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Abstract 

 

 

Sample selection bias is a chronic problem in longitudinal studies but one which 

is only rarely addressed in studies concerning ties between health and socio-

economic status.  This paper adopts two alternate methods for handling sample 

selection bias.  Both methods are applied to examine the magnitude of bias in the 

effects of early health on educational attainment and adult socio-economic status. 

A sample selection model and a multiple imputation method for handling missing 

data are each adapted to account for different types of nonresponse and the 

possibility for changing severity in sample selection bias over time.  Estimates 

from both methods are significantly larger than effects in the absence of any 

treatment for sample selection.  The results demonstrate the importance of 

explicitly taking account of sample selection bias and suggest the possible 

magnitude of downward bias in standard estimates of socio-economic gradients 

in health. 
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Extended Abstract 

 

Socio-economic gradients in adult health outcomes have been among the most regularly 

observed empirical phenomena in the social sciences.  From the 19
th
 century (Chadwick, 1842) 

through early studies of mortality and education (Kitagawa and Hauser, 1973) to the growth in 

social epidemiology following the Whitehall II study (Marmot et al., 1991), numerous measures 

of good health over different periods of the life course consistently correspond with higher socio-

economic status.  While many of the early interpretations of socio-economic gradients in health 

outcomes emphasized the contemporaneous correlation between health and social status, 

increasing attention across the social sciences and epidemiology literatures to earlier periods in 

the life course raise the possible importance of early childhood events.  Many of these analyses 

update Kitigawa and Hauser’s (1973) initial explanation of health gradients as reflecting 

differences in behaviors which accrue with advances in educational attainment.  While more 

recent explanations account for multiple possible pathways tying different attributes of early 

socio-economic status to later health outcomes, the most common emphasis in the sociology and 

social epidemiology literatures remains a causal relationship in which socio-economic status 

affects later health.  In contrast, emerging research in economics identifies the lasting 

consequences of adverse early health conditions for both educational attainment and adult labor 

market outcomes.  This work alternately examines health in infancy and middle adulthood and 

outcomes spanning cognition, academic achievement, career advancement and income.  The 

range of these hypothesized pathways underscores the many nuanced dimensions in the ties 
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between health and socio-economic attainment over the life course.  Given the large number and 

possibly conflicting nature of the policy recommendations which might follow from these 

pathways, it also raises the demands for stronger evidence of causality.   

The widening use of twins studies (Conley et al., 2003; Behrman and Rosenzweig, 2004; 

Black et al., 2007; Oreopoulos et al., 2008) and quasi-experimental methods (Almond 2006; 

Bleakley, 2007; Shillingford, 2008; Clark et al., 2008) has made important contributions to 

reducing the uncertainty in estimates from models of socio-economic status and health estimated 

with survey research.  Managing the effects of sample selection in survey research has not met 

comparable success.  While advances in sampling methodology, the growing availability of 

survey frames and increasing innovation in recruitment techniques offer increasing alternatives 

for selecting appropriate samples for testing specific hypotheses and addressing particular public 

policies, sample attrition, survey nonresponse and missing data remain serious concerns across 

survey research.  Sample selection arising from these three problems is especially acute in 

longitudinal studies and remains a serious concern in studies of socio-economic status and 

health.  

Yet, the inadequate treatment of sample selection that is common in studies of socio-

economic status and health raises questions about many of the central findings in this area of 

research.  Ignoring sample selection has well known consequences for both the significance and 

magnitude of the central effects underlying health gradients.  For instance, low socio-economic 

status is often a predictor of subsequent survey nonresponse, resulting in potentially large bias in 

estimates of socio-economic effects on later outcomes.  Refreshment sampling in later survey 

rounds that over samples individuals along the predictors of subsequent nonresponse may only 

complicate the nature of this bias.  In particular, without knowledge of the duration in low socio-
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economic status, changes in the effects of socio-economic status over time will result in further 

bias from over sampling low socio-economic status individuals.  The directions of these biases 

and their changes over time are not easily predicted.  Moreover, correcting such bias is further 

complicated by changing probabilities of survey nonresponse over time that may also depend on 

socio-economic status.   

Many methods exist for managing the effects of missing data when missingness occurs at 

random.  However, individuals with selective item nonresponse have often been shown to share 

socio-demographic characteristics such as education, location and income (Grovers and Couper, 

1988; Bound and Krueger, 1991) that are common in studies of socio-economic attainment and 

health.  Predicting the aggregate effects of these different sources of bias is difficult given the 

possible differences in the directions of the biases across different subpopulations as well as 

different reasons for survey nonresponse (e.g., death, refusals to participate, failure to locate 

respondents).  Given the importance of hypotheses concerning attributes of socio-economic 

status, their relationship with health and the changes in any such relationships over time, the 

combination of these biases raises the possibility of severe distortion in model estimates.   

The magnitude of this bias may also be especially pernicious in distinguishing the 

pathways between childhood events and later life health.  The prevailing interpretations of adult 

health gradients emphasize the casual effects of either contemporaneous or prior socio-economic 

status on health.  A large number of studies alternately attribute health services use (Ross and 

Wu, 1995; Gornick et al., 1996; Kirby and Kaneda, 2006), risky health behaviors (Kaplan et al., 

1987; Ecob and Davey Smith, 1999;Currie and Moretti, 2003), social support (Berkman and 

Syme, 1979; Kennedy et al., 1998; Lochner et al., 2001) or the stress induced by relative social 

status (Link and Phelan, 1995; Marmot, 2001; Stafford and Marmot, 2003; Dowd and Goldman 
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2006; Link et al., 2008) as determinants of present or later life health.  Yet, there is also evidence 

of the reverse relationship.  Poor health in midlife has been linked to lost days of work, reduced 

savings and downward shifts in career trajectories (Shorrocks, 1975; Adams et al., 2002; Smith, 

1999; Smith, 2005; Banks et al., 2006).  Among the most common findings across these studies 

is the adverse consequences of poor early health for educational attainment (Wadsworth 1986; 

Currie and Hyson, 1999; Matte et al., 2001; Conley and Bennett 2000; Case et al. 2005).  

Moreover, the growth in epidemiologic evidence of ties between adverse childhood health and 

adult chronic conditions (Barker and Osmond, 1986; Barker et al., 1993; Barker, 1995; Leon et 

al. 1998; Blackwell et al., 2001) raises the possibility that any causal effects between health and 

socio-economic status may be limited to early childhood.  Given the well known effects of 

parents’ socio-economic status on lifetime socio-economic trajectories, it is then only necessary 

for family socio-economic status to affect health early in life to establish parallel yet unrelated 

life course trajectories toward low socio-economic status and poor health in adulthood.   

This paper adopts two alternate methods for handling sample selection bias to examine 

the magnitude of bias in effects of early health on educational attainment and adult socio-

economic status. The first method is a sample selection model that specifies the process of 

survey nonresponse (Heckman 1976, 1979).   This approach includes estimating bounds for the 

main parameters of interest to provide additional estimates of the uncertainty due to sample 

selection (Manski 1989, 1990, 1995; Horowitz and Manski, 1998).  The second approach adopts 

a bayesian method for multiple imputation that specifically addresses the effects of item 

nonresponse (Rubin 1976, 1987).  Both approaches account for different types of nonresponse 

and the possibility for changes in their effects over the life course.   
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The two methods are applied using the National Child Development Study (NCDS).  

This longitudinal survey follows a sample of individuals born during a single week in 1958 in 

England, collecting extensive information about child health, development, educational 

attainment and ultimately, adult labor market activities.  The NCDS remains one of the most 

complete longitudinal studies containing measures of child development and adult outcomes and 

consequently, has been the subject of many studies estimating the effects of early child health on 

adult outcomes.  Combined with the long period of this study (seven waves) over many periods 

of the life course (birth through age 46), this cohort provides an ideal sample for assessing the 

scope of sample selection bias in models of socio-economic status and health over the life 

course.  It has also been the subject of past efforts to identify the magnitude of sample selection 

bias. Plewis et al. (2004) describe the considerable efforts NCDS managers undertook to 

minimize survey nonresponse at all waves of the study and report analyses of the predictors of 

nonresponse that were used to inform refreshment sampling.  Additional efforts to identify the 

severity of survey nonresponse also explicitly evaluated the magnitude of sample selection bias 

(Hawkes and Plewis, 2006).  Both studies concluded that the evidence of nonrandom 

nonresponse could only minimally affect most studies of interest using the NCDS.  These studies 

attribute the refreshment samples with mitigating any concerns about the effects of sample 

selection.  These findings should provide reassurance to many users of the NCDS.  However, 

they provide little insight into the possible severity of sample selection bias for life course 

studies that cover longer periods of time and which may be directly concerned with studying the 

measures which proved correlated with nonresponse.  Moreover, the absence of any analysis of 

item nonresponse further leaves unanswered the possible effects both types of bias may have in 

model estimates of socio-economic status and health over the life course.  
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I find that both the severity of nonresponse and its predictors are highly variable over the 

length of the survey.  Wave non-response is predicted for each wave controlling for observed 

respondent characteristics lagged over the period of the survey.  These covariates are selected 

from a large set of covariates according to model fit statistics.   Estimates for wave non-response 

are used to assess the extent to which non-response in the NCDS biases estimates of early child 

health effects on educational attainment and adult labor market status.  It is shown that early 

child health, non-cognitive measures and socio-economic background predict survey non-

response throughout the survey.  However, the magnitudes of these effects change over the 

period of the survey and change in different directions amounting to potentially ambiguous 

aggregate effects depending on the ultimate model of interest.   

While these effects may have uncertain aggregate effects for general models of socio-

economic status and health, both methods for handling attrition result in larger estimates of the 

effects of early health effects on educational attainment and adult socio-economic status.  The 

selection model specifies the probability of participating in the survey as a function of significant 

covariates identified in the attrition analysis.  Estimates from the selection model result in larger 

magnitudes in the estimates of low birth weight effects on measures of cognitive and non-

cognitive skills in adolescence and educational attainment.  Estimates of the effects of cognitive 

and non-cognitive skills on both adult socio-economic status and adult self-reported health are 

also considerably larger than in the absence of any treatment of sample selection.  Multiply 

imputing missing values for cases of item nonresponse results in only minor changes in the 

precision of the above model estimates.   

While the results confirm the negative effects of low birth weight on cognitive skills and 

education which have been widely reported, the larger magnitudes of these effects when even 
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modest measures are adopted to handle sample selection underscore the possible underestimation 

of low birth weight effects on lifetime socio-economic attainment.  These effects also 

demonstrate the important role that non-cognitive skills play in mediating the effects of birth 

weight on education. Moreover, they show how measures of both cognitive and non-cognitive 

skills during adolescence exert sustained effects on socio-economic status and health during 

adulthood.  Combined, these findings outline a clear set of pathways linking early life health to 

later life socio-economic and health status which may play an important role in the persistence of 

adult socio-economic gradients in health. 
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