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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 from a birth cohort that has been followed from
birth 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 adulthood not only in poorer health but also with

lower educational attainment, in part attributable to their poorer health. (Case, Lubotsky and Paxson

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 that mice

whose fetal growth is restricted, but who are fed well 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 course models emphasize the extent to which illness and

deprivation 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 contemporaneous correlation in earnings and health



1Adams et al (2001), for example, use three waves of data from the Asset and Health
Dynamics of the Oldest Old (AHEAD) data, collected between 1993 and 1998. 
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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” (page 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

circumstances 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 difficult

for several reasons. Few data sets track individuals from childhood into adulthood. Much of what is

known about the dynamics of income and health status for the US comes from a 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.1  Panel data exist for the UK  for three birth cohorts—the 1946

National Survey of Health and Development (NSHD), the 1958 National Child Development Study
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(NCDS), 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 servants over time during

working adulthood, contain only minimal retrospective information on family background. 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 socioeconomic

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 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 experiments 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 significantly lower

educational attainment, poorer health and lower socioeconomic status as adults. Moreover, prenatal



2There has been attrition from the original sample of 17,409 children, and some families who
miss a survey round are picked up in later surveys. Attrition does not appear to be systematically
associated with socioeconomic status. (A detailed discussion is provided in the appendix.) 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 (see appendix for details). 
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and childhood health appear to have direct effects on health and economic status in middle age:

controlling for educational attainment, and for socioeconomic 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 members 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

The NCDS has followed all children born in Great Britain (Scotland, England and Wales) 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 42.2 

Summary statistics for key variables are presented in the first two columns 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 grams); indicators of how much 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 percent 



3These conditions are too rare in the NCDS cohort to analyze their impacts separately for
each chronic illness.

4This variable was constructed using information on income categories for both parents together
with information from the British Family Expenditure Survey from 1974. See the appendix for details. 

5We 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.
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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

percent of children had at least one chronic condition at age 7, and 10.0 percent at age 16. In some

analyses, we break chronic conditions into three categories: physical impairments (neck and head,

spinal, upper and lower limb impairments, general motor handicaps, general physical impairments);

mental and emotional conditions; and other ‘systems’ conditions (respiratory, alimentary, heart,

haematological, urogenital, central nervous system, epilepsy).3 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. 

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 household at age 16; log family

weekly income at age 16,4 as well as father’s social class at the time of the birth, and grandfathers’

social classes at the time the cohort member’s mother and father left school.5 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

provides a complete list of these variables, and discusses our treatment of missing values.



6We choose to analyze socioeconomic status—instead of earnings—both to follow the
literature in this area, and to avoid problems of censoring.
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Our primary health outcome measures are individuals’ self-reported health status, measured

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 references 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. (See Appendix Table 2.)  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 provided there).

We examine the effects of childhood health and circumstance on education and two labor

market outcomes in adulthood: employment and socioeconomic status.6 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 system and the construction of the measure of educational attainment is provided in the

appendix. 

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
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these ages. Because a substantial fraction of women do not work, we restrict our analysis of

employment and socioeconomic status (derived from occupation) to men only. 

Figure 1 presents preliminary information on the relationship between birth weight and

health status in adulthood. The left panel shows locally-weighted regressions of health status at ages

23, 33 and 42 on birth weight for men in the NCDS who reported health status at all three ages.

Men born at birth weights below 2500 grams (88 ounces) report the worst health in middle age.

This figure provides a rationale for using the cut-off value of 2500 grams to denote low birth

weight. The right panel shows similar regressions on health status in adulthood for women. In both

panels, birth weight is observed to be related to health status in adulthood, with the relationship

between low birth weight 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

A. Educational Attainment

Table 2 examines the relationship between childhood health and human capital investment. 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 attainment. 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



7These results are consistent with those presented in Gregg and Machin (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. 

8Currie and Hyson (1999) also find negative effects of low birthweight on O-level passage in the
NCHS 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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educational attainment for all of our measures of human capital investment than do chronic

conditions at age 16 is consistent with a model in which the harm inflicted by chronic conditions is

cumulative in its effect on education.7

We also find strong associations between fetal conditions and children’s educational

attainment. Children born at low birth weight pass 0.5 fewer O-level exams on average.8  Moreover,

mother’s smoking during pregnancy is associated with significantly fewer O-levels passes, with

children whose mothers reported having smoked heavily during pregnancy 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

environment, and the results for mother’s smoking during pregnancy may represent the causal effect

of smoking on fetal development and later cognitive development. Smoking during 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
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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 correlated with 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 and Math 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 Figure 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.

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 variables we 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 status when 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
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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 percent) 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

percent. Prenatal and childhood health variables each contribute roughly 2.5 percent.

Columns 2 and 3, 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 impairments, 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 conditions, are also negatively and significantly

correlated with O-levels passage if reported 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 reported at age 16.

 B. 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,
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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 decline with age and become insignificantly associated with reported health status by age 42,

while coefficients on conditions at age 16 remain significant, and roughly constant, from age 23 to

age 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 4 presents results using the number of conditions at age 7, and column 5 at age 16. The

results in column 4 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.



9Using data from the US National Health Interview Survey (NHIS), Case and Paxson
(2001), show that for children ages 1 to 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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Mothers’ school leaving age is also significantly associated with adult health. As was the

case for family income, the association between mothers’ education and health becomes more

pronounced with age. This can be seen in Figure 3, which graphs the coefficients on the indicators

for maternal 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 members’ health. However, by

age 33, maternal education has become strongly associated with 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 documented the extent to which mothers act as gatekeepers for children’s

health.9 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 percent to of the  pseudo-R2 of health at age 42. 

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 between a cohort

member’s own-smoking, mother’s prenatal smoking, and health status in adulthood. That mothers’



10We 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. 

13

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 in which mothers

smoked heavily would be more 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 4.10

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. 
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C. Employment and socioeconomic status in adulthood 

Table 5 presents estimates of the associations between childhood health and circumstances 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 additional 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 associated 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 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 correlated with adult

socioeconomic status. We run ordered 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-

old men, 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), family

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



11We characterize ages 23 and 33 as “younger adulthood,” and age 42 as “middle adulthood.”  
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status in middle age. Collectively, these variables contribute almost 0.26 to the pseudo-R2 at age 42.

.

4. The Dynamics of Health and Social Status in Adulthood 

A. 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 the

introduction, 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 credibility 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 alternative models 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 ( ) and a measure of

health in middle age ( ) as linear functions of indicators of socioeconomic status and health in

young adulthood (  and , respectively), educational attainment at age 16  ( )  and a vector of

prenatal and childhood characteristics C, which includes measures of socioeconomic status in

childhood, prenatal health, and health in childhood.11 

(1)

(2)

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

childhood characteristics:
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(3)

(4)

(5)

Substitution of (3), (4) and (5) into (1) and (2) yields reduced form equations for health and

socioeconomic status in middle adulthood, estimates of which were presented in the last section.

Estimates of equation (5) were presented in Table 2.

Parameter estimates from (1) and (2) shed light on several issues. Estimates of  and 

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 equation (2) that, controlling for health in childhood and early adulthood, variables

associated with prenatal development that are included in  will 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 birth weight 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,  and  will be zero. The idea that childhood socioeconomic
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position affects health in middle adulthood through its effects on economic status in early adulthood

has been supported by researchers 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 socioeconomic

status on future health ( ) and of health on future economic status ( ) 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 affects 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.,  non-zero), largely through the effects of low economic

status on psychosocial stress (Marmot et 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  and  are relatively less important

than ). 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 (page 762). 

The hypothesis that  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 hypothesis” (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; Smith, 2003; Case and



12Adams et al (2002) 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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Deaton 2003, Wu 2003).12 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  (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 discussion. First, the

parameter estimates of (1) and (2) will be unbiased only under mean independence between the

errors terms and , , C, and S, i.e.  and . There

are situations under which conditional mean independence 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 require 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



13The 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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constant over time, make sense when looking at health and social status 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 extreme

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 relationship 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. 

B. Results

Tables 6 presents estimates of (1) and (2) for men in the NCDS at 42. We restrict our attention to

men, because less than half of women report working full time at age 42, and socioeconomic status

is derived from occupation. We leave the question of whether a woman’s health responds more to

her own socioeconomic status—or that of her husband’s—for future work.13 

The first panel in Table 6 presents results from ordered probits of socioeconomic status at

age 42 on childhood health and circumstance. Column 1 presents results from the reduced form

analysis (column 4 of Table 5). Beyond the first column, each column adds controls to the reduced
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form model. These are for completed education (column 2), education and SES in earlier adulthood

(column 3), education and health in earlier adulthood (column 4) and education, SES and health in

earlier adulthood (column 5). 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 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. 



21

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  in equation (1)

—can be seen in the left panel of Figure 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 from managerial 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 insignificant.  Father’s education and SES

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. 

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
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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  in equation (2)—can be seen in the right panel of Figure 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 workers, 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 socioeconomic

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 three models introduced earlier.

Consistent with life-course models of health, childhood health conditions have a lasting impact of

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
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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 in middle age. However, the

impact of social status in early adulthood on health in middle age appears to work 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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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 (std dev) Obs Mean (std dev) Obs

Prenatal and childhood health:

Indicator: born at low birth weight 0.073 (0.261) 17,409 0.043 (0.203) 5315

Mother smoked heavily during pregnancy 0.123 (0.328) 17,184 0.115 (0.319) 5242

Number chronic conditions, age 7 0.087 (0.422) 14,321 0.083 (0.355) 4800

Number chronic conditions, age 16 0.141 (0.539) 11,670 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) 11,123

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 11,432 15-16 4059

Fathers age at leaving school (median) 14-15 11,092 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) 14,325 2.06 (2.80) 4831

Self-reported health status at age 23 1.66 (0.67) 12,521 1.60 (0.65) 4660

Self-reported health status at age 33 1.81 (0.70) 11,267 1.77 (0.69) 4686

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

1.92 (0.76) 11,371 1.91 (0.76) 5601

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

0.92 4720

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

0.90 5605

Socioeconomic status at age 42: percent
      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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Table 2. Education and Childhood Characteristics, Men and Women
Dependent Variable: Total O-level passes by age 16. OLS.

All Women Men Full sample

Ln(family income) at age 16 0.641
(0.129)

0.681
(0.180)

0.597
(0.185)

0.651
(0.129)

0.636
(0.129)

0.637
(0.129)

Indicator: moderate prenatal smoking –0.284
(0.060)

–0.295
(0.084)

–0.274
(0.084)

–0.285
(0.060)

–0.284
(0.060)

–0.284
(0.060)

Indicator: heavy prenatal smoking –0.436
(0.067)

–0.397
(0.096)

–0.475
(0.093)

–0.432
(0.067)

–0.436
(0.067)

–0.431
(0.067)

Indicator: variable prenatal smoking –0.449 
(0.093)

–0.497
(0.134)

–0.401
(0.129)

–0.445
(0.093)

–0.452
(0.093)

–0.445
(0.093)

Indicator: low birth weight –0.459
(0.091)

–0.484
(0.121)

–0.387
(0.140)

–0.469
(0.091)

–0.467
(0.091)

–0.457
(0.091)

Height at age 16 (meters) 2.241
(0.352)

2.641
(0.638)

2.618
(0.474)

2.374
(0.351)

2.258
(0.353)

2.225
(0.352)

# chronic conditions, age 7 –0.306
(0.057)

–0.353
(0.098)

–0.290
(0.070)

-- -- --

# chronic conditions, age 16 –0.210
(0.046)

–0.279
(0.074)

–0.169
(0.058)

-- -- --

# physical impairments, age 7 -- -- -- –0.037
(0.123)

-- –0.007
(0.125)

# mental/emotional conditions, age 7 -- -- -- –0.786
(0.124)

-- –0.601
(0.128)

# systems conditions, age 7 -- -- -- –0.314
(0.110)

-- –0.289
(0.110)

# physical impairments, age 16 -- -- -- -- –0.080
(0.091)

–0.039
(0.092)

# mental/emotional conditions, age
16

-- -- -- -- –0.794
(0.120)

–0.637
(0.123)

# systems conditions, age 16 -- -- -- -- –0.110
(0.089)

–0.098
(0.089)

Incremental contribution of variables to pseudo R2 as a fraction of pseudo R2

Mother’s education and SES .062 .067 .068 .062 .062 .061

Father’s education and SES .241 .256 .239 .241 .240 .238

Uterine environment (prenatal
smoking indicators, low birthweight)

.024 .023 .023 .024 .024 .023

Chronic conditions,  height at age 16 .027 .024 .035 .026 .026 .034
Note: Sample sizes: 14,325 observations in total, 7016 women and 7,309 men. All regressions include controls for
“family background” and “child health” described in Appendix Table 3. Each set of variables reported in Panel B
of Table 2 is jointly significant at a 0.005 level.
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Table 3. Adult Health and Childhood Characteristics, Men and Women

Dependent Variable: Health status at:

age 23 age 33 age 42

Ln(family income) at age 16 –0.069
(0.065)

–0.135
(0.068)

–0.143
(0.066)

–0.146
(0.066)

–0.144
(0.066)

Indicator: moderate prenatal smoking –0.045
(0.030)

0.034
(0.031)

0.054
(0.030)

0.054
(0.030)

0.054
(0.030)

Indicator: heavy prenatal smoking 0.034
(0.033)

0.141
(0.035)

0.163
(0.034)

0.163
(0.034)

0.164
(0.034)

Indicator: variable prenatal smoking 0.108
(0.046)

0.083
(0.049)

0.171
(0.047)

0.170
(0.047)

0.171
(0.047)

Indicator: low birth weight 0.054
(0.046)

0.076
(0.048)

0.091
(0.047)

0.096
(0.047)

0.092
(0.047)

Height at age 16 (meters) –0.197
(0.178)

–0.423
(0.184)

0.032
(0.180)

–0.013
(0.179)

0.030
(0.180)

# chronic conditions, age 7 0.125
(0.027)

0.085
(0.030)

0.051
(0.035)

0.090
(0.034)

--

# chronic conditions, age 16 0.231
(0.023)

0.162
(0.025)

0.163
(0.027)

-- 0.170
(0.027)

Incremental contribution of variables to pseudo R2 , as a fraction of pseudo R2

Mother’s education and SES .056 .090 .082

Father’s education and SES   .090 .165 .189

Uterine environment (prenatal 
smoking indicators, low birthweight)

.027 .051 .086

Chronic conditions,  height at age 16 .357 .153 .095

Observations 12521 11267 11371 11371 11371

Note: Ordered probits. Included in all regressions are controls for “family background” and “child
health” described in Appendix Table 3.
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Table 4. Smoking, Adult Health and Childhood Characteristics 

Health status
age 33

Health status age 42

Smokes cigarettes  at age 33 0.401
(0.023)

0.349
(0.024)

0.349
(0.024)

0.348
(0.024)

0.349
(0.024)

Ln(family income) at age 16 –0.127
(0.068)

–0.125
(0.067)

–0.127
(0.067)

–0.128
(0.067)

–0.126
(0.067)

Indicator: moderate prenatal smoking 0.021
(0.031)

0.047
(0.030)

0.047
(0.030)

0.047
(0.030)

0.047
(0.030)

Indicator: heavy prenatal smoking 0.121
(0.035)

0.153
(0.034)

0.152
(0.034)

0.151
(0.034)

0.151
(0.034)

Indicator: variable prenatal smoking 0.071
(0.049)

0.171
(0.047)

0.170
(0.047)

0.171
(0.047)

0.170
(0.047)

Indicator: low birth weight 0.070
(0.048)

0.085
(0.047)

0.090
(0.047)

0.086
(0.047)

0.086
(0.047)

Height at age 16 (meters) –0.418
(0.184)

0.038
(0.181)

–0.006
(0.180)

0.051
(0.181)

0.052
(0.181)

# chronic conditions, age 7 0.101
(0.030)

0.060
(0.035)

-- -- --

# chronic conditions, age 16 0.167
(0.026)

0.163
(0.027)

-- -- --

# physical impairments, 
age 7

-- -- 0.015
(0.069)

-- –0.016
(0.071)

# mental/emotional conditions, age 7 -- -- 0.194
(0.073)

-- 0.119
(0.074)

# systems conditions, age 7 -- -- 0.098
(0.058)

-- 0.075
(0.058)

# physical impairments, 
age 16

-- -- -- 0.083
(0.054)

0.079
(0.055)

# mental/emotional conditions, age
16

-- -- -- 0.359
(0.078)

0.334
(0.079)

# systems conditions, age 16 -- -- -- 0.169
(0.045)

0.165
(0.045)

Incremental contribution of variables to pseudo R2 , as a fraction of pseudo R2

Mother’s education and SES .048 .052 .056 .052 .051

Father’s education and SES   .078 .108 .114 .106 .105

Uterine environment (prenatal 
smoking indicators, low birthweight)

.022 .052 .055 .051 .050

Chronic conditions,  height at age 16 .099 .066 .017 .071 .078

Observations 11267 11371 11371 11371 11371

Note: Probit run in column 1, Ordered probits in columns 2 and 3.  Included in all regressions are
controls for family background” and “child health” described in Appendix Table 3.
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Table 5. Adult Employment, Economic Status and Childhood Characteristics, Men

Dependent Variable::

Part time or full time
employment

Socioeconomic status 

age 33 age 42 age 33 age 42

Ln(family income) at age 16 0.008
(.025)

0.042
(0.024)

–0.088
(0.096)

–0.179
(0.095)

Indicator: moderate prenatal smoking –0.007
(0.011)

–0.022
(0.012)

0.086
(0.043)

0.052
(0.043)

Indicator: heavy prenatal smoking –0.027
(0.013)

–0.018
(0.013)

0.161
(0.048)

0.111
(0.048)

Indicator: variable prenatal smoking 0.010
(0.016)

–0.053
(0.020)

0.096
(0.066)

0.084
(0.065)

Indicator: low birth weight –0.037
(0.021)

–0.023
(0.020)

0.103
(0.073)

0.046
(0.075)

# chronic conditions, age 7 –0.021
(0.008)

–0.010
(0.010)

0.140
(0.039)

0.162
(0.046)

# chronic conditions, age 16 –0.037
(0.007)

–0.054
(0.008)

0.131
(0.038)

0.187
(0.043)

Height at age 16 (meters) 0.146
(0.061)

0.009
(0.060)

–0.572
(0.241)

–0.588
(0.240)

Incremental contribution of variables to pseudo R2 , as a fraction of pseudo R2

Mother’s education and SES .034 .076 .063 .078

Father’s education and SES   .176 .173 .297 .257

Uterine environment (prenatal 
smoking indicators, low birthweight)

.039 .052 .022 .009

Chronic conditions,  height at age 16 .237 .250 .044 .056

Observations 5581 5607 5339 5439

Note: Probits are run for employment, and ordered probits for socioeconomic status. Marginal effects
on the probability of employment are reported, with standard errors in parentheses. Included in all
regressions are controls for “family background” and “child health” described in Appendix Table 3.
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Table 6. Childhood Characteristics and Socioeconomic Status and Health at Age 42, Men
P-values for chi-square tests of the joint significance of groups of childhood variables

 Dependent variable: socioeconomic status at age 42

Included in each ordered probit:

Joint significance of:

Base case Education Education
SES at

23 and 33

Education 
Health at
23 and 33

Education
Health 

SES

Mother’s education and SES .0000 .0048 .2081 .0042 .2003

Father’s education and SES .0000 .0000 .1420 .0000 .1794

Uterine environment
(mother’s smoking, low birth
weight)

.1192 .8680 .9851 .9289 .9903

Chronic conditions at ages 7
and 16, and height at age 16

.0000 .0000 .0007 .0000 .0015

Health status indicators for
ages 23 and 33

-- -- -- .0000 .0017

Socioeconomic status
indicators for ages 23 and 33

-- -- .0000 -- .0000

Number of Observations 5439 5439 5439 5439 5439

 Dependent variable: health status at age 42

Included in each ordered probit:

Joint significance of:

Base case Education Education
SES at

23 and 33

Education 
Health at
23 and 33

Education
Health 

SES

Mother’s education and SES .0034 .0189 .0192 .3277 .3424

Father’s education and SES .0777 .3746 .6203 .4553 .5324

Uterine environment
(mother’s smoking, low birth
weight)

.0001 .0010 .0052 .0049 .0118

Chronic conditions at ages 7
and 16, and height at age 16

.0000 .0000 .0000 .0177 .0294

Health status indicators for
ages 23 and 33

-- -- -- .0000 .0000

Socioeconomic status
indicators for ages 23 and 33

-- -- .0000 -- .0002

Number of Observations 5601 5601 5601 5601 5601
Ordered probits estimated for both socioeconomic status and health status, with controls included for
“family background” and “child health” variables described in Appendix Table 3.



37

Appendix

A. Sample attrition 
Appendix Table 1 shows descriptive statistics for selected variables collected at the baseline
survey (i.e. at the time of birth) for the samples of children present at later surveys. These
statistics indicate that most of the attrition (from 17,409 children to 11,015 children) occurred
between birth and age 16. Children who left between birth and age 6 were more likely than
“stayers” to have been born at low birth weight. Only a small portion of the total attrition is due
to child death: Power and Li (2000) report that 201 children died between the ages of 1 month
and 15 years. However, their finding that deaths in the first year were concentrated among low
birth weight children may explain why those who remain in the sample are less likely to have
been born at low weight. The other baseline characteristics of the children — measures of
mothers’ schooling and fathers’ occupation — do not change over time as the sample becomes
smaller. The survey has also added roughly 700 children born during the week of March 3,
1958 who immigrated to England, Scotland and Wales prior to the age 16 survey. These
children do not appear to be substantially different from the original sample. “New” children
whose families were present at the age 16 interview had family income that was only 1.5%
lower than children from the original sample. We include these children in our analyses.

Appendix Table 1: Sample sizes and means of characteristics at birth, over time.

Age at interview: birth 6 16 23 33 42

Sample size: 17,409 14,255 11,015 11,886 10,834 10,794

Fraction of children with:

low birth weight 0.076 0.057 0.057 0.058 0.057 0.056

mothers who left school at minimum 0.250 0.248 0.250 0.252 0.259 0.260

professional fathers 0.043 0.039 0.040 0.043 0.045 0.044

managerial fathers 0.123 0.125 0.123 0.128 0.131 0.133

non-manual skilled fathers 0.091 0.094 0.095 0.097 0.097 0.097

manual skilled fathers 0.481 0.483 0.482 0.480 0.485 0.480

semi-skilled father 0.114 0.116 0.119 0.117 0.115 0.115

unskilled father 0.093 0.091 0.093 0.086 0.080 0.083
Note: These statistics include only those who were interviewed at birth, and exclude children added to the sample
later. Low birth weight, whether the mother went beyond minimum school-leaving age, and father’s social class
were all measured at the first interview (i.e. immediately after the child’s birth). 

B. Self-reported health status and chronic conditions

The following table shows regressions (ordered probits) of reported health status at ages 33 and 42 on a
set of indicators for whether the respondent reports having each of the health conditions listed in the
table. It also shows the prevalence of each of these conditions. The question wording for several health
conditions varied between the age 33 and age 42 interviews; in those cases, the difference is detailed in
a footnote.



38

Appendix Table 2. Health status and health conditions

Age 33 Dependent Variable: Age 42 Dependent Variable:

Longstanding illness/disability 0.155  0.371 (0.085) 0.289 0.437 (0.033)

Illness limits daily activities 0.059 0.704 (0.061) 0.129 0.583 (0.049)

Registered disabled 0.012 0.361 (0.107) 0.022 0.422 (0.084)

Illness limits work a 0.135 -0.191 (0.083) 0.113 0.295 (0.050)

Epilepsy 0.012 0.509 (0.102) 0.020 0.294 (0.080)

Diabetes 0.006 0.370 (0.146) 0.017 0.428 (0.086)

Severe headaches, migraines 0.193 0.188 (0.029) 0.203 0.049 (0.028)

BMI>=30 0.110 0.288 (0.036) 0.151 0.282 (0.032)

Asthma 0.089 0.058 (0.044) 0.110 -0.012 (0.041)

Ezcema 0.172 0.096 (0.030) 0.225 0.074 (0.027)

Hay Fever 0.207 -0.074 (0.029) 0.208 -0.063 (0.029)

Bronchitis 0.115 -0.001 (0.038) 0.106 0.030 (0.038)

Hernia 0.030 0.076 (0.066) 0.049 0.149 (0.052)

Kidney/Bladder problems 0.068 0.153 (0.045) 0.080 0.137 (0.041)

High blood pressure 0.082 0.177 (0.041) 0.111 0.338 (0.036)

Cough 1st thing in the morning 0.116 0.206 (0.040) 0.139 0.228 (0.039)

Cough with phlegm 0.101 0.176 (0.042) 0.105 0.196 (0.042)

Short of breath when walk 0.054 0.712 (0.052) 0.086 0.469 (0.043)

Wheezing/whistling in chest 0.280 0.211 (0.030) 0.283 0.126 (0.030)

Persistent Back Pain b 0.468 0.159 (0.023) 0.222 0.195 (0.028)

Smokes 0.334 0.312 (0.027) 0.300 0.320 (0.028)

Smoked in the past 0.186 0.102 (0.031) 0.254 0.112 (0.028)

Stomach problems c 0.179 0.290 (0.030) 0.146 0.284 (0.032)

Emotional Problems d 0.549 0.199 (0.024) 0.481 0.045 (0.008)

Chi-Square
 (p-value)

2369.40
(0.0000)

3652.64
(0.0000)

Observations 10460 10526
a At age 33, an individual is categorized as having an illness that limits work if he answers that his
longstanding illness or disability makes it harder to get and keep a paid job compared to other people of
his age with the same skills and experience. At age 42, he is not asked to compare his ability to work to
those his age or with his skills and experience.
b At age 33, the question refers to any back pain that lasted more than one day, where at age 42, the
question asks specifically about persistent back pain, lumbago, or sciatica. 
c At age 33, the question refers to any stomach trouble or indigestion, whereas at age 42, the question
asks specifically about  peptic, duodenal or gastric ulcer, gallstones, irritable bowel syndrome,
ulcerative colitis, or Crohn’s disease.
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d The questions about emotional problems at both interviews refer to a list of feelings the respondent
may have had since the last interview; however, the last choice – the “other” category – is worded
differently across waves. At age 33, the last category is “other feelings of worry, tension, anxiety,
depression or nerves” where at age 42, the last category is “other problems affecting your mood,
emotions or behaviour.”

C. Variables included in the regressions

1. Treatment of missing values

All analyses rely on common sets of “family backgound” and “child health.” Some variables are
missing in some years, either because the child’s parents did not participate in an interview that year, or
because the child was not given the medical checkup that was part of the study. Rather than drop
observations with missing values, we use the following methods that enable us to retain them:

a. We include full sets of indicators for parental and family characteristics, including mother’s and
father’s education; mother’s marital status at the time of the child’s birth; the “social class” of the
child’s father (at the time of the child’s birth) and paternal and maternal grandfathers (measured when
the child’s parents left school); and the mother’s smoking behavior during pregnancy. For each of these
variables, the category “missing” is included as a separate indicator variable. 

b. We include indicator variables for whether the “low birth weight” indicator is missing, an indicator
for whether the number of siblings is missing, an indicator for whether height at age 23 is missing,
indicators for whether the child’s mother’s and father’s heights are missing, and an indicator for
whether the child’s family income at age 16 is missing. We also include indicators for whether the
parents completed the age 7 and age 11 interviews, and indicators for whether the child was examined
for the age 7 and age 16 medical interviews. 

c. We interact each of the variables mentioned in b, above, with indicators that the variable is non-
missing. For example, the indicator of low birth weight is interacted with with an indicator for whether
birth weight is non-missing, so that those with missing birth weight are assigned a value of zero for this
variable. The same procedure is followed for variables that measure the number of siblings, height at
age 23, mother’s height, father’s height, ln(family income) at age 16, and the number of medical
conditions the child has at ages 7 and 16. The coefficients reported in the Tables for each of these
variables in the coefficient on the interaction of the variable (e.g. birth weight) with the indicator that
the variable is non-missing. These coefficients therefore represent the effect of the variable conditional
on its value being observed. 

d. The indicators for missing values are not included in the chi-square and F-test reported in the tables
for the joint significance of different groups of variables. Thus (for example), tests of joint significance
of mother’s education tests whether the indicators of the mother’s school leaving age, excluding the
indicator that school leaving age is missing, are jointly significant. Likewise, tests for the joint
significance of child health variables do not include the measures of whether birth weight, height, and
measures of chronic conditions are missing. The following table indicates which variables are and are
not included in chi-square and/or F-tests.

2. Definition of variables

The following table defines the sets of  “family background” and “child health” measures:
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Appendix Table 3. Family Background and Child Health Measures

Variable: included in Chi-square
and/or F tests for joint
significance or
incremental R2?

Family background variables

Mother left school before age 13 omitted category

Mother left school at age 13-14 yes

Mother left school at age 14-15 yes

Mother left school at age 15-16 yes

Mother left school at age 16-17 yes

Mother left school at age 17-18 yes

Mother left school at age 18-19 yes

Mother left school at age 19-21 yes

Mother left school at age 21-23 yes

Mother left school at age 23 or more yes

Mother’s school leaving age is unknown no

Mother’s school leaving age is missing no

Father left school before age 13 omitted category

Father left school at age 13-14 yes

Father left school at age 14-15 yes

Father left school at age 15-16 yes

Father left school at age 16-17 yes

Father left school at age 17-18 yes

Father left school at age 18-19 yes

Father left school at age 19-21 yes

Father left school at age 21-23 yes

Father left school at age 23 or more yes

Father’s school leaving age is unknown no

Father’s school leaving age is missing no

Mother divorced at child’s birth omitted category

Mother in “stable union” at child’s birth yes

Mother twice married at child’s birth yes

Mother married at child’s birth yes

Mother unmarried at child’s birth yes

Mother’s marital status at child’s birth unknown/missing no

Number of siblings x indicator: siblings nonmissing yes

Indicator: siblings missing no
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Mother’s height (meters) x indicator: mother’s height nonmissing yes

Indicator: mother’s height non-missing no

Father’s height (meters) x indicator: father’s height nonmissing yes

Indicator: father’s height non-missing no

Father’s social class at child’s birth is  “Professional” omitted category

Father’s social class at child’s birth is  “Managerial” yes

Father’s social class at child’s birth is  “Non-manual skilled” yes

Father’s social class at child’s birth is  “Manual skilled” yes

Father’s social class at child’s birth is “Semi-skilled” yes

Father’s social class at child’s birth is “Unskilled” yes

Father’s social class at child’s birth is “Unemployed” yes

Father’s social class at child’s birth is missing or unknown no

Paternal grandfather’s social class is “Professional” omitted category

Paternal grandfather’s social class is “Managerial” yes

Paternal grandfather’s social class is “Non-manual skilled” yes

Paternal grandfather’s social class is “Manual skilled” yes

Paternal grandfather’s social class is “Non-manual semi-skilled” yes

Paternal grandfather’s social class is “Manual semi-skilled” yes

Paternal grandfather’s social class is “Unskilled” yes

Paternal grandfather’s social class is missing no

Maternal grandfather’s social class is “Professional” omitted category

Maternal grandfather’s social class is “Managerial” yes

Maternal grandfather’s social class is “Non-manual skilled” yes

Maternal grandfather’s social class is “Manual skilled” yes

Maternal grandfather’s social class is “Semi-skilled” yes

Maternal grandfather’s social class is “Unskilled” yes

Maternal grandfather’s social class is missing no

Mother did not smoke after 4th month of pregnancy omitted category

Mother was medium smoker after 4th month of pregnancy yes

Mother was heavy smoker after 4th month of pregnancy yes

Mother was variable smoker after 4th month of pregnancy yes

Mother’s smoking after 4th month of pregnancy is missing yes

Parent interview at age 0 completed no
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Parent interview at age 7 completed no

Parent interview at age 11 completed no

Child health variables

indicator of low birth weight x indicator: birth weight nonmissing yes

indicator: birth weight missing no

height in meters at age 23 x indicator: height at age 23 nonmissing yes

indicator: height in meters at age 23 missing no

number of chronic conditions at age 7* x indicator: medical interview yes

indicator: medical interview at age 7 completed no

number of chronic conditions at age 16* x indicator: medical interview yes

indicator: medical interview at age 16 completed no

*Chronic conditions are assessed during the course of a medical exam. Our counts of chronic
conditions include those determined by the medical examiner to be slight, moderate, or severe. The list
of possible conditions at age 7 includes: general motor handicap, disfiguring condition, mental
retardation, emotional maladjustment, head and neck abnormality, upper limb abnormality, lower limb
abnormality, spine abnormality, respiratory system problem, alimentary system problem, urogenital
system problem, heart condition, blood abnormality, skin condition, epilepsy, other CNS condition,
diabetes, and any other condition. The list of conditions at age 16 includes: general motor handicap,
general physical abnormality, mental retardation, emotional/behavioral problem, head and neck
abnormality, upper limb abnormality, lower limb abnormality, spine abnormality, respiratory system
problem, alimentary system problem, urogenital system problem, heart condition, haematological
abnormality, skin condition, epilepsy, other CNS condition, diabetes, eye condition, hearing defect,
speech defect, and any other abnormal condition.
 
D. Imputation of family income at age 16

The NCDS does not ask the parents of the cohort members their actual earnings in any of the survey
years, but does ask in 1975, when the cohort members are 16 years old, which bracket their usual net
income falls. We use actual income values reported in the 1974, 1975, and 1976 cross-sectional Family
Expenditure Surveys (FES) to impute values which we can assign to our sample of households based
on these brackets. We restrict the FES sample to those households with children between the ages of 15
and 17 and drop all observations from Northern Ireland for comparability to the NCDS. The resulting
sample size is 2,224 households. We separately categorize the FES fathers and mothers into the NCDS
income brackets. We also include two additional categories (self-employed and no mother/father
present) and collapse categories with few observations, resulting in a total of 10 mother categories and
10 father categories. We compute the household’s mean disposable income given that the mother falls
in category i and the father falls in category j and match this value to the corresponding observations in
the NCDS sample. 
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E. The British Education System

The education system relevant for this cohort is based on the student’s performance on a series of
exams. Upon the completion of primary school (age 11), students take exams which determine whether
they go to grammar school, where they prepare to take O-level exams at age 16, or to secondary school,
which is a non-university track where the students take exams to receive their Certificate of Secondary
Education at age 16 after which they generally enter the labor market. Typically, passing 5 or more O-
level exams, including the Math and English exams, qualifies a student to pursue vocational courses or
to continue his or her academic studies until age 18, when the A-level subject exams are administered.
Students are admitted to universities based on their performance on their A-level exams.    

Given this system, the number of O-level exams passed and passing English and Math exams at age 16
are important predictors of completed education. In addition, we have constructed a completed
education index which captures the highest educational qualification achieved by age 23. The index
takes the value 1 if no O-levels were passed by age 23, 2 if less than 5 O-levels were passed, 3 if 5 or
more O-levels were passed, 4 if any A-levels were passed or a teaching, nursing, or technical certificate
was earned, and 5 if a degree was earned.


