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Poor childhood and adult socio-economic conditions, lower childhood cognitive ability and cigarette
smoking are all associated with adult mortality risk. Using data on 4458 men and women aged 60 years
from a British birth cohort study, we investigated the extent to which these risk factors are part of the
same pathway linking childhood experience to adult survival. Compared with women from non-manual
origins, men from non-manual origins, women and men from manual origins, and those with missing
data on father’s social class had about double the risk of mortality between 26 and 60 years. Cox
proportional hazards models showed that these differences were reduced but remained significant after
adjusting for childhood cognitive ability, adult socio-economic conditions and smoking. Higher child-
hood ability increased survival chances by securing better adult socio-economic conditions, such as
home ownership, which was strongly associated with survival. These findings were similar for cardio-
vascular and cancer mortality.

� 2009 Elsevier Ltd. Open access under CC BY license. 
Introduction

Childhood socio-economic conditions are associated with adult
mortality risk in historical and contemporary populations
(Bengtsson & Brostrom, 2006; Elo & Preston, 1992; Lawlor, Sterne,
Tynelius, Davey Smith, & Rasmussen, 2006; Osler et al., 2003). In
the British 1946 birth cohort we found an almost five-fold differ-
ence in survival between ages 26–54 years for those in the most
advantageous social conditions in childhood and early adulthood,
compared with those in the least advantageous conditions during
this time (Kuh, Hardy, Langenberg, Richards, & Wadsworth, 2002).
Other studies suggest that these effects are particularly consistent
in relation to cardiovascular (Galobardes, Lynch, & Davey Smith,
2004; Pollitt, Rose, & Kaufman, 2005) and respiratory (Davey Smith,
Hart, Blane, Gillis, & Hawthorne, 1997) mortality.

Within a life course framework, several compatible pathways
have been identified as central to the link between child disad-
vantage and poor adult health (Power & Kuh, 2006); poor physical
ch Council.

Y license. 
and mental health earlier in life, slower cognitive development and
educational progress, health damaging behaviours, and lifetime
continuity in social disadvantage (Power & Kuh, 2006). Of these,
education may be particularly important, as a mediator of the
effects of early disadvantage (Blane, 2003), and as a path of access
to resources that influence exposure to, or impact of, risks to
morbidity and mortality (Mirowsky & Ross, 2003; Pearlin, 1999;
Phelan & Link, 2005). However, cognition has been claimed to
account for at least some of these processes, because it reflects
integrity of biological processes underlying health (Whalley &
Deary, 2001), and because it is part of a causal chain linking
childhood socio-economic conditions to educational and socio-
economic attainment (Neisser et al., 1996; Richards & Sacker, 2003).
In this regard, studies have shown associations between childhood
or adult cognition and all cause and cause specific mortality (Deary
& Der, 2005; Hemmingsson, Melin, Allebeck, & Lundberg, 2006;
Osler et al., 2003; Shipley, Der, Taylor, & Deary, 2006; Whalley &
Deary, 2001). The evidence to date does not suggest that childhood
cognition mediates the effects on mortality of early socio-economic
conditions (Deary & Batty, 2006). Whether the effects of childhood
cognition and adult socio-economic conditions are independently
related to mortality, or are part of the same causal pathway is not
yet elucidated. In the British 1946 birth cohort, the effect of
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childhood cognitive ability on mortality risk in men to age 54 was
largely explained by socio-economic disadvantage in early adult life
(Kuh, Richards, Hardy, Butterworth, & Wadsworth, 2004).

Smoking is potentially an important causal link on the pathway
between lifetime socio-economic circumstances, cognition and
premature mortality. It is the biggest single cause of premature
death in the industrialised world (Peto, Lopez, Boreham, Thun, &
Heath, 1992), and shows socio-economic (Townsend, Roderick, &
Cooper, 1994) and cognitive (Taylor et al., 2003) gradients, although
has failed so far to explain the early socio-economic conditions–
mortality association (Davey Smith, Hart, Blane, & Hole, 1998;
Davey Smith, McCarron, Okasha, & McEwen, 2001; Gliksman et al.,
1995; Kuh et al., 2002) or the cognition-mortality association
(Deary & Der, 2005; Kuh et al., 2004). Using the 1946 birth cohort
we update and extend our previous analyses on the British 1946
birth cohort by investigating the effects of lifetime socio-economic
conditions, childhood cognition, and smoking on mortality
between 26 and 60 years, and the extent to which they are part of
the same pathway linking childhood experience to adult survival.
For the first time we provide information on cardiovascular and
cancer mortality in relation to these risk factors.

Methods

The Medical Research Council’s National Survey of Health and
Development is a prospective national cohort of 2547 women and
2815 men, a socially stratified sample of all births that took place in
England, Scotland and Wales during the week 3–9 March 1946
(Wadsworth et al., 2003). Start of follow-up was taken as 1971,
when cohort members were age 26 years and were flagged for
death on the National Health Service Central Register. By then 4458
men and women were alive and resident in Britain and available for
analysis; of the remaining cohort, 881 had already died or
emigrated and a further 27 were excluded because they were not
flagged on the Central Register.

The underlying cause of death between 26 and 60 years was
coded using either ICD9 or ICD10 disease classifications according
to standard rules, which distinguished mortality from cardiovas-
cular diseases (ICD9 codes 401-454 and ICD10 codes I10-I89) and
cancers (ICD9 codes 140-239 and ICD10 codes C00-C97).

Indicators of childhood socio-economic conditions, based on
information provided by the mother at home interviews under-
taken by health visitors, included father’s social class at age 4 years
(manual/non-manual) and parental education (more than
a primary education or not). A score of housing quality (range 0–3)
allocated one point for each of the following: dwelling in very good
repair, dwelling built since 1919, no overcrowding (no more than
one and a half persons per room). Those who scored 0 and those
scoring 1 were compared with those scoring 2 or 3 (the best
conditions). A score of care of the home and child (range 0–5)
allocated one point for each of the following ratings by the health
visitor: very clean house, very clean child, at least adequate shoes,
at least adequate clothes, mother coped well. Those who scored 0–2
and those scoring 3 or 4 were compared with those scoring the
highest (the best care).

Indicators of adult socio-economic conditions, based on infor-
mation provided by the cohort member at ages 26, 36, 43 and 53
years, were two measures of household social class (one based on
the man’s occupation and a gender neutral measure based on the
occupation given the highest social class), net income (bottom
third/top two thirds) and home ownership (yes/no).

Childhood cognitive ability was measured at age 8 years, 11 and
15 years using tests designed by the National Foundation of
Education Research. These tests have been described in detail
elsewhere (Richards, Shipley, Fuhrer, & Wadsworth, 2004). At age 8
children were tested on reading comprehension, word pronuncia-
tion, vocabulary, and non-verbal reasoning; at age 11 on verbal and
non-verbal intelligence, arithmetic, word pronunciation, and
vocabulary; at age 15 on verbal and non-verbal intelligence (the
AH4 test), reading comprehension, and mathematics (Pigeon, 1964;
Pigeon, 1968). All scores for each test were standardised (with
a mean score of 0 and a standard deviation of 1) and divided into
four equal groups with the lowest quarter being the reference
group. Total scores representing overall cognitive function at ages
8,11, and 15 were obtained by standardising the sum of these scores.
Avoidable losses discussed elsewhere (Douglas, 1964) were due to
study members being untraced, absent from school, not mentally
able to take the tests, having parents who refused to let them take
the tests, or attending schools which did not set aside time for
testing.

Educational progress was measured by the level of qualifications
obtained at age 26 years. Men and women with degrees and other
higher level qualifications were grouped with those who left school
(usually at age 18 years) with advanced secondary qualifications as
there were no deaths in women with the highest level of qualifi-
cations. Men and women who gained ordinary level qualifications
(usually taken at age 16 years) were distinguished from those who
left school with no qualifications.

Smoking status was defined by the most recent behaviour
identified for each individual before death or censoring occurred
and was categorised as never smoker, former smoker or current
smoker. Never smokers were taken as the reference group.

Table 1 gives the socio-economic characteristics for the whole
sample. Fifty five percent of the survey members were from
a manual background in childhood, while 38% were in a manual
occupation during adulthood.

Analysis

Survival curves, obtained using the Kaplan–Meier method, were
first used to compare the cumulative death rate between 26 and 60
years for those in the most socio-economically disadvantaged
groups in childhood and adulthood with the rate for the most
advantaged group. Cox’s proportional hazards models were used to
investigate the relationships between socio-economic conditions
and adult mortality rates in the whole sample, and in men and
women separately. Those with missing data were included as
a separate group but were excluded in the analyses stratified by sex
because of the small number of deaths in these groups. In all
analyses, the highest socio-economic group was taken as reference.
The proportional hazards assumption was checked. Follow-up time
(in months) was from the cohort’s 26th birthday until the first of
death, emigration, or the end of March 2006, the cohort’s 60th
birthday. If death had not occurred, follow-up was treated as
censored. For adult socio-economic indicators, the most recent
measure recorded for each individual before death or censoring
occurred was used in analyses.

Using all cause mortality as the outcome, we included father’s
social class and the most powerful adult socio-economic measures
in the same model, identified by including various pairs of adult
indicators in hazards models and seeing which had the strongest
independent effects on mortality. We tested whether the patterns
seen for all cause mortality were also seen for cardiovascular
mortality and cancer mortality using competing risks Cox’s
proportional hazards models, which involved censoring deaths
from other causes, at time of death. We tested for sex interactions
and, where significant, report the results for men and women
separately in the text.

We then investigated whether childhood cognitive ability and
educational qualifications were related to all cause mortality, and if



Table 1
Characteristics based on indicators of childhood (age 4 years), most recent adult-
hood socio-economic position, and smoking behaviour for the 4461 men and
women.

N (%)

Socio-economic conditions at age 4 years
Father’s social class

Non-manual 1656 (37.1)
Manual 2457 (55.1)
Missing 348 (7.8)

Mother’s education
Secondary level 890 (20.0)
Primary level only 3106 (69.6)
Missing 465 (10.4)

Father’s education
Secondary level 1124 (25.2)
Primary level only 2824 (63.3)
Missing 513 (11.5)

Housing quality
Best 2163 (48.5)
Intermediate 1082 (24.3)
Worst 880 (19.7)
Missing 336 (7.5)

Care of house and child
Best 1569 (35.2)
Intermediate 1001 (22.4)
Worst 1274 (28.6)
Missing 617 (13.8)

Educational qualifications by 26 y
None 1993 (44.7)
Ordinary level 805 (18.1)
Advanced 1354 (27.1)
Missing 309 (6.9)

Most recent adult socio-economic conditions
Most recent household social class

Non-manual 2346 (52.6)
Manual 1678 (37.6)
Missing 437 (9.8)

Most recent housing tenure
Owner occupier 3080 (69.0)
Other 901 (20.2)
Missing 189 (8.9)

Most recent household income
Top two thirds 2707 (60.7)
Bottom third 1183 (26.5)
Missing 571 (12.8)

Cigarette smoking
Never smoker 1602 (35.9)
Former smoker 1290 (28.9)
Current smoker 1292 (29.0)
Missing 277 (6.2)
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these relationships were independent after mutual adjustment. We
tested whether they accounted for the effects of childhood or adult
conditions on all cause mortality. Finally, we investigated the effect
of smoking on all cause mortality and tested whether smoking
accounted for the effects of socio-economic conditions or childhood
cognitive ability on mortality. These analyses were repeated using
cardiovascular disease mortality and cancer mortality as outcomes.

All models were conducted in STATA 8.2 and repeated allowing
for the initial sampling procedure. As the results of these models
were very similar, the unweighted results are presented.
Results

Between age 26 and 60 years 332 people (137 women and 195
men) died. The death rate was higher for men compared with
women (hazard ratio (HR) 1.3, 95% confidence intervals 1.1, 1.7).
Socio-economic conditions in childhood and adulthood

By 60 years, study members from manual origins were 60%
more likely to have died (8.7%) than those from non-manual origins
(5.4%) (log rank test¼ .005). This was confirmed by sex-adjusted
estimates from a Cox’s proportional hazards model (Table 2). There
was an effect of father’s social class on adult mortality for women
(HR¼ 2.2, 95% CI:1.5,3.4) but not for men (HR¼ 1.2, 95% CI:0.9,1.7),
and this difference was significant (p-value¼ .03 for the interaction
between sex and father’s social class). Men from non-manual
origins, women and men from manual origins, and those with
missing data on father’s social class had about double the risk of
adult mortality compared with women from non-manual origins
(Fig. 1). A variable distinguishing these five groups, with non-
manual women as the reference group as they have the lowest
mortality rate, was used in further analyses. Those with missing
data on father’s social class included those where the father was
absent, had died, or where the mother was not interviewed at age 4
years. These study members had death rates similar to those from
the manual class.

The hazard ratios (worst versus best) for the scores for housing
quality and care of house and child were similar to the ratio
associated with social class of origin (Table 2). The effects of
paternal or maternal education were smaller. When each of these
indicators was added separately to a model containing father’s
social class including missing categories and gender, the hazard
ratios (worst versus best) for housing quality and for care of the
house and child remained associated with mortality. In these
models, father’s social class remained associated with mortality
(not shown).

Study members living in manual households in adult life had
a 60% greater death rate of those in non-manual households
(HR¼ 1.6, 95% CI:1.3,2.1) (Table 2). The gender neutral measure of
adult social class gave similar results. Those not owning their own
home at 26 years had almost a tripling of the death rate compared
to those who did (HR¼ 2.8, 95% CI:2.2,3.5). Those in the bottom
third of household income had an 80% higher death rate compared
with those in the top two thirds. The effect of household income
was accounted for by home ownership. The effect of being in
a manual household was also attenuated after accounting for home
ownership but social class continued to be included in further
models as those missing a social class had a raised mortality risk
(not shown).

In a model containing the groups based on father’s social class
and gender, and adult household social class and home ownership,
women from non-manual origins retained their significantly lower
mortality rates over others even after accounting for both indica-
tors of adult socio-economic conditions (Table 3). In this model,
there were no additional effects of childhood housing quality or
care of the house and child

Of the 332 deaths between 26 and 60 years, 81 (24.4%) were
from cardiovascular diseases (CVD) and 136 (41.0%) were from
cancers. The effects of socio-economic conditions were in the same
direction for CVD and cancer mortality (Table 3). The socio-
economic effects appeared strongest for CVD mortality but the
cause specific models have low power due to the smaller number of
deaths and their relative strengths are difficult to assess. For CVD
mortality the effect of father’s social class was stronger for women
than for men, as for all cause mortality (in sex-specific models,
HR¼ 3.7, 95% CI:1.3,10.8 for women from manual compared with
non-manual origins, and HR¼ 1.3, 95% CI:0.71,2.4, for men from
manual compared with non-manual origins; p-value for inter-
action¼ .09). For cancer mortality, there was an effect of father’s
social class for men (HR¼ 2.4, 95% CI:1.3,4.4, p¼ .005) as well as
women (HR¼ 2.0, 95% CI:1.1,3.6, p¼ .02).



Table 2
Hazard ratios for mortality (26–60 years) for indicators of childhood (age 4 years) and most recent adulthood socio-economic position, obtained from Cox’s proportional
hazards models and based on 4461 men and women and 332 deaths.

Total sample Women Men

Hazard ratio (95% CI) sex adjusted p-valuea Hazard ratio (95% CI) unadjusted Hazard ratio (95% CI) unadjusted

Socio-economic conditions at age 4 years
Father’s social class

Non-manual 1.0 <.001 1.0 1.0
Manual 1.6 (1.2,2.0) 2.2 (1.5,3.4) 1.2 (0.91,1.7)
Missing 1.6 (1.0,2.4)

Mother’s education .17
Secondary level 1.0 1.0 1.0
Primary level only 1.2 (0.91,1.6) 1.7 (1.0,2.8) 1.0 (0.70,1.5)
Missing 1.2 (0.78,1.8)

Father’s education .022
Secondary level 1.0 1.0 1.0
Primary level only 1.4 (1.0,1.8) 1.5 (0.94,2.2) 1.3 (0.93,1.9)
Missing 1.4 (0.94,2.1)

Housing quality .001 (<.001)b

Best 1.0 1.0 1.0
Intermediate 1.3 (1.0,1.7) 1.2 (0.78,1.9) 1.4 (0.98,2.0)
Worst 1.6 (1.3,2.2) 2.1 (1.4,3.1) 1.4 (0.96,2.0)
Missing 1.4 (0.94,2.1)

Care of house and child .012 (.003)b

Best 1.0 1.0 1.0
Intermediate 1.3 (0.95, 1.7) 1.5 (0.94,2.4) 1.1 (0.77,1.7)
Worst 1.5 (1.2,2.0) 1.8 (1.2,2.7) 1.3 (0.95,1.9)
Missing 1.2 (0.83,1.7)

Most recent adult socio-economic conditions
Most recent household social class

Non-manual 1.0 <.001 1.0 1.0
Manual 1.6 (1.3,2.1) 1.6 (1.1,2.3) 1.7 (1.2,2.3)
Missing 2.5 (1.8,3.4)

Most recent housing tenure
Owner occupier 1.0 <.001 1.0 1.0
Other 2.8 (2.2,3.5) 3.1 (2.1,4.4) 2.6 (1.9,3.5)
Missing 2.2 (1.6,3.0)

Most recent household income
Top two thirds 1.0 <.001 1.0 1.0
Bottom third 1.8 (1.4,2.2) 1.8 (1.3,2.6) 1.7 (1.2,2.4)
Missing 1.7 (1.3,2.4)

Cigarette smoking
Never smoker 1.0 <.001 1.0 1.0
Former smoker 1.0 (0.76,1.5) 1.2 (0.68,2.0) 0.93 (0.62,1.4)
Current smoker 2.4 (1.8,3.1) 3.2 (2.1,4,8) 1.9 (1.3,2.7)
Missing 2.3 (1.5,3.5)

p-value¼ .026 for interaction between father’s social class and sex.
p-value> .05 for all other sex interactions.

a Test for heterogeneity.
b Test for trend calculated excluding missing category.
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Fig. 1. Survivor functions by father’s social class and gender based on 4461 study
members and 332 deaths.
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Childhood cognitive ability and educational qualifications

Higher scores on the cognitive tests at 8, 11 and 15 years were
associated with lower adult mortality (Table 4). Those with missing
data at any age had death rates that were similar to those in the
lowest quarter of the score. These standardised scores at 8, 11 and
15 years were strongly correlated (Pearson correlations between
0.76 and 0.88), and so the scores at age 15 years for those with
missing data at that age were imputed from their standardised
scores at earlier ages, if available, and used in further analyses
(Table 4). By 60 years, those in the lowest quarter of this score were
almost twice as likely to have died (10.4%) than those in the top
quarter (5.4%)(log rank test¼ .0004).

Increasing levels of educational qualifications by age 26 were
also associated with lower adult mortality (Table 4). In a model
including both cognitive ability and educational qualifications,



Table 3
Hazard ratios for mortality (26–60 years) for father’s social class and care of house
and child obtained from a Cox’s proportional hazards model and based on 4461
study members and 332 deaths.

Hazard ratio
(95% CI)
unadjusted

p-valuea Hazard ratio
(95% CI)
adjusted

p-
valuea

All cause mortality
Father’s social class &

gender
<.001 .009

Non-manual, women 1.0 1.0
Manual, women 2.2 (1.5,3.4) 1.9 (1.2,2.8)
Non-manual, men 2.0 (1.3,3.2) 2.0 (1.3,3.0)
Manual, men 2.5 (1.7,3.8) 2.0 (1.3,3.0)
Missing 2.4 (1.5,4.1) 1.9 (1.1,3.1)

Adult household social class <.001 .07
Non-manual 1.0 1.0
Manual 1.7 (1.3,2.1) 1.3 (0.98,1.6)
Missing 2.6 (1.9,3.5) 2.8 (1.5,5.1)

Housing tenure at 26 <.001 <.001
Owner occupier 1.0 1.0
Other 2.8 (2.2,3.6) 2.4 (1.9,3.1)
Missing 2.2 (1.6,3.0) 0.94 (0.50,1.8)

CVD mortality (n [ 81)
Father’s social class &

gender
.02 .09

Non-manual, women 1.0 1.0
Manual, women 3.7 (1.3,10.8) 3.0 (1.0,8.6)
Non-manual, men 3.9 (1.3,11.6) 3.7 (1.2,11.0)
Manual, men 5.0 (1.8,14.2) 3.7 (1.3,10.5)
Missing 4.3 (1.3,14.6) 3.0 (0.86,10.3)

Adult household social class .006 .17
Non-manual 1.0 1.0
Manual 2.0 (1.2,3.3) 1.5 (0.85,2.5)
Missing 3.9 (2.1,7.2) 2.4 (0.72,8.2)

Housing tenure at 26 <.001 <.001
Owner occupier 1.0 1.0
Other 3.2 (2.0,5.2) 2.6 (1.6,4.4)
Missing 3.5 (2.0,6.3) 1.7 (0.52,5.8)

Cancer mortality (n [ 136)
Father’s social class &

gender
.004 .03

Non-manual, women 1.0 1.0
Manual, women 2.4 (1.3,4.4) 2.1 (1.1,4.0)
Non-manual, men 1.1 (0.53,2.4) 1.1 (0.52,2.3)
Manual, men 2.3 (1.2,4.2) 2.0 (1.1,3.7)
Missing 2.8 (1.3,5.9) 2.4 (1.2,5.2)

Adult household social class .029 .73
Non-manual 1.0 1.0
Manual 1.5 (1.0,2.1) 1.1 (0.73,1.6)
Missing 1.5 (0.88,2.7) 1.2 (0.40,3.6)

Housing tenure at 26 <.001 <.001
Owner occupier 1.0 1.0
Other 2.3 (1.6,3.4) 2.0 (1.4,3.0)
Missing 1.5 (0.90,2.6) 1.3 (0.44,3.6)

a Test for heterogeneity.

Table 4
Hazard ratios for mortality (26–60 years) for indicators of childhood cognitive ability
at 8,11 and 15 years and educational attainment by 26 years obtained from Cox’s
proportional hazards models and based on 4461 men and women and 332 deaths.

Total sample Women Men

Hazard ratio
(95% CI)
sex adjusted

p-valuea Hazard ratio
(95% CI)
unadjusted

Hazard ratio
(95% CI)
unadjusted

Cognitive ability
age 8

.012 (.001)b

Lowest quarter 1.0 1.0 1.0
2 0.88 (0.65,1.2) 1.1 (0.71,1.8) 0.74 (0.50,1.1)
3 0.66 (0.48,0.91) 0.92 (0.56,1.5) 0.51 (0.33,0.79)
Highest quarter 0.62 (0.45,0.88) 0.66 (0.38,1.1) 0.61 (0.40,0.93)
Missing (n¼ 513) 0.88 (0.61,1.3)

Cognitive ability
age 11

.032 (.006)b

Lowest quarter 1.0 1.0 1.0
2 0.75 (0.54,1.0) 0.86 (0.53,1.4) 0.67 (0.44,1.0)
3 0.75 (0.54,1.0) 0.78 (0.48,1.3) 0.73 (0.48,1.1)
Highest quarter 0.61 (0.44,0.86) 0.54 (0.31,0.93) 0.67 (0.43,1.0)
Missing (n¼ 691) 0.95 (0.68,1.3)

Cognitive ability
age 15

.004 (<.001)b

Lowest quarter 1.0 1.0 1.0
2 0.75 (0.55,1.0) 0.77 (0.48,1.2) 0.73 (0.49,1.1)
3 0.62 (0.45,0.86) 0.63 (0.38,1.0) 0.61 (0.40,0.95)
Highest quarter 0.57 (0.40,0.80) 0.49 (0.28,0.85) 0.63 (0.41,0.98)
Missing (n¼ 691) 0.95 (0.68,1.3)

Childhood
cognitive
ability

.004 (<.001)b

Lowest quarter 1.0 1.0 1.0
2 0.71 (0.53,0.95) 0.75 (0.48,1.2) 0.68 (0.46,1.0)
3 0.59 (0.43,0.81) 0.67 (0.42,1.1) 0.54 (0.36,0.83)
Highest quarter 0.55 (0.40,0.76) 0.49 (0.29,0.82) 0.59 (0.39,0.89)
Missing (333) 0.87 (0.58,1.3)

Educational
qualifications
by 26 y

.004 (.001)b

None 1.0 1.0 1.0
Ordinary level 0.83 (0.62,1.1) 0.83 (0.55,1.3) 0.82 (0.53,1.3)
Advanced 0.63 (0.48,0.82) 0.48 (0.29,0.81) 0.70 (0.50,0.98)
Missing (n¼ 309) 1.2 (0.82,1.8)

a Test for heterogeneity.
b Test for trend calculated excluding missing category.
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neither indicator predominated and each confounded the other
(not shown).

The cognitive score was strongly related to father’s social class,
household social class and home ownership (all p< .001). When
entered into a model with father’s social class and gender (model b,
Table 5), the adverse effects of a lower cognitive score and of
coming from manual origins were attenuated although both
remained associated with higher mortality. Including adult social
class and home ownership (model c, Table 5) slightly weakened the
effect of father’s social class and gender; the effect of the cognitive
score was strongly attenuated and no longer significant. Similar
results were obtained when cognitive ability was fitted as
a continuous score and when educational qualifications were
substituted for cognitive ability.

The results of the multivariable analyses for cancer and CVD
mortality were similar to all cause mortality in that the effects of
cognition were strongly attenuated after adjusting for childhood
and adult socio-economic indicators (not shown).

Smoking behaviour

By 60 years, study members who were smokers at last contact
were over twice as likely to have died (11.7%) than non-smokers
(5.1%) (log rank test¼<.001). Smokers had a HR of 2.4 (95%
CI:1.8,3.1) compared with never smokers. The effects were stronger
in women (HR¼ 3.2, 95% CI:2.1,4.8) than in men (HR¼ 1.9, 95%
CI:1.3,2.7, p¼ .17 for the interaction between smoking and sex).
When smoking was added to the separate multivariable models for
men and women (Tables 6a and b), these estimates and the esti-
mates for the effects of adult socio-economic indicators on
mortality were slightly reduced. For women, smoking and not
owning a home were the strongest predictors of mortality but
father’s social class was also independently associated with



Table 5
Hazard ratios for mortality (26–60 years) for childhood and early adulthood socio-
economic conditions and for childhood cognitive ability obtained from a Cox’s
proportional hazards model and based on 4461 study members and 332 deaths.

Hazard
ratio
(95% CI)
Model a:
unadjusted

p-
valuea

Hazard ratio
(95% CI)
Model b:
adjusted

p-
valuea

Hazard ratio
(95% CI)
Model c:
adjusted

p-
valuea

Father’s social
class and
gender

<.001 .002 .01

Non-manual,
women

1.0 1.0 1.0

Manual,
women

2.2 (1.5,3.4) 2.0 (1.3,3.1) 1.8 (1.2,2.8)

Non-manual,
men

2.0 (1.3,3.2) 2.0 (1.3,3.2) 2.0 (1.3,3.0)

Manual, men 2.5 (1.7,3.8) 2.3 (1.5,3.4) 2.0 (1.3,3.0)
Missing 2.4 (1.5,4.1) 2.1 (1.2,3.6) 1.9 (1.1,3.2)

Childhood
cognitive
ability
(standardised
score)

.02 .78

Lowest quarter 1.0 1.0
2 0.74 (0.55,0.99) 0.88 (0.65,1.2)
3 0.64 (0.47,0.89) 0.86 (0.62,1.2)
Highest quarter 0.64 (0.46,0.91) 0.93 (0.64,1.3)
Missing 0.92 (0.59,1.4) 0.91 (0.58,1.4)

Adult social class .13
Non-manual 1.0
Manual 1.2 (0.94,1.6)
Missing 2.7 (1.4,5.1)

Adult housing
tenure

<.001

Owner
occupier

1.0

Other 2.4 (1.8,3.1)
Missing 0.94 (0.49,1.8)

Model a: father’s social class and gender only.
Model b: father’s social class and gender, and childhood cognitive ability.
Model c: father’s social class and gender, childhood cognitive ability, adult social
class and adult housing tenure.

a Test for heterogeneity.
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mortality. For men, not owning a home, and to a slightly lesser
extent smoking, were the strongest predictors of mortality.

Smoking was strongly associated with cardiovascular mortality
(for women, HR¼ 3.1, 95% CI:1.2,7.8, p¼ .016, for men, HR¼ 3.1, 95%
CI:1.5,6.6, p¼ .003) and cancer mortality (for women, HR¼ 3.1, 95%
CI:1.8,5.6, p< .001, for men, HR¼ 2.5, 95% CI:1.3,4.6, p¼ .005) and
its effects in the multivariable models were similar to its effects for
all cause mortality (not shown).
Discussion

In a British cohort born immediately after the second world war,
the effects of childhood socio-economic conditions on adult
premature mortality were strong in women but not in men. This
sex-specific pattern had been evident, but not as strong, by 54 years
(Kuh et al., 2002). In contrast, being in the manual social class, not
owning your own home and lower household income in adulthood
had similarly strong adverse effects on mortality in men and
women. The effect of cognitive ability at age 8 on mortality had
been seen by age 54 years, but increased mortality rates were only
observed in men in the lowest quarter of ability. By age 60 years,
and using the results of tests taken at age 15, the effect was evident
for women as well as men and operated across the full range of
ability. After adjustment for adult socio-economic conditions,
particularly home ownership, the effect of cognitive ability on
mortality was strongly attenuated, but the effect of childhood
socio-economic conditions on mortality in women remained. In
turn, the effect of adult socio-economic conditions on mortality
was partly accounted for by smoking behaviour. This pattern of
predictors shown for all cause mortality was also seen for cardio-
vascular and cancer mortality.

Limitations and advantages of our study

The main limitation of our study is its lack of statistical power,
particularly for cause specific mortality analyses, due to the small
numbers of deaths. Many of the variables were dichotomised
a priori to analyses in order to ensure that there were adequate
number of deaths in each category for a meaningful comparison.
Smoking status was limited by the reliance on self-reports. The
study’s main advantages are the range of socio-economic indicators
from childhood and adult life, the availability of measures of
cognition and education, its inclusion of women as well as men in
a nationally representative sample, and the mortality follow-up of
those with missing explanatory variable data.

Lifetime socio-economic conditions and premature mortality

The stronger effect of early socio-economic conditions on
premature mortality for women but not men is a key finding in this
cohort study. A large record linkage study of Swedish men and
women also reported a sex differential in the effect of childhood
social class on all cause mortality, but found a significantly larger
effect for men than for women (for men, HR¼ 1.31, 95% CI:1.29,1.34,
for women, HR¼ 1.18, 95% CI:1.15,1.21) (Lawlor et al., 2006). This
differential effect was driven by a stronger effect of early social class
on mortality from injury and poisoning, mental disorders and alco-
holic cirrhosis in men. We have less power to detect social differen-
tials in these causes of death because our sample size is much smaller
and there were few deaths from these causes, and because of a later
age at start of mortality follow-up (26 years compared to 10 years).
This may have reduced the effect of early social class on premature
mortality in men in our study. However, this does not explainwhy the
effect of early social class on mortality in Swedish women was so
much lower than the effect we found for British women. One possible
reason is that inequality in opportunity (as assessed by early social
class) for British women born in 1946 has been much greater than
inequality in opportunity for Swedish women born between 1944
and 1960, and this has translated into a greater differential in adult
mortality. As our study suggests that this differential is only partly
explained by childhood cognition, adult socio-economic conditions
and smoking, other explanations must be sought elsewhere. Other
studies have implicated additional behavioural and emotional
processes (Hemmingsson & Lundberg, 2005) as explanations for
childhood socio-economic differences in mortality and we plan to
explore these, and see whether they account for the greater vulner-
ability of women to early disadvantage.

The persistent protective effect of home ownership on mortality,
even after adjustment for cognitive ability and smoking, may be
because it more accurately reflected socio-economic conditions
throughout life than a one off measure of social class. Home
ownership reflects past, current and future wealth, and home
owners in this cohort benefited from the rapidly rising British house
prices since the 1970s (Halsey & Webb, 2000). This may explain why
its effect on mortality was less reduced by adjusting for adolescent
cognitive and behavioural characteristics of the study member than
the effects of other early adult socio-economic indicators. Another



Table 6a
Hazard ratios for mortality (26–60 years) for childhood and early adulthood socio-economic conditions and for childhood cognitive ability obtained from a Cox’s proportional
hazards model and based on 2325 men and 195 deaths.

Hazard ratio (95% CI)
Model a: unadjusted

p-
valuea

Hazard ratio (95% CI)
Model b: adjusted

p-
valuea

Hazard ratio (95% CI)
Model c: adjusted

p-
valuea

Hazard ratio (95% CI)
Model d: adjusted

p-
valuea

Father’s social class .17 .63 .92 .86
Non-manual 1.0 1.0 1.0 1.0
Manual 1.2 (0.91,1.7) 1.1 (0.78,1.5) 0.98 (0.70,1.4) 0.97 (0.69,1.4)
Missing 1.3 (0.77,2.2) 1.1 (0.60,1.9) 0.93 (0.53,1.7) 0.90 (0.51,1.6)

Childhood cognitive
ability (standardised
score)

.03 .56 .53

Lowest quarter 1.0 1.0 1.0
2 0.68 (0.46,1.0) 0.80 (0.54,1.2) 0.79 (0.53,1.2)
3 0.56 (0.36,0.86) 0.75(0.48,1.2) 0.77 (0.49,1.2)
Highest quarter 0.61 (0.40,0.95) 0.89 (0.55,1.4) 0.92 (0.57,1.5)
Missing 0.94 (0.54,1.61) 0.92 (0.53,1.6) 1.0 (0.57,1.8)

Adult social class .14 .22
Non-manual 1.0 1.0
Manual 1.3 (0.92,1.9) 1.3 (0.87,1.8)
Missing 2.4 (1.1,5.4) 2.6 (1.2,5.8)

Adult housing tenure <.001 <.001
Owner occupier 1.0 1.0
Other 2.2 (1.6,3.1) 2.0 (1.4,2.8)
Missing 1.1 (0.50,2.4) 0.98 (0.41,2.3)

Smoking behaviour .02
Never smoker 1.0
Former smoker 1.0 (0.69,1.6)
Current smoker 1.6 (1.1,2.3)
Missing 1.1 (0.52,2.1)

Model a: father’s social class only.
Model b: father’s social class and childhood cognitive ability.
Model c: father’s social class, childhood cognitive ability, adult social class and adult housing tenure.
Model d: father’s social class, childhood cognitive ability, adult social class, adult housing tenure and smoking behaviour.

a Test for heterogeneity.

Table 6b
Hazard ratios for mortality (26–60 years) for childhood and early adulthood socio-economic conditions and for childhood cognitive ability obtained from a Cox’s proportional
hazards model and based on 2136 women and 137 deaths.

Hazard ratio (95% CI)
Model a: unadjusted

p-
valuea

Hazard ratio (95% CI)
Model b: adjusted

p-
valuea

Hazard ratio (95% CI)
Model c: adjusted

p-
valuea

Hazard ratio (95% CI)
Model d: adjusted

p-
valuea

Father’s social class <.001 .002 .005 .009
Non-manual 1.0 1.0 1.0 1.0
Manual 2.2 (1.5,3.4) 2.0 (1.3,3.1) 1.9 (1.2,3.0) 1.8 (1.2,2.9)
Missing 2.2 (1.1,4.3) 2.0 (0.95,4.1) 1.9 (0.90,3.9) 1.7 (0.83,3.7)

Childhood cognitive
ability (standardised
score)

.53 >.99 .96

Lowest quarter 1.0 1.0 1.0
2 0.82 (0.53,1.3) 1.0 (0.63,1.6) 1.0 (0.66,1.7)
3 0.78 (0.48,1.3) 1.0 (0.63,1.7) 1.1 (0.69,1.9)
Highest quarter 0.68 (0.39,1.2) 1.0 (0.56,1.8) 1.1 (0.61,2.0)
Missing 0.88 (0.41,1.9) 0.89 (0.40,1.9) 0.92 (0.42,2.0)

Adult social class .54 .97
Non-manual 1.0 1.0
Manual 1.1 (0.77,1.7) 1.0 (0.68,1.5)
Missing 3.6 (1.2,10.3) 3.8 (1.3,11.6)

Adult housing tenure <.001 <.001
Owner occupier 1.0 1.0
Other 2.6 (1.8,3.9) 2.2 (1.5,3.3)
Missing 0.66 (0.22,2.0) 0.43 (0.11,1.5)

Smoking behaviour <.001
Never smoker 1.0
Former smoker 1.2 (0.69,2.0)
Current smoker 2.5 (1.7,3.9)
Missing 2.2 (0.85,5.8)

Model a: father’s social class only.
Model b: father’s social class and childhood cognitive ability.
Model c: father’s social class, childhood cognitive ability, adult social class and adult housing tenure.
Model d: father’s social class, childhood cognitive ability, adult social class, adult housing tenure and smoking behaviour.

a Test for heterogeneity.
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possibility is that housing tenure reflects access to socio-economic
resources that operate at the contextual level, since property
ownership may be associated with health-enhancing neighbour-
hood advantages, such as control of pollution, that do not exclusively
depend on individual initiative (Phelan & Link, 2005). By age 53
years, home ownership was common (87%) and lack of home
ownership probably identified a particularly disadvantaged group.
To investigate whether duration of ownership mattered we under-
took additional analyses (not reported) that tested whether
mortality rates varied for home owners depending on whether they
had first reported home ownership at 26, 36, 43 or 53 years. We
found no evidence that early home ownership was particularly
advantageous but these analyses were underpowered because of
the small number of deaths in some groups. However, these find-
ings, and our previous report based on home ownership at 26 years
(Kuh et al., 2002) do suggest that the association between adult
socio-economic conditions and mortality is not due to prior ill-
health resulting in poorer adult socio-economic conditions.

Our findings show the importance of not relying only on
measures of adult social class when elucidating pathways between
lifetime socio-economic conditions and survival. The highest risk of
mortality is not necessarily captured by a measure of social class;
those for whom these data were missing, either because there was
no occupation or because the occupation was unknown, had
a particularly high risk of subsequent mortality in this study.

Lifetime socio-economic conditions, cognition and education and
premature mortality

The effect of early cognitive ability on adult mortality has been
shown elsewhere (Batty, Mortensen, Nybo Andersen, & Osler,
2005; Hart et al., 2005; Hemmingsson et al., 2006; Martin &
Kubzansky, 2005; O’Toole & Stankov, 1992; Osler et al., 2003;
Whalley & Deary, 2001). Only a few of these studies (Batty, Der,
MacIntyre, & Deary, 2006; Osler et al., 2003) have tested whether
cognitive ability was an explanation for socio-economic differences
in mortality. A study of a Danish birth cohort born in 1953 showed
that the effects of early ability, as measured by scores on IQ tests
taken at age 12 years, explained about a quarter of the effect of
childhood socio-economic conditions on all cause mortality (Osler
et al., 2003). In our study, childhood socio-economic conditions
had a stronger effect on female mortality than cognitive ability; the
latter was not a strong mediator of these socio-economic
differences.

A study of 1347 men and women in the West of Scotland (Batty
et al., 2006) showed that IQ measured in middle age strongly
attenuated the effects of adult socio-economic position on
mortality after sixteen years of follow-up. However this study did
not report how adult socio-economic conditions changed the effect
of IQ on mortality. Our study, that found that the mortality effects
were stronger for adult socio-economic conditions than childhood
cognitive ability, does not support these findings. Thus it would
seem that higher childhood cognitive ability helps to secure
healthier and safer socio-economic environments in adult life and,
in turn, these increase survival chances. In due course our study
will be powered to test whether adult cognitive ability measured at
age 43 can further elucidate these pathways.

In a study of all Swedish individuals born between 1944 and
1960 and followed until 1990, adjustment for educational attain-
ment resulted in a more marked attenuation of the effect of
childhood socio-economic conditions on later life mortality than
later life social class (Lawlor et al., 2006). The authors suggested
that behavioural risk factors may be important mediators. We
found no evidence that education was a mediator of the effect of
childhood socio-economic conditions on mortality in women, and
was no longer associated with mortality in men or women after
home ownership and adult social class were taken into account. It
may be that educational attainment based on qualifications is not
a good discriminator when a third of both men and women in this
cohort had no qualifications.

Lifetime socio-economic conditions, smoking and premature
mortality

The effects of smoking on mortality are well known, although
there are substantially more data on men (Doll, Peto, Boreham, &
Sutherland, 2004) than on women (Vollset, Tverdal, & Gjessing,
2006). There was some evidence in our study that the effect of
smoking on all cause mortality was stronger in women than in
men; other studies have shown that smoking is more detrimental
in its effects on lung function and myocardial infarction in women
than in men (Chen, Horne, & Dosman, 1991; Pope, Ashley, & Fer-
rence, 1999; Stabile & Siegfried, 2003). Smoking was a partial
explanation for adult socio-economic differences in mortality but
less of an explanation for childhood socio-economic differences in
women. We might have expected smoking to account for more of
the childhood socio-economic differences as a study across
a number of cohorts, including the 1946 cohort, showed that
smoking behaviour in women (but not in men) was influenced by
social origins as well as destination (Power, et al., 2005).

The two-fold risk of all cause mortality from smoking in this
cohort up to age 60 years is slightly lower than the three-fold
difference in mortality in middle age (35–69 years) reported by Doll
et al. (Doll et al., 2004) for smokers compared with non-smokers
among male doctors born in the 1920s. Although our analysis was
based on only one (the most recent) report of smoking behaviour,
this was a reasonable indicator of lifelong smoking as the decrease
in the proportion of smokers in the study between 26 and 59 years,
matching the decrease in the wider population between 1972 and
2005, meant that those identified at the most recent contact were
generally lifelong smokers.

Patterns of smoking by social class and gender vary over time
within a population; variations across populations reflect the
timing of the secular increase and subsequent decrease in smoking
behaviours. Changing patterns in smoking behaviour are reflected
in changing patterns of cause specific mortality (Strachan & Perry,
1997), and would explain why the strength of smoking as an
explanation for social class mortality differences may differ in
studies undertaken at different times or in different populations. In
men, Doll et al. found that mortality risk for smokers born in the
1920s was greater than the risk for smokers born in the nineteenth
century and reflected the earlier and more intensive use of ciga-
rettes in professional men born in the 1920s. Women, and lower
social class men took up the smoking habit somewhat later. In the
1946 birth cohort, smoking was common among men and women
of all social classes when these cohort members were young adults
in the 1960s. A higher proportion of those from non-manual
households in childhood and adulthood, and a higher proportion of
men than women have quit smoking in this cohort (Power et al.,
2005), and smoking has increasingly become associated with socio-
economic disadvantage. However, our findings suggest that
smoking is not the primary cause of socio-economic mortality
differences in this cohort.

Conclusions

In an early post war cohort early socio-economic differences in
all cause mortality were striking in women but not in men and
were not fully explained by childhood cognitive ability, adult
socio-economic conditions or smoking. The strongest adult
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socio-economic indicator of mortality in this cohort was home
ownership. Higher childhood cognitive ability influenced mortality
risk by helping to secure better adult socio-economic conditions,
such as home ownership, which strongly improved survival chan-
ces. Better conditions were associated with a lower risk of smoking
and this also improved survival, and partly explained socio-
economic differences in mortality. These findings were similar for
cardiovascular and cancer mortality.
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