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ABSTRACT 

Purpose: To examine the association between socioeconomic position (SEP) over the lifecourse 

and cognitive function in middle age. Two alternative models were assessed: the ‘direct effects 

model, where temporally distinct measures of SEP have only direct effects on adult cognition, 

and the ‘indirect effects’ model where the effect of early life SEP are mediated through later life 

measures of SEP. 

Methods: Data are from the Whitehall II study (N=10,308 at baseline), a longitudinal cohort 

study of British civil servants, aged between 46 to 68 years at the time of cognitive testing. 

Structural equation models were used to compare the fit of direct and indirect effects models, and 

quantify the effects of different measures of SEP on cognition. Childhood SEP, education and 

adult SEP were used to model SEP across the lifecourse. Cognitive function was assessed as a 

latent construct composed of the following: verbal memory, AH 4-I, Mill Hill, phonemic and 

semantic fluency. 

Results: The indirect effects model provided a better fit to the data. Childhood SEP had no direct 

effect on cognitive function but had a substantial ‘indirect effect’, mediated through education 

and adult SEP. 78.4% of the effect of education in men and 100% in women was indirect. 

Conclusions: Socioeconomic differences in adult cognition are a result of the socioeconomic 

trajectory of individuals throughout their lifecourse. Early measures of SEP influence cognition 

indirectly, through their influence on later measures of SEP. 

 

Key words: lifecourse, childhood SEP, direct and indirect effects, cognitive function, health 

inequalities. 
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List of abbreviations 

SEP: socioeconomic position 

AH 4-I: Alice Heim 4-I 

SEM: structural equation modeling 

RMSEA: root mean square error of approximation 

CFI: comparative fit index 
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Investigation into the impact of socioeconomic factors on cognitive function is crucial for 

two reasons. First, research suggests that the social environment moderates the expression of 

genetic dispositions, with heritability ceasing to be important in poor environmental conditions.
1
 

Moreover, adverse biological factors like low birth weight are more important for cognition 

under adverse socioeconomic circumstances.2,3 Second, low socioeconomic position (SEP) is 

related to cognitive impairment/dementia in old age,
4
,
5
 making it, along with age and pathology, 

one of the key predictors of age-related cognitive decline.
4 

Epidemiological research has widely linked SEP to various health and disease 

outcomes,
6
,
7
 showing measures of SEP from childhood and adulthood to make unique 

contributions to health outcomes.
8
,
9
 The same holds for adult cognitive ability.

10
,
11

,
12

 However, 

the true association between socioeconomic factors and cognition, or any other health outcome, is 

likely to be underestimated in regression-type analyses which model different measures of SEP as 

being independent of each other. We estimate the extent of this underestimation, using structural 

equation models, by comparing two alternate models: the ‘direct effects’ and the ‘indirect effects’ 

model. A ‘direct effects’ model provides estimates of the effect of each measure of SEP 

independently of other measures of SEP. The ‘indirect effects’ model also estimates effects of 

different measures of SEP that arise out of the interrelationship between these variables.
13

 In 

effect, the ‘indirect effects’ model suggests that the influence of early life measures of SEP on 

adult cognitive function is mediated through later life measures of SEP. 

METHOD 

Study Population 

The Whitehall II study was established in 1985 as a longitudinal study to examine the 

socioeconomic gradient in health and disease among 10,308 civil servants (6,895 men and 3,413 

women).
14

 All civil servants aged 35-55 years in 20 London based departments were invited to 
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participate by letter. In total, 73 % of those invited agreed to take part in Phase 1. Baseline 

examination (Phase 1) took place during 1985-1988, and involved a clinical examination and a 

self-administered questionnaire containing sections on demographic characteristics, health, 

lifestyle factors, work characteristics, social support and life events. Clinical examination 

included measures of blood pressure, anthropometry, biochemical measurements, neuroendocrine 

function, and subclinical markers of cardiovascular disease. Subsequent phases of data collection 

have alternated between postal questionnaire alone and postal questionnaire accompanied by a 

screening examination. Since baseline screening five phases of data collection rounds have been 

completed, with the most recent phase of data collection (Phase 6) completed in 2001. A battery 

of cognitive tests was administered at Phase 5 (1997-1999), with 7,830 individuals participating. 

Measurement of Socioeconomic position 

SEP in childhood was conceptualized as a latent variable measured via four indicators. 

These were: Mother’s education, assessed through the question – “How old was your mother 

when she finished full-time education?” Father’s education, assessed through the question – 

“How old was your father when he finished full-time education?” Father’s social class, assessed 

through registrar general social class which was recoded on a 6 point scale, 1 denoting low SEP 

and 6 denoting high SEP. Finally, an indicator of Financial circumstances in childhood was 

composed out of four items: father/mother unemployed when they wanted to be working, family 

had continuing financial problems, family did not have an inside toilet, and family did not have a 

car. Participants responded on a yes/no scale and the “NO” responses were summed so that a high 

score indicated good financial circumstances in childhood. 

SEP in early adulthood was assessed via education. Education was measured as the 

highest level of education achieved, with the respondent choosing one of 11 categories in the 

questionnaire. This was regrouped into five standard hierarchic levels: (1) no formal education, 
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(2) lower secondary education, (3) higher secondary education, (4) university degree, (5) higher 

university degree. 

Adult SEP was conceptualized as a latent construct assessed through measures of 

occupation and income. Occupation: Occupational position was assessed via civil service 

employment grade. All jobs in the civil service have a grade of employment. Employment grade 

of participants included in this study ranges from grade 1 to grade 6, with grade 1 representing 

the highest level and grade 6 the lowest. People in different grades differ with respect to salary, 

social status and level of responsibility. For analyses presented in this paper employment grade 

has been recoded so that 6 represents high grade and 1 represents low grade. Income was 

assessed via a question that asked respondents to pick a category that corresponded most closely 

with their annual personal income (“amount received annually from salary or wages, or pensions, 

benefits and allowances before deduction of tax”). There were 8 categories, ranging from “less 

than £9,999” to “more than £70,000”. For the purposes of analysis the two highest and the two 

lowest personal income categories were collapsed to leave 6 categories. These categories are as 

follows, 6 = ≥ £50,000; 5 = £35,000 - £49,999; 4 = £25,000 - £34,999; 3 = £20,000 - £24,999; 2 

= £15,000 - £19,999; and 1 = ≤£14,999. 

Cognitive function in middle age 

Cognitive function was conceptualized as a latent construct, composed of the following 

five standard tests. 

Verbal memory test was assessed by a 20-word free recall test of short term memory. 

Participants were presented a list of 20 one or two syllable words at two-second intervals and 

were then asked to recall in writing as many of the words in any order within two minutes to do 

so. 
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The AH 4-I
15

 is composed of a series of 65 items – 32 verbal and 33 mathematical 

reasoning items of increasing difficulty. This is a test of inductive reasoning that measures the 

ability to identify patterns and infer principles and rules. Participants had 10 minutes to complete 

this section. 

The Mill Hill Vocabulary test16 assesses knowledge of verbal meaning and encompasses 

the ability to recognize and comprehend words. We used the test in its multiple format, which 

consists of a list of 33 stimulus words ordered by increasing difficulty, and six response choices 

per word. 

Two measures of verbal fluency: phonemic and semantic.
17

 Phonemic fluency was 

assessed via "S" words and semantic fluency via "animal" words. Subjects were asked to recall in 

writing as many words beginning with “S” and as many animal names as they could. One minute 

was allowed for each test. 

Statistical methods 

Structural equation modeling (SEM) was used to analyze data as it allows the modeling of 

both direct and indirect effects (Figure 1). All observed variables are enclosed in boxes, and 

unobserved variables in ellipses. The unobserved variables are latent constructs and error terms. 

Error terms are associated with all endogenous variables and represent measurement error along 

with effects of variables not measured in the study. The elaboration of latent variables involves 

setting up measurement models, by specifying the indicators of the latent constructs and 

assessing their reliability. Specification of the measurement model resembles confirmatory factor 

analysis in that the indicators used to define the latent construct are theoretically driven. The 

appropriateness of the measurement model involves examination of the statistical significance of 

each factor loading and calculation of the composite reliability. Composite reliability is a 
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measure of the internal consistency of the indicators, depicting the extent to which they indicate 

the common latent construct.
18

 Composite reliability of around 0.70 is seen to be an acceptable. 

Childhood SEP (Figure 1) is earliest measure of lifecourse SEP in our model. It is 

modeled as having a direct effect on cognitive function through the path d and an indirect effect 

through the following paths: eh, egi, and fi (Figure 1). Education has a direct effect h, and an 

indirect effect gi on cognitive function. Adult SEP, the last measure of SEP in the lifecourse, is 

modeled as having only a direct effect i. The correlations between age and different measures of 

SEP are represented by x, y, and z. The effect of age on cognitive ability was modeled through k. 

The first step of the analysis consisted of examining two alternative models: all indirect 

paths (e, f and g) were constrained to be 0 in Model I (direct effects model) while Model II 

(indirect effects model) had no constraints. The χ
2
 test was used to assess whether Model II 

provided a better fit compared to Model I. The next step involved quantification of the effects and 

testing sex differences using multigroup analysis in a two step procedure. First, the models were 

estimated separately for men and women and then the analysis was repeated with the pathways in 

the two groups constrained to be equal in men and women. Post-hoc comparisons in model fit 

were used to identify which parameters differed significantly between men and women. 

The analysis was carried out using AMOS version 4.01.
19

 Model fit was assessed using 

multiple criteria as the χ
2
 statistic is overly sensitive to model misspecification when the sample 

sizes large. We used root mean square error of approximation (RMSEA) and comparative fit 

index (CFI) to assess model fit. An RMSEA value close to zero and a CFI value close to 1 

indicates a good fitting model (Mueller, 1996).
20

 The AMOS program allows maximum 

likelihood estimation based on incomplete data, known as full-information maximum likelihood 

(FIML). This approach is based on the direct maximization of the likelihood of all observed data, 

not just from cases with complete data. FIML is preferable to estimation based on complete data 
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(the listwise deletion approach) as FIML estimates will show less bias and be more reliable than 

the listwise deletion approach even when data deviate from missing at random and are non-

ignorable (Arbuckle, 1996).
21

 The results were checked using asymptotically distribution free 

methods (as some of the data are not normally distributed) and similar results to FIML were 

found. 

RESULTS 

66% of the original sample, excluding deaths, were seen for the clinical examination at 

Phase 5. The loss to follow-up is not influenced by age (p=0.44) or sex (p=0.43), but is 

influenced by employment grade (p<0.01), with the attrition rate being significantly higher in the 

lower socioeconomic group. 

Factor loadings for the latent construct childhood SEP were as follows - mother’s 

education: 0.55 (p<.001), father’s education: 0.74 (p<.001), father’s social class: 0.46 (p<.001), 

and financial circumstances in childhood: 0.36 (p<.001). The internal consistency was 0.61. 

Adult SEP had an internal consistency of 0.82, the factor loadings were 0.92 (p<.001) for 

occupation and .72 (p<.001) for income. The latent construct cognitive function had an internal 

consistency of 0.73; factor loadings were as follows: memory: 0.54 (p<.001), AH 4-I: 0.84 

(p<.001), Mill Hill: 0.77 (p<.001), phonemic fluency: 0.75 (p<.001), semantic fluency: 0.82 

(p<.001). 

The bivariate correlations between the different measures of SEP and cognitive ability are 

shown in Table 1. Mother’s education (among the measures of childhood SEP) and occupational 

position (among the measures of adult SEP) show stronger associations with cognitive ability in 

midlife. The measures of SEP were all significantly related to each other. Table 2 shows the 

goodness of fit statistics associated with Models I and II. Results show Model II, the indirect 

effects model, to be a better fitting model. 
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Table 3 presents direct, indirect and total effects of the different measures of SEP. All 

effects are reported using standardized regression coefficients, also known as “betas”. These 

coefficients are calculated from standardized data and reflect the impact on the outcome variable 

of a change of 1 standard deviation in the predictor variables. For example, an increase of one 

standard deviation in adult SEP is associated with an increase of 0.66 standard deviation in 

cognition in men (path i, Table 3). The advantage of standardized regression coefficient is that it 

allows assessment of the relative importance of different predictor variables. Following the power 

primer by Cohen (1992) the effect sizes of the parameter estimates can be seen to be small (β = 

.10), medium (β = .30), and large (β = .50).
22

 

As is clear from Table 3 there were no direct effects of childhood SEP on cognition (path 

d, Table 3). However there were important indirect effects (eh + egi + fi). Good childhood 

socioeconomic circumstances were associated with better performance on cognitive tests, with 

100% of this relationship in our data evident through the effect of childhood SEP on later 

measures of SEP. Education had significant, albeit small, direct effect on cognition only in men 

(path h, Table 3). The indirect effect (path gi, Table 3) are substantial in both men (β = .40) and 

women (β = .45). In fact, indirect effects of education account for 78.43% of the total effects in 

men and 100% in women. Adult SEP (path i, Table 3) had a large effect on cognition (men: β = 

.66; women: β = .74). 

Table 3 also reveals gender differences in the relationship between childhood SEP and 

adult SEP (path f) and between education and cognitive function (path h). The impact of lifetime 

socioeconomic circumstances on cognitive abilities in adults was assessed with the R
2
 

(percentage of variance explained) statistic. Table 3 shows this figure to be 58% in men and 60% 

in women. 

 



 11

DISCUSSION 

The primary goal of this paper was to examine alternative models of the relationship 

between temporally distinct measures of SEP across the lifecourse and cognitive ability in middle 

age. Using alternative structural equation models we examined the ‘direct’ and ‘indirect’ effects 

models and found support for the ‘indirect effects’ model. Previous studies have shown measures 

of SEP from different time points in the lifecourse to have independent effects, or direct effects, 

on adult cognitive function.
10,11,12

. However, direct effects are meaningless when different 

measures of SEP are correlated with each other.
23

 Conclusions drawn from regression-type 

analyses attempting to identify the impact of different measures of SEP on cognition are likely to 

be biased as they do not take into account the interrelationship between the predictors.
13

 

Results here suggest that socioeconomic circumstances in childhood have no ‘direct 

effect’ on adult cognitive function. However, this does not imply that socioeconomic 

circumstances during a person’s childhood years are not important determinants of their cognitive 

ability. As the analyses show, social factors in childhood shape and circumscribe socioeconomic 

circumstances in adult life and their influence on cognitive function is mediated through later 

measures of SEP. Our results differ from earlier reports of the existence of independent effects of 

childhood socioeconomic factors on adult cognitive function.
11,12

 The papers reporting 

independent effects of childhood SEP on adult cognitive abilities draw data from the same 

Finnish study - Kuopio Ischaemic Heart Disease Risk Factor Study. More research is required to 

understand whether there are cultural, cohort specific, or methodological explanations for these 

differing results, particularly as another paper using path analysis on the British 1946 birth cohort 

study also did not find a direct effect of childhood socioeconomic circumstances on adult 

cognition.
24

 It is also possible that individual measures of childhood SEP, mother’s education for 

example, have effects on cognition that persist into adulthood. None of our individual measures 
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of childhood SEP, measures that are retrospective and self-reported, had a direct effecton adult 

cognition (results not shown) but better measures could show different results. 

A major part of the effect of education on cognition in men and all of it in women is also 

indirect. In these data the influence of education on cognition is mostly through its influence on 

adult SEP, measured using occupation and income. The total impact of socioeconomic 

circumstances on cognitive abilities, assessed by % of variance explained, is substantial. 

However, this does not question some genetic basis for adult cognition. In fact, there is some 

evidence to suggest that a quarter of the association between home environment and achievement 

could be explained by genetic factors.
25

 A summary of 140 familial studies found genetic 

influences to account for approximately 50% of the total variance in cognition.
26

 The focus of 

this paper is the way in which the impact of socioeconomic factors on cognition is modelled. This 

has particular relevance for the health inequalities research. Socioeconomic position is a proxy 

for a range of factors that influence cognition: complexity of the work environment, social 

network, leisure pursuits, health behaviors, etc. The assumption underlying the investigation into 

the environmental determinants of cognition is that of neuronal plasticity, even in adulthood.
27

 

This merits appropriate modeling of the impact of socioeconomic circumstances. 

There are some caveats to the conclusions drawn in this study. First, the measures of 

childhood socioeconomic circumstances reported in this paper are retrospective, and are subject 

to a degree of recall bias. We have attempted to address this concern by using a range of variables 

to assess childhood SEP. Second, our results need to be interpreted in light of the fact that 

Whitehall II is a study of white-collar workers and does not represent the whole socioeconomic 

spectrum. Furthermore, our analysis on missing data shows attrition rate to be higher amongst the 

disadvantaged groups in the study. As there appears to be an interaction between heritability of 

cognition and socioeconomic circumstances,
1
 restricting our analyses to cases with complete data 
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would perhaps have led to an overestimation of the effects assessed in this study. Our use of 

FIML approach to data analyses was guided by the non-randomness of missing data in the study, 

allowing us to represent fully low SEP within the Whitehall II study. Finally, it is likely that SEP 

influences different aspects of cognitive functioning differently, something that hasn’t been 

explored in this paper. 

In conclusion, this study examined the impact of socioeconomic circumstances over the 

lifecourse on adult cognitive function. We used a logical, temporal model to reflect the influence 

of childhood SEP, education and adult SEP on cognition. Education and adult SEP were modeled 

separately as not only do they occupy different temporal space in the lifecourse,
13

 but also 

represent different aspects of social circumstances.
28

,
29

 Our results suggest that socioeconomic 

circumstances influence adult cognitive ability through an indirect effects model rather than a 

direct effects model. The indirect effects model is viewed as being particularly important when 

the different predictors are correlated with each other. We conclude that interpretations based on 

direct effects models alone, particularly in terms of the influence of early life measures of SEP, 

are likely to underestimate their importance. 
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Table 1. Correlation matrix for relationship between life course SEP variables and cognitive 

function in middle age.
†
 

Predictors 
SEX X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 

X1 

Father’s 

occupation 

M 

F 

1 

1 

            

X2 

Mother’s 

education 

M 

F 

.17 

.24 

1 

1 

           

X3 

Father’s 

education 

M 

F 

.34 

.33 

.41 

.46 

1 

1 

          

X4 

Financial 

circumstances 

M 

F 

.26 

.27 

.16 

.21 

.24 

.20 

1 

1 

         

X5 

Education 
M 

F 

.23 

.20 

.18 

.27 

.28 

.23 

.19 

.21 

1 

1 

        

X6 

Occupation 
M 

F 

.18 

.16 

.11 

.24 

.08 

.12 

.16 

.18 

.51 

.56 

1 

1 

       

X7 

Income 
M 

F 

.16 

.13 

.11 

.22 

.13 

.12 

.20 

.19 

.44 

.47 

.66 

.66 

1 

1 

      

X8 

Age 
M 

F 

-.07 

-.07 

-.12 

-.13 

-.12 

-.05 

-.19 

-.22 

-20 

-.19 

-.07 

-.12 

-.38 

-39 

1 

1 

     

X9 

Memory 
M 

F 

.08 

.00 

.14 

.08 

.04 

.00 

.12 

.06 

.20 

.18 

.21 

.17 

.25 

.20 

-.22 

-.25 

1 

1 

    

X10 

AH 4 
M 

F 

.15 

.11 

.13 

.21 

.04 

.09 

.16 

.19 

.41 

.44 

.60 

.60 

.48 

.47 

-.21 

-.24 

.34 

.29 

1 

1 

   

X11 

Mill Hill 
M 

F 

.15 

.11 

.17 

.21 

.06 

.05 

.13 

.16 

.42 

.41 

.57 

.58 

.37 

.37 

-.07 

-.08 

.30 

.23 

.69 

.67 

1 

1 

  

X12 

Phonemic 

fluency 

M 

F 

.12 

.08 

.15 

.12 

.08 

.03 

.10 

.12 

.28 

.27 

.34 

.35 

.33 

.31 

-.21 

-.21 

.33 

.29 

.50 

.48 

.40 

.38 

1 

1 

 

X13 

Semantic 

fluency 

M 

F 

.12 

.09 

.16 

.17 

.07 

.06 

.13 

.18 

.32 

.31 

.40 

.38 

.35 

.33 

-.24 

-.24 

.36 

.30 

.59 

.57 

.51 

.47 

.61 

.55 

1 

1 

† Correlations not significant at p=.01 are in bold. 



 19

Table 2. Goodness of fit of nested structural equation models examining the influence of 

lifecourse SEP on adult cognition. 

 

 Chi-

sqaure 

(χ
2
) 

Degrees 

of 

freedom 

(df) 

CFI RMSEA Incremental 

χ
2
(df) 

Model I (direct effects) 6972.26 124 0.975 0.073  

Model III (all indirect effects) 3697.17 118 0.987 0.054 3275.09 (6) 

p<.0001 
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Table 3. The effect
†
 of socioeconomic circumstances across the lifecourse on cognitive function. 

 

Effects Standardized regression 

coefficients (betas) 

Direct effects men women 

d (effect of childhood SEP on cognition) .00 .00 

e (effect of childhood SEP on education) .43* .43* 

f (effect of childhood SEP on adult SEP) .00 .11* 

g (effect of education on adult SEP) .60* .60* 

h (effect of education on cognition) .11* .00 

i (effect of adult SEP on cognition) .66* .74* 

k (effect of age on cognition) -.11* -.12* 

Indirect effects   

Childhood SEP on cognition (eh+egi+fi) .21 .27 

Education on cognition (gi) .40 .45 

Total effects (Direct effects + Indirect effects)   

Childhood SEP on cognition .21 .27 

Education on cognition .51 .45 

Adult SEP on cognition .66 .74 

R2 58% 60% 

Fit statistics: χ
2
(df) 

                   : RMSEA, CFI 

3707.39 (126) 

RMSEA=.053, CFI=.987 
† 

Effect represented as beta, standardized regression coefficient. 

*p<.0001 (Significance levels for direct effects alone). 

Significant sex differences are in bold. 
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Figure 1. Modeling socioeconomic circumstances over the lifecourse and cognitive function. 
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