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Abstract

The association between education and health has long been discussed; but more
recently the question of whether this association is accounted for by cognitive capital has
received considerable attention, including in the British birth cohorts. Following work in
the British 1970 cohort, we investigated childhood cognition in relation to six health
outcomes in mid-life, linked to risk of cardiovascular disease in the British 1946 cohort.
These outcomes were smoking, physical exercise, healthy dietary choice, obesity,
hypertension and non insulin-dependent diabetes, at or by age 53 years. Childhood
cognition was associated with all of these outcomes, although for all except exercise and
healthy diet this was fully mediated by educational attainment and partially so by adult
socio-economic attainment. Cognitive capital plays a role in the accumulation of risk for
chronic physical disease in mid-life, but it is not a sufficient determinant of this risk and
does not account for the association between education and health outcomes related to
this risk.

Introduction

It has long been known that educational
attainment is associated with health and survival.

the “fundamental” cause of these educational
effects on health (Gottfredson 2004). However,

Schooling directly builds human capital including
expertise, personal control and social support (Ross
and Mirowsky, 1999) and structures other
components of socio-economic status SES, such as
occupational status and income (O’Rand 2001;
Mirowsky and Ross 2003), all of which promote and
protect health. Education may also mediate the
effects of early life adversity, or material and socio-
cultural resources from the family, on mental health
(Blane, 2003).

These processes are also thought to be
generated by cognitive capital’; indeed, cognitive
ability predicts educational attainment (Deary et al
2007), to the extent that it has been argued to be
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cognitive capital and education are not simply
interchangeable determinants in this respect.
Cognitive ability is almost certainly a more sensitive
marker of underlying physiological processes that
regulate health, than educational attainment. For
example the autonomic, immune and major
endocrine systems, all target neural networks that
support higher mental function; thus early cognition
may act as an indicator of “system integrity”
(Whalley and Deary 2001). It is also substantially
genetically determined (Plomin 1999), in ways that
are pleiotropic for physical health systems (Deary et
al 2009). Conversely, education is capable of
influencing health in ways that are not accounted
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for by intelligence quotient IQ and can itself boost
cognitive skills independently of prior ability (Snow
and Yallow 1982; Hernstein and Murray 1994;
Richards and Sacker 2003; Hatch et al 2007a).
Schooling socialises the individual for success in
adulthood by developing ‘non-cognitive’ or ‘soft’
skills such as self-regulation (Duckworth et al 2009,
Duckworth and Schoon 2010), although in the
current educational environment of assessment and
accountability, these broader aspects of learning
are in danger of becoming de-emphasised in favour
of academic curricular achievement (Duckworth
and Schoon, 2010). Educational attainment also
provides a readily-identifiable signal (Rosenbaum et
al 1990) or credential (Collins 1979) for selection
into the labour market. Social position thus
achieved in turn, enables access to the collective
resources of a community, including those based on
its aggregate cognitive capital over and above any
returns expected to individual ability (Link and
Phelan 2008). Thus cognition may be an important
marker of biological pathways to health, whereas
education may better represent social pathways.
On this basis childhood 1Q may be independently
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associated with health-related outcomes that
closely reflect neural function, such as the
degenerative dementias and mental health,
whereas education and SES may be stronger
determinants of chronic physical diseases of ageing
(Richards et al 2009). If so, then a ‘fundamental
cause’ approach is unlikely to represent the
complex dynamic interplay between cognition,
education and adult socio-economic achievement in
their determination of health and health
inequalities.

Childhood cognition has been investigated as a
predictor of a range of health-related outcomes in
the adult British birth cohorts (Tables 1 and 2). It
can be seen that childhood cognition is associated
with a wide range of outcomes, but that for most
health behaviours and for cardiovascular risk
factors, education or adult SES act as mediating
links. Exceptions were seen in the direct
associations between childhood cognition and risky
alcohol intake, symptoms of anxiety and depression
and markers of physiological function (FEV, [forced
expiratory volume in one second], timing of the
natural menopause and cortisol activity).
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Table 1. Published studies on health behaviours in relation to childhood cognition in the adult British birth cohorts

Health returns to cognitive capital in 1946 cohort

Outcome 1946 cohort (age 53 years) 1958 cohort (age 33-45 years) 1970 cohort (age 30-34 years)
Smoking - Inversely associated; mediated by Inversely associated; mediated by
education and maternal age education and maternal age
(Gale et al 2009) (Gale et al 2009a)
Inversely associated; mediated by
SES (Batty et al 2007a)
Alcohol Positively and independently Inversely associated with non-drinking Positively and independently
associated with being CAGE and binge-drinking; mediated by SES associated with intake and being
positive (Hatch et al 2007b) (Jefferis et al 2008) CAGE positive (Batty et al 2008)
Exercise - e Positively associated; mediated by

Dietary choice

SES (Batty et al 2007b) although
independent for intense exercise

Positively associated with healthy
intake; part-mediated by SES
(Batty et al 2007b)

Positively and independently associated
with vegetarian diet
(Gale et al 2007)
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Table 2. Published studies on mortality and health-related outcomes in relation to childhood cognition in the adult British birth cohorts

Outcome

1946 cohort (age 53-60 years)

1958 cohort (age 33-46 years)

1970 cohort (age 30 years)

Mortality

Hypertension

Obesity

Diabetes

Metabolic
syndrome
(ATPII criteria)

Inversely associated with
mortality up to age 60 in
men; mediated by SES
(Kuh et al 2004")

Inversely associated; mediated
by education and SES
(Richards et al 2009)

Not associated with non-fasting
glycosolated haemoglobinal
(Richards et al 2009)

Inversely associated; mediated
by education and SES
(Richards et al 2009)

Inversely associated with mortality
mortality to age 46; part-mediated
by SES (Jokela et al 2009)

Inversely associated; part-mediated
by education (Power et al 2010)

Inversely associated; mediated by
education and diet (Chandola et al 2006%)

Inversely associated; mediated by
education and health behaviours
(Power et al 2010)

Inversely associated; analyses not

adjusted for education or adult SES
(Olsson et al 2008)
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Inversely associated; mediated
by education (Batty et al 2007a)

Inversely associated; mediated
by education (Batty et al 2007a)

Not associated (Batty et al 2007a)
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Table 2 (continued)

Outcome 1946 cohort

Health returns to cognitive capital in 1946 cohort

1958 cohort 1970 cohort

Inversely and independently
associated in women
(Hatch et al 2007b)

Symptoms of
anxiety and
depression

Lung function Positively and independently

(FEV,) associated (Richards et al
2005)
Menopause Positively and independently

Timing associated (Richards et al 1999°)

Endocrine function ———--
(cortisol)

Inversely and independently
associated (Gale et al 2009b)

Positively associated with level -
(mediated by education in males) and

change (mediated by education)

(Power et al 2008)

! See also Kuh et al 2009
2 Obesity assessed at ages 16, 23, 33 and 42 years
* See also Kuh et al 2005
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Inversely and independently
associated (Gale et al 2009b)
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Some discrepancies can be observed in the
findings for alcohol and diabetes. Regarding the
former, the study of Jefferis et al (2008), using the
1958 cohort, stands out as being the only one
showing an inverse association between childhood
cognition and potentially harmful intake; but this
was the only study to capture the pattern of binge
drinking; and this association was in any case
mediated by SES, unlike the positive associations in
the 1946 and 1958 cohorts. Cross-cohort
comparisons for diabetes are more difficult,
because the 1946 cohort study used a biomarker
rather than clinical diagnosis; the 1958 cohort study
did not control for education or adult SES; and the
1970 cohort study was inadequately powered for
this outcome.

The aim of the present study was to fill several
of the gaps in Tables 1 and 2 by testing childhood
cognition in the 1946 cohort in relation to risk of
cardiovascular disease, as indicated by self-reported
smoking, physical exercise, dietary choice and
measured hypertension and obesity. Findings for
hypertension were briefly reported in the 1946
cohort at age 53 (Richards et al 2009) and are
revisited in greater detail here and are
supplemented by a measured obesity outcome.
Our working hypothesis, based on studies
summarised in Tables 1 and 2, was that associations
between childhood cognition and these outcomes
are mediated by educational attainment, which is
part-determined by cognitive ability yet provides
unique influences on disease risk. Thus we
hypothesised that cognition is an important but not
sufficient cause of cardiovascular disease risk.

Method

The 1946 birth cohort

The Medical Research Council National Survey of
Health and Development (NSHD, henceforth the
1946 cohort; Wadsworth et al 2006) was originally
established to investigate the cost of childbirth and
the quality of associated care in the immediate
post-war years. A sample of 5,362, comprising all
single births within marriage to families of non-
manual and agricultural occupation and a random
one in four sample of single births within marriage
to families of manual occupation, was recruited
from all births registered in one week of March
1946 in England, Wales and Scotland. Follow-ups
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have been completed 21 times, with the major
data-sweeps in adulthood conducted at ages 26, 36,
43 and 53 years, when sample size during the latter
follow-up was 3,050. At this age the cohort was
shown to be a representative sample, in most
respects, of the UK population singly born within
marriage in the immediate post-war era.
Exceptions were an over-representation among
those not interviewed of social disadvantage,
medical vulnerability and relatively poor cognitive
development.

Health-related outcomes
Lifetime smoking

Lifetime cigarette smoking was classified as
‘predominantly no’ or ‘predominantly yes’, based
on information at ages 20, 25, 31, 36, 43 and 53
years. From age 36 onwards this information was
collected by trained research nurses during home
interviews; at the earlier ages this was based on
postal questionnaires. At each age, smoking was
dichotomised into yes or no regardless of quantity;
those classified as ‘predominantly no’ were non-
smokers for at least three data collections; those
classified as ‘predominantly yes’ were smokers for
at least four data collections.

Physical exercise

At 53 years, survey members were asked if, in
the past four weeks, they had taken part in any
sports or vigorous leisure activities, or performed
any exercises in their spare time (not including
travelling to and from work). The outcome was
simply classified as yes or no.

Dietary choice

Dietary intake was assessed by five-day diary at
age 43 years (Price et al 1995). All food and drinks
consumed both at and away from home were
recorded in the diaries, including brand names of
food products, food preparation methods and
recipes used. Participants were asked to record the
amount eaten in household measures, with
guidance notes and photographs provided in the
diary to assist in estimating portion size (Prynne et
al 2005). From this information, an overall score
representing level of healthy food choice was
derived, by summing scores for four separate
criteria: 1. consumption of breakfast (no/some/all
days); 2. type of milk (from whole only to skimmed
only), 3. type of bread (from white only to
wholemeal only); 4. number of daily portions of
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fruit and vegetables. The total score was subject to
a median split to represent low versus high (energy
dense/nutrient poor versus healthier) dietary
choice. A measure of total energy derived from fat
was also available from this source.
Hypertension at 53 years

Hypertension at age 53 years was defined as a
measured blood pressure of 130/85 mmHg or
more, on second reading at this age, or use of
antihypertensive medication. Blood pressure was
measured by trained nurses using calibrated
OMRON 705 CP sphygmomanometers.
Obesity at 53 years

Presence or absence of obesity at age 53 years
was based on height and weight, measured by
trained nurses according to standard protocol.
Obesity was defined as a body mass index (BMI) of
30 kg/m2 or more. Abdominal circumference and
waist-hip ratio were also obtained at this time,
according to standard protocol.
Diabetes by age 53 years

Presence or absence of Type 2 (non-insulin-
dependent) diabetes by age 53 years was based on
self-report and information about medication.
Diabetes diagnosed under age of 20 years was
assumed to be Type 1 and any woman, whose
diabetes was diagnosed within a year of the birth of
one of her children, was reviewed for possible
gestational diabetes.

Childhood cognition

Four tests devised by the National Foundation
for Educational Research (NFER) were used at age
11 years; 1. General cognitive ability, assessed by a
verbal and non-verbal test, where participants were
asked to select an appropriate word or shape to
complete 80 different series, yielding scores for
Verbal Intelligence and Non-Verbal Ability; 2. Word
Reading (ability to read and pronounce 50 words);
3. Vocabulary (ability to explain the meaning of the
same 50 words); 4. An Arithmetic Test, comprising
50 addition, multiplication, subtraction and division
sums. To derive a global measure of cognitive
ability at this age, these four separate scores were
standardised to a mean of 0 and a standard
deviation (SD) of 1; these scores were then summed
and re-standardised. These standardised scores
were used for regression analyses, whereas the raw
scores were used for univariate analyses and for
descriptive purposes.
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Potential confounders
Following work on the 1970 cohort we selected
the following potential confounders:

Occupational social class of origin

Socio-economic status (SES) of origin was
represented by father’s social class at age 11 or, if
unknown, at age 4 or 15 years. This was classified
as professional managerial intermediate, skilled
non-manual skilled manual semi-skilled manual or
unskilled, according to the UK Registrar General’s
Classification of Occupations (Office of Population
Censuses and Surveys 1970).

Mother’s education
Mother’s education was dichotomised to primary
school only and secondary school or any

training/qualifications.

Educational attainment

The highest educational qualification attained by 26
years was classified as no qualification, below

ordinary  secondary qualifications, ordinary
secondary qualifications (‘O’ levels and their
training  equivalents), advanced secondary

education (‘A’ levels and their equivalents), or
higher education (degree level or equivalent).
Occupational social class at age 53 years

Own occupational social class at 53 years, or earlier
if this was unknown, was classified according to the
Registrar General (as for social class of origin).
Income at 53 years

Net household income at age 53 years was defined
as the total of own and partner’s net earnings, any
state benefits and any other sources of income
including pensions and interest and contributions
from other members of the household. This total
was grouped into seven levels with roughly equal
numbers of survey members in each.

Statistical analysis

Logistic regression was used to test the
association between childhood cognition and the
health-related outcomes. Following work based on
the 1970 cohort, unadjusted odds ratios were
initially obtained, then adjusted in turn for sex and
each of the above potential confounders, then for
all potential confounders simultaneously. All multi-
level potential confounders (i.e. all except sex and
mother’s education) were entered into the analyses
as categorical variables.
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Results

For each outcome, those with missing data had
significantly lower childhood cognition than those
with this information (p < 0.001 for all outcomes
except for diabetes, where p = 0.001).

Table 3 shows means for the raw childhood
cognition score for presence and absence of each
outcome. As expected, those who were

Health returns to cognitive capital in 1946 cohort

predominantly smokers and who had measured
hypertension or obesity, had significantly lower
cognitive  scores than those who were
predominantly non-smokers and who did not have
hypertension or obesity; those who engaged in
physical exercise at 53 years and chose a healthy
diet at 43 years, had significantly higher childhood
cognitive scores.

Table 3. Means and standard deviations (SD) for childhood cognition against the outcomes

N Mean (SD) p

Lifetime smoking to 53y

Mostly no 1332 146.1 (37.5)

Mostly yes 777 134.2 (40.9) <0.001
Any exercise at 53y

No 1070 131.2 (40.1)

Yes 1115 151.3 (35.8) <0.001
Healthy diet at 43y

No 752 136.4 (39.1)

Yes 741 154.1 (35.0) <0.001
Hypertension at 53y

No 1062 144.3 (38.2)

Yes 1082 138.4 (40.0) 0.001
Obesity at 53y

No 1636 143.3 (38.5)

Yes 523 135.4 (41.0) <0.001
Diabetes by 53 years

No 2117 141.8 (39.0)

Yes 68 131.4 (45.3) 0.03

Table 4 shows associations between the five
outcomes and the six potential confounders.
Females were significantly more likely to be
predominantly non-smokers, to choose a healthy
diet and to be normotensive; however, they were
less likely to engage in exercise and more likely to
be obese at 53 years. Non-manual social class (of
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origin and own in mid-life), advanced education and
higher income were mostly significantly associated
with lower cardiovascular risk in regard to each of
the six outcomes. The single exception was the
association between income and hypertension,
which was not significant at the 5% level.
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Table 4. Descriptive statistics for outcomes against each covariate

Smoking Exercise Healthy diet Hypertension Obesity Diabetes
No Yes No Yes No Yes No Yes No Yes No Yes
Gender (% female) 51.9 46.3 51.8 47.5 43.6 57.1 56.6 42.1 48.2 53.2 49.6 51.5
Father’s social class
(% non-manual) 46.0 34,5 33.1 50.0 34.6 54.9 46.8 37.2 445 32.1 42.2 25.0
Mother’s education
(% with qualifications) 40.7 32.3 29.3 459 32.0 475 404 35.6 39.6 31.7 38.2 25.0
Education
(% advancedl) 42.0 25.2 234 47.9 27.9 49.0 38.1 335 38.1 28.3 36.3 19.1
Mid-life social class
(% non-manual) 73.5 54.3 55.4 76.9 58.4 775 70.2 62.3 68.7 58.9 66.8 51.5
Income at 53 years
(% higher) 48.0 29.2 30.3 51.1 33.2 48.9 42.7 39.6 42.5 36.7 41.5 235

All comparisons significant at 5% except for hypertension in relation to earnings and gender in relation to diabetes.
LA’ level qualification or higher.

Tables 5 and 6 summarise the associations between childhood cognition and the six However, only two of these associations, physical exercise and health diet, were
outcomes, represented as odds ratios (OR) per 1 SD increase in cognitive score. still significant after full adjustment for all the covariates.
Childhood cognition was significantly associated with all outcomes at the 5% level.
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Table 5. Odds ratios and 95% confidence intervals representing the effect of a 1 SD increase in childhood cognitive score on engagement in three mid-life health behaviours

Predominantly a lifetime Physical exercise at 53 years Healthy dietary choice at 43
smoker years!

Unadijusted 0.74 (0.68, 0.81) p < 0.001 1.74 (1.59, 1.91) p <0.001 1.68 (1.50, 1.88) p <0.001
Gender 0.74 (0.68, 0.81) p < 0.001 1.75 (1.60, 1.92) p <0.001 1.69 (1.51,1.90) p <0.001
Parental SES 0.79 (0.71, 0.87) p < 0.001 1.56 (1.41, 1.73) p <0.001 1.48 (130, 1.67) p <0.001
Own education 0.98 (0.87, 1.10) p = 0.70 1.36 (1.21, 1.52) p <0.001 1.28 (1.11, 1.47) p=0.001
Mid-life social class 0.87 (0.79,0.97) p=0.01 1.48 (1.33, 1.64) p <0.001 1.49 (1.32, 1.70) p <0.001
Mid-life income 0.82 (0.75, 0.91) p < 0.001 1.58 (1.43,1.73) p <0.001 1.56 (1.38,1.76) p <0.001
Al 1.08 (0.95, 1.22) p=0.22 1.22 (1.07, 1.38) p =0.002 1.16 (1.00, 1.35) p=0.05

1Dietary choice representing frequency of breakfast, type of milk, type of bread and number of daily portions of fruit and vegetables (odds of greater than median total score,

representing healthy choice)
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Table 6: Odds ratios and 95% confidence intervals representing the effect of a 1 SD increase in childhood cognitive score on mid-life hypertension and obesity risk

Hypertension at 53 years Obesity (BMI > 30 kg/m?) Diabetes by age 53 years
at 53 years
Unadjusted 0.86 (0.79, 0.94) p <0.001 0.82 (0.74,0.90) p <0.001 0.78 (0.62,0.99) p=0.04
Gender 0.86 (0.79,0.94) p=0.001 0.82(0.74,0.90) p<0.001 0.78 (0.62,0.98) p =0.04
Parental SES 0.91(0.83, 1.00) p=0.06 0.90 (0.81, 1.00) p =0.06 0.88(0.68, 1.14) p=0.33
Own education 0.91 (0.82,1.02) p=0.11 0.95(0.84,1.08) p=0.41 1.00(0.74, 1.35) p=0.98
Mid-life social class 0.89 (0.80,0.98) p=0.02 0.88(0.79,0.98) p=0.02 0.94 (0.72,1.23) p=0.66
Mid-life income 0.86 (0.79, 0.95) p =0.002 0.85(0.76,0.94) p=0.001 0.94 (0.73,1.19) p=0.59
All 0.95(0.85,1.07) p=0.43 1.01(0.88,1.16) p=0.86 1.14 (0.83,1.57) p=0.41
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For all outcomes except hypertension, adjusting
for education had the largest attenuating effect for
a single covariate and this alone reduced
associations for smoking, hypertension, obesity and
diabetes to non-significance. Childhood SES had
relatively little effect on the associations with
health behaviours, but father’s social class also
reduced the associations with hypertension, obesity
and diabetes to non-significance. The next most
important covariate in this respect was mid-life
social class, although income had relatively little
attenuating effect, except on odds of diabetes.
Associations between childhood cognition and
abdominal circumference and waist-hip ratio, were
similar to those for obesity (data not shown). The
association between childhood cognition and
obesity was not explained by the exercise or dietary
choice outcome variables.

In the fully adjusted analyses, variables
remaining in the models at the 5% significance level
were educational attainment and mid-life social
class and income for smoking and exercise;
childhood cognition and education for healthy diet
(with a stronger effect size for education); social
class for hypertension and obesity (childhood and
mid-life for the former, childhood only for the
latter); and income only for diabetes.

For healthy diet, when percent total energy
derived from fat was substituted for type of milk,
results were broadly similar for all analyses, except
that education attenuated the association to non-
significance and that, for this reason, the
association between childhood cognition and
healthy diet was no longer significant in the fully-
adjusted model.

Discussion

In this study we investigated cardiovascular risk
factors as health returns to childhood cognitive
capital in the 1946 birth cohort. This is a topic that
has received increasing attention in recent years
(see, for example, special edition, Intelligence 2009,
volume 37, number 6), although the precise relative
contributions of cognition, education and socio-
economic attainment to long-term health outcomes
are still a matter of controversy. We found that
childhood cognition was significantly associated
with six cardiovascular risk factors: lifetime
smoking, mid-life physical exercise and dietary
choice, mid-life hypertension and obesity and Type
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2 diabetes up to mid-life. However, for all these
outcomes except exercise and healthy diet, this
association was mediated by education and SES,
with education playing the stronger role in this
respect. These results are broadly consistent with
those from the British 1958 and 1970 cohorts
(Chandola et al 2006; Batty et al 2007a, 2007b; Gale
et al 2009; Power et al 2010).

We should highlight the disproportionate loss to
follow-up in this cohort of those of lower cognitive
ability in childhood; this limits the generalisability of
our findings, although data imputation in a related
study suggests that this would not have significantly
altered the pattern or strength of these associations
(Richards et al 2009). To set against this, the major
strengths of this study are the national sampling
frame, the large sample and the availability of
prospective life course data.

With this in mind, how should the present
results be interpreted? Childhood cognitive capital
is an important determinant of education (Deary et
al 2007), which in turn structures adult social
position (Mirowsky and Ross 2003), with multiple
consequences for health (Link and Phelan 2008). So
while cognitive capital is demonstrably not a
sufficient cause of long-term health variation, it
might be argued that it is ‘fundamental’
(Gottfredson 2004), in that it ‘sets in motion’ this
‘chain of events’ (Chandola et al 2006) that drives
health. Yet even this is only a partial truth. To
begin with, the latter authors themselves note that
the chain probably begins in early life (ibid) and
while this raises the role of genetic influence,
cognition is also at its most malleable at this stage
of the life course (Deary et al 2009). Moving further
along the chain, Chandola et al (2006) also note that
education is capable of having an effect on health
that is independent of childhood cognition. Indeed,
education is capable of augmenting cognition itself,
independently of prior ability (Snow and Yallow
1982; Hernstein and Murray 1994; Richards and
Sacker 2003; Hatch et al 2007a). There are
compelling reasons why education influences
health independently of cognitive capital. Schooling
teaches specific knowledge, teaches practical skills,
refines other cognitive skills and shapes confidence,
motivation and  self-regulation (Kohn and
Slomczynski 1993), all of which are important for
self-management of health. This is not purely a
matter of ‘input’ (Rutter 1985); as well as having a
clear focus on academic goals and effective use of
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classroom management, teaching and motivational
techniques, schools that successfully promote
academic achievement tend to encourage student
participation in and responsibility for, the running
of school life (ibid). Education also provides a
readily identifiable credential (Collins 1979), or
signal (Rosenbaum et al 1990), that enables
employers to select the individual into the
workforce and onto an adult SES trajectory.

As noted, we found that social class of origin
attenuated  associations  between childhood
cognition and hypertension and obesity to non-
significance and that these effects remained
independent in the fully-adjusted models for these
two outcomes. Such attenuating effects of
childhood social class on associations between
childhood cognition and these two outcomes were
not found in the 1958 cohort (Power et al 2010), or
the 1970 cohort (Batty et al 2007a). Further work is
necessary to determine the reasons for this
discrepancy. It may be, for example, that early
childhood material home conditions in manual
occupational households in the 1946 cohort, which
were generally poorer than those in the early years
of the 1958 and 1970 cohorts, had a greater long-
term impact on health. In this context it should be
noted that the 1946 cohort were born during a
severe housing shortage, when overcrowding was
common, only 57% of families in 1946 had their
own bathroom and 51% had running hot water
(Wadsworth 1991). Furthermore, serious childhood
infectious diseases such as diphtheria, lobar
pneumonia, poliomyelitis and whooping cough
were more common in this cohort than in later
years (ibid).

The two outcomes in this study where the
association with childhood cognition was robust to
the potential confounders, were healthy diet and
physical exercise. Reasons for the former are
unclear, although they are consistent with the
findings of Gale et al (2007) for childhood cognition
in relation to vegetarian diet. We should note that
education had a strong mediating effect when
percent total energy derived from fat was
substituted for type of milk in the summary score,
although this does not strictly represent dietary
choice. Our finding for exercise is consistent with
that of Batty et al (2007a) in the 1970 cohort for
intense physical exercise. How may the latter
apparent independent association be interpreted?
From a health behaviour perspective, it is not
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immediately obvious why childhood intelligence
would directly predict engagement in exercise but
not avoidance of smoking. However, given the
long-term stability of physical activity patterns (Kuh
and Cooper 1991) and given the enhancement of
neural growth processes by physical exercise
(Cotman et al 2007), the possibility of reverse
causation occurring relatively early on in the life
course cannot be ruled out at this stage.

Even allowing these exceptions of diet and
exercise, we do not argue that adult health returns
to cognitive capital are all mediated by education
and SES, or driven by early life influences, or indeed
that cognitive capital only plays a minor role in
determining health disparities. We have previously
suggested that cognition is likely to exert its
strongest influence when the health outcomes in
guestion most closely reflect the functioning of the
central nervous system (Richards et al 2009).
Above all, this concerns risk of cognitive decline and
dementia (Whalley et al 2006), since cognition itself
strongly tracks across the life course (Deary et al
2000; Plassman et al 1995; Snowdon et al 1996),
even when the influence of education and father’s
and own occupation are controlled (Richards and
Sacker 2003); and it influences rate of cognitive
decline (Richards et al 2004). In this context,
independent associations were also observed in the
British birth cohorts between cognitive capital and
affective symptoms (Hatch et al 2007b; Gale et al
2009b), which involve many neural systems
common to cognition. Cognition may also act
uniquely as a marker for biological programming, as
it almost certainly does in the case of natural
menopause timing (Richards et al 1999), where not
only is the association highly robust, but is stronger
the earlier cognition is measured in childhood (ibid).
On the other hand associations appear to be more
readily explained by education and SES when the
outcomes concern risk of chronic physical diseases
in ageing. Further work is required to elucidate the
detailed factors underlying this mediation, although
it seems unlikely that another single ‘fundamental
cause’ (such as health self-management or
‘literacy’) will be uncovered further downstream;
more likely there will be an aggregate effect of
schooling, occupational exposures, lifestyle,
individual amenities and the macro-level influence
of neighbourhood, all layered over the long-term
impact of genetic and early life factors. We should
be wary of simplification in other ways too;
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Richards et al (2005) found that childhood cognition cortisol activity were partly or wholly mediated by
had a robust independent association with FEV1, education (Power et al 2010). These findings will be
which predicts chronic lung disease; whereas important to revisit as the birth cohorts move
associations with the more overt biomarker of towards later life.
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Endnotes

' For a discussion of this term see Richards and Deary, this issue.
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