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Life-course pathways to psychological
distress: a cohort study

Sophie von Stumm,’2 lan J Deary,? Gareth Hagger-Johnson®

ABSTRACT

Abstract: Objectives: Early life factors, like
intelligence and socioeconomic status (SES), are
associated with health outcomes in adulthood. Fitting
comprehensive life-course models, we tested (1) the
effect of childhood intelligence and SES, education and
adulthood SES on psychological distress at midlife,
and (2) compared alternative measurement
specifications (reflective and formative) of SES.
Design: Prospective cohort study (the Aberdeen
Children of the 1950s).

Setting: Aberdeen, Scotland.

Participants: 12 500 live-births (6282 boys) between
1950 and 1956, who were followed up in the years
2001-2003 at age 46-51 with a postal questionnaire
achieving a response rate of 64% (7183).

Outcome measures: Psychological distress at age
46-51 (questionnaire).

Results: Childhood intelligence and SES and
education had indirect effects on psychological distress
at midlife, mediated by adult SES. Adult SES was the
only variable to have a significant direct effect on
psychological distress at midlife; the effect was
stronger in men than in women. Alternative
measurement specifications of SES (reflective and
formative) resulted in greatly different model
parameters and fits.

Conclusions: Even though formative
operationalisations of SES are theoretically appropriate,
SES is better specified as reflective than as a formative
latent variable in the context of life-course modelling.

Lower childhood intelligence and socio-
economic status (SES) are associated with
deprived living conditions and an increased
risk for suffering injuries and illness across
the lifespan.' In line with this, low childhood
intelligence and SES have been found to raise
the likelihood of experiencing psychological
distress in later life,> * which precedes psychi-
atric disorders, cardiovascular disease® and
premature mortality.® Acknowledging that risk
factors for morbidity accumulate over time,”™
their effects on health outcomes and their
inter-relations are often tested in comprehen-
sive life-course models that include observed
and latent variables.'®'? Latent variables, for

ARTICLE SUMMARY

Article focus

= Intelligence and socioeconomic status (SES) in
childhood are thought to predict psychological
distress in later life, partly mediated by education
and adulthood SES.

m In life-course modelling, SES indicators (eg,
occupation or income) are typically specified as
reflective latent constructs. However, SES may
better be specified as a linear function of its indi-
cators; that is, as a formative latent variable.

= We compare the reflective and formative meas-
urement specifications of childhood and adult-
hood SES and their relationship  with
psychological distress at midlife.

Key messages

= Childhood intelligence and SES and education
had indirect effects on psychological distress,
which were largely mediated by adult SES.

= Formative SES specifications were of limited
usability in the context of modelling life-course
pathways.

Strengths and limitations of this study
m Psychological distress was assessed by means
of self-reports rather than by clinicians.

example, SES, are typically defined as the
common variance in their reflective indicators,
such as occupation, income and house
tenure, but they might be more appropriately
specified as a linear function of formative indi-
cator variables'! 1* (figure 1).

For a reflective latent variable, observed
indicators are expected to be at least moder-
ately correlated, as they are thought to be
caused by the same underlying factor that
captures all their common variance.'? Any
variances not common to all reflective indica-
tors are excluded as error. For example,
general intelligence is a reflective latent vari-
able,14 15 with the gfactor determining
people’s scores in each of a set of ability
tests. That is, the g-factor relies on the statis-
tical assumption that a latent construct of
intelligence caused people’s performance
across different intelligence tests. By contrast,
formative latent variables are statistically

von Stumm S, Deary IJ, Hagger-Johnson G. BMJ Open 2013;3:6002772. doi:10.1136/bmjopen-2013-002772 1

-

P
brought to you by .i CORE


https://core.ac.uk/display/42383843?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1136/bmjopen-2013-002772
http://dx.doi.org/10.1136/bmjopen-2013-002772
http://bmjopen.bmj.com
http://bmjopen.bmj.com/
http://group.bmj.com

Downloaded from http://bmjopen.bmj.com/ on January 27, 2015 - Published by group.bmj.com

Lifecourse models of SES and psychological distress

£ £
4 y
¢ )\1\ A, [ Z
AN/ A A A Yi/ Y2/ Y3\ Vs Yi/ Y2/ Y3\ Ya
X1 X2 X3 X4 X1 X2 x3 X4 X1 X2 X3 X4
i i i i
€ & & &
(A) (B) ()

Figure 1

Reflective (A) and formative (B) measurement specifications of a latent variable and a multiple-indicators-multiple-

causes (MIMIC) model (C), each with four observed indicator variables X; to X4. n denotes the latent variable in all models.
{ denotes error terms at construct level, while & represents error terms at indicator level. 1,_4 denote factor loadings and y4_4

denote regression coefficients.

defined as consequences of their observed indicators
rather than as their cause. Formative indicators are
neither assumed nor required to be correlated: they are
not caused by a common factor, but they collectively
inform a latent construct.!®> Variances specific to one
indicator and covariances shared by some, but not all,
indicators are part of the latent construct; only random
variances are treated as error at construct level. Thus,
dropping a formative indicator alters a latent construct,
because formative indicators capture the entirety of a
construct’s conceptual domain only as a group. SES
comprises ‘observable variations in income, education
and occupational prestige and so on; yet it has no meas-
urable reality apart from these variables which are con-
ceived to be its determinants’ (ref. ', p- 153); thus, SES
may be statistically more accurately defined as a conse-
quence rather than a cause of its indicator variables. In
other words, the observed indicators of SES do not vary
collectively as a function of an underlying common
cause, instead they change independently of one
another, and thus define SES as a formative latent con-
struct.'® '7 That said, latent constructs, like intelligence
and SES, are neither inherently formative nor reflective,
but their theoretical nature drives their statistical meas-
urement speciﬁcation.17 Likewise, causality that is
implied by statistical models may have little association
with actual causal relationships between the observed
variables; it merely corresponds with a theory.'®
Formative measurement specifications have been
mostly explored in simple structural models with few
variables and simulated data'” 19_21; the results are there-
fore of limited informative value for life-course
models.? Only one previous study compared formative
and reflective SES measurement specifications within a
life-course model, concluding that alternative (ie,

reflective and formative) specifications of childhood SES
did not make a difference for estimating associations
between early-life factors and self-reported health status
at midlife.'! However, this study11 did not consider the
role of adulthood SES, and thus omitted an important
determinant of health outcomes in adulthood.” To
address this gap, the current study tests life-course
models to (1) confirm the association between child-
hood intelligence, education and SES with psychological
distress and (2) compare formative and reflective meas-
urement specifications of childhood and adulthood SES
in data from a prospective cohort sample.

METHODS

Sample

The Aberdeen Children of the 1950s study (ACONF) com-
prised 12 150 children (6282 males and 5868 females)
born in Aberdeen, Scotland, between 1950 and 1956, and
who attended primary school in 1962 when they were
aged 6-12years.”” ** Earlylife data were obtained from
school records, birth certificates and hospital records. The
sample was followed up with a postal questionnaire,
between 2001 and 2003, when participants were aged 46—
51 years. Of the 12 150 participants, 99% could be traced;
of which 4.5% (N=584) had deceased. An overall response
rate of 64% (N=7183) was achieved. The rate of attrition
was greater for people from lower SES backgrounds,23
which is common in longitudinal cohort studies.

Measures

Intelligence

Within 6 months of their 11th birthday, the children
completed four mental ability tests including the Moray
House Verbal Reasoning test I and II and an arithmetic
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and an English test.%‘Reliabilities above 0.90 have been
reported for all tests.”

Education

Participants’ highest educational qualification was
assessed during the follow-up ranging between no
formal education, simple school leaving certificate, cler-
ical qualifications, O-levels (certificate of secondary edu-
cation), Highers or Certificate of Secondary Education,
National Certificate and degree level (7-point scale).

SES in childhood

Five variables indicated the participants’ SES at birth:
mother’s and father’s occupation at the time of the
child’s birth, house tenure, number of rooms and family
car ownership.’ The father’s occupation was coded on a
six-point scale ranging between unskilled, semiskilled
manual, skilled manual, skilled non-manual, managerial
and professional.?” Fathers who were unemployed or
had died before the child’s birth, were treated as
missing, which was previously shown to not impact on
the representativeness of the sample.” The mother’s
pre-pregnancy occupation was recorded on a six-point
scale ranging between unskilled manual, semiskilled
manual, skilled manual, distributive, clerical and profes-
sional and technical; mothers whose occupational skill
level was unknown were treated as missing. Housing
tenure (N=1096) and the number of rooms (N=1104)
were assessed in subsamples of mothers in 1964. House
tenure was coded on a four-point scale ranging between
living with relatives, rented from town council, rented
from private landlord and house owned. The number of
rooms in the house referred to bedrooms and living
rooms. Car ownership of family was assessed during the
follow-up survey between 2001 and 2003 (dichotomously
coded); that is, the participants retrospectively reported
if their family had possessed a car when they were
children.

SES in adulthood

Four variables indicated SES at midlife: participants’
occupation, income per annum, house tenure and car
ownership. Occupation was coded on a six-point scale
like like fathers’ occupation.®® Personal gross income
per annum, including earnings, benefits, interest from
savings and investments, pensions and rent from prop-
erty, was coded on a nine-point scale ranging from 0=no
income to 8=£40000 per annum or more. Housing
tenure was dichotomous, classified as home owner (1)
or renting (0). Car ownership was coded on a three-
point scale ranging between none, one, two and more.

TACONF also contains information on mother’s and father’s education.
These variables are highly skewed and have no meaningful variance.
Therefore, they were not included.

Psychological distress

Based on four items (General Health Questionnaire;
GHQ-4;*), participants rated their enjoyment in
day-to-day activities, levels of depression, loss of confi-
dence and overall happiness and well-being over the
past few weeks. Each item was rated on a four-point scale
ranging from ‘much less than usual’ to ‘much more
than usual’. In a large validation study (N=2112), the
GHQ-4 was found to correlate 0.80 and above with full-
scale GHQ scores.”” In the current study, Cronbach’s o
was 0.79 in men and 0.80 in women for the four items.

Statistical analysis

Structural equation models were fitted using Full
Information Maximum Likelihood estimation to allow
maximising the available data with missing values®
under the assumption of data missing at random.*’
Analyses were conducted separately for men (N=6282)
and women (N=5868) because sexes are known to differ
with regard to social, psychological and biological
variables."! #*

Childhood SES was modelled to impact psychological
distress directly, and also to have indirect effects through
the mediators of childhood intelligence, education and
adult SES. Psychological distress and intelligence were
operationalised as reflective latent variables in all
models, in line with their theoretical roots.'* % To scale
these two reflective latent variables, one indicator’s path
parameter for each construct was fixed at 1. Conversely,
to scale reflective and formative SES measurement speci-
fications, the path parameter of the father’s occupation
was restricted to one for childhood SES and own occu-
pation for adult SES.

Owing to the indeterminacy of its disturbance term, a
formative construct is only identified if it emits at least
two direct paths to either: (1) two independent reflect-
ive indicators in addition to its formative indicators (see
figure 1c); (2) two reflective latent constructs, which are
uncorrelated and also have uncorrelated error terms; or
(3) one reflective indicator and one reflective construct,
which are uncorrelated.”® ** Formative models can also
be identified by restricting their error variance to zero,'"
which makes an unjustified assumption.'® 7 92! To
achieve the identification of the formative SES con-
structs, we opted for including two reflective, unrelated
indicators. For childhood SES, the mother’s occupation
was chosen as a reflective indicator, independent of all
other model variables and with an independent error
term. The other formative indictors of childhood SES
were specified to correlate freely, in line with formative
modelling conventions.'’ '* 17 1921 For adult SES as a
formative latent measure, income per annum was opera-
tionalised as a reflective indicator with an independent
error term, while the other adult SES indicators corre-
lated freely (figure 2). Subsequently, child and adult
SES were specified as reflective constructs, respectively,
with their five and four indicator variables, each of
which had an uncorrelated error term (figure 3).
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Figure 2 Life-course model including formative specifications of childhood and adulthood SES. Note: path coefficients are
shown for men/women; non-significant paths (p>0.01) are represented by dashed lines. There were no discrepancies between
sexes with regard to the paths’ significance. ¢ denotes error terms for observed variables; & represents error terms at construct
level of latent constructs. Arithm, arithmetic test; Car, no/one car at age 12; Cars, number of cars possessed; Distress,
psychological distress; Father, fathers’ occupational social status; GHQ 1-4, General Health Questionnaire items 1-4; House,
house tenure; Mother, mothers’ occupational social status; Occup, own occupational social status; Rooms, number of rooms in

family home; Verb, verbal test.

The model %2 is insufficient for model rejection
because of its sensitivity to sample size,>! but incremen-
tal fit indices are less dependent on sample size, with
recommended minimum values of 0.90 and 0.95% for
the Comparative Fit Index, the Bentler-Bonett Normed
Fit Index and the Tucker-Lewis Index. Also, the
root-mean-square error of approximation, based on the
non-centrality parameter, indicates an adequate model
fit with a value below 0.05.°% Analyses were conducted
using SPSS V.18, AMOS V.18 and Mplus V5.

RESULTS

In both sexes, intelligence test scores were highly inter-
correlated, and so were the indicators of psychological
distress. Indicators of SES were also positively, albeit
moderately correlated (tables 1 and 2).11 16 Observed
measures of intelligence, education and childhood and
adulthood SES were positively correlated, while psycho-
logical distress was generally negatively, albeit modestly
linked to other study variables.

Formative SES specification

Figure 2 shows the overall model with formative con-
structs for childhood and adult SES. The fit indices sug-
gested a moderate-to-inadequate model fit (table 3).

In men and women, reflective indicators intelligence
and psychological distress had moderate-to-high factor
loadings (p<0.001," in all cases). By comparison, path
weights of formative childhood and adulthood SES indi-
cators were lower and at times even non-significant;
notably, the number of rooms in the family home was
non-significant in both men and women (p>0.001).
Childhood SES was predictive of intelligence with coeffi-
cients 0.53 and 0.55 (p<0.001) in men and women,
respectively; in turn, intelligence was strongly associated
with educational qualifications with parameters of 0.48
and 0.53 (p<0.001), respectively. These estimates suggest

iOwing to the large sample sizes in the current study, we chose a
stricter probability level (p<0.001) than typically recommended (p
<0.05).
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Table 3 Model fit indices for models with reflective and formative measurement specifications in men and women

Model 22 df NFI TLI CFI RMSEA (CI)
Men
Formative model 2183.07* 117 0.944 0.922 0.947 0.053 (0.051 to 0.055)
Reflective model 1219.46* 126 0.969 0.962 0.972 0.037 (0.035 to 0.039)
Women
Formative model 2073.01* 117 0.943 0.920 0.946 0.053 (0.051 to 0.055)
Reflective model 1069.99* 126 0.970 0.964 0.974 0.036 (0.034 to 0.038)

Note: RMSEA is shown with a 90% ClI in parentheses.
*p<0.001.

CFI, Comparative Fit Index; NFI, Normed Fit Index; RMSEA, root-mean-square error of approximation; TLI, Tucker-Lewis Index.

that for every half SD increase in intelligence (ie, about
7.5 IQ points), educational attainment increased by one
level. Childhood intelligence and education were asso-
ciated with adult SES with direct path parameters of
0.09/0.15 and 0.13/0.26 (men/women; p<0.001, in all
cases), but childhood SES had no significant association
with adult SES (p>0.001) in both sexes. Overall, child-
hood SES and intelligence and education had close to
zero associations with psychological distress at midlife in
men and women (p>0.001, in all cases), while adult SES
had a direct, negative effect on psychological distress,
varying considerably across men and women with coeffi-
cients —0.33 and -0.18, respectively. Sex differences
were only observed in the path weights of adult SES (eg,
occupational social status with 0.37 and 0.64 in men and
women, respectively; figure 2). The overall model
explained 10.4% of the total variance in psychological
distress in men and 3% in women.

Reflective SES specification

Modelfit indices suggested a good fit to data of the
‘reflective’ model in men and women (table 3) and con-
firmed an improvement in fit compared with the ‘forma-
tive’ model.”™ The factor loadings of the reflective
indicators ranged from 0.40 to 0.70 for childhood SES
and from 0.44 to 0.77 for adult SES (p<0.001, in all
cases), whereas formative paths had ranged from —0.04
to 0.53 for birth SES and 0.09 to 0.64 for adult SES in
men and women, respectively (figures 2 and 3). Also,
reflective factor loadings were more invariant across
sexes than formative path weights. Childhood SES sig-
nificantly predicted childhood intelligence with coeffi-
cients 0.51 and 0.53, education with coefficients of 0.24
and adult SES with values 0.19 and 0.15 (p<0.001, in all
cases for men and women, respectively). Like before,
childhood intelligence was significantly, positively asso-
ciated with education at 0.48/0.53 and also with adult
SES at 0.30/0.24 (p<0.001, in all cases for men and
women, respectively). Adult SES was the strongest pre-
dictor of psychological distress at midlife with paths of

fiFor simplicity, we will refer to the ‘formative model’ as the structural
equation model with formative SES, and to the ‘reflective model’ as
the structural equation model including reflective SES.

—0.39 and -0.31 (p<0.001) for men and women,
respectively. In women, intelligence had a negligible
direct effect on psychological distress; however, in men,
its parameter of 0.10 was significant (p<0.001). In line
with the formative model, childhood intelligence and
SES and education do not directly affect psychological
distress in later life, but their association was mediated
by adult SES. Overall, the reflective model accounted for
9% of the total variance in well-being in men, and 6%
in women.

DISCUSSION

SES has far-reaching implications for an array of life out-
comes, illustrated by its associations with better cogni-
tion and health outcomes." " Here we investigated the
effects of childhood intelligence and SES on psycho-
logical distress at midlife, as mediated by education and
adult SES, and we compared the reflective and formative
measurement specifications of SES in the context of life-
course modelling.

Principal findings

Higher adult SES (eg, more advanced occupational pos-
ition or higher income) was associated with lower levels
of psychological distress at midlife. Childhood SES, intel-
ligence and education had negligible direct effects on
psychological distress at midlife; however, most of their
influences were indirect and mediated through adult
SES. Our results are generally in concordance with
other studies that demonstrated the importance of adult
SES for mental health outcomes.* However, they contra-
dict the previous reports of a direct, protective effect of
childhood intelligence on psychological distress, which
remained significant after adjusting for childhood and
adulthood SES.* The discrepancy in findings may be
due to several reasons. For one, Gale et al and Hatch
et aP tested binary logistic regression models in the
British Cohort Studies 1946, 1958 and 1970 with list-wise
omission of cases with missing data, which significantly
reduced sample sizes by more than half (eg, the British
Cohort Study 1970 included initially about 17 200
people, but only 6074 were included in the analysis
sample?). By comparison, our statistical approach used
structural equation models with FIML, which allows
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Figure 3 Life-course model including reflective constructs of childhood and adulthood socioeconomic status. Note: path
coefficients are shown for men/women. Reflective indicators, corresponding error terms and factor loadings of intelligence and
psychological distress have been omitted to sustain graphical clarity (their measurement model is independent of the structural

model; see figure 2). For key, please see figure 2.

including all observed data points, and thus keeping the
full sample size (ie, 12 150).% As a consequence, the
current analysis sample is more representative of the ori-
ginal study population than it was the case in previous
reports.” For the other, our study used the GHQ-4,
which has fewer items and may be psychometrically less
robust than the measures used by Gale et a* and Hatch
et aP (eg, the GHQ-28%). It is possible that the presently
evaluated distress measure was not sensitive enough to
detect a direct effect of intelligence.

In line with the previous reports, 1934 models with for-
mative SES specification underestimated both measure-
ment and structural paths compared with the reflective
approach. Also, differences in modelling strategy were
clearly reflected by model fit indices, with the model
that included formative SES specifications proving a
poorer data fit,!3 20 Furthermore, when both SES were
formatively specified, childhood SES had no significant
effect on adult SES, which contradicts the previous
research.'” *® This is particularly notable because cohort
studies from Britain typically find a robust relationship
between childhood and adulthood SES, although the
strength of association tends to vary across samples and

studies. ! 22 By contrast, under the reflective modelling
approach, childhood and adulthood SES were signifi-
cantly associated.”

Formative measurement specification

Formatively specified constructs need to emit direct
paths to two independent reflective indicator variables,
which may be latent or directly observed, to be identi-
fied. This is often problematic in life-course modelling
for one because the models’ observed and latent vari-
ables are typically inter-related''™"® 2 and for the other
because the number of observed indicators is usually too
limited to allow specifying some as formative and others
as reflective. Thus, it may be impossible to specify forma-
tive variables in a life-course model without reducing the
overall structural model to a meaningless accumulation
of linear functions.** Most importantly, however, forma-
tively specified latent variables cannot be compared

“To rule out that education accounted for all the direct effects of
childhood SES on adult SES, we rerun all models excluding education
as a mediating variable; the results were unchanged.

8 von Stumm S, Deary IJ, Hagger-Johnson G. BMJ Open 2013;3:¢002772. doi:10.1136/bmjopen-2013-002772


http://bmjopen.bmj.com/
http://group.bmj.com

Downloaded from http://bmjopen.bmj.com/ on January 27, 2015 - Published by group.bmj.com

Lifecourse models of SES and psychological distress

across models because their empirical realisation
depends on both the indicators and the other variables
within a model."”” ** In the current study, we arbitrarily
chose one observed indicator to be the reflective identi-
fier of the formative latent SES construct (eg, mother’s
occupation for childhood SES). If we specified any other
indicator as a reflective identifier, the associated latent
construct, its disturbance term and its emitted structural
paths were changed.” The choice of the reflective inden-
tificator is all, but arbitrary; however, it is unclear how to
select one.’® As a consequence, formatively specified
latent variables are unsuitable in the context of life-
course models because they do not allow cross-model
and cross-sample comparisons.

Strengths and limitations

This study’s strengths are a large cohort sample, a long
follow-up period and the assessment of numerous vari-
ables, which allowed fitting life-course models with four
latent constructs. It also has weaknesses. First and
because of attrition, people from less privileged social
backgrounds are somewhat under—represented,% which
might result in an underestimation of the true effect
sizes despite the application of FIML.*” Second, psycho-
logical distress was self-reported using a short version of
the GHQ), that is, the GHQ-4, which may be psychomet-
rically weaker than other assessment instruments of psy-
chological distress, such as, for example, the Malaise
Inventory.” While selfreported health measures may be
valid and reliable in some contexts,”® 37 38 it is unclear if
the GHQ-4 is an adequately sensitive measure; that said,
the GHQ-4 correlates 0.80 with its longer version (ie,
GHQ-28) and has high internal consistency reliability.>
Third, some variables were treated as continuous,
although they are ordered or categorical (eg, having a
family car in childhood SES). As a consequence, meas-
urement paths could be biased, albeit equally in reflect-
ive and formative measurement models. Finally, the
fitted life-course models accounted for small amounts of
variance in psychological distress, suggesting that future
research must explore other risk factors, for example,
social support networks.”

CONCLUSIONS

Childhood intelligence and SES and education influ-
ence psychological distress at midlife indirectly through
their association with adult SES. Formative measurement
specifications of SES were problematic in the context of
life-course modelling, while reflective measurement spe-
cifications of SES constituted a more reliable approach.
Thus, we encourage social scientists, when applying
covariance structure analyses to test life-course models,

*We conducted the corresponding analyses for all possible
combinations of reflective and formative indicators for each SES
construct (results not included here).

[END]

to avoid formative measurement specifications because
—as we have shown here—they are of limited usability.
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