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Supplementary Appendix SI

Administration procedure of the Malaise Inventory in the NCDS and BCS70
In both surveys the Malaise items were assessed via written via self-completion but on the 1970 cohort it was on paper, whereas on the 1958 cohort via computer. In the 1970 cohort Age 42 survey the Malaise scale was included as part of the paper self-completion questionnaire.  This was posted to respondents ahead of their interview and in the majority of cases was completed before the visit so that the interviewer could pick it up when they arrived to do the main interview.  It was a 16 page questionnaire – and Malaise was towards the end on page 15. Before completing the Malaise the respondent would have answered questions about:  Leisure activities, Sports participation, a series of attitude questions, political interest, voting, membership of organisations, TV watching, reading, computer use, religion, diet, then on page 13 – the Warwick Edinburgh Mental Well Being Scale, the AUDIT scale (problematic alcohol use) and sleep quality.  In NCDS (1958 cohort) Age 42 survey the Malaise scale was included in the computerised self-completion (CASI) section at the end of the interview.  Within the CASI module, the Malaise scale was preceded by the following:  Attitudes, relationship satisfaction, sharing of domestic labour, the General Health Questionnaire (GHQ), and questions about skills.  The CASI module comes after the full interview which within the health module contains further questions about mental health conditions.

    The establishment of between cohort measurement invariance of the Malaise Inventory implies that the observed differences were due to valid between cohort variation in levels of psychological distress and not an artefact of cohort differences in the administration procedure, or other forms of systematic measurement error such as response style, item comprehension or social desirability.  It has also shown that differences in the administration procedure, paper versus computer assisted completion for example,  are unlikely to introduce bias (De Leeuw and Hox, 2011).  Based on between cohort strong invariance and the previous literature, we are confident that differences in the administration procedure have not influenced our findings
Supplementary Appendix SII
Unidimensional 2 parameter probit latent variable measurement model
   We modelled the probability of response to the binary Malaise inventory items with a latent variable specification of a 2 parameter probit model (Muthen, 1984, Rabe-Hesketh and Skrondal, 2008). The model is presented in Diagram 1, where 𝛉 represents latent (unobserved) psychological distress, which is assumed to have a normal distribution N ~ (0, 1), λ is the factor loading that captures the strength of the association between the latent variable 𝛉 and the observed items and τ is the threshold or “difficulty” parameter which quantifies the level of the latent continuum that underlies each item that needs to be reached for a response to an observed item to switch from 0 to 1. 
Diagram 1. Measurement model of the Malaise Inventory
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for i=1,…, Ij (Ij being the number of observed indicators for latent variable j). We also assume that 
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  is a diagonal matrix and COV stands for covariance.

Model (1) can be equivalently expressed as: 
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 is the cumulative standard normal distribution and [image: image22.png]¢t



 is the probit link
    With this approach measurement error in the observed Malaise inventory items is controlled since the latent dimension 𝛉j captures only the common variation in these and leaves out unique to each item variance (measurement error - εij) that is not due to latent 𝛉. However, additional sources of error may arise in between cohort comparisons from  differences in the comprehension of items and in response tendencies which may vary by cohort so their distribution as sources of error cannot be assumed to be uniform between cohorts (Meredith, 1993). In order to obtain a meaningful comparison between the NCDS and BCS70 with respect to psychological distress (𝛉j) the measurement parameters (τ and λ) of the model need to function equivalently between the two cohorts. To empirically test this assumption we estimated a multigroup, two parameter probit model, where measurement model parameters (τ and λ) were not allowed to vary between the two cohorts.
Table 1. Factor loadings and thresholds of all estimated measurement models 

	Men 1958
	Men 1970

	Factor Loading (λ)
	Threshold (τ )
	Factor Loading (λ)
	  Threshold (τ )

	0.606
	0.579
	0.651
	0.402

	0.829
	0.97
	0.855
	0.848

	0.811
	0.305
	0.785
	0.096

	0.684
	1.731
	0.688
	1.770

	0.764
	1.673
	0.797
	1.490

	0.758
	0.983
	0.764
	0.603

	0.836
	1.610
	0.852
	1.413

	0.848
	1.806
	0.857
	1.251

	0.675
	1.561
	0.768
	1.362

	Women 1958
	Women 1970

	Factor Loading (λ)
	Threshold (τ )
	Factor Loading (λ)
	Threshold (τ )

	0.602
	0.266
	0.621
	0.121

	0.819
	0.718
	0.844
	0.766

	0.738
	-0.124
	0.751
	-0.277

	0.587
	1.598
	0.691
	1.912

	0.725
	1.292
	0.747
	1.254

	0.749
	0.690
	0.785
	0.410

	0.846
	1.532
	0.869
	1.398

	0.869
	1.584
	0.855
	1.198

	0.680
	1.253
	0.747
	1.223

	Multigroup – Scalar Invariance
	
	

	Factor Loading (λ)        Threshold (τ )
	

	0.600
	0.273
	
	

	0.802
	0.762
	
	

	0.740
	-0.116
	
	

	0.582
	1.605
	
	

	0.702
	1.332
	
	

	0.767
	0.632
	
	

	0.850
	1.520
	
	

	0.894
	1.522
	
	

	0.669
	1.271
	
	


Table 2. Goodness of fit criteria of the unidimensional Malaise inventory two parameter probit model
	Model
	CFI
	TLI
	RMSEA
	RMSEA 95% Confidence Interval

	Men 1958
	0.986
	0.981
	0.034
	0.030 to 0.038

	Men 1970
	0.988
	0.984
	0.040
	0.034 to 0.045

	Women 1958
	0.985
	0.980
	0.038
	0.034 to 0.042

	Women1970
	0.988
	0.985
	0.038
	0.033 to 0.034

	Multigroup - Scalar
	0.984
	0.982
	0.037
	0.035 to 0.039

	Multigroup - Configural
	0.987
	0.982
	0.037
	0.035 to 0.040


Supplementary Appendix III – Model adjustment strategy

Directed Acyclic Graph 1. Total effect of X on Y
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 “X” represents year of birth/cohort indicator and “Y” the between cohort equivalent latent psychological distress as captured by the nine item Malaise Inventory. “Y” is regressed on “X”, the coefficient captures the between cohort difference on psychological distress.
Directed Acyclic Graph 2. Introducing M as the mediator
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What we really want to do - Mediation

X

M

Y

“M” is introduced as the mediator. We hypothesise that at least part of the effect of “X” on “Y” is via “M”. In this instance “M” are birth characteristics. We report the Natural Indirect Effect from models that include only the year of birth/cohort indicator “X”, one birth characteristic at a time as mediator “M” (birthweight for example) and psychological distress “Y” as the outcome. 
Directed Acyclic Graph 3. Intermediate confounding
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Mediator/Outcome – Intermediate confounding
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In this scenario which relevant to child and adult characteristics as mediators, “L” is an intermediate confounder, since it confounds the association between the mediator “M” and the outcome “Y”, but at the same time is influenced by the exposure “X”.  Although not explicitly of interest in our study, the associations between the various mediators and year of birth may result in intermediate confounding (De Stavola et al., 2015). For example, from the set of consistent mediators, conduct problems in men mediate the association between year of birth and psychological distress but simultaneously confound the association between partnership status at 33 and psychological distress at 42. In the presence of intermediate confounding in nonlinear systems, the Natural Indirect Effect can be identified in the absence of individual level exposure mediator interaction (Robins and Greenland, 1992). We tested for two way interactions between year of birth and all mediators and found weak or no evidence for interaction. Further analysis where interactions terms were included in the model returned very similar Controlled Direct and Natural Direct Effects, indicating that the mediation effect captured by the Natural Indirect Effect is not substantially biased by the presence of intermediate confounders. We note that we obtained similar results with alternative mediation methods that do not assume the absence of intermediate confounding but make alternative assumptions (MacKinnon et al., 2007), or to date are not available for use in conjunction with latent variables 
 ADDIN EN.CITE 

(Daniel et al., 2011, Vanderweele et al., 2014)
. These findings reinforced our interpretation that the observed results are not biased by the presence of intermediate confounders in our data. Since the NIE was the quantity of interest and not the remaining not mediated “direct” effect, all models were adjusted with variables from previous stages of the life course. For example when a child characteristic (conduct problems) was assessed as a mediator, the model was adjusted for parental and birth characteristics. When an adult characteristic was modelled as a mediator, the model was adjusted for birth, parental and child characteristics.
Directed Acyclic Graph 4. “L” as a collider
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Mediator/Outcome – Collider
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This is a similar scenario to DAG 3, but instead of an intermediate confounder, “L” is now influenced by the mediator “M”. “L” is a child of both “X” and “M” and is therefore a “collider” that shouldn’t be adjusted for in the models. The model in this case is specified as in the scenario presented in DAG3.  An example of a collider in our paper is number of children by age 42 (“L”), which is associated with psychological distress “Y”, but at the same time is influenced by maternal years of education “M” and year of birth “X”.
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