
Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Aitken, Z;Simpson, JA;Bentley, R;Kavanagh, AM

Title:
How much of the effect of disability acquisition on mental health is mediated through
employment and income? A causal mediation analysis quantifying interventional
indirect effects using data from four waves of an Australian cohort study

Date:
--

Citation:
Aitken, Z., Simpson, J. A., Bentley, R. & Kavanagh, A. M. (). How much of the effect of
disability acquisition on mental health is mediated through employment and income?
A causal mediation analysis quantifying interventional indirect effects using data from
four waves of an Australian cohort study. BMJ Open,  (), https://doi.org/./
bmjopen--.

Persistent Link:
https://hdl.handle.net//

License:
CC BY-NC

CC%20BY-NC


1Aitken Z, et al. BMJ Open 2021;11:e055176. doi:10.1136/bmjopen-2021-055176

Open access�

How much of the effect of disability 
acquisition on mental health is 
mediated through employment and 
income? A causal mediation analysis 
quantifying interventional indirect 
effects using data from four waves of an 
Australian cohort study

Zoe Aitken  ‍ ‍ ,1 Julie Anne Simpson,2 Rebecca Bentley  ‍ ‍ ,3 
Anne Marie Kavanagh  ‍ ‍ 1

To cite: Aitken Z, Simpson JA, 
Bentley R, et al.  How much 
of the effect of disability 
acquisition on mental 
health is mediated through 
employment and income? 
A causal mediation analysis 
quantifying interventional 
indirect effects using data from 
four waves of an Australian 
cohort study. BMJ Open 
2021;11:e055176. doi:10.1136/
bmjopen-2021-055176

►► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http://​dx.​doi.​org/​10.​1136/​
bmjopen-​2021-​055176).

Received 05 July 2021
Accepted 02 November 2021

For numbered affiliations see 
end of article.

Correspondence to
Dr Zoe Aitken;  
​zoe.​aitken@​unimelb.​edu.​au

Original research

© Author(s) (or their 
employer(s)) 2021. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives  There is evidence that disability acquisition 
causes a decline in mental health, but few studies have 
examined the causal mechanisms through which the effect 
operates. This study used a novel approach to mediation 
analysis to quantify interventional indirect effects (IIEs) 
through employment and income.
Design and setting  We used four waves of longitudinal 
data (2011–2014) from the Household, Income and Labour 
Dynamics in Australia Survey, a nationally representative 
survey of Australian households.
Participants  Working aged individuals who acquired 
a disability (n=233) were compared with those who 
remained disability-free in all four waves (n=5419).
Primary outcome measure  Self-reported mental health 
was measured using the Mental Health Inventory subscale 
of the Short Form 36 general health questionnaire, 
which measures symptoms of depression, anxiety and 
psychological well-being.
Statistical analysis  We conducted a causal mediation 
analysis quantifying IIEs of disability acquisition on 
mental health operating through two distinct mediators: 
employment status and income. We used multiple 
imputation with 50 imputed datasets to account for 
missing data.
Results  The total causal effect of disability acquisition 
on mental health was estimated to be a 4.8-point decline 
in mental health score (estimated mean difference: −4.8, 
95% CI −7.0 to –2.7). The IIE through employment was 
estimated to be a 0.5-point difference (−0.5, 95% CI −1.0 
to 0.0), accounting for 10.6% of the total effect, whereas 
there was no evidence that income explained any of the 
effects.
Conclusions  This study estimated that disability-
related mental health inequalities could be reduced by 
10.6% if employment rates were the same for people 
with disability as those without disability. The results 
suggest that employment is implicated in the relationship 
between disability acquisition and mental health and that 

more research is needed to understand the influence of 
other aspects of employment and other socioeconomic 
characteristics.

INTRODUCTION
In Australia, 18% of the population lives with a 
disability.1 People with disabilities experience 
large health inequalities compared with those 
without disability, a large proportion of which 
are unrelated to the impairment causing the 

Strengths and limitations of this study

►► This study uses data from a large nationally repre-
sentative cohort study to examine how much of the 
effect of disability acquisition on mental health is 
mediated through employment and income.

►► The longitudinal nature of the data was used to es-
tablish a temporal sequence between the baseline 
variables, exposure, mediators and outcomes to bet-
ter model causal relationships.

►► Interventional effects quantify average population-
level effects representing the effect of shifting the 
distribution of the mediator in the population to what 
would be expected if everyone in the population was 
exposed—a more realistic estimate than natural ef-
fects which estimate individual causal effects.

►► Causal mediation analysis relies on strong assump-
tions about confounding for the estimates to have a 
causal interpretation; however, there may have been 
some residual mediator-outcome confounding.

►► Other limitations include: only 233 people acquired 
a disability resulting in low power to detect effects; 
variables were self-reported and therefore prone to 
measurement error; people with severe disabilities 
are likely to be under-represented in the sample.
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disability.2–5 They report poorer mental health, including 
high rates of depression and anxiety, psychological 
distress and lower mental well-being.6–13 The relationship 
between disability and poor mental health is likely to be 
bidirectional.14 Several longitudinal studies have quanti-
fied the causal effect of disability on mental health, using 
repeated measures data and examining incident disability 
to isolate the direction of effect.7 11–13 15–18 These studies 
have provided evidence that disability leads to a deteri-
oration in people’s mental health, but the underlying 
mechanism is poorly understood.19 20 This is an important 
omission because understanding the mechanism may 
highlight targets for interventions to mitigate the adverse 
effects of disability on mental health.21

There are a number of different mechanisms which 
could explain disability-related mental health inequal-
ities. One hypothesis, supported by the social model of 
disability, is that health inequalities exist as a result of 
the environment and circumstances in which people 
with disabilities live. Therefore, inequalities are likely to 
operate through socioeconomic pathways.

In a previous analysis using the same data, we quantified 
how much of the effect of disability acquisition on mental 
health operated through three broad socioeconomic 
pathways and found that 32% of the effect was explained 
by material factors, with a negligible proportion of the 
effect explained by psychosocial or behavioural factors.20 
Seven different material socioeconomic characteristics 
were examined jointly including employment, occupa-
tion, income, financial hardship, financial satisfaction, 
housing tenure and housing affordability. There remains 
a lack of understanding about which specific material 
factors drive the effect, limiting the development of effec-
tive interventions to improve the mental health of people 
with disabilities.

Novel causal mediation methods, known as interven-
tional effects, allow quantification of indirect effects 
through distinct pathways in the presence of multiple 
mediators and can model the effects of population-level 
interventions.22 23 In this study, we aim to further disen-
tangle the mechanism linking disability and poor mental 
health, quantifying interventional effects through indi-
vidual socioeconomic factors. We chose to examine two 
characteristics amenable to policy intervention: employ-
ment and income.

METHODS
Data source
We used data from the Household, Income and Labour 
Dynamics in Australia (HILDA) Survey, a large longi-
tudinal study of Australian households, which collects 
information on a wide range of demographic, social, 
economic and health characteristics.22 The initial survey 
was conducted in 2001 with annual follow-up surveys. The 
original sample included 13 969 participants from 7682 
households, randomly sampled using a national proba-
bility sample of private dwellings. A top-up sample was 

added in 2011 to maintain representativeness. On average 
across all waves of the survey, response rates were 80% 
and attrition was 6% between waves. At each wave of the 
HILDA Survey, information about the survey is provided 
to new and existing study members in a brochure. By 
agreeing to be interviewed for the HILDA Survey, respon-
dents provided implied consent to participate in the 
Survey. For children aged 15–17 years, verbal consent is 
provided by their parent or guardian.

This analysis was restricted to working age partici-
pants (25–64 years) because of the interest in examining 
pathways through employment. Data across four waves 
(2011–2014) were used to establish a temporal sequence 
between baseline characteristics (2011), disability acquisi-
tion (occurring between 2012 and 2013), the mediators 
(2013) and mental health (2014). The choice of vari-
ables included in the analyses was informed by the causal 
diagram (figure 1).

Mental health
Mental health was assessed in 2014 using the Mental 
Health Inventory (MHI), a subscale of the Short Form 36 
(SF-36) health questionnaire. The MHI is a well-validated 
and reliable measure of mental health.24 It measures 
symptoms of depression, anxiety and psychological well-
being and has been shown to be psychometrically sound25 
and an effective screening tool for mood and anxiety 
disorders and severe depressive symptomatology.26–29 The 
MHI includes five items relating to mental health over the 
previous 4 weeks, each scored using five response catego-
ries. Total scores are transformed into a scale with a mean 
score of 74 (range: 0–100), with higher scores reflecting 
better mental health. Previous research has suggested 
a difference of four to five points reflects a minimally 
important clinical difference in mental health.30 31

Disability acquisition
Information on disability was collected at every wave 
using a single question defining disability as ‘an impair-
ment, disability or long-term health condition, which 
restricts everyday activities that had lasted for six months 
or more’. Disability acquisition was defined as two waves 
reporting no disability (2011 and 2012), followed immedi-
ately by two consecutive waves reporting a disability (2013 
and 2014). Two consecutive waves of disability were used 
to exclude people with transient disability, a definition 

Figure 1  Causal diagram illustrating postulated causal 
relationships between disability acquisition and mental 
health. BMI, body mass index; SES, socioeconomic status.
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used in previous studies.32–34 Participants who acquired 
a disability were compared with those who reported no 
disability in any of the four waves. Any other patterns 
of exposure, such as a single wave of disability, were 
excluded. Eligibility for inclusion required participation 
and response to the disability question at all four waves.

Mediators
The mediator variables, employment status and income 
were measured in 2013. Employment was categorised as 
a binary variable, defined as currently employed vs not 
employed (unemployed (actively seeking employment) 
or not in the labour force). Income was measured as a 
continuous variable describing people’s weekly disposable 
income (in $A) truncated at the 1st and 99th percentiles.

Baseline covariates
Potential confounders of the association between 
disability and mental health were included as covariates. 
This included all baseline variables that were common 
causes of both the exposure and outcome, assessed using 
a causal diagram (figure 1). These were measured in 2011, 
as a measure of people’s circumstances prior to disability 
acquisition. Demographic characteristics included age, 
sex and country of birth (Australia; other) and socioeco-
nomic characteristics included parental occupation (high 
skill; medium skill; low skill or not in the labour force), 
education (bachelor degree and above; completion of 
secondary education; did not complete secondary), occu-
pation (high skill; medium skill; low skill; not employed), 
income (weekly personal disposable income), wealth 
(tertiles of net wealth), financial hardship (prosperous/
very comfortable; reasonably comfortable; just getting 
along/poor/very poor), housing tenure (outright owner; 
mortgager; renter), housing unaffordability (defined as 
households in the lowest 40% of the income distribu-
tion with housing costs exceeding 30% of gross income), 
relationship status (yes; no), children (yes; no), social 
support (constructed using the average of 10 questions 
addressing emotional support),35 frequency of socialising 
with friends or relatives (rated on a 7-point Likert scale 
ranging from less than once every 3 months to daily), 
smoking status (never; ex-smoker; current), alcohol 
consumption (never; rarely; 1–2 days per week; >2 days 
per week), physical activity (>3 times per week; 1–3 times 
per week; less than once a week) and body mass index 
(BMI; kg/m2). Baseline mental health was also included 
as a covariate in the models.

Statistical analysis
Interventional effects estimate average population-level 
effects on an outcome of shifting the distribution of a 
mediator in the population to what would be expected 
if everyone in the population was exposed. The interven-
tional direct effect (IDE) estimates the effect on people’s 
mental health (Y) of acquiring a disability (A) under a 
stochastic intervention ‍G0‍ which shifts the distribution of 
employment (M1) or income (M2) in the population. It 

is calculated as the difference between two counterfac-
tuals ‍Y1G0‍ and ‍Y0G0‍, where ‍Y1G0‍ represents an individual’s 
mental health had they had a disability (a=1) and the 
mediator of interest was set to a value randomly drawn 
from the conditional distribution of values of the medi-
ator among people without disability, given the observed 
covariates.22

It is defined as:

	﻿‍ IDE = Y1G0 − Y0G0‍�

The interventional indirect effect (IIE) estimates the 
effect on the outcome of equalising the distribution of 
the mediator, shifting the mediator from the distribution 
that would be expected if everyone were unexposed to 
that if everyone were exposed, defined as:

	﻿‍ IIE = Y1G1 − Y1G0‍�

In the presence of two causally related mediators M1 
and M2, the interventional effects approach decom-
poses the total causal effect (TCE) of an exposure on an 
outcome into four components: the IDE and three IIEs—
through M1; through M2; and through the dependence 
of M1 and M2.

The estimation of interventional effects relies on three 
assumptions about confounding for estimates to have a 
causal interpretation:
1.	 No unmeasured confounding of the exposure–out-

come relationship.
2.	 No unmeasured confounding of the mediator–out-

come relationship.
3.	 No unmeasured confounding of the exposure–media-

tor relationship.
Under these assumptions, the counterfactual defini-

tions of the TCE, IDE and IIE can be related to empirical 
expressions that we can estimate from data.

The TCE was estimated by fitting a linear regression 
model for mental health conditional on disability acquisi-
tion and baseline covariates, generating a predicted mean 
mental health score for each individual had they acquired 
a disability and had they remained disability-free.

Assuming that employment (M1) causally precedes 
income (M2, figure  1), the interventional effects 
approach enabled estimation of the IIE through employ-
ment, the IIE through income and the IIE resulting from 
the dependence between employment and income. Four 
models were fitted to the data to estimate the IDE and 
IIEs: (i) a logistic regression model for employment 
conditional on disability acquisition and baseline covari-
ates; (ii) a linear regression model for income condi-
tional on disability acquisition, employment and baseline 
covariates, including an interaction between disability 
acquisition and employment (model for M2 conditioning 
on M1); (iii) a linear regression model for income 
conditional on disability acquisition and baseline covari-
ates (model for M2 marginalising over M1); and (iv) a 
linear regression model for mental health conditional on 
disability acquisition, employment, income and baseline 
covariates, including an interaction between disability 
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acquisition and employment. The two models for income 
(models 2 and 3), although likely to be incompatible, 
enable estimation of indirect effects through different 
pathways (through M1, M2 and through their depen-
dence) because conditioning on M1 allows estimation of 
the joint distribution of M1 and M2, whereas marginal-
ising over M1 allows estimation of the independent distri-
butions of M1 and M2. All models included the same set 
of baseline covariates, listed above and illustrated in the 
causal diagram (figure 1).

The IDE and IIEs were estimated using the Monte-Carlo 
approach described in Vansteelandt and Daniel.22 This 
involved sampling values of the mediators for each indi-
vidual by taking 1 million random draws from the fitted 
distributions of the mediators for different counterfac-
tual exposure scenarios (using models 1, 2 and 3). These 
sampled values were then used in model 4 to predict 
expected values of the outcome under different coun-
terfactual scenarios of the exposure and mediator, which 
were used to estimate the IDE and IIEs.22 For each IIE, 
we further calculated the proportion of the effect medi-
ated as the ratio of the IIE to the TCE. The proportion 
mediated captures the importance of each pathway by 
measuring how much of the effect of disability acquisition 
on mental health is due to the effect of disability on each 
of the mediators.36 We note that confidence intervals for 
the proportion mediated have been shown to be highly 
variable because they combine uncertainty from both the 
IIE and the TCE leading to larger standard errors than 
the estimates of the IIE.36 We would recommend drawing 
conclusions about the magnitude of the indirect effect 
from the IIE and its CI rather than the proportion medi-
ated. Bootstrapping with 200 replications was used to 
calculate 95% CIs. Analyses were conducted using Stata/
SE V.14.2.37

Missing data
Participants were included in the study if they partici-
pated in all four waves of the study. For these waves, there 
were missing observations for the outcome, mediators 
and some baseline covariates (online supplemental table 
S1). The variables with the greatest amount of missing 
data were mental health (9%–10%); smoking, alcohol 
consumption, physical activity and financial hardship 
(10%); social support and frequency of socialising (11%); 
and BMI (13%).

The distribution of baseline covariates (measured 
in 2011) was compared between participants with and 
without missing observations. Participants with missing 
data had poorer mental health, were younger, were 
more likely to be born outside of Australia and experi-
enced greater socioeconomic compared with those with 
complete data (online supplemental table S2), suggesting 
that the data were not missing completely at random.

Multiple imputation using chained equations with 50 
imputations was performed to maximise the information 
available and reduce bias due to missing data. The impu-
tation models included all variables in the target analysis 

as well as additional auxiliary variables including mental 
health (2010, 2012, 2013), self-rated health (2010–2014), 
socioeconomic characteristics (2010, 2012) except educa-
tion, parent occupation and wealth which changed 
minimally over time, and Socio-Economic Indexes for 
Areas (SEIFA) score (2011). The mediation analysis was 
conducted on each of the 50 imputed datasets, the mean 
of which was calculated to give an overall estimate of the 
total, direct and indirect effects. SEs were derived using 
Rubin’s Rules for combining the between-imputation 
and within-imputation variance, with the latter obtained 
by bootstrapping of each imputed dataset.38 Results were 
compared with the complete case analysis (secondary 
analysis).

Sensitivity analysis
The effect on the mental health of acquiring a psychoso-
cial impairment is likely to be different from the effect 
associated with other types of impairments. Therefore as 
a sensitivity analysis, we repeated the analysis on a subsa-
mple of the data, removing participants who acquired 
psychosocial impairments, defined as nervous or 
emotional conditions which required treatment, or any 
mental illness which required help or supervision.

Patient and public involvement
We did not directly include patient and public involve-
ment in this study.

RESULTS
Sample selection
Of the 28 794 people who participated in the first 14 waves 
of the HILDA Survey, 14 534 participated in all four waves 
between 2011 and 2014, of which 10 450 were of working 
age and had complete data on disability (figure 2). Based 
on their reported disability status in the four waves, 5652 
people were eligible for inclusion in the sample: 233 
(4.1% acquired a disability) and 5419 did not report a 
disability in any of the waves of analysis. Complete data 
for the exposure, mediators, confounders and outcome 
were available for 4311 participants, 76% of the sample.

Descriptive analysis
Baseline demographic and socioeconomic characteris-
tics of the sample were described for a randomly selected 
imputed dataset (table 1). At baseline, prior to reporting 
a disability, people in the disability sample were older, 
had lower mental health, and were more likely to expe-
rience socioeconomic disadvantage including low educa-
tion; low skilled occupation, unemployment or not in 
the labour force; low income; financial hardship; unaf-
fordable housing; lower social support and frequency 
of socialising; more likely to be current smokers; less 
likely to exercise and higher BMI. They were similar to 
those without disability in terms of sex, country of birth, 
parents’ occupation, wealth, housing tenure, relationship 
status, number of children and alcohol consumption.

https://dx.doi.org/10.1136/bmjopen-2021-055176
https://dx.doi.org/10.1136/bmjopen-2021-055176
https://dx.doi.org/10.1136/bmjopen-2021-055176
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People who acquired a disability had poorer mental 
health than people who did not acquire a disability (mean 
score of 67.9 vs 77.0, table 2). They were also more likely 
to be unemployed or not in the labour force (27.0% vs 
14.6%) and had lower weekly disposable income ($880.4 
vs $1057.9) compared with those with no disability.

Mediation analysis
The TCE of acquiring a disability was estimated to be a 
5-point decline in mental health score (estimated mean 
difference: −4.8, 95% CI −7.0 to –2.7, table  3). The 
results of the four models used to estimate the IIEs and 
the IDE are presented in the supplementary material 
(online supplemental tables S3−S6). The IIE through 
employment was estimated as a 0.5-point decline (−0.5, 
95% CI −1.0 to 0.0), accounting for 10.6% of the total 
effect (95% CI −1.0 to 22.1), and there was no evidence 
of an indirect effect through income (0.0 95% CI 0.0 
to 0.1) nor through the dependence of employment 
and income (0.0, 95% CI 0.0 to 0.0). The results of the 
complete case analysis supported the findings of the 
multiple imputation analysis, with a slight attenuation 
of the magnitude of the TCE and IDE and wider CIs 
(table 3).

Sensitivity analysis
The sensitivity analysis excluding participants with 
psychosocial impairments estimated the TCE to be 
slightly smaller in magnitude (−3.8, 95% CI −6.0 to –1.6, 
table 4) but a similar proportion of the effect mediated by 
employment (11.6%).

DISCUSSION
This study estimated that 10.6% of the effect of disability 
acquisition on mental health was explained by changes to 
people’s employment but none through income. Inter-
ventional effects estimate the effect on mental health of 
equalising the distribution of employment for people 
with and without a disability. Therefore, this study esti-
mated that disability-related mental health inequalities 
could be reduced by 10.6% if employment rates were the 
same for people with disabilities as those without.

Disability acquisition is likely to lead to a decline in 
people’s mental health through a variety of mechanisms. 
A previous analysis using the same data suggested that 
material socio-economic factors accounted for 32% of 
the total effect of disability acquisition on mental health. 
The findings of this study suggest that employment status 

Figure 2  Flow chart illustrating sample selection and missing data. HILDA, Household, Income and Labour Dynamics in 
Australia.

https://dx.doi.org/10.1136/bmjopen-2021-055176
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Table 1  Distribution of baseline demographic, socioeconomic and mental health characteristics for people who acquired a 
disability and those with no disability for a randomly selected imputed dataset

Categorical variables

No disability (n=5419) Disability (n=233)

n % n %

Sex

 � Men 2607 48.1 117 50.2

 � Women 2812 51.9 116 49.8

Country of birth

 � Australia 4116 76.0 181 77.7

 � Other 1303 24.1 52 22.3

Parent occupation

 � High skilled 812 15.0 43 18.5

 � Medium skilled 1817 33.5 80 34.3

 � Low skilled/not in the labour force 2790 51.5 110 47.2

Education

 � Higher education 1906 35.2 46 19.7

 � Secondary education 2611 48.2 120 51.5

 � Less than secondary 902 16.7 67 28.8

Employment status

 � Employed 4698 86.7 186 79.8

 � Unemployed/not in the labour force 721 13.3 47 20.2

Occupation

 � High skilled 2119 39.1 65 27.9

 � Medium skilled 1780 32.9 77 33.1

 � Low skilled 799 14.7 44 18.9

 � Unemployed/not in the labour force 721 13.3 47 20.2

Wealth

 � Highest tertile 2088 38.5 84 36.1

 � Middle tertile 1998 36.9 84 36.1

 � Lowest tertile 1333 24.6 65 27.9

Financial hardship

 � Prosperous/very comfortable 978 18.1 26 11.2

 � Reasonably comfortable 2959 54.6 122 52.4

 � Just getting along/poor/very poor 1482 27.4 85 36.5

Housing tenure

 � Outright owner 1173 21.7 61 26.2

 � Mortgage 2638 48.7 102 43.8

 � Renter 1608 29.7 70 30.0

Housing affordability

 � Affordable 4983 92.0 206 88.4

 � Not affordable 436 8.1 27 11.6

Relationship status

 � In a relationship 4280 79.0 185 79.4

 � Not in a relationship 1139 21.0 48 20.6

Children

 � Yes 1479 27.3 53 22.8

 � No 3940 72.7 180 77.3

Continued
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is a key factor in this pathway, explaining 11% of the total 
effect and a third of the effect explained by material socio-
economic factors. There is evidence from the literature 
that acquiring a disability is associated with decreasing 
employment rates and increased risk of belonging to 
low-income households,34 exposing people to higher 
levels of financial stress. This study suggests that changes 
to people’s employment explained a proportion of the 
effect but not income, suggesting that the benefits of 
employment to mental health operate through pathways 
other than income. It may be that the positive effects of 

employment on mental health result from latent benefits 
such as social contact and social identity.39

This analysis applies a novel approach which addresses 
the limitations of other mediation methods. It estimates 
IIEs which are not defined in terms of cross-world counter-
factuals, logically incompatible exposure states which can 
therefore neither be enforced experimentally nor tested 
empirically,40 41 and can therefore be identified under 
weaker assumptions than natural indirect effects. Inter-
ventional effects are particularly attractive for the analysis 
of multiple mediators because they allow quantification of 

Categorical variables

No disability (n=5419) Disability (n=233)

n % n %

Smoking status

 � Never 2929 54.1 99 42.5

 � Ex 1414 26.1 73 31.3

 � Current 1076 19.9 61 26.2

Alcohol consumption

 � Never 643 11.9 31 13.3

 � Rarely 1824 33.7 96 41.2

 � 1–2 days per week 1262 23.3 44 18.9

 � >2 days per week 1691 31.2 62 26.6

Physical activity

 � >3 times per week 1828 33.7 70 30.0

 � 1–3 times per week 2316 42.7 90 38.6

 � Less than once per week 1275 23.5 73 31.3

Continuous variables Mean SD Mean SD

Age 43.9 10.1 48.3 9.6

Weekly income ($A) 984.9 612.6 827.0 519.5

Social support 5.6 1.0 5.2 1.1

Frequency of socialising 4.4 1.4 3.9 1.6

BMI (kg/m2) 26.5 5.0 28.2 5.5

Mental health at baseline 77.3 14.2 70.2 18.7

BMI, body mass index.

Table 1  Continued

Table 2  Distribution of mental health (2014), employment status (2013) and income (2013) for people who acquired a 
disability and those with no disability for a randomly selected imputed dataset

No disability (n=5419) Disability (n=233)

Outcome (continuous) Mean SD Mean SD

 � Mental health (measured in 2014) 77.0 14.8 67.9 20.6

Mediator 1 (categorical) n % n %

 � Employment status (measured in 2013)

  �  Employed 4626 85.4 170 73.0

  �  Unemployed/not in the labour force 793 14.6 63 27.0

Mediator 2 (continuous) Mean SD Mean SD

 � Weekly income ($A, measured in 2013) 1057.9 654.6 880.4 579.2
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effects via distinct pathways even if the structural depen-
dence between mediators is unknown.22 Furthermore, 
interventional effects quantify average population-level 
effects representing the effect of shifting the distribu-
tion of the mediator in the population to what would be 
expected if everyone in the population was exposed. This 
population average effect is a more realistic estimate than 
natural effects which estimate individual causal effects.23

There were also a number of strengths relating to the 
data and the analysis. The longitudinal nature of the data 
was used to establish a temporal sequence between the 
baseline variables, exposure, mediators and outcomes 
to better model the causal relationships. This analysis 
examined incident disability, comparing people who 
acquired a disability to those who reported no disability, 
to account for differences between the groups prior to 
disability to maximise causal inference. It also adjusted 
for baseline values of the mediators and baseline mental 
health so that the indirect effects can be interpreted 
as the effect of changes in the mediators as a result of 
disability acquisition. There were a number of limita-
tions. Causal mediation analysis relies on strong assump-
tions about confounding for the estimates to have a 
causal interpretation.36 This analysis controlled for a 

large number of baseline variables, measured prior to 
disability acquisition, which should have accounted for 
differences in measured variables between the exposure 
groups. However, it is possible that there may have been 
some mediator-outcome confounding. There were only 
233 people who acquired a disability in our dataset, which 
resulted in low power to detect effects, particularly when 
partitioning the effect into direct and indirect effects 
through additional variables. Employment was examined 
as a binary variable due to limitations of the methods 
which cannot model categorical mediators. This coarse 
classification of employment may have underestimated 
the indirect effect through employment. We examined 
mediators in 2013, in the same wave of data that people 
first reported a disability. It is possible that changes to 
employment and income resulting from disability acqui-
sition may become apparent prior or subsequent to 2013 
than we examined in this analysis, which may have led 
to an underestimate of the effect operating through 
employment and income. However, the biggest change 
in the distribution of employment status and income 
for individuals in the sample who acquired a disability 
occurred in 2013, therefore it is unlikely to have substan-
tially biased the results. All variables were self-reported 

Table 3  Results of the interventional mediation analyses estimating total, direct and indirect effects of disability acquisition on 
mental health, with mediation through employment (M1) and income (M2)

Coeff 95% CI % mediated (95% CI)

Multiple imputation

 � TCE −4.8 −7.0 to −2.7

 � IDE −4.0 −6.1 to −1.9

 � IIE through employment (M1) −0.5 −1.0 to 0.0 10.6 (−1.0 to 22.1)

 � IIE through income (M2) 0.0 0.0 to 0.1 −0.5 (−1.6 to 0.6)

 � IIE from dependence of M1 and M2 0.0 0.0 to 0.0 0.0 (−0.1 to 0.1)

Complete case analysis

 � TCE −4.1 −6.4 to −1.8

 � IDE −3.6 −5.2 to −0.9

 � IIE through employment (M1) −0.7 −1.4 to 0.0 17.0 (−1.4 to 35.3)

 � IIE through income (M2) 0.0 −0.1 to 0.1 0.0 (−3.1 to 3.2)

 � IIE from dependence of M1 and M2 0.0 −0.1 to 0.1 −0.1 (−3.2 to 3.0)

IDE, interventional direct effect; IIE, interventional indirect effect; TCE, total causal effect.

Table 4  Results of the sensitivity analysis excluding people with psychosocial impairments

Coeff 95% CI % mediated

Multiple imputation

 � TCE −3.8 −6.0 to −1.6

 � IDE −3.0 −5.2 to −0.9

 � IIE through employment (M1) −0.4 −0.9 to 0.1 11.6 (−16.2 to 39.4)

 � IIE through income (M2) 0.0 0.0 to 0.1 −0.4 (−2.9 to 2.2)

 � IIE from dependence of M1 and M2 0.0 0.0 to 0.0 0.0 (−0.3 to 0.2)

IDE, interventional direct effect; IIE, interventional indirect effect; TCE, total causal effect.
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and therefore prone to measurement error, which may 
have introduced bias if the degree of error was different 
between the exposure groups. There were missing data 
for 24% of participants in the sample, however, we used 
multiple imputation which is likely to have controlled 
for selection bias from missing data. Finally, the HILDA 
sampling frame included residents of private dwellings. 
People with severe disabilities, who may be more likely 
to live in non-private dwellings such as nursing homes or 
group homes, are likely to be under-represented in the 
sample.

The finding that disability-related mental health 
inequalities could be reduced by approximately 11% 
by equalising employment rates between people with 
and without disabilities has important implications. The 
results suggest that employment status is a mediator 
of the relationship between disability acquisition and 
mental health and that increasing employment rates for 
people with disability may reduce mental health inequali-
ties. Further research is needed to understand how other 
aspects of employment contribute to the relationship as 
well as studies with larger sample sizes given the large 
uncertainty in the estimates of indirect effects.
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