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Abstract Objectives To investigate the association

between occupational social class and cardiovascular dis-

ease (CVD) incidence, and the extent to which classical

and lifestyle risk factors explain such relationships, and if

any differences persist after 65 years of age. Design, Set-

ting and Participants Prospective population study of

22,478 men and women aged 39–79 years living in the

general community in Norfolk, United Kingdom, recruited

using general practice age-sex registers in 1993–1997 and

followed up for total mortality to 2006. Main results In

both men and women an inverse relationship was observed

between social class and CVD incidence, with a relative

risk of social class V compared to I of 1.90 in men (95% CI

1.47 to 2.47, P \ 0.001) and 1.90 in women (95% CI 1.45

to 2.49, P \ 0.001). Adjusting for classical and lifestyle

risk factors (age, smoking, BMI, systolic blood pressure,

total blood cholesterol, history of diabetes, physical activ-

ity, weekly alcohol intake and plasma vitamin C levels)

had little effect in men; the relative risk of social class V

compared to I of 1.70 (95% CI 1.31 to 2.22, P \ 0.001),

while there was some attenuation seen in women, relative

risk of social class V compared to I of 1.56 (95% CI 1.18 to

2.05, P = 0.011). The association persisted in men and

women aged C65 years. Conclusions Some but not all of

the socioeconomic differential in CVD incidence can be

explained by potentially modifiable classical and lifestyle

risk factors. Low social class remains a risk factor for CVD

after age 65 years. Further understanding of the mecha-

nisms underlying the association is needed if we are to

reduce inequalities in health.
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European Prospective Investigation of

Cancer and Nutrition

ICD International Classification of Disease

SES Socioeconomic status

Introduction

Cardiovascular disease (CVD) is the main cause of death in

the UK, accounting for over 208,000 deaths each year [1].

Death rates have been falling since the 1970s, however

rates have fallen faster in the higher social classes so that

the relative difference between those at the top and those at

the bottom of the social scale has widened. Social

inequalities in CVD in the UK are well documented [2–8].

However the majority of previous research focuses on

younger men. The relationship between social class and

cardiovascular risk factors differs between individuals

depending on their age and sex [9]; it follows that the

association between social class and CVD itself may also

vary with age and sex, and should thus be explored within
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both sexes and over a larger age range that includes indi-

viduals who have retired. We have previously examined the

relationship with total mortality in this cohort [10]. Since

CVD mortality showed the greatest social gradient, we

wished to focus on cardiovascular disease incidence to

examine this question in more detail. We studied the rela-

tions between social class and CVD incidence, asking

whether any socioeconomic differentials could be explained

by classical and lifestyle CVD risk factors, and whether the

associations were independent of educational attainment.

Social class is a measure based upon occupation: we asked

whether any associations with CVD incidence persist after

65 years of age.

Methods

Participants and measurements

The participants were part of a prospective population

study of men and women aged 39–79 years, 99.5% white

(as self-defined on questionnaire), resident in Norfolk,

United Kingdom. Norfolk is a county in the UK encom-

passing a wide socioeconomic and urban–rural distribution.

The cohort was recruited between 1993 and 1997 from age-

sex registers of general practices as part of the Norfolk

component of the European Prospective Investigation of

Cancer (EPIC-Norfolk). All individuals in the age range in

each General Practice database were invited to participate,

except those marked as unsuitable by their General Prac-

titioner. As virtually 100% of people in the UK are

registered with general practitioners through the National

Health Service, the age-sex registers form a population-

based sampling frame. Detailed descriptions of the study

methodology have been reported previously [11]. Approval

for the study was obtained from the Norfolk Local

Research Ethics Committee. Altogether 77,630 participants

were invited, and 30,445 gave informed signed consent and

completed a detailed health and lifestyle questionnaire. Of

these, 25,639 agreed to attend a health examination.

Because we required participants who were willing to

provide detailed information and participate in a long term

follow-up study, we only had a population response rate of

about 45%, so participants were not a random population

sample. Nevertheless, they were comparable to national

samples with respect to many characteristics, but with a

slightly lower prevalence of smokers.

Social class was classified according to the Registrar

General’s occupation based classification scheme [12, 13].

Social class I consists of professionals, class II includes

managerial and technical occupations, class III is subdi-

vided into non-manual and manual skilled workers (IIInm

and IIIm), class IV consists of partly skilled workers, and

class V comprises unskilled manual workers (the detailed

classification is described elsewhere [13]). For descriptive

purposes, the variable was also grouped into non manual

classes (classes I, II and IIInm) and manual classes (IIIm,

IV and V). For men, social class was coded using their

current occupation at the time of survey except when they

were unemployed in which case their partner’s social class

was used. Last employment was used for men who were

retired. Unemployed men without partners were unclassi-

fied. Social class in women was based on their partner’s

except when the partner’s social class was unclassified,

missing, or they had no partner in which case social class

was based on their own occupation. An unemployed

woman without a partner was coded as unclassified.

Educational status was based on the highest qualification

attained and was categorised into four groups: degree or

equivalent, A-level or equivalent, O-level or equivalent,

and less than O-level or no qualifications. O-level indicates

educational attainment to the equivalent of completion of

schooling to the age of 15 years and A-level indicates

educational attainment to the equivalent of completion of

schooling to the age of 17 years. For descriptive purposes

educational status was also regrouped into those who fin-

ished school (degree or equivalent, A-level or equivalent,

O-level or equivalent) and those who did not (less than O-

level or no qualifications).

Personal medical history was assessed using the ques-

tion in the Health and Lifestyle Questionnaire, ‘‘Has the

doctor ever told you that you have any of the following?’’

followed by a checklist of diseases including myocardial

infarction, stroke, cancer and diabetes mellitus. Yes/no

responses to the questions ‘‘Have you ever smoked as much

as one cigarette a day for as long as a year?’’ and ‘‘Do you

smoke cigarettes now?’’ were used to derive smoking

history [14, 15]. Height and weight were measured by

trained nurses with participants dressed in light clothing

and with their shoes removed [16]. A stadiometer was used

to measure height to the nearest 0.1 cm. Salter scales were

used to measure weight to the nearest 100 g. Body mass

index (BMI) was then calculated as weight (kg)/height2

(m2). Blood and urine testing were performed by trained

nurses using standard protocols. Blood pressure was

recorded as the mean of two measurements taken in the

right arm with the subject seated for 5 min, with the use of

an Accutorr sphygmomanometer (Datascope, Huntingdon,

UK). Levels of total cholesterol in nonfasted serum

samples were measured by colorimetry (RA 100, Bayer

Diagnostics, Basingstoke, UK).

Habitual physical activity was assessed using two ques-

tions referring to activity during the past year. The first

question asked about usual physical activity at work, classi-

fied as four categories: sedentary, standing (e.g. hairdresser,

guard), physical work (e.g. plumber, nurse) and heavy manual
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work (e.g. construction worker). The second question asked

about the amount of time spent in hours per week in winter and

summer in other physical activity. A simple index allocated

individuals to four ordered categories: inactive (sedentary job

and no recreational activity); moderately inactive (sedentary

job with \0.5 h recreational activity per day, or standing job

with no recreational activity); moderately active (sedentary

job with 0.5–1 h recreational activity per day or standing job

with \0.5 h recreational activity per day or physical job with

no recreational activity); and active (sedentary job with [1 h

recreational activity per day or standing job with [1 h rec-

reational activity per day or physical job with at least some

recreational activity or heavy manual job). This index was

validated against heart rate monitoring with individual cali-

bration in independent studies [17, 18]. We have also

previously reported that this four point index is inversely

related to all cause mortality and cardiovascular disease

incidence in the EPIC-Norfolk population in men and women

across a wide age and social class range [19].

Endpoint ascertainment

Incident CVD cases were defined using two methods: death

certificate data and hospital record linkage. All individuals

have been flagged for death at the UK Office of National

Statistics (ONS), which is virtually complete. Death

certificates are coded by trained nosologists using Inter-

national Classification of Disease (ICD), revisions 9 and

10. Participants are also linked to hospital information

systems so that hospital admissions anywhere in the United

Kingdom are communicated to EPIC-Norfolk. Records are

updated annually. The present study is based on follow-up

to 31st July 2006. An incident cardiovascular disease event

was defined as death with ICD-9 codes 401 to 448 or ICD-

10 codes I10 to I79 anywhere on the death certificate and/

or hospital admission with the same codes. A validation

study was conducted of coronary artery disease cases

ascertained from death certificates and hospital admissions

in 1996 in EPIC-Norfolk [20]. The results indicated that

this is a valid method for ascertaining events.

Statistical analysis

Descriptive statistics including means and percentages are

used to show the characteristics of the study sample. Two

sample t-tests were used to compare differences in mean

values. The assumption of equal variances was verified.

Differences in percentages were compared using v2-tests.

Analysis of variance was used to obtain mean values of

each descriptive variable for each category of SES. Dif-

ferences in mean total values across the groups were

evaluated using F-tests.

Rates of CVD hospital admissions and deaths stratified

by social class were calculated using v2-tests for linear trend

to assess statistical significance. Cox’s proportional hazards

regression [21] was used to examine the relationship

between social class and CVD incidence, adjusting for

cardiovascular risk factors. The proportionality assumption

was assessed using Nelson-Aalen plots and by testing for

evidence of a statistical interaction with the time scale of

the models. There was no evidence of any violation of the

proportionality assumption in any models. Wald tests were

used to examine the effect of social class in each model. For

the purpose of this study, follow-up for an individual began

at the date of the first health check. Results will be pre-

sented for incidence up to 31st July 2006, about 10 years

average follow-up time from the first health check.

All statistical analyses were performed separately for

men and women using Stata version 8.0.

Results

Of the 25,639 participants who attended the health check,

570 with no details of their last occupation, one who had

died but had no date of death was available, and 13 who

were admitted to hospital between agreeing to participate

and attending the health check, were excluded. A further

2,362 participants who reported prevalent heart attack,

stroke, and cancer at baseline were excluded to avoid

reverse causality. Another 215 participants with missing

data for the covariates BMI and smoking were also

excluded, leaving a total of 22,478 men and women in the

current analyses. There were 5,192 cardiovascular deaths

and hospital admissions during the follow up period

(225,537 Person-years), 27% of these were deaths.

Descriptive characteristics of the cohort by sex are

displayed in Table 1. Men were on average slightly older,

taller and had higher BMIs than women. The proportion of

current smokers in each sex was similar, a greater pro-

portion of men were former smokers, while a greater

proportion of women have never smoked. A greater pro-

portion of men finished school, and a greater proportion

had a history of diabetes. Mean blood pressure was greater

in men, while total mean cholesterol and plasma vitamin C

levels were greater in women. Levels of physical inactivity

were similar in men and women; more women were

classed as moderately inactive, while more men were

considered active. On average men drank over twice as

many units of alcohol per week as women.

Table 2 shows the descriptive characteristics of the cohort

by social class in men and women. Similar patterns were

seen in both sexes. The proportion of current smokers

increased with decreasing social class. Plasma vitamin C

levels and the proportion of participants who finished school

Occupational social class, risk factors and cardiovascular disease incidence in men and women 451

123



decreased with decreasing social class. There was some

suggestion that mean age, BMI and systolic blood pressure

increased with decreasing social class but the range of

values was minimal. Diabetes prevalence and total cho-

lesterol did not vary linearly with social class. In women

mean weekly intake of alcohol decreased with decreasing

social class.

Table 3 shows the rates and adjusted relative risks for

CVD incidence by social class in men and women. There

was strong evidence of an inverse association between risk

of CVD and social class in both men and women. In men

the association was somewhat attenuated by adjustment for

smoking and classical risk factors. Further adjustment for

lifestyle covariates had little effect. The association was

independent of education. In women adjustment for

smoking somewhat attenuated the association, while there

was little effect of adjusting for classical cardiovascular

risk factors, and some attenuation after further adjustment

for lifestyle factors. After adjustment for educational level

women in social class V were still at an increased risk of

CVD incidence compared to those in class I.

Adjusted relative risks for cardiovascular incidence by

social class stratified by retirement age are shown in

Table 4 for men and women. There is evidence of a strong

social class effect on CVD in both men and women

aged C65 years. This association is somewhat attenuated

by adjustment for classical and lifestyle risk factors, and

for education, but remains highly significant. Point esti-

mates show an apparent gradient in younger men and

women, although this is non-significant.

Discussion

In men we found an inverse association between risk of

CVD and social class that was not explained by classical or

Table 1 Descriptive

characteristics of 10,150 men

and 12,328 women aged 39–

79 years in EPIC-Norfolk

*P-values for comparison

between men and women, t-test

for continuous variables, ,2 for

categorical variables. Data are

% (n) or mean ± sd

Variable Variable distribution P-value*

Men Women

N 10,150 12,328

Age (years) 58.4 ± 9.2 57.8 ± 9.2 \0.001

Body Mass Index (kg/m2) 26.5 ± 3.3 26.2 ± 4.3 \0.001

Cigarette smoking habit

Never 34.5 (3501) 56.7 (6995) \0.001

Former 53.2 (5398) 31.9 (3929)

Current 12.3 (1251) 11.4 (1404)

Social class

Professional 7.7 (780) 6.4 (793) \0.001

Manager 38.3 (3883) 35.1 (4323)

Skilled NM 12.4 (1254) 19.8 (2435)

Skilled M 25.3 (2569) 21.4 (2635)

Semi-skilled 13.4 (1359) 13.4 (1654)

Unskilled 3.0 (305) 4.0 (488)

Level of education

None/less than O level 29.4 (2983) 46.3 (5706) \0.001

O level 8.9 (900) 16.6 (2051)

A level 46.0 (4665) 26.2 (3225)

Degree 15.8 (1602) 10.9 (1346)

History of diabetes (missing for 18) 2.6 (268) 1.5 (180) \0.001

Systolic blood pressure (mmHg) 137.1 ± 17.5 133.3 ± 18.7 \0.001

Diastolic blood pressure (mmHg) 84.5 ± 11.1 80.8 ± 11.1 \0.001

Total cholesterol (mmol/l) 6.0 ± 1.1 6.3 ± 1.2 \0.001

Exercise

Inactive 29.3 (2972) 28.8 (3546) \0.001

Moderately inactive 24.6 (2498) 32.5 (4011)

Moderately active 23.4 (2379) 22.7 (2802)

Active 22.7 (2300) 16.0 (1969)

Alcohol intake 10.4 ± 11.9 4.5 ± 5.7 \0.001

Plasma Vitamin C (lmol/l) 47.5 ± 18.9 58.8 ± 19.8 \0.001
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lifestyle risk factors, despite socioeconomic differentials in

these risk factors. There was some attenuation after

adjustment for smoking, however consistent with previous

research [4, 22–24] a socioeconomic gradient remained

unexplained. The association was also independent of

education.

Table 2 Descriptive characteristics by social class in (a) 10,150 men (b) 12,328 women from EPIC-Norfolk

Social class P-value

Professional Manager Skilled NM Skilled M Semi-skilled Unskilled

(a) 10,150 men from EPIC-Norfolk

N = 10,150 780 3,883 1,254 2,569 1,359 305

Age (years) 57.8 ± 9.4 58.0 ± 9.3 59.5 ± 9.4 58.3 ± 9.2 59.0 ± 8.8 59.6 ± 8.7 \0.001

BMI (kg/m2) 26.1 ± 3.2 26.5 ± 3.3 26.5 ± 3.3 26.5 ± 3.3 26.6 ± 3.4 26.6 ± 3.5 0.0065

Cigarette smoking habit

Never 49.4 (385) 38.0 (1477) 33.2 (416) 29.0 (744) 29.2 (397) 26.9 (82) \0.001

Former 45.4 (354) 51.7 (2009) 56.0 (702) 55.6 (1428) 54.7 (743) 53.1 (162)

Current 5.3 (41) 10.2 (397) 10.9 (136) 15.5 (397) 16.1 (219) 20.0 (61)

Finished school 96.9 (756) 81.9 (3181) 72.3 (907) 60.3 (1548) 49.4 (671) 34.1 (104) \0.001

History of diabetes (missing for 8) 3.3 (26) 2.3 (90) 2.2 (28) 2.8 (71) 3.2 (43) 3.3 (10) 0.32

Systolic blood pressure (mmHg) (missing

for 18)

136.1 ± 17.4 136.3 ± 17.2 138.7 ± 18.5 137.3 ± 17.1 138.3 ± 17.9 137.9 ± 17.2 \0.001

Total cholesterol (mmol/l) (missing for

581)

6.1 ± 1.1 6.1 ± 1.1 6.1 ± 1.1 6.0 ± 1.1 6.0 ± 1.0 6.0 ± 1.1 0.15

Exercise (missing for 1)

Inactive 27.6 (215) 30.1 (1168) 36.9 (463) 26.2 (672) 27.2 (370) 27.5 (84) \0.001

Moderately inactive 38.0 (296) 30.0 (1152) 29.4 (369) 16.2 (416) 16.6 (226) 12.8 (39)

Moderately active 20.5 (160) 22.1 (858) 18.5 (232) 26.3 (676) 26.6 (362) 29.8 (91)

Active 14.0 (109) 18.2 (705) 15.2 (190) 31.3 (804) 29.5 (401) 29.8 (91)

Alcohol intake (units/week) 11.3 ± 11.0 12.0 ± 12.6 10.0 ± 11.3 8.8 ± 10.8 8.8 ± 12.0 8.4 ± 12.5 \0.001

Plasma Vitamin C (lmol/l) (missing for

1138)

51.6 ± 17.8 50.0 ± 18.0 47.6 ± 18.9 44.5 ± 18.9 44.8 ± 18.7 40.7 ± 18.5 \0.001

(b) 12,328 women from EPIC-Norfolk

N = 12,328 793 4,323 2,435 2,635 1,654 488

Age (years) 56.6 ± 9.1 57.0 ± 9.3 59.7 ± 9.4 57.0 ± 8.9 58.4 ± 8.9 59.6 ± 9.2 \0.001

BMI (kg/m2) 25.4 ± 4.3 25.8 ± 4.1 26.0 ± 4.2 26.5 ± 4.4 26.9 ± 4.6 27.5 ± 5.2 \0.001

Cigarette smoking habit

Never 63.1 (500) 57.4 (2483) 56.0 (1364) 55.8 (1471) 54.2 (897) 57.4 (280) \0.001

Former 29.3 (232) 32.5 (1403) 32.2 (785) 31.2 (822) 32.8 (542) 29.7 (145)

Current 7.7 (61) 10.1 (437) 11.8 (286) 13.0 (342) 13.0 (215) 12.9 (63)

Finished school 82.4 (653) 68.4 (2955) 52.7 (1284) 40.8 (1075) 32.7 (541) 23.4 (114) \0.001

History of diabetes (missing for 10) 1.9 (15) 1.0 (44) 1.8 (44) 1.4 (36) 2.0 (33) 1.6 (8) 0.028

Systolic blood pressure (mmHg) (missing

for 24)

130.7 ± 18.4 131.6 ± 18.6 134.9 ± 19.0 133.7 ± 18.4 135.5 ± 18.8 136.3 ± 19.1 \0.001

Total cholesterol (mmol/l) (missing for

898)

6.2 ± 1.2 6.2 ± 1.2 6.4 ± 1.3 6.2 ± 1.2 6.3 ± 1.2 6.5 ± 1.2 \0.001

Exercise

Inactive 19.3 (153) 25.5 (1101) 34.7 (844) 28.8 (759) 31.3 (517) 35.3 (172) \0.001

Moderately inactive 35.4 (281) 34.1 (1474) 34.3 (834) 31.4 (826) 29.3 (484) 23.0 (112)

Moderately active 28.9 (229) 24.3 (1049) 19.1 (466) 22.7 (599) 20.9 (345) 23.4 (114)

Active 16.4 (130) 16.2 (699) 12.0 (291) 17.1 (451) 18.6 (308) 18.4 (90)

Alcohol intake (units/week) 6.5 ± 6.5 5.6 ± 6.4 4.2 ± 5.3 3.5 ± 4.9 3.2 ± 4.7 2.3 ± 4.1 \0.001

Plasma Vitamin C (lmol/l) (missing for

1544)

63.3 ± 19.4 61.6 ± 20.2 58.3 ± 19.2 56.6 ± 19.1 55.7 ± 19.6 52.5 ± 19.4 \0.001

Data are % (n) or mean ± sd
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In women risk of CVD increased with decreasing

social class, some of this association was explained by

classical and lifestyle risk factors. After full adjustment

the effect was smaller than that seen in men. The smaller

effect might be due to the smaller number of events

meaning a lack of power, or this may partly reflect more

difficulty in classifying social class in women. Some

controversy exists over whether a woman’s social class

should be graded using her own occupation or that of her

husband [25–28]. Arguments for grading according to a

woman’s own occupation are that the standard of living in

the household may be influenced by a woman’s earnings,

or her job may expose her to health hazards [29]. How-

ever, no clear difference between the two measures has

been shown in women aged [60, and a stronger associ-

ation was seen with husband’s social class in women aged

Table 3 Rates and adjusted relative risks for cardiovascular disease hospital admissions and deaths by social class in (a) 8,902 men; (b) 10,652

women

Social class P-value*

Professional Manager Skilled NM Skilled M Semi-skilled Unskilled

(a) 8,902 men

N 693 3,420 1,093 2,245 1,186 265

Events 138 879 282 616 362 96

Rate/1000 (95% CI) 20.8

(17.6, 24.5)

27.2

(25.5, 29.1)

27.5

(24.4, 30.9)

29.4

(27.1, 31.8)

33.5

(30.2, 37.1)

41.1

(33.7, 50.2)

\0.001

Model 1 RR (95%CI) 1.0 1.29

(1.08, 1.55)

1.16

(0.94, 1.42)

1.40

(1.17, 1.69)

1.55

(1.28, 1.89)

1.90

(1.47, 2.47)

\0.001

Model 2 RR (95%CI) 1.0 1.26

(1.05, 1.51)

1.12

(0.91, 1.37)

1.32

(1.10, 1.59)

1.47

(1.21, 1.79)

1.76

(1.35, 2.28)

\0.001

Model 3 RR (95%CI) 1.0 1.26

(1.05, 1.51)

1.09

(0.89, 1.33)

1.31

(1.09, 1.58)

1.42

(1.16, 1.72)

1.75

(1.34, 2.27)

\0.001

Model 4 RR (95%CI) 1.0 1.26

(1.05, 1.51)

1.07

(0.87, 1.31)

1.29

(1.07, 1.56)

1.39

(1.14, 1.69)

1.70

(1.31, 2.22)

\0.001

Model 5 RR (95%CI) 1.0 1.28

(1.07, 1.54)

1.10

(0.89, 1.36)

1.34

(1.10, 1.63)

1.45

(1.18, 1.78)

1.79

(1.36, 2.35)

\0.001

(b) 10,652 women

N 692 3,759 2,112 2,256 1,420 413

Events 89 645 469 458 302 126

Rate/1000 (95% CI) 13.1

(10.6, 16.1)

17.4

(16.1, 18.8)

22.8

(20.8, 25.0)

20.7

(18.8, 22.6)

21.8

(19.5, 24.4)

31.7

(26.6, 37.8)

\0.001

Model 1 RR (95%CI) 1.0 1.20

(0.96, 1.50)

1.27

(1.00, 1.59)

1.49

(1.19, 1.87)

1.38

(1.09, 1.75)

1.90

(1.45, 2.49)

\0.001

Model 2 RR (95%CI) 1.0 1.13

(0.92, 1.37)

1.16

(0.95, 1.43)

1.43

(1.17, 1.76)

1.39

(1.13, 1.72)

1.70

(1.33, 2.18)

\0.001

Model 3 RR (95%CI) 1.0 1.22

(0.98, 1.53)

1.25

(1.00, 1.57)

1.43

(1.14, 1.79)

1.27

(1.00, 1.61)

1.73

(1.32, 2.27)

\0.001

Model 4 RR (95%CI) 1.0 1.18

(0.95, 1.48)

1.19

(0.94, 1.49)

1.32

(1.05, 1.66)

1.17

(0.92, 1.48)

1.56

(1.18, 2.05)

0.011

Model 5 RR (95%CI) 1.0 1.17

(0.94, 1.46)

1.16

(0.92, 1.47)

1.29

(1.02, 1.63)

1.13

(0.89, 1.45)

1.51

(1.14, 2.00)

0.026

*P-value for Wald test for social class

Model 1: adjusted for age

Model 2: adjusted for age and smoking

Model 3: adjusted for age, smoking and other classical cardiovascular risk factors: BMI, systolic blood pressure, total blood cholesterol and

history of diabetes

Model 4: adjusted for age, smoking, classical CVD risk factors and lifestyle covariates: physical activity, weekly alcohol intake and plasma

vitamin C levels

Model 5: Fully adjusted model: adjusted for all the covariates above, and level of education
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20–59 years [25, 27, 30]. Thus husband’s social class was

considered an appropriate classification in this cohort. A

weaker socioeconomic mortality gradient in women is

consistent with much of the literature [31–36].

Reducing health inequalities is currently a key priority

in the UK, however the appropriate focus for policies is

less clear. Although changing individual health behaviours

is an important public health goal, research implies that

socioeconomic differentials are due to a wider range of

factors and thus would persist even with improved health

behaviour among the disadvantaged. Social class reflects

experiences and exposures in adult life. It represents the

material resources relevant for health and status, as well as

aspects relevant to job characteristics, for example psy-

chosocial aspects such as the degree of control over work,

or physical risks such as occupational injury, or exposure to

toxic substances [37, 38]. Current social class is also

strongly related to childhood and parental social class and

may well also reflect early life influences.

Retirement

Further stratification showed that in both men and women

the social class association persisted and even appeared

stronger in individuals aged 65 years and over. Point esti-

mates show an apparent gradient in younger men and

Table 4 Adjusted relative risks for cardiovascular disease incidence by social class stratified by retirement status in (a) 8,902 men; (b) 10,652

women

Social class P-value*

Professional Manager Skilled NM Skilled M Semi-skilled Unskilled

(a) 8,902 men

Under 65 years

N = 6268 504 2443 713 1601 832 175

Events 69 454 129 311 189 43

Age adjusted RR (95%CI) 1.0 1.40

(1.09, 1.81)

1.26

(0.94, 1.69)

1.40

(1.08, 1.82)

1.55

(1.17, 2.04)

1.70

(1.16, 2.48)

0.028

Fully adjusted RRa (95%CI) 1.0 1.32

(1.02, 1.70)

1.13

(0.83, 1.52)

1.26

(0.96, 1.66)

1.33

(0.99, 1.78)

1.51

(1.02, 2.26)

0.18

Over 65 years

N = 2634 189 977 380 644 354 90

Events 69 425 153 305 173 53

Age adjusted RR (95%CI) 1.0 1.21

(0.94, 1.56)

1.09

(0.82, 1.45)

1.41

(1.09, 1.84)

1.57

(1.19, 2.07)

2.19

(1.53, 3.13)

\0.001

Fully adjusted RRa (95%CI) 1.0 1.22

(0.94, 1.58)

1.06

(0.79, 1.42)

1.35

(1.03, 1.78)

1.49

(1.11, 2.00)

2.06

(1.41, 3.01)

\0.001

(b) 10,652 women

Under 65 years

N = 8,899 605 3,236 1,548 2,012 1,178 320

Events 51 371 223 304 170 58

Age adjusted RR (95%CI) 1.0 1.33

(0.99, 1.78)

1.52

(1.12, 2.06)

1.76

(1.31, 2.36)

1.54

(1.13, 2.11)

1.85

(1.27, 2.70)

\0.001

Fully adjusted RRa (95%CI) 1.0 1.34

(0.97, 1.87)

1.39

(0.98, 1.96)

1.46

(1.04, 2.06)

1.15

(0.80, 1.66)

1.49

(0.97, 2.29)

0.11

Over 65 years

N = 3,429 188 1,087 887 623 476 168

Events 61 381 317 247 206 89

Age adjusted RR (95%CI) 1.0 0.97

(0.74, 1.28)

0.97

(0.74, 1.28)

1.19

(0.90, 1.58)

1.29

(0.97, 1.71)

1.59

(1.14, 2.20)

\0.001

Fully adjusted RRa (95%CI) 1.0 0.98

(0.72, 1.33)

0.96

(0.70, 1.31)

1.06

(0.77, 1.47)

1.05

(0.75, 1.47)

1.47

(1.01, 2.14)

0.040

a Fully adjusted model: adjusted for age, smoking, BMI, systolic blood pressure, total blood cholesterol, history of diabetes, physical activity,

weekly alcohol intake, plasma vitamin C levels and level of education

*P-value for Wald test for social class
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women that might be non-significant due to small numbers.

Social class is a measure based upon occupation, thus its

strong effect on CVD risk among those aged 65 years and

older, the majority of whom would have retired, is of

interest. It suggests that the pathways through which social

class influences risk of CVD persist beyond an individual’s

working life.

Comparison to other UK studies

Our study shows a much smaller social class gradient in

risk of CVD than others based on specific occupational

groups such as the British Army [39], or the Whitehall

studies, based on British civil servants working in London

[6, 40–42]. Both Whitehall studies show a steep gradient

across employment grade, with established risk factors

only accounting for a small proportion of this risk gradient.

The authors suggest that employment grade provides a

more accurate classification of social class that produces

more homogenous groups than national statistics [6, 24].

However the Whitehall populations were not representative

of the general population, containing a more polarized

social class distribution that may have contributed to the

greater gradients observed [4, 24]. Our estimates of social

class differences are slightly lower than those observed in

national coronary heart disease and stroke mortality sta-

tistics [43]. However, they are similar to those from the

British Regional Heart Study [4, 24] which had comparable

social class distribution to the national population of males

at that time, and to the Scottish Heart Health Study [7].

Strengths and limitations

There are a number of limitations to this study. Prevalent

severe illness, such as coronary heart disease, stroke or

cancer is associated with a higher risk of mortality and may

also cause a downward drift in social class, or individuals

may be less likely to be upwardly mobile. While individ-

uals with medical conditions that could potentially have

confounded the relationship between SES and CVD inci-

dence were excluded from the analyses, we cannot exclude

the possible effect of prevalent subclinical disease that may

explain some of the association. Although we examined

how far a number of classical and lifestyle risk factors

might account for some of the socioeconomic differential,

we did not examine the roles of all potential factors, such

as psychosocial factors that might explain some of the

differences. We recognise the importance of such factors in

explaining the socioeconomic differential, but wished to

confine our analyses to examining the influence of the main

classical and lifestyle risk factors.

Mortality and morbidity were ascertained using a regular

record linkage system with national deaths registration. This

method is one of the most frequently used in epidemiolog-

ical studies [44]. While this may have missed some

cardiovascular events, the specificity of events identified

using this method is high [20]. Occupation details were

obtained at the baseline survey between 1993 and 1997.

Some degree of inaccuracy in reporting or recording this

information is inevitable, however it seems unlikely that

misclassifications would be non-random, and normally

random measurement error is likely only to attenuate any

relationships, not produce spurious relationships [45].

Although it has been shown that situations exist where

random misclassification can bias odds ratios for categories

at intermediate levels of risk away from or beyond the null

[46], these examples largely relate to case–control studies

which have recognised issues in estimating odds ratios. The

misclassification patterns that produce this effect are more

extreme than those found in most epidemiological studies,

particularly cohort studies, so we do not think this is likely.

The socioeconomic differentials in CVD incidence are

not as wide as have been reported in some other studies.

This may reflect attenuation due to misclassification of

social class as discussed. Alternatively, it is possible that in

Norfolk the socioeconomic differentials may reflect less

variation in lifestyles such as diet and physical activity than

in more urban environments.

EPIC-Norfolk is composed of participants willing to

complete detailed questionnaires and attend health checks,

and the response rate was quite low at about 45% [47], thus

selection bias may be a problem if non response was asso-

ciated with social class or with cardiovascular health status

given a certain social class. It is possible that we may have

selected a health conscious study cohort, particularly in the

lower social classes, and thus there may be some attenuation

of the socioeconomic differential in our results. However

the range of socioeconomic circumstances of the partici-

pants was wide [12, 48], and in terms of anthropometric

variables, serum lipids and blood pressure [11] and of

physical and mental functional health [49], the cohort was

similar to the general resident population in England,

although there were fewer current smokers. Selection of a

more health conscious cohort would mean that the external

generalisability of the study results may be affected, but the

internal validity of the study results should not be affected.

Excluding those with unclassified or missing data for SES or

CVD incidence could cause bias, but only if these people

differed from those included in the study with respect to the

relation between SES and morbidity, which seems unlikely.

Conclusions

Some but not all of the socioeconomic differential in CVD

incidence can be explained by potentially modifiable
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classical and lifestyle risk factors. Low social class remains

a risk factor for CVD after age 65 years. Further under-

standing of the mechanisms underlying the association is

needed if we are to reduce inequalities in health.
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