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Abstract
Objective To assess the associations between
childhood and adulthood social class and insulin
resistance.
Design Cross sectional survey.
Setting 23 towns across England, Scotland, and Wales.
Participants 4286 women aged 60-79 years.
Main outcome measures Insulin resistance and other
cardiovascular disease risk factors.
Results Belonging to manual social classes in
childhood and in adulthood was independently
associated with increased insulin resistance,
dyslipidaemia, and general obesity. The association
between childhood social class and insulin resistance
was stronger than that for adult social class. The effect,
on insulin resistance and other risk factors, of
belonging to a manual social class at either stage in
the life course was cumulative, with no evidence of an
interaction between childhood and adult social class.
Women who were in manual social classes in
childhood remained at increased risk of insulin
resistance, dyslipidaemia, and obesity—even if they
moved into non-manual social classes in
adulthood—compared with women who were in
non-manual social classes at both stages.
Conclusions Adverse social circumstances in
childhood, as well as adulthood, are strongly and
independently associated with increased risk of
insulin resistance and other metabolic risk factors.

Introduction
Several studies have investigated the association
between socioeconomic circumstances across the life
course and cardiovascular disease.1 Most,2–5 although
not all,6 have found that poor socioeconomic
circumstances in childhood are associated with
increased risk of cardiovascular disease in later life.
This association is independent of adult socioeconomic position and therefore is not simply due to
childhood circumstances being an indicator of the
continuity of social disadvantage throughout life.3–5
The underlying mechanism for the association is
unclear. Several studies, mainly conducted in men,
have found that poorer childhood socioeconomic
position is associated with obesity, high blood pressure,
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and dyslipidaemia.5 7–9 By contrast, in the Whitehall II
study, associations between childhood socioeconomic
position and adult cardiovascular disease risk factors
were, on the whole, found to be weak or absent,
although among women poorer childhood social class
was associated with lower high density lipoprotein
cholesterol and higher fibrinogen levels.10
High blood pressure, dyslipidaemia, and obesity
are components of the insulin resistance syndrome.
Components of this syndrome are known to cluster in
childhood, and this clustering tracks into adulthood.11
It has been suggested that poor social circumstances in
childhood lead to insulin resistance, resulting in the
insulin resistance syndrome and increased cardiovascular disease risk in later life.8 No previous studies have
directly assessed the association between childhood
socioeconomic position and insulin resistance. Few
studies have assessed the association between childhood social circumstances and cardiovascular disease
risk factors in women, although recent studies have
found that poor childhood socioeconomic circumstances are associated with increased cardiovascular
disease risk in later life in women.12 13
We assessed the association between childhood and
adulthood social class and a wide range of cardiovascular disease risk factors, including insulin resistance,
in a cohort of older British women.
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Methods
Participants
The British women’s heart and health study is a study
of women aged 60-79 randomly selected from general
practitioners’ lists from 23 towns across England, Scotland, and Wales. A total of 4286 women (60% of those
invited) participated, and baseline data were collected
between April 1999 and March 2001.
Measurements
Full details of all measurements have been reported.14
Details of the participant’s longest held occupation,
and that of her father and husband, were requested.
Adult social class was derived from the longest held
occupation of the participant’s husband for married
women and her own for single women. Childhood
social class was derived from the longest held occupation of the participant’s father. Social class was categopage 1 of 5
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Non-manual
I Professional occupations
II Managerial and technical occupations
III(N) Skilled occupations, non-manual

Results

Manual
III(M) Skilled occupations, manual
IV Partly-skilled occupations
V Unskilled occupations

rised into one of six social classes based on the registrar
general’s occupational classification (box).15
Blood samples were taken after a 12 hour fast.
Insulin resistance was estimated according to the
homoeostasis model assessment16 as the product of
fasting glucose and insulin divided by the constant
22.5. Homoeostasis model assessment scores were not
calculated for 240 women who were diabetic or had a
fasting glucose of >8 mmol/l, as the index is not valid
in this group.16 Smoking was categorised as current
(including those who reported giving up within six
months of attending for baseline examination), former,
or never. Alcohol consumption was defined as heavy if
the woman reported consuming 21 units or more of
any form of alcohol per week.
Statistical analysis
Complete data on social class in both childhood and
adulthood were available for 3444/4286 (80%) of the
women. Only women with complete data on social
class at both times were included in the analyses. Compared with women who did not have complete social
class data, those with complete data were slightly
younger (68.8 years v 69.2 years; P=0.05), had smaller
waist:hip ratios (0.818 v 0.824; P=0.02), and were less
likely to be current smokers (10.4% (35/3444) v 16.8%
(139/842); P < 0.001). No other risk factors showed
substantial differences.
We used the likelihood ratio test to assess the possibility of an interaction between childhood and adult
social class—for example, different effects between
those in manual social classes in childhood and
non-manual social class in adulthood to those in
manual social classes in childhood and manual social
class in adulthood—and multiple logistic regression to
assess the cumulative effect of belonging to a manual
social class across the life course.
In all models, robust standard errors were used to
estimate 95% confidence intervals, taking into account
the clustering effect of each town. Homoeostasis model
assessment scores and triglyceride concentrations were

Table 1 shows that, in general, there was little
movement across social classes. For example, 61% of
women who were in social class I in childhood were in
either social class I or II in adulthood. Where mobility
did occur it was most commonly upwards: 20% of
women who were in social class V in childhood were in
social class I or II in adulthood.
Tables 2 and 3 show the age adjusted distributions
of cardiovascular disease risk factors by social class.
Belonging to lower social classes in childhood was
linearly associated with increased insulin resistance,
reduced high density lipoprotein cholesterol, increased
triglycerides, and increased general obesity. These associations remained even after adjustment for adult social
class. The association between poor childhood social
class and increased insulin resistance was unaffected by
adjustment for adult social class. Belonging to lower
social classes in adulthood was also linearly associated
with increased insulin resistance, reduced high density
lipoprotein cholesterol, and increased triglycerides. The
association between adult social class and insulin resistance was weaker than that between childhood social
class and insulin resistance and was attenuated when
adjustment was made for childhood social class. Lower
childhood social class was linearly associated with
current smoking and was inversely associated with
heavy alcohol consumption. Lower adult social class
was associated with increased central obesity.
None of the associations with cardiovascular disease
risk factors showed any evidence of an interaction
between childhood and adulthood social class (all P
values > 0.2). Table 4 shows the cumulative effect of
being in a manual compared with non-manual social
class across both stages of the life course. Compared
with women who were in non-manual social classes in
both childhood and adulthood, those in manual social
classes at both l stages were 58% more likely to be insulin resistant, 99% more likely to have low high density
lipoprotein cholesterol concentrations, 59% more likely
to have high triglyceride concentrations, and 2.4 times
more likely to be obese; they also had a 75% higher odds
of being current smokers. Those who were in a manual
social class at just one stage in the life course were more
likely to have these risk factors than were those who
were in non-manual social classes in both childhood and
adulthood. Women who were in manual social classes in

Table 1 Relation between social class in childhood (derived from father’s occupation) and adulthood (derived from husband’s
occupation or own occupation if single)
Adult social class
Childhood social
class

II (n=769)

III non-manual
(n=612)

I (n=305)

III manual
(n=954)

I

IV (n=481)

19 (17.3)

48 (43.6)

23 (20.9)

10 (9.1)

6 (5.5)

4 (3.6)

110

II

52 (16.9)

113 (36.7)

53 (17.2)

44 (14.3)

27 (8.8)

19 (6.2)

308

III non-manual

55 (13.8)

123 (30.9)

79 (19.9)

74 (18.6)

40 (10.1)

27 (6.8)

398

III manual

85 (7.4)

249 (21.7)

245 (21.3)

340 (29.6)

130 (11.3)

100 (8.7)

1149

IV

69 (6.5)

176 (16.7)

158 (15.0)

338 (32.0)

215 (20.4)

100 (9.5)

1056

V

25 (5.9)

60 (14.2)

54 (12.8)

148 (35.0)

63 (14.9)

V (n=323)

Total (n=3444)

73 (17.3)

423

Figures in parentheses are percentages of those in childhood class in each of the adult social classes.

page 2 of 5

BMJ VOLUME 325

12 OCTOBER 2002

bmj.com

BMJ: first published as 10.1136/bmj.325.7368.805 on 12 October 2002. Downloaded from http://www.bmj.com/ on 21 September 2019 by guest. Protected by copyright.

log normal: geometric means are presented, and the
natural log of the concentrations were used in the
regression models. Stata version 7.0 was used for all
analyses.

Registrar general’s occupational social classes

Papers

Difference (95% CI) per increase in social
class grade*

Childhood social class

I (n=110)

II (n=308)

III non-manual
(n=398)

III manual
(n=1149)

IV (n=1056)

V (n=423)

Adjusted for age

Adjusted for age and
adult social class

Insulin resistance
(homoeostasis model
assessment)†

1.43
(1.27 to 1.62)

1.53
(1.42 to 1.65)

1.51
(1.42 to 1.62)

1.66
(1.60 to 1.73)

1.77
(1.70 to 1.85)

1.75
(1.64 to 1.87)

0.006
(0.003 to 0.008)

0.006
(0.003 to 0.008)

Systolic blood pressure
(mm Hg)

147.7
(143.2 to 52.2)

146.2
(143.5 to 48.9)

146.7
(144.2 to 149.1)

147.9
(146.5 to 149.3)

147.0
(145.5 to 148.5)

148.1
(145.8 to 150.5)

0.03
(−0.07 to 0.12)

0.02
(−0.07 to 0.11)

Diastolic blood pressure
(mm Hg)

80.6
(78.4 to 82.8)

80.0
(78.7 to 81.3)

79.4
(78.3 to 80.6)

79.3
(78.6 to 80.0)

78.9
(78.2 to 79.7)

80.0
(78.9 to 81.2)

−0.02
(−0.06 to 0.03)

−0.01
(−0.06 to 0.03)

Low density lipoprotein
cholesterol (mmol/l)

4.35
(4.13 to 4.56)

4.11
(3.98 to 4.23)

4.08
(3.96 to 4.19)

4.19
(4.12 to 4.25)

4.15
(4.08 to 4.22)

4.26
(4.15 to 4.37)

0.001
(−0.003 to 0.005)

0.001
(−0.003 to 0.005)

High density lipoprotein
cholesterol (mmol/l)

1.71
(1.62 to 1.79)

1.76
(1.71 to 1.81)

1.74
(1.70 to 1.79)

1.65
(1.63 to 1.68)

1.59
(1.56 to 1.62)

1.63
(1.59 to 1.68)

−0.005
(−0.007 to −0.003)

−0.003
(−0.005 to −0.002)

1.69
(1.55 to 1.84)

1.56
(1.48 to 1.65)

1.51
(1.44 to 1.59)

1.70
(1.65 to 1.74)

1.70
(1.65 to 1.75)

1.69
(1.61 to 1.76)

0.002
(0.000 to 0.004)

0.001
(0.000 to 0.003)

26.7
(25.8 to 27.6)

26.9
(26.4 to 27.5)

27.0
(26.5 to 27.5)

27.5
(27.2 to 27.8)

28.1
(27.8 to 28.4)

27.7
(27.2 to 28.2)

0.04
(0.02 to 0.06)

0.03
(0.01 to 0.05)

0.823
(0.810 to 0.836)

0.815
(0.807 to 0.823)

0.818
(0.811 to 0.825)

0.815
(0.811 to 0.819)

0.820
(0.816 to 0.824)

0.822
(0.815 to 0.828)

0.000
(−0.000 to 0.001)

0.000
(−0.000 to 0.001)

Ever smoked (%)

40.0
(31.3 to 49.4)

39.5
(34.2 to 45.1)

39.9
(35.2 to 44.8)

42.1
(39.3 to 45.0)

45.1
(42.1 to 48.1)

44.9
(40.2 to 49.7)

1.00
(0.99 to 1.02)

1.00
(0.99 to 1.01)

Current smoker (%)

5.3
(2.4 to 11.3)

7.6
(5.2 to 11.2)

7.8
(5.6 to 10.9)

9.0
(7.5 to 10.8)

12.8
(10.9 to 14.9)

11.8
(9.1 to 15.2)

1.02
(1.01 to 1.04)

1.02
(1.01 to 1.04)

Heavy alcohol intake (%)

7.3
(3.7 to 14.0)

4.0
(2.3 to 6.9)

2.5
(1.3 to 4.6)

2.9
(2.0 to 4.1)

0.9
(0.4 to 1.6)

2.1
(1.1 to 4.0)

0.95
(0.93 to 0.98)

0.96
(0.94 to 0.98)

Risk factor

Triglycerides†
2

Body mass index (kg/m )
Waist:hip ratio

*Age (and adult social class) adjusted regression coefficient per increase in social class grade for continuous variables and odds ratios per increase in social class grade for categorical
variables.
†Geometric means and logged values in difference per increase in social class grade.

childhood and had moved up into non-manual social
classes in adulthood remained at higher risk of insulin
resistance, dyslipidaemia, and obesity than those who
were in non-manual social classes at both stages.

Discussion
Belonging to manual social classes in childhood and in
adulthood are independently associated with increased

insulin resistance, dyslipidaemia, and general obesity in
older women. The association between poorer childhood social class and insulin resistance is particularly
strong and is independent of adult social class. Women
who belonged to manual social classes in childhood but
who had moved up into non-manual social classes in
adulthood remained at higher risk of insulin resistance,
dyslipidaemia, and obesity than women who were in
non-manual social classes at both stages.

Table 3 Cardiovascular disease risk factors in British women aged 60-79 related to adult social class. Values are age adjusted mean or prevalence
(95% confidence interval)
Difference (95% CI) per increase in social
class grade*

Adult social class

I (n=305)

II (n=769)

III non-manual
(n=612)

III manual
(n=954)

IV (n=481)

V (n=323)

Adjusted for age

Adjusted for age and
childhood social class

Insulin resistance
(homoeostasis model
assessment)†

1.58
(1.46 to 1.70)

1.61
(1.54 to 1.69)

1.64
(1.55 to 1.73)

1.70
(1.63 to 1.78)

1.73
(1.63 to 1.85)

1.72
(1.60 to 1.86)

0.003
(0.001 to 0.005)

0.002
(−0.001 to 0.004)

Systolic blood pressure
(mm Hg)

146.9
(144.2 to 149.6)

147.2
(145.5 to 148.9)

147.9
(145.9 to 149.8)

146.6
(145.1 to 148.2)

149.0
(146.7 to 151.2)

146.1
(144.4 to 149.8)

0.02
(−0.06 to 0.10)

0.02
(−0.06 to 0.10)

Diastolic blood pressure
(mm Hg)

80.3
(79.0 to 81.6)

79.3
(78.5 to 80.1)

79.4
(78.5 to 80.4)

79.5
(78.7 to 80.2)

79.2
(78.1 to 80.3)

78.8
(77.5 to 80.2)

−0.02
(−0.06 to 0.01)

−0.02
(−0.06 to 0.02)

Low density lipoprotein
cholesterol (mmol/l)

4.10
(3.98 to 4.23)

4.23
(4.15 to 4.31)

4.14
(4.05 to 4.23)

4.12
(4.05 to 4.20)

4.21
(4.10 to 4.31)

4.22
(4.09 to 4.34)

0.001
(−0.003 to 0.005)

0.001
(−0.003 to 0.004)

High density lipoprotein
cholesterol (mmol/l)

1.75
(1.70 to 1.80)

1.72
(1.69 to 1.76)

1.68
(1.65 to 1.72)

1.60
(1.57 to 1.63)

1.57
(1.53 to 1.62)

1.61
(1.56 to 1.67)

−0.005
(−0.006 to −0.003)

−0.004
(−0.006 to −0.003)

Triglycerides†

1.60
(1.52 to 1.69)

1.61
(1.55 to 1.66)

1.60
(1.54 to 1.66)

1.71
(1.66 to 1.77)

1.72
(1.65 to 1.80)

1.72
(1.63 to 1.81)

0.002
(0.001 to 0.004)

0.002
(0.001 to 0.004)

27.1
(26.6 to 27.7)

27.0
(26.6 to 27.3)

27.3
(26.9 to 27.7)

27.8
(27.5 to 28.2)

28.2
(27.7 to 28.7)

28.0
(27.5 to 28.6)

0.04
(0.02 to 0.05)

0.03
(0.01 to 0.05)

0.816
(0.809 to 0.824)

0.812
(0.807 to 0.817)

0.814
(0.808 to 0.820)

0.819
(0.815 to 0.824)

0.824
(0.818 to 0.831)

0.827
(0.819 to 0.835)

0.001
(0.000 to 0.002)

0.001
(0.000 to 0.002)

Ever smoked (%)

36.2
(31.0 to 41.7)

41.0
(37.6 to 44.5)

42.6
(38.7 to 46.5)

44.5
(41.4 to 47.7)

42.8
(38.5 to 47.3)

48.9
(43.5 to 54.4)

1.01
(1.00 to 1.02)

1.01
(1.00 to 1.02)

Current smoker (%)

6.7
(4.4 to 10.1)

9.3
(7.5 to 11.6)

9.1
(7.1 to 11.6)

11.8
(9.9 to 14.0)

10.8
(8.3 to 13.9)

11.2
(8.2 to 15.1)

1.01
(1.00 to 1.02)

1.01
(1.00 to 1.02)

Heavy alcohol intake (%)

3.3
(1.8 to 6.0)

3.5
(2.4 to 5.1)

2.1
(1.2 to 3.6)

2.1
(1.4 to 3.3)

1.3
(0.6 to 2.8)

1.6
(0.7 to 3.8)

0.98
(0.97 to 1.00)

0.98
(0.96 to 1.00)

Risk factor

2

Body mass index (kg/m )
Waist:hip ratio

*Difference: age (and childhood social class) adjusted regression coefficient per increase in social class grade for continuous variables and odds ratios per increase in social class grade for
categorical variables.
†Geometric means and logged values in difference per increase in social class grade.
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Table 2 Cardiovascular disease risk factors in British women aged 60-79 related to childhood social class. Values are age adjusted mean or prevalence
(95% confidence interval)

Papers

Non-manual social class in childhood
Cardiovascular risk factor
High insulin resistance (top fourth (>2.45)
homoeostasis model assessment)

Manual class in
adulthood (n=251)

Non-manual class in
adulthood (n=1121)

Manual class in
adulthood (n=1507)

1.00

1.29 (0.86 to 1.93)

1.33 (1.01 to 1.74)

1.58 (1.22 to 2.05)

Hypertensive (blood pressure >160/90)

1.00

1.23 (0.90 to 1.68)

1.23 (0.99 to 1.52)

1.22 (0.99 to 1.50)

High low density lipoprotein cholesterol (top
fourth to >4.80 mmol/l)

1.00

1.24 (0.86 to 1.78)

1.25 (0.97 to 1.59)

1.13 (0.89 to 1.43)

Low high density lipoprotein cholesterol
(bottom fourth to <1.30 mmol/l)

1.00

1.45 (1.00 to 2.09)

1.29 (1.00 to 1.67)

1.99 (1.55 to 2.54)

High triglyceride (top fourth to
>2.25mmol/l)

1.00

1.35 (0.93 to 1.98)

1.44 (1.11 to 1.87)

1.59 (1.23 to 2.04)

Obese (body mass index >30 kg/m2)

1.00

1.73 (1.18 to 2.51)

1.68 (1.28 to 2.19)

2.38 (1.84 to 3.07)

Centrally obese (waist:hip ratio >0.85)

1.00

1.19 (0.85 to 1.66)

0.89 (0.71 to 1.11)

1.05 (0.85 to 1.30)

Ever smoked

1.00

1.05 (0.77 to 1.42)

1.08 (0.88 to 1.33)

1.29 (1.06 to 1.57)

Current smoker

1.00

1.15 (0.66 to 2.00)

1.38 (0.95 to 2.01)

1.75 (1.23 to 2.49)

Heavy alcohol intake (>21 units per week)

1.00

0.70 (0.29 to 1.65)

0.58 (0.33 to 1.02)

0.38 (0.21 to 0.68)

This is the first study to assess directly the
association between childhood socioeconomic circumstances and insulin resistance. The results support the
idea that poor social circumstances in childhood lead
to insulin resistance and the insulin resistance
syndrome, with these risk factors tracking through
childhood and resulting in increased risk of cardiovascular disease in later life. Leg length, which is
associated with poor nutrition in infancy and
childhood,17 is associated with insulin resistance and
cardiovascular disease in adulthood.18 19 Poor nutrition
in childhood may be one mechanism through which
poor social circumstances in childhood lead to
increased insulin resistance, which then persists into
adulthood. The recent finding of an association
between low birth weight of offspring and increased
maternal insulin resistance in later life suggests a common genetic link,20 although genetic factors are
unlikely to explain the association between social
circumstances in childhood and insulin resistance in
adulthood.
In studies confined to men, childhood social class is
associated with components of the insulin resistance
syndrome.5 7 8 In a study of women and men, childhood
socioeconomic position was, in general, only weakly
associated with a range of cardiovascular disease risk
factors in later life, but in women childhood social
position was related to low levels of high density
lipoprotein cholesterol and increased fibrinogen levels
in adulthood.10
In our study, childhood manual social class was
independently associated with an increased likelihood
of smoking in adulthood. This was not found in two
studies confined to men only,5 7 but other studies have
reported this association in women.10 21 Family
background and social circumstances in childhood
may influence starting smoking, whereas adult occupation and social circumstances may affect the likelihood
of stopping smoking.1 There is evidence of sex
differences in the likelihood of stopping smoking, with
women smokers being less likely to stop and more
likely to cut down their smoking than men.22 The
association between childhood manual social class and
adult smoking in women, but not men, may reflect sex
differences in being able to stop smoking.
Limitations of the study
Our response (60%) was moderate but is consistent
with other baseline data collection in large epidemiopage 4 of 5

Manual social class in childhood

Non-manual class in
adulthood (n=565)

logical surveys, including the health survey for
England, in which participants were visited in their
own homes.23 Distributions of cardiovascular risk
factors for women in our study were similar to those
for older women in the health survey for England.23
The social class distribution of the women in our study
was similar to that found for the 1991 census (52%
manual social class in British women’s heart and health
study v 55% older adults in the 1991 census). Response
bias is therefore unlikely to have had an important
effect on our results.
Women with data on childhood and adult social
class were less likely to be smokers and had smaller
waist:hip ratios than those without these data. Many of
the women without occupational (and therefore social
class) data are likely to be those whose fathers and husbands were unemployed long term; this would be
consistent with the particularly high prevalence of
smoking among those who did not have data on social
class. Including these women with those in manual social
classes may increase the magnitude of the associations
with smoking and central obesity but would not alter our
overall conclusions. We relied on self report of
occupations, which may be less accurate for the father’s
than for the husband’s occupation, although any
misclassification would weaken associations between
childhood social class and adult risk factors and would
therefore not alter our main conclusions. All occupations were classified using the registrar general’s classification of occupations for 1980. This may have
introduced inaccuracies in social class classification for
fathers’ occupations in the 1930s to 1950s. However,
over the past century, few occupations have substantially
changed status and, in particular, jobs classified as
manual or non-manual have not changed between these
broad categorisations.24
Implications
Poor socioeconomic position in childhood and in
adulthood is associated with insulin resistance, components of the insulin resistance syndrome, and smoking
in women. The increased risk of insulin resistance
associated with manual childhood social class remains,
even if women move up into non-manual social classes
in adulthood. These findings highlight the importance
of a life course approach to the prevention of
cardiovascular disease and reducing socioeconomic
inequalities in cardiovascular disease.1
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Table 4 Odds ratio (95% confidence interval) for cardiovascular risk factors in British women aged 60-79 according to social class

Papers

Poor childhood social circumstances are,
independently of adult social circumstances,
associated with increased cardiovascular disease
risk
They are associated with some components of the
insulin resistance syndrome, and adverse
childhood environmental factors, possibly poor
nutrition, may lead to insulin resistance and to
adult cardiovascular disease
Evidence on the association between childhood
social circumstances and insulin resistance in
adulthood, and between childhood social
circumstances and cardiovascular disease risk
factors in women, is scarce
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Belonging to manual social classes in childhood
and in adulthood is independently associated with
increased insulin resistance, dyslipidaemia, and
obesity in older women
Women who were in manual social classes in
childhood remained at increased risk of insulin
resistance, dyslipidaemia, and obesity, even if they
had moved into non-manual social classes in
adulthood
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