) 'Healthrelated social mobility' and (2) 'Causation'. l1 -13 Both explanations assume a true
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association, but differ with regard to the direction of the causal chain. Health-related
social mobility itnplies that people either move down the social scale because of their
health problems, or move up because of their good health. As a result, higher
socioeconomic groups will mainly consist of healthy people and lower socioeconomic
groups of relatively more unhealthy people. Two types of social mobility can be
distinguished: intergenerational and intragenerational social mobility. Intergenerational
mobility occurs when an adult's socioeconomic status is higher or lower than his/her
parents socioeconomic status, while intragenerational mobility refers to a person's change
in socioeconomic status compared to his/her own previous socioeconomic status.
The causation explanation implies that socioeconomic differences in health are
caused by socioeconomic status. This impact of socioeconomic status on health is not
direct, but it is indirect via a higher exposure to specific risk factors (= intermediary
factors) in certain socioeconomic groups. Examples of these intermediary factors are:
material factors, such as financial accessibility to medical care; behavioural factors, such as
smoking and dietary habits; and biological factors, such as a high blood pressure and
serum cholesterol, which are partially related to the previous factors. Unequal distribution
of specific risk factors across groups of different socioeconomic status may lead to
socioeconomic differences in health. So far, research has primaril}' focussed on the
association between socioeconomic status and classic cardiovascular risk factors, such as
smoking, cholesterol and diet. However, because these risk factors explain only a small
proportion of inequalities,14 mechanisms that bring about socioeconomic differences in
health are also sought in social circumstances during chHdhood,15,16 For instance, a
greater susceptibility to disease later in life could be induced for people that grew up in
poor material circumstances)? Attention is also paid to psychosocial factors as
intermediary factors in the association between socioeconomic status and health. 18 For
example, lower socioeconomic groups may live in more stressful conditions or may be
less able to cope with stress.
Figure 1.1 shows a simplified model that has been adopted in this thesis to explain
the association between socioeconomic status and cardiovascular disease. The explanation
on the basis of health-related social mobility is indicated by relation -'1 '. An example of
this mechanism is a patient with a myocardial infarction who is no longer able to work
and whose income will decrease. In other \'lords, a health problem is the cause of his
declining socioeconomic status. In general, the contribution of this explanation to the
socioeconomic differences in health is assumed to be only modest. 9 The causation
explanation, via intermediary factors, is indicated in the figure by relation '2'. First,
socioeconomic status, measured by data on e.g. education, occupation or income, is
associated with intermediary factors, most notably cardiovascular risk factors. Behavioural
factors (e.g. lack of physical activity,19-21 smoking habits,19-22 eating habits,19,23,24) as well
as biological factors (e.g. elevated blood pressure,19-21 higher plasma fibrinogen levels2s -2B)
10
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are distributed in different \vays across socioeconomic groups, Subsequently, this unequal
distribution of risk factors will lead to a higher prevalence and incidence of cardiovascular
disease and to higher mortality rates in especially the lower socioeconomic groups.29
[vfatedal factors, such as accessibility to use of m.edical care and psychosocial [actor5,30-32
also act as intermediary factors for the association between socioeconomic status and
cardiovascular morbidity and mortality, although these will not be discussed in this thesis.
l\{ost of the evidence for the association between socioeconomic status and
cardiovascular risk factors, cardiovascular mortality and cardiovascular morbidity is based
on studies from outside The Netherlands. However, the limited range of data from Dutch
studies does not suggest that the situation in The Netherlands is very different from other
,vestern countries. 33

1.1.3

Socioeconomic differences in health among elderly people

Although socioeconomic inequalities in health occur at any age, from birth into old age,
most studies have been done among persons who are younger than 65. Since
cardiovascular mortality rates and morbidity rates have declined in younger age bttoupS,34
health inequalities among middle-aged persons are losing significance and meaning,
whereas health inequalities among the growing number of elderly people may have been
gaining importance.
The question arises whether inequalities still exist into old age, and whether they
decrease or increase with age. There are two contrasting vie\vs. 35 ,36 According to one
view, socioeconomic inequalities will be less clear at older ages than they are at younger
ages. It is argued that the inequalities at younger ages will have eliminated the more
vulnerable individuals from the population. Due to selective mortality, socioeconomic
differences in health will be less pronounced at older ages. Furthermore, the distribution
of some risk factors will become more equal across the different socioeconomic groups at
older ages. The direct effect of the work environment, for example, will disappear.
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The alternative view assumes that the factors that contribute to socioeconomic
differences in health at younger ages maintain their effect into old age. This view argues
that inequalities will be larger due to a cumulative effect of exposure to all the risk factors
for diseases over a prolonged period of time.
Despite the evident need to study socioeconomic differences among elderly people,
they have so far received little attention, especially among elderly women. One of the
reasons could be that fewer epidemiological studies have been carried out among women
and elderly people than among men and younger persons. Furthermore, the measurement
of socioeconomic status in older age groups is more complicated. For example, it may not
be possible to assess current occupational status because most elderly persons are retired.
Income level too, is difficult to assess since the cost of living in a nursing home or home
for the elderly is higher than the actual income. This means that those living in such a
home will have to pay the maximum contribution possible, leaving only a small amount
of pocket money to be spent at their own discrete.
In The Netherlands, socioeconomic differences among elderly persons have been
reported for chronic disorders, such as chronic bronchitis, lung diseases, and diabetes;37
for perceived general health;37-40 and for disabili ty41. Socioeconomic differences have also
been found in the prevalence of psychiatric and cognitive disorders 37 ,38,42 and in incidence
of dementia, in particular Alzheimer's disease. 43,44 To our knowledge, only one study on
socioeconomic differences in cardiovascular disease among elderly persons has been
conducted in The Netherlands. TIllS study among persons aged 55-75 years showed a
higher prevalence of heart disorders in lower occupational groups.37 However, only data
on occupational status was available in this study and no longitudinal data on
cardiovascular disease was gathered.

1.2

Objectives

The aim of the studies in tills dissertation is to study in more detail socioecononllc
differences in mortality and cardiovascular disease among elderly people. The research
has mainly been conducted as part of the Rotterdam Study, a prospective follow-up study
among elderly people who live in a suburb of Rotterdam. This study gave us the
opportunity to exanllne socioeconomic inequalities among elderly men and women and
to examine this in a longitudinal study design. The main research questions are:

(1) Do socioeconomic differences in all cause mortality and cardiovascular mortality
exist among elderly men and women?
(2) Do socioeconomic differences in the prevalence and incidence of cardiovascular
disease exist among elderly men and women?
12
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(3) Do socioeconomic differences in cardiovascular risk factors exist that can explain the
association behveen socioeconomic status and mortality or cardiovascular morbidity
among elderly men and women?
Furthermore, some analyses have been done in the first \\/hitehall Study, a study with
a long follow-up in which it was possible to distinguish the younger age groups from the
older age groups and to examine whether the socioeconomic differences were the same
for all specific causes of death. In addition, the question \vas answered whether the effect
of season on mortality \vas larger for those \vith a 10\ver employment grade and other
high risk groups.

1.3

Study population

TIlls section gives a short overview of the study populations, the Rotterdam Study and
the First \Vhitehall Study, that \vere used to answer the research questions in this thesis.

1.3.1

The Rotterdam Study

Aim and rationale
Elderly people form a substantial and growing part of the population. Age related
illnesses with chronic characteristics affect large numbers of people and have a dramatic
impact on the quality of life. The Rotterdam Study focuses on the stud)' of aetiology of
disease by investigating incidence and determinants of occurrence of important chronic
diseases, in particular, neul'Ogeriatric diseases, cardiovascular diseases, locomotor diseases
and ophthalmologic diseases:-Is
The aim of the Rotterdam Study is twofold:"
(1) To investigate determinants of chronic diseases in order to assess etiologic
significance.
(2) To investigate potentially modifiable deternllnants in order to be able to provide
specific recommendations that once confirmed by intervention studies may be
developed into preventive strategies.

Design and methods
The Rotterdam Study is a prospective follow-up study. At baseline, in 1990-1993, all
participants were extensively examined during a home interview and during two visits at
the research centre. A first re-examination took place in 1993 to 1994 and a second
started in 1997. Furthermore, incident morbidity causes of death \vere recorded via the
general practitioners of the participants from the beginning of the study in 1990 till now.
Chapter 1
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The study design was approved by the Ivfedical Ethics committee and each participant
was asked to sign a consent form.
The study population was defined as all inhabitants aged 55 years and older of one
district of Rotterdam (Ommoord), who lived there at a specific point in time. From the
eligible subjects, 4,878 women and 3,105 men were willing to participate (78%). The nonresponse was higher in the older subjects, especially among those older subjects living
independently. The mean age was 69 ycars with a range from 55 to 106.
During the baseline measurements information on most determinants and prevalence
of diseases \vas gathered. The measurcments comprised medical history, dietary history,
medical complaints, pharmacotherapy, socioeconomic status, geriatric status, physical
examination, ophthalmological examination, laboratory examination, electrocardiographs
and bone density. During the second phase (re-examination), as far as possible, similar
procedures as during the baseline measurements \vere used. The information from the
second phase of the study is only used in Chapter 4.2 of this thesis.
Detailed information on incident morbidity and vital status was obtained from the
general practitioners of the participants. :Most general practitioners involved, have their
practice computerised and reported all possible incident cases and deaths to the research
centre. For the participants with a general practitioner not linked to the computer system,
information was retrieved from medical records by research physicians. In addition,
information on vital status was obtained from the municipal authorities of Rotterdam.
\\lhen an event or death \Vas reported, additional information was obtained from
interviewing the general practitioner and from hospital discharge records in case of
admittance or referral. Two research physicians independently classified all suspected
events (for instance date of event, certainty of diagnosis, ICPC code) using all available
information. If there was disagreement a consensus was reached. Finally, a medical expert
in the field of cardiovascular disease whose opinion was decisive for the final
classification, verified all events.

1.3.2

The first Whitehall Study

Aim and rationale
The purpose of the \\lhitehall Study was to translate knowledge about precursors and
early manifestations of cardiorcspiratOiY diseases into effective public health action. Till
,
then, this had not been previously done on an adequate scale in Britain. 46
The aims of the first Whitehall Study were:"
(1) To evaluate mass screening for cardiorespiratory conditions with respect to yield of
previously unrecognised disease and risk factors, organisation and use of non-medical
personnel.
(2) To determine the effect of risk factors and to evaluate the ability of simple mass
examinations to predict future cases of major cardiorespiratory diseases.
14
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Design and methods
The Whitehall Study is a prospective follow-up study. At baseline of the study between
September 1967 and January 1970, all non-industrial male Civil Servants aged 40 years
and over and working in departments within approximately two miles of \\fhitehall in
London, \vho were listed by the personnel sections, were invited to participate in this
study. In total, 19,019 men aged 40-69 years attended this initial screerting.
At baseline of the study, subjects had to complete a questionnaire on their age, job,
residence and relevant familial and previous medical history. Employment grade was
categorised as administrative, professional and executive, clerical, and 'other' grades (e.g.
messengers and other unskilled manual workers). Standardised questions were included
on cardiorespiratory diseases and smoking and on symptoms of diabetes. During the
survey, height, blood pressure, skinfold thickness, expiratory volume, electrocardiogram,
serum cholesterol and chest radiographs \vere. assessed.
Detailed information on mortalit}; was obtained at the National Health Service
Central Registry, \vhich notified all deaths. The analyse~ in this theses are based on all
deaths up to the end of January 1995, thus a follow-up for at least 25 years. Causes were
classified according to the International Classification of Disease, eighth revision (lCD-B).

1.4

Chapter outline

Since nearly all analyses in this dissertation are based on data from the Rotterdam Study, a
description of the socioeconomic status of this study population will be given in
Chapter 2. Chapter 3 deals with socioeconomic differences in mortality among Dutch
elderl)' people and among civil servants from the first Whitehall Study. Studies on
socioeconomic variation in several cardiovascular diseases are described in Chapter 4.
This chapter comprises a discussion about the explanation of the socioeconomic
inequalities in cardiovascular disease by variation in cardiovascular risk factors. Two risk
factors, 'dietary habits' and 'hypertension', are described in detail in Chapter 5. Finally,
Chapter 6 comprises a general discussion about the results of the foregoing chapters.
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Socioeconomic Status
The Rotterdam Study

2.1

Introduction

The studies reported on in this thesis are mainly conducted as part of the Rotterdam
Study, a prospective study among 7,983 persons aged 55 years and over (see Chapter 1.3).
:i\tJeasuring socioeconomic status in this age group poses some challenges. In this chapter
an overview is given of the indicators of socioeconomic status and their meaning and
limitations for (Dutch) elderly people. This is followed by a description of the
measurement and distribution of socioeconomic status in the Rotterdam Study. Attention
is also paid to the socioeconomic status of participants in this study population compared
to that of the whole Dutch elderly population.

2.2

Measuring socioeconomic status in an older population

In studies on socioeconomic inequalities in health, the sociological principle that societies
arc stratified prevails. This stratification results from and also determines the ranking of
individuals in terms of knowledge, prestige, power or material resources. A person's
position in this social stratification is indicated by the term socioeconomic status.!
The most widely used indicators for socioeconomic status are 'education', 'income'
and 'occupation'.2 Although these indicators may overlap slightly, each indicator reflects a
different aspect of a person's socioeconomic status. Educational level reflects someone's
knowledge and also the ability and willingness to acquire new knowledge. The indicator
'occupation' stands for prestige and occupational hazards and 'income' reflects the
material conditions and resources of socioeconomic status.
The same indicators are used to assess socioeconomic status in an ageing population,
although here, specific limitations apply, since most measures of socioeconomic status
were developed with working men in mind. For example, the majority of elderly persons
is no longer economically active and cognitive decline also complicates the measurement
of socioeconomic status. The next section contains an overvie\v of the above-mentioned
indicators, their meaning and limitations when applied to an elderly (Dutch) population.
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2.2.1

Education

The indicator 'education' is usually measured on the basis of either the attained level of
education or the number of years of education. The latter is not very suitable, since the
number of years would be misclassificd for those who attained additional education as a
part-time student. As a consequence, the number of years of education ,yould be
overestimated. Therefore, among elderly people, the indicator 'education' should be
measured on the basis of the attained level of education.
An advantage of tllls indicator above other indicators is that it is not affected by
recent changes in family structure, such as getting widowed. A disadvantage with respect
to elderly people is that the majority attended primary school only. In other words, it fails
to differentiate for the majority of the population. Nevertheless, several studies have
shown the usefulness of this indicator in older age groups.3 In the younger birth cohorts,
this issue is only a minor problem since more people completed secondaty school.
It is also unclear whether the meaning of education as indicator for socioeconomic
status has remained the same across all birth cohorts: access to education has changed
over time and nowadays a high education may not invariably lead to a high occupation
and high income as a matter of course.

2.2.2

Occupation

Occupational status is usually based on someone's current occupation. Since the majority
of elderly persons is no longer economically active, one is forced to think about
alternative measurements. In fact, the discussion about the best measurement of
occupational status is not uniclue to elderly people. In several studies, measurements on
the basis of last, longest or highest occupation or on the basis of a weighted average of
the entire occupational history are in use as alternatives to current occupation.
Using last occupation has the disadvantage of a possible underestimation of
occupational status because older people may take on less demanding jobs or consider
work as a supplement to retirement lifestyle. In The Netherlands, however,
intragenerational mobility (the changes in occupational level within one generation) is
limited. 4 In other words, all these measurements would not differ a great deal. Since an
accurate recall of one's own entire occupational history, with no missing values, is
difficult to obtain, last or current occupation would be the most straightforward measure.
For women, in addition to occupational status on the basis of own occupation,
occupational status on the basis of occupation of the head of the family, traditionally
male, is also used. In the literature it is mentioned that both options have validity and that
there is no clear preference for one in particular. 2 \\1omen's own occupation has the
disadvantage that most women in the older age group had a paid job a long time ago,
because it was very common at that time that women became housewives after they got
married. However, measuring the occupation of the head of the household has its
20
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problems too. The difficulty here lies in the fact that among elderly people, there is a high
percentage of wicimved and divorced persons. Again, tIus is not restricted to elderly
people, despite the higher percentage. The question is whose occupation determines best
the socioeconomic status after death of the spouse or after divorce: occupation of former
husbands or women's own jobs? This issue has not yet been sufficiently studied in order
to be able to favour a specific approach.

2.2.3

Income

'Income' has an attractive quantitative and direct image. Hmvever, here also difficulties
may arise. The main problem is the different financial situation for persons living in a
home for the elderly or a nursing home on the one hand, and non-institutionalised, or
independent, persons on the other hand. Is income defined as the actual income or as the
income minus the contribution for the cost of living in a home for the elderly? In most
cases, the cost is higher than actual income, which means that only a small amount of
money for own expenses.
In addition, a recent retirement, divorce or death of the spouse might influence the
measurement of current income. Therefore, one may question whet~er a \veighted
average of lifetime earn.ings or maximum earnings to date \vould best represent
someone's socioeconomic status. However, in practice, it is not feasible to obtain all the
required information.

2.3

Measurement of socioeconomic status in the Rotterdam
Study

The Rotterdam Study is a prospective cohort study among 7,983 persons of 55 years and
over at the time of the baseline examination (1990-1993), \vho live in one defined
geographic area in Rotterdam, The Netherlands. The rationale and design of the study
have been described previously (sec also Chapter 1.4).5 For the assessment of
socioeconomic status in this ageing population, we have as much as possible considered
the restrictions mentioned in the previous section.
Data on socioeconomic status were obtained by trained interviewers who visited the
participants at home between 1990 and 1993, thereby assisted by a computer. The three
most important indicators of socioeconomic status were assessed: education, income and
occupation. For women, occupation of the head of the household was also measured.

2.3.1

Education

The participants were asked to recall details about their formal education, the number of
years spent in education, and \vhether they had completed their education. The
interviewers had a list with seven categories containing also the most common
Chapler2
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accompanying education types. \\There
possible, the interviewers classified the
education types mentioned in the
interview into one of these categories
(see
Table 2.1).
The
remaining
unclassified education types were
described and later coded on the basis of
a Dutch standardised classification of
education types.' These so-called SOIcodes \"ere subsequently transformed
into the seven categories mentioned
above. From all this information, the
highest attained level of education was
defined. In tllls chapter, the seven
categories are aggregated into four
categories, similar to the UNESCO
classification (see Table 2.1).' Information about education \vas available for
95% of the participants.

2.3.2

Table 2.1

CalegOJies of education,

. _. ~:._ . _. _. _.... _. _. _. _. _. _~_~~~~_~.2~_=~~:~~~.~ . _. _. _. _.
2.

Lower vocational education*

3.

Intermediate vocational education

4.

H.igher vocational education II
University#

Dutch examples:
'LTS', 'Nijverheidschool', 'Ambachtschool'

*
t

'3-jarigc HBS', 'ULO', '1t:A VO'

+ 'Klcutcrkweekschool', '}'ITS', 'Politieschool'
§ '5-jange }ms', 'l\L.\lS', 'Gymnasium', 'HAVO'
'Hogerc laboratoriumschool, 'K\vcckschool',
'MO-A', 'Hogere zeeyaartschool'
# 'Doctoraal-cxamcn Dude en nieuwe stijl'
11

Occupation

In the Rotterdam Study, a complete occupational histOlY was obtained including every job
title, the number of employees for each occupation and employment status (selfemployment or employment). For current or last occupation, a description of the type of
work and type of business was also obtained. The occupational titles were coded by
means of a Dutch occupation classification. s These codes were transformed into a
classification based on the Erikson-Goldthorpe-Portocarero (EGP) scheme" Tlus
transformation was developed by Ganzeboom 10 and uses information on job titles,
number of employees and employment status. The EGP-scheme of 10 categories was
comptessed into a classification of five categories (see Table 2.2). The majority of our
study population had retired. Therefore, we used current (10 0/0) occupation for those still
working and last occupation (80%) for those no longer working as indicators for
socioeconomic status. For the remaining -r 00/0, no data were available. Also people's first
occupation was defined on the basis of job history details and was classified into the
EGP-seheme.
In addition to women's own occupation, occupation of the head of the household
was also defined. Participants were asked in the interview about the occupation of their
partner. For women living with a partner and for widows, the spouse was considered the
head of the household. For women that were divorced and living without partner, she
herself was considered head of the household. The occupational classification for head of
22
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CalegOJies qformpalio1l,

Table 2.2

Examples

Categories of occupation*

Higher

and

lower

grade

professionals;

administrators
officials;
higher~grade
and
technicians; managers in small businesses and
industrial establishments; large proprietors;
supervisors of non-manual employees.

Principal, rector of an educational
establishment, scientist, head nurse,
branch manager, policeman, teacher
with a primary school, purchaser.

Routllle
./lotl-fnanuai
employees
in
administration and commerce; sales personnel;
other rank-und-file office workers.

Sales
clerk,
secretary,
operator,
administrative civil servant, insurance

Small entrepreneurs; artisans \vith and without

Cafe-owner, wholesaler, shopkeeper,
artisan \vith and without employees,
farmer and smallholder.

employees; farmers
employed fishermen.

and

smallholders;

sclf-

agent.

Skilled manual workers; lower grade technicians;
supervisors of manual workers.

Executors, foremen, telephone fitters,
guards, carpenters, lathe operators,
painters.

Semi-

n'faid, cleaner, waiter, farm labourer, inmarket gardener.

and

unskilled

flJanllai

workers;

agricultural workers.

111e categories of occupation will be mentioned in the next chapters \\.jth the description in bold print.

the household was done similar to own
occupation; information was available for 90%
of female participants.

Table 2.3
CategOlies of lIet ilirOllle of
the hOllsehold.
< f 1,000 per month

2.3.3

Income

The indicator 'income' was defined as the
monthly net income of all members of the
household. Participants classified their net
household income into one of 13 pre-coded
categories (see Table 2.3). The interviewers were
informed as to the elements that are included
and excluded from this income. In addition to
net salary or payment, net income includes:
salaty of a 13th month, children's allowance,
interest on property, maintenance, family
allowance, Dolida), allo\vance. Not included in
the net income were house rent subsidy,

Chapter 2

<: 11,000 - < 11,400 pcr month
<: 11,400 - < 11,700 per month
<: 11,700 - < 11,900 per month
<: 11,900 - < 12,100 per month
<: 12,1 00 - < f2,400 pcr month
<: 12,400 - < 12,700 per month
<: 12,700 - < 13,000 pcr month
<: 13,000 - < 13,500 per month
<: 13,500 - < 14,200 per month
<: 14,200 - < 15,000 pcr month
<: 15,000 - < f5,800 per month
~

f5,800 per month
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medical cost subsidy, reimbursements for travel or college expenses and gifts. Besides
incorne itself, the number of persons living on that income was also indicated. Since in
some households, more than one person depends on one income, household income was
adjusted for number of household members. The correction was done by dividing the
midpoint of each category by the number of persons living on that income to the power
0.36. 11 The outcome of this formula is what is called 'equivalent household income'.
Residents in a home for the elderly (11 %) were excluded from the income analyses as
their financial situation differs from people that live independently. Five categories of
equivalent income were defined (see Table 2.5), corresponding approximately to quintiles,
based on the distribution of the study population. Information about ec}uivalent income
was available for 89% of people that live independently.

2.4

Distribution of socioeconomic status in the Rotterdam Study

The distributions of the indicators for socioeconomic status as well as the characteristics
of the study population were separately described for men and women. All analyses were
done separately for men and women, becallse men and women might differ in the
assessment of a certain socioeconomic status and in the impact socioeconomic status has
on health. 12 Spearman rank correlation coefficients were used to measure the relation
between variolls indicators of socioeconomic status. To obtain insight into occupational

Table 2.4

Chamcledstirs ofthe stlfr/y poplflation at baseline.
.i\tfen

\\Tomen

1I=3J105

1I=4J 878

55 - 64 years

37.4

31.9

65 - 74 years

37.8

31.4

75 - 84 years

19.9

23.8

85 years and older

4.9

12.9

1I=2J662

1I=4J 375

2.6

7.6

\Xlith partner

83.7

50.8

Widowed

lOA

35.6

Divorced

3.3

6.0

Agein %

'Marital status) In %
No partner

Living situation in %

11=3,105

Independent

94.0

85.4

In a home for elderly

6.0

14.6
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patterns within one generation, the so-called intragenerational occupational patterns, the
association between the level of someone's first and last occupation was assessed by
means of Chi-square analyses.
Table 2.4 shows the characteristics of the study population. The population
comprised more women than men. The mean age of women \vas higher than of men, i.e.
72 and 69 years respectively. The majority, 84% of men and 51 % of women lives with a
partner. Consequently, the proportion of \vidowed and divorced \vomen was higher than
the proportion of widowed and divorced men. j\:fost people live independently.
Table 2.5 shows the distribution of the socioeconomic indicators. In general, the
indicators for socioeconomic status were unequally distributed for men and women. For
instance, the average equivalent income of men was higher than that of \vomen, I.e.
12,364 and 11,978 respectively. For men, 28% had only had primary education compared
to 480/0 for women. Finally, women, compared to men, were more likely to be classified,
on the basis of their own occupation, as semi- or unskilled manual workers or as routine

Trible 2.5

DeSCIiptiolJ if the socioecolJolllic statlls if the st/J(b' poplliation.

Education in %
Higher vocational education and university
High~r

1\.fcn

\\fomen

11=3,017

11=4,552

14.5

4.0

35.1

19.2

22.5

28.5

27.9

48.3

general and intermediate

vocational education
[mver general, intermediate general and
lower vocational education
Primary education

Ouw

OJJ'II

Head ofhOllSehold

11=2,975

11=4,257

11=4,350

Professionals

33.3

10.8

27.6

Routine non-manual employees

25.8

43.1

28.5

Small proprietors

5.1

3.6

5.8

.High/low skilled manual workers

21.6

2.3

19.0

Semi-/unskilled manual workers

14.2

40.3

19.1

Occupation in %

Equivalent income in %

11=2)609

11=3,701

> ]2,850

25.9

15.0

> ]2,200 . ,; ]2,850

26.4

20.4

> ]1,750·'; ]2,200

21.7

19.1

> ]1,210 .,; ]1,750

16.1

18.4

,;]1,210

9.9

27.0
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non-manual employees than as professionals. At the time of the baseline measurements,
only 7% of all participants was still employed; the majority was older than 65 years and
retired. On average, women's last paid job was 29 years ago, opposed to 9 years ago for
men.
The change in distribution of education, income and occupation with age is shown in
Figures 2.1 to 2.6. For all three indicators, lower socioeconomic groups were more
prevalent in the older age groups. These differences by age may partly explain the
differences in socioeconomic distributions between men and women. However, even
within the same age groups, on average, men had a higher socioeconomic status than
women did. These figures also show that the shape of the distribution differed for the
various indicators: for example among men, the lowest occupational group was almost
twice as large as the lowest educational group.
Table 2.6 shows that socioeconomic indicators were correlated with each other. All
correlation coefficients were statistically significant and slightly more pronounced for men
than for women. The correlation bet"\veen education and occupation among women was
more pronounced than the correlation coefficient between equivalent household income
and the other indicators. Occupation of the head of the household was slightly more
correlated with equivalent household income (0.38, not shown in table) than \vomen's
own occupation with income. This suggests that household income is determined more
by men's income.

Table 2.6
Spearman correlalion coifjicieJIls* behl'eeJI Ii/dimlor! of socioeconomic statHS. The
coejJidents in the top-light Pa!t of the table represent the co~Didents for meIJ and the coifjirients ill the
botlom-lifiPa!t represent those for JJlOIJJeJI.
Own education
Own education

Own occupation
Household income

',' 0.43
',' 0.32

Own occupation

Household income

(5 0.42

(5 0.47
(5 0.40

',' 0.24

Adjusted for ties.

To obtain insight into the occupational patterns within one generation the so-called
'intragenerational occupational patterns', the association between tlle level of somebody's
first and last occupation was assessed (see Table 2.7). As many women had a paid job a
long time ago and as their first occupation was often also their last occupation, the
majority of women remained 'immobile'. lvlen were more 'mobile' especially in the lowest
occupational group. Although the occupational scheme is not completely ordinal, it can
be stated that on average, men's occupational status moved up slightly during their
lifetime. The Spearman rank correlation coefficient was 0.45 for men and even higher,
0.67, for women.
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DistJiblllion of
edllmHolJ 0' age*for Illel/.

Figlllv 2.1

I :;;:: PtilJlfll)' edllcatioll;
%

2 :;;:: ulJ!eJ'geJJerai, iJllenmdiateJ
general and 100lier lforaliOJItJi
edlfm/ion;

85+

3 ::: HighergeJJeml and illlermediate t'Ora/jolla! eduratioN;
4 :;;:: Higher IIoea/iondi
edllcatioN) ""il!erJ;!)'.

Dislliblliion of
educatioll 0' age*for JI'OIl/eJJ.
1 ::: Pdllltlf)' edlfralioJJ;
2 :;;:: LoJllergenemi, iJilerlJleditlle,
gmera! and lower I.!O(atiolla!
edllcatioll;
3 ::: Highergmeml aNd illtermediate {'oeational edllratioll;
4 :;;:: Higher mralioJJai
Figlllv 2.2

%

edlfratioJl) IJllinr.ii()"
85+

Disldblliion of
o((IIpalioJ/ lij age* for /JIeJI.
1 = Semi·skilled and
IIJlskilled IIltllltla! workers;
2 = Hig/; and loll' skilled

Figlllr 2.3

%

IHamldlll'Orkers;

55·(;4

85+

The sum of the proportions within each age group is 100%.
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3 :;;:: SIJ/tll/ mlrepreJ1f11rs;
4 :;;:: ROllline /JOII-Jlltl1Jllal
elJ/plqytes;
5 = Professionals.
[N.B: the y-scales are different)
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Fig,lfre 2.4
Distn'blllioll if OIJlIl
o((I(patiol1 l?J age* for WOlJlell.
1 Semi-skilled alld
IImkilled lJIaJllla/ Jl1orkers;
2 = High alld loll' skilled

=

IIIrlfJllrd workers;

3 ::: Small entrepnmflllJj'
4 ::: &Jlfline 1l01l-JlJflllll(i/

emp/v'ees;
5 = PrqfossioIJals.
85+

Figllre 2.5 Distdblliioll of
fqlliJJflleJIt iJJcome I?J age*}for 111m.
1 = <: ]1,459;
2 = > ]1,459 - <: ]1,989;
3 = > ]1,989 - <: ]2,549;
4 = > ]2,549.
85+

4

Figure 2.6 DislliblllioJJ of
eqll;va/enl iJlcolJle 0' age*.jor
WOll/eII.

1=
2=
3=
4=

<: ]1,459;
> ]1,459 - <: ]1,989;
> ]1,989 - <: ]2,549;
> ]2,549.

85.
TIle SWll of the proportions within each age group is 100%.
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(N.B: the y-scales are different)
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Table 2.7
(!F7,044).

First

o((J{patioll

and last/ mrrml

OJl'1l o((IIpalioJJ

for

JIlfJJ

and

JJlOllleJI

ilJ pnrmtages

Last/current own occupation
First own occupation

% (n)

2

3

4

5

Mell
1. Professionals

15.3 (436)

81.9

8.0

2.8

3.9

3.4

2, Routine non-manual employees

26.3 (748)

31.1

55.3

4.5

4.8

4.1

3.3 (93)

16.1

18.3

39.8

12.9

12.9

35.7 (1,013)

22.4

14.0

3.8

44.9

14.8

3. Small proprietors
4. High and low skilled manual \vorkers
5. Semi and unskilled manual workers

Total

19.4 (551)

21.6

21.4

5.1

17.2

34.7

100.0 (2,841)

33.5

25.6

5.3

21.6

14.0

7.0 (296)

76.0

15.2

0.7

1.4

6.8

45.4 (1,910)

7.9

77.5

2.7

0.4

11.5

Iflomen

1. Professionals
2. Routine non-manual employees
3. Small proprietors

1.8 (76)

1.3

9.2

76.3

2.6

10.5

4. High and low skilled manual \vorkers

2.5 (107)

1.9

14.0

1.9

50.5

31.8

43.2 (1,814)

4.1

14.6

24.2

28.0

83.4

10.8

43.1

3.5

2.2

40.3

5. Semi and unskilled manual workers

Total

2.5

100.0 (4,203)

Distribution of socioeconomic status in the Rotterdam Study
and The Netherlands

How does the distribution of the socioeconomic status in the Rotterdam Study compare
to that in the same age groups in The Netherlands? Figures 2.7 shows the distribution of
education in this study and in another Dutch study.13 This study of the Dutch Central

Bureau of Statistics (CBS) represented the total Dutch elderly population. Our study
comprised less lower-educated people and more intermediate groups compared to the
total Dutch population. For men, the distribution in the two studies differed more from
each other compared to women. Furthermore, all educational levels are present in both
study populations.
Although the absolute levels of household income are not fully comparable with each
other due to a different method of data collection (self-reported versus registered
information from tax offices) and to a different selection of the households (exclusion
versus inclusion of the subjects living in a home for the elderly), a comparison of the
distribution of household incomes between the households in the Rotterdam Study and
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The Netherlands as a whole is shown in Figure 2.8. The frequencies of highest household
incomes in the Rotterdam Study were lower, while the lowest income groups seemed
more prevalent in our study population (see Figure 2.8). The peak in the lowest income
groups mainly comprised older widowed women.

Men
Age

65~74

Eldedyhome

Age 75+

100%
80%

60%
40%
20% if---+I

• Higher vocational education, uni\Tersity

mHigher general and intermediate vocational education

o Lower general, intermediate general and lower vocational education
OPrimaC)' school
\Vomcn
Age 55-64
100%

Age 65-74

Age 75+

Elderly home

80%
60'10

40%
20%
O%iL____LL____L.-____-L____LL____L.-____-L____LL____L.-____-L____LL____

DistJib/ilioll
The NethedaJlds as a mho/e.

Figll," 2.7
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q/ edlfmtioll for lIIeJJ

~

and JI'OllleJJ jiVIIJ the Rotterdam Stlfr/)' (ompared to

SocIoeconomic status

20%

DThe Netherlands
liThe Rotterdam Study
15%

,-

-

10%

c=
,-

,-

,-

5%

0%

,-

11
<12.5

L
12_5·18

LL LL
18·22

22·25

25·28

28~31

31-.1(,

J('·~O

~O·.f5

f-

L L L.L.
45·55

55·65

65·75

>75

Household income in f 1,000.-

Figllre 2.8
DisIJiblltiOJl of hOflsehold il/COIJIC for hOflseholdr ill the Rotterdalll Jtllt/y* cOlJlpart?d to
the Netherlands as a lJ1hole- *
" Participants living in a home for thc elderly arc not included

2.6

Conclusion

Tills analysis shows that, on average, older men haved a higher socioeconomic status than
\vomen did. Furthermore, the findings show a trend in the socioeconomic status with age:
the socio-economic status of the population decreases \vith age. These findings confirm
the results of another study in The Netherlands showing a shift in occupation types and a
shift in educational patterns \vith age. 4
The observed correlation coefficients, range from 0.24 to 0.47, indicate that the
indicators for socioeconomic status share some similar information, but they also reflect
specific aspects of socioeconomic status. Compared to other studies, the slightly weaker
correlation coefficients l4 might be due to our specific age groups. That is to say, in older
birth cohorts, it was more likely to find a 'good job' during on the basis of primary school
only.
In this thesis the association between socioecononllc status and cardiovascular
disease is studied in the Rotterdam Study. W/e wanted to determine the extent to wl11ch
out whether participants in the Rotterdam Study were representative for the Dutch elderly
population as a whole with respect to socioeconomic status.
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Health

- Rotterdam 1995
"". Qnnnorrll995

10

Safety

Figure 2.9 HM/th barolJleter
for GlJllJloord and the (merage for
Rel/erdalJl
Source=}.[unidpal Health Service

Qxilityof

Sociocconcnic
p::::6ition

ctlvirrxnnel1t

rotterdamand surrounding area
(GGD),1998.

Dmogmphic

First, despite the high response rate in our study, the distribution of socioeconomic
status could in theory be biased by non-response. It can be argued that the group of nonrespondents comprised relatively more persons with a lower socioeconomic status. On
the one hand, such a selection could have influenced the descriptive data such as in this
chapter, but it is unlikely to affect the strength of associations behveen socioeconomic
status and health or risk factors (as described in other chapters in this thesis). On the
other hand, it could be that the more susceptible persons dropped out; the association
behveen socioeconomic status and health and risk factors might have been stronger
among these drop-outs (due to illness or death) compared to the association among those
that participated in our study. \\fe expect that, if anything, such a selection may have led
to an underestimation of the socioeconomic differences in health.
Secondly, the generalisability needs to be considered. \X'ere all socioeconomic groups
represented in Ommoord and were participants from these socioeconomic groups
representative for the socioeconomic groups in The Netherlands as a whole? Although
the lowest and highest socioeconomic groups were less prevalent in our sample compared
to the prevalences in The Netherlands as a whole, all socioeconomic !,lLOUpS were
represented in our study population. \Xfbether or not the various groups are representative
is a more difficult question. In fact, this representativeness depends not only on the
disttibution of socioeconomic status, but also on whether the associations behveen
socioeconomic status and all the intermediary factors in our study population arc similar
to those associations for The Netherlands as a whole.
A result of choosing a study population in one, quite homogeneous. region, such as
Ommomd. is that a number of intermediary factors, such as neighbourhood conditions,
housing conditions or health care services, are largely similar for everybody. Since these
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factors may also account for part of the socioeconomic inequalities in health in the total
population) 15 part of the socioeconomic differences in health may not be detected in such
a setting.
\\1hat are the environmental circumstances like in Ommoord? The 1-Iunicipal Health
Service has conducted a study in which they compared all the districts in Rotterdam with
respect to several health-affecting factors at aggregated level. I6 Figure 2.9 shmvs these
aspects for the district of Ommoord and for the whole of Rotterdam. A score higher than
five for a specific aspect means a more favourable situation for this aspect compared to
the average score for Rotterdam. Ommoord has a more favourable proHle for all aspects
on the 'health barometer') such as quality of the environment (e.g. number of residents
per square meter), socioeconomic position (e.g. number of persons entitled to social
benefit) or safety (e.g. number of police reports).
Thus) in studying socioeconomic differences in a homogeneous region like
Ommoord) a part of the socioeconomic differences in health may not be detected. In
other words) the socioeconomic differences found may be underestimated. The study can
still provide important information about the socioeconomic differences in health
resulting from other factors. Findings according to these other risk factors may be
generalised to apply to the Dutch elderly population.
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Socioeconomic status
and mortality

3.1

Socioeconomic status and mortality. The Rotterdam Study

3.1.1

Abstract

Backgrolllld. The aim of the study was to describe the relationship bct\veen socioeconomic
status and mortality in Dutch elderly people.
kIetbods. A prospective follow-up study was performed among 4,878 women and
3,105 men aged 55 years and oyer living in Ommoord, a district of Rotterdam, The
Netherlands. At baseline, data on education, occupation and income, were collected. Data
on mortality was obtained from the municipal population registry and general
practitioners. Relative risks of mortality by indicators of socioeconomic status were
estimated after an average follow-up period of 4.-1 years. Separate age-adjusted analyses
were done for men and women.
Rfflrlis. The findings in this study indicate that for men (mean age at baseline of 69
(SD 9) years), differences in mortality exist for all three indicators of socioeconomic
status ..Mortality risks were higher for lower educated men, unskilled manual \vorkers and
those with a lower equivalent household income. For women (mean age 72 (SO 10)
years), the relative risks of mortality were also higher for lower educated groups, but
lower equivalent household income and occupational status appeared not to be related to
mortality.
COIlc/usiolls. In Dutch elderly people, there are clear differences in mortality across
groups of different socioeconomic status. The mechanisms to explain the apparent
inequalities in health among older subjects require further research.

3.1.2

Introduction

There is good data to show that in several \'7estern countries mortality rates vary by
indicators of socioeconomic status. t -7 Evidence for tills relationship, however, has mostly
been obtained from studies among men younger than 65 years. In view of the increasing
number of elderly people in the population,S the question arises whether an effect of
socioeconomic status persists at older ages. 9,10 A cumulative effect of a lower
socioeconomic status could augment the effect on mortality in the long run. Alternatively,
class differences could become less important with ageing. For example, a direct effect of
the working environment disappears I t and the effect of background factors like age could
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be more important. Selective mortality could also have played a role: the inequalities at
younger ages have removed the vulnerable individuals from the population.
Studies on socioeconomic mortality differences among elderly people are limited in
number, but some of them have shown marked differences in mortality by
socioeconomic status. 12- 17 In addition, in most studies only one indicator of
socioeconomic status is used, e.g. education, occupation or income. Although these
indicators of socioeconomic status share some overlap, each indicator reflects another
dimension of the socioeconomic status of a person. A study with more indicators of
socioeconomic status could be of importance in indicating the most meaningful indicator
of socioeconol~lic status for this specific age group.
The objectives of the present study were, first, to describe the differences in all cause
mortality in older men and women by three indicators of socioecononlic status. Second,
to assess the independent effects of each indicator of socioeconomic status.

3.1.3

Subjects and methods

Study population
The present study forms a part of the Rotterdam Study, a prospective cohort study
among 7,983 persons aged 55 years and above, living in one defined geographic area in
Rotterdam. The Netherlands. The rationale and design of the study have been described
elsewhere. IS In short, the objective of the Rotterdam Study is to investigate determinants
of chronic and disabling cardiovascular, neurogeriatric, locomotor- and ophthalmologic
diseases. All inhabitants aged 55 years and older, living in the district of Ommoord were
invited to participate. The response rate was 78% (=7,983). The study has been approved
by the :Medical Ethics Committee of Erasmus University. \Vritten informed consent was
obtained from all participants.
Measurements
Information on socioeconomic status was obtained by trained interviewers who visited
the participants between 1989 and 1993 at their home. Data on education, occupation
and income were assessed.
Edllcation The participants were asked about all formal education, the number of
years of each type of education and \vhether they had completed it. From this
information, the highest level of education attained was defined. This classification was
similar to the UNESCO classification 19 and contains four categories: primary education;
lower/intermediate general and lower vocational education; higher general and
intermediate vocational education; higher vocational education and university.
Information on education was available for 95% of the subjects.

OC(l(patiolJ In the Rotterdam Study a complete occupational history was obtained
including all occupational titles, the number of employees and employment status (sclf36
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employment or in employment). For this study, the current occupation (10%) and from
those who were not working any more, their last occupation (800/0) was used. A
classification according to occupation could be made for 910/0. This classification, based
on the international Erikson-Goldthorpc-Portocarero (EGP) scheme,2o,2! distinguishes
five levels: higher and lower grade professionals; routine non-manual employees; small
proprietors; high and low skilled manual workers; semiskilled and unskilled manual
,vorkers.
In addition to a woman's own occupation, the occupation of the head of the
household provides in some cases a better reference point and was also assessed. Both
perspectives have their validity and there is no clear preference for either one. 22 For each
woman who was living with a partner or was widowed, her partner ,vas assumed to be the
head of the household. Among the elderly population in The Netherlands this is a
plausible assumption. For the other women, divorced or living without a partner, the
woman herself was considered to be head of the household. The classification of
occupation of the head of the household was done in a similar way as for individual
occupation and was available for 89% of the female participants.

In(ollJe Participants classified their household income in 13 pre-coded categories. For
persons living in an elderly home some persons gave their factual income, while others
indicated just their 'pocket money' (their income minus the contribution for the rate of
living in an elderly home). For this reason, those living in an elderly home (n=897) were
excluded from the analysis of income.
As in some households more than one person is dependent on the household
income, the midpoint of each household income category was divided by the number of
persons who were living from that income to the pO\ver 0.36. 23 The result of this formula
provides what is called the 'equivalent household income'. Five categories of equivalent
household income were defined (see Table 3.1.-1), corresponding approximately to
quintiles of dle distribution of the population. Equivalent household income was available
for 89% of the independently living people.

J.Horla/i!), Information about the vital status was collected from the start of follow-up
until July 1st, 1996 from the municipal population registry, from hospital admission data,
and from computer systems of the general practitioners of dle district. In addition,
information ,vas retrieved from medical records of participants of general practitioners
not linked to this computer system, for instance from participants ,vho moved out our
research district. The individual period of the follow-up was defined as the period
bet,veen the first home interview until July '1 st, 1996 or until date of death. -During an
average follow-up period of 4.1 yea" (SD 1.3), 793 women (16%) and 528 men (17%)
died.

Chapter 3

37

Y"b/e 3.1.1

Chtllur/uislirs 0/ the !/JI(fy population.

Agehl%
55 - 59 years
60 - 64 years
65 - 69 years
70 - 74 years
75 - 79 years
80 - 84 years
85 - 89 years

Men

\Vomen

,,=3,105
16.5
20.9
21.1
16.8
12.5

11=4,878

14.7
17.2
15.6
15.7

13.2
10.6
8.3
4.6

7.4

3.6
1.3

90 years and older

Marital status in %
No partner

11=2,662
2.6
83.7

11=4,375

\Vidowed

10.4

Divorced

3.3

7.6
50.8
35.6
6.0

1/=3,105

11=4,878

94.0
6.0

85.4

11=3,017

11=4,552

14.5
35.1

4.0
19.2

education

22.5

28.5

Primary education

27.9

48.3

\\'ith partner

Living situation in %
Independent

In a home for elderly
Educatio.tl in %
Higher vocational education and university
Higher general and intermediate vocational education

14.6

Lower/intermediate general and lower vocational

OccupatiO.!ll11 %
Professionals
Routine

non~manual

employees

Small proprietors
High and low skilled manual workers
Semiskilled and unskilled manual workers

Equivalent household i.tlCOlllC ill %
> 1,667 USS
> 1,284 USS - s 1,667 US$
> 1,021 USS - s 1,284 USS
> 706 USS - s 1,021 US$
< 706 USS

38

011'11

011'11

Head oj
hOllsehold

11=2,975

11=4,257

1I=4J 350

33.3
25.8
5.1
21.6
14.2

43.1
3.6
2.3

27.6
28.5
5.8
19.0
19.1

10.8

40.3

11=2,609

1I=3JOI

25.9
26.4
21.7
16.1

15.1

9.9

20.4

19.1
18.4
27.0
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Data analysis
Relative risks of mortality by the indicators of socioeconomic status wcre estimated using

the Cox' proportional hazard regression model. Separate age-adjusted analyses (nine 5year age groups) were performed for men and vmmen. Indicators of socioeconomic
status were included in the model as dunml)' variables, while for all indicators the 'highest'
socioeconomic status was used as the reference group.

Furthermore, simultaneous analyses with indicators of socioeconomic status included
in a model were performed. The reduction in deviance owing to inclusion of a second or
third indicator of socioeconomic status in the model was used as an overall statistical test.
A 5-year survival probability was calculated using the formula S(t)=So(t) ,,~(>:Il·'I.
To assess modification of risk by age, interaction terms of socioeconomic status and
age were included in the model. Again, the reduction in deviance was used as a statistical
overall test. All analyses were performed using the BlvIDP-package. 24

3.1.4

Results

The general characteristics of the study population are shown in Table 3.1.1. The
population comprised more women than men and the average age in women was higher,
72 (SD 10) and 69 (9) ycars respectively. The majority, 84% of the men and 51 % of thc
\vomen, was living with a partner. Furthermore, the proportion of widowed or divorced
women \vas higher than the proportion of widowed or divorced men. In general, the
indicators of socioeconomic status were distributed unequally for men and \vomen. For
instance, the average equivalent household income of men was higher than the equivalent
household income of \vomen. Of the men, 28% had only primary education while this
percentage \vas 48% for women. \\fomen \vere more likely to be classified, based on their
own occupation, as a manual worker and \vere less likely to be classified as a professional.
In Table 3.1.2 to Table 3.1.4 mortality data are given by indicators of socioeconomic
status. For men as \vell as \vomen, the lower educated had a significantly higher mortality
risk than those who had higher vocational education or university. The gradient for
\vomen \vas steeper than for 111en, probably due to a more selected reference group.
I\-Iortality differences between the occupational classes were less pronounced in the older
population. In men, only the semiskilled and unskilled manual workers had a significantly
higher mortality risk than the male professionals. For \vomen, neither their own occupation
nor the occupation of the head of the household was related to mortality. Equivalent
household income was related to mortality among men. In the lower quintiles of equivalent
household income mortality was almost twice as high as in the highest quintile. For women,
less pronounced differences were found.
Results of simultaneous analyses with three indicators of socioeconomic status are
presented in Table 3.1.5. These analyses were based on a subgroup of 2,517 men and
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MOita/ily f?y edllca/ioll, Ida/ill' !ish alld 95% cOlljid"", ill/ma/s, adjlls/edfor age.

Table 3.1.2

II/len
Education level

N

Higher vocational education and university

11

RR

\Varnen
N

95%-CI

RR

95%-CI

38

Higher general and intermediate vocational
153

1.4

0.9-1.9

71

1.7

0.9-3.2

vocational education

92

1.2

0.8-1.8

120

1.8

1.0-3.3

Primary education

199

1.4

1.0-2.0

403

2.0

1.1-3.6

education
Lower/intermediate general and lower

RR

Relatke risk.

e!

Confidence interval.
Number of deaths.

N

Table 3.1.3

MOita/ily f?y oCClpa/ioll, Ida/ille !isks alld 95% ,olljidmce ill/elva/s, adjllstedfor age:
\V'omen

Men
Own

Occupation

N

Professionals

119

Head of
household

Own

RR 95%-CI

N

RR 95%-CI

46

N

RR 95%-CI

122

Routine non-manual employees

119

1.1 0.9-1.4

191

1.2 0.8-1.6

Small entrepreneurs

32

1.1 0.8-1.7

22

1.1 0.7-1.8

44

High/low skilled manual workers

120 1.1 0.9-1.4

20

1.4 0.8-2.4

117 1.0 0.8-1.3

1.4 1.0-1.8

271

1.2 0.9-1.6

140 0.9

Semi-/unskilled manual workers
Relative risk.
C! Confidence interval.

93

161

1.0 0.8-1.3
0.9

0.7-1.3

0.7-1.2

RR
N

Number of deaths.

Table 3.1.4
i.v[o!ia/ity
adjlls/edfor age.

0' eqlliva/ml household il1coJlle,

relative fisks aJld 95% cOIijidellce intervals}
\~omcn

Men

Equivalent household income

N

> 1,667 US$

44

> 1,284 US$ - 5 1,667 USS

69

1.3

0.9-1.8

> 1,021 USS - 51,284 USS

97

1.7

> 706 US$- 5 1,021 USS

89
66

5706 USS
Relative risk.
C! Confidence interval.

RR

95%-CI

N

RR

95%-CI

41

1.0

0.6-1.8

1.2-2.5

55

1.2

0.7-1.9

1.8

1.2-2.6

66

1.1

0.7-1.8

1.7

1.1-2.5

120

1.2

0.7-2.0

21

RR
N

40

Number of deaths.
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3,402 women for whom data on education, O\vn occupation and equivalent household
income \vere available. As the relative risks decreased \vhen adjusted for each other and
the reduction of deviance owing to inclusion of each indicator to a model \vith the two
other indicators was not statistically significant, the three indicators share some overlap.
Despite this overlap, differences in mortality by equivalent household income and
education for men persisted suggesting that these indicators reflect different dimensions
of socioeconomic status. Only the effect of equivalent household income remained
statistically significant. For women, all reductions in deviance owing to inclusion of other
indicators ,vere not statistically significant. The relative risks declined after adjustment for
the other indicators in the model and did not remain significant.

Table 3.1.5 lHOltali(), I!)' edllcation, OJJIJI omrpatioJl aJld eqllil!flletJt hOllsehold iJJcome slillltltaJlfOlIS!)'J
relath'e fiski and 95% cOJifidetJce inten/als, arf;ilStedJor age.
Men
Indicators of socioeconomic status

(l1~2,517)

Women{lI~3,402)

RR

95%-CI

RR

95%-CI

1.3

0.8-2.0

1.5

0.6-3.7

1.2

0.7-1.9

1.7

0.8-4.0

1.3

0.8-2.0

1.5

0.8-3.7

Routine non-manual employees

1.0

0.8-1.4

1.0

0.6-1.6

Small entrepreneurs

1.2

0.7-2.0

0.7

0.3-1.8

High and low skilled manual workers

0.8

0.6-1.1

0.6

0.2-1.7

Semiskilled and unskilled manual workers

1.0

0.7-1.5

1.0

0.6-1.6

> 1,284 USS -., 1,667 USS

1.3

0.8-1.9

1.0

0.6-1.7

> 1,021 USS - ., 1,284 USS

1.8

1.2-2.7

1.1

0.6-1.9

> 706 USS - ., 1021 USS

1.7

1.I -2.7

1.0

0.6-1.7

< 706 USS

1.8

1.I -2.8

1.0

0.6-1.8

RefereJ1Ce group

Higher vocational education or university,
professional and highest qllintile of
equivalent household income
EducatiOJl

Higher general and intermediate vocational
education
Lower mediate general and vocational education
Primary education
OWll

occupatiOJl

Equivalent houseJ101d iJ1COll1e

RR

Relati,·c risk.

CI

Confidence interval.
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To illustrate the differences in mortality risk bet\veen the most privileged and most
underprivileged persons, the predicted 5-year survival was calculated for a 65-year-old
unskilled man, with primary education only and an equivalent household income below
706 USS (f1,210) and for a 65-year-old professional, with an academic degree and an
equivalent household income above 1,667 USS (f2,850). The estimated absolute
difference in 5-year survival was 9%. The man with the highest socioeconomic status had
a 5-year survival probability of 93%, while tills probability was 84% for ti,e man with the
lowest socioeconomic status.
\\fhether the effects of socioeconomic differences attenuate with age, could not be
confirmed in this study. Age stratified analyses did not show clear patterns (results not
shown) and the interaction terms for each socioeconomic indicator and age in the model
were not statistically significant.

3.1.5

Discussion

This study shows differences in mortality risks for older men by all three indicators of
socioeconomic status: income, occupation and education. J\'Iortality is higher for 10\ver
educated men, unskilled manual workers and those with a lower income compared to the
higher socioeconomic status groups. For women in this age group mortality is higher in
the lower educated groups, but lower income and occupational level appeared not to be
related to mortality. These educational differences among women remained, (though not
statistically significant) after adjustment for the other indicators. For men, the effect of
income on mortality remained after adjustment for the other indicators of socioeconomic
status.
To appreciate these findings, some issues need to be addressed. The response rate for
the study was high. Still, it is likely that the population represents a relatively healthy
cohort as persons with health problems are less able to participate in the follow-up
study.25,26 In our vie\v this selective participation has hardly influenced the results or, if
anything. it has led to an underestimation of the real differences. Also, exclusion of
persons living in an elderly home for the analyses of income might have led to an
underestimation of the mortality risk associated with a low equivalent household income.
However, the educational and occupational mortality differences among independently
living persons did not substantially differ from those living in an elderly home (results not
shown).
Information bias with respect to socioeconomic status was minimised by gathering
information on socioeconomic status in a standardised way. Some misclassification for
occupation may have occurred for persons who stopped working a long time ago, as the
classification used is quite recent, while the status of a certain occupation may not have
been constant over time and the occupation structure within a society is changing. 27 In
42
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which direction this might have affected the results is unclear. Furthermore, it has been
argued that the last or current occupation does not reflect the occupational status
accurately, but no commonly accepted alternative method has gained favour.22 In our
data, however, a person's longest held occupation did not substantially differ from the last
or current occupation, which confirms other Dutch findings that intragenerational
mobility is limited. 27 Additional analyses based on the longest held occupation shO\ved the
same mortality differences as the last or current occupation (results not shown). A
measure of income that takes into account the size of the household is generally regarded
to be more appropriate than just the household income. 22 The choice of the factor 0.36 in
the formula was based on published analyses,23 but remains quite arbiu·ary. However,
when a factor 0.50 or 0.25 \vas used instead, the same trends resulted (results not shown).
Our results were analysed separately for men and women and adjusted for age, as
among the younger age groups of our population more persons attained higher education
than 'among the older. In some studies the results have also been adjusted for marital
status. However, one can argue that marital status not only is a confounder but also an
intermediary factor, because marital status can be predicted by the socioeconomic
status. 28 In such case adjustment for marital status may actually introduce bias. 29 In any
case, in our study adjustment of marital status did not give substantially different results.
In our view, there is no reason to assume that bias could explain the socioeconomic
mortality differences found.
In our study, the study population was chosen in one quite homogenous region. The
situation occurs that several intermediary factors, such as neighbourhood conditions,
housing conditions or health care services are similar for everybody. Since these
macrofactors also account for the socioeconomic inequalities in health in the total
population,30,31 part of the socioeconomic differences in health may not be detected in
such a setting. The inequalities in mortality would probably be even larger when the
socioeconomic groups vary also in these intermediary factors.
Socioeconomic mortality differences \vere studied in several countries and generally
show the same trends as \ve observed by US. I- 6 Studies on socioeconomic mortality
differences among elderly people are more limited in number, but have shown differences
according to education in the United States,12 according to social class in England and
\\fales 32 and in Swedish elderly people 16 and according to several indicators of
socioeconomic status in Finnish elderly pcople. 13 This limited number of studies among
ageing populations have shown the same associations as found in our study.
Reported findings on whether socioeconomic differences in mortality increase or
decrease with age are inconsistent. l't'Iartelin reported that the differentials attenuate with
age. 13 In contrast, a Swedish study reported an increasing difference with increasing age
for women, while for men the differences became smaller.I6 However, in the latter study,
no formal test of significance was applied to these differences. Among British civil
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servants socioeconomic differences in mortality persisted beyond retirement age and in
magnitude increased with age.!1 Our study did not show a clear pattern of changes with
age. The follo\v-up period, however, was relatively short and the number of subjects may
be too limited.
Interestingly, in contrast to one previous Dutch study of a 25-year follo\v-up among
middle-aged men.2 in which mortality differences according to occupational class
disappeared at an age above 50. we found socioeconomic mortality differences in an older
age group.
As a direct effect of socioeconomic status on mortality is not very likely, health
related social mobility and intermediaty factors are mentioned in the literature as possible
explanations for socioeconomic mortality differences. 33 Health reIated social mobility
implies that people drift down the social scale because of their health problems or move
up because of their good health. In this respect. Fox32 suggested that a measure
representing the situation of years ago. would provide a more appropriate indicator of
socioeconomic status than a measure which would be measured at death. In our study,
most persons completed their education decades ago and had stopped working many
years previously. Furthermore. although the measurement of income is based on the
current situation, among Dutch elderly people it is not likely to be influenced by health.
Hence. health selection is not likely to be important in the explanation of the
socioeconomic differences that we found. The remaining mechanism is an explanation
through intermediary factors, such as life style factors, material living conditions and
psychological stress. The unequal distribution of these factors across groups of different
socioeconomic status may explain the socioeconomic mortality differences and needs
further investigation.
Besides specific factors which are responsible for the socioeconomic inequalities in
specific diseases, an additional explanation for the socioeconomic differences in health
has been suggested: socioeconomic status is associated with factors that influence
someone's general susceptibility to diseases. 34
The apparent differences in impact between the different indicators as found in our
study may have several explanations. First, the overlap of the indicators of socioeconomic
status in this study population is less pronounced compared to other studies. 35 In our
study the Spearman rank correlation coefficients vary between 0.23 and 0.47. Thus, the
causal pathway of education as an important determinant of occupational status, and
occupation as a determinant of income, is less pronounced among this elderly population.
Second, these indicators represent different aspects of socioeconomic status. 22
Educational level indicates somcone's knowledge, ability and willingness to acquire new
information. Occupation stands for prestige and occupational hazards and income
indicates material living conditions and resources. Each indicator could be associated with
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different intermediary factors, \vhich could then explain the differences in association
with mortality. Thus, our findings among men suggest that material living conditions are
important in the explanation of socioeconomic- mortality differences. However, an
alternative explanation for the differences in impact for the different socioeconomic
indicators is also possible. In our study population, the indicators 'education' and
'occupation' are based on an individual achievement of years ago and will have been
constant for years. Income on the other hand may have changed even recently and may
be a more accurate indicator of current socioeconomic status. If current socioeconomic
status is more itnportant to health than past socioeconomic status, this might explain the
greater discriminating power of income. The lack of finding such an association among
women, might be caused by misclassification of income; it is likely that \vomen have
reported their household income less accurate, as it is mainly based on their husbands.
In conclusion, our results show that mortality differences by socioeconomic status
persist into old age. The mechanisms to explain these inequalities in health among older
subjects require further research.

3.1.6
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3.2

Employment grade differences in cause specific mortality
between middle-aged and elderly men. The first Whitehall
Study

3.2.1

Abstract

5'"4)' o/yeclitJe.

To test the hypothesis that the association bchveen socioeconomic status
and mortality rates cuts across the major causes of death for middle-aged and elderly men.
Design. 25-year follow-up of mortality in relation to employment grade.
Settillg. The first \'(I]titehall Study.
Paltidpallts. 18,001 male civil servants aged 40-69 years who attended the initial screening
between 1967 and 1970 and were followed up for at least 25 years.
lUain ol/tcoJlle lJIerWIre. Specific causes of death.
Rrsllits. After more than 25-years of follow-up of civil servants, aged 40-69 years at
entry to the study, employment brrade differences still exist in all cause mortality and for
nearly all specific causes of death. l\Jain risk factors could only explain one third of tllls
gradient. Comparing the older retired group with the younger pre-retirement group, the
differentials in mortality remained but were less pronounced. The largest decline was seen
for chronic bronchitis, gastrointestinal diseases and genito-urinary diseases.
COllcllfSioJlS. Differentials in mortality persist at older ages for almost all Causes of
death.

3.2.2

Introduction

An association between socioeconomic status and mortality has been shown in several
studies and countries. 1-S 1vlarmot et al suggested that there was a general susceptibility to
specific causes of death, since after a 10-year follO\v-up of British civil servants in the first
\X/hitehall Study an inverse gradient by employment grade was seen for most causes of
death. 6 However, the number of events used in this analysis was relatively small. After 25
years of follow-up of this study population, it is possible to examine these associations
again with many more events. Furthermore, it was possible to examine the diversity in the
gradients by causes of death and to examine even more specific causes of death.
In addition, we might expect these socioeconomic differences to be less pronounced
in old agc, as the evcntual probability of death for each person reaches 100%. However,
social class differentials in mortality are still found in these age groups,7-l0 A previous
analysis of the 25-year follow-up data from the first \'(/hltehall Study has shown that
relative differences in mortality between socioeconomic groups decrease but still persist
beyond retirement age and in absolute terms even increase with old age. lI The question
arises whether this applies to different causes of death to the same extent or whether
there are some causes where the grade effects disappear after retirement age. Therefore,
we have examined whether the employment grade effects decreased with more years of
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follow-up and whether these associations differ between middle-aged men and older
retired men.

3.2.3

Subjects and methods

Methods
A total of 19,019 civil selvants aged 40-69 years attended the initial screening of the
Whitehall Study between September 1967 and January 1970. In short, each participant
filled in a standard questionnaire that included age, self-reported smoking habit, civil
servants' employment grade, and health status. [vfeasurements at the screening
examination included blood pressure, plasma cholesterol concentration and a glucose
tolerance test. Subjects with a blood glucose, two hours after a post-fasting SOg glucose
load, above 11.1 mmol/L or with previously diagnosed diabetes constituted the diabetic
group; non-diabetic subjects with glucose concentrations above the 95 th centile point (5.411.0 mmol/L) formed the group with impaired glucose tolerance, and other subjects \vere
designated as being normoglycaemic. Smoking has been categorised according to cigarette
use as current smokers, ex-smoker and never smoker. :More details regarding design and
methods are described clsewhere. 12 Employment grade was categorised as administrative,
professional and executive, clerical, and 'other' grades (e.g. messengers and other
unskilled manual workers). For 886 men from the Diplomatic Service and the British
Council, employment grade was not comparable with the grades above and these men
have been excluded from the analyses.
Records from 99.3% of the remaining men were flagged at the National Health
Service Central Registry, which notified us of all deaths up to the end of January 1995.
Causes were classified according to the International Classification of Disease, eighth
revision (lCD-8). A total of 18,001 men \vere followed up for at least 25 years and
contributed a total of 385,660 person-years with 8,053 deaths. For another 21 subjects the
cause of death was missing, these have been excluded from the cause specific mortality
analysis.
Data analysis
IVfortality rates have been calculated using person-years at risk. These rates have been
standardised for age at entry by the direct method, using S-year age bands and with the
total population as the standard. The mortality gradients across the four employment
grades are close to linear. Therefore, to compare the trends across the employment grade
levels between several causes of death we estimated the rate ratio between the lmvest and
the highest employment grade using Cox' proportional hazard models in which
employment grade was added as a continuous variable. \'1e estimated the rate ratio
between the highest (Le. administrative) and the 100vest employment grade (i.e. 'others') by
taking the exponent of three times the coefficient for employment grade. Tius method
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has the advantage of giving a more stable estimate since all the data, rather just the data
from the relatively small groups of the 'other' grade and administrative grade, are used.
In several previous analyses, socioeconomic differences have been partiy explained
by the biological and behavioural factors of smoking, blood pressure and cholesteroI. 2 ,5,13
To examine the impact of these risk factors on these employment grade differences,
mortality rate ratios among subjects who are not currently smoking and \vho have a low
plasma cholesterol level (below the median of 5.0 mmol/L) and a low s),stolic blood
pressure (below 133 mmHg) were estimated. In addition, the mortality rate ratios based
on the whole population were adjusted for several risk factors: smoking, systolic blood
pressure, glucose intolerance and diabetes, and cholesterol.
To compare the employment grade differences for three different intervals of fo11O\vup, \ve split our data set into three parts and computed age-adjusted rate ratios for the
four employment grades taking the professional/executive as the reference group since
the administrative grade had relatively small numbers.
For the analysis of the age specific mortality differentials \ve created also a new
expanded data set in which for each individual year of follow-up a new record was
created, consisting of each man's current age at risk together with his employment grade
and length of follow-up in that year. Deaths were allocated to the appropriate current age
category. This data set was split into three parts depending on the subject's current age.
As men at lower risk of death had on average, a longer follow-up, \ve adjusted these
anal),ses for the length of follow-up and also adjusted for age using 5-)'ear age groups. All
analyses were done using the statistical package SAS.14

3.2.4

Results

Table 3.2.1 shows the age adjusted mortality rates by employment grade and the rate ratio
of the lowest versus the highest employment grade for all the broad major causes of death
after more than 25 years of follow-up. The mortality rate \vas higher for all these major
causes of death in the lower grades compared to the higher grades and was statistically
significant in almost all cases. The largest differences were found for lung cancer, chronic
bronchitis and respiratory ,liseases. Looking at the ,lifferences in absolute rates,
cardiovascular disease and neoplasms contributed the largest part to the differences
between the mortality rates by grade.
For some groups of diseases, for example 'other neoplasms', the weak association
was caused by the heterogeneity behveen the diseases within the group. In a previous
analysis in this study population, Davey Smith et al examined the heterogeneity of the
relationships between specific cancer sites and socioeconomic position.1 5 There seemed
to be a considerable variation in the strength, and, to a lesser extent, direction of ti1e
associations behveen those specific cancer sites and employment grade. 15 This
heterogeneity behveen specific cancer sites was also seen in the present 25-year mortality
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Table 3.2.1
Age adjusted mortality rates per 1000 person:}ears (number
administrative *.

of deaths)

by employment grade and mortality rate ratios for 'other' grade versus

Mortality rates (Number of deaths)

Causes of death (lCD-8)

Mortality rate ratio

Administrative

Professional/

Clerical

Other

(n=962)

Executive

(n=2,981)

(n=I,789)

(95%-CI) 'Other'
grade versus
Administrative

(n=12,269)
16.76 (295)

20.74 (4,733)

27.43 (1,779)

30.91 (1,246)

2.07 (1.90-2.25)

0.76 (16)

1.53 (358)

2.80 (181)

3.28 (147)

4.08 (3.10-5.38)

Other neoplasms (140-239, exci. 162.1)

4.00 (72)

4.57 (1,088)

4.94 (313)

5.53 (207)

1.43 (1.17-1.74)

Ischaemic heart disease (410-414)

6.41 (105)

7.29 (1,679)

9.10 (583)

10.07 (394

1.77 (1.53-2.06)

Cerebrovascular disease (430-438)

1.43 (26)

1.79 (380)

2.12 (144)

1.81 (81)

1.35 (0.99-1.85)

Other cardiovascular (390-404,420-429,440-458)

1.18 (23)

1.73 (385)

2.42 (160)

2.38 (104)

2.13 (1.59-2.86)

Chronic bronchitis (491-492)

0.10 (2)

0.23 (44))

0.77 (51)

1.14 (48)

10.76 (5.96-19.42)

Other respiratory disease (460-490,493-519)

1.10 (20)

1.59 (337)

2.82 (192)

3.68 (155

4.13 (3.15-5.43)

Glstrointestinal disease (520-577)

0.66 (8)

0.41 (94)

0.54 (37)

0.88 (30)

2.42 (1.35-4.36)

Genito-unnary disease (580-607)

0.25 (4)

0.26 (53)

0.31 (20)

0.51 (25)

3.27 (1.59-6.71)

Accident and violence (800-949,960-978)

0.13 (3)

0.20 (51)

0.28 (16)

0.36 (11)

2.38 (0.98-5.78)

Suicide (950-958,980-989)

0.10 (2)

0.17 (45)

0.25 (15)

0.21 (6)

1.65 (0.60-4.50)

Other deaths

0.57 (11)

0.93 (207)

1.05 (63)

0.97 (36)

1.43 (0.91-2.24)

Neoplasms

2.74 (53)

2.92 (690)

3.12 (194)

3.16 (114)

1.19 (0.92-1.54)

Non-neoplasms

5.54 (100)

7.12 (1,564)

9.83 (651)

10.91 (450)

2.25 (1.95-2.60)

All causes
Malignant neoplasm of lung (162.1)

Causes not related to smokingt

'"

Based on exponent of three times the coefficient of employment grade assessed with Cox' proportional hazard models, in which employment grade is added as a continuous

variable.
CI Confidence interval.
t All causes less 140-141, 143, 149. 150, 157. 160-163, 188-189,200,202,410-414.491,492.

Table 3.2.2 Age adjusted mOr/aliry rates per 1000 person":]ears (number of deaths) by employment grade and mOr/aliry rate ratios for 'other' grade versus
administrative for diseases of the circulatory .[)Istem.
Mortality rates (Number of deaths)
Administrative

Causes of death (lCD-8)

(n=962)

Professional/
Executive

Clerical
(n=2,981)

Other
(n=I,789)

(n=12,269)

Mortality rate
ratio (95%-CT)
'Other' grade
versus

Administrative

Ischaemic heart disease (410-414)

6.41 (105)

7.29 (1,676)

9.10 (583)

10.07 (394)

1.77 (1.53-2.06)

Acute myocardial infarction (410)

4.15 (66)

5.07 (1,177)

6.27 (398)

7.48 (286)

1.85 (1.55-2.20)

Chronic ischaemic heart disease (412)

2.18 (37)

2.14 (486)

2.70 (177)

2.44 (103)

1.59 (1.21-2.11)

Cerebrovascular disease (430-438)

1.43 (26)

1.79 (380)

2.12 (144)

1.81 (81)

1.35 (0.99-1.85)

Other cardiovascular (390-404,420-429,440-458)

1.18 (23)

1.73 (385)

2.42 (160)

2.38 (104)

2.13 (1.59-2.86)

Active rheumatic fever and chronic rheumatic heart

0.11 (3)

0.16 (34)

0.25 (15)

0.24 (11)

2.65 (1.03-6.84)

Hypertensive disease (400-404)

0.06 (1)

0.15 (36)

0.19 (12)

0.20 (10)

2.44 (0.92-6.51)

Other forms of heart disease (420-429)

0.25 (5)

0.46 (100)

0.70 (46)

0.60 (28)

2.13 (1.21-3.74)

Diseases of arteries, arterioles and capillaries (440-447)

0.45 (8)

0.69 (152)

0.92 (63)

1.08 (43)

2.24 (1.41-3.57)

0.24 (4)

0.53 (118)

0.68 (45)

0.86 (34)

2.52 (1.48-4.30)

0.16 (3)

0.40 (37)

0.22 (15)

0.14 (7J

1.76 (0.64-4.87)

disease

(390-399)

Aortic aneurysm (441)
Diseases of veins and lymphatics and other diseases of

circulatory system (450-458)
CI

Confidence interval

Table 3.2.3
Age adjusted mortality rate ratios for 'other' grade versus administrative for non-smokers with a low cholesterol and low D'stolic blood pressure and
mortality rate ratios, adjustedfor age and risk factors, for the whole population.
Non-smokers with low plasma cholesterol and low

Whole population (n=18,001)

blood pressure' (n=2,376)
Mortality rate ratio (95%-CI) adjusted

Mortality rate ratio (95%-Cl) adjusted

for age; 'Other' grade versus

for age and risk factorst, 'Other' grade

Administrative

versus Administrative

614

2.30 (1.54-.3.43)

1.75 (1.60-1.91)

Malignant neoplasm of lung (162.1)

38

0.59 (0.12-2.96)

2.75 (2.09-3.63)

Other neoplasm (140-239 excI. 162.1)

184

1.28 (0.65-2.50)

1.36 (1.11-1.66)

Ischaemic heart disease (410-414)

173

2.61 (1.39-4.89)

1.52 (1.24-1.86)

Cerebrovascular disease (430-438)

38

1.51 (0.38-6.03)

1.11 (0.81-1.53)

Other cardiovascular (390-404,420-429,440-458)

44

4.37 (1.25-15.28)

1.66 (1.23-2.24)

Chronic bronchitis (491-492)

9

t

6.53 (3.59-11.87)

Other respiratory disease (460-490,493-519)

52

11.09 (3.59-34.39)

2.98 (2.26-3.93)

Gastrointestinal disease (520-577)

19

Genito-urinary disease (580-607)

10

2.61 (1.25-5.46)

Accident and violence (800-949,960-978)

9

*
*t

Suicide (950-958,980-989)

4

t

1.20 (0.43-3.37)

Other deaths

32

3.40 (0.78-14.68)

1.24 (0.78-1.97)

Causes of death (lCD-8)

Number
of deaths

All causes

Non~smokers (never and ex~smokers)

1.93 (1.07-3.49)

2.47 (1.00-6.10)

with cholesterol and systolic blood pressure values below the median; Cholesterol <5.0 mmol/L; Systolic blood pressure <133 mmHg.

CI

Confidence interval.

t

Adjusted for age, smoking. systolic blood pressure, plasma cholesterol concentration and glucose intolerance.

:j:

Mortality rate ratio not estimated for causes of death with less than 20 deaths.

results (test for heterogeneity; P < 0.01). Socioeconomic differentials for subcategories of
cardiovascular disease are reported in Table 3.2.2. In contrast to the heterogeneous effects
across cancer sites, the socioeconomic differentials in diseases of the circulatory system
were quite homogeneous \vith rate ratios varying behveen 1.35 and 2.65.
In previous analyses, employment grade differences have been partly explained by
the biological and behavioural factors of smoking, blood pressure and cholestel'OI.2,),13
The question arises whether employment grade differences exist among subjects who arc
not currently smoking and who have a low plasma cholesterol level and a low blood
pressure. Table 3.2.3 shows these grade differences in mortality for this low-risk group.
The estimated mortality rate ratio is not given for those causes with fewer tlnn 20 deaths.
Even in this low-risk group an employment gradient is seen in all cause mortality. Only 38
of the 702 of the lung cancer deaths occurred in this non-smoking subgroup. For most
other specific causes of death the employment grade gradients are even steeper in this
low-risk group compared to those in the whole study population. Furthermore, mortality
rate ratios which are adjusted for age and the major risk factors and based on the whole
population are shown in Table 3.2.3. Adjustment for these risk factors reduced tl1e
employment grade differences for almost all specific causes of death. About one third of
the employment grade differences in all cause mortality could be explained by these
differences in risk factors.
The 25-year follow-up gave us the opportunity to examine whether the mortality rate
ratios with employment grade were the same after different intervals of follO\v-up. Figure
3.2.1 shows the rate ratios for total and cause specific mortality after the first 10 years of
follow-up, the second 10 years of follow-up and for the follow-up after 20 years. In
general, the differentials in mortality decreased slightly, after more years of follow-up.
However, the employment grade differences in mortality persisted even after more than
20 years of follow-up.
To examine the differentials in mortality, pre- and post-retirement, \ve calculated the
employment grade differences in mortality by three age groups and adjusted for the
length of follow-up. Table 3.2.4 shows the rate ratios for the 'other' versus administrative
grade by the three age groups. In the older age groups a smaller proportion of deaths
were caused by ischaemic heart diseases, but this \vas compensated by greater proportions
due to cerebrovascular disease, other cardiovascular disease and other respiratory
diseases. In all three age groups, a gradient was seen between employmerit grade and all
cause mortality and most specific causes of death. In general, tl1e associations in the
youngest age group \vere steeper than in the higher age groups. The rate ratios for
employment grade in those men aged 65-69 years were not always significant owing to the
small numbers of deaths. The steepest decrease in gradient with increased age was seen
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Figure. 3.2.1 Age arj;ilSted lIJoJtali()' rtJle. ratios (llJith the professioNal/ e.xe.Clltive grade. used as the
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Table 3.2.4

Mortality rate ratios for 'other' grade versus administrative fry age at death.

Causes of death (lCD-8)

40-64 years
(221,720 person-years)

65-69 years
(72,166 person-years)

No. of
deaths

Mortality rate ratio

1,881

2.91 (2.42-3.50)

1,453

Malignant neoplasm oflung (162.1)

193

5.35 (3.15-9.11)

Other neoplasms (140-239, exc!. 162.1)

415

1.76 (1.16-2.67)

Ischaemic heart disease (410-414)

779

2.57 (1.93-3.43)

Cerebrovascular disease (430-438)

80

Other cardiovascular (390-404,420-429,440-458)
Chronic bronchitis (491-492)

(9S%-CI)'

No. of Mortality rate ratio
deaths
(9S%-CI)'

70 years and older
(91,775 person-years)
No. of Mortality rate ratio
deaths

(9S%-CI)'

2.15 (1.75-2.65)

4,719

1.72 (1.54-1.92)

147

3.22 (1.75-5.93)

362

3.61 (2.48-5.26)

332

1.68 (1.07-2.66)

933

1.17 (0.91-1.52)

539

1.71 (1.22-2.41)

1,443

1.44 (1.18-1.76)

2.50 (1.02-6.11)

95

1.16 (0.50-2.72)

456

1.17 (0.81-1.67)

130

2.07 (1.00-4.30)

106

3.04 (1.44-6.42)

436

1.79 (1.26-2.55)

34

29.77 (9.03-98.11)

28

8.80 (2.28-33.98)

83

8.25 (3.81-17.86)

Other respiratory disease (460-490,493-529)

71

4.71 (1.89-11.75)

85

5.21 (2.29-11.82)

548

3.66 (2.71-4.95)

Gastrointestinal disease (520-577)

29

10.30 (2.74-38.78)

31

0.48 (0.09-2.54)

109

2.24 (1.11-4.53)

Genito-urinary disease (580-607)

16

9.44 (1.54-57.82)

12

2.84 (0.33-24.78)

74

2.58 (1.12-5.94)

Accident and violence (800-949,960-978)

38

3.94 (1.07-14.55)

12

11.01 (1.37-88.6)

31

0.73 (0.17-3.11)

Suicide (950-958,980-989)

34

1.61 (0.35-7.32)

14

3.98 (0.55-28.85)

20

0.73 (0.12-4.60)

52

4.09 (1.34-12.42)

49

3.94 (1.23-12.55)

216

0.92 (0.53-1.57)

Neoplasms

252

1.58 (0.92-2.74)

198

1.52 (0.83-2.76)

601

0.92 (0.67-1.28)

Non-neoplasms

450

3.31 (2.27-4.81)

404

2.65 (1.79-3.93)

1,890

1.89 (1.60-2.24)

...All causes

Other deaths
Causes not related to smokingt

,

Adjusted for age and length of follow-up.

CI

Confidence interval.

t

All causes less 140-141, 143, 149. 150, 157, 160-163, 188-189. 200. 202, 410414. 491, 492

for mortality caused by chronic bronchitis, gastrointestinal disease and genito-urinary
disease. lVlost of the decrease in the gradient for these causes was seen behveen the
youngest pre-retirement, age group and the older hvo age groups.

3.2.5

Discussion

After more than 25 years of follow-up of civil servants, aged 40-69 years at entry to the
study, the inverse gradient by employment grade still existed in all cause mortality and for
nearly all specific causes of death. The mortality rates were highest in the lower
employment grades. Cardiovascular disease and cancers contributed most to the absolute
differences in the all cause mortality rates by employment grade although the largest
relative differences are found for respiratory diseases (chronic bronchitis. lung cancer).
The strength of the associations for the specific cardiovascular causes of death did not
vary materially. About one third of the employment grade differences could be explained
by the distribution in the major risk factors. Except for lung cancer, differences behveen
employment grades are also found in subjects \vith a lo\v blood pressure, who are not
smoking and have a low plasma cholesterol level. Employment grade differences declined
slightly after more years of foIlO\v-up, but are still present in the sU1vivors after 20 years
of follow-up. The decline in relative differences in mortality with age was the highest for
chronic bronchitis, gastrointestinal disease and genito-urinary diseases. However, even in
retired subjects, socioeconomic differences were found for almost all causes of death.
Before discussing possible mechanisms behind these differences, some potential
artefactual explanations need to be considered. All subjects were, at entry to the study,
working in stable, sedentary jobs in one location, so that the civil service employment
grade categories produce groups which are more homogeneous, for example, with respect
to aspects of material circumstances, than most socioeconomic groups in other similar
studies of inequalities. As a consequence, differentials might expected to be larger than
equivalent socioeconomic differences in the British population. IS
In addition, our findings might be affected by misclassification of the causes of death
or employment grade. There is evidence that, in the past, working class patients were
more likely to be diagnosed as suffering from other myocardial degeneration while middle
class patients were more likely to receive a more specific diagnosis of angina pectoris.
However, Samphier et al reported a study in which they matched the diagnostic
agreement about cause of death behveen clinicians and pathologists. 16 They concluded
that although the diagnostic agreement does indeed vary with social class of the patient,
the variation is small and in all the major diagnostic chapters, except respiratory diseases,
the effect of correcting such diagnostic biases would either not affect or steepen existing
class gradients. Thus, the steep differences for respiratoiY diseases may partly be a
consequence of under diagnosis in the higher employment grades and over diagnosis in
the lower employment grades.
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Any misclassification of employment grade is not likely to be large. In addition,
employment grade as an indicator of socioeconomic status has been shown to be a
pO\verful predictor of mortality and morbidity and generally has shown steeper mortality
differentials than national data based on the Registrar General's classification of
occupations.
Explanations for the social class inequalities in morbidity and mortality have been
sought in health selection or in health related behavioural or material factors which arc
differently distributed over the employment grades. I? Unfortunately, we did not measure
morbidity or changes in employment grade. However, our differentials found after 20
years of follow-up and results from other studies, suggest that the effect of selective social
mobility is limited. 18,19 Similar to the results after 10 years of follow-up,6 the main risk
factors of smoking, blood pressure, cholesterol and glucose, as measured at the initial
examination, explain about one third of the socioeconomic differentials in mortality. The
contribution of risk factors to the explanation of the inequalities depends upon the fact
that the risk factors were measured only once, at baseline, and so provide probably
weaker measures of the tme risk factors with increasing length of follow-up, since the risk
proftle may change. However, previous analysis has shown that the predictive value of
cholesterol measurements is larger with increasing time gap between measurement and
death. 20 The contribution of risk factors to the explanation of the inequalities depends
also upon the strength of the association between these factors and socioeconomic status
and also on the diversity of risk factors that can cause the disease. It is interesting to
contrast the results for lung cancer and respiratory disease in those ,men at lo\v risk with
the results of the total population in this respect. The attributable risk for smoking on
lung cancer is quite high and we do not see socioeconomic differentials for lung cancer in
the low-risk group. However, the increased employment grade gradient for respiratory
disease in the 100v risk men suggests that, besides smoking, the working and living
environment may differ among the employment !,trades. The underlying risk factors for
diseases might also explain the diversity in differentials for cancers compared to the
similarity in differentials for cardiovascular disease. In contrast to cancer, ischaemic
cardiovascular disease is a so-called (general disease'. The process of atherosclerosis
occurs in the whole arterial system, thus, most cardiovascular diseases have the same risk
factors, while the risk factors for cancers are quite different.
Apart from the major risk factors of smoking, blood pressure, glucose and
cholesterol, other behavioural or material factors might playa role in inequalities. One of
these factors is unfavourable working conditions which may be linked either to external
harmful exposures such as chemicals, or dust pollution in industrial settings or to strcss,
or job control more generally.21-23 Our study population wcre office-based civil servants,
but despite the relatively homogeneous study population, working circumstances might
vary by employment grade. The observed decline in employment grade differences after
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retirement age for most causes of mortality suggest that working conditions might explain
some of these inequalities. For example, it is known that gastrointestinal diseases are
associated with occupational stress,24 and that chronic bronchitis can be induced by
working conditions. 25 \Vle do, indeed see large changes in the employment grade gradient
for these outcomes after retirement. The effect of some working conditions, which
contribute to the differentials in health and mortality, may continue to have influence into
the old age. For example, the lag time between some exposures and a disease would pass
the retirement age. Similarly, behavioural factors, which may be associated with
employment grade, will not change on the day of retirement.
An additional explanation for the socioeconomic differences in mortality has been
suggested: employment grade is associated with factors that influence someone's general
susceptibility to diseases. s Our results support this assertion, as the main risk factors could
not fully explain the employment grade differences in all causes of death. Furthermore,
among a low risk group with respect to hypertension, cholesterol and smoking,
employment grade differences in mortality were still found. In addition, the results
suggest that this general susceptibility continuous through into retirement. Despite this,
we can conclude that persons with a higher socioeconomic status are consistently better
off compared to lower socioeconomic groups. The mechanism behind this needs further
research.
The diminishing inequalities with age might be due to the declining influence of work
circumstances, but there are other possible explanations. First, the decline could be
artefactual. On average, the time interval since the measurement of employment grade
would tend to be longer for the oldest age group and this \vmIld tend to diminish the
effect of grade. However this explanation is not likely to explain all differences since we
found inequalities after 20 years of follow-up. Second, the decline could be caused by
selective mortality. It is likely that selective removal of sick people results in a relatively
healthier population. However, other analyses of this cohort have shown that differential
mortality due to hypertension and hypercholesterolaemia is limited, and the effect due to
smoking is small. 26 Third, the larger inequalities in the younger age groups relate to the
fact that in the United Kingdom, in recent decades, the inequalities are widening27 and
thus this suggests that, in the future, among elderly people the ine(lualities will also widen.
In conclusion, socioeconomic differentials in mortality still persist at older ages for
almost all causes of death. The effect of socioeconomic status thus has a long-term effect.
For some specific causes of death the influence of work on ine(ltlalities will decline.
Further research looking at changes in risk factors may be helpful in elucidating the
aetiology of ine(lualities. For this reason, the surviving men in tlus cohort are currently
being re-contacted to obtain updated risk factor information. \\le conclude that, together
with more general socioecononuc factors, working conditions themselves may affect a
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broad range of health inequalities among mid(Ue~aged men. In addition, social
differentials influence most causes of disease and these effects continue through into
retirement.

3.2.6
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3.3

Seasonal variation in cause specific mortality; Are there
high-risk groups? The first Whitehall Study

3.3.1

Abstract

Do/fe/itles. To determine the effect of season on all cause and cause specific mortality and
to identify high-risk groups.
Desigl/. 25-year follow-up study.
Scllil/g. The first Whitehall Study.
SlIo/erts. 19,019 male civil servants aged 40-69 years who attended the screening
examination between 1967 and 1970.
l11aill o/(/(ollle IlJfflSlfre. Ratio of highest mortality rate during winter versus lowest mortality
rate during summer.
Reslliis. There werc seasonal effects for mortality due to all causes (\vinter versus
summer rate ratio 1.22 95 % -CI 1.1-1.3). respirat01l' disease (1.98 95%-CI 1.6-2.4) and
ischaemic heart disease (1.27 95%-CI 1.1-1.7). lschaemic heart disease, the commonest
cause of death, contributed the largest part of the absolute difference in aU cause \"inter
excess mortality. The excess of death in winter was greater among older people, because
they were dying (also in summer) more of seasonal sensitive diseases. Low civil service
employment grade was not associated with higher seasonality in mortality than high
employment grade. Participants with cardiovascular disease showed greater seasonality
from all cause mortality and from the seasonal sensitive diseases. Participants identified as
high risk for mortality due to cardiovascular diseases based on the Framingham risk
equation had greater seasonality in stroke mortality than those at low risk, although there
\vas no effect of risk group on all cause Of ischaemic heart disease mortality.
COlJclllsiolls. In terms of absolute risk, the winter excesses in ischaemic heart disease
and respiratory disease together explain more than three quarters of the winter excess in
all cause mortality. There is not much evidence that high~risk groups are subject to greater
seasonal variations in mortality. However, those who are already diseased are more prone
to the affects of season. Further research is necessary to investigate the possibilities of
focussing the interventions on the whole population and those already diseased in order
to prevent these seasonal deaths.

3.3.2

Introduction

l\'[ortality rates show strong seasonal effects in high latitude countries, with aU cause
mortality rates highest in the winter. 1-S Over half of the excess is due to cardiovascular
disease with much of the remainder due to respiratory diseases. 1,2,4 The mechanisms
underlying seasonal variation in mortality are not clear, but may include environmental
temperature, air pollution, sunlight exposure, activity pattern, influenza incidence,
psychological condition and/or food intake, and their effects on physiological
mechanisms related to disease.
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Identification of groups who are at high risk for a seasonal death offers the
opportunity to both elucidate potential mechanisms and to target preventive
interventions. Previous studies have suggested that the winter excess may be greater
amongst people of lower social class6 (who may for example be less able to afford
adequate housing insulation or central heating), older people and those with pre-existing
health problems;7 the seasonal variation in blood pressure may be greater among smokers
compared to non-smokers. S
However, these studies have been limited by a narrow range of factors with \vhich to
characterise individual risk, and insufficient events for cause specific analyses of adequate
power. We sought therefore in the Whitehall Study of British male civil servants to
determine the effect of season on all cause and cause specific mortality and to determine
whether high-risk groups could be identified on the basis of age, employment grade, or
those who are already diseased.

3.3.3

Subjects and methods

A total of 19,019 male civil servants aged 40-69 years attended the screening examination
of the Whitehall Study between September 1967 and January 1970. In short, each
participant filled in a standard questionnaire that included age, self-reported smoking, civil
servants' employment grade, and cardiovascular symptoms. Employment grade, a
measure of socioeconomic status, was categorised as high grades (administrative,
professional and executive) and low grades (clerical and other grades, e.g. messengers and
other unskilled manual workers). For the analyses using employment grade, 886 men
from the Diplomatic Service and the British Council were excluded, as their employment
status was not comparable with the employment grades above. Smoking habits were
classified into never/ex-smokers and current smokers. At the screening examination a
single blood pressure reading was obtained \vith the participant seated and blood drawn
for plasma cholesterol estimation. :i\.fore details regarding design and methods are
described elsewhcre. 9
Subjects were classified into groups with differing degrees of risk on the basis of the
updated Framingham coronary risk score. to Tlus score used information on age, smoking
status, blood pressure, cholesterol, diabetes and presence of a tall left ventricular R-wave
from the ECG. A fixed value of 1.2 mmol/L was used for HDL cholesterol for all
subjects since tIus was not measured at screening. Subjects were ranked according to their
Franungham score and classified as either low risk «60 th percentile), medium risk (60th _
80,h percentile) or high risk (>80'h percentile). In addition, subjects were classified
according to the presence or absence of cardiovascular disease. These were defined as
presence of reported angina, prolonged chest pain Cpain of possible myocardial
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infarction), previous admission to hospital for coronary heart disease or positive for
ischaemia from the ECG (any of l"linnesota codes 1.1-3, 4.1-4, 5.1-3 or 7.1).
Records from 99.3% men were flagged at the National Health Service Central
Registry, \vhich notified us of all deaths up to the end of January 1995. Causes \vere
classified according to the International Classification of Disease, eighth revision (lCD-8).
The follo\ving codes were analysed: ischaemic heart disease (410-414), cerebrovascular
disease (430-438), other cardiovascular diseases (390-404,420-429, 440-48), malignancy
(140-239) and respiratOiY disease (460-519). For 28 persons, cause of death was missing
and these persons were excluded from all analyses. In total 18,841 men were followed up
for at least 25 years with 8,347 having a known cause of death.

Data analysis
W/e created an expanded data set for these analyses in which for each subject and each
individual month of follow-up a new record was created giving the total days of follow-up
during that month. Deaths were allocated to the appropriate month, current age group,
calendar year and high-risk groups. This analysis allows for the fact that recruitment into
the study took just over two years and also for the differing lengths of the months. This
expanded data set was then summarised by computing the total number of deaths from
each specific cause and the total person time at risk in these separate categories. Creation
of the summary data set was done using the statistical package SAS.
Seasonal variation in mortality \vas modelled assuming that the outcome of interest
followed a sinusoidal curve with a period of one year. This curve can be described
mathematically using just two parameters: a sine and cosine term. The test of seasonality
was computed using a likelihood ratio test with two degrees of freedom by comparing
two models, with and without the seasonality terms. The models with the seasonal
components were also compared with models shO\ving overall heterogeneity between the
twelve months to assess whether the seasonal model described the month to month
variation adequately. The sinusoidal variations in mortality rates can be summarised using

Highest
(winter) rate

date of peak incidence
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two useful terms; one showing the month of peak incidence and the other showing the
estimated ratio of the highest (\vinter) to lowest (Stmm1er) incidence rates (see Figure
3.3.1). Both these terms can be derived using the coefficients of the sine and cosine
parameters and have been used to describe the seasonal effects.
For the analyses of the seasonal effect by age, by employment grade, by the
Framingham risk groups and by cardiovascular disease, the highest (winter) to lowest
(summer) mortality rate ratios were assessed for all calendar years combined. Tests for
differences in the magnitude of the seasonality effect between risk groups were computed
using the more conservative test of heterogeneity, rather than test of trend. In cases
where the seasonality effect actually changes monotonically across risk groups, a test for
trend would have given a more extreme P-value.
All models for mortality were fitted using Poisson regression with the statistical
package GLUvf, \vhich was also used to compute the mortality rate ratios and 95%confidence intervals.

3.3.4

Results

Figures 3.3.2 and 3.3.3 show the seasonal variation in all cause and cause specific
mortality rates respectively. The number of deaths, test of seasonality, estimated month of
the peak incidence and the highest: lowest ratio by cause of death are shown in Table
3.3.1. A strong seasonal variation was seen for all cause mortality. These differences were
mainly due to seasonal variation in ischaemic heart diseases, cerebrovascular diseases and
respirat01Y diseases wid1 a slight effect due to 'other cardiovascular diseases'. No seasonal
fluctuation was seen for neoplasm and 'other' deaths. All models containing seasonality
terms showed adequate fits to the observed month by month mortality rates. For most
causes of death showing seasonal effects, the winter peak was in January. The largest
relative fluctuation of the mortality rates with season was seen for respiratory diseases.
During the winter peak the respiratory disease mortality rate was nearly twice that of the
lowest rate (1.98 95%-CI 1.6-2.4). However, ischaemic heart disease, the commonest
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T(lble 3.3.1
Number of deaths, helerogmeity of mlfS, lest ofseasoJlali!J'J
peak alld rate ratio 0/ the highest: lowes/moJta/it)' rates Iij (allse of death.
No.
of
deaths

Cause of death (ICD-

8)

eslima

ted date of the highest

Overall

Test of

n·lonth of

Rate ratio of

heterogeneity
of rates with

seasonality

highest

higbest:lowestt

with 2 df

mortality

(95%-C1)

11 dE

rate

All causes

8,347

50.38'"

39.61'"

January

1.22 (1.14-1.29)

Ischaemic heart

2,858

32.52'"

20.45'"

January

1.27 (1.14-1.41)

661

19.55

8.17'

January

1.37 (1.10-1.70)

694

13.31

4.04

December

1.24 (1.01-1.53)

2,489

6.44

2.43

April

1.09 (0.98-1.22)

882

65.74*H

50.64*H

January

1.98 (1.64-2.40)

763

8.55

0.78

November

1.09 (0.90- 1.34)

diseases (410-414)
Cerebrovascular

diseases (430-438)
Other cardiovascular

disease (390-404,
420- 429,440-458)
Neoplasms (140-239)
Respiratory diseases

(460-519)
Other deaths

t

Ratio of highest moItality ute in 'winter': lowest mortality ute in 'summer', adjusted for age.

df

Degrees of freedom.

CI

Confidence interval.

H.. P

<0.001;·~

P <0.01;

~

P <0.05.

cause of death, contributed the greatest part to the absolute difference between the lowest
(summer) and the highest (winter) rates in all cause mortality and, together \vith
respiratory disease accounted for over three quarters of this difference.
In Table 3.3.2 the amplitudes of the seasonal fluctuation are given for three different

groups of age at death. The seasonal fluctuation in all cause mortality rates tended to
increase with age (P-value for heterogeneity:::: 0.06). However, tllls increase in seasonal
fluctuation with age was not so marked for the specific causes which show a seasonal
pattern (fest of heterogeneity: P :::: 0.27 for ischaenllc heart diseases and P > 0.50 for
cerebrovascular diseases and respiratory diseases). The difference between the seasonal
variation in all cause mortality behveen the younger and older age groups was due to the
different pattern of causes of death in these age groups. The proportion of deaths due to
respiratory disease, which showed the largest seasonal variation, increased from 6% at
ages 40-64 up to 16% at ages 75 or more.
There is some indication that the amplitude of seasonal fluctuation in mortality is
decreasing compared over recent decades. 6,11,12 To test whether this trend continues in
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Table 3.3.2

Ratio of highest: lowest mortality rates by cause ofdeath and age at death.
Age at death
65-74 years

75 years and above

p-

No. of Rate ratio of highest :
deaths
lowest' (95%-CI)

No. of Rate ratio of highest:
deaths
lowest' (95%-CI)

value

40-64 years
No. of
deaths

Rate ratio of highest:

1,908

1.08 (1.0-1.2)

3,422

1.23(1.1-1.4)

3,017

1.32 (1.2-1.5)

0.06

Ischaemic heart diseases (410-414)

794

1.11 (0.9-1.4)

1,198

1.33 (1.1-1.6)

866

1.35 (1.1-1.6)

0.27

Cerebrovascular diseases (430-438)

85

1.78 (1.0-3.3)

261

1.68 (1.2-2.4)

315

1.37 (1.0-1.9)

>0.5

Respiratory diseases (460-519)

106

1.76 (1.0-3.0)

307

2.27 (1.6-3.2)

469

1.98 (1.5-2.6)

>0.5

Causes of death (lCD-8)

All causes

lowest' (95%-CI)

Ratio of highest mortality .rate in 'winter': lowest mortality rate in 'summer', adjusted for :age

CI

Confidence interval.

Table 3.3.5

Ratio ofhighest: lowest mortality rates* by causes ofdeath by Framingham risk groups.
Framingham risk group
Lowest risk group « 60'"
percentile) (n=10,837)
No. of
deaths

Rate ratio ofhighesc

All causes

Middle risk group (60'" - 80'"
percentile) (n=3,609)

High risk group (> 80'"
percentile) (n=3,605)

pvalue

Rate ratio of highest

lowestt (95%-CI)

No. of
deaths

3;2.73

1.20 (1.1-1.3)

2,082

1.25 (1.1-1.4)

2,642

1.23 (1.1-1.4)

0.22

Ischaemic heart diseases (410-414)

1,006

1.36 (1.1-1.6)

738

1.30 (1.1-1.6)

1,003

1.19 (1.0-1.4)

>0.5

Cerebrovascular diseases (430-438)

234

1.11 (0.8-1.6)

156

1.64 (1.0-2.6)

243

2.08 (1.4-3.0)

0.05

Respiratory diseases (460-519)

308

1.74 (1.3-2.4)

231

1.98 (1.4-2.9)

296

2.38 (1.7-3.3)

0.42

Causes of death (lCD-8)

t

eI

Ratio ofhlghestmortality rate in 'winter': lowest mortality rate in 'summer', adjusted for age.
Confidence inte:r:va.l

lowestt (95%-CI)

No. of Rate ratio of highest
deaths
lowestt (95'/o-CI)

Table 3.3.3

Ratio ofhighest: lowest mor/a/i!} ratesjor cardiovascular and respiratory diseases fry age at death and calendarperiod.
Calendar period

Age at death

1975-1979

1967-1974
n

%

RR'

n

%

(95%-CI)

n

%

RR'

1985-1989
n

%

(95%-CI)

RR'

1990-1995
n

%

(95%-CI)

RR'
(95%-CI)

15

68

t

t

114 64 0.79 (0.5-1.3)

62

57

t

13

52

t

t

0.77 (0.5-1.2)

161

61

1.41 (0.9-2.2)

88

51

t

20

203 63 2.03 (1.4-3.0)

219

59

1.60 (1.1-2.3)

218

59 1.47 (0.5-1.2)

126 50

1.74 (1.1-2.9)

t

186 63 1.50 (1.0-2.3)

303 56

1.53 (1.1-2.1)

t

45

431

1.34 (1.0-1.8)

105

53 1.48 (0.9-2.6)

51

55-59 years

141

61

60-64 years

168

58 1.57 (1.0-2.4)

65-69 yeaIS

124 59 1.24 (0.8-2.0)

1.75 (1.1-2.8)

59

178 61

70-74 years

36

75-79 years

0

80-84 years

t

0

~

*

*

85 years

RR'
(95%-CI)

40-54 years

64

1980-1984

71

t

t

306

62

1.42 (1.0-2.0)

316

61

t

200

66

1.29 (0.9-1.9)

356

63 1.44 (1.0-1.9)

t

52

70

t

202 65 1.38 (1.1-1.9)

1

100

t

55

81

Ratio ofhlghest mortality rate in 'winter': lowest mortality rate in 'summer.
n

No. of deaths due to cardiovascular and respiratory diseases (ICD~8: 410-414, 430-438, 390-404. 420-429. 440-458, 460*519).

%

Proportion of cardiovascular and respiratory death of all causes of death.

CI

Confidence interval.

t

Rate ratio for highest: lowest was only computed when number of deaths> 100.

*

No deaths since cell has no person-years of follow-up.

1.41 (1.0-2.1)

t

51

63

t

402 64 1.90 (1.4-2.5)
198 63

1.6 (1.1-2.4)

the last two decades \ve calculated the amplitudes stratified both by age group and
calendar period. No clear decreasing effect of seasonal variation in all cause mortality was
observed (results not shown). However, this variation in all cause mortality could be
biased by the pattern of causes of death. For that reason, we assessed the amplitude of the
seasonal fluctuation in those causes of death that sho\ved a seasonal pattern, i.e.
cardiovascular diseases and respiratory diseases. Table 3.3.3 shO\vs that, after stratifying
and controlling for age at death, in the last three decades no clear decreasing effect of
season on causes with a seasonal pattern exists. HO\vever, the proportion of deaths due to
seasonally related causes decreased slightly.
Table 3.3.4 shmvs the ratios of the highest rate in winter versus the lowest rate in
summer for the higher employment grade and the lower employment grade. In relative
terms, the lower grade had higher rates for mortality from most causes of death, but no
significant differences were seen in the seasonal fluctuations between the two
employment grades (1' > 0.50 for all comparisons).

Tabl,3.3.4

Ratio ofhighest: 100mtlll0ltalit)' rates by mllse ofdeath alld elllplo)'lIlel/t grade.
Employment grade
High grades (l1=13,231)

Low grades (11=4,770)

Causes of death (ICD-8)

No. of
deaths

Rate ratio of
highest:lmvest t
(95%-CI)

No.
of
deaths

Rate ratio of
highest:lowest*
(95%-CI)

All causes

5,013

1.23 (1.l-1.3)

3,019

1.22 (1.l-1.4)

Ischaemic heart diseases (410-414)

1,784

1.34 (1.2-1.5)

977

1.22 (1.0-1.5)

Cerebrovascular diseases (430-438)

406

1.28 (1.0-1.7)

225

1.59 (1.1-2.3)

Respiratory diseases (460-519)

403

2.07 (1.6-2.8)

446

2.00 (1.5-2.6)

Ratio of highest mortality rate in \vinter': lowest mortality {,He in 'summer'. adjusted for age.

CI

Confidence interval.

Table 3.3.5 (on page 70) shows the amplitudes of the seasonal effect by Framingham

risk groups. For all cause mortality, the seasonality effect does not differ by risk group.
However, for stroke m.ortality the rate ratio is highest in the high-risk group 2.08 (95%-CI
1.4-3.0) and lowest in the low-risk group 1.11 (95%-CI 0.8-1.6).
Table 3.3.6 shows the amplitudes of the seasonal effect by cardiovascular disease .
.Men with cardiovascular disease show seasonal variation in all cause mortality (P~value for
heterogeneity::: 0.03) and non~significant for the seasonally related causes of death.
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Tab/,3.3.6

Ratio ofhighest: iOlJlfS/ !Jlmtali!)' rates 10' mllse if death alld cardioNlSm/ar disease.
Cardiovascular disease
Yes (l1= 3,284)

No (11= 15,554)
Causes of death (lCD·8)

No. of
deaths

Rate ratio of

No. of

Rate ratio of

highest:lowestf

deaths

highcst:lowcstt
(95%-Cl)

(95%-CI)
All causes

6,389

1.18 (1.1-1.3)

1,972

1.38 (1.2-1.6)

Ischacmic heart diseases (410-414)

2,006

1.26 (1.1-1.4)

847

1.31 (1.1-1.6)

Cerebrovascular discases (430-438)

510

1.35 (1.1-1.7)

150

1.48 (0.9-2.3)

Respiratory diseases (460-519)

670

1.91 (1.5-2.4)

211

2.33 (1.6-3.5)

t

Ratio of highest mortality ute in 'winter': lowest mortality rate in 'summer', adjusted for age.

eI

Confidence interval

3.3.5

Discussion

In terms of absolute risk, the \vinter excess in ischacmic heart disease contributes the
largest part to the \vinter excess in all cause mortality. The excess of death in winter was
greater among elderly people, since a greater proportion of deaths in elderly people are
from seasonally sensitive causes. The winter versus summer mortality rate ratios for these
seasonally sensitive causes, however, do not change with age. Furthermore, during the last
decades there was a slight decrease in the proportion of people dying of seasonally
sensitive diseases, but, the winter versus summer mortality rate ratios did not change
significantly from 1967 to 1995. lvlen with cardiovascular disease shO\ved significantly
greater seasonality for all cause mortality and non-significant increases for seasonally
affected causes of deadl. For stroke mortality, but not all cause mortality, groups at high
risk of subsequent cardiovascular event based on the Framingham equation, were
associated with greater seasonality in mortality than lower risk groups.
To appreciate the findings, certain aspects of the study must be considered. In several
studies the v.linter excess in mortality is examined in hospital based studies.13~15 Rothwell
reported that the widel)T varying winter excess in mortality in hospital based studies might
be an artifact of a variation in the likelihood of hospital admissions. 16 Our study is free
from this possible bias since we studied seasonal variation in a work-based study. The
study population consisted only of male civil servants in London and the use of these
quite homogenous groups removes the effect of some possible confounding factors. This
study population has proved to comprise sufficient variation in socioeconomic status to
show large mortality differences.
Our method to assess the amplihlde of the seasonal variation (rate ratio of the
highest versus the 10\vest) provides a simple, although statistically powerful, model for the
true variation in mortality rate during the season. There ,vas no evidence, in our data, for
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any departure from this model. However, it has been found that besides a winter excess,
there may also be a heat-related excess in deaths during summer'? Our data would need to
be augmented with further climate data for the whole of the follow-up period and require
more deaths to be able to investigate this hypothesis.
A winter excess in mortality due to respiratory diseases, cardiovascular disease and
stroke is reported in several other studies. 1,16-24 Possible mechanisms to explain the
seasonal variation in mortality are either direct or indirect. First, the environmental
temperature itself could give an excess of death. For example, outdoor or indoor air
temperature can have a direct biological effect on haemostatis, blood viscosity, lipids, the
sympatic nervous system and vasoconstriction. 13 ,25,26 Secondly, season can be a marker
for other variables that show a seasonal variation, such as air pollution, wind speed, an
increased incidence of influenza, but also food habits, activity patterns, smoking habits
(more smoking indoors during winter) stress factors such as loneliness. Several
psychosocial stressors seem to shown a larger effect on blood pressure levels during
winter. 14 Ivlundal et al showed that the seasonal fluctuation in physical fitness may provide
an explanation for the seasonal variation in blood pressure. 27
The rise in respiratot), diseases during winter might be explained by the rise in
influenza epidemics during winter. 12,28 Kunst et al have reported that influenza may
explain 340/0 of the cold related mortality in The Netherlands. 29 The rise in influemm
might also cause a rise in cardiovascular disease during winter. 3o Several other
cardiovascular risk factors have been shown to exhibit seasonal variation; e.g. in
cholesterol,26,31,32 in haemostatic factors, fibrinogen,26,30,33-36 and in blood pressure. 8,n,37
It has been hypothesised that elderly people are more sensitive to seasonal effects, as
it is likely that among elderly people influenza epidemics arc more frecluent or that their
body response to the outside temperature is less adequate. Furthermore, it has been
fonnd that, blood pressure varies more among elderly people between winter and
summer. 25 ,38 Our finding that the excess of deaths in winter is larger among elderly
people is consistent with-this hypothesis, However, in contrast to other studies which also
reported age-gradients for specific causes of death,2,4,6,19,28 the ratio of the mortality rate
for specific causes of death during \vinter and during summer in our study remains the
same with increasing age. Thus elderly people appear not more sensitive to seasonal
effects, but they are more likely to die from causes with a seasonal pattern. Tilis is similar
to results of a study in nursing home residents wllich suggested that the presence of
health problems, and not age as such, determined the seasonal fluctuation in mortality.7
W/e expected that the seasonal variation in mortality nlight be larger among the highrisk groups similar to the finding of CUf\ven that the mortality during winter is higher
among the lower socioeconomic groups compared to the higher socioeconomic groups.4,6
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For example, during winter the blood pressure distribution shifts in total to a higher level
and we would expect that this would cause a relatively larger problem for men in the
lower grade: since they may have, on average, poorer housing insulation and less central
heating. This does not mean that the high-risk groups have the same risk of death during
winter compared to low risk groups, the absolute mortality rate would be still higher. This
suggests that other factors, such as direct biological factors which are not unequally
distributed over the high and low-risk groups may be responsible for the seasonal
variation in mortality rates.
An interesting finding of this study is that, in general, there were sub-groups that are
more sensitive for seasonal variation, although these differences were small. The size of
the differences might be due to our study population and study design. At the time of
assessment the high-risk groups (at baseline), the study population was still working and
relatively healthy. \Vie expect the seasonal variation to be larger in a more heterogeneous
study population comprising a wide variation of healthy and unhealthy subjects.
Curwen et al and !vfcDowall et al reported a decline in the seasonal variation by
calendar period. 6,12 IvfcDowall et al suggested that the decline in the seasonal variation
from the sixties to the eighties was due to increased use of a central heating system and an
enormous fall in air pollution. 6 It is likely, indeed, that most of the environmental factors
accounting for the seasonal variation have been removed. Our findings do, however, not
support the hypothesis that the seasonal variation has more declined sharply during the
last decades. Still in absolute terms, the number of people dying from seasonally sensitive
diseases is decreasing.
In conclusion, as there is no evidence that high-risk groups are subject to greater
seasonal variations in mortality. However, those who are already diseased are more prone
to the affects of season. Further research is necessary to investigate the possibilities of
focussing the interventions on the whole population and those already diseased in order
to prevent these seasonal deaths.
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4
Socioeconomic status
and cardiovascular disease

4.1

Socioeconomic status and
Rotterdam Study

4.1.1

Abstract

aortic

atherosclerosis.

The

Backgrollllfi. An inverse association has been reported between socioeconomic status and

cardiovascular morbidity and mortality. Studies on subclinical manifestations of
atherosclerotic diseases are limited and have not been carried out among elderly persons.
W/e investigated the relationship betwecn socioeconomic status and aortic atherosclerosis
among elderly people.
Methods. As part of the Rotterdam Study, data on socioeconomic status and
atherosclerosis were collected for 4,452 persons (age range 55-94 years). Atherosclerosis
was estimated by calcified deposits in the abdominal aorta.
RtslIl/s. Aortic atherosclerosis was more common among women in the lower
educational and occupational strata, The lowest educated group and the lowest
occupation group had increased risks of aortic atherosclerosis compared to the highest
groups (odds ratios were 1.3 (95% confidence interval 1.0-1.6) and 1.3 (1.0-1.8)
respectively). The odds ratios for severe atherosclerosis for women in the lowest
socioeconomic strata compared to the highest strata were 1.6 (1.0-2.7) for education, 2.8
(1.1-7.5) for occupation and 1.7 (0.9-3.3) for income. After exclusion of persons with a
history of cardiovascular disease, the same trends still emerged. Among men no
relationships were observed.

Conclusions. These findings show that socioeconomic status is related to aortic
atherosclerosis in women. This suggests that socioeconomic status affects the incidence
of cardiovascular disease before its clinical manifestation.

4.1.2

Introduction

In several countries, cardiovascular morbidity and mortality rates have been reported to
be inversely related with indicators of socioeconomic status. t Many studies have focussed
on socioeconomic differences in advanced clinical signs, such as cardiovascular mortality
or cardiovascular morbidity. However, it would also be informative to investigate the
association between socioeconomic status and presence of atherosclerosis before the
clinical appearance of disease. To our knowledge, the association between socioeconomic
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status and atherosclerosis has been investigated in two other studies, which measured
atherosclerosis on the basis of intima-media thickness of the carotid artery.2,3 In the
present study, we investigated the relationship between socioeconomic status and aortic
atherosclerosis, measured with aortic calcification, which represents an advanced stage of
intima atherosclerosis and has been shown to predict clinically manifest atherosclerotic
disease in the cardiac, cerebral and peripheral arterial circulation. 4,5 Aortic calcification
may therefore be an indicator of generalised atherosclerosis. In addition, the presence of
aortic calcified plaques may be directly related to the development of athero-thrombotic
diseases, as aortic plaques might be an embolic source. 6
\Ve examined the presence and severity of aortic atherosclerosis in older subjects by
indicators of socioeconomic status. Furthermore, we examined whether differences in
aortic atherosclerosis between socioeconomic groups could be explained by the presence
of classic cardiovascular risk factors.

4.1.3

Subjects and methods

Study population
The present study is part of the Rotterdam Study, a prospective cohort study among
7983 persons aged 55 and over at the time of the baseline examination (1990-1993) and
who live in one defined geographic area in Rotterdam, The Netherlands. The rationale
and design of the study have been described previously.7 In short, the objective of the
Rotterdam Study is to investigate determinants of chronic and disabling cardiovascular,
neurogeriatric, locomotor, and ophthalmologic diseases. Data on aortic atherosclerosis
were obtained during the second phase of the Rotterdam Study (1993-1994). Between the
first and second phase of the study, 10% subjects died and 11 % had refused to participate
to the second phase. From those who attended the second phase, aortic calcification
could not be assessed for subjects living in an institute (6%). For another 240/0, data was
not available due to logistic reasons (e.g. no personnel or x-ray equipment available). Data
on aortic atherosclerosis were obtained for 2,550 and 1,901 non-institutionalised women
and men. 2,537 women and 1,891 men were included in the analysis for education, 2,364
women and 1,837 men were included in the analysis for occupation, and 2,318 women
and 1,715 men in the analysis for income, depending on the availability of the relevant
information on socioeconomic status. The study has been approved by the Medical
Ethics Committee of Erasmus University. \Vritten informed consent was obtained from
all participants.
Measurements
Education Information on socioeconomic status was obtained by trained interviewers
during the baseline home interview at home. The levels of education attained were
classified into three categories: primary education; lower/intermediate general and lower
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vocational education; higher general education, intermediate/higher vocational education
and university.
OCCllpatiolJ Current occupation (140/0), or for those who were not working anymore
most recent occupation (86%), was classified according to the international EriksonGoldthorpe-Portocarero scheme .•" Wle distinguished three levels: higher and lower grade
professionals; routine non-manual employees; and skilled and unskilled manual workers.
150 small entrepreneurs were excluded because of the small numbers.
IIJcollle Participants classified their household income in 13 pre-coded categories. As
in some households more than one person may be dependent on one household income,
the midpoint of each category was divided by the number of persons who were living
from that income to the power 0.36.10 The result of this transformation provides what is
caned the 'equivalent household income'. Four categories of equivalent household income
were defined, corresponding approximately to quartiles of the distribution of the total
population.

A011ic atherosclerosis Degree of aortic atherosclerosis was assessed with radiographic
measurement of calcified deposits in the abdominal aorta. At the clinical health
examination, a lateral abdominal film was made at a fixed distance while the subject was
seated. Calcifications in the abdominal aorta were considered to be present when linear
densities were seen in an area parallel and anterior to the lumbar spine (L1-L4).5 The
degree of aortic atherosclerosis was classified into five categories based on the length of
the area involved. For the present analysis the data were aggregated into three categories,
'no', 'mild (one plaque, involved area 0.5 cm-1.0 cm)/moderate' (more plaques, involved
area < 5.0 cm), and 'severe' (involved area;::: 5.0 em).
History of cardioZJascltfar disease Participants were considered to have a history of
cardiovascular disease when they had a self-reported history of myocardial infarction,
stroke, coronary artelY bypass surgelY, or percutaneous transluminal angioplasty at the
time of the baseline examinations or during the follow-up until the measurement of aortic
atherosclerosis was assessed. In total 182 women and 356 men had a history of
cardiovascular disease. In a subanalysis, persons with a history of cardiovascular disease
were excluded. This may give more direct information on the putative 'causal' association
between socioeconomic status and atherosclerosis and exclude the possibility that this
association can be explained by health-related social mobility. Health-related social
mobility implies d,at people drift down the social scale because of d,eir healdl problems
or move up because of their good health.
Risk factors Cardiovascular risk factors are often mentioned as the mediators through
which socioeconomic status is related to cardiovascular disease. During the first phase of
the study, several risk factors were assessed, i.e. blood pressure, smoking habits, alcohol
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Table 4.1.1
Disln'bllliolJ 0/ age) aortic a/berose/ero!is) and preseNce
disease i!J socioecolJomic statlls iJJ Dllleh elder/)'people.

0/ a

history

if cordiovasctl!ar

Age in

Aortic atherosclerosis in

History

years
Mean (SD)

%

ofCVD*

/I

No

Mild

Severe

in%

Women

Education
University to intermediate vocational
education

680

65.7 (7.1)

48.8

45.6

5.6

8.1

Lower/intermediate general and
lower vocational education

811

66.2 (7.1)

46.0

48.1

5.9

5.3

1,046

69.5 (8.0)

36.4

53.8

9.8

8.0

267

66.3 (7.2)

49.1

47.2

3.7

6.7

1,113

66.2 (7.3)

45.3

51.3

7.1

6.1

908

68.8 (8.1)

38.7

53.1

8.3

9.1

> 1,495 US$ per month
> 1,116US$-:;;1,495USSpcrmonth
> 853 US$ -:;; 1,116 US$ per month

513

65.5 (6.6)

50.7

46.2

3.1

4.9

650

68.0 (7.4)

44.6

49.2

6.2

5.7

503

70.5 (7.3)

37.0

53.9

9.1

8.4

:;; 853 USS per month

652

70.8 (7.9)

37.7

51.4

10.9

10.0

18.1

Primary education

Occupation
Professionals
Routine

non~manual

employees

Manual workers

Equivalent ilollsehold incOInc

Men

Education
University to intermediate vocational
education

1,019

65.9 (6.6)

40.9

52.6

6.5

Lower/intermediate general and
lower vocational education

445

66.7 (6.9)

43.1

53.5

3.4

16.4

Primary education

427

68.7 (7.8)

37.2

56.0

6.8

23.2

Professionals

668

65.6 (6.8)

41.5

52.7

5.8

17.7

Routine non-manual employees

501

67.4 (7.0)

38.9

55.7

5.4

20.8

Manual workers

594

67.4 (7.3)

41.4

52.7

5.9

19.5

559

64.0 (6.1)

43.6

51.2

5.2

14.8

617

67.0 (6.6)

38.1

56.2

5.7

19.2

327

68.9 (7.3)

39.8

53.8

6.4

23.5

212

71.4 (7.5)

43.6

54.2

6.6

25.4

Occupation

Equivalent household income

> 1,495 USS per month
> 1,116 US$ -:;; 1,495 USS per month
> 853 US$ -:;; 1,116 USS per month
< 853 US$ Eer month

,SD

Standard deviation.
History of myocardial infarction, stroke, coronary artery bypass surgery. or percutaneous transluminal
angioplasty.

82

Socioeconomic status & Cardiovascular disease

consumption, body mass index and serum cholesterol. Systolic blood pressure was
assessed at one occasion, on the right upper arm, twice in sitting position with a randomzero-sphygmomanometer.
Smoking history was assessed during an interview at home and categorised into
former, never been or current smoker with the number of packyears. Alcohol
consumption was assessed with a semiquantitative food frequency questionnaire. Body
mass index was calculated by dividing weight by squared height. Height was measured
with a scale (cm) standing upright, without shoes, heels together and head in Frankfurt
plane; weight was measured with a balance in O.1-kg standing upright in light clothes and
without shoes. In addition, serum total cholesterol was determined by an automated
enzymatic procedure in a non-fasting blood sample. High-density lipoprotein cholesterol
was measured after precipitation of the non-HDL fraction with phospotungstatemagnesium.
Data analysis
To assess the association between socioeconomic status and presence of aortic
atherosclerosis and 'severe' aortic atherosclerosis, age-adjusted (nine 5-year age groups)
logistic regression analyses were done. In the analyses with presence of any aortic
atherosclerosis, the categories of 'mild/moderate' and 'severe' aortic atherosclerosis were
combined. The highest socioeconomic groups were taken as reference groups. The same
analyses were performed excluding subjects with a history of cardiovascular disease. In a
secondary analysis further adjustment were made for other cardiovascular risk factors.
Statistical testing for trend was done with logistic regression where socioeconomic status
was included in the model as a continuous variable (values 1, 2, 3, etc). Analyses were
performed for women and men separately. All analyses were performed using the BMDPpackage. 11

4.1.4

Results

Gmera/ charactnistia The distribution of aortic atherosclerosis, age, and prevalence of
cardiovascular disease by socioeconomic status are shown in Table 4.1.1. \Vomen were
more often classified in lower socioeconomic groups than men were. Lower
socioeconomic groups were on average older than higher socioeconomic groups. The age
distribution over socioeconomic groups was similar for women and men. Among men,
cardiovascular disease was more common than among women. Aortic calcified plaques
were present in a considerable part of the population, in about 600/0. Among women,
aortic calcified plaques were more common in the lower socioeconomic groups.
Aortic atherosclerosis In Tables 4.1.2 to 4.1.4, age-adjusted odds ratios are given for
the association between socioeconomic status and aortic atherosclerosis. Among women,
aortic atherosclerosis was more common in lower educational and occupational strata.
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Table 4.1.2

Odds ratiosfor aortic atherosclerosisfor educationalgroups (and 95% confidence intervals) in Dutch. elderlY people.
Any aortic atherosclerosis
Whole
sample

Severe aortic atherosclerosis

Whole sample

\X7hole sample,

without cases

without cases

without cases

without cases

with a history of

with a history of

with a history

with a history of

CVDt

CVDt, adjusted

ofCVDt

CVDt, adjusted

\'Vhole sample

\X!hole sample,

for risk factors:!:
Education

OR* 95%-CI

OR*

95%-CI

OR*

95%-0

Whole sample,

for risk factors:!:

OR* 95%-0

OR* 95%-0

OR*

95%-CI

Women
University to intermediate
vocational education

1

1

1

1

1

Lower/intermediate general and
vocational education

1.1

0.9-1.4
1.0-1.6

0.03

1.3
0.03

1

1

1.1

Primary education

1.3

P-ttend

0.9-1.3
1.0-1.6

1.2
1.2

0.9-1.5

1.1
1.4

0.11

1.0-1.5

0.15

0.9-2.2
0.7-1.8

1.3
1.6

0.7-2.3
1.0-2.7

0.07

1.3
1.6

0.7-2.4

0.09

0.9-2.8

Men
University to intermediate
vocational education

1

1

1

Lower/intermediate general and
lower vocational education

0.9

Primary education

1.0

P-ttend

0.98

0.7-1.1
0.8-1.3

0.9

0.7-1.2

0.9

1.1
0.46

0.9-1.5

1.1
0.57

0.7-1.2
0.8-1.5

0.4

0.2-0.8

1.0

0.6-1.6

0.44

0.5
0.8
031

OR Odds ratio.
CI

,

t

*

Confidence interval..
Adjusted for age.
History of myocardial infarction, stroke, coronary artery bypass surgery, or percutaneous ttansluminal angioplasty.
Risk factors: blood pressure, smoking history, alcohol intake, body mass index and serum total and high-density lipoprotein cholesterol

0.2-1.0
0.4-1.6

0.5

0.2-1.1

0.9

0.5-1.8

0.51

Table 4.1.3

Odds ratios for at!rtic atherosclerosis for ocCtl/JatWnal?TOups (and 95% COfIjitIence intervals) in Dutch elderly people.
Any aortic atherosclerosis

W'hole sample

Whole sample

Severe aortic atherosclerosis

Whole sample.

Whole sample

Whole sample.

without cases

without cases

without cases

without cases

with a history

with a history of

with a history

with a history of

ofCVDt

CVDt, adjusted

ofCVDt

CVDt, adjusted

for risk factors=!:
Occupation

OR*

95%-0

Whole sample,

OR* 95%-0

OR*

95%-CI

for risk factors:f:

OR* 95%-0

OR* 95%-CI

OR*

95%-CI

Women
Professionals

1

1

1

1

1

1

Routine non-manual employees

1.2

0.9-1.6

1.2

0.9-1.6

1.1

0.8-1.5

1.9

0.9-4.0

3.2

1.2-8.4

3.1

1.1-8.4

Manual workers

1.3

1.0-1.8

1.3

1.0-1.8

1.2

0.9-1.7

2.1

1.0-4.4

2.8

1.1-7.5

2.7

1.0-7.6

P-trend

0.07

0.07

0.18

0.32

0.22

0.33

1

1

1

1

1

1

Men
Professionals
Routine non-manual employees

1.0

0.8-1.3

1.1

0.8-1.4

1.1

0.8-1.4

0.8

0.5-1.4

0.9

0.4-1.7

0.9

0.4-1.7

Manual workers

0.9

0.7-1.2

1.0

0.7-1.2

1.0

0.7-1.3

0.8

0.5-1.3

0.8

0.4-1.5

0.8

0.4-1.5

P-trend

0.50

O.SO

O.SI

0.43

OR Odds otio.
CI

Confidence interval.

*
t

Adjusted for age.

:j:

Risk factors: blood pressure, smoking history, alcohol intake, body mass index and serum total cholesterol

History of myocardial infarction, stroke, coronaI}' artery bypass surgery, or percutaneous tmnslum.i.nal angioplasty.

0.50

0.50

Table 4. 1.4

Odds ratios for aortic atherosclerosis for income levels (and 95% confidence intervals) in Dutch elderlY people.
Any aortic atherosclerosis
Whole sample

Whole sample.
without cases

with a histOry

Equivalent household

ofCVDt

income per month

Severe aortic atherosclerosis

\Xfhole sample.
without cases with a

\X7hole sample

history of CVDt,
adjusted for risk

Whole sample.

\Xi'hole sample.

without cases

without cases with

with a history

a history of CVDt,
adjusted for risk

ofCVDt

factors+

factors+

OR*

95%-0

OR* 95%-CI

OR*

95%,(;[

OR* 95%,(;[

OR* 95%,(;[

OR*

95%-0

Women

> 1,495 US$

1

1

1

1

1

1

> 1,116 US$ - ~ 495 US$

1.0

0.7-1.3

1.3

0.8-1.3

1.5

0.8-2.9

1.5

0.8-3.0

1.4

0.7-2.9

> 853 US$ - ~ 1,116 US$

1.1

0.81.5

1.1

0.81.4

1.1

0.8-1.4

1.8

0.9-3.4

1.8

0.9-3.6

1.5

0.7-3.1

~

1.0

0.8-1.4

0.9

0.7-1.2

0.9

0.7-1.2

2.0

1.0-3.6

1.7

0.9-3.3

1.5

0.8-3.1

853 US$

P-trend

1.0

0.8-1.3

0.71

0.66

0.60

0.04

0.17

0.31

1

1

1

1

1

1

Men
> 1,495 US$

1.1

0.9-1.4

1.1

0.8-1.4

1.1

0.8-1.4

1.1

0.6-1.7

0.8

0.4-1.5

0.8

0.4-1.7

> 853 US$ - ~ 1,116 US$

0.9

0.7-1.2

0.9

0.7-1.3

1.0

0.7-1.4

0.9

0.5-1.7

0.8

0.4-1.7

0.9

0.4-1.9

~

0.8

0.6-1.2

0.8

0.6-1.4

0.9

0.6-1.4

0.8

0.4-1.7

0.5

0.2-1.3

0.5

0.2-1.4

> 1,116 US$ - ~ 495 US$
853 US$

P-trend

0.30

0.52

0.72

0.59

OR Odds ratio.
e! Confidence interval.
• Adjusted for age.
History of myocu:dial infarction, stroke, coronary artery bypass surgery. or percutaneous transluminal angioplasty.
t
Risk factors: blood pressure, smoking history, alcohol intake, body mass index and serum. total cholesterol

*

0.19

025

The odds ratio for any aortic atherosclerosis was 1.3 (95% confidence interval (Cl) 1.01.6) for the lowest educated women, and 1.3 (95%-CI 1.0-1.8) for the lowest occupational
class compared to the higher socioeconomic groups. Equivalent household income was
not associated with presence of any aortic atherosclerosis in women. Among men, no
relationships emerged between education, occupation or equivalent household income
and aortic atherosclerosis. After exclusion of persons with a history of cardiovascular
disease, the associations for both women and men did not change. For women without a
history of cardiovascular disease, the odds ratios for severe aortic atherosclerosis for the
lowest socioeconomic strata compared to the highest strata were 1.6 (95%-CI 1.0-2.7) for
education, 2.8 (95%-CI 1.1-7.5) for occupation, and 1.7 (95%-CI 0.9-3.3) for income.
Risk factors for cardiovascular disease may explain the differences between the
socioeconomic strata as they were found to vary by the several socioeconomic strata.!
\Vhen the associations were adjusted for cardiovascular risk factors, i.e. blood pressure,
smoking history, alcohol intake, body mass index, serum total cholesterol and highdensity lipoprotein cholesterol, the findings in men remained almost unchanged (Table
4.1.2 to Table 4.1.4). For womcn, the odds ratios were only slightly reduced.

4.1.5

Discussion

The results of this study demonstrate that aortic atherosclerosis is more common among
women in lower educational and occupational strata cornpared to women in higher strata.
The associations could hardly be explained by the differences in major clas&ic risk factors
for cardiovascular disease. Among men, no socioeconomic differences in the presence of
aortic atherosclerosis were found.
Before interpreting these findings, some methodological issues need to be addressed.
First, the potential for selective participation needs to be considered. It is likely that the
population represents a relatively healthy cohort, as persons with health problems are less
able to participate in the follow-up study.12,13 In our study, this mechanism of selective
participation might have played a role at baseline of the study and for the population in
which atherosclerosis is measured. Comparing our study population with the total
population at baseline, subjects in the lower socioeconomic strata, women, and older
persons were less likely to be in our sample for these analyses. They did not participate
because they died between the first and second phase of the study, thcy had refused to
participate, or they were Hving in an institution. On the one hand such a selection could
have influenced descriptive data, but hardly the strength of the associations. On the other
hand, it could be that the more susceptible persons dropped out; the association between
socioeconomic status and aorta calcification might have been stronger among those who
did not participate because of illness or death, compared to the association among those
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who participated in our study. \Y/e expect that if anything such selection has led to an
underestimation of the association between socioeconomic status and aortic calcification.
Secondly, the nature of the measurements of atherosclerosis and socioeconomic
status needs to be considered. The validity of radiological assessment of aortic
calcification for the diagnosis of aortic atherosclerosis was shown by Hyman and Epstein
using necropsy material and by \'7itteman et al using computed tomography.H,1s
Comparison with computed tomography assessments showed that calcifications detected
by radiography were located in the vessel. l4,IS The detection method has shown to be
highly specific, and in most cases visible calcification represented advanced
atherosclerosis. 14,lS ivlinor stages of atherosclerosis will not be detected, because aortic
calcification is quite a conservative measure of atherosclerosis. IvIisclassification in our
study, however, would be independent of socioeconomic status; the observed
associations may therefore have underestimated the true effects. The presence of calcified
plaques in the abdominal aprta is a predictor of cardiovascular morbidity and mortalityl,5
and is associated with major cardiovascular risk factors.l 5,16 In addition, aortic
atherosclerosis is positively related to increased intima-media thickness of the carotid
arteries. 16 This suggests an association between aortic atherosclerosis and atherosclerosis
in other areas of the body.17 Thus, the presence of aortic calcified plaques can be seen as
a rneasurement of generalised atherosclerosis.
Information bias in the measurement of socioeconomic status was minimised by
gathering this information in a standardised way. However, in older subjects assessment
of socioeconomic status may pose specific difficulties. For instance, although educational
level remains relatively stable throughout time, it may be subject to cohort effects. Also,
social status of a certain occupation may not always have been constant as society's
structure changes with time. 18 These problems are addressed by including age in the
multivariate analyses. A disadvantage of the measurement of income, especially for
women, is that it may be affected by a recent divorce or spouse's death. It is unclear in
what way such misclassification of socioeconomic status could have affected the results.

To our knowledge, tlus study is the first one to examine the relationship between
socioeconomic status and atherosclerosis in elderly men and women. Some studies
examined this relationship in younger populations using ultrasonographic techniques.
Lynch et al reported a strong association between socioeconomic status and
atherosclerosis and progression of artherosclerosis, measured by intima-media thickness,
in an unselected population of middle- aged men. 3,19 Diez-Roux et al reported an
increasing carotid wall thickness with decreasing income and education and an increased
carotid wall thickness in lower occupational categories for both women and men. 2 There
could be several explanations for the differences between the findings of these studies
and our weaker associations. First, our findings may be weaker due to the older
population, which results in misclassification of socioeconomic status as mentioned
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above. Furthermore, it is likely that socioeconomic differences would diminish with age
due to selective mortality, e,g. that persons with aortic plaques associated with low
socioeconomic status may have died before they could participate in the study. In this
respect, it is plausible that selective mortality amongst the male survivors might be larger
than among women since more middle-aged men died of cardiovascular disease. This
might explain the lack of association among men, However, we do not believe that the
differences between men and women can be fully ascribed to differences in selective
mortality, Alternatively, the differences between men and women and behveen our
findings and findings from other studies may reflect differences between aortic
atherosclerosis and atherosclerosis in other areas of the body, It may be that there are sexspecific localising features for arterial calcification, \'(lomen seem to have a predominance
of aortic atherosclerosis while men may be more prone to coronary calcification,s,2o-23
This suggests that the measurement of aortic atherosclerosis may be of greater relevance
in women,
Health-related social mobility and intermediary factors may explain socioeconomic
health differences.'4 Health-related social mobility implies that people drift down the
social scale because of their health problems or move up because of their good health,
Because aortic atherosclerosis is non-symptomatic, the aSSOCIation behveen
socioeconomic status and atherosclerosis is not likely to be affected by social mobility.
Moreover, the measurement of education and occupation represents the socioeconomic
status of decades ago, and is therefore unlikely to be affected by the atherosclerotic status.
Finally, exclusion of subjects with a history of cardiovascular disease gave similar results,
Hence, health selection does not appear to explain the observed socioeconomic
differences in atherosclerosis, The question remains how socioeconomic status is related
to aortic atherosclerosis. In our study, conventional cardiovascular risk factors could
hardly explain the findings among women, It is possible that other unmeasured risk
factors explain the differences, Also, it is feasible that risk factors measured at an earlier
age may have had a larger impact. The mechanisms of the relationship of socioeconomic
status to aortic atherosclerosis require further study,
In conclusion) our findings that socioeconomic status is related to the presence and
severity of atherosclerosis in women suggest that socioeconomic status may affect the risk
of cardiovascular disease through atherosclerosis and thus before its clinical
manifestation, The mechanisms which can explain the association among older subjects
remain to be established,
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4.2

Socioeconomic status and stroke among Dutch elderly
women. The Rotterdam Study

4.2.1

Abstract

Backgrou"d. To assess the association between socioeconomic status and the risk of having
a stroke among elderly women.
Metbods. The association between socioeconomic status and stroke emerged in crosssectional and longitudinal data on 4,274 female participants of the Rotterdam Study, a
prospective population-based follow-up study in The Netherlands among older subjects.
Resu/ls. A history of stroke was more common among women in lower socioeconomic strata. The same trend was observed for the relationship between the lowest
socioeconomic groups and the incidence of stroke. Risk factors for stroke were not
related to socioeconomic status in a consistent manner. Smoking, a history of
cardiovascular disease, and ovenveight were more common in lower socioeconomic
groups. However, socioeconomic differcnces in hypertension, anti-hypertensive drug use,
prevalence of atrial fibrillation and prevalence of left ventricular hypertrophy were not
observed. Tbe complex of established risk factors could only partiy explain the
association between socioeconomic status and stroke.
COllc/llfiollS. There is a strong association among elderly women between
socioeconomic status and stroke. The association could only partly be explained by
known risk factors. Our findings indicate that not only the actual risk profile but also risk
factors earlier in life may be of importance.

4.2.2

Introduction

Stroke is a major contributor to cardiovascular mortality and one of the most important
causes of disability in The Netherlands.' Several studies have shown that people with a
lower socioeconomic status arc at greater risk of cardiovascular morbidity and mortality.2
The lower socioeconomic groups also appear to have more risk of dying of a stroke. 3 -15
lvlost of the evidence for tlle association between socioeconomic status and stroke is
based on studies of stroke mortality and its geographical variation. 4,lO-15 Studies on this
association at an individual level have been performed mainly among middle-aged men.
Because cardiovascular morbidity and mortality generally decrease in younger age groups
and an increasing proportion of the population reaches advanced age, health inequalities
among elderly people are an important public health concern. Tills applies especially to
women, because in contrast to coronary heart disease, stroke together with its associated
invalidity is in absolute numbers more pronounced among older women than among
men. 16
\X'e examined the association between indicators of socioeconomic status and the
prevalence and incidence of stroke among elderly women. W/e also studied the association
between socioeconomic status and the main risk factors for stroke among elderly women.
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4.2.3

Subjects and methods

Study population
The Rotterdam Study is a prospective population-based follow-up study of the
determinants of chronic and disabling cardiovascular, neurogcriatric, locomotor- and
ophthalmologic diseases among persons aged 55 years and over, living in one defined
geographic area in Rotterdam, The Netherlands.17 The present analysis focuses on female
participants, 4,878 women in total (response rate == 770/0) at baseline. Of these women,
188 (4%) did not sign an informed consent to allow collection of data from their medical
records. In addition, at the time of t1Us analysis, 416 persons had not (yet) been
completely followed up because of link-up problems between their general practitioners'
medical records on their and our computerised registration system. Thus, on April 1SI
1996, completed follow-ups \vere available for 4,274 women, covering an average period
of 4.0 (SD 0.8) years.
Measurements
Trained interviewers obtained information on education, occupation and income as
indicators of socioeconomic status during a horne visit, at baseline of the study (19901993).
Edu(atioll The participants were asked about their formal education. the number of
years in each type of education and whether education had been completed. From this
information the attained highest level of education was defined and classified into four
categories: primary education; lower/intermediate general and lower vocational education;
higher general and intermediate vocational education; higher vocational education and
university.
O(Cllpatioll For this analysis we classified women on the basis of the current or last
occupation of the head of the household. Partners were assumed to be head of the
household when women lived with a partner or were widowed. W/e assume that this is a
plausible assumption for our elderly population. Other \vomen, divorced or without
partner, were themselves considered to be head of the household. The classification was
set up according to the international Erikson-Goldthorpe-Portocarero scheme. 18•19 Four
levels are distinguished: higher and lower grade professionals; routine non-manual
employees; small entrepreneurs; and manual workers.
Household ill(ollle Income represents mainly the material dimension of socioeconomic
status, therefore, it is likel}T that this is determined by the income of the whole household.
Household income was classified into 13 pre-coded categories. Equivalent household
income was computed by dividing the midpoint of each household income category by
the number of persons living on that income to the 0.36 power. 20 Institutionalised
participants were excluded from the analysis (n=493) because their financial situation
differs from that of non-institutionalised participants. Four categories of equivalent
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household income were defined, corresponding to approximately to quartiles of the
distribution of the total non-institutionalised population.
Data on education, occupation, and income was missing for 40/0, 8%, and 11 % of the
participants respectively.

Stroke Participants were considered to have a history of stroke on the basis of selfreported history of stroke at the time of baseline measurements. This was confirmed by
data from medical records of the general practitioner or neurologist involved. Of the
4,274 women, 112 appeared to have a history of stroke.
Detailed information on incident cases of stroke and on vital status was obtained
from participants' general practitioners. lYfost general practitioners involved have their
practice computerised and digital information on, among other events, all possible
incident cases of stroke and deaths is sent regularly to the Rotterdam research centre.
Information on vital status was also obtained from the Rotterdam municipal authorities.
\\fhen a stroke or death was reported, additional information was obtained by
interviewing the relevant general practitioner and by consulting hospital discharge records
in case of admittance or referral. Information was furthermore retrieved by research
physicians from participants' medical records held at medical practices that were not
linked up to the computer system. Two research physicians independently classified (e.g.,
date of event, certainty of diagnosis, ICPC-code or ICD-lO code) all suspected cases on
the basis of all d,e available information. When they disagreed, d,e physicians would
discuss the case until consensus was reached. Finally, a neurologist reviewed all suspected
cerebrovascular cases and classified them into definite. probable and possible stroke. On
April 1" 1996, 168 women were diagnosed as having had a first stroke (lCPC-code K90)
in the follow-up period.

Risk jaclon Behavioural and physiological risk factors are often regarded as the
mediators through which socioeconomic status is related to cardiovascular disease.
Several risk factors were assessed in the baseline phase of the study. In this analysis, we
focussed on the established risk factors for stroke, e.g. systolic blood pressure,
hypertension, drug use for hypertension, atrial fibrillation, left ventricular hypertrophy,
diabetes mellitus, body mass index and smoking. 21 Systolic and diastolic blood pressure
were measured twice on one occasion, with participants sitting down, on their right upper
arm, with a random-zero-sphygmomanorneter. Hypertension was considered to be
present widl a systolic blood pressure of 160 mmHg or over, a diastolic blood pressure of
95 mmHg or over, or because of current anti-hypertensive drug use for the indication of
hypertension. We assessed atrial fibrillation and left ventricular hypertropby by
electrocardiogram using an automatic diagnostic classification system. Smoking history
was assessed during an interview at home and was categorised as never, former or current
smoker. Body mass index was calculated by dividing weight by squared beight. Plasma
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Table 4.2.1

Risk 0/ having a history 0/stroke by socioeconomic status, odds ratios and 95% confidence intervals, adjustedfor age.
Adjusted for age and risk
Adjusted for age

n

No. of
cases

OR

Primary education

1,961

72

1

Lower/intermediate general education. lower vocational education

Socioeconomic status

95%-CI

factors*

P-trend

OR

0.011

1

95%-CI

P-trend

Educational level
0.07

1,188

23

0.79

0.48-1.30

0.89

0.54-1.49

Higher general education, intermediate vocational education

794

9

0.47

0.23-0.96

0.56

0.27-1.17

University, higher vocational education

158

1

0.24

0.03-1.73

0.32

0.04-2.35

1,507

57

1

224

10

1.21

0.60-2.44

1.25

0.60-2.60

0.48-1.30

0.85

0.51-1.42

0.42-1.24

0.84· 0.47-1.47

Occupational level ofhead ofthe household

Manual workers
Small entrepreneurs

0.18

0.51

1

Routine non-manual employees

1,112

10

0.79

Professionals

1,080

19

0.72

1,070

30

1

quartile

819

17

0.80

3"' quartile

862

10

0.55

0.26-1.17

0.53

0.24-1.16

4'" quartile

625

2

0.16

0.04-0.70

0.15

0.03-0.68

Equivalent household income
1st quartile

2nd

0.005
0.44-1.47

1
0.72

0.006
0.38-1.35

OR Odds ratio_

e!

Confidence interval.
Adjusted for systolic blood pressure, hypertension, drug use for hypertension, smoking, cardiovascuhr disease, left ventricular hypertrOphy, atrial fibrillation., diabetes mellitus,
fibrinogen, body mass index and alcohol consumption.

*

fibrinogen levels were determined according to Clauss. 22 Diabetes was considered to be
present when subjects were on oral blood glucose lowering drugs or received insulin
treatment. Participants were considered to have a history of cardiovascular disease when
they had a self-reported history of myocardial infarction, coronary artery bypass surgery,
angina pectoris, intermittent claudication or percutaneous transluminal angioplasty at the
time of the baseline examinations. Alcohol intake and other dietatT factors were assessed
with a semiquantitative food frequency questionnaire. 23

Data analysis
Our data analysis approach was threefold. First, logistic regression analyses were
performed to explore the relationship between socioeconomic status and history of stroke
at baseline. To examine the association between socioeconomic status and incidence of
stroke, Cox' proportional hazard regression analyses were applied, excluding all women
with a history of stroke at baseline. The individual follow-up period was defined as the
period between the first home interview until date of incident stroke, ,until date of death,
or until April 1" 1996. Secondly, age-adjusted means and proportions of risk factors
according to socioeconomic groups were computed on the basis of analysis of covariance
or logistic regression analysis. Finally, the associations between socioeconomic status and
stroke were adjusted for these risk factors by adding them to the regression models.
Ivlissing values were included in the models by the indicator method.
In general, all analyses were age-adjusted (eight 5-year age groups). To obtain more
stable estimates the 100vest socioeconomic groups were used as reference groups, since
the incidence of stroke in the highest groups was small. Statistical testing for trends was
done with linear or logistic regression including education, occupation or income in the
model as a continuous variable (values 1, 2, etc.). All analyses were performed with the
statistical program SPSS.

4.2.4

Results

In our study population, the majority of women were classified in the lower
socioeconomic groups (fable 4.2.1). At time of the baseline measurements only 7% were
still employed. Most women were aged above 65 and already retired. On average, they
had their last paid job 29 years ago. The majority of the women were or had been
employed as manual worker (43%) or routine non-manual workers (43%). Six percent
mentioned that they were never employed. The mean age at baseline of the study was 71
(SD 10) years. On average, subjects' in lower socioeconomic groups were older than those
in higher socioeconomic groups. For example, among women of 70 years and over, 290/0
had lower educational levels, as opposed to 10% for those who were not yet 70. In
addition, the mean age of the stroke cases was higher than that of the non-cases. All
analyses were therefore adjusted for age.
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Tab!e4.2.2

Risk offirst stroke l!Ji socioeconomic status, relative risks and 95% confidence intervals, adjustedfor age.
No. of

Adjusted for age

Adjusted for age and risk

cases

Socioeconomic status

factors*

RR

n

95o/o-CI

P-trend

RR

0.32

1

95'/o-CI

P-trend

Educational level

Primary education

1,889

97

1

Lower/intermediate general education. lower vocational education 1,165

32

0.81

0.54-1.22

0.86

0.57-1.30

Higher general education, intermediate vocational education

785

27

1.08

0.70-1.67

1.17

0.75-1.82

University, higher vocational education

157

1

0.18

0.02-1.28

0.19

0.03-1.36

1,457

74

1

214

8

0.68

0.33-1.41

0.65

0.31-1.38

Routine non-manual employees

1,088

46

1.02

0.71-1.48

1.05

0.72-1.52

Professionals

1,061

24

0.60

0.38-0.96

0.59

. 0.37-0.95

1,040

53

1

2 quartile

802

30

0.96

0.62-1.49

0.81

3'" quartile

852

22

0.83

0.55-1.35

0.81

0.48-1.36

4'" quartile

623

8

0.55

025-1.16

0.57

026-124

0.53

Occupational level ofhead ofthe household

1Ylanual workers
Small entrepreneurs

0.054

1

0.064

Equivalent household income

P quartile
nd

RR

Relative risk

CI

Confidence interval.

*

0.12

1

0.14
0.51-1.29

Adjusted for systolic blood pressure, hypertension, drug use for hypertension, smoking, cardiovascular disease,. left vent:ciculaI hypertrophy, atrial fibrillation, diabetes mellitus,
fibrinogen, body :mass index and alcohol consumption.

History of stroke
Age-adjusted associations between socioeconomic status and history of stroke arc shown
in Table 4.2.1. A history of stroke was less common among the highest socioeconomic

groups. The relative risk of having a history of stroke was 0.24 (95%-CI 0.03-1.73) for the
most highly educated women, and 0.16 (95%-CI 0.04-0.70) for the highest income group
compared to the lowest socioeconomic groups. Linear trends were statistically significant
for education and income.

Incidence of stroke
In Table 4.2.2, age-adjusted relative risks of incidence of stroke with socioeconomic
status arc presented. Similar to the cross-sectional analyses, the highest socioeconomic
groups also had a lower risk of stroke. However) statistical significance was only reached

for the association between incidence of stroke and occupation of the head of the
household. The intermediate educational and occupational groups did not differ in their
risk of stroke compared to the lowest groups.

Risk factors for stroke
In Table 4.2.3 age-adjusted means and proportions of the main risk factors for stroke
according to income are presented. The associations between the other indicators of
socioeconomic status are not shown, but for those that are not mentioned specifically,
findings were similar to the associations with income. Blood pressure and hypertension
were not associated with socioeconomic status. However, smoking was more common in
the lower socioeconomic groups compared to higher socioeconomic groups. A history of
cardiovascular disease and diabetes mellitus was

more

frequent in the lower

socioeconomic groups (this was not observed for educational level). For all three
indicators of socioeconomic status, no associations were observed for left ventricular
hypertrophy and atrial fibrillation. Similarly, there was no socioeconomic gradient for
plasma fibrinogen levels, with the exception of a trend for education. Body mass index
decreased with increasing socioeconomic status. Use of alcohol was positively associated
with income.
To examine whether these risk factors could explain the association between
incidence of stroke and socioeconomic status, the association between socioeconomic
status and stroke was adjusted for these risk factors. The associations between

socioeconomic status and stroke remained almost unchanged (see Tables 4.2.1 and 4.2.2).
In addition, differences in other dietary factors, such as dietary fat consump~on and
antioxidants, could not explain the association between socioeconomic status and stroke

[results not shown].
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Table 4.2.3

Risk factors according to equivalent household income, atfjustedfor age (atfjusted means andpercentages).
Total

Equivalent household income

1St quartile

2"d quartile

3"' quartile

4'" quartile

n=I,040

n=802

n=852

n=623

139.6

140.1

141.0

Hypertension (%)

34.9

36.4

On medication for hypertension (%)

20.2

23.6

Current smokers of cigarettes C%)

23.0

Never smokers (%)

Risk factor

p-

Mean

n*

trend

140.0

140.2

3,028

0.45

38.0

33.7

35.8

3,030

0.93

24.2

19.1

21.9

2,676

0.79

19.8

16.0

16.1

18.7

3,217

0.0001

50.5

51.2

54.0

53.7

52.4

3,277

0.12

Cardiovascular diseaset (%)

13.5

11.0

11.2

9.3

11.3

3,317

0.016

Left ventricular hypertrophy on ECG (%)

4.2

63

4.0

5.4

5.0

1,507

0.96

Atrium fibrillation (%)

1.4

1.0

1.8

1.3

1.4

1,552

0.76

Diabetes mellitus (%)

4.7

6.6

4.0

2.7

4.5

3,231

0.041

Fibrinogen, adjusted for use ofvitarnin K-antagonists (giL)

2.78

2.88

2.78

2.78

2.81

1,438

0.80

Body mass index (kg!m')

26.9

27.2

26.6

263

26.8

3,052

0.005

Use of alcohol (%)

69.3

72.3

72.7

80.2

73.6

2,687

0.0002

Systolic blood pressure (mmHg)

*

Not all risk factors are available for each participant.

t

Self~reported

history of myocardial infarction, coronary artery bypass surgery, angina pectoris, intermittent claudication, or percutaneous ttansluminal angioplasty.

4.2.5

Discussion

The results of our study suggest that stroke is substantially more common among women
in the lower socioeconomic strata. In addition, the incidence of stroke is higher in the
lower socioeconomic groups. However, risk factors were not associated with
socioeconomic status in a consistent manner and could only partly explain the association
between socioeconomic status and stroke.
A number of issues need to be addressed before results can be interpreted. First,
selective participation must be considered. It is likely that the population represents a
relatively healthy cohort, since people with health problems arc less capable of visiting the
research centre and thus less likely to participate in the study.24,2S In addition, the
exclusion of persons with incomplete follow-ups may have influenced the results. Most
people that did not sign the informed consent were simply not able to do so due to their
reduced cognitive function. These subjects were slighcly older and had a lower
socioeconomic status compared to the overall study population. Another cause for loss to
follow-up, (Le. link-up problems) was not associated with socioeconomic status (results
not shown). In our opinion, selective participation has hardly influenced the results or, if
anything, it has led to an underestimation of the real differences.
Second, the nature of measuring stroke, risk factors and socioeconomic status needs
to be considered. Information bias in the measurement of socioeconomic status was
minimised by collecting this information in a standardised manner. However, for older
subjects, assessment of socioeconomic status may involve specific difficulties. For
instance, although educational level remains relatively stable over time, it may be subject
to cohort effects. Also, social status of a certain occupation may have changed over time
because of changes in the structure of society.26 These problems were solved by including
age in the multivariate analyses. A disadvantage of measuring income is that it may be
affected by a recent divorce or spouse's death. Such a misclassification of socioeconomic
status may have led to an underestimation of the association between socioeconomic
status and stroke. Although the indicators of socioeconomic status represent different
dimensions of socioeconomic status, their associations with stroke were quite similar.
The measurement of stroke may have been affected by inaccuracies in general
practitioners' diagnoses. A number of stroke cases may be assigned to other
cardiovascular diseases whereas other diseases may have been wrongly coded as stroke. It
is nevertheless unlikely that this has influenced our estimates to a large extent. Another
source of bias lies in socioeconomic differences in use of health care facilities. It was
found that people with a lower socioeconomic status more often consult a general
practitioner than people whose socioeconomic status is higher, even with the illness taken
into account. 27 For that reason, we decided not to exclude strokes that were less likely
(possible) in the neurologists' opinion. Exclusion of these events would have resulted in
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bias, since the classification depends on whether an event has led to hospitalisation and
d,e availability of information about signs and symptoms in patient records.
Unfortunately, the number of strokes was too small for stratified analyses to be
performed. In addition, it can be hypothesised that the proportion of strokes d,at go
unnoticed by general practitioners is associated with socioeconomic status. However, this
non-random misclassification will not be as large for socioeconomic differences in stroke,
since all stroke patients in The Netherlands will be seen by a general practitioner because
of the severity of this disease.
Furthermore, a limitation of our analyses is the relatively short follow-up period. As a
result, the number of strokes might be too small to assess a significant association.
However, the fact that a similar and statistically significant association between the
socioeconomic status and history of stroke is observed, confirmed the inverse
relationship between the lowest socioeconomic groups and stroke. Nevertheless, it is of
concern that despite the larger number of events for incident disease relative to prevalent
disease that the pattern of association, especially for the intermediate groups, is not as
clear. The question arises whether the association between socioeconomic status and
having a history of stroke might be biased, because women of a lower socioeconomic
groups with a prevalent stroke might be more willing to participate in this study believing
it to be a source of health care. However, in The Netherlands where health care is
available for everybody, this is not a very likely explanation. Another explanation might
be that the association between socioeconomic status and stroke declines with age.
Lastly, our study population was chosen in one quite homogenous region. The
situation occurs that several intermediary factors, such as neighbourhood conditions,
housing conditions or health care services are similar for everybody. Since these
macro factors also account for the socioeconomic inequalities in health in the total
population,28,29 part of the socioeconomic differences in health may not be detected in
such a setting. The inequalities in stroke would probably be even larger when the
socioeconomic groups vary also in these intermediary factors.
A number of studies have reported an inverse association between socioeconomic
status and stroke. 3 -ls,30-32 However, most reports are based on geographic variation in
occurrence of stroke by socioeconomic cllfferences. 4,9,12-1S,31 Nevertheless, a number of
studies at the indlviduallevel observed a socioeconomic gradient in stroke, although these
studies typically focussed on socioeconomic differences in risks to die from stroke among
men and among younger age groups.3.5-8.10.30,32 The present study is the first to describe
socioeconomic differences in stroke morbidity among elderly women. Even though our
study design and methods differ from previous studies, similar trends in the association
between socioeconomic status and stroke risk were observed.
The observed trends are strong compared with those in previous studies. The study
population only comprised persons of 55 years and older. On the one hand,
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socioeconomic differences at older ages may diminish compared to younger ages, because
people from lower socioeconomic groups who live on into old age may represent a very
healthy elite; less viable individuals may have died sooner.33 However, this survival effect
would be less among women because of a lower mortality rate at younger ages. On the
other hand, older persons from lower socioeconomic groups are exposed for a longer
time to factors that contribute to socioeconomic differences in health. 33 The
accumulation of disadvantages over a person's course of life might result in larger
socioeconomic differences at older ages.
In this study we focussed on the differences among women, since Dutch women
suffer from stroke more than men do, and since less is known about socioeconomic
inequalities among women. Nevertheless, data on socioeconomic differences in stroke for
men was also available in the Rotterdam Study. For men, \ve found no association
between socioeconomic status and history of stroke or incidence of stroke (results not
shown). This difference between associations for men and women, or the difference with
results from other studies among younger men could be caused by the fact that the
survival effect is more pronounced among elderly men, resulting in smaller
socioeconomic differences for stroke. A second cause might be that the distribution of
risk factors may be different for men and women and for (younger) men in other
countries. For example, hypertension, one of the major risk factors for stroke, was
positively related with socioeconomic status among men in the Rotterdam Study (see
Chapter 5.2).
W/e expected the established risk factors for stroke to explain at least part of the
socioeconomic differences in stroke occurrence. However, in our study population, these
risk factors may give some explanation for the higher incidence of stroke, but as in other
studies, a large proportion of the socioeconomic influence remained unexplained. There
are several explanations for this. First, in this study there were some significant
socioeconomic differences in risk factors, such as smoking, diabetes, cardiovascular
disease and elevated body mass index, but we did not observe socioeconomic differences
in the main risk factors for stroke, such as hypertension, use of anti-hypertensive drugs,
atrial fibrillation or left ventricular hypertrophy. These results contrast with most other
studies on socioeconomic differences in risk factors, which makes further research
necessary.2.34--36 Second, it is well known that with increasing age established risk factors
playa less important role. For example, in our study the regression coefficient of age is
50% higher than the coefficient in the risk prome of stroke, which is based on the
Framingham Study based on a younger study population. 2 ! It is possible that at older ages
the impact of risk factors on the explanation of socioeconomic differences in stroke may
be different. Also, in the present setting, risk factors were measured by a single
assessment at old age. It is possible that the impact of these risk factors on socioeconomic
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differences in stroke would be larger when measured earlier in life. Finally, it is possible
that other unmeasured risk factors are better able to explain the differences. For example,
Davey Smith suggested that risk factors earlier in life, such as birth weight or head
circumference, which are both associated with socioeconomic status, are directly related
to blood pressure and the occurrence of stroke in adult life. 14
The large socioeconomic differences in stroke observed in this study \Varrant further
research that focuses on changes in risk factors that arc helpful in elucidating the
aetiolob'J' of inequalities. These studies may provide information on potential
intenrentions with respect to determinants of diseases and selection of risk groups to
improve the overall health of a population and to reduce differences in health bchveen
socioeconomic groups in a society.
In conclusion, elderly \vomen in the lowest socioeconomic groups have a higher risk
of stroke compared to those in the higher socioeconomic groups. Established risk factors
can only partly explain this association.
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4.3

Socioeconomic status and myocardial infarction and cardiac
mortality among Dutch elderly men. The Rotterdam Study

4.3.1

Introduction

Persons with a lower socioeconomic status have a higher risk for cardiovascular
morbidity and mortality.1 Evidence for this relationship has been predominantly obtained
from studies among men younger than 65. Because the number of cardiovascular deaths
as \veil as the prevalence of cardiovascular morbidity increases in older age groups, and
because an increasing proportion of the population is growing older, it \vQuid be
informative to study this relationship among the older population.
\Vic determined the association between income and a first myocardial infarction and
those with a history of myocardial infarction among elderly people. \Vic also made a
distinction between the fatal and non-fatal first myocardial infarctions. Additionally, in
order to examine \vhether differences in morbidity reflect a higher cardiac mortality e.g.
an increased case-fatality, we examined the association between income and cardiac
mortality in a large cohort of Dutch elderly people.

4.3.2

Subjects, methods and results

The Rotterdam Study is a prospective population-based study of the occurrence and the
determinants of chronic diseases among 7,983 men and women (response ratc of 78%)
aged 55 and over who live in one defined district of Rotterdam. 2 At the time of tllls
analysis, follow-up data were available from the baseline period (1990-1993) until April 1"
1996. for 2.779 men. covering an average period of 4.0 (SD 0.8) years.
Income could not be assessed for men that lived in a home for the elderly (n=132)
and information about income was missing for 275 men. Equivalent household income
was defined as the household income at baseline adjusted for the number of persons
living on that income. Participants' general practitioners and the municipal registry
provided the research centre information on vital status and myocardial infarctions on a

regular basis. Research physicians classified these events using additional information that
was obtained from general practitioners' patients' records, interviews with relevant
general practitioner and from hospital discharge records in cases of admittance or referral.
Total cardiac mortality was defined as deaths due to acutc coronary disease (e.g. fatal
myocardial infarction, sudden cardiac death (= death occurring instantaneously within
one hour after the onset of the disease's symptoms willch resulted in death or, in case of
unwitnessed deaths, where cardiac deaths could not be excluded). or death due to heart
failure. A myocardial infarction was based on a self-reported history of myocardial
infarction with hospital admission, a first myocardial infarction or a sudden cardiac death.
A myocardial infarction was classified as fatal when subjects died within 28 days after the
infarction. Age-adjusted logistic regression and Cox' regression analyses were applied.
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Table 4.3.1

Age-ac!fusted association between income and cardiac I7Jorlality, prevalent or incident nryocardial infarction andfatal nryocardial infarction.
Prevalent or incident

Incident first myocardial infarction or sudden cardiac death

Fatal

N/n

Total

Non-fatal

RRt 95%-CI

N/n

RRt 95%-CI

N/n

RRt 95%-CI

- 4,h quartile (high)

7/575

_ yd quartile

14/691

1.3

0.5-3.2

29/706

1.1

0.6-2.0

43/720

1.2

- znd quartile

9/420

1.2

0.4-3.2

18/429

1.1

0.6-2.1

27/438

1.1

- P quartile Oow)

13/308

1.9

0.7-4.9

12/307

0.9

0.4-2.0

25/320

1.2

19/587

26/594

OR Odds ratio.
RR

Cl
N

In

Relative risk.
Confidence interval.
Number of events/ total number in this ~oup.

Persons with a history of myocardial infa.rction have been excluded.

t

Persons with no myocardial infarction were used as the reference group.

:j:

A history of myocardial infarction or an incident first myocardial infarction or sudden cardiac death

Cardiac mortality

myocardial infarction:j:

N/n

OR 95%-CI

N/n
12/669

RR 95%-CI
1

101/669

1

0.7-1.9

132/809

0.9

0.7-1.3

33/809 1.8 0.9-3.6

0.6-1.9

98/509

1.1

0.8-1.5

30/509 2.2 1.1-4.3

0.7-2.2

92/387

1.4

1.1-1.9

34/387 2.6 1.3-5.1

At baseline, the subjects' mean age was 68 years (SD 8) and 302 subjects had a
history of myocardial infarction. Furthermore, among those without a history of
myocardial infarction, 121 people had a first myocardial infarction or died suddenly (fatal
for 43 out of 121 subjects). During the follow-up period, 109 people died from cardiac
causes, of which heart failure and myocardial infarction were the main causes.
Incidence of non-fatal myocardial infarction was not related to income, but fatal
myocardial infarction occurred more often in the lower income groups (not statistically
significant). The prevalence of those with a history of or a first myocardial infarction
tended to be higher in the lower income groups. The risk of cardiac mortality for the
lowest income quartile was two and a half times that of the highest income group. Not all
cardiac deaths werc due to a first fatal myocardial infarction. Another main cause of the
cardiac deaths was heart failure, which was more common in the lower income groups
(RR 12.6 1.6-97). Finally, about one third of the cardiac deaths occurred among those
with a history of myocardial infarction. The relative risk for a cardiac death for the 100vest
versus the highest income groups was 6.7 (0.8-55).

4.3.3

Comments

People from 100ver socioeconomic groups who live on into old age may represent a
relatively healthy subgroup; less viable individuals probably die at an earlier age.
Therefore, it has been suggested that at older ages incidence and prevalence of myocardial
infarction show weaker associations with socioeconomic status. However, our findings
show that the survival probability after a myocardial infarction in the short and long run,
and death due to heart failure at older ages differed by socioeconomic status. TillS is
consistent with findings among younger age groups.3,4 Explanations can be sought in
socioeconomic differences in health care access, for example, delayed use of health
services or lifestyle factors such as smoking or diet, willch influence the severity of the
disease.
In conclusion, income affects the chance of surviving a myocardial infarction. Studies
on the prevention of fatal myocardial infarctions among lower socioeconoollc groups are
required in order to reduce the inequalities in health and to improve the health of a
society in general.

4.3.4
l.
2.
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5
Socioeconomic status and
cardiovascular risk factors

5.1

Socioeconomic status and nutrient intake. The Rotterdam
Study

5.1.1

Abstract

Go/felipe. Unfavourable dietary habits might explain a part of the increased cardiovascular

morbidity and mortality among the lower socioeconomic groups. The aim of the study
was to describe differences in dietary intake in older subjects by socioeconomic status, as
indicated by eclucationallcvcl.
DesigJJ. A cross-sectional analysis of socioeconomic status in relation to dietary intake.
Sellillg. The Rotterdam Study.
Suo/cr!s. 2,213 men and 3,193 women, aged 55 years and over living in a district of
Rotterdam, The Netherlands.
[{PS/l!ts, In general, the dietary differences between socioeconomic groups were small.
Lower educated subjects had a higher intake of almost all m3cronutricnts compared with
higher educated subjects. Furthermore, fat composition was more adverse in the lower
educated strata; in lower educated subjects, relatively more energy was derived from
saturated fat, the P:S ratio was lower and the intake of cholesterol higher. These
differences could be explained by a higher intake of visible fat and more meat
consumption. In addition, the composition of these products differed: the higher
educated used relatively morc lean meat and Iow~fat milk products. Furthermore, the
intake of fibres was lower among the lower educated. Among lower educated groups
there were more abstainers and the type of alcoholic beverages also differed between the
groups. Intake of antioxidants from food alone did not differ bet\veen educational
groups.
COJJe/urions. In Dutch elderly people, there are socioeconomic differences in dietary
intake. Although these differences ~re small, these findings support the role of diet in the
explanation of socioeconomic inequalities in cardiovascular health.

5.1.2

Introduction

Socioeconomic status has been shown to be inversely related to cardiovascular morbidity
and mortality in several countries, including The Netherlands. I,2 To detect high risk
groups and target preventive care, more knowledge about the relationship between
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socioeconomic status and chronic disease is needed, particularly for the increasing elderly
population, because data on socioeconomic inequalities among elderly people are scarce,
One explanation for variation in disease with socioeconomic status is variation in the
prevalence of cardiovascular risk factors. 1,3,4 In several studies an unfavourable
cardiovascular risk profile, such as increased smoking or being overweight, has been
reported to be more common in the lower socioeconomic strata, however, not all studies
reported a universal unfavourable risk profile among the lower socioeconomic strata, for
example the gradient with serum cholesterol is sometimes also observed in the opposite
direction. s Dietary habits may explain another part of the increased morbidity and
mortality among the lower socioeconomic groups,G-11 Several physiological, social, and
psychological factors have been proposed which contribute to nutritional problems in
elderly people,12 These are for example, lack of physical activity, declining absorption and
metabolic cflpacities, drug-nutrition interactions, declining physical activity, increasing
social solitude, shopping difficulties, and poor dentition. It is conceivable that at least
some of these problems are more common in the lower socioeconomic strata.

\Vie examined the differences in nutrient intake in older non-institutionalised men
and women by education, an indicator of socioeconomic status. In addition, differences
in food consumption were studied as well.

5.1.3

Subjects and methods

Study population
The present study was carried out as part of the Rotterdam Study, a prospective cohort
study among 7,983 persons who live in one defined geographic area in Rotterdam, The
Netherlands. The rationale and design of the study have been described elsewhere.13 In
summary, the objective of the Rotterdam Study was to investigate determinants of
chrome and disabling cardiovascular, neurogeriatric, locomotor, and ophthalmologic
diseases. All inhabitants aged 55 years and over of the district Ommoord in Rotterdam,
were invited to participate. The baseline examinations started in 1990 and continued until
June 1993, The examinations comprised a home visit by trained interviewers and two
follo\v-up visits for a clinical examination at the research centre. Of the eligible subjects,
78% (7,983) was interviewed at home, and 7,006 out of 7,983 persons visited the research
centre twice. The dietary intelviews \vere not held with residents of homes for the elderly
(n=479) nor with subjects with a reduced cognitive function as measured with a neuro
psychological test (n=122). In addition, participants in the pilot phase of the study
(n=277) did not receive a dietary questionnaire. A furd1er 482 persons were excluded for
logistic reasons (e.g. no dietician available). For 213 persons, the dieticians judged the
reported dietary intake to be unreliable. This judgement was given directly after the
interview by the same dietician who did the interview. Another 27 persons were excluded
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because data on educational level were missing. Eventually the analyses were based on
5,406 independently housed persons. The study was approved by the Medical Ethics
Committee of Erasmus University. \V'ritten informed consent was obtained from all
participants.

Measurements
EdllcatiolJ Information on educational level was obtained by trained interviewers during
the home visit. The participants were asked about their formal education, the number of
years of each type of education and whether education had been completed. From this
information the highest attained level of education was defined. This classification is
similar to the UNESCO classification 14 and contains four categories: primary education;
lower/intermediate general and lower vocational education; higher general and
intermediate vocational education; higher vocational education and university.

Nlltdent illtake and dietary habits Dietary data were assessed with a semiquantitative
food frequency questionnaire, containing 170 food items in 13 food groups. This
questionnaire is a modified version of a previously validated questionnaire 1S and aims to
estimate the habitual food intake during the last year. First, the questionnaire was left with
the participants with careful instructions from the home interviewers. The subjects were
asked to indicate which food items they used on a regular basis (at least twice a month).
During the second visit to the research centre. frequencies and estimates of intake of
selected foods were specified during a 20-minute interview with a trained dietician.
Additionally, consistency checks of the completed dietary questionnaire were held and
questions were asked about dietary habits, the usc of food supplements and medically
prescribed diets. The average daily intake of all food items and food groups was estimated
for each person. Foods were converted to energy and nutrient intake with a computerised
version of the Dutch Food Composition Table. 16 Intake of vitamin and mineral
supplements was not included in the calculations of nutrient intake since brand labels of
these supplements had not been recorded with sufficient accuracy.
Data analysis
Age-adjusted (eight 5-year age groups) and gender-specific mean intake of nutrients and
foods according to educational groups was calculated on the basis of analysis of
covariance. Discrete variables were .analysed by means of age-adjusted and gender-specific
logistic regression models. Statistical tests for trend were carried out with models in which
education was included as an ordinal variable (1, 2, 3 or 4). In addition, an interaction
term of age with educational level was included in the model to examine whether the
socioeconomic differences in dietary intake were the same for the youngest versus the
oldest participants. Furthermore, the mean intake of macronutrients according to
educational groups (primary school; lower/intermediate general and lower vocational
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education; higher education) and age groups (younger than 65; 65-74; 75 years and above)
was calculated on the basis of analysis of covariance. For all analyses a P~value less than
0.05 \vas considered statistically significant. All analyses were performed using the
mvlDP-package. 17

Table 5.1.1

Age alld edllcaliollalleve! of Ihe 1111& Pop"lalio".
:t>,'Ien

\Vomen

JJ=2,213

11=3,193

17

15

60 - 64 years

21

17

65 - 69 years

21

16

70 - 74 years

17

16

5 - 79 years

13

13

80 - 84 years

7

11

85 - 89 years

4

8

Age in %
55 - 59 years

90 years and older
Educatjo~11

ill %

5

11=2,213

11=3,193

Primary education

24.1

42.3

Intermediate general and lower vocational education

24.1

31.7

Higher general and intermediate vocational education

37.1

21.7

Higher vocational education and university

14.7

4.3

5.1.4

Results

GeJJeral rhtl1"(lcleJistics Distributions of age and educational level of the study population are
shown in Table 5.1.1. The mean age for women was slightly higher than for men,

68 (SO 7) and 67 (SO 8) years respectively. A considerable part of the population (37%)
had only attended primary school. Generally, men were higher educated than women. For
example, 150/0 of the men and 4% of the women \vere classified in the highest educational

groups. Educational level was inversely associated with age. Of subjects younger than 65,
120/0 was classified in the highest educational group versus 6% of subjects older than 65.
Nlffdent illtake Table 5.1.2 represents the intake of nutrients according to educational

level. In general, the differences among \vomen \vere similar to those among men, but
they were slightly less pronounced. Persons with the lowest cducationallcvcl reported the
highest intake of energy. This was due to a higher absolute intake of protein, fat and
carbohydrate in the lower strata. To avoid possible distortion caused by these different
energy intakes, macronutricnt intake was also calculated as a proportion of energy. The
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Table 5.1.2

Mean daily intake ofnutrients according to education * and gender, adjustedfor age (adjusted means (SE)).
Education 1

Nutrient
Men

Mean

SE

n=534

Education 2

Mean

SE

n=533

Education 3
Mean

SE

n=820

Education 4

Mean

SE

n=326

p-

Tota!
Mean

SD

trend

n=2,213

T ota! energy in MJ

9.60

0.09

9.44

0.09

9.41

0.07

8.94

0.11

9.40

2.12

<0.001

Total protein in g

89.5

0.9

88.6

0.9

88.9

0.7

86.0

1.2

88.5

20.7

0.057

Total protein in en%t

15.8

0.1

15.9

0.1

16.0

0.1

16.3

0.2

16.0

2.8

0.006

- Vegetable protein in.en%

5.51

0.05

5.71

0.05

5.59

0.04

5.72

0.06

5.62

1.15

0.076

T ota! fat in g

94.6

1.2

92.6

1.2

92.4

1.0

86.0

1.6

92.0

28.6

<0.001

Total fat in en%

36.8

0.3

36.6

0.3

36.6

0.2

36.0

0.3

36.5

6.0

0.082

- Saturated fatty acids in en%

14.5

0.1

14.3

0.1

14.2

0.1

13.8

0.2

14.2

3.0

0.005

- Mono-unsaturated fatty acids in en%

12.8

0.1

12.4

0.1

12.5

0.1

12.2

0.2

12.5

2.8

0.014

- Poly-unsaturated fatty acids in en%

6.9

0.1

7.2

0.1

7.2

0.1

7.2

0.2

7.1

2.8

0.13

- P:S ratio

0.50

0.01

0.54

0.01

0.53

0.01

0.55

0.01

0.53

0.25

0.007

- Cholesterol in mg

271

4

258

4

259

3

240

5

259

89

<0.001

- Linoleic acid in g

14.3

0.4

15.3

0.4

15.1

0.3

14.5

0.5

14.9

8.1

0.47

Total carbohydrate in g

240.7

2.9

242.2

2.8

234.5

2.3

227.7

3.7

236.8

65.9

0.002

Total carbohydrate in en%

42.0

0.3

43.0

0.3

41.8

0.3

42.5

0.4

42.2

7.0

0.86

- Mono/disaccharides in en%

20.6

0.3

20.9

0.3

20.3

0.2

21.1

0.4

20.6

6.3

0.82

- Polysaccharides in en%

21.2

0.2

22.0

0.2

21.3

0.2

21.3

0.2

21.4

4.4

0.64

Fibre in g/MJ

1.88

0.02

1.94

0.02

1.94

0.02

2.03

0.03

1.94

0.52

<0.001

Total

p-

Education 1

Education 2

Education 3

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Mean

SD

trend

Alcohol in en%

5.6

0.3

4.5

0.3

5.6

0.2

5.1

0.3

5.2

5.8

0.529

Potassium in g

3.96

0.04

3.92

0.04

3.89

0.03

3.84

0.05

3.91

0.86

0.039

Calcium in mg

1148

19

1164

19

1146

15

1129

24

1149

437

0.48

Sodium ing

2.46

0.03

2.50

0.03

2.48

0.02

2.34

0.04

2.46

0.72

0.056

Vitamin C in mg

114

2

115

2

114

2

120

3

115

SO

0.18

~-carotene

in mg

1.56

0.03

1.52

0.03

1.56

0.02

1.55

0.04

1.55

0.64

0.99

Vitamin E in mg

14.9

0.3

15.5

0.3

15.5

0.2

15.3

0.2

15.3

6.7

0.28

Nutrient

Women

n=I,351

n=I,Ol1

Education 4

n=694

n=137

n=,3193

Total energy in MJ

7.54

0.05

7.47

0.05

7.40

0.06

7.17

0.14

7.47

1.69

0.008

Total protein in g

76.7

0.5

76.1

0.5

76.2

0.6

74.9

1.4

76.3

17.0

0.29

Total protein in en%

17.3

0.1

17.3

0.1

17.6

0.1

17.8

0.3

17.4

3.1

0.019

- Vegetable protein in en%

5.81

0.03

5.85

0.04

5.87

0.05

6.01

0.10

5.84

1.21

0.071

Total fat in g

74.3

0.6

72.7

0.7

70.7

0.9

67.8

2.0

72.3

23.4

<0.001

Total fat in en%

36.7

0.2

36.3

0.2

35.6

0.2

35.0

0.5

36.2

6.3

<0.001

- Saturated fatty acids in en%

14.6

0.1

14.6

0.1

14.2

0.1

13.8

0.3

14.5

3.3

<0.001

- Mono-unsaturated fatty acids in en%

12.4

0.1

12.3

0.1

12.0

0.1

12.0

0.2

12.3

2.7

<0.001

- Poly-unsaturated fatty acids in en%

6.8

0.1

6.6

0.1

6.7

0.1

6.4

0.2

6.7

2.8

0.097

- P:S ratio

0.49

0.01

0.48

om

0.50

0.01

0.50

0.02

0.49

0.24

0.60

- Cholesterol in mg

220

2

218

2

213

3

204

6

217

72

0.004

Education 1

Education 2

Education 3

Education 4

p-

Total

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Mean

SD

trend

- Linoleic acid in g

11.4

0.2

10.9

0.2

11.0

0.2

10.5

0.6

11.1

6.5

0.073

Total carbohydrate in g

197.2

1.4

196.0

1.7

193.6

2.0

188.4

4.5

195.7

65.9

0.039

Total carbohydrate in en%

43.8

0.2

44.0

0.2

43.8

0.3

44.2

0.6

43.9

6.7

0.80

- Mono/disaccharides in en%

22.2

0.2

22.4

0.2

22.4

0.2

22.5

0.5

22.3

6.1

0.33

- Polysaccharides in en%

21.6

0.1

21.4

0.1

21.3

0.2

21.7

0.4

21.5

4.1

0.40

Fibre in g/MJ

2.17

0.02

2.19

0.02

2.21

0.03

2.29

0.05

2.19

0.61

0.022

Alcohol in en%

2.1

0.1

2.4

0.1

2.9

0.1

2.9

0.3

2.4

4.0

<0.001

Potassium in g

3.5

0.2

3.5

0.2

3.5

0.3

3.3

0.7

3.5

0.8

0.020

Calcium in mg

1114

10

1099

12

1124

14

1093

93

1111

377

0.98

Sodium in g

2.05

0.02

2.00

0.02

2.03

0.D3

1.99

0.05

2.03

0.57

0.17

Vitamin C in mg

126

2

124

2

122

2

120

5

124

56

0.14

~-carotene

in mg

1.49

0.02

1.51

0.03

1.56

0.03

1.56

0.07

1.51

0.82

0.07

Vitamin E in mg

12.9

0.2

12.7

0.2

12.6

0.2

12.3

0.5

12.8

5.6

0.19

Nutrient

1 = Primary school;

2= Lower general and vocational education;
3= Intermediate/higher general and intermediate vocational education;
4= Higher vocational education / university.

t

In percentages of total energy.

SE Standard error.
SD Standard deviation.

protein intake as a proportion of energy was lower among the lower educated. Among
women in the lowest strata more energy was derived from fat. The composition of fat
differed across the educational groups in that the contribution of saturated fat was higher
and for men the P:S ratio was lower in the lower strata. Also, the intake of dietary
cholesterol was higher in the lmver educated groups. The intake of carbohydrate in energy
percentages did not differ between the educational groups. The intake of fibre in g/MJ
was on average lower in the lowest educational groups. This was due to higher energy
intake instead of a lower absolute intake of fibre (results not shown). Energy intake
derived from alcohol was lower in the lower socioeconomic groups, especially for
women. The intake of sodium was underestimated, as discretionary salt intake was not
included. The intake of potassium from the food products was inversely related to
education for men and women. Vitamin intake by food groups did not differ significantly.
Furthermore, higher educated persons took more vitamin and mineral supplements (data
not shmvn).
To test \vhether the educational differences change with age, we included an
interaction term of educational level with age in the model. For men, the educational
differences in nutrient intake lessens \vith increasing age (fable 5.1.3); interaction terms
of age and education were statistically significant. Generally, energy and macro nutrient
intake fell with age; the exception was alcohol intake in tl1e lowest educated groups. These
decreases were more pronounced in tl1e lowest educated groups. The changes in
macronutrients as proportions of energy were less clear. For women, the decline \vith age
was less pronounced as for men. Also, the interaction terms were not statistically
significant and age-stratified analyses did not shO\v substantial age-related changes in tl1e
educational differences.
Food (OllSllIJplioll To explain the absolute differences in nutrient intake we calculated
the intakes of foods according to educational group (fable 5.1.4). Lower socioeconomic
groups reported a higher intake of products that are high in protein, like meat and cheese

(the latter only for men). As meat, visible fat (e.g. butter, margarine, and oils), cheese and
milk products are the main sources of fat, differences in intake of these products may
explain the differences in fat intake. The lower educated consumed significantly more
meat and, among men, also less fish. In addition, lower educated women used relatively
more high fat meat instead of lean meat. The contribution to the total meat consumption
of lean versus higher fat meat products \vas similar across male educational groups
(results not shO\vn). For women, the total absolute amount of visible fat was higher in the
lower educational groups, but the composition was not significantly different between the
socioeconomic groups (results not shown). For men, the total intake of visible fat was not
different, while the proportion of poly-unsaturated fatty adds was lower and the
proportion of mono-unsaturated fatty acids was higher among the lowest educated
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Table 5.1.3

Mean dailY intake ofmacro nutrients according to education, age and gender.
Men
Age below 65

Women

Age above 75

educated

Highest
educated

educated

Highest
educated

n=181

n=546

n=138

n=153

Total energy in MJ

10.07

9.47

9.03

9.03

Total protein in g

96.7

92.6

81.5

Total protein in en%

16.4

16.4

T ota! fat in g

99.4

Lowest

Lowest

pinter-

action *

Age below 65
Lowest

Highest
educated educate
d

Age above 75
Lowest
educated

pinter-

Highest
action
educate
d

n=431

n=417

n=395

n=127

0.003

7.63

7.38

7.45

7.37

0.61

84.8

0.003

78.7

78.1

74.0

74.3

0.75

15.3

15.9

0.37

17.6

18.0

16.8

17.3

0.81

92.6

88.6

88.2

0.02

74.5

69.4

75.2

72.2

0.70

36.4

0.29

36.4

35.0

Total fat in en%

36.7

36.1

36.6

37.6

36.3

0.89

- Saturated fatty acids in

14.5

13.9

14.8

14.2

0.066

14.3

13.6

15.5

14.8

0.34

Total carbohydrate in g

254.2

236.2

229.8

235.6

0.002

198.7

191.2

195.8

194.8

0.69

Total carbohydrate in en%

42.2

41.7

42.9

43.7

0.011

43.6

43.4

44.1

44.3

0.89

Alcohol in g

15.6

18.4

16.4

11.8

0.003

6.3

8.8

3.3

4.8

0.89

Alcohol in en%

2.4

3.5

1.3

2.0

0.005

2.4

3.5

1.3

2.0

0.80

en%

Based on the whole population.

Table 5.1.4

Mean daily intake ofsome food groups according to education*, adjustedfor age and gender (adjusted means (SE)).
Education 2

Education 1
Nutrient

Men
Potatoes in g

mean

SE

n=534

mean

SE

SE

mean

Education 4

mean

n=820

n=533

171

Education 3

155

4

223

3

154

3

mean

SD

Trend

n=2,213

n=326

3

3

SE

p-

Total

4

157

77

<0.001

212

5

221

92

0.13

141

Vegetables in g

226

4

216

Fruit in g

196

6

208

6

202

5

228

7

206

131

0.008

Meat in g

130

2

121

2

126

2

116

3

124

51

0.005

Fish in g

16

1

16

1

17

17

19

0.048

:Milk products in g

383

12

404

12

398

10

401

396

282

0.41

40

1

39

1

36

39

26

0.016

2.00

0.05

1.97

0.04

1.83

0.07

1.97

1.24

0.029

47

1

46

1

44

1

46

20

0.14

164

3

157

2

149

3

156

60

0.31

20

1

20

1

18

1

59

46

0.79

41

1

40

1

34

2

39

34

0.14

Cheese ing

Eggs in number/week

41
2.04

Visible fat in g

46

Bread ing

153

Nuts, savoury snacks in g

20

Pastries, biscuits, sweets in g

39

Women

0.05
3
1

n=I,OII

n=I,351

19

n=694

16

n=137

n=3,193

Potatoes in g

116

2

111

2

101

2

85

5

110

57

<0.001

Vegetables in g

220

3

219

4

220

5

203

10

219

123

0.43

Fruit in g

239

4

246

4

245

5

259

11

243

131

0.11

Meat ing

100

2

99

2

94

2

86

4

98

43

<0.001

Education 2

Education 1

Education 3

Education 4

p-

Total

Nutrient

mean

SE

mean

SE

mean

SE

mean

SE

mean

SD

Trend

Fish in g

15

0

15

1

15

1

19

2

15

18

0.11

11ilk products in g

403

7

390

8

405

9

391

21

399

245

0.81

Cheese in g

34

1

34

1

34

1

36

2

34

21

0.28

1.72

0.03

1.74

0.04

1.79

0.04

1.86

0.10

1.75

1.12

0.08

37

0

36

36

1

34

1

37

17

0.04

1

118

2

117

4

120

44

0.009

1

19

2

17

25

0.007

37

1

40

33

0.40

Eggs in number/week
Visible fat in g
Bread in g

123

1

120

Nuts, savoury snacks in g

16

1

17

1

20

Pastries, biscuits, sweets in g

40

1

41

1

39

1 = Primary school;

2= Lower general :md vocational education;
3= Intermedlate/higher general and intermediate vocational education;
4= Higher vocational education

SE

Standard error.

SD Standard deviation.

I

university.

Table 5.1.5

Mean dailY intake of beverages according to education *, adjustedfor age and gender (adjusted tlleans (5E) andpercentages).
Education 1

Education 2

Education 3

Education 4

p.

Total

SE

mean/%

Tea in mJ

295

10

321

10

317

8

347

13

317

242

<0.001

Coffee in ml

537

1!

536

11

505

9

481

14

516

259

<0.001

Usc of alcohol in %

84.5

Nutrient

Men

mean/%

n=534

n=533

mean/%

SE

n=820

85.4

n=447

Of alcohol users:

SE

SE

n=326

90.6

n=451

mean/%

SD

trend

n=2,213

87.8

90.3

n=740

mean/%

<0.001

n=1,932

n=294

- Beer in ml

161

12

109

12

107

9

88

15

117

260

<0.001

- Wine in ml

11

3

15

3

23

2

25

3

19

54

<0.001

- Medium strong alcoholic drinks in ml
- Strong alcoholic drinks in ml

12

2

9

2

10

2

10

34

6

40

0.99

46

3

38

3

46

2

43

60

10

34

0.40

402

259

0.006

452

216

<0.001

Women

Tea in ml

n=694

n=1,011

n=1,351

384

7

Coffee in ml

466

6

Use of alcohol in %

68.5

410

8

450

7

75.5

n=137

413

10

439

8

76.9

n=3,193

469

22

395

18

73.1

82.0

Of alcohol users:

n=914

n=775

n=547

- Beer in ml

7

1

5

4

2

9

4

6

40

0.46

- Wine in ml

22

2

21

25

2

26

5

23

50

0.14

29

5

?'
-0

48

0.001

6

3

9

28

0.86

- Medium strong alcoholic drinks in ml

20

2

22

- Strong alcoholic drinks in ml

9

1

9

2
2

29
10

n=113

<0.001

2

n=2,349

1::::; Primary school; 2= Lower general and vocational education; 3= Intermediate/higher general and intermediate vocational education; 4;;: Higher vocational education

university

SE

Stand:u:d error

SD

Standa:rd deviation

I

(results not shown). rvIilk consumption did not differ but the lower educated consumed
relatively less skimmed milk products and more semi-skimmed and fresh milk products
(results not shown). The higher cholesterol intake in the lower srrata may be explained by
a higher intake of products that are high in cholesterol such as meat, visible fat, milk
(products) and cheese. The higher intake of carbohydrate among the lower educated
persons was mainly due to a higher intake of bread (women) and potatoes. Tllis does not
imply a higher fibre intake among the lower educated, as they consumed relatively less
wholemeal bread (results not shown). Furthermore, less fruit \vas consumed in the lower
strata (Table 5.1.4). In addition, the lower educated subjects drank less tea and more
coffee. Use of alcohol was positively related with education (Table 5.1.5). Finally, among
alcohol consumers, the type of drink varied between educational groups. Lower educated
male alcohol consumers drink less wine and more beer, while higher educated women,
drink more wine and more medium strong alcoholic drinks.

5.1.5

Discussion

The main findings of the present study arc that nuu'ient intake and dietary habits vary
according to education among Dutch elderly people, although these differences are small.
Lower educated persons report a higher intake of almost all macronutrients, especially
dietary fat, compared with higher educated persons. Also the composition of £1.t is
unfavourable \vith the lo\ver educated; relatively more energy is derived from saturated
fat. The intake of cholesterol is higher for both sexes and for men the P:S ratio is lower in
the lower educated groups. Differences in dietary fat intake can be explained by a higher
intake of visible fat and more meat consumption. In addition, the composition of food
products differs: the higher educated use relatively more lean meat or skimmed milk
products. lvforeover, the intake of fibres per 1v1J is lower among the lower educated.
Among the lower educated groups there are more alcohol abstainers and the type of
alcoholic beverages differed between the groups; the lower educated drank less wine
(both sexes), less medium to strong alcoholic drinks (women), and more beer (men).
To appreciate the findings, certain aspects of the study should be considered. First,
the potential of selective participation needs to be addressed. In our study population, the
non-response rates \vere 15% and 37% for subjects younger than 65 and for those aged
75 and over respectively. Therefore, it is likely that the study population represents a
relatively healthy cohort as older persons and those with health problems are less able to
participate 18•19 . Besides, persons with impaired cognitive function were excluded and also
the exclusion of persons with unreliable data might be related to their cognitive function.
As cognitive decline and morbidity are associated with socioeconomic status and poor
nutritional habits,20.21 we suspect that the differences that emerged <lre underestimations
of the real differences. As it is not likely that exclusion criteria other than cognitive
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function (for instance, logistic reasons) \vere related to educational level, they will
therefore not have introduced a bias.
\Y'/c used a semiquantitative food frequency questionnaire to assess the dietary intake.
This method is attractive because the data are relatively simple to collect and represent
intake over an extended period, which is the usual frame of interest for chronic diseases.
This questionnaire is a modified version of a previously validated questionnaire with a
good validity and rcproducibility.15,22 This modification concerns a different mode of
administration (not with just a self-administered questionnaire) and an addition of slightly
more food items that are commonly consumed by elderly people. The validity of our
method was assessed with a subsample of 80 men and women aged 55 to 75. The nutrient
intake estimated from the food frequency questionnaire was compared with estimated
nutrient intake over a total of 15 days of food records collected over a one-year period. In
short, the food frequency questionnaire was able to rank subjects adequately according to
their dietary intake. 23
So as to measure socioeconomic status in tllls study, we used the indicator
'education' because education represents the aspect of knowledge and attitude, while
income and occupation emphasise other aspects of socioeconomic level. Lifestyle factors
such as diet are expected to be greatly influenced by knowledge. 24 In addition, other
aspects of socioeconomic status also influence dietary habits and many areas overlap
among the main indicators of socioeconom.ic status. This is confirmed by our findings
(not shovm) that other available indicators of socioeconomic status, e.g. income and
occupational level, in general showed the same trends, although these were less
pronounced.
Compared with Dutch guidelines the mean intake of energy (except for the lllghest
educated), protein, total fat (except for the highest educated women) and saturated fatty
acids is too high, and the average intakes of carbohydrate and fibre as observed in our
study too low. The intake of vitamins appears to be adequate. However, the value of
these guidelines, especially for the very advanced old people may be limited, as they are
based on much younger persons. So far, few data are available on optimal nutrient intake
in elderly people. Some issues may be of particular importance in the 'oldest old' people
such as, for example, interaction of nutrient intake with medication intake, or loss of
vitamins by cooking warm meals for more days. In general the dietary intake of the higher
socioeconomic groups tends to be closer to the current dietary recommendations.
Previous studies in younger persons on socioeconomic differences in dietary habits
also showed a lower socioeconomic status to be associated with worse dietary habits,
although this association is somewhat more pronounced than in our study among elderly
persons in willch the absolute differences were smal1. 6 ·9,25-27 This may be due to our study
population and to the fact that survivors into old age in lower socioeconomic strata
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represent a relatively healthier group. In addition, these stronger findings among younger
persons confirm our findings among men of a decline in the differences with age.
In contrast to other studies, we hardly found differences in the intake of
micronutrients and antioxidants (from food alone) between educational groups.1O.25
Possible explanations for tIus contrast might be our study population or the Dutch food
pattern. For instance, the homogeneity in vitamin C in our study population can be
explained by the traditional Dutch food pattern that contains relatively high potato
consumption. Although the higher educated groups consumed more fruit, the lo\ver
educated consumed more potatoes \vhich contributes also a considerable part of the total
vitamin C intake.
Explanations for the socioeconomic differences in nutrient and energy intake can be
several. First, the dietary requirements may be different due to for example activity
patterns, body size or basal metabolism. As the dietary requirements at younger ages are
determined among other things by someone's occupation, it is logical that among men the
educational differences in macronutrients decline with age. At younger ages, the
difference in requirements between higher and lower educated men will be much larger
compared to the differences in requirements when they are retired. However, these
factors probably explain only a small part of the differences in intake of energy, since our
study and several previous studies have shown that obesity is inversely related to
socioeconomic status (results not shown). These different requirements would, however,
not explain differences in macronutrient intake as a proportion of energy. Secondly, it is
likely that the socioeconomic groups have different attitudes towards foods, healthy
foods, nutritional quality of conventional foods, and use of nutritional supplements. 28
Reasons for these different attitudes may reflect a limited knowledge about a healthy diet.
This is confirmed by the findings that in higher educated groups the use of lean products,
wholemeal products, and supplements is more common. This is assumed to be a result of
a greater awareness of the benefits of eating healthy products. 29 Attitudes towards food
may be affected by a different culture within some socioeconomic classes or faouly, and
could cluster with other lifestyle factors. In other studies, differences have been reported
between the diet of smokers and non-smokers.3o Furthermore, the price of food products
and the budget available to buy food might also play a role in the dietary habits.
Differences in income could explain differences in intake of certain food groups. For
example, lean meat is generally more expensive than high-fat meat. Finally, morbidity,
especially among the advanced old, might explain socioeconomic differences in dietary
intake. 1vlorbidity may lead to less physical activity} or loss of appetite, which might lower
the intake of energy and nutrients.
Our data show that modest socioeconomic differences in diet exist among Dutch
elderly people. The biological significance of each of these obselved differences by
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education would be limited. Despite, at population level, the effect of a modest change in
a risk factor may result in a significant health change in the population. In our population,
in particular this effect may be more substantial as a large proportion of people is
classified in the lower educated category. In addition, as dietary habits affect several
biological mechanisms the cumulative effect of a more unhealthy diet among the lower
educated would not be negligible.
\Y/e conclude that there were small socioeconomic differences in dietary intake
among Dutch elderly people. Nutrition-related risk factors for carcliovascular disease were
more common among the lmver educated as they have a diet which contains e.g. more
fat, has a less favourable fat composition, contains more cholesterol and fe\ver fibre and
less persons use alcohol. This suggests that differences in diet could playa modest role in
explaining socioeconomic inequalities in cardiovascular health in elderl}' people.
Longitudinal studies are required to assess the extent to which differences in nutrient
intake result in differences in cardiovascular morbidity and mortality.

5.1.6
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5.2

Sociodemographic factors and prevalence, treatment, and
control of hypertension. The Rotterdam Study

5.2.1

Abstract

GlyeeN/le. To assess the prevalence, level of treatment and control of hypertension in a
general elderly population, by age and sociodemographic factors.
Design. A cross-sectional analysis.

Sellillg. The Rotterdam Study.
PflItidPfWls. 7,983 subjects, aged 55 years and over living in a district of Rotterdam,

l11aiIJ OJ(/rOIllC lJJetlSllre. Prevalence of hypertension based on blood pressure levels (160/95
mmHg) and use of blood pressure lowering medication for the indication of

hypertension, type of treatment and control of hypertension.
ResHlts. Systolic blood pressure rises ,vith age while diastolic blood pressure levels off.
The prevalence of hypertension increases with age and was higher among women than
among men. The overall prevalence of hypertension was 39% in women and 31 % in men.
About 800/0 of the hypertensives \vas a\vare of having hypertension from which 82% was
treated. For 70% of those, treatment was adequate with reference to conservative criteria.
Hypertension was more prevalent among persons not living in an elderly home, higher
educated men and lower educated women. Persons without a partner and men living in
an elderly home had a higher risk of being unaware or not being treated for their
hypertension. Treatment \vas more often successful among those living in an elderly
home.
COJJe/llsiol1s. The prevalence of hypertension is higher among older women and
increases with age in both sexes. A large part of hypertensive elderly people is a\vare and
is treated for hypertension. Nevertheless, the majority of hypertensives does not have
their hypertension well controlled. This group needs more attention in medical practice in
order to reduce the burden of cardiovascular disease in elderly people.

5.2.2

Introduction

Hypertension is an important risk factor for cardiovascular disease. One of the
cornerstones of primary prevention of cardiovascular disease has been screening for high
blood pressure and anti-hypertensive drug treatment.! Until recently, elderly subjects wcre
excluded from treatment studies, despite the fact that they are at high risk for morbidity
or death from hypertension-related diseases. 2 Currently howcver, the benefits of antihypertensive drug therapy for older persons have been clearly established. 3-8 Results from
trials and meta-analyses have shown that anti-hypertensive drug treatment for older
hypertensive persons confers highly significant and clinically relevant reductions in
cardiovascular morbidity and mortality.2,B Still, a considerable percentage of older people
with hypertension are not detected or not adequately treated for hypertension. In the
USA, however, an improvement in the level of awareness, treatment and control among
ChapterS
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elderly people has been reported during the last decades, although this improvement
appeared to decline in the most recent period, 9 Epidemiological studies on hypertension
diagnosis and control among elderly people in Europe are limited. IO Furthermore, the
question arises which factors determine the awareness and treatment status of
hypertension, Several studies have reported an inverse association benveen
socioeconomic status and prevalence of hypertension or level of blood pressure. I I
Besides socioeconomic status, it is likely that other sodoclemographic factors affect also
the prevalence of hypertension. In addition, these sociodemographic factors might
determine the level of awareness and quality of treatment and control of hypertension.
Therefore, we provide data on prevalence, treatment, a\vareness and control of
hypertension among an elderly Dutch population. In addition, we examined whether
there are socioeconomic and demographic differences in hypertension diagnosis and
treatment,

5.2.3

Subjects and methods

Study population
The present study was conducted as a part of the Rotterdam Study, a prospective cohort
study among 7,983 persons (response rate = 78%) aged 55 years and over and living in
one defined geographic area in Rotterdam, The Netherlands, The rationale and design of
the study have been described else\vhere,12 In summary, the objective of the Rotterdam
Study is to investigate determinants of chronic and disabling cardiovascular,
neurogeriatric, locomotor, and ophthalmologic diseases, The baseline examination started
io 1990 and continued until June 1993. The examinations comprised a home visit by
trained ioten·jewers and two follow-up visits for a clinical examination at the research
centre, The study was approved by the Ivledical Ethics Committee of Erasmus University
and \vritten informed consent was obtained from all participants.
Measurements
Blood prt!JJllre. Systolic and diastolic blood pressure were measured at one occasion, on the
right upper arm, twice in sitting position with a random-zero-sphygmomanometer. The
mean of the nvo blood pressure readings was used to determine blood pressure levels.
Hypertension was defined as a systolic blood pressure of 160 mmHg or over, and/or a
diastolic blood pressure of 95 mmHg or over, and/or cunent use of blood pressure
lowering drugs for the indication of hypertension. The use of medication and type of
medication were assessed during the home interview by a research assistant. The
participants subsequently showed all their currently used medication at the research centre
where a physician determined for what indication this medication had been prescribed. In
case of blood pressure levels below the cut-off points and inconsistencies or missing
values on indication, additional information was used to classify subjects into
hypertensives or non-hypertensives. This additional information ,,,as obtained first from
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the response to the question 'Have you ever been told by a doctor that you have
hypertension?' and second from the response to the question ,\X'ere you ever treated with
drugs because of high blood pressure.'
Hypertensives were classified into four subgroups; 'treated and controlled', 'treated
and uncontrolled\ 'untreated and aware' and 'untreated and unaware', based on their
awareness, treatment status and control of hypertension. In those hypertensives who were
treated, a distinction was made between those for whom blood pressure was below
160/95 mmHg and thus controlled ('treated and controlled'), and those for whom blood
pressure was not controlled ('treated and uncontrolled'). Information on awareness was
obtained on the basis of the question 'Have you ever been told by a doctor that you have
hypertension?' By definition, those who where treated were considered to be aware of
having hypertension. Blood pressure lowering drugs could be classified into three
categories, e.g. 'diuretics', 'f3-blockers' and 'other anti-hypertensive medication'.

Soriodelllographic factors. Information on education, occupation and income as
indicators of socioeconomic status was obtained by trained interviewers during the home
visit, at baseline of the study (1990-1993). Similar results were observed for the
associations of hypertension with these different indicators. \'(fc report in this paper the
results for the indicator 'education' only, as the number of missing values (40/0) for this
indicator ,vas the lowest. The participants were asked about their formal education, the
number of years of each type of education and whether education had been completed.
From tllls information the highest attained level of education was defined and this was
classified into three categories: low (primary education); medium Qower general education
and lower vocational education); high (higher general education, intermediate vocational
education, higher vocational education and university). The other sociodemographic
factors, i.e. 'having a partner" health insurance and living situation, were assessed during
the same interview on basis of a questionnaire. Based on the question about partnership
subjects were categorised into two groups: currently having a partner; and those without a
partner including widowed and divorced persons. Health insurance was dichotomised
into health insurance via sickness fund (for persons below a certain income level) and
private insurance (for persons above this income level and civil servants). Living situation
was divided into living independendy and living in a house for the elderly.

Data analysis
All analyses were performed with the SPSS-package ano. for women and men separately.
The prevalence of hypertension was assessed on the basis of 5-year age bands. These agespecific prevalences were weighted according to the age distribution in The Netherlands
in groups. ~fean blood pressure levels according to 10-year age bands and by subgroups
of hypertensives were calculated using regression analysis. In addition, regression analyses
in wlllch age ,vas included as an ordinal variable (1,2, 3 and 4) were done to test for trend.
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fvlultivariate linear and logistic re6Tfession analyses were performed to determine the
age-adjusted association behveen several sociodenlOgraphic factors and the blood
pressure levels, prevalence of hypertension, being unaware of having hypertension
compared to being aware, being untreated compared to being treated and being
uncontrolled compared to having controlled hypertension. In addition, the relationship
bet\veen these factors and the use of a certain type of medication ,vas assessed by
multivariate logistic regression.

Table 5.2.1

Chamclen's/irs if the st/l(!)'Pop"iatioIJ.
i\'fen

\\fomen

11=3,105

11=4,878

55 - 59 ycars

16.5

14.7

60 - 64 years

20.9

17.2

65 - 69 ycars

21.1

15.6

70 - 74 years

Age in %

16.8

15.7

75 - 79 years

12.5

13.2

80 - 84 ycars

7.4

10.6

85 years and older

4.9

12.9

11=3,017

11=4,552

49.6

23.2

:ivIcdium: Lower general and lower vocational education

22.5

28.5

Low: Primary education

27.9

48.3

11=2,662

11=4,375

Having a partner

83.7

50.8

Having no partner (including widowed and divorced
persons)

16.3

49.2

1J=3,105

11=4,878

Living independentl}'

94.0

85.4

Living in a house for the elderly

6.0

14.6

11=3,105

11=4,878

Private insurance

51.9

36.8

Sickness Fund

48.1

63.5

Education ill %
High: Intermediate/higher general education,
intermediate/higher vocational education and university

H."ning a p.utner in %

Lbing siluatiarl in %

Health insurance ill %
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5.2.4

Results

Distributions of age and sociodcmographlc variables of the study population are shown in
Table 5.2.1. The mean age in women was slightly higher than in men; 72 (SD 9) and 69
(SD 10) years respectively. Forty percent of the population had only attended primary
school. Generally, men had higher education levels than women; 15% of the men and 40/0
of the women were classified in the highest educational groups. Educational level was
inversely associated with age. Of subjects younger than 65, 13% \"ere classified in the
highest educational group versus 6% of subjects older than 65. The majority, 84% of the
men and 51 % of the women had a partner and the proportion of widowed or divorced
\vomen was higher than the proportion of widowed or divorced men (results not shown).
Furthermore, relatively more women werc institutionalised compared to men. Finally,
relatively more men than women had private insurance.
60
50
40

% 30
20

Fig/lre 5.2.1

PreVfllence ofl.!)perlensioJJ *
0' ag' alld sex.

o
55-59

60-64

65-69

70-74
age

75-79

80-84

85 +

Hypertension was defined as a systolic blood pressure of 160 mmHg or oyer, a diastolic blood pressure of95
mmHg or oyer or current usc of blood pressure lowering drugs for the indication of hypertension.

Prevalence of hypertension
Figure 5.2.1 shows the increasing prevalence of hypertension with age for men and
women. The overall prevalence of hypertension, standardised to the total Dutch
population, was higher in women than in men, 39% and 31 % respectively. For women,
the prevalence of hypertension <;:ontinuously increased \vith age, from 22% in the
youngest age group to 52% in those of 85 years and over. For men, the prevalence
increased with age until 80 years from 22% to 39%.
Awareness, treatment and control of hypertension
Figure 5.2.2 shows the levels of awareness, treatment and control of hypertension for
male and female hypertensives by age. In total, 25% of the hypertensive men and 18% of
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Disttiblltioll oj IDPer/ellSion arross rategoJies oj Ima}J!areJJessJ trea/lJlellt and {On/raj 0'

}<-'igllre 5.2.2
age aNd sex. *

Men
100%
80%
.. Treated. controlled
D'l'reatcd, uncontrolled
o Untreated, aware
o Untreated, unaware

60% .
40%
20%
0%
55~64

75~84

65~74

age

Women
100%
80%
.. Treated, controlled
[JTreated, uncontrolled
DUntrcated, aware
o Untreated, unaware

60%
40%
20% .
0%
55~64

75~84

65~74

85+

age
Due to missing values, the classification into awareness, treatment and control could not be made for 224
hypertensives.

the hypertensive women were not aware of having hypertension. Of those aware of
hypertension about 82% were treated. Furthermore, 700/0 of those treated were
normotensive under treatment. From all hypertensives, only 46% had controlled
hypertension. For both sexes, this proportion of controlled hypertensives decreased with
age, while the proportion of treated uncontrolled increased with age. For men, also, the
proportion of persons aware of having hypertension (treated and untreated) decreased
\vith age.
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Table 5.2.2 Mean {Ysto/ic and diastolic blood pressure in mmHg according to age and sex in the total population and across categones of awareness, treatment
and control of /Jypertension.
Participants with actual hypertension

Total population

Normotensives

Untreated,

Untreated,

Treated,

Treated,

Unaware

Aw'JIC

Uncontrolled

Controlled

N

SBP

DBP

SBP

DBP

SBP

DBP

SBP

DBP

SBP

DBP

SBP

DBP

2.797

138.7

74.5

130.8

71.4

171.1

84.5

170.8

89.6

175.6

87.0

135.8

74.4

- Aged 55-64

1,095

134.7

76.1

128.3

73.2

170.1

91.1

171.1

91.4

172.8

91.1

135.1

77.2

- Aged 65-74

. 1,074

140.4

74.5

132.5

71.1

170.9

86.2

169.8

88.5

175.6

86.3

135.6

74.2

- Aged 75-84

518

142.3

71.5

132.5

68.2

171.9

79.9

175.0

86.9

179.4

83.4

137.7

69.4

-Aged 85+

110

145.1

72.9

134.0

69.4

Men, aged 55+

<0.001 <0.001

P-trcnd

<0.001 <0.001

,

,

0.50

<0.001

0.46

0.078

0.008

0.003

0.26

<0.001

170.9

83.0

172.7

85.5

173.6

83.4

137.5

73.1

139.9

73.1

130.0

1,470

130.8

73.5

124.4

70.8

168.6

86.8

168.4

88.0

167.8

89.3

134.4

76.3

1,392

142.1

73.5

132.9

69.8

171.2

83.4

171.5

85.7

171.9

84.5

139.8

73.5

- Aged 75-84

953

147.8

72.7

135.8

68.3

172.4

79.8

175.5

85.2

176.6

82.2

138.6

70.5

-Aged 85+

396

147.2

71.1

134.9

66.4

170.3

83.7

177.6

81.0

175.6

77.1

135.2

66.3

0.32

0.035

<0.001

0.006

0.053

<0.001

Women, aged 55+

4,212

- Aged 55-64
- Aged 65-74

P-trend

<0.001 <0.001

69.7

<0.001 <0.001

SBP Systolic blood prcssutc.

DBP Diastolic blood pressure.
The number in this group is smaller than 25 and therefore no m= is given.

<0.001 <0.001

Blood pressure
·Table 5.2.2 shO\vs the mean systolic and diastolic blood pressure values for the total
population and for subgroups defined by a\vareness and treatment status. In general,
systolic blood pressure increased and the diastolic blood pressure decreased with age.
\\fomen showed a stronger increase in systolic blood pressure with age than men. The
decrease in diastolic blood pressure with age is more marked among men than women.
Despite these differences bet\vecn men and women, "mean systolic and diastolic blood
pressure did not considerably differ between men and women. The mean systolic and
diastolic blood pressures of controlled hypertensives was slightly higher than those of the
oormotensives.

Anti-hypertensive drug treatment
Table 5.2,3 shows the proportions of the various blood pressure lowering drugs used by
men and women in mono-therapy or in combination therapy. Diuretics \vere morc
prescribed at older ages and to women. Furthermore, the use of ~-blockers decreased
with age. Other anti-hypertensivc drugs, such as calcium antagonists, were mainly
prescribed to male hypertensives aged 65-74 and women aged 75-84. The proportion
using other anti-hypertensives drugs was higher in men compared to women.

Use of/he lfmiollS oll/i-1opN1ensire ogen/s,for lIIen and wOlllen.

Table 5.2.3

N
(=100%)

Diuretics
(%)

p-blockers
(%)

Other antihypertensive
agents(%)

lvlale treated hypertensives

576

32.7'

51.5

52.5

- Aged 55-64

195

23.1

52.3

51.8

- Aged 65-74

251

30.S

52.0

57.2

- Aged 75-84

117

49.6

50.4

45.3

lvIale normotensivest

1,867

4.9

6.5

5.4

Female treated hypertensives

1,191

52.9

45.0

39.1

- Aged 55-64

291

42.1

52.1

32.1

- Aged 65-74

417

48.2

50.6

37.6

- Aged 75-84

362

61.3

39.0

45.0

+

121

70.3

27.3

43.0

Female normotensivest

2,521

7.5

4.1

3.4

-Aged 85

Diuretics, fl-blockers and other anti-hypertensive agents are prescribed in mono-therapy as well as in
combination-therapy. TIlCrcforc, the sum of the proportion of uscrs of diuretics, the proportion of users of 13blockers and the proportion ofusefs of other anti-hypertensive agents exceeds 100%.
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Table 5.2.4

5 ociodemographicfactors and hypertension, being unaware 0/having lijpertension being untreated or uncontrolled (odds ratios ac!Jtlstedfor age).
J

Total popuhtion
Hypertension
OR

95%-C1

Hypertensives

Aware

Treated

hypertensives

hypertensives

Untreatedt

Uncontrolled:!:

Unaware*

OR

95%-C1

OR

95%-CI

OR

95%-C1

Men
Education

- Medium (versus high)

0.90

0.73-1.10

1.29

0.86-1.92

0.74

0.42-1.39

1.22

0.76-1.95

- Low (versus high)

0.85

0.70-1.03

1.26

0.86-1.85

0.83

0.50-1.39

0.90

0.56-1.45

Having no partner (versus having a partner)

1.11

0.87-1.43

1.45

0.93-2.27

2.89

1.65-5.08

0.96

0.50-1.86

Health insurance via Sickness fund (versus Private bsurance)

0.93

0.78-1.09

1.13

0.82-1.56

0.59

0.38-0.90

0.92

0.62-1.35

Living in house for the elderly (versus living independently)

0.84

0.57-1.22

1.49

0.78-2.85

2.51

0.96-6.57

0.36

0.13-1.55

Women
Education

- Medium (versus high)

1.17

0.98-1.40

1.01

0.68-1.50

0.90

0.59-1.37

0.87

0.58-1.31

- Low (versus high)

1.20

1.01-1.42

0.92

0.64-1.32

0.89

0.61-1.32

1.12

0.77-1.63

Having no partner (versus having a partner)

0.94

0.81-1.09

0.97

0.71-1.32

1.39

0.99-1.95

0.87

0.64-1.20

Health insurance via Sickness fund (versus Private insurance)

0.99

0.87-1.13

1.09

0.82-1.44

1.03

0.76-1.40

0.89

0.67-1.18

Living in house for the elderly (versus living independently)

0.53

0.42-0.67

1.07

0.68-1.68

1.05

0.58-1.89

0.40

0.24-0.66

Risk for being 'Untreated unaware' for all hyperte:lsives.

t

Risk for being 'Untreated aware' for all aware hypertensives ('Treated controlled', 'treated uncontrolled' and 'untrea.ted a.ware).

:j:

Risk for being 'Treated uncontrolled' for all treated hypertensives.

OR

Odds ratio.

CI

Confidence interval.

It should be noted that blood pressure lowering drugs are also prescribed for indications
other than hypertension, for the normotensives as well as hypertensives. For example,

almost 13% of the normotensives were using blood pressure lowering drugs for an
indication other than hypertension.

Differences by socioeconomic and demographic factors
Table 5.2.4 shows the age-adjusted odds ratios for hypertension, being unaware, untreated
or uncontrolled according to several sociodemographic factors. Hypertension ,vas slightly
more frequent among the higher educated men, lower educated women and those not
living in a house for the elderly. A higher systolic blood pressure ,vas observed among
those not living in a house for the elderly (for women and men, J2 mmHg and 6 mmHg,
respectively).
Among male hypertensives, lower educated men, those living in a home for the
elderly and those without a partner tended to be less aware of their hypertension. Among
female hypertensives, no clear sociodemographic differences in a,vareness were observed.
For those aware of their hypertension, men and women without a partner, men with
a private health insurance or men living in a house for the elderly were less often treated,
Finally, from treated persons living independently, a lower proportion had controlled
hypertension compared to those living in an home for elderly.
Type of treatment differed also by these sociodemographic factors, p-blockers were
less prescribed to the lower educated persons, those with insurance via the sickness fund,
men with a partner and women without a partner [results not shO\vn). Diuretics were
less prescribed to the 100ver educated women and to women without a partner, Finally,
other anti-hypertensive agents were more prescribed to women without a partner and
those living in a house for the elderly [results not shovm).

5.2.5

Discussion

This study provides data on prevalence, u'eatment, awareness and control of hypertension
among an elderly Dutch population. Furthermore, data on sociodemographic differences
in hypertension diagnosis and treatment and control of hypertension are given. To
appreciate the findings, certain methodological aspects of the study should be considered.
First, the potential of selective participation needs to be addressed. In spite of a high
response rate, it is likely that our study population is relatively healthy compared to the
total Dutch population, because older persons and those with health problems are less
likely to participate. 13 ,14 Consequently, the true prevalence of hypertension in the Dutch
population of 55 years and older may be somewhat higher. In addition, our study
population includes relatively more older persons than the total Dutch population in
these age groups, This latter problem was solved by calculating total prevalence of
hypertension on the basis of age-weighted prevalences.
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Blood pressure was measured twice at one visit. This may lead to an overestimation
of the prevalence of hypertension and to an underestimation of adequately controlled
patients among those treated with anti-hypertensive medication. I5 For this reason, we
used a definition of hypertension based on rather conservative blood pressure levels and
the use of blood pressure lowering medication. The relatively high blood pressure criteria
limit the potential of misclassification of a diagnosis of hypertension as blood pressure
levels were based on measurements obtained at a single occasion. Comparison of the
prevalence of hypertension with other studies should be done \vith caution due to
different cut-off points, number of measurements or different measurement
techniques. 16,17 For example, if we had chosen for lower cut-off points of blood pressure
levels (140/90) in stead of 160/95 mmHg, the prevalence of hypertension would have
been 52% and 58%, for men and women respectively. In our study, \ve did not include in
the prevalence estimates persons with a normal blood pressure who arc using blood
pressure lowering drugs for other indications than hypertension. Results from this study
indicate that blood pressure lowering drugs are frequently used also for other indications,
especially in an older population. In several other reports users of blood pressure
lowering drugs however, were not specified by indication.
The classification of hypertensives into 'untreated and unaware', 'untreated and
aware' and 'treated and uncontrolled' may be affected by the differences in cognitive
performance in this elderly population. Persons with cognitive decline could be
misclassified, as they are likely to have had more problems with answering the questions.
Furthermore, it is likely that cognitive decline with age is more prevalent among those
with a lower socioeconomic status,18among older persons, and possibly even in those
with clinically elevated blood pressure levels. The direction in which this misclassification
has affected the results is unclear.
To classify socioeconomic status in this study, we used the indicator 'education'.
Each indicator, e.g. education, occupation and income, represents another dimension of
socioeconomic status. However, there is some overlap among the main indicators of
socioeconomic status. TillS is confirmed by our findings (not shown) that other available
indicators of socioeconomic status, e.g. income and occupationallevei, in general showed
the same trends.
The results of this study demonstrate that hypertension is more prevalent among
elderly women than among men, and that the prevalence increases with age. Although
comparison with other studies is difficult due to problems mentioned above, our results
do not substantially differ from a recent overview of studies on the prevalence of
hypertension in The Netherlands. 16 Other studies among elderly subjects have similarly
shown a higher prevalence of hypertension among women compared to men and an
increase with age. 6,9,10,17,19 Hormonal factors and post menopausal weight gain and a
different risk profile might explain the higher age-specific prevalence of hypertension
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among women compared to men. 9 Diastolic blood pressure levels off with age,10,20 and at
older ages systolic blood pressure rises, resulting in a higher prevalence of isolated systolic
blood pressure. 9 Possibly, the decline in diastolic blood pressure reflects increased
atherosclerosis in this ageing population due to stiffening of large arteries. 21
Several studies have demonstrated a beneficial effect of treatment in older persons.
Trials of patients older than 60 years have shown that anti-hypertensive drugs therapy
reduces the risk of stroke, cardiovascular disease, heart failure and mortality.3~7,22 Still,
several studies including ours, have shovlO that a considerable proportion of the
hypertensives are not aware of having hypertension and that among those who are aware
a considerable proportion arc not treated. lO,23·27 The frequencies of awareness, however,
appear to vary substantially, ranging from 23% in China to 97% in the USA. 26 The
percentage of aware hypertensives in our study population, about 75%, is lower than
reported from most industrialised countries. lO Similar to most other studies, the \vomen
in our population have a better a\vareness than men. 24,26 TIllS finding suggests that general
practitioners make different monitoring and treatment decisions according to sex, or that
health consciousness differs between sexes.
In our male study population, unawareness of hypertension tended to increase \vith
age. Several explanations for this increase with age can be considered. First, it is likely that
physicians are still more hesitant to diagnose hypertension in elderly people, due to lack
of consensus on the cut-off points for hypertension and a possible awareness of white
coat hypertension among elderly people. 28 Second, it is possible that the physician-patient
communication differs with age. Third, cognitive function of the participants may have
affected the awareness.
About 66% of the hypertensives in our study population were treated, and for a
majority of those (700/0) this treatment was adequate \vith reference to our conselvative
criteria. Comparing this proportion with the (rules of halves' which has been the dogma
of the past (i.e., only half of the hypertensives are detected, half of which are treated, of
which only half achieve adequate blood prcssure control) and other recent SUivcys among
elderly people,2o,29 suggests that there is an increasing tendency for medical treatment
among elderly people and a better quality of control. However, still a considerable portion
of the hypertensives are not treated or are treated ineffectively, especially at older ages.
Indeed, in view of the recent data from the HOT (Hypertension Optimal Treatment)
study, only 30% of the treated hypertensives in our study population reached the rather
low targets defined in this trial. However, the public health impact of even a small decline
can be substantial.

Till now) no single drug class is regarded uniquely suitable as the first choice therapy
for al elderly patients, For example, Ivfesserli reported a poor impact of ~-blockers on the
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blood pressure levels and the prevention of cardiovascular disease exclusive of stroke, in
older hypertensives. 3D Therefore, it is not possible to judge whether the persons are
treated in an optimal way. The most appropriate choice of anti-hypertensive drug often
depends on comparative adverse profiles, presence of co-morbidity15 and use of other
medication. 31 This might explain why treatment strategies differ according to sex and age.
For example, diuretics were more often prescribed at older ages and to women and
~-blockers were less prescribed at older ages. In addition, our study showed that these
medications are also frequently given for other indications.
Several studies have reported an inverse association between socioeconomic status
and hypertension or blood pressure level. 11,32 Our findings among women are consistent
with these studies. The positive association observed among men, hO\vever, is in contrast
to these studies and also in contrast to recent studies conducted in The Netherlands
among younger persons. 33 Nonetheless, the results in men are in line with Dutch studies
carried out some decades ago. 34 ,35 Hoeymans et al reported a change of the association
between socioeconomic status and hypertension Witll time in The Netherlands. 33 Our
findings suggest, however, that this change may not occur within a generation but rather
across the generations.
Our finding that health insurance status affects treatment of male hypertensives
suggests that either Dutch physicians distinguish between type of insurance or that men
with private insurance use medical care in a different way compared with those without
private insurance.
Especially among men, 'Having a partner' may have a beneficial effect on the
awareness and treatment of hypertension. 36 Explanations for these associations with
partnership need further investigation.
For the majority of the hypertensives, 54%, blood pressure levels were not
controlled. In order to achieve a better control of hypertension among elderly people,
more attention should be given to detect and subsequently treat and control hypertension.
Subgroups that need special care are men without a partner and men living in an elderly
home.
In conclusion, the prevalence of hypertension is higher among older women and
increases with age for both sexes. A substantial proportion of hypertensive elderly people
are aware and successfully treated for hypertension. However, still a considerable
proportion, which increases with age, does not have their hypertension well controlled.
These hypertensives need more attention in the medical practice in order to reduce the
burden of cardiovascular disease in elderly people.

5.2.6
l.
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6
General Discussion

6.1

Introduction

'By the year 2000 the differences in health status between countries and bet\vcen groups

within countries should be reduced by at least 25% by improving the level of health of
disadvantaged nations and groups',! Since the \V'orld Health Organisation initiated this
target, there have been many studies on socioeconomic inequalities among countries and
among groups. ~Iost of these studies have shown that people in low socioeconomic
groups are worse off with respect to their health.
Despite the evident need to study socioeconomic differences among elderly people,
this age-group has so far received little attention in the scientific literature. The aim of this
thesis was to gain insight into socioeconomic inequalities among Dutch elderly people,
thereby focussing on cardiovascular disease and all cause mortality. This chapter
recapitulates the main findings with regard to socioeconomic inequalities among the
Dutch elderly population, the limitations of these analyses and recommendations for
policy measures and future research.

6.2

Main findings

An overview of the findings as reported in the previous chapters is provided in Table 6.1.
Besides the reported associations, the Rotterdam Study also allows for research into many
other associations of socioeconomic status with cardiovascular disease or risk factols to
be carried out. For a more comprehensive overview of socioeconomic inequalities in this
study population, a summary of these associations has been added to the table. The
associations shown in this table are based on absolute differences, relative risks or odds
ratios of the lowest socioeconomic groups versus the highest socioeconomic groups.

6.2.1

Socioeconomic status of elderly people

On average, men had a higher socioeconomic status than women. Furthermore, an older
person was more likely to have a lower socioeconomic status. The associations between
socioeconomic status and health differed across the indicators of socioeconomic status
(,income', 'education' and 'occupation'). However, on the basis of the studies in this
Chapter 6
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Table 6.1
Ol!enJiflJl if the stlfdied SOciOfCOJlOlIJic dttferfl1ces in cardioIJasm!(lr lisk jartors, diseases
alld 1IJ00tality ill the lliJllerdalJl Stlfr/)'
Men

iUorfaUt)" total
CardioYllscular disease
- Cardiac deaths
Neoplasms
Other
Cardiovascular disease
Any aortic calcification
Se\'CIe aortic calcification
Prevalence of self-reported
myocardial infarction
Incidence of myocardial infarction or sudden cardiac death
Fatal myocardial infarction
Prevalence of self-reported
stroke
Incidence of stroke
Prevalence of self-reported
cardiovascular disease:f:

Risk factors
Systolic blood pressure
Hypertension
Cigarette smokers
Non-smokers
Number of smoking years

Study
popuiarion

Chapter

A

3.1

B

N

B

4.3/N

B

N

B

N

C

4.1

C

4.1

B

N

0

4.3/N

(-)

(-)

4.2/N

(-)

0

4.2/N

(-)

B

4.2/N

(-)

E

4.2/N'

E

4.2/5.2/N

E

4.2/N

E

4.2/N.

A

N

A

5.I/N
4.2/N
N

Total serum cholesterol
TotalHDL

A

N

,\

N

E

4.2/N

E

4.2/N

A

N

A

N

A

N

E

4.2/N

(-)

(-)

4.3/N

E

+

Education

0

A

Body mass index
Waist-hip ratio
Diabetes mellihls (using
medication or insulin)

Occu- Inpation come

B

'Unhealthy'diet
Use of alcohol
High alcohol consumption

Fibrinogen
Atrial fibrillation
Left \'cntricular hypertrophy

Education

""omen
Occueation
Head of
InOwn household come

+

(+)
(+)

(+)

+

+

(+)
+

(-)

-t
(-)
(-)

+

+

+
+

+

+

+

+

+

(+)

+

+

(-)

(-)
+

=Suwtic.llly ~igniflcJnt (/'<0.05) po:'itive ~s>o{;njon: the higher the ~ocioeconomjc sUtus the higher the risk, pr{;\·.llcnCe or v.alue.
= swi,ticJUy .significant n<glti\-e a,;:ocinioIL

=No statistic.ally signitiont a,~ociltion.

() = borJerlinc suwtic.illy !ignifiC;lnt as;:ociltion (P<O.IO).

N

Ruults were not reported in pr(,ioU$ chlptns.
In Chapter 5.2 !hi; l.$sociltion was not st.ltistlcally ~ignific.mt due (0 a srrulkr number of plftlc;pmts.
t
Myoc.1nlill infarction, coron.uy artu)' b)l'lS' SurgCI)" angim p~ctori$, intermittent d.l.udintion or percut:lJleOllS tr.mslumirul angiopllity.
A
\'\'hole ,tudy popuhtion (n=7,983).
B
\Vholc study popuhtion for whom compklc follow-up dlta on cardim·J..5cuill ili:;t:1.Se He anihble (n=7,053).
C
\Vho!c study pnpuhtion aftc{ cx.unirution phl;:e 2.
D
Whole study popuhtion for whom foHow.up dlt.l ar~ a\".l.ibb!~, excluding prtv.almt CJS(.,.
E
All as;:ociltiO!l$ for mw, and the a,sociation of own occupltion for women are b:1.SeJ on ~tudy popuhtion B. The other associations for
\\"om~n arc b.l..<ed on srudy populltion A (;).$ rtportcJ in Crupkr 4.2).

t
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thesis, it is not possible to conclude \vhich socioeconomic indicator has the best overall
discriminating power.

6.2.2

Socioeconomic inequalities in mortality

In the Rotterdam Study the risk of mortality in the lowest socioeconomic groups was
approximately 1.5-2 times higher compared to that in the highest socioeconomic groups.
For women, only the association with education was statistically significant, whereas for
men the inverse association was observed for all three indicators of socioeconomic status.
The higher mortality rate among lower educated women was caused by neoplasms and
other non-cardiovascular and non-cancerous causes. .More men in the lower
socioeconomic groups hO\vever, died from a cardiac death or from neoplasms compared
to the higher socioeconomic groups.
Analyses among British civil servants in the first \Vhitehall Study have shown clear
inverse associations between employment grade· and almost all causes of death. Compared
to the Rotterdam Study, the associations for British civil senTants were stronger. The
association decreased with increasing age, but was still present in the group of 70 years
and over. Furthermore, no significant differences were observed in the seasonal
fluctuations of mortality between the lowest and highest employment grades.

6.2.3

Socioeconomic inequalities in cardiovascular disease

The associations between socioeconomic status and several cardiovascular disease
outcomes \vere not consistent for men and women. Aortic atherosclerosis, as indicated by
calcified plaques on radiographic films was more common in lower socioeconomic strata
of women. Again for \vomen, a strong association with stroke was observed: elderly
women in the lowest socioeconomic groups had a higher risk of suffering from stroke
compared to those in the higher socioeconomic groups. For men, no socioeconomic
differences were found in the presence of aortic atherosclerosis or stroke. Self-reported
cardiovascular disease was inversely related to socioeconomic status both for men and
women. Furthermore, socioeconomic status hardly affects the incidence and prevalence
of myocardial infarction, but there was a weak association between socioeconomic status
and probability of survival after a myocardial infarction, although this association was not
statistically significant.

6.2.4

Socioeconomic Inequalities in cardiovascular risk factors

Among women, clear associations were not found for all risk factors for cardiovascular
diseases, but the findings pointed consistently into the same direction: the lower
socioeconomic groups had a worser risk profile for cardiovascular disease. The lower
socioeconomic groups comprised more hypertensives, smokers and diabetics.
Furthermore, those in lower socioeconomic groups had a more 'atherogenic' diet, higher
total cholesterol and lower high-density lipoprotein levels, and a higher body mass index.
Chapler6
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In general though, these main risk factors could onl), explain a small part of the
association between socioeconomic status and a number of outcome measures, for
example stroke and aortic calcification.
Among men, socioeconomic differences in cardiovascular risk factors were less
consistent: high blood pressure levels and hypertension, extreme alcohol use and left
ventricular hypertrophy were more common in the higher socioeconomic groups,
whereas smoking habits, dietary habits and the distribution of body fat mass were more
unfavourable in the lower socioeconomic groups.
Thus, \ve found socioeconomic differences in mortality and some cardiovascular
diseases. However, we did not find socioeconomic differences for all the diseases and risk
factors. Except for stroke, socioeconomic differences in diseases and risk factors were not
big. However, since the majority of the population is classified in lower socioeconomic
groups, it means that at the population level the impact of socioeconomic status on health
cannot be neglected. Among women, all associations pointed into the same direction,
namely the risk profile is worser for elderly women in the }O\ver socioeconomic groups,
they suffer more often from diseases and have a shorter life expectancy. Risk factors
could only explain a small proportion of the associations. This picture was less clear for
men.

6.3

Limitations and strengths of this study

Before we can draw conclusions from these findings, the limitations and strengths of the
study will be considered. As some of these have already been discussed in the previous
chapters, this section provides a more general discussion of methodological issues. First,
the study population is discussed: the effect of non-response and sample size.
Subsequently, the measurement of socioeconomic status, as well as risk factors and health
will be considered. Furthermore, attention is paid to the method of analysis by discussing
refinements on the conceptual model for the association between socioeconomic status
and health. Finally, the generalisability of our findings is discussed.

6.3.1

Non-response

Despite the high response rate in our study, the distribution of socioeconomic status may
be biased by non-response. It can be argued that, in relatively terms, the groups of nonrespondents had a 10\ver socioeconomic status. \X/hile such a selection could have
influenced descriptive data as described in Chapter 2, it will have hardly affected the
strength of associations between socioeconomic status 'and health or risk factors as
described in' the other chapters. Still, it is conceivable that the more susceptible persons
have dropped out. In this case, the association of socioeconomic status with health and
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risk factors might have been stronger in those that have dropped out (because of illness
or death) than in those that participated in our study. \V/e expect that, if anything, such
selection has led to an underestimation of the socioeconomic differences in health.
Furthermore, the associations could theoretically be biased due to missing values for
the indicators of socioeconomic status. However, this effect may well be only minor
because the number of missing values was small. For example, for the indicator
'education' the number of missing values \vas 30/0. This effect may be greater for income,
because 11 % of the participants that live independently had a missing value on this
variable. In addition, the indicator 'income' was not assessed for all institutionalised
participants. Differences in health according to income are therefore based on a relatively
healthy population compared to differences in health according to the other
socioeconomic indicators. Such selection will have probably led to an underestimation of
the true differences.

6.3.2

Sample size and length of follow-up

Although the optim~l sample size of a study is comrnonly larger than one that is actually
used, one of the strengths of the Rotterdam Study nonetheless is its large sample sileo It
would be unreasonable to assume that a sample of almost 8,000 elderly people is too
small for a study of socioeconomic differences at a cross-sectional level. Yet, for the
longitudinal analyses of our study population, the length of the follow-up period may
have been too short to detect any statistically significant associations. However, during
the 4 years of follow-up about 1,300 deaths, 300 myocardial infarctions and 300 strokes
occurred. Still, a longer follow-up period would increase the number of occurrences and
change the confidence intervals, although it would probably not change the point
estimates.

6.3.3

Measurement of socioeconomic status

_Measuring socioeconomic status in older persons has its limitations, as mentioned in
detail in Chapter 3.1.2. Briefly, measurement of socioeconomic status is complicated due
to retirement, changing family structure, institutionalising, or cognitive decline. In
addition, the socioeconomic impact of a certain educationallevcl or occupation may have
changed over the last decades, partly due to increasing numbers in higher socioeconomic
groups.
Although not all problems are,solved, a strength of this shIdy was that we were able
to assess extensively all three main indicators of socioeconomic status by which
socioeconomic levels can be classified. Although associations with risk factors or health
outcomes were not found for all socioeconomic indicators, in most cases the observed
associations for the different indicators pointed in the same direction.
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6.3.4

Measurement of risk factors and health outcomes

Another strength of this study is that we were able to assess the association of many
indicators of socioeconomic stahlS with many determinants and health outcomes.
Furthermore the determinants of discases and health outcomes arc assessed using mainly
'objective' measurements. This is in contrast to studies in which self-reported health and
self-reported determinants were used. I"fost associations in our study are therefore not
biased as a result of different perceptions of health across the various socioeconomic
groups.

6.3.5

Appropriate model?

Studies on socioeconomic differences are usually summarised in a vcry simple model, in
which socioeconomic status determines morc or less the pattern of risk factors, which in
turn determines the risk of diseases and mortality (see Figure 1.1). However, such a model
does not take into account some other potentially relevant associations especially in
stUllies of the elderly population.
First of ali, similar to our analyses, the associations of several illdicators if soaoeconomic
statm with a specific outcome are often assessed by means of separate analyses. The tme
situation, however, is much more complex: the various indicators for socioeconomic
status are not fully interchangeable, but represent different dimensions of socioeconomic
status and could therefore have an independent effect on a certain health outcome. This
is particularly problematic when analyses aim at etiologic interpretation with a prospect of
subsequent action and intervention. In epidemiological terms this means that a specific
indicator of socioeconomic status could be a confounder for the association between
another indicator of socioeconomic status and a certain health outcome, as this indicator
is correlated with the other indicator of socioeconomic status and has an independent
effect on the outcome. Furthermore, they partl}f indicate the same and can therefore be
seen as alternative proxies of the same characteristics of socioeconomic status, or as
intermediate factors of each other (see Figure 6.1). For example, the level of income is
dependent on occupational level. In most of our analyses we have studied the effect of

J/I..
. . ef-rI
One indicator of

socioecononlic status

Cardiovascular
risk L'lctors

TI,e

t

ll1orbidity/
.Alortalit),

Another indicator of
socioecon0111ic status

Figure 6.1
AJJ i"dirator ofsocioecollolllic statlls as interlllediate jactor (I) alld co/ifounder (C) for the
association befJne1J allother illdicator if socioeconolllic statlls alld health.
150

General discussion

each indicator on a health outcome without adjustment for the other indicators.
Adjustment would have theoretically solved the confounding of the other indicators, but
if the other indicators were intermediate factors, adjustment for the other indicators
would have led to an underestimation of true socioeconomic diffcrcnces in health. In
addition, one could argue that the estimated associations without adjustment already
cause underestimation of the relationships between socioeconomic status and health or
risk factors, as these associations do not represent all the dimensions of socioeconomic
status.
Also in the simplified model, the time aspect of the measurements of socioeconomic
status, risk factors or health outcomes is neglected. First, in the association between
socioeconomic status and mortality it is likely that morbidity acts as an intermediate factor
for the association between socioeconomic status at younger ages and mortality.
Furthermore, it is likely that morbidity acts as a confounder: sOl11conc's morbidity might
influence the socioeconomic status when he or she is older and also influence someone's
risk to die. This was previously defined in this thesis as selection due to social mobility.
Usually, tIus phcnomenon is assumed to have a minor influencc on thc association
between socioeconomic status and health. In our study we concluded that this effect was
limited because only minor differences in the risk estimates occurrcd aftcr prcvalent cases
of cardiovascular disease wcrc excluded from the study of socioeconomic status with
aortic calcification. However, especially at older ages the confounding and intermediary
effect of morbidity on socioeconomic differences in mortality could have occurred over a
much longer period, from childhood into old age (see Figure 6.2). However, to analyse
this in an appropriate way, more advanced method for data assessment with more
measurements and alternative statistical techniques, such as G-estimation should be useeV
This was not possible in our analyses: although more measurements of socioeconomic
status in the past were available. accuratc measurements of morbidity in the past were
lacking.
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Another disadvantage of this simple model is that only relatively recmt JIlf(lS/lrelJlmts 0/
the lisk factors were takcn into account, while in fact the pattern of the risk factors during
life might be influenced by socioeconomic status, which in tum could influence the
association between socioeconomic status and a health outcome (see Figure 6.3).
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Although the measurement of a risk factor at a certain point in time could be considered
a proxy of the specific risk factor pattern at younger ages, it is known that the predictive
value of risk factors measured at younger ages might be larger compared to its predictive
value later in life. 3 In addition, the associations between socioeconomic status and risk
factors have changed over time. In the past, cardiovascular risk factors and diseases were
possibly morc prevalent in higher socioeconomic groups.4 It is likely that this positive
association has additionally affected socioeconomic differences in health at older ages.
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6.3.6

Generalisability

The associations in our study ,vere less consistent than expected based on available
literature. Can we extrapolate these findings to the Dutch elderly population? In other
words, what is the extent of generalisability of our findings?
As mentioned in Chapter 2, the consequence of studying socioeconomic differences
in one neighbourhood is that the association between socioeconomic status and health
cannot be explained by factors that are shared by everybody, such as health care facilities
or living circumstances. In other ,vords, socioeconomic differences in health caused by
these factors may remain unnoticed in our setting. It is plausible that in a larger area of
The Netherlands the socioeconomic differences in these factors will vary more across
socioeconomic groups. Thus, the choice for only one region may have led to less
representative results for certain pathways and health outcomes. Hmvever, in our view, it
is not likely that the associations between socioeconomic status and health outcomes due
to the most well known cardiovascular risk factors) such as smoking and diet in the
Rotterdam Study, substantially differ from the associations in the rest of The Netherlands.
Therefore, in our view the results may be generalised to the Dutch elderly population.

6.4

Explanations

In this paragraph possible explanations for the findings are given. For instance, we try to
answer the questions why the results for the three indicators of socioeconomic status
differ, why there are differences between the sexes, and why the associations differ from
published data.
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6.4.1

Explanation for the different associations for indicators of
socioeconomic status

Table 6.1 shmvs that not for all indicators associations with risk factors or health
outcomes were found. There are several possible explanations for these differences, It is
important to note that the indicators represent in part different aspects of socioeconomic
status,S Educationallevcl indicates somcone's knowledge, ability and willingness to obtain
ncw information. Occupation stands for prestige and occupational hazards, and income
indicates material living conditions and resources. As for being at risk of a certain risk
factor, other aspects of socioeconomic status might have played a role. It is likely that
some risk factors are related to someone's knowledge, \vhereas others arc more strongly
influenced by material resources.
Secondly, the different associations across the various indicators of socioeconomic
status are partly the result of cut-off points for the different categories of socioeconomic
status. 6 For example, thc lowest cducation group· compriscs 600/0 of the study population,
while the lowest income group comprises 20% of the study population. Given a doscresponse relationship between socioeconomic status and hcalth, tlus diffcrent cut-off
point will affect tlle socioecononuc differences in health.
Lastl}" differences in impact of the socioeconomic indicators may change over time.
In our study population, the indicators 'education' and 'occupation' were bascd on an
individual's aclucvement of ycars ago and arc assumcd to have remained stable for years.
Income, on the other hand, may have been changed even recently, making it a more
accurate indicator of current socioeconomic status. If socioeconomic circumstances early
in life influence people's health when they are older, there ,vill be a strong association
Witll education, while stronger associations will be seen for occupation and income in the
case of a strong impact of current sociocconomic circumstances.
To identify which explanation is responsible for each specific result is difficult. For
example, the stronger associations for dictary habits, smoking and other risk factors
across educational groups among women could be due to a small reference group of
higher educated women, but may also suggest that knowledge is more important for these
risk factors. Among men, income quite often yielded the strongest association, which may
suggest tllat current socioeconomic status is important for socioeconol1uc differences in
health. It may, howevcr, also suggest that matcrial aspccts arc important.

6.4.2

Explanations for inconsistencies in associations

Although some strong associations were found for women, the associations in general
were less pronounced than expected. These \veaker findings might be the result of several
kinds of bias, leading to an underestimation of the true associations, as discussed above.
However, assuming that the results are valid, two main explanations can be given for the
weaker findings.
Chapter 6
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It is possible that the expectation of large socioeconomic differences was not
justified. This might be due to a differential selection of positive studies on
socioeconomic differences in health. Research groups may have submitted only strong
associations to scientific journals, thereby causing publication bias.
An alternative explanation is also possible, namely that socioeconomic differences at
older ages are generally not the same as at younger ages. 7 In fact, the analyses in the
\'\!hitehall Study showed that at older ages, relative· differences across socioeconomic
groups become less pronounced. In addition, due to the higher morbidity and mortality
rates in the older population and more competing causes of death, relative risks will
decline an)'\vay compared \vith those at younger ages. Besides that, inequalities at younger
ages will have eliminated the more vulnerable individuals from the population. Due to
selective mortality, socioeconomic differences in health will be less pronounced at older
ages. Furthermore, the distribution of some risk factors will become more equal across
the different socioeconomic groups at older ages. For example, the direct effect of the
working environment has disappeared. s This will apply at least to some extent, because
the differences found in the Rotterdam Study were smaller compared to those in the first
\,\lhitehall Study. Therefore, it is possible that The Netherlands, a \velfare state with a
public retirement system and health care available to all citizens, has a better social and
health care profile compared to the United I<ingdom and other western countries. This
hypothesis is not in line \vith a European comparison of socioeconomic differences in
health among middle-aged persons, in which Dutch socioeconomic health differences
were not significantly smaller compared to other countries. 9 However, this particular
study was performed among middle-aged persons. For older people, several factors such
as health care facilities might well be different.

6.4.3

Explanations for the differences between men and women

The associations that we found were not similar for men and women. For example,
women in the 100ver socioeconomic bTfOUps more often suffer from stroke and aortic
calcification, while this appeared not the case among men. \'\!hy is that?
First of all, one may question whether it \vould be reasonable that the associations be
the same. Despite the general idea of a worse risk profile among the lo\ver socioeconomic
groups, it does not mean that the associations should quantitatively be the same for both
sexes. For example, women have a different risk profile for several diseases, different
access to and quality of health care, a different pattern of exposures at work, a different
death-cause pattern and a different life expectancy.
Still, the question remains why analyses among women showed a more generalised
phenomenon of socioeconomic differences in health whereas findings for men were
inconsistent. Other studies have observed smaller as \vell as larger socioeconomic
differences in health for women compared to men. 9,10[J\,lackenbach et aI, unpublished
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data] As most explanatory studies have focussed on men, not much is known about this
discrepancy.
In addition, it is possible that the elimination of the most vulnerable individuals of
the population has had a larger influence on men than on women. This results from a
higher morbidity and mortality among middle-aged men compared to women,11 and from
the presence of socioeconomic differences among middle-aged persons in The

Netherlands."

6.4.4

Explanations for the minor role of conventional risk factors in
socioeconomic differences in health

In contrast to other studies where risk factors partly explain the socioeconomic
differences in health,13-16 the distribution of risk factors across socioeconomic groups
could explain only a minor proportion of the socioeconomic differences in health in the
Rotterdam Study.
First, it is possible that the limited explanation is caused by the selection of
intermediate risk factors or other health outcomes. It is also possible that the associations
between socioeconomic status and risk factors were diluted due to the inaccuracy that is
inherent to the use of single measurements of risk factors as a proxy of lifetime exposure.
Alternatively, socioeconomic differences in risk factors decrease because of differential
mortality. High-risk subjects die earlier in time, even more so in lower socioeconomic
groups.s Furthermore, it is possible that risk factors other than those presented in this
study are responsible for the differences. For example, deprivation in childhood,
infectious diseases, psychosocial factors, living circumstances, psychosocial stress, social
support, or factors at aggregate level, may all have had an effect.

6.5

Implications for health policy

For the Dutch elderly population, socioeconomic differences were not found for all the

risk factors and diseases, but for women all associations did point in the same direction:
lower socioeconomic groups were generally worse off. Among men, these differences
were less consistent, possibly as a consequence of socioeconomic differences in health at
younger ages.
In all societies, some are better. off than others, also with respect to their health. Since
some of these differences cannot be avoided,17 one could argue that in The Netherlands
socioeconomic inequalities among elderly people should not be a major concern for
health policy makers. However, not all inequalities in health are unavoidable or the result
of free choice. From a public-health point of view, policy measures in order to reduce
tllese inequalities are desirable. In addition, taking into account the large numbers of the
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lowcr socioeconomic groups, a marked improvement in public health can be achieved by
means of effective policy.
\\/hcther the observed socioeconomic diffcrences are small or large is a political
rathcr than a research judgcment. But if we assume that policy makers aim to improve
public health in a society and promote equalities in opportunitics for health, several
implications can be derived from our study. :Measures could target the elderly population,
but a much bigger health gain \vould be achieved when health policy is directed to\vards
younger age groups, particularly because sociocconomic differences in health at oldcr ages
also reflect a legacy of the past. However, in ordcr to decrease socioeconomic inequalities
in the prevailing elderly population, it is also important to have policy measures directed
to\vards oldcr ages. "Ie distinguish two main areas in which measures could be taken:
policy measures to improve socioeconomic status and measures to establish a more equal
distribution of risk factors across socioeconomic groups. In fact, several of such policy
measurcs are already performed by hcalth policy makers. IS

It is useful to focus on social structure in order to prevent thc development of risk
factors. 19 Rose reported that 'The primary determinants of disease are mainly economic
and social, and therefore its remedies must also be economic and social'.2o Consequently,
policies to improve health of tIle disadvanced go beyond health policy measures. For
example, an increase in the basic income of retired people or a contribution towards the
costs of living or health care could be considered within this respect. Also policy
measures to improve socioeconomic status already at younger ages are important. People
could, for example, be encouraged to continue into higher education, because education
at younger ages will have an impact on elderly people's health. 21
Other policy measures could focus on a change in the distribution of risk factors.
Generally, our data show the presence of modest socioeconomic differences in risk
factors among Dutch elderly people. The biological significance of most of the observed
differences by socioeconomic groups in isolation is limited. Nevertheless, from a publichealth point of view, and since it affects large segments of the population, several modest
changes to multiple risk factors may result in quite a significant health change in the
population. This applies not only to cardiovascular disease, which we studied here, but
also to the occurrence of other diseases, as most cardiovascular risk factors arc also risk
factors for other diseases.
Here again, one should try to improve the situation at younger ages, so that
improvements in health are achieved at both younger and older ages. However, also in an
elderly population a change in risk profile might reduce the risk of mortality, 01' increase a
healthy life expectancy and perhaps quality of life. Examples of interventions to improve
socioeconomic differences in health may include health education to improve dietary
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habits in the lowest socioeconomic groups, control of body weight, changing smoking
habits or enhanced screening and treaUnent strategies for risk factors such as cholesterol
or hypertension. These interventions should be directed to specific target populations.
For example, the provision of information alone is probably sufficient for the higher
socioeconomic groups, while a combination of information and personal guidance may
appear to be more effective for the lower socioeconomic groups. IS

6.6

Further research

Research always generates more questions than answers. First, more data on the effect of
socioeconomic status at the individual and aggregate levels should be obtained to clarify
the impact of social structure on health. Furthermore, more attention should be paid to
data collection and data analyses of repeated measurements of socioeconomic status, risk
factors, and health outcomes. Only with more advanced analysis methods, such as Gestimation, it is possible to disclose the mechanisms behind socioeconomic differences.
Also, research should be intensified with regard to the tneasurement of socioeconomic
status among women. For cxample, would 'occupation of head of the household' also be
a good indicator for younger birth cohorts, now that the employment market has changed
and more people are in paid employment?
For the Dutch elderly population, a complete description of socioeconomic
inequalities in health has not yet been achieved. In the Rotterdam Study, for examplc. it
would be possible to carry out the same analyses with more statistical power when the
follow-up period was extended. \'{Iith more events and person-time it would also be
feasible to stratify on other factors such as age in order to elucidate socioeconomic
differences according to these factors. Furthermore, it would be possible to examine
socioeconomic differences for other specific diseases. In addition, it would be interesting
to study the effect of socioeconomic status on a healthy life expectancy and quality of life
among elderly people. In addition to the description of the socioeconomic differences in
health, \ve support studies that focus on the question why the lower socioeconomic
groups have a worse risk profile, such as smoking or being overweight. In other words,
how is socioeconomic status causally related to several risk factors of diseases? Only then
targeted interventions can be proposed. Furthermore, \ve must continue the research
concerning the best interventions to reduce inequalities in disease occurrence and
outcome.
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6.7.

Final remark

In conclusion, we hope that Ollr analyses will contribute to a continuous and productive
debate on socioeconomic differences in people's health at older ages. There is sufficient
evidence to believe that socioeconomic inequalities in cardiovascular disease and mortality
among the Dutch elderly population arc present, although they are likely to be smaller
than at younger ages and probably less pronounced than in some other westernized
societies.
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Summary

Studies carried out in several W'estern societies have shown that people in a lower
socioeconomic position suffer from more diseases and have a shorter life expectancy than
people have in a higher socioeconomic position. Although socioeconomic inequalities in
health occur at any age, from birth into old age, most studies have been done among
persons who arc younger than 65. Since mortality rates and morbidity rates have declined
in younger age groups, their health inequalities are losing significance and meaning,
whereas health inequalities among the growing number of elderly people are gaining in
importance.
The aim of the studies in this dissertation was to study socioeconomic differences in
health among elderly people with the focus on the socioeconomic differences in aU-cause
mortality and cardiovascular disease. In addition, it was examined whether there are
socioeconomic differences in cardiovascular risk factors that might explain the association
between socioeconomic status and cardiovascular morbidity or mortality among elderly
men and \vomen.
The research has mainly been conducted as part of the Rotterdam Study, a
prospective follow-up study among 7,983 men and women aged 55 years and over who
live in a suburb of Rotterdam and who attended the initial screening between 1990 and
1993. In Chapter 2 a description of the socioeconomic status of this Dutch elderly
population is given. Socioeconomic status \vas assessed at baseline on the basis of the
indicators 'education', 'occupation' and 'income'. On average, men had a higher
socioeconomic status than women. In the study population of the Rotterdam Study, ail
socioeconomic groups were represented. However, because a number of factors, such as
neighbourhood conditions, housing conditions or health care senrices, are largely similar
for everybody, accounting for socioeconomic inequalities in health in the total population,
some of the socioeconomic differences in health remained undetected. A small part of the
research was conducted as part of the British first \\1hitehall Study. This study is a followup study of 18,001 British male civil servants aged 40-69 who attended the initial
screening between 1967 and 1970.
In Chapter 3 a description is given of the relationship between socioeconomic status
and mortality in the Rotterdam Study and in the First \,'1utehall Study. Data on mortality
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were obtained for all participants in the Rotterdam Study from the municipal population
registry and general practitioners. Relative risks of mortality by indicators of
socioeconomic status were estimated after an average follow-up period of 4.1 years.
Mortality risks were higher for lower educated men (relative risk (RR)=1.4), unskilled
manual workers (RR=1.4) and those with a lmver equivalent household income (RR=1.7).
For \vomen, the relative risks of mortality were also higher for lower educated groups
(RR=2.0), but lower equivalent household income and occupational status appeared not
to be related. The findings in this study indicate that there are clear differences in
mortality across groups with different socioeconomic status (Chapter 3.1).
The association benveen socioeconomic status and mortality rates for all major
causes of death for middle-aged and elderly men was analysed in the First Whitehall Study
(Chapter 3.2). After a follow-up of more than 25 years, employment grade differences
are still present in all cause mortality (RR=2.1) and for nearly all specific causes of death.
Main risk factors could explain only one third of this gradient. Comparing the older
retired group with the younger pre-retirement group, the differentials in mortality
remained for almost all causes of deaths, although the differentials \vere less pronounced
(RR for all cause mortality =1.7 and 2.9 respectively). The largest decline was seen for
chronic bronchitis (RR=30 versus RR=8.3), gastrointestinal diseases (RR=10 versus
RR=2.2) and genito-urinary diseases (RR=9.4 versus RR=2.6).
Also in the first \,!hitehall Study, the effect of season on all cause and cause specific
mortality was determined and the question was ans\vered whether high-risk groups for
seasonal effects can be identified (Chapter 3.3). There were seasonal effects for mortality
due to all causes (\vinter versus summer rate ratio 1.2), respiratory disease (RR = 2.0) and
ischaemic heart disease (RR= 1.3). Ischaemic heart disease, the commonest cause of
death, contributed the largest part of the absolute difference in all cause winter excess
mortality. There was no evidence that high-risk groups are subject to greater seasonal
variations in mortality: the excess of death in winter was greater among older people,
because they were dying (also in summer) more of seasonal sensitive diseases; low civil
service employment grade was not associated with higher seasonality in mortality than
high employment grade; and participants identified as high risk for mortality due to
cardiovascular diseases had greater seasonality in stroke mortality than those at low risk,
although there was no effect of risk group on all cause 01' ischaemic heart disease
mortality. However, participants with cardiovascular disease showed greater seasonality
from all cause mortality and from the seasonal sensitive diseases. Further research should
specify possibilities of focussing the interventions on the whole population and those
already diseased in order to prevent these seasonal deaths.
The association benveen socioeconomic status and some cardiovascular diseases is
discussed in Chapter 4. As studies on subclinical manifestations of atherosclerotic
diseases are limited in number and have not been carried out among elderly persons, the
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relationship is investigated between socioeconomic status and aortic atherosclerosis
among elderly people (Chapter 4.1). Atherosclerosis was estimated by calcified deposits
in the abdominal aorta. Aortic atherosclerosis was more common among women in lower
educational and occupational strata. The lowest educated group and the lowest
occupation group had an increased risk of aortic atherosclerosis compared to the highest
groups (odds ratios are 1.3 and 1.3, respectively). The odds ratios for severe
atherosclerosis for women in the lowest socioeconomic strata compared to the highest
strata were 1.6 for education, 2.8 for occupation and 1.7 for income. After exclusion of
persons with a history of cardiovascular disease, the same trends still emerged. Among
men no relationships were observed. These findings show that socioeconomic status is
related to aortic atherosclerosis in women, which suggests that socioeconomic status
affects the incidence of cardiovascular disease before its clinical manifestation.
The association behveen socioeconomic status and stroke was emerged in crosssectional and longitudinal data of 4,274 female participants of the Rotterdam Study and is
discussed in Chapter 4.2. A history of stroke was much more common among women in
lower socioeconomic strata. The same trend was observed for the relationship bet,veen
the lowest socioeconomic groups and the incidence of stroke. Risk factors for stroke were
not related to socioeconomic status in a consistent manner. Smoking, a history of
cardiovascular disease, and being overweight were more common in lower socioeconomic
groups. However, socioeconomic differences in hypertension, anti-hypertensive drug usc,
prevalence of atrial fibrillation and prevalence of left ventricular hypertrophy were not
observed. The complex of established risk factors could not explain the association
behveen socioeconomic status and stroke. Our findings indicate that not only the actual
risk proftle but also risk factors earlier in life may be of importance.
In Chapter 4.3 the association behveen income and myocardial infarction and
cardiac mortality was described for men. In addition, a distinction behveen the fatal and
non-fatal first myocardial infarctions. Cardiac mortality wa.'; defined as deaths due to acute
coronary disease and or death due to heart failure. The risk of cardiac death in the lowest
income quartile was hvo and a half times higher compared to the highest income group.
The prevalence of myocardial infarction tended to be higher in the lower income groups.
Incidence of non-fatal myocardial infarction was not related to income, ,vhile a fatal
myocardial infarction occurred more often in the lower income groups (not statistically
significant). Thus, income affects the risk of surviving a myocardial infarction.
Different frequencies of cardIovascular risk factors across socioeconomic groups
such as unfavourable dietary habits, might explain the socioeconomic differences in
cardiovascular disease. The explanation of socioeconomic differences in health by a
number of risk factors is generally discussed in Chapter 4, and hvo risk factors are
discussed in detail in Chapter 5. In Chapter 5.1, a description is given of the dietary
intake according to educational groups. In general, the dietary differences behveen
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socioeconomic groups were small. Lower educated subjects had a higher intake of almost
all macronutrients compared with higher educated subjects. Furthermore, fat composition
was more adverse in the lower educated strata; in lower educated subjects, relatively more
energy was derived from saturated fat, the P:S ratio was lower and the intake of
cholesterol higher. These differences could be explained by a higher intake of visible fat
and more meat consumption. In addition, the composition of these products differed: the
higher educated used relatively more lean meat and 100\T-fat milk products. Furthermore,
the intake of fibres was lower among the lower educated. Among lo\ver educated groups
there were more abstainers and the type of alcoholic beverages also differed between the
groups. Intake of antioxidants from food alone did not differ between educational
groups. Thus, in Dutch elderly people, there are socioeconomic differences in dietary
intake. Although these differences are small, the findings support the role of diet in the
explanation of socioeconomic inequalities in cardiovascular health.
In Chapter 5.2 the prevalence, level of treatment and control of hypertension by age
and sociodemographic factors are given. Prevalence of hypertension was based on blood
pressure levels (160/95- mmHg) and use of blood pressure lo\\;ering drugs for the
indication of hypertension, type of treatment and control of hypertension. This study
showed that systolic blood pressure rises with age, while diastolic blood pressure levels
off. The prevalence of hypertension increases with age and was higher among women
than among men. About 80% of the hypertensives were aware of having hypertension
from which 820/0 was treated. For 70% of those, treatment was adequate with reference to
conservative criteria. Hypertension was more prevalent among persons not living in an
elderly home, higher educated men and lower educated women. Persons without a
partner and men living in an elderly home had a higher risk of being unaware of or not
being treated for their hypertension. Treatment was more often successful among those
living in an elderly home. In other words, the prevalence of hypertension is higher among
older women and increases with age in both sexes. A large number of hypertensive elderly
people is aware of their condition and is treated for hypertension. Nevertheless,
hypertension is not adequately controlled for the majority of hypertensives (56%).
Therefore this group needs to be paid in medical practices in order to reduce the burden
of cardiovascular disease in elderly people.
Our results are briefly summarised in Chapter 6 and the limitations and strent,rths of
the study are also considered. First, the study population is discussed: the effect of nonresponse and sample size, the measurement of socioeconomic status, risk factors and
health are considered. Furthermore, attention is paid to the method of analysis by
discussing refinements on the conceptual model for the association between
socioeconomic status and health. The gcneralisability of our findings is also discussed. In
addition, we tried to answer the questions why results for the three indicators of
socioeconomic status differ, why there are differences between the sexes and why the
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associations differ from published data. Some implications of our study for health policy
and ideas for future research arc given.
In conclusion, socioeconomic differences were found in mortality and some
cardiovascular discases. However, we did not find socioeconomic differences for all the
discases and risk factors. Except for stroke, the socioeconomic differences in diseases and
risk factors were not big. Among women, all associations pointed into the same direction,
namely the risk profile of elderly women in the lower socioeconomic groups is worse,
they suffer from more diseases and have a shorter life expectancy. The risk factors could
only explain a small proportion of the associations. This picture was less clear for men.
Hopefully these analyses will conu-ibute to a continuous and productive debate on
socioeconomic differences in people's health at older ages. There is sufficient evidence to
believe that socioeconomic inequalities in cardiovascular disease and mortality among the
Dutch elderly population are present, although they are likely to be smaller than at
younger ages and probably less pronounced than in some other westernised societies.
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Samenvatting

Onderzoek in verschillendc \,\fcstcrse landen heeft aangetoond dat rnensen uit de lagcre
sociaal-economische groepen vaker zick zijn en cen kortere levensverwachting hebben
dan mensen uit de hogere sociaal-ccononUsche groepen. Alhocwcl sociaal-economischc
vcrschillcn in gezondheid op iedere leeftijd voorkomen, vanaf de geboortc tot op hoge
leeftijd, zijn de mccste studies uitgevoerd bij personen jonger clan 65 jaar. SociaalecononUsche verschillen in deze leeftijdsgrocp worden minder belangrijk, omdat sterfte
en ziekte bij hen afneemt. Daarcntcgcn worden sociaal-cconomische gezondheidsverschillen in de vergrijzende samcnleving steeds belangrijkcr.
Het doe! van het onderzoek in dit proefschrift was het bcschrijven van de sociaalcconomische gezondheidsverschillen bij ouderen en dan met name de verschillen in het
voorkomen van hart- en vaatziekten en sterfte. Verder is onderzocht of er sociaaleconomische verschillen bestaan in het voorkomen van de risicofactorcn voor hart- en
vaatziekten. Deze risicofactoren zouden kunnen verklaren waarom er verschillen zijn in
het voorkomen van hart- en vaatziekten en sterfte tussen de sociaal-economische
grocpcn.
Het onderzoek is voornamelijk uitgcvoerd binnen het ERGO-onderzoek. Dit is een
prospcctief vervolg-onderzoek bi; 7.983 mannen en vrouwen van 55 jaar en ouder uit
Ommoord, cen wijk van Rotterdam. De eerste onderzoeksronde yond plaats tUssen '1990
en 1993. In hoofdstuk 2 wordt een bcschrijving gegeven van de sociaal-economische
status van de onderzocksgroep. De sociaal-economischc status is gemeten met de
indicatorcn 'opleiding', 'beroep' en 'inkomen' ..Mannen hadden gemiddcld een hogerc
sociaal-economische status dan vrouwen. In de studiepopulatie van het ERGOonderzock warcn aile sociaal-economische groepen vertcgenwoordigd. Echter, cen aantal
factoren zoals buurtomstandighcdcn, woonomstandigheden, en het gebruik van de
gczondheidszorg zullen voor vrijwel icdereen gelijk zijn. Aangezicn een deel van de
sociaal-cconomische verschillen in gezondheid wordt vcroorzaakt door deze factoreo, is
het mogelijk dat in Ommoord de gezondheidsverschillen kleiner zijn. Een gedeelte van
het onderzoek in dit proefschrift is uitgevoerd binnen de ,\\lhitehall Study'. Dit is een
vervolgonderzock dat gcstart is tussen 1967 en 1970 onder IS.00 1 mannclijke Britse
ambtenarcn (40-69 jaar).
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In hoofdstuk 3 worden de sociaal-cconomische verschillen in sterfte beschreven.
Deze zijn gemeten in het ERGO-onderzoek en in de eerste \X/hitehail Study.
Sterftegegevens voor aIle deelnemers van het ERGO-onder:mek zijn verkregen via de
gemeentelijke registratie en de huisartsen. De gemiddelde onderzoeksperiode was 4,1 jaar.
De kans op vroegtijdig overlijden was hager va or lager opgeleide mannen, (rclatief risko
(RR)=1,4), handarbeiders (RR=I,4) en mannen met het hagste equivalente
huishoudinkomen (RR=l,7) vergclcken met de hogere sociaal-cconornische groepen.
Ook va or vrouwen was het relatieve risko op sterfte hager voor de lager opgcleiden
(RR =2,0). Echter, inkomen en beroep bleken niet samen te hangen met de kans op
vroegtijdig overlijden. Dc rcsultaten in dit hoofdstuk geven dus aan dat er duidelijke
sociaal-economische sterfteverschillen bestaan (hoofdstuk 3.1).
De samenhang tussen sociaal-economische status en verschillende doodsoorzaken is
onderzocht onder mannelijke ambtenaren van middclbare en oudere leeftijd in de eerste
\\fhitehall Stud), (hoofdstnk 3.2). Na meer dan 25 jaar vervolgonderzoek zijn er tussen de
beroepsniveaus vcrschillen in totale sterftc (RR= 2,1) en in aile doodsoorzaken gevonden.
Bekendc riskofactoren, zoal cholesterol, roken en bloeddruk, konden slechts een derde
van deze verschillen verklaren. Vergelijken we de oudste leeftijdsgroep (70-plussers) met
de jongste groep (40~65 jaar), dan zijn op oudere leeftijd de sociaal~cconomische
verschillen voor de meeste specifieke doodsoorzaken kleiner, maar nag steeds aanwezig
(relatief risko voor totale stcrfte is 2,9 voor de jongste groep en 1,7 voor de oudste
groep). De grootste afname was te zien voor sterfte aan chronische bronchitis (RR=30
versus RR=8,3) en gastro-intestinale ziekten (RR= 1O versus RR=2,2).
Ook het effect van seizoen op sterfte in het algemeen en voor verschillende
doodsoorzaken is onderzocht in de eerste \"X1hitehall ShId}'. Daarnaast is getracht om te
bepalen of er riskogroepen zijn die gevocliger zijn voor het effect van seizoen.
(hoofdstuk 3.3). Er bleek seizocnsvariatie in sterfte te bestaan (winter versus zomer
RR=I,2). Dit was het sterkst voor ziekten aan het ademhalingssysteem (RR=2,O). Echter,
hart- en vaatziekten (RR = 1.3), de meest voorkomende doodsoorzaak, droeg het meest
bij aan de absolute verschillen in het aantal doden tussen de zomer en de winter. Er bleek
niet duidclijk dat risicogroepcn gcvocligcr \varcn voor de invlocd van seizoen. Wfeliswaar
gaan is het verschil tussen het aantal doden in de zomer en de winter grater voor de
ondere leeftijdsgrocpen vergeleken met de jongere leeftijdsgroepen, maar elit komt
doordat in deze oudere f,Tfoepen meer mensen dood gaan aan seizoensgevoelige ziekten
(ook in de zomer). De scizoensvariatie in sterfte bing niet samen met bcroepsklasse.
Personen die gekenmerkt werden door cen hoger risko op het het krijgcn van hart- en
vaatziekten waren gevoeliger voor het effect van seizoen op sterfte door een berocrte
vergcleken met de mensen die gekenmerkt worden met een lager risko. Deze groepen
verschilden niet in het seizoenseffect op totale sterftc cn sterfte aan hart- en vaatziekten.
\V'el \varcn mensen met hart- en vaatziekten gevoeliger voor het effect van seizoen.
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Verder ondcrzoek zou zich moeten rich ten op de mogelijkheden van preventieve
intenrenties voor de gehele bevolking en de zieken.
De samenhang tussen sociaal-cconomische status en verschillende hart- en
vaatziekten is gerapporteerd in hoofdstuk 4. In hoofdstuk 4.1 is het verband tussen
sociaal-economische status en een subklinische vorm van atherosclerose beschrevcn.
Atherosclerose -werd bepaald aan de hand van de aanwczigheid van verkalkte p1acll1CS in
de abdominalc aorta. Dit kwam meer voor bij vrouwen met een lager oplcidings- en
bcrocpsmveau. Dc laagste opleidingsgroep en de laagste beroepsklasse haddcn een hogcre
risko op atherosclerose van de aorta vcrgeleken met de hogerc groepen (odds ratios
warcn 1,3 voor bcidc indicatoren). De odds ratios voor ernstige atherosclcrose voor
vrouwen in de laagste sociaal-cconomische strata vergeleken met de hoogste strata warcn
'1,6 voor opleiding, 2,8 voor beroepsklasse en 1,7 voor inkomen. Na uitsluiting van
personen met hart-en vaatziektcn in het verleden, werden dezelfde trends gevonden.
Voor mannen zijn er geen verbanden gevonden. Deze bevinclingen suggereert dat voor
vrouwcn, sociaal-economische status invloed hceft op de incidentie van hart- en
vaatziekten in een vroeg stadium: al voordat er klirusche symptomen optreden.
Dc samenhang tussen sociaal-economische status en de prevalentie en incidentie van
beroerte is onderzocht onder 4.274 vrouwen van bet ERGO-onderzoek en wordt
beschreven in hoofdstuk 4.2. Relatief meer vrouwen uit de lagere sociaal-economische
klassen hadden in het verlcden een beroerte gehad. Dezclfde trend werd gezien voor het
verband tussen lagere sociaal-economische status en de incidentie van beroerte.
Risicofactoren vaal' beroerte waren met consistent gerelateerd aan sociaal-economische
status. Roken, het hebben gehad van hart- en vaatziekten en overgewicht bvamen meer
voor in de lagere sociaal-economische groepen. Er werden geen sociaal-economische
verschillen gevonden voor hypertensie, mcclicijngebruik voor hypcrtensie,
atriumfibrilleren en linker ventrikel hypertrofie. Deze bekende riskofactoren konden niet
de relatie tnssen sociaal-econom1sche status en beroerte verklaren. Deze bevinclingen
suggereren dat niet het huidige riskoprofiel, maar oak de risicofactoren gedurende het
hele leven belangrijk zijn.
In hoofdstuk 4.3 is het verband tussen inkomen en hartinfarct en cardiale sterfte
voor mannen beschreven. Bovendien is cr onderscbeid gemaakt in fatale en niet-fatale
hartinfarcten. Cardiale sterfte was gedefinieerd als overlijden ten gevolge Van acute
ischaernische hartziekte, (inclusief een hartinfarct, plotselinge dood waarbij een cardiale
oorzaak niet nit te slniten is) en hartfalen. l\.fcnsen in het laagste quinticl van inkomen
hadden een twee en een half keer zo haag risica am te overlijden aan een cardiale
daodsaorzaak vergcleken met personcn in de hoogste inkomensgrocp. De prevalentic van
ccn hartinfarct was hager in de lagere inkomensgraepcn. De inciclentie van een niet-fataal
hartinfarct ,vas niet gerelateerd lan inkomen, terwijl een fatflal hartinfarct vaker
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voorkwam in de lager inkomensgroepen. Inkomen
overlevingskans na ccn hartinfarct.

heeft dus invloed op de

Variatie in het voorkomen van risicofactoren voor hart- en vaatziekten tussen de
verschillende sociaal-economische groepen zouden de sociaal-economische verschillen in
hart- en vaatziekten kunnen verklaren. Gedeeltelijk is clit a1 besproken in hoofdstuk 4,
echter in hoofdstuk 5 worden twee risicofactoren in meer detail besproken. In hoofdstuk
5.1 wordt een beschrijving gegcven van de voedingsinname naar opleidingsniveau. Over
het algemeen zijn de verschillen tussen de oplcidingsgroepen klein. Lager opgeleiden
hebben een bT"fotere in name van bijna aIle macronutrienten vergcleken met de hager
opgeleiden. Verder is de vetinname minder gunstig van samenstelling voor de lager
opgeleiden:een grotere inname van verzacligd vet, een lagere ratio van meelYouclig
onverzadigd vet versus verzadigd vet, en een hogere cholesterolinname. Deze verschillcn
komen onder andere door een grotere inname van zichtbaar vet en cen hogere
vleesconsumptie. Verder verscbilt de samenstelling van deze produkten: de hoger
opgeleiden COllsumeren rclatief meer mager vIces en magere of half-volle
melk(produkten). Tenslotte worden door de lager opgeleiden minder vezcls gegeten. Niet
drinken van alcohol komt vaker voor in de lager opgcleide groep. Daarnaast zijn er onder
de alcoholdrinkers oak verschillen in het type alcoholische drank dat wordt gedronken.
Inname van antioxidanten uit voedingsmiddelen alleen verschillen illet naar oplciding.
Dus er zijn sociaal-economische verschillen in voedingsinname onder Nederlandse
ouderen. Ondanks dat deze verschillen klein 7.oi;n, ondersteunt clit het idee dat voeding een
rol kan spclen in de verklaring van de sociaal-economische verschillen in hart- en
vaatziekten.
In hoofdstuk 5.2 is de prevalentie, behandeling en controle van hypertensie naar
leeftijdsgroep of sociaal-demografische factoren weergcgeven. Prevalentie van hypertensie
is gebaseerd op bloeddrukmeting (160/95 mmHg) en gebruik van bloeddrukverlagende
medica tie voor hypertensie. Dit onderzoek geeft aan dat systolische bloeddruk stijgt met
de leeftijd terwijl de diastolische bloeddruk afneemt met de lceftijd. De prevalentie van
hypertensie ncemt toe met de leeftijd en was hoger onder vroU\ven dan onder mannen.
Ongeveer 80% van de hypertensieven \varen be\vust dat ze hypertensie hadden. Hiervan
werd 82% behandeld en daatvan was het in 700/0 van de gevallen cen adequate
behandeling. Onder thuiswonende ouderen, hoger opgclcide mannen en lager opgeleide
vtouwen kwam hypertensie vaker voor. Relatief meer allcenstaanclen en mannen in cen
verzorgingshuis waren zich niet bewust van hun te hoge bloeddruk, en daarvan werd een
groter gedeelte niet behandeld voor hun hypertensie. Behandeling van hypertensie was
vaker succesvol bij mensen in een verzorgingshuis. De bevindingen in dit hoofdstuk
geven aan dat de mcerderheicl van de hypertensieven (56%) hun te hoge bloeddruk niet
onder controle heeft. Deze groep verdient meer aandacht in de medische praktijk.
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In hoofdstuk 6 worden de resultaten kort samengevat en worden de beperlcingen en
de sterke kanten van het onderzoek besproken. Allereerst is de onder:wekspopulatie
bediscussieerd: het effect van de non-respons en steekproefgrootte, de meting van
sociaal-economische status en de meting van de risicofactoren en hart- en vaatziekten.
Verder is er aandacht besteed aan de analysemethode door verfijningen aan te brengen in
het model van sociaal-economische status en gezondhcid. Daarnaast is ingegaan op de
generaliseerbaarheid van de bevindingen.
Bovendien is getracht antwoord te geven op de vraag waarom de resultatcn
verschillen voor de indicatoren van sociaal-economische status, waarom de resultaten
voor mannen en vrouwen anders zijn en \vaarom de bevindingen anders :djn dan eerder
gepubliceerde gegevens. Ook worden enkelen aanbevelingen voor belcid en verder
onderzoek gegeven.
Samenvattend kunnen we concluderen dat er sociaal-economische verschillen in
sterfte en enkele hart- en vaatziekten zijn gevondcn. :Maar, we vonden oiet voor aile
ziekten en risicofactoren voor hart- eo vaatziekten sociaal-economische verschiilen. De
sociaal-economische verschillen in gezondheid waren ruet groot, behalve VOOf het
voorkomen van beroerte. De associaties waren voor vrouwcn ailemaal in dezelfde
richting: oudere vrouwen uit de lagere sociaal-economische groepen hadden een slechtcr
risicoprofiel, waren vaker ziek en hadden een kortcre lcvensverwachting. De
risicofactoren konden slechts eeo klein deel van de sociaal-economische
gezondheidsverschillen verklaren. Voor mannen waren de resultaten minder consistent.
Hopelijk dragen deze analyses bij aan de cliscussie over sociaal-economische
gezondheidsverschilleo op oudere leeftijd. Er is voldoende bewijs om te concluderen dat
er sociaal-economische ongelijkheden in gezondheid onder Nederlandse ouderen bestaan.
\X/cl zijn de verschillcn minder uitgcsprokcn dan op jongere leeftijd en waarschijnlijk
kleiner dan in andere westerse landen.
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Het schrijven van cen proefschrift is net als het spclcn van ceo kaartspel: je weet van
tevoren met hoc de kaartcn gcschud zijn, \Vic er allemaal mee gaan speleo, of je veel geluk
hebt, hoc lang het gaat duren, en welke strategic je moet valgen. De leukste spellen speel
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Jacqueline, bedankt voor de inhoudelijke discussies.
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Public Health of the University College London. For me it was an honour and pleasure to
work with you and due to your hospitality I had really a great time in London.
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Voor de ideale entourage hebben mijn kamer(s)genotcn gezorgd: Bettina, Carl, en
Do en Anske, Irene(s), ~'Iaarten en ~IIariannc, Jullie \varen een enthousiaste supporter,
maar vaker nag een goedc coach. Jullie hebben er altijd voor gezorgd dat ik mij thuis

voelde 01' de afdeling. Dank julIie wel voor de gezelIigheid; ik zal julIie missen. Het langst
hcb ik met Bettina op de kamer gezeten. Bedankt voor vier jaar vriendschap.
Een aantal personen heeft zeer veel bijgcdragen tot de afwerking van dit baekje.
Ingrid bedankt voor het opkalefatercn van mijn 'Engels'. Saskia en ~.farianne, cnkele
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voor de creatieve 'final touch'.
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onder andere Iris, Jan-Cees, Liesbcth, Nicole, Raan, en Sandra, die voor de nodige

ontspanning zorgden cijdens de laatste loodjes. Door julIie ben ik het koken bijna
helemaal verleerd.
Een promovenda is niets zander haar paranimfen. Elske en ~hrianne, ik ben blij dat
ik er de 28$tc ruet aIleen voor sta. Ik hoop dat jullie me dan net zoveel steun kunnen geven
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Ais ik even afleiding nodig had buiten mijn werk kon ik die gelukkig alcijd vinden bij
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