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Abstract

We quantify the lasting effects of childhood health and economic circumstances on adult health,
employment and socioeconomic status, using data fromabirth cohort that has been followed frombirth
into middle age. Controlling for parental income, education and social class, children who experience
poor health have significantly lower educational attainment, poorer health, and lower social status as
adults. Childhood health and circumstance appear to operate both through their impact on initial adult
health and economic status, and through a continuing direct effect of prenatal and childhood health in
middle age. Overall, our findings suggest more attention be paid to health as a potential mechanism
through which intergenerational transmission of economic status takes place: cohort members born
into poorer families experienced poorer childhood health, lower investments in human capital and
poorer health in early adulthood, all of which are associated with lower earnings in middle age—the
years in which they themselves become parents.
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1. Introduction

Recent research has documented that children born into poorer families fall into poorer
health as they age.These children arrive at the doorstep of adulthoodnot only in poorer health
but also with lower educational attainment, in part attributable to their poorer health. (Case
et al., 2002 provide evidence for the US, and Currie and Stabile, 2004 for Canada.) This
research suggests that childhood health may be an important contributor to the “gradient”,
the widely documented positive association between good health and higher economic
status observed in adulthood (Adler et al., 1994).
Research on determinants of adult health has varied in the weight it has placed on

childhood health and circumstances. A strand of recent work suggests that nutrition in
utero can affect health status in middle age, through its impact on such important chronic
conditions as coronary heart disease and diabetes (Barker, 1995; Ravelli et al., 1998). New
experimental work finds thatmicewhose fetal growth is restricted, but who are fedwell after
birth, exhibit rapid catch-up growth but die significantly earlier than mice well fed in utero
(Ozanne and Hales, 2004). Children born to poor parents may be more likely to have had a
poor fetal environment, leading to poor health in middle age. Having been raised in poorer
families, such children are also more likely to earn less when they reach adulthood, leading
to a correlation between earnings and health. In this way, the fetal-origins hypothesis could
explain the positive association found between adult health and economic circumstance.
In a similar vein, some life coursemodels emphasize the extent towhich illness and depri-

vation in childhood have lasting effects on adult health—directly, through the illness itself,
and indirectly, by restricting educational attainment and life chances (Kuh and Wadsworth,
1993). Life course models may also help to explain contemporaneous correlation between
social status and health: those who have suffered chronic health conditions in childhood
may reach adulthood in poorer health, and with less education and poorer labor market
skills. Persistence in the processes generating earnings and health could lead to a contem-
poraneous correlation in earnings and health in adulthood that was due to conditions in
childhood. Economists have contributed to this literature, examining the role played by
health in education and labor market outcomes (see Currie and Madrian, 1999, for a review
of the economics literature linking health to labor market outcomes, and Currie and Hyson,
1999, for an examination of the impact of low birthweight on educational attainment and
labor market outcomes).
In contrast to these approaches, research centered on the role of adult socioeconomic

status in determining adult health has largely argued that the observed correlation between
income and health in adulthood is not directly attributable to childhood events. For example,
Marmot et al. (2001) discuss their finding of a gradient in health among the subset of British
civil servants whose parents survived to age 70. They conclude that, in their data, “early-life
circumstances are important because they influence adult social circumstances, which in
turn influence disease risk” (p. 305). Such pathways models posit a causal link from low
socioeconomic status earlier in adulthood to poor health later in adulthood, with childhood
circumstances important because they affect initial adult socioeconomic position.
In this paper, we quantify the lasting effects of childhood health and economic circum-

stances on adult health, employment and socioeconomic status, using data from a birth
cohort that has been followed from birth into middle age. Making progress in this area is
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difficult for several reasons. Few datasets track individuals from childhood into adulthood.
Much of what is known about the dynamics of income and health status for the US comes
froma survey of the elderly,which restricts analysis to changes in income,wealth, and health
status at the end of life, and over a short period of time.3 Panel data exist for the UK for three
birth cohorts—the 1946National Survey of Health andDevelopment (NSHD), the 1958Na-
tional Child Development Study (NCDS, Centre for Longitudinal Studies, Bedford Group
for Lifecourse and Statistical Studies, Institute of Education, http://www.cls.ioe.ac.uk/), and
the 1970 British Cohort Study—and for two panels of British civil servants (the Whitehall
I and II studies). However, these offer a more limited entry into the question than may first
appear to be the case. Data from the 1946 cohort study are not publicly available, which
restricts the extent to which any consensus could be reached using these data. The 1970
cohort is too young yet to trace childhood events very far into middle age. The Whitehall
studies, which collected information on health and mortality of cohorts of British civil ser-
vants over time during working adulthood, contain only minimal retrospective information
on family background. Results presented below suggest that, in particular, the lack of infor-
mation on mother’s education and own-health status in childhood limits the usefulness of
the Whitehall data for quantifying the extent to which childhood circumstances can explain
the relationship between health and economic status in adulthood.4 At the present time, the
1958 NCDS cohort provides the best opportunity to follow children across the bridge from
childhood to adulthood.
There are difficulties in identifying causal relationships between health and socioeco-

nomic status, even with the sort of rich, detailed data available for the NCDS. Unobserved
factors, such as early-life experiences or genetic endowments, may drive both health and
economic status over time. Experiments in which factors that affect economic status or
health in early life are randomly altered may settle issues of causality, but the long-run
impact of early-life nutrition and health interventions in some of the cleverly devised ex-
periments being run today (Thomas et al., 2003; Gertler and Boyce, 2001) will not be fully
realized for another 40 or 50 years.
Given the difficulties of drawing causal inferences, we proceed in two steps. Using

data from the NCDS, we first present reduced form models that lay out the facts on the
associations between childhood health and circumstance, on one hand, and educational
attainment, adult health and socioeconomic status on the other. We then present more
speculative estimates of the pathways through which prenatal and childhood health affect
adult health and circumstance, making plain the assumptions necessary to attribute causal
effects to different pathways.
We find, controlling for parental income, education and social class, that children who

have experienced poorer uterine environments and poorer health in childhood have sig-
nificantly lower educational attainment, poorer health and lower socioeconomic status as
adults. Moreover, prenatal and childhood health appear to have direct effects on health and

3 Adams et al. (2003), for example, use three waves of data from the Asset and Health Dynamics of the Oldest
Old (AHEAD) data, collected between 1993 and 1998.
4 Whitehall I contained “no direct data on the social circumstances of these men as children” (Marmot et al.,
1984, p. 1004). Whitehall II collected information on father’s occupation (retrospectively reported by the civil
servants), on father’s school leaving age, and on whether the civil servants’ parents died before reaching age 70.
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economic status in middle age: controlling for educational attainment, and for socioeco-
nomic status and health in earlier adulthood, we find prenatal and childhood health markers
are significant predictors of health and economic status at age 42.
Overall, our findings suggest more attention be paid to health as a potential mechanism

through which intergenerational transmission of economic status takes place: cohort mem-
bers born into poorer families experienced poorer childhood health, lower investments in
human capital and poorer health in adulthood, all of which are associated with a lower
probability of employment and lower earnings in middle age—the years in which they
themselves become parents.

2. The 1958 National Child Development Study

TheNCDS has followed all children born inGreat Britain (Scotland, England andWales)
in the week of March 3, 1958 from birth through to age 42. Parents were interviewed
at the time of the birth, and medical, social, demographic and economic data have been
collected on these children during follow-up interviews conducted at ages 7, 11, 16, 23,
33 and 42.5 Data from the study are available through the Centre for Longitudinal Studies
(http://www.cls.ioe.ac.uk/).
Summary statistics for key variables are presented in columns 2 and 3 of Table 1. Our

measures of prenatal and childhood health consist of an indicator that the child was of low
weight at birth (less than 2500 g); indicators of howmuch the child’s mother smoked during
pregnancy; the number of physician-assessed chronic health conditions observed at ages
7 and 16; and height at age 16. A third of all mothers reported that they smoked during
their pregnancy, with 12% reporting that they smoked heavily. In our analyses, we include
indicators for moderate, heavy and variable smoking while pregnant.
Chronic health conditions at ages 7 and 16 reflect both health problems the child was

born with, and health problems acquired in childhood. Table 1 indicates that the average
number of chronic childhood conditions is small. Of children who received medical exams
at these ages, 6.2% of children had at least one chronic condition at age 7, and 10.0% at age
16. In some analyses, we break chronic conditions into three categories: physical impair-
ments (neck and head, spinal, upper and lower limb impairments, general motor handicaps,
general physical impairments); mental and emotional conditions; and other ‘systems’ con-
ditions (respiratory, alimentary, heart, haematological, urogenital, central nervous system,
epilepsy).6 Height is included as a reflection of childhood (and possibly prenatal) nutrition.
Because height also has a genetic component, we control for both mother’s and father’s
heights in all models.

5 There has been attrition from the original sample of 17,409 children, and some families who miss a sur-
vey round are picked up in later surveys. Attrition does not appear to be systematically associated with so-
cioeconomic status. (A detailed discussion is provided in the appendix to our working paper, available at
http://www.wws.princeton.edu/chw/research/papers.php.) The survey has also added approximately 700 children
born during the week of March 3, 1958 who immigrated to Great Britain prior to the age 16 survey. These children
do not appear to be substantially different from the original sample, and we include these children in our analysis.
6 These conditions are too rare in the NCDS cohort to analyze their impacts separately for each chronic illness.
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Table 1
Summary statistics, 1958 British Cohort Survey
Household and individual-level

variables
Full sample, men and women Sample of men used in

Tables 5 and 6
Mean (S.D.) No. of

observations
Mean (S.D.) No. of

observations
Prenatal and childhood health
Indicator: born at low
birthweight

0.073 (0.261) 17409 0.043 (0.203) 5315

Mother smoked heavily during
pregnancy

0.123 (0.328) 17184 0.115 (0.319) 5242

Number chronic conditions, age
7

0.087 (0.422) 14321 0.083 (0.355) 4800

Number chronic conditions, age
16

0.141 (0.539) 11670 0.125 (0.475) 4161

Physical impairments, age 16 0.037 (0.283) 11670 0.034 (0.255) 4161
Mental/emotional problems,
age 16

0.037 (0.216) 11670 0.027 (0.176) 4161

Systems conditions, age 16 0.066 (0.278) 11670 0.064 (0.271) 4161

Height in meters, age 16 (all) 1.66 (0.085) 11123
Height in meters, age 16 (men) 1.70 (0.08) 5742 1.70 (0.08) 4008

Childhood circumstances
Mother’s age at leaving school
(median)

15–16 11432 15–16 4059

Father’s age at leaving school
(median)

14–15 11092 14–15 3981

ln(weekly family income) at age
16

5.46 (0.23) 9415 5.47 (0.21) 3371

Outcomes
Number of any O-level passes at
age 16

1.96 (2.75) 14325 2.06 (2.80) 4831

Self-reported health status at
age 23

1.66 (0.67) 12521 1.60 (0.65) 4660

Self-reported health status at
age 33

1.81 (0.70) 11267 1.77 (0.69) 4686

Self-reported health status at
age 42 (1 = excellent,
2 = good, 3 = fair, 4 = poor)

1.92 (0.76) 11371 1.91 (0.76) 5601

Indicator: employed full-time or
part-time at time of survey,
age 33

0.92 4720

Indicator: employed full-time or
part-time at time of survey,
age 42

0.90 5605

Socioeconomic status at age 42 (%)
Professional 7.1 5439
Managerial 38.6 5439
Skilled manual 9.5 5439
Non-skilled manual 32.7 5439
Semi-skilled 9.3 5439
Unskilled 2.8 5439

Notes: All money amounts are in 1987 £. The “full sample” includes all individuals who appeared in the relevant
year of the survey. The sample used in Tables 5 and 6 is of men with either non-missing data on health status or
socioeconomic status at age 42. Men with socioeconomic status coded as “other” at age 42 were not included in
the sample used for Tables 5 and 6.
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Measures of family background include indicators for the ages at which the cohort
member’s mother and father left school; indicators for mother’s marital status at the time
of the cohort member’s birth; the number of siblings in the cohort member’s house-
hold at age 16; log family weekly income at age 16,7 as well as father’s social class
at the time of the birth, and grandfathers’ social classes at the time the cohort mem-
ber’s mother and father left school.8 Measures of social class are commonly collected
in British surveys, and are based on occupation (professional, managerial, non-manual
skilled, manual skilled, semi-skilled, and unskilled). The appendix to our working pa-
per provides a complete list of these variables, and discusses our treatment of missing
values.9
Our primary health outcome measures are individuals’ self-reported health status, mea-

sured at ages 23, 33 and 42. Each respondent was asked “How would you describe your
health generally?Would you say it is . . . excellent, good, fair, or poor?” Self-reported health
has been shown to predict mortality, even when controlling for physician assessed health
status and health-related behaviors. (See Idler and Kasl, 1995, for an extensive set of refer-
ences on studies of self-reported health and mortality.) In the NCDS, self-reported health
status at ages 33 and 42 are highly correlated with reports that respondents have chronic
conditions, and with reports of their disabilities and hospitalizations. Consistent with results
from a wide variety of cross-sectional studies, members of the NCDS cohort report worse
health at higher ages. The percentage of men reporting themselves to be in excellent health
falls from 48% at age 23, to 36% at age 33, and to 31% at age 42. Patterns are similar for
women although, consistent with results from many other studies, women in the NCDS
on average report worse health than men in middle age (see Case and Paxson, 2004, and
references therein).
We examine the effects of childhood health and circumstance on education and two

labor market outcomes in adulthood: employment and socioeconomic status. We choose
to analyze socioeconomic status—instead of earnings—both to follow the literature in
this area, and to avoid problems of censoring. Our primary measure of education is the
number of O-level exam passes at age 16. As discussed below, similar results are obtained
when alternative measures of education are used. Additional information on the British
educational systemand the construction of themeasure of educational attainment is provided
in the appendix to our working paper.
The employment measures we use are indicators for whether the respondent worked

either part-time or full-time at ages 33 and 42. Ninety percent of men are employed part-
time or full-time at ages 33 and 42, and the vast majority of men work full-time (30 or
more hours per week). Employment rates are lower for women, with less than 50% of
women working full-time at either of these ages. Because a substantial fraction of women

7 This variable was constructed using information on income categories for both parents together with informa-
tion from the British Family Expenditure Survey from 1974. See the appendix of our working paper for details.
All results presented here are robust to replacing our constructed family income measure with a set of 28 indicator
variables for mother’s and father’s income categories at age 16, including indicators that parents’ incomes were
not recorded.
8 We have experimented with including controls for parents’ age at the time the child was born. Although these
variables are at times jointly significant, their inclusion does not affect other results.
9 This is available at http://www.wws.princeton.edu/chw/research/papers.php.
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Fig. 1. Birthweight and health status in adulthood.

do not work, we restrict our analysis of employment and socioeconomic status (derived
from occupation) to men only.
Fig. 1 presents preliminary information on the relationship between birthweight and

health status in adulthood. The left panel shows locally-weighted regressions of health
status at ages 23, 33 and 42 on birthweight for men in the NCDS who reported health status
at all three ages. Men born at birthweights below 2500 g (88 ounces) report the worst health
in middle age. This figure provides a rationale for using the cut-off value of 2500 g to denote
low birthweight. The right panel shows similar regressions on health status in adulthood for
women. In both panels, birthweight is observed to be related to health status in adulthood,
with the relationship between low birthweight and health becoming more pronounced at
older ages.
Section 3 presents reduced form estimates of the associations between childhood health

and circumstances and adult outcomes, including education, adult health, employment and
socioeconomic status. By themselves, the results we present in Section 3 do not provide
information on the mechanisms that link health and economic outcomes over the life cycle.
The issue of disentangling these links will be taken up in Section 4.

3. Childhood health and outcomes in adulthood

3.1. Educational attainment

Table 2 examines the relationship between childhood health and human capital invest-
ment. While the table focuses on the total number of O-level exams the child has passed by
age 16, estimates of models for other educational outcomes—passing the English O-level,
the Math O-level, and highest educational achievement—yield very similar results. In all
cases, there is a significant association between health in childhood and educational attain-
ment. On average, each childhood condition at age 7 is associated with a 0.3 reduction in
the number of O-levels passed, and each condition at age 16 with an extra 0.2 reduction.
That chronic conditions at age 7 have a larger association with educational attainment for
all of our measures of human capital investment than do chronic conditions at age 16 is



372 A. Case et al. / Journal of Health Economics 24 (2005) 365–389

Ta
bl
e
2

Ed
uc
at
io
n
an
d
ch
ild
ho
od
ch
ar
ac
te
ris
tic
s,
m
en
an
d
w
om
en

D
ep
en
de
nt
va
ria
bl
e:
to
ta
lO
-le
ve
lp
as
se
sb
y
ag
e
16
(O
LS
)

A
ll

W
om
en

M
en

A
ll

A
ll

A
ll

ln
(fa
m
ily
in
co
m
e)
at
ag
e
16

0.
64
1
(0
.1
29
)

0.
68
1
(0
.1
80
)

0.
59
7
(0
.1
85
)

0.
65
1
(0
.1
29
)

0.
63
6
(0
.1
29
)

0.
63
7
(0
.1
29
)

In
di
ca
to
r:
m
od
er
at
e
pr
en
at
al
sm
ok
in
g

−0
.2
84
(0
.0
60
)

−0
.2
95
(0
.0
84
)

−0
.2
74
(0
.0
84
)

−0
.2
85
(0
.0
60
)

−0
.2
84
(0
.0
60
)

−0
.2
84
(0
.0
60
)

In
di
ca
to
r:
he
av
y
pr
en
at
al
sm
ok
in
g

−0
.4
36
(0
.0
67
)

−0
.3
97
(0
.0
96
)

−0
.4
75
(0
.0
93
)

−0
.4
32
(0
.0
67
)

−0
.4
36
(0
.0
67
)

−0
.4
31
(0
.0
67
)

In
di
ca
to
r:
va
ria
bl
e
pr
en
at
al
sm
ok
in
g

−0
.4
49
(0
.0
93
)

−0
.4
97
(0
.1
34
)

−0
.4
01
(0
.1
29
)

−0
.4
45
(0
.0
93
)

−0
.4
52
(0
.0
93
)

−0
.4
45
(0
.0
93
)

In
di
ca
to
r:
lo
w
bi
rth
w
ei
gh
t

−0
.4
59
(0
.0
91
)

−0
.4
84
(0
.1
21
)

−0
.3
87
(0
.1
40
)

−0
.4
69
(0
.0
91
)

−0
.4
67
(0
.0
91
)

−0
.4
57
(0
.0
91
)

H
ei
gh
ta
ta
ge
16
(m
)

2.
24
1
(0
.3
52
)

2.
64
1
(0
.6
38
)

2.
61
8
(0
.4
74
)

2.
37
4
(0
.3
51
)

2.
25
8
(0
.3
53
)

2.
22
5
(0
.3
52
)

#
C
hr
on
ic
co
nd
iti
on
s,
ag
e
7

−0
.3
06
(0
.0
57
)

−0
.3
53
(0
.0
98
)

−0
.2
90
(0
.0
70
)

–
–

–
#
C
hr
on
ic
co
nd
iti
on
s,
ag
e
16

−0
.2
10
(0
.0
46
)

−0
.2
79
(0
.0
74
)

−0
.1
69
(0
.0
58
)

–
–

–
#
Ph
ys
ic
al
im
pa
irm
en
ts
,a
ge
7

–
–

–
−0

.0
37
(0
.1
23
)

–
−0

.0
07
(0
.1
25
)

#
M
en
ta
l/e
m
ot
io
na
lc
on
di
tio
ns
,a
ge
7

–
–

–
−0

.7
86
(0
.1
24
)

–
−0

.6
01
(0
.1
28
)

#
Sy
st
em
sc
on
di
tio
ns
,a
ge
7

–
–

–
−0

.3
14
(0
.1
10
)

–
−0

.2
89
(0
.1
10
)

#
Ph
ys
ic
al
im
pa
irm
en
ts
,a
ge
16

–
–

–
–

−0
.0
80
(0
.0
91
)

−0
.0
39
(0
.0
92
)

#
M
en
ta
l/e
m
ot
io
na
lc
on
di
tio
ns
,a
ge
16

–
–

–
–

−0
.7
94
(0
.1
20
)

−0
.6
37
(0
.1
23
)

#
Sy
st
em
sc
on
di
tio
ns
,a
ge
16

–
–

–
–

−0
.1
10
(0
.0
89
)

−0
.0
98
(0
.0
89
)

In
cr
em
en
ta
lc
on
tri
bu
tio
n
of
va
ria
bl
es
to
ps
eu
do
-R
2
as
a
fr
ac
tio
n
of
ps
eu
do
-R
2

M
ot
he
r’s
ed
uc
at
io
n
an
d
SE
S

0.
06
2

0.
06
7

0.
06
8

0.
06
2

0.
06
2

0.
06
1

Fa
th
er
’s
ed
uc
at
io
n
an
d
SE
S

0.
24
1

0.
25
6

0.
23
9

0.
24
1

0.
24
0

0.
23
8

U
te
rin
e
en
vi
ro
nm
en
t(
pr
en
at
al
sm
ok
in
g
in
-

di
ca
to
rs
,l
ow
bi
rth
w
ei
gh
t)

0.
02
4

0.
02
3

0.
02
3

0.
02
4

0.
02
4

0.
02
3

C
hr
on
ic
co
nd
iti
on
s,
he
ig
ht
at
ag
e
16

0.
02
7

0.
02
4

0.
03
5

0.
02
6

0.
02
6

0.
03
4

N
ot
es
:S
am
pl
es
iz
es
—
14
,3
25
ob
se
rv
at
io
ns
in
to
ta
l,
70
16
w
om
en
an
d
73
09
m
en
.A
ll
re
gr
es
si
on
si
nc
lu
de
co
nt
ro
ls
fo
r“
fa
m
ily
ba
ck
gr
ou
nd
”a
nd
“c
hi
ld
he
al
th
”d
es
cr
ib
ed
in

th
et
ex
t.
Ea
ch
se
to
fv
ar
ia
bl
es
re
po
rte
d
un
de
r“
In
cr
em
en
ta
lc
on
tri
bu
tio
n
of
va
ria
bl
es
to
ps
eu
do
-R
2 ”
is
jo
in
tly
si
gn
ifi
ca
nt
at
a0
.0
05
le
ve
l.
St
an
da
rd
er
ro
rs
ar
ei
n
pa
re
nt
he
se
s.



A. Case et al. / Journal of Health Economics 24 (2005) 365–389 373

consistent with a model in which the harm inflicted by chronic conditions is cumulative in
its effect on education.10
We also find strong associations between fetal conditions and children’s educational

attainment. Children born at low birthweight pass 0.5 fewer O-level exams on average.11
Moreover, mother’s smoking during pregnancy is associated with significantly fewer O-
levels passes, with children whose mothers reported having smoked heavily during preg-
nancy passing 0.4 fewer O-level exams. We tested whether these results varied, depending
upon whether low birthweight was the result of a shorter gestational age, but found no
significant differences between the outcomes for children who were born premature, and
those who were low birthweight but were carried to term.
These results are consistent with theories that highlight the importance of the fetal envi-

ronment, and the results for mother’s smoking during pregnancy may represent the causal
effect of smoking on fetal development and later cognitive development. Smoking dur-
ing pregnancy has also been implicated as a source of behavioral and cognitive problems
among older children, including lower IQ and attention deficit hyperactivity disorder (IOM,
2001), all of which could have adverse effects on educational attainment. Animal models
support the hypothesis that prenatal nicotine exposure affects brain development and may
have long-lasting effects (see, for example, Slotkin, 1998). Alternatively, the association
between prenatal smoking and lower educational attainment we observe may be due to
family and environmental characteristics associated with prenatal tobacco use. The dangers
of smoking during pregnancy may not have been widely known in 1958, so the argument
that it was less caring mothers who were more likely to smoke may not be as salient for
this cohort. However, mother’s smoking may be a marker for her social status that is not
measured by family income, her education, or her father’s social class, and the association
between prenatal smoking and education could work through this channel.
Childhood socioeconomic circumstances are also correlatedwith educational attainment.

Consistent with a large body of literature, we find that children from higher-income families
have higher educational attainment. Even controlling for mother’s and father’s schooling
and parents’ and grandparents’ social classes, a doubling of family income at age 16 is
associated on average with passing 0.65 additional O-levels, and a 10 percentage point
increase in the probability that the English andMath O-levels are passed. Parental schooling
is also strongly associated with children’s schooling. The coefficients for the indicators of
mother’s and father’s school-leaving age, graphed in Fig. 2, indicate that later school-leaving
ages (greater educational attainments) for both mothers and fathers are associated with a
higher number of O-levels passed. Children whose mothers left school at ages 13–14 passed
one fewer O-level exam on average than those whose mothers left at ages 17–18, and two
fewer O-levels than those whose mothers stayed in school until ages 21–23.

10 These results are consistent with those presented in Gregg andMachin (1998) who use the NCDS data to study
youth labor markets. They find having been sick in the past year with either minor or more serious ailments is
negatively and significantly correlated with staying on in school at age 16.
11 Currie and Hyson (1999) also find negative effects of low birthweight on O-level passage in the NCDS data.
They also examine whether the effects of low birthweight differed by father’s socioeconomic class at the time of
the birth. We find, with our controls for family background and health, that such interactions are not significant,
and we do not include them in our analysis.
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Fig. 2. Marginal effects of mothers’ and fathers’ education on the number of O-level exams passed.

To assess how much of the variance in educational attainment is explained by different
sets of family background and childhood characteristics, we classified the control variables
into four groups and calculated the incremental addition to the R2 when each group of
variables is added to a regression that includes all other variables. The groups of variableswe
examine include: (i) indicators for mother’s education and social class (her school-leaving
age, and her father’s social class when she left school); (ii) father’s education and social class
(his school-leaving age, his father’s statuswhen he left school, and his social class at the time
of the cohort member’s birth); (iii) indicators of uterine environment (prenatal smoking,
and an indicator for low birthweight); and (iv) variables registering childhood health (height
at age 16, and the chronic conditions cohort members were observed to have suffered at
ages 7 and 16). The measures of incremental R2, expressed as a fraction of the total R2 for
the full regression, are shown in the bottom of Table 2. Of these groups of variables, those
measuring father’s education and social class provide the largest incremental contribution
(approximately 25%) to the explained sum of squares. This is chiefly driven by father’s
social status at the time of the respondent’s birth, which alone contributes 12%. Prenatal
and childhood health variables each contribute roughly 2.5%.
Columns 3 and 4,which split the sample by gender, indicate that the associations between

family and childhood characteristics and education are similar for men and women. The last
columns of Table 2 take a closer look at the association between type of chronic condition
and educational attainment. We find different types of childhood problems have different
associations with education. There is no significant association between physical impair-
ments, either at age 7 or 16, and educational attainment. In contrast, mental and emotional
conditions are each associated with a significant reduction in O-levels passed. “Systems”
conditions, which include lung, heart, digestive, blood, urogenital and neurological con-
ditions, are also negatively and significantly correlated with O-levels passage if reported
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at age 7. Consistent with a model in which systems problems have a cumulative effect on
education, an additional condition of this type is associated with 0.29 fewer O-levels if
reported at age 7, and 0.10 fewer O-levels if first reported at age 16.

3.2. Adult health

Table 3 documents the association between childhood characteristics and health status
at ages 23, 33 and 42. These results are from ordered probits of health status (integers
from 1= excellent to 4 = poor) run on our complete set of childhood controls. Children’s
fetal environments (mothers’ prenatal smoking, and being born at low birthweight) are
significantly associated with poor health in adulthood, with the correlation becoming larger
and more significant as the birth cohort ages. The association between heavy prenatal
smoking and health status is small and insignificant at age 23, with a marginal effect of
heavy maternal prenatal smoking associated with a 0.034 increase (worsening) in reported
health status on average. This association becomes larger and significant at age 33 (0.141),
and larger still at age 42 (0.163). The incremental contribution of the uterine environment
to the explained sum of squares rises from 0.027 to 0.051 between ages 23 and 33, and rises
to 0.086 at age 42. This is consistent with models, such as the fetal origins hypothesis, that
suggest fetal insult may trigger poor health outcomes in middle age.We examine alternative
hypotheses below.
Chronic conditions in childhood show a different pattern. The coefficients on conditions

at age 7 declinewith age and become insignificantly associatedwith reported health status by
age 42, while coefficients on conditions at age 16 remain significant, and roughly constant,
from age 23 to 42. If a child had a chronic condition at age 7 that had disappeared by age
16, our results suggest we should expect no significant association between that condition
and health at age 42. However, chronic conditions developed before age 7 that persist to age
16, and those a child developed between ages 7 and 16, have a significant association with
self-reported health throughout middle adulthood. The last two columns of Table 3 show
results in which only one of our two measures of chronic conditions is used as a control in
our health status ordered probits. Column 5 presents results using the number of conditions
at age 7, and column 6 at age 16. The results in column 5 confirm that chronic conditions
at age 7 are significantly correlated with health outcomes at age 42. However, the lasting
association with adult health is generated by the subset of these conditions that persists to
age 16.
Several measures of socioeconomic status in childhood are also related to adult health.

Family income at age 16 becomes a larger and more significant predictor of health status
with age in adulthood. At age 23, family income at 16 takes a coefficient of −0.069 and
is not significantly different from zero. However, the effect increases in absolute value and
significance with age, so that by age 33 it is −0.135 and by age 42 it is −0.143.
Mothers’ school-leaving age is also significantly associated with adult health. As was

the case for family income, the association betweenmothers’ education and health becomes
more pronounced with age. This can be seen in Fig. 3, which graphs the coefficients on the
indicators formaternal education in ordered probits for health status at ages 23, 33 and 42.At
age 23, there is little correlation between mothers’ school-leaving age and the cohort mem-
bers’ health. However, by age 33, maternal education has become strongly associated with
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Fig. 3. Marginal effects of mothers’ education on self-reported health status.

better health status. The chi-square test for the joint significance of indicators of mother’s
school-leaving age is large and significant (chi-square test = 22.04, p-value = 0.0087). In
contrast, indicators for fathers’ school-leaving ages are not jointly significant at either age
33 or 42 (for age 33, chi-square test = 10.02, p-value = 0.3490). Earlier research has docu-
mented the extent to which mothers act as gatekeepers for children’s health.12 The results
here are consistent with this gatekeeping having long-run benefits for their children.
More important than father’s education is his social class at the time of the child’s birth.

Social class is strongly related to adult health, and contributes a larger share to the pseudo-R2
at 33 than 23, and at 42 than at age 33. These results translate into children with unskilled
fathers being 8.3 percentage points more likely to be in fair or poor health at age 42 than
the children of professionals. Collectively, father’s education and social status represent an
incremental contribution of nearly 20% to of the pseudo-R2 of health at age 42.
When no other controls are included, height at age 16 is significantly associated with

better health at ages 23, 33 and 42, although the association becomes somewhat weaker
with age. However, children’s heights at age 16 are highly correlated with fathers’ education
and social economic status. When both height at age 16 and father’s education and SES
variables are jointly included as controls, the relationship between height at age 16 and
health at age 42 is no longer significant.
We break these results down further in Table 4, where we examine the relationship

between type of childhood chronic condition and adult health status, and the association

12 Using data from the US National Health Interview Survey (NHIS), Case and Paxson (2001) show that for
children ages 1–17, mothers’ education is a significant predictor of the child having had a routine doctor and
dentist visit in the past 12 months, and with having a regular place for usual medical care and sick care. In the
NHIS data, these authors find no significant correlation between father’s education and routine doctors visits, or
having a place for routine or sick care.
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between a cohort member’s own-smoking, mother’s prenatal smoking, and health status in
adulthood. That mothers’ prenatal smoking is a significant predictor of own-health, and one
that grows in importance with age, led us to examine whether part of this association works
through the birth cohort member’s own smoking behavior. It may be that respondents who
grew up in environments inwhichmothers smoked heavilywould bemore likely themselves
to smoke. (In results estimated, but not reported in Table 4, we find that children born to
mothers who reported smoking heavily while pregnant were 5.9 percentage points more
likely to report that they smoked at age 33.) Respondents’ own smoking could lead in turn
to reports of poorer health status.
To examine whether this accounts for the association we find between mother’s smoking

in pregnancy and own-reports of health in middle age, we control for smoking at age 33 in
Table 4.13 We find that own-smoking is significantly correlated with reported health status,
associated on average with a 0.40 increase (worsening) in own-health reports. However,
inclusion of a smoking indicator does not change the strong association found between
mothers’ smoking while pregnant and respondents’ own-health reports at age 33 and 42.
While this association may be due to a third factor, that third factor does not appear to be
the respondent’s own smoking.
Table 4 also examines whether different types of chronic conditions are differentially

associated with reports of poorer health in adulthood. Physical impairments reported at age
7 show no significant association with health status in adulthood, with or without controls
for physical impairments at age 16. While physical impairments reported at age 16 are
only weakly associated with poorer health at age 42, mental and emotional conditions
and systems conditions in childhood are large and significant correlates of poorer health
in adulthood. As observed in Table 3, those conditions present at age 7 are significantly
associated with poorer health in adulthood only if they continue to be present at age 16.

3.3. Employment and socioeconomic status in adulthood

Table 5 presents estimates of the associations between childhood health and circum-
stances and employment and social status for men at ages 33 and 42. We find chronic health
conditions in childhood are significantly associated with employment in adulthood. An ad-
ditional chronic condition at age 16 is associated with a 4 percentage point reduction in the
probability of employment at age 33, and a 5 percentage point reduction in the probability
of employment at age 42. As was true of adult health, chronic conditions at age 7 are asso-
ciated with a lower probability of employment at age 42 only if these conditions continued
to be present at age 16. Taken together, childhood health measures (conditions at ages 7 and
16, and height at age 16) provide a large incremental contribution to the pseudo-R2 (0.25)
at ages 33 and 42.
Childhood circumstances are also significantly associated with employment for men,

with the education and social class of the cohort members’ father significantly correlated
with employment at ages 33 and 42. Collectively, these variables also contribute almost
0.20 to the pseudo-R2 at ages 33 and 42. Men whose fathers were unskilled at the time of

13 We code the variable “smokes at age 33” equal to one if the respondent reported smoking any cigarettes, and
equal to zero otherwise. Using this definition, 33% of both men and women report smoking.
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their births are 5 percentage points less likely to be employed at ages 33 and 42 than are
men with professional fathers.
Table 5 also shows that health in childhood is significantly correlatedwith adult socioeco-

nomic status.We runordered probits of socioeconomic status (1 = professional, 6 = unskilled
labor), so that a higher reported coefficient is associated with a lower social status. Among
42-year-oldmen, an additional chronic condition at age 7 is associated with a 0.16 reduction
in social status, and an additional condition at age 16 with a 0.19 reduction.
Consistent with findings in the intergenerational mobility literature (Reville, 1995), fam-

ily income at age 16 becomes a larger and more significant correlate of men’s social status
as they age. The coefficient on family income at age 16 is−0.09 in ordered probits of social
status at age 33, and−0.18 for status at age 42. Father’s education and social class are also
significantly correlated with status in middle age. Collectively, these variables contribute
almost 0.26 to the pseudo-R2 at age 42.14

4. The dynamics of health and social status in adulthood

4.1. Empirical framework

Our results in Section 3 show large, positive and significant associations of health in
childhood with educational attainment, adult health, employment and social status. As we
emphasized in Section 1, the interpretation of these findings requires caution: in the absence
of experimental evidence, it is impossible to rule out that these associations are driven by
unobserved “third factors” that influence both childhood health and adult circumstances.
However, the fact that the associations between childhood health and adult outcomes are
robust to the addition of controls for a large set of family background measures lends cred-
ibility to a causal interpretation. In this section, we assume that the associations we have
documented do in fact reflect causal relationships.We then consider several alternativemod-
els of how childhood health affects the dynamic relationship between health and economic
status in adulthood.
To illustrate ideas, we express socioeconomic status in middle age (eM) and a mea-

sure of health in middle age (hM) as linear functions of indicators of socioeconomic
status and health in young adulthood (eY and hY, respectively), educational attain-
ment at age 16 (S) and a vector of prenatal and childhood characteristics C, which in-
cludes measures of socioeconomic status in childhood, prenatal health, and health in
childhood:15

eM = β0 + hYβh + eYβe + CβC + SβS + εeM, (1)

14 Results are similar when we examine log earnings at ages 33 and 42 for men (not reported in Table 5). We find
chronic conditions at ages 7 and 16, and height at age 16 are all significant predictors of earnings. In addition, the
association between family income at age 16 and own-earnings becomes larger and more the significant as men
age. Contributions to the R2 of the family background, prenatal and childhood health variables are similar in size
for SES and log earnings equations.
15 We characterize ages 23 and 33 as “younger adulthood”, and age 42 as “middle adulthood”.
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hM = α0 + hYαh + eYαe + CαC + SαS + εhM. (2)

Health and socioeconomic status in young adulthood are assumed to be functions of prenatal
and childhood characteristics:

eY = γ0e + Cγe + veY, (3)

hY = γ0h + Cγh + vhY, (4)

S = γ0s + Cγs + vs. (5)

Substitution of (3)–(5) into (1) and (2) yields reduced form equations for health and socioe-
conomic status in middle adulthood, estimates of which were presented in the last section.
Estimates of Eq. (5) are presented in Table 2.
Parameter estimates from (1) and (2) shed light on several issues. Estimates of βC and αC

provide information on whether childhood circumstances have direct effects on outcomes
in middle adulthood even controlling for earlier adult outcomes, or whether the effects
of childhood circumstances in middle adulthood work through their effects on outcomes
in early adulthood. The former hypothesis is consistent with the fetal origins hypothesis,
which predicts that prenatal development will affect health in middle age, independent of
earlier health outcomes. If true, we would expect in Eq. (2) that, controlling for health
in childhood and early adulthood, variables associated with prenatal development that are
included inCwill have significant effects on health in middle age. The literature on the fetal
origins hypothesis stresses the importance of prenatal nutrition, in particular micronutrients,
something not directly measured in the NCDS. However, indicators of low birthweight and
maternal smoking during pregnancy provide crude measures of the quality of the uterine
environment. In addition, the effects of childhood health and economic circumstances may
only become apparent in middle adulthood. Low socioeconomic status in childhood might
trigger poor health behaviors that take time to affect health adversely. Some childhood
health conditions may not produce deterioration in health until middle age.
An alternative to these hypotheses—which is also consistent with the reduced-form

evidence that child circumstances have a lasting impact—is that childhood circumstances
affect adult outcomes through their effects on educational attainment, health, and social
status early in adulthood. Under this alternative, βC and αC will be zero. The idea that
childhood socioeconomic position affects health in middle adulthood through its effects on
economic status in early adulthood has been supported by research conducted using the
Whitehall data. The use of the NCDS allows us to examine this issue using a richer set of
measures of childhood socioeconomic circumstances and childhood health outcomes.
Estimates of (1) and (2) also provide information on the dynamic relationship between

economic status and health in young and middle adulthood. The cross effects of socioe-
conomic status on future health (αe) and of health on future economic status (βh) are of
particular interest. The large literature on the “gradient”—the positive association between
health and economic status—contains a variety of hypotheses on how economic status af-
fects health, and vice versa, with little consensus on which hypothesis is correct. Pathways
models stress the idea that status in young adulthood influences future health (i.e. αe non-
zero), largely through the effects of low economic status on psychosocial stress (Marmot et
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al., 1991). This literature argues that childhood circumstance and health in early adulthood
are generally not as qualitatively important as adult socioeconomic status in determining
adult health (i.e. that αh and αC are relatively less important than αe). Brunner et al. (1999)
state that “whatever the salient features of the adult socioeconomic environment may be, it
seems they are equally or more important than circumstances in childhood” in determining
cardiovascular risk among British civil servants (p. 762).
The hypothesis that βh is non-zero—that health affects future social status—is often

referred to in the epidemiological literature as the “health selection” or the “social drift hy-
pothesis” (Adler et al., 1994). The literature on pathways models argues that although some
early health problems—in particular severe forms of mental illness such as schizophrenia
or major depression—may affect future socioeconomic status, there is little evidence that
current health affects future economic status (Chandola et al., 2003). However, this view
is contradicted by other evidence that indicates that poor health in adulthood may indeed
lower economic status and, specifically, earnings, through reduced labor supply and lower
labor market productivity (Smith, 1999, 2003; Case and Deaton, 2003; Wu, 2003).16 This
evidence is consistent with a model in which health is a form of human capital. Poor health
may have a direct effect on labor market productivity, reducing wage rates at every age.
If, in addition, poor health reduces the rate at which workers accumulate skills, then poor
health would also slow the rate of wage growth over time. Health may also affect labor
supply, and earnings—the product of the wage rate and hours worked—will be reduced
if those in poorer health work fewer hours. Those in poorer health may have more spells
out of the labor force or may choose to leave the labor force altogether, and time spent out
of the labor force may also reduce wage growth by reducing the amount of accumulated
labor market experience. These links from health to socioeconomic status should result in
non-zero values of βh (positive if higher values of h represent better health, and negative if
the reverse.)
We use estimates of (1) and (2) to examine which implications of these models find

support in our data. Before turning to the estimates, two econometric issues require dis-
cussion. First, the parameter estimates of (1) and (2) will be unbiased only under mean
independence between the errors terms and eY, hY, C, and S, i.e. E[εeM|eY, hY, C, S] = 0
and E[εhM|eY, hY, C, S] = 0. There are situations under which conditional mean indepen-
dence may not hold. There may be individual heterogeneity that is not measured by C—for
example, individuals may have unobserved personality traits or genetic characteristics that
result in both poor health and low socioeconomic status throughout the life span. The idea
that unobserved heterogeneity can lead to spurious state dependence in models with lags
is well understood (Heckman, 1981). Unfortunately, solutions to this problem either re-
quire a set of valid instruments for status and health at younger ages, or the use of fixed
effects approaches that require long panels of data. In our case, no plausible instruments are
available. Furthermore, the panel is not long enough to estimate equations with individual
fixed effects, nor is it obvious that fixed effects models, which rely on the assumption that
coefficients are constant over time, make sense when looking at health and social status

16 Adams et al. (2003) concludes that some types of adverse health events result in reductions in wealth. However,
because this paper relies on a sample of elderly individuals, there is only limited scope for health to affect economic
status through reduced earnings and work hours.
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over a period of several decades. In what follows, we include a large set of variables in C,
and assume that this set of variables is rich enough to capture all individual heterogeneity.
Indeed, our ability to control for a large set of childhood characteristics is an advantage
over much of the previous literature that examines health and SES dynamics.
A second issue is that our estimates may reflect macro shocks-either economic or health

shocks that affect large numbers of individuals in specific calendar years. To take an ex-
treme example, an episode of infectious disease that happened to affect predominantly poor
individuals in the year 2000, when the cohort was 42 year old, could result in a negative
association between economic status at age 33 and health at age 42 when such a relation-
ship does not generally exist. This is a generic problem when using cohort data that are not
pooled across years. Although we know of no obvious macroeconomic or health shocks
that could be driving our results, it will be useful in future work to estimate similar models
using data on cohorts born at different dates.

4.2. Results

Table 6 presents estimates of (1) and (2) for men in the NCDS at 42. We restrict our
attention tomen, because less than half of women report working full-time at age 42, and so-
cioeconomic status is derived from occupation.We leave the question of whether a woman’s
health respondsmore to her own socioeconomic status—or that of her husband’s—for future
work.17
The first panel in Table 6 presents results from ordered probits of socioeconomic status at

age 42 on childhood health and circumstance. Column 2 presents results from the reduced
form analysis (column 5 of Table 5). Beyond the column 2, each column adds controls to
the reduced formmodel. These are for completed education (column 3), education and SES
in earlier adulthood (column 4), education and health in earlier adulthood (column 5) and
education, SES and health in earlier adulthood (column 6). Health and social status in earlier
adulthood are added as sets of indicator variables (for health = good, fair, poor at ages 23 and
33; and for socioeconomic status =managerial, non-manual skilled, manual skilled, semi-
skilled, unskilled at ages 23 and 33). The table reports p-values from chi-square tests for the
joint significance of family background (mother’s education and SES, and father’s education
and SES); uterine environment (prenatal smoking, low birthweight); and childhood health
(number of chronic conditions, height at age 16) for the 5439 men whose socioeconomic
status was reported at age 42. Echoing the results presented in Table 5, we find that in the
reduced form model, mother’s and father’s characteristics and childhood health measures
are all significant correlates of adult socioeconomic status. Variables capturing the uterine
environment, which contributed very little to the pseudo-R2 in Table 5, are not jointly
significant predictors of adult SES.
Table 6 shows that the impact of mother’s and father’s education and social status is

absorbed by the cohort member’s socioeconomic status at ages 23 and 33 (parents’ variables

17 The last columns of Table 1 presents summary statistics for this sub-sample, which show that their family
backgrounds are similar to those for the sample as a whole. However, Table 1 also reveals that this sub-sample
is slightly healthier in childhood and slightly better educated, on average, than is the sample as a whole. Parents’
educations, family income at age 16, and self-rated health at 42 are identical for these groups.
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Fig. 4. The impact of socioeconomic status at age 33 on SES and health at age 42.

remain significant when the cohort member’s education is added, but become insignificant
when indicators for the cohort member’s SES at ages 23 and 33 are added to the ordered
probit). It appears parents’ educations and social status matter for their children’s social
status, and that this effect works through children’s social status in early adulthood.
In contrast, chronic conditions in childhood and height at age 16 remain jointly significant

predictors of social status at age 42, even with controls for the cohort member’s education,
and his SES and health at ages 23 and 33. Childhood health appears to have a continuing
effect on social status through middle age. Coefficient estimates from the ordered probit
suggest that this effect is working through the number of chronic conditions the child
experienced at age 16, with children’s mental and emotional conditions at age 16 playing
the largest role.
Both socioeconomic status and health in earlier adulthood are significant predictors of

social status at age 42.Worse health at age 33 is associated with lower socioeconomic status
at age 42. The effect of earlier socioeconomic status on current SES—corresponding to βe in
Eq. (1)—can be seen in the left panel of Fig. 4, which graphs coefficients on socioeconomic
status at age 33 from an ordered probit of the determinants of SES at age 42, in which we
control for SES and health status at age 33. Relative to having been a professional at age 33
(the omitted category), each category below this (managerial = 2, skilled non-manual = 3,
skilled manual = 4, semi-skilled = 5, unskilled = 6) is associated with a lower social status
(higher number) at age 42, with a monotonic increase frommanagerial through to unskilled
worker.
The second panel of Table 6 presents a parallel analysis for health status at age 42. Here,

we find that mother’s education and social status influence children’s health in middle age
through their effect on health in early adulthood. The p-value on mother’s characteristics
remains significant, even with controls for SES at ages 23 and 33. Upon the inclusion of
health status at ages 23 and 33, mother’s education and SES variables become jointly in-
significant. Father’s education andSES influence son’s adult health through a different route.
Father’s characteristics become jointly insignificant when we control for cohort member’s
educational attainment, suggesting that fathers influence their sons’ educational attainment,
which in turn affects their health in adulthood.
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That the uterine environment has a lasting effect on health status can be seen by looking
at the third row of the panel. With controls for education, health at 23 and 33, and social
status at 23 and 33, we find the variables for uterine environment remain jointly significant
predictors of health at age 42. The coefficients from the ordered probits underlying Table 6
suggest that indicators that mother’s prenatal smoking was heavy or variable are the most
important variables in this set.
We also find that childhood chronic conditions continue to play a role in health in middle

age. As was true for SES at age 42, the most important predictor in this set is the number
of chronic conditions reported for the child at age 16. When conditions are broken into
categories-physical impairments;mental and emotional conditions; and systems conditions-
we find that all three contribute equally to poorer health observed at age 42.
Health at age 23 and 33 are significant predictors of health at age 42, as are indicators

of socioeconomic status at these ages. The relationship between SES at age 33 and health
status at age 42—corresponding to αe in Eq. (2)—can be seen in the right panel of Fig. 4,
which presents coefficients from an ordered probit of health status at 42 on SES and health
at age 33. We find that, relative to being a professional, managers and non-manual skilled
workers suffer no health penalty between ages 33 and 42: for both of these groups, the
coefficients are small and insignificantly different from zero. However, for manual work-
ers, we find deterioration in health status between ages 33 and 42, with the deterioration
greatest for unskilled workers. These results suggest that it may be manual work, rather
than psychosocial stress associated with being a worker of a lower class, that is responsible
for the effect of social status on health later in middle age.
Overall, the results in Table 6 present evidence that parents’ educations and socioeco-

nomic status influence health and socioeconomic status in middle age largely through their
impact on health and economic status in early adulthood. In contrast, chronic conditions
in childhood—particularly those observed at age 16—and prenatal environment appear to
have a direct effect on health in adulthood, even when controls are added for educational
attainment, health and economic status in younger adulthood.

5. Conclusions

Our evidence suggests a potentially important role for all threemodels introduced earlier.
Consistent with life-course models of health, childhood health conditions have a lasting
impact on health and socioeconomic status in middle adulthood. Consistent with the fetal
origins hypothesis, the uterine environment appears to play a significant role as a health
determinant in middle age. The impact of the uterine environment is not reduced by controls
for childhood health, educational attainment, health in early adulthood, or socioeconomic
status.
Our results also provide some support for pathways models, in that we find childhood

factors affect initial adult social position,which in turn affects health inmiddle age.However,
the impact of social status in early adulthood on health inmiddle age appears towork through
the increased probability of being a manual laborer: managerial workers and skilled non-
manual workers do not face higher risks of poorer health at age 42.
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