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1 Key Messages

2  Health care evaluation models and simulations can help to assess and 

3 prioritize preventive policies in different age groups, and assess their potential 

4 impacts on social inequalities

5  Using data from the 1958 National Child Development Study British birth 

6 cohort and a potential outcome approach, simulations showed that a 

7 counterfactual scenario with reduced adverse childhood experience (ACE) and 

8 higher education was associated with a decrease in premature mortality

9  Mortality in a counterfactual scenario with reduced ACE and higher education 

10 was close to the mortality in a counterfactual scenario with reduced smoking in 

11 adulthood 

12  Counterfactual scenarios with reduced ACE, higher education or reduced 

13 smoking were associated with larger decreases in mortality among individuals 

14 whose parents had a low educational level, suggesting that strengthening 

15 interventions in early deprived environments could reduce social inequalities

16

17

18

Page 2 of 37International Journal of Epidemiology



3

1 Abstract

2 Background. Health care evaluation models can be useful to assign different levels 

3 of priority to interventions or policies targeting different age groups or different 

4 determinants of health. We aimed to assess early mortality in counterfactual 

5 scenarios implying reduced adverse childhood experience (ACE) and/or improved 

6 educational attainment (childhood and early life characteristics), compared to a 

7 counterfactual scenario implying reduced smoking in adulthood.

8 Methods. We used data from the 1958 National Child Development Study British 

9 birth cohort, which initially included 18 558 subjects. Applying a potential outcome 

10 approach, scenarios were simulated to estimate the expected mortality between age 

11 16 and 55 under a counterfactual decrease by half of the observed level of exposure 

12 to (i) ACE, (ii) low educational attainment (at age 22), (iii) ACE and low educational 

13 attainment (a combined exposure), (iv) smoking at age 33. Estimations were 

14 obtained using g-computation, separately for men and women. Analyses were further 

15 stratified according to the parental level of education to assess social inequalities. 

16 Results. The study population included 12 164 members. The estimated decrease in 

17 mortality in the counterfactual scenarios with reduced ACE and improved educational 

18 attainment was close to the decreased mortality in the counterfactual scenario with 

19 reduced smoking, showing a relative difference in mortality of respectively -7.2% 

20 (95%CI = [-12.2% to 1.2%]) versus -7.0% [-13.1% to +1.2%] for women, and -9.9% 

21 [-15.6% to -6.2%] versus -12.3% [-17.0% to -5.9%] for men.  

22 Conclusion. Our results highlight the potential value of targeting early social 

23 characteristics such as ACE and education, compared to well-recognized 

24 interventions on smoking.

Page 3 of 37 International Journal of Epidemiology



4

1

2 Keywords: 

3 Decision Support Techniques; Health Policy; Social Determinants of Health; 

4 Education; Adverse Childhood Experiences; Smoking; 

Page 4 of 37International Journal of Epidemiology



5

1 Introduction

2 A growing body of literature is advocating for policies and public health interventions 

3 to reduce health inequalities and the related incidence of chronic diseases.[1-3] Tools 

4 such as health-care evaluation models can be useful to inform and support policy 

5 makers to prioritize decisions. These models are “analytic methodologies that 

6 account for events over time and across populations, based on data drawn from 

7 primary and/or secondary sources, and whose purpose is to estimate the effects of 

8 an intervention on valued health consequences and costs”.[4] Using these tools, 

9 several competing health policies could be modelled and compared. 

10 A large body of evidence emphasizes the importance of the early years of life in 

11 constructing health in adulthood. The socio-economic environment during pregnancy 

12 as well as the socio-economic position (SEP) of the parents have been shown to 

13 predict various health outcomes.[5-8] Educational attainment in young adulthood is a 

14 predictor of both future SEP and future health behaviors, such as smoking.[9,10] 

15 Assessing the priority of early life interventions compared to interventions in 

16 adulthood using experimental designs would require extremely difficult and costly 

17 long-term studies. Therefore, quantification of long term results using models and 

18 simulations might be a valuable approach to assign different levels of priority to 

19 interventions and policies targeting different age groups or different determinants of 

20 health. Microsimulation models have been developed and used by suppliers of health 

21 insurances, health care services and governments to guide their choices.[11] 

22 Weinstein et al. pointed out that the quality of these models depends on (i) a relevant 

23 causal structure, consistent with theory, (ii) relevant data and (iii) models 

24 validation.[4]
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1 Various methods have been applied. For example, Lhachimi et al. identified several 

2 quantitative methods in health impact assessment enabling to model changes in risk 

3 factors and their effects on health, in different real-life populations.[12] Briggs et al. 

4 presented a taxonomy of modeling methods to assess public health interventions, 

5 outlining decision trees, comparative risk assessment, Markov models, system 

6 dynamic models, discrete event simulations, and agent-based models, as well as the 

7 use of multistate lifetables and microsimulations.[13] In order to estimate the potential 

8 impact of social policies, several simulation approaches have been developed for 

9 various health questions: impact of cancer screening, transmission of infectious 

10 diseases, and effect of diagnosis and treatment of chronic diseases.[14]

11 Based on the literature, we assume that policies during childhood could produce a 

12 large impact, directly on health and indirectly through health behaviors by multiple 

13 causal chains along the lifecourse. Using a potential outcome approach and 

14 individual data from a cohort, we aimed to provide information quantifying the 

15 potential impact of policies in childhood and early life, compared to policies applied 

16 later in adulthood, and thus help prioritize prevention policies among different age 

17 groups. More precisely, we compared a counterfactual scenario combining reduced 

18 adverse childhood experiences (ACE) and improved education to a counterfactual 

19 scenario with reduced smoking in adulthood (a classic health behavior targeted in 

20 public health policies).

21 One additional objective was to assess social inequalities in health and particularly to 

22 quantify the results when targeting populations of lower socio-economic position. This 

23 approach would allow exploring the effectiveness of proportionate universalism.[15] 

24

25 Methods
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1 We used data from the 1958 National Child Development Study (NCDS) which 

2 included all births during one week in 1958 (n=18 558) in Great Britain.[16-19] 

3 Subsequent data collections were carried out on cohort members aged 7, 11, 16, 23, 

4 33, 42, 46, 50 and 55. The NCDS has been described in detail elsewhere.[20] 

5 Information was collected on economic, medical, developmental and social aspects 

6 of their lives.

7 ACE was measured from data collected between 7 and 16 years old. We therefore 

8 included members who were alive at 16 years old. We excluded members with one 

9 or more missing sweep between birth and 16 years old to avoid creating the ACE 

10 measure from extensive missing information.

11 We aimed to simulate counterfactual scenarios with the following features:

12 1) The model relies on an explicit causal framework (working causal model) which 

13 could be applied to other cohorts. The conceptual model was simple, using adverse 

14 childhood experience, educational level in early adulthood, and smoking at 33 years 

15 of age as exposures of interest (Figure 1).

16 2) The approach includes socio-economic and behavior variables of interest as well 

17 as other relevant variables (confounding factors: social position, different health 

18 behaviors, context variables, health status and measurements, etc.) in the causal 

19 structural framework.

20 3) Counterfactual scenarios are defined by a change in the distribution of the 

21 exposure of interest. This approach is referred to as “stochastic interventions” in the 

22 literature.[21] 

23 4) Results are also estimated after stratification on early socio-economic position 

24 (parental educational level), in order to assess social inequalities.

25 (Figure 1 here)
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1

2 Variables

3 The outcome (Y) was mortality before 55 years of age. All deaths up to 31th 

4 December 2013 (before 55 years old) have been collected and systematically 

5 ascertained through a variety of sources, including death certificates supplied by the 

6 National Health Service Central Register.[20,22] 

7 Exposures of interest: Counterfactual scenarios were simulated for various 

8 exposures of interest at 2 different life periods.

9 1) In early life, which should affect mortality mostly indirectly through a set of social, 

10 psychosocial and behavioral (including smoking) pathways:

11 - “Adverse childhood experience” (ACE), defined as: ”intra-familial events or 

12 conditions causing chronic stress responses in the child’s immediate 

13 environment, including notions of maltreatment and deviation from societal 

14 norms, where possible to be distinguished from conditions in the 

15 socioeconomic and material environment”.[23] The concept of ACEs arose in 

16 the late 1990s with the “ACEs’ study”, which showed a dose-response 

17 relationship between adverse events and conditions in childhood and causes 

18 of death.[24] Kelly-Irving et al. recently reviewed the emergence of the ACEs 

19 framework in the field of social epidemiology, epidemiological evidences and 

20 limitations of the concept.[25] 

21 - Member’s educational level at age 22 (a proxy of adolescents and young 

22 adults socio-economic position). 

23 2) In adulthood, exposure to smoking at age 33, which should affect mortality more 

24 directly, through cancers and cardiovascular diseases.
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1 Counterfactual scenarios were firstly simulated separately for each exposure of 

2 interest, a change in the joint distribution was then considered for the combined 

3 exposure to ACE and educational level.

4 Confounders (denoted L): other variables depicted in Figure 1 were considered as 

5 potential confounders.

6 Exposures and confounders are fully described in Table 1. The set of confounders (L) 

7 taken into account in each analysis depends on the exposure under study: every 

8 variable preceding the exposure under study in the causal model is included in the 

9 set L. 

10 (Table 1 here)

11

12 Statistical methods

13 Estimated parameters in the counterfactual scenarios under study

14 The expected mortality before 55 years old has been estimated in the following 

15 counterfactual scenarios, in which we halved the exposure: (i) to ACE, (ii) to a low 

16 educational attainment, (iii) to ACE and to a low educational attainment (a combined 

17 exposure focusing on children and adolescents), and (iv) to smoking at 33 years old. 

18 Counterfactual changes in the exposure distributions were applied among members 

19 alive at the time of the exposure of interest at each step.

20 For an exposure of interest (denoted A), the target causal parameters were defined 

21 as differences ( ) and relative differences ( ) between the mortality under the Ψ𝑑𝑖𝑓 Ψ𝑟𝑒𝑙

22 observed level of exposure to A and the mortality had the level of exposure to A been 

23 halved:

24  and , where  denotes the Ψ𝑑𝑖𝑓 = 𝔼(𝑌𝑃𝛿
) ―𝔼(𝑌𝐴 = 𝑜𝑏𝑠) Ψ𝑟𝑒𝑙 =

𝔼(𝑌𝑃𝛿) ― 𝔼(𝑌𝐴 = 𝑜𝑏𝑠)

𝔼(𝑌𝐴 = 𝑜𝑏𝑠) 𝔼(𝑌𝐴 = 𝑜𝑏𝑠)

25 expected potential outcome (mortality before 55 years old) under the observed level 
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1 of exposure and  is the expected potential outcome, had the level of exposure 𝔼(𝑌𝑃𝛿
)

2 been divided by  = 2 in the study population. 

3 Under the randomization assumption (no residual confounding given ) and the 𝐿

4 consistency assumption (  implies that the potential outcome  is equal to the 𝐴 = 𝑎 𝑌𝑎

5 observed value ),  was estimated from the observed mean , and 𝑌 𝔼(𝑌𝐴 = 𝑜𝑏𝑠) 𝔼(𝑌) 𝔼

6  was estimated using g-computation.[21] Logistic regressions were used to (𝑌𝑃𝛿
)

7 estimate conditional expectations of the outcome, denoted , 𝑄(𝐴,𝐿) = 𝑃(𝑌 = 1|𝐴,𝐿)

8 and treatment mechanism . From the estimated  functions, 𝑔(𝐿) = 𝑃(𝐴 = 1|𝐿) 𝑄(𝐴,𝐿)

9 we predicted mean probabilities of death for each member i under the counterfactual 

10 exposure  or  (denoted  and ). The counterfactual scenario 𝐴 = 1 𝐴 = 0 𝑄(1,𝐿)𝑖 𝑄(0,𝐿)𝑖

11 was defined as dividing by  the treatment mechanism . In 𝛿 = 2 𝑃𝛿(𝐿) =
𝑔(𝐿)

𝛿

12 counterfactual scenarios the mean mortality can be written using the g-𝔼(𝑌𝑃𝛿
) 

13 formula:[21] 

14 , 𝔼(𝑌𝑃𝛿
) = ∑

𝑙 ∈ 𝐿[𝑄(1,𝐿 = 𝑙) × 𝑃𝛿(𝐿 = 𝑙) + 𝑄(0,𝐿 = 𝑙) × [1 ― 𝑃𝛿(𝐿 = 𝑙)]] × 𝑃(𝐿 = 𝑙)

15 which was estimated by direct standardization

16 .𝔼(𝑌𝑃𝛿
) =

1
𝑛∑𝑛

𝑖 = 1[𝑄(1,𝐿 = 𝑙) × 𝑃𝛿(𝐿 = 𝑙) + 𝑄(0,𝐿 = 𝑙) × [1 ― 𝑃𝛿(𝐿 = 𝑙)]]

17 In counterfactual scenarios changing the joint exposure to ACE and educational 

18 level, a reduced exposure to ACE has a first indirect effect on the level of exposure to 

19 a low educational level, which is then reinforced in the joint exposure, when reducing 

20 the level of exposure to low educational level. Computational details are given in the 

21 supplementary online document. Statistical analyses were computed using Stata SE 

22 v14 and R v3.4 with the Stremr package to estimate the expected potential 

23 outcomes.[26] 
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1 Estimations were computed separately for men and women. In order to study social 

2 inequalities defined by the early childhood socioeconomic environment, analyses 

3 were also performed with and without stratification on parental level of education.

4 Multiple imputation using chained equations has been applied for missing data and 

5 the 95% CI were estimated by bootstrapping.[27,28] 

6

7 Results

8 In the 1958 NCDS cohort, 17,685 members were alive at 16 years old. We excluded 

9 5521 members who had at least one missing sweep between birth and 16 years old. 

10 The study population included 12,164 members.

11 Variables at baseline, 23 years old, 33 years old and deaths during follow-up are 

12 described in Table 2. After multiple imputation, parents had a limited education for 

13 65.4% of men and 64.1% of women; high ACE was observed among 12.0% of men 

14 and 9.5% of women; 31.4% of men and 34.8% of women did not pass O levels; and 

15 33.2% of men and 32.5% of women were smokers at 33 years old. We studied 

16 counterfactual interventions that would halve these prevalences. In the selected 

17 population, 271 men (4.4%) and 168 (2.9%) women died before 55 years old. 

18 (Table 2 here)

19 Results in the counterfactual scenarios under study are shown in Table 3 for the 

20 whole population of men and women. The estimated relative difference in mortality 

21 characterizing a counterfactual improvement of member’s educational level was 

22 -7.20% [-13.24%; -3.03%] among men and -4.43% [-8.97%; +2.40%] among women. 

23 In women, the estimated effect of a combined counterfactual exposure decreasing 

24 ACE and improving educational level was about the same as in the counterfactual 
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1 scenario reducing smoking in adulthood: the relative difference was -7.19% (95% CI 

2 = [-12.24%; +1.18%]) versus -7.01% [-13.08%; +1.17%].  In men, the estimated 

3 effect of the combined counterfactual exposure in childhood was slightly smaller than 

4 the estimated effect of a counterfactual decrease on smoking, with relative 

5 differences of -9.95% [-15.60%; -6.24%] versus -12.29% [-16.95%; -5.91%].

6 (Table 3 here) 

7 Results stratified by the educational level of the parents are shown in Table 4.  In 

8 counterfactual scenarios with reduced smoking exposure, the estimated effect was 

9 larger among men whose parents had low educational level. An opposite trend was 

10 estimated for women. In counterfactual scenarios combining a reduced ACE and 

11 improved educational attainment, the estimated relative effects were larger among 

12 men and women whose parents had low educational level: -12.14% [-18.62%; 

13 -6.26%] versus -4.84% [-10.49%; -0.82%] in men and -8.90% [-15.93%; -0.07%] 

14 versus -3.28% [-10.82%; +4.70%] in women (tables 3). In Figure S1 (supplementary 

15 document), the estimated absolute decrease in mortality in the counterfactual 

16 scenarios combining change on ACE and education, or on smoking, was slightly 

17 larger among people whose parents had low educational level (except for the 

18 intervention on smoking among women).

19 (Table 4 here) 

20

21 Discussion

22 Main findings
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1 Our results suggest that promoting policies and interventions in early life that would 

2 decrease ACE and improve education could reduce premature mortality, with an 

3 effect close to the effect achieved by interventions that would reduce smoking in 

4 adulthood. In the stratified analyses, counterfactual scenarios with reduced ACE, 

5 higher educational level or reduced smoking were associated with stronger effects 

6 among individuals whose parents had a low educational level (except for smoking 

7 among women), suggesting that strengthening policies in early deprived 

8 environments could reduce social inequalities, in accordance with proportionate 

9 universalism. 

10 Strengths and limitations

11 Considering the prevalence of the exposures of interest is essential to interpret the 

12 results: by definition, the estimated impact of stochastic counterfactual exposures 

13 depends on both the observed prevalence and the relative risk related to the 

14 exposure. For example, stronger impacts could be expected in counterfactual 

15 scenarios in which the exposure to low educational level was decreased by half (from 

16 approximately 33% to 16.5%) compared to scenarios in which the exposure to ACE 

17 was decreased by half (from approximately 11% to 5.5%).  

18 Some limitations relate to measurement issues and definition of the exposures of 

19 interest. Measurement errors are probably much smaller for smoking than for ACE 

20 which is less clearly defined and difficult to quantify. In this respect, non-differential 

21 measurement errors can result in underestimation of the potential impact of 

22 interventions. Moreover, the consistency assumption is questionable for several 

23 exposures of interest, making it more difficult to shape interventions or policies that 

24 would achieve a given level of exposure. This assumption “entails that the exposure 

25 is defined with enough specificity that different variants of the exposure do not have 
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1 different effects on the outcome”.[29] The concepts behind educational level and the 

2 mechanisms involved are multidimensional: do we care about literacy, self-esteem, 

3 self-efficacy, confidence in the future, or material means to go to college and 

4 university? Mixing the content of education can violate the consistency assumption 

5 and induce misclassification of subjects. Similarly, the conceptual components of 

6 ACE have been debated and are subject to historical and geographic variations.[25] 

7 The variable ambiguity in the definition of each exposure makes them difficult to 

8 compare. However, it is noteworthy that studies estimating the effect of compulsory 

9 school laws as natural experiments, for which interventions are more specifically 

10 defined, showed results consistent with ours, suggesting that increased educational 

11 attainment reduces mortality, potentially through a decrease in smoking and 

12 obesity.[30] Regarding intervention strategies to address ACEs, concerns have been 

13 raised about the inappropriate use of the ACE score as a screening tool at the 

14 individual level.[25,31] Larkin et al. gave examples of strategies based on public 

15 health and social science research. They recommended the development of 

16 integrated and multidisciplinary service structures to support parents and families, at 

17 the level of the community.[32] Interventions should focus on structural changes (e.g. 

18 economic support for families, social norms, quality child care, early life education, 

19 parenting skills) in order to avoid individual deterministic interpretations and 

20 stigmatization of families and children.[25] Overall, effective social work activities 

21 targeting the social environment during childhood could lead to societal cost-savings, 

22 which should be assessed in collaboration with economists.[32] 

23 Other simulation methods, such as Markov-based modeling or agent-based models, 

24 can be more versatile to combine data from multiple sources in complex longitudinal 

25 structures.[13,33] But they also rely on a larger number of unverifiable assumptions. 

Page 14 of 37International Journal of Epidemiology



15

1 Some authors pointed out the advantage in inferring results from real-world data 

2 rather than relying too heavily on simulated mathematical models of reality.[34,35] 

3 Using individual data and observed joint distributions from actual cohorts as in our 

4 analysis, can strengthen the internal validity of the results. Such approaches can be 

5 based on explicit statements about the causal assumptions to estimate the effects of 

6 counterfactual interventions.[36] They can also be used in a lifecourse perspective for 

7 time varying exposures, integrating baseline and time varying confounders.[37]

8 Some limitations and constraints also arise from using cohorts. Potentially important 

9 confounders might be missing, especially for early exposures (for example, variables 

10 characterizing the child’s socioeconomic environment and health). 

11 Representativeness of cohorts can be limited by the sample selection. The variables 

12 collected and the availability of outcomes of interest might also be limited. In the 1958 

13 NCDS cohort, the sample is representative of a British population born in 1958, but 

14 due to the historical delay, the causal relationships and the intensity of the relations 

15 might be different nowadays. Moreover, it was not possible to study mortality after 55 

16 years old. The proportion of low educational attainment or smoking has decreased 

17 during the last decades, which probably results in an overestimation of our estimates. 

18 As an example for comparison, Blakely et al. simulated the expected health benefit 

19 from an ongoing tobacco tax increase scenario, taking into account the expected 

20 decrease in smoking between 2011 and 2061 in the “no intervention” scenario. They 

21 estimated a much smaller decrease in mortality than in our estimates (relative 

22 differences in mortality ranging from -0.11% to -2.22%, depending on sex, age, and 

23 ethnicity).[38] Regarding the limitation related to the maximum length of follow-up, 

24 several studies showed a moderate association between ACEs and disease 

25 occurring later in life (cancers, heart disease, respiratory disease).[39] An interesting 
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1 perspective would be to study whether decreasing the exposure to ACEs can have a 

2 sustained effect beyond the age of 60. This would require cohorts with older 

3 participants or waiting for future evaluations in the 1958 NCDS cohort.

4 The fundamental cause of health inequalities as stated by Link and Phelan might be 

5 another theoretical limitation: social factors embody access to a large set of 

6 resources (money, knowledge, prestige, power …), affecting diseases through 

7 multiple mechanisms, thus making individual-based interventions focusing on a 

8 single resource ineffective.[40] Under this theory, systems models should be much 

9 more complex than our simple models, integrating larger sets of resources, context 

10 and their possible interactions. Arnold et al discuss the differences between directed 

11 acyclic graphs (DAG)-informed regression modeling, microsimulation and agent-

12 based modeling, in the current paradigm of causal inference in epidemiology.[33] Our 

13 method is closer to DAG-inform regression modeling, while agent-based models 

14 might be more appropriate to explore how social phenomena emerge in complex 

15 systems, by agent-to-agent or agent-environment interactions. More specifically, El-

16 Sayed et al. described how agent-based modeling and social network analysis can 

17 be used for a better integration of social interactions operating at the macro- and the 

18 micro-scale.[41] Applications can be found in the literature, for example to explore the 

19 role of economic segregation on healthy eating, or to study marginalization of 

20 minorities induced by the evolution of smoking behaviors, but their number is still 

21 limited.[42,43] 

22 The predictive validity of simulation models beyond the context and timeframe of the 

23 data under study is particularly difficult to assess, as future events are not available 

24 at the time the model is developed.[4,35]  Providing realistic estimations to fuel the 

25 political and social debate is thus particularly challenging. External validity of these 
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1 approaches will have to be evaluated, comparing results from different cohorts, or 

2 trying to validate estimations based on external data. 

3 Other simulation studies have been carried out to assess health policies targeting 

4 tobacco use and health disparities. For example, Over et al. showed health gains 

5 with a reimbursement of cessation support or a tax increase scenario in groups of 

6 various socioeconomic status (SES).[44] But while health outcomes appeared to be 

7 improved in the lowest SES group, the expected benefits were greater in higher SES 

8 groups and both simulated policies were not associated with a reduction in 

9 socioeconomic differences. Moreover, the lowest SES group has the most 

10 unfavorable incremental cost-effectiveness ratio.[44] On the other hand, Blakely et al 

11 showed how tobacco taxes could reduce mortality and health inequalities measured 

12 by ethnicity.[38]

13 In the literature, randomized intervention on schooling to improve access to early 

14 education or quality of schooling showed improvement of health outcomes.[45] 

15 Based on several European populations, some authors showed on the contrary that 

16 larger proportions of educated populations could be associated with a decreased life 

17 expectancy and larger inequalities.[46] Comparisons of simulation results between 

18 different cohorts and designs should be interpreted with caution: different results 

19 could be true and informative, related to different contexts or different populations, or 

20 they could reflect unstable or uncertain results. 

21 A key question is to describe and integrate relevant information about the context, 

22 which is essential both in the implementation phase of an intervention and in the 

23 interpretation of the results with possible effect modifications. Some researchers 

24 differentiate between the fixed theoretical aspects of interventions (“key functions”) 

25 and their variable form according to the context.[47,48] Some formal tools have also 
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1 been recently developed to clarify and assess when and how transportability is 

2 feasible.[49]

3 Conclusion 

4 Our results based on simulations highlight the potential value of early interventions 

5 targeting ACE and education, compared to more traditional and well-recognized 

6 interventions on smoking. These models and their methodological development may 

7 contribute to transfer knowledge from research to policy and help decision making.

8
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2 Figure 1. Directed acyclic graph of the working causal model

3

4 Table 1. Description of variables

5

6 Table 2. Description of the variables at baseline, 23 years old, 33 years old and 

7 deaths before 55 years old
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9 Table 3. Absolute and relative effects on mortality of changing the level of exposure 

10 to adverse childhood experience (ACE), member’s educational level, smoking, and 

11 the joint exposure to ACE and member’s educational level
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13 Table 4. Absolute and relative effects on mortality in counterfactual scenarios among 

14 Men or Women, stratified by the educational level of their parents

15
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1 Ethics approval

2 Multicentre Research Ethics Committee (MREC) approval has been sought for NCDS 

3 follow-ups from 2000 on (London MREC in 2000, South East MREC in 2002, London 

4 MREC in 2008, London-Central in 2013). The 1958 and 1965 follow-ups pre-dated 

5 the establishment of ethics committees, the 1969, 1974, 1981 and 1991 follow-ups 

6 came before the establishment of the MREC system. Internal ethical reviews were 

7 undertaken for these surveys. In 1958, consent to participate in surveys was gained 

8 by respondents agreeing to be interviewed or respondents returning the completed 

9 questionnaire to the study team. Involvement in subsequent surveys adopted the 

10 same approach. NCDS sought informed parental consent for the 7-year (1965), 11-

11 year (1969) and 16-year (1974) surveys. A detailed review of the ethical practices 

12 throughout NCDS is available here:

13 https://cls.ucl.ac.uk/wp-content/uploads/2017/07/NCDS-Ethical-review-and-Consent-

14 2014.pdf

15 Funding 

16 This work was supported by the European Commission Horizon 2020 [grant number 

17 633666].

18 Data availability

19 NCDS  data  are  open  access  datasets  available  to  non-profit research 

20 organisations at 

21 https://beta.ukdataservice.ac.uk/datacatalogue/series/series?id=2000032

22 Acknowledgements

23 We acknowledge the contribution of the Lifepath Consortium (see Supplementary 

24 Document). We are grateful to The Centre for Longitudinal Studies, UCL Institute of 

25 Education for the use of these data, to the original data creators (National Birthday 

Page 20 of 37International Journal of Epidemiology



21

1 Trust Fund, National Children’s Bureau, NOP Market Research Limited, Social and 

2 Community Planning Research, Research Surveys of Great Britain), to the funders 

3 (Economic and Social Research Council, National Birthday Trust Fund, UCL Institute 

4 of Child Health, National Foundation for Educational Research, Department of Health 

5 and Social Security, Department of Education and Science, Department of 

6 Employment, Department of the Environment, Manpower Services Commission, 

7 Transport and Road Research Laboratory, Health and Safety Executive, US National 

8 Institute for Child Health and Development), and to the UK Data Archive and UK Data 

9 Service for making them available. However, they bear no responsibility for the 

10 analysis or interpretation of these data.

11 Conflict of interest 

12 None declared.

13

Page 21 of 37 International Journal of Epidemiology



22

1 References

2 1. Bleich SN, Jarlenski MP, Bell CN, LaVeist TA. Health inequalities: trends, 

3 progress, and policy. Annu Rev Public Health 2012;33:7-40. 

4 2. Marmot M, Allen J. From science to policy. In: Berkman L, Kawachi I, Glymour M, 

5 editors. Social epidemiology. New York: Oxford University Press, 2014. 

6 3. Pons-Vigués M, Diez È, Morrison J, et al. Social and health policies or 

7 interventions to tackle health inequalities in European cities: a scoping review. BMC 

8 Public Health 2014;14:198. 

9 4. Weinstein MC, O’Brien B, Hornberger J, et al. Principles of good practice for 

10 decision analytic modeling in health-care evaluation: report of the ISPOR Task Force 

11 on Good Research Practices—Modeling Studies. Value Health 2003;6:9-17. 

12 5. Vohra J, Marmot MG, Bauld L, Hiatt RA. Socioeconomic position in childhood and 

13 cancer in adulthood: a rapid-review. J Epidemiol Community Health 2016;70:629-34. 

14 6. Giesinger I, Goldblatt P, Howden-Chapman P, Marmot M, Kuh D, Brunner E. 

15 Association of socioeconomic position with smoking and mortality: the contribution of 

16 early life circumstances in the 1946 birth cohort. J Epidemiol Community Health 

17 2014;68:275-9. 

18 7. Canney M, Leahy S, Scarlett S, et al. Kidney Disease in Women is Associated with 

19 Disadvantaged Childhood Socioeconomic Position. Am J Nephrol 2018;47:292-9. 

20 8. Gares V, Panico L, Castagne R, Delpierre C, Kelly-Irving M. The role of the early 

21 social environment on Epstein Barr virus infection: a prospective observational 

22 design using the Millennium Cohort Study. Epidemiol Infect 2017;145:3405-12. 

Page 22 of 37International Journal of Epidemiology



23

1 9. Hiscock R, Bauld L, Amos A, Fidler JA, Munafò M. Socioeconomic status and 

2 smoking: a review. Ann N Y Acad Sci 2012;1248:107-23. 

3 10. Stringhini S, Carmeli C, Jokela M, et al. Socioeconomic status and the 25 × 25 

4 risk factors as determinants of premature mortality: a multicohort study and meta-

5 analysis of 1·7 million men and women. Lancet 2017;389:1229-1237. 

6 11. Abraham JM. Using microsimulation models to inform U.S. health policy making. 

7 Health Serv Res 2013;48:686-95. 

8 12. Lhachimi SK, Nusselder WJ, Boshuizen HC, Mackenbach JP. Standard tool for 

9 quantification in health impact assessment a review. Am J Prev Med 2010;38:78-84. 

10 13. Briggs ADM, Wolstenholme J, Blakely T, Scarborough P. Choosing an 

11 epidemiological model structure for the economic evaluation of non-communicable 

12 disease public health interventions. Popul Health Metr 2016;14:17. 

13 14. Rutter CM, Zaslavsky AM, Feuer EJ. Dynamic microsimulation models for health 

14 outcomes: a review. Med Decis Making 2011;31:10-8. 

15 15. Marmot M. Fair society, healthy lives: the Marmot review. London: Institute of 

16 Health Equity, 2010. http://www.instituteofhealthequity.org/resources-reports/fair-

17 society-healthy-lives-the-marmot-review/fair-society-healthy-lives-full-report-pdf.pdf (4 

18 November 2020, last accessed).

19 16. University of London. Institute of Education. Centre for Longitudinal Studies. 

20 National Child Development Study: Childhood Data, Sweeps 0-3, 1958-1974. 3rd 

21 Edition. UK Data Service. SN: 5565. 2014. http://dx.doi.org/10.5255/UKDA-SN-5565-

22 2 (4 November 2020, last accessed).  

Page 23 of 37 International Journal of Epidemiology



24

1 17. University of London. Institute of Education. Centre for Longitudinal Studies. 

2 National Child Development Study: Sweep 4, 1981, and Public Examination Results, 

3 1978. 2nd Edition. UK Data Service. SN: 5566. 2008. 

4 http://dx.doi.org/10.5255/UKDA-SN-5566-1 (4 November 2020, last accessed).  

5 18. University of London. Institute of Education. Centre for Longitudinal Studies. 

6 National Child Development Study: Sweep 5, 1991. 2nd Edition. UK Data Service. 

7 SN: 5567. 2008. http://dx.doi.org/10.5255/UKDA-SN-5567-1 (4 November 2020, last 

8 accessed).  

9 19. University of London. Institute of Education. Centre for Longitudinal Studies. 

10 National Child Development Study Response and Outcomes Dataset, 1958-2013. 

11 5th Edition. UK Data Service. SN: 5560. 2015. http://dx.doi.org/10.5255/UKDA-SN-

12 5560-3 (4 November 2020, last accessed).  

13 20. Power C, Elliott J. Cohort profile: 1958 British birth cohort (National Child 

14 Development Study). Int J Epidemiol 2006;35:34-41. 

15 21. Muñoz ID, van der Laan M. Population intervention causal effects based on 

16 stochastic interventions. Biometrics 2012;68:541-9. 

17 22. Johnson J, Brown M. National Child Development Study. User Guide to the 

18 Response and Deaths Datasets. User guide to the data (Second Edition). Centre for 

19 Longitudinal Studies, Institute of Education, University of London. 2015. 

20 http://doc.ukdataservice.ac.uk/doc/5560/mrdoc/pdf/user_guide_to_ncds_response_a

21 nd_deaths_datasets_protect.pdf (4 November 2020, last accessed).  

22 23. Kelly-Irving M, Lepage B, Dedieu D, et al. Adverse childhood experiences and 

23 premature all-cause mortality. Eur J Epidemiol 2013;28:721-734. 

Page 24 of 37International Journal of Epidemiology



25

1 24. Felitti VJ, Anda RF, Nordenberg D, et al. Relationship of childhood abuse and 

2 household dysfunction to many of the leading causes of death in adults. The Adverse 

3 Childhood Experiences (ACE) Study. Am J Prev Med 1998;14:245-58. 

4 25. Kelly-Irving M, Delpierre C. A critique of the adverse childhood experiences 

5 framework in epidemiology and public health: Uses and misuses. Soc Policy Soc 

6 2019;18:445-56. 

7 26. Sofrygin O, van der Laan M, Neugebauer R. stremr: Streamlined Estimation for 

8 Static, Dynamic and Stochastic Treatment Regimes in Longitudinal Data. 2017. R 

9 package version 0.8.99. https://github.com/osofr/stremr (4 November 2020, last 

10 accessed).  

11 27. van Buuren S, Boshuizen HC, Knook DL. Multiple imputation of missing blood 

12 pressure covariates in survival analysis. Stat Med 1999;18:681-94. 

13 28. Zhang YT, Laraia BA, Mujahid MS, et al. Does food vendor density mediate the 

14 association between neighborhood deprivation and BMI?: a G-computation mediation 

15 analysis. Epidemiology 2015;26:344-52. 

16 29. Rehkopf DH, Glymour MM, Osypuk TL. The Consistency Assumption for Causal 

17 Inference in Social Epidemiology: When a Rose is Not a Rose. Curr Epidemiol Rep 

18 2016;3:63-71. 

19 30. Hamad R, Elser H, Tran DC, Rehkopf DH, Goodman SN. How and why studies 

20 disagree about the effects of education on health: A systematic review and meta-

21 analysis of studies of compulsory schooling laws. Soc Sci Med 2018;212:168-78. 

22 31. Anda RF, Porter LE, Brown DW. Inside the Adverse Childhood Experience Score: 

23 Strengths, Limitations, and Misapplications. Am J Prev Med 2020;59:293-5. 

Page 25 of 37 International Journal of Epidemiology



26

1 32. Larkin H, Felitti VJ, Anda RF. Social work and adverse childhood experiences 

2 research: implications for practice and health policy. Soc Work Public Health 

3 2014;29:1-16. 

4 33. Arnold KF, Harrison WJ, Heppenstall AJ, Gilthorpe MS. DAG-informed regression 

5 modelling, agent-based modelling and microsimulation modelling: a critical 

6 comparison of methods for causal inference. Int J Epidemiol 2019;48:243-53. 

7 34. Diez Roux AV. Invited commentary: The virtual epidemiologist—promise and 

8 peril. Am J Epidemiol 2015;181:100-2. 

9 35. Hernán MA. Invited commentary: Agent-based models for causal inference 

10 reweighting data and theory in epidemiology. Am J Epidemiol 2015;181:103-5. 

11 36. Petersen ML, van der Laan MJ. Causal models and learning from data: 

12 integrating causal modeling and statistical estimation. Epidemiology 2014;25:418-26. 

13 37. Robins JM, Hernan MA. Estimation of the causal effects of time-varying 

14 exposures. In: Fitzmaurice G, Davidian M, Verbeke G, Molenberghs G. Longitudinal 

15 Data Analysis. Boca Raton: Chapman & Hall/CRC Press, 2009. 

16 38. Blakely T, Cobiac LJ, Cleghorn CL, et al. Health, Health Inequality, and Cost 

17 Impacts of Annual Increases in Tobacco Tax: Multistate Life Table Modeling in New 

18 Zealand. PLoS Med 2015;12:e1001856. 

19 39. Hughes K, Bellis MA, Hardcastle KA, et al. The effect of multiple adverse 

20 childhood experiences on health: a systematic review and meta-analysis. Lancet 

21 Public Health 2017;2:e356-66. 

22 40. Link BG, Phelan J. Social conditions as fundamental causes of disease. J Health 

23 Soc Behav 1995;Spec No:80-94. 

Page 26 of 37International Journal of Epidemiology



27

1 41. El-Sayed AM, Scarborough P, Seemann L, Galea S. Social network analysis and 

2 agent-based modeling in social epidemiology. Epidemiol Perspect Innov 2012;9:1. 

3 42. Auchincloss AH, Riolo RL, Brown DG, Cook J, Diez Roux AV. An agent-based 

4 model of income inequalities in diet in the context of residential segregation. Am J 

5 Prev Med 2011;40:303-11. 

6 43. Schleussner C-F, Donges JF, Engemann DA, Levermann A. Clustered 

7 marginalization of minorities during social transitions induced by co-evolution of 

8 behaviour and network structure. Sci Rep 2016;6:30790. 

9 44. Over EAB, Feenstra TL, Hoogenveen RT, Droomers M, Uiters E, van Gelder BM. 

10 Tobacco control policies specified according to socioeconomic status: health 

11 disparities and cost-effectiveness. Nicotine Tob Res 2014;16:725-32. 

12 45. Muennig P, Schweinhart L, Montie J, Neidell M. Effects of a prekindergarten 

13 educational intervention on adult health: 37-year follow-up results of a randomized 

14 controlled trial. Am J Public Health 2009;99:1431-7. 

15 46. Östergren O, Lundberg O, Artnik B, et al. Educational expansion and inequalities 

16 in mortality-A fixed-effects analysis using longitudinal data from 18 European 

17 populations. PloS One 2017;12:e0182526. 

18 47. Hawe P, Shiell A, Riley T. Complex interventions: how “out of control” can a 

19 randomised controlled trial be? BMJ 2004;328:1561-3. 

20 48. Villeval M, Gaborit E, Berault F, Lang T, Kelly-Irving M. Do the key functions of an 

21 intervention designed from the same specifications vary according to context? 

22 Investigating the transferability of a public health intervention in France. Implement 

23 Sci 2019;14:35. 

Page 27 of 37 International Journal of Epidemiology



28

1 49. Pearl J, Bareinboim E. External Validity: From Do-Calculus to Transportability 

2 Across Populations. Statist Sci 2014;29:579-95.

3

Page 28 of 37International Journal of Epidemiology



 

Figure 1 

677x381mm (300 x 300 DPI) 

Page 29 of 37 International Journal of Epidemiology



Table 1. Description of variables

Variable Type Categories and description

Adverse childhood 

experience (ACE)

Exposure of 

interest

ACEs were constructed from six dimensions of 

adversity using data collected prospectively between 

age 7 and 16:

1. child in care;

2. physical neglect indicated by a child’s 

teacher;

3. living in a household where a family member 

was in prison or on probation;

4. parental separation;

5. living in a household which has contact with 

mental health services;

6. a family member has alcohol abuse problem.

High = exposure to 2 or more ACE dimensions;

Low = exposure to 0 or 1 ACE dimension

Member’s 

educational level 

at age 22

Exposure of 

interest

High = passed O-levels;

Low = less than O-levels

Smoking at age 33 Exposure of 

interest

Yes = Member reported smoking at the time of 

sweep 5 (age 33);

No = Member reported not smoking or less than 1 

cigarette/day at the time of sweep 5 (age 33)

Parental 

educational level

Confounder High = stayed at school after the minimum leaving 

age

Low = did not stay at school after the minimum 

leaving age

Small birth weight Confounder Yes = Birth weight < 1 standard deviation or 

gestational age < 28 weeks

No = Birth weight  1 standard deviation and 

gestational age  28 weeks
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Body mass index 

(BMI) at age 11

Confounder 4-level variable, based on the quartiles of the BMI 

distribution in the cohort

Presence of 

handicap or 

severe conditions 

during childhood

Confounder Yes = the parents or the member declared congenital 

conditions, disabilities, chronic respiratory or 

circulatory conditions, sensory impairment, or special 

schooling between 7 and 16 years old (sweeps 1 to 

3)

No = the parents and the member did not declare any 

of the above condition

Obesity at age 22 Confounder Yes = BMI > 30 kg/m2;

No = BMI ≤ 30 kg/m2

Poor perceived 

health at age 22

Confounder Yes = description of own health as “fair” or “poor”

No = description of own health as “good” or 

“excellent”

Occupation at age 

33

Confounder Using the 1991 Registrar General’s (RGs) social 

class

Manual = “Skilled manual” or “Partly skilled” or 

“Unskilled”

Non-manual = “Professional” or “Managerial\tech” or 

“Skilled non-manual”

Other = “Not applicable”

Excessive alcohol 

consumption at 

age 33

Confounder Yes = men (respectively women) drinking more than 

21 (respectively 14) units/week

No = men (respectively women) drinking less than 21 

(respectively 14) units/week
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Table 2. Description of the variables at baseline, 23 years old, 33 years old and deaths before 

55 years old

 Among men,  n=6240  Among women, n=5924

 n %* %**  n %* %**

Parental education level (missing : n = 2 [0.03%] & n = 4 [0.07%] )

short 4079 65.4% 65.4% 3796 64.1% 64.1%

long 2159 34.6% 34.6% 2124 35.9% 35.9%

Small birth weight  (missing : n = 838 [13.4%] and n = 797 [13.5%] )

no 4626 85.6% 85.5% 4381 85.4% 84.9%

yes 776 14.4% 14.6% 746 14.6% 15.1%

Body mass index (11 years old)  (missing : n =1017 [16.3%] and n = 907 [15.3%] )

9.6-15. kg/m2 1333 25.5% 25.9% 1243 24.8% 24.6%

15.8-17.0 kg/m2 1419 27.2% 26.8% 1137 22.7% 22.9%

17.0-18.5 kg/m2 1342 25.7% 25.4% 1208 24.1% 24.3%

18.5-37,8 kg/m2 1129 21.6% 21.9% 1429 28.5% 28.2%

Handicap/sever conditions during childhood  (missing : n = 0 [0.0%] and n = 0 [0.0%]  )

no 4228 67.8% - 4237 71.5% -

yes 2012 32.2% - 1687 28.5% -

Adverse childhood experience (missing : n = 3086 [49.5%] and n = 2876 [48.6%] )

0-1 2876 91.2% 88.0% 2835 93.0% 90.5%

2 to 6 278 8.8% 12.0% 213 7.0% 9.5%

Death between 16 and 23 years old

no 6206 99.5% - 5908 99.7% -

yes 34 0.5% - 16 0.3% -
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Table 2 (continued)

Among men,  n=6206  Among women, n=5908 Sweep t = 4, 23 years old 

(n alive = 12 114) n %* %**  n %* %**

Educational level (missing : n = 1334 [21.5%] and n = 1012 [17.1%] )

less than O levels 1475 30.3% 31.4% 1675 34.2% 34.8%

passed O levels 3397 69.7% 68.6% 3221 65.8% 65.2%

Obesity (missing : n = 1434 [23.1%] and n = 1099 [18.6%] )

non 4668 97.8% 97.7% 4660 96.9% 96.8%

yes 104 2.2% 2.3% 149 3.1% 3.2%

Poor perceived health (missing : n = 1339 [21.6%] and n = 1015 [17.2%] )

good/excellent 4476 92.0% 91.8% 4386 89.6% 89.4%

fair/poor 391 8.0% 8.2% 507 10.4% 10.6%

Death between between 23 and 33 years old

no 6167 99.4% - 5892 99.7% -

yes 39 0.6% - 16 0.3% -
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Table 2 (continued)

Among men,  n=6167  Among women, n=5892Sweep t = 5, 33 years old 

(n alive = 12 059) n %* %**  n %* %**

Occupation (missing : n = 1844 [29.9%] and n = 1385 [23.5%] )

manual 1999 46.2% 48.1% 1297 28.8% 29.6%

other 257 5.9% 6.0% 385 8.5% 8.9%

non manual 2067 47.8% 46.0% 2825 62.7% 61.5%

Excessive alcohol consumption (missing : n = 1843 [29.9%] and n = 1390 [23.6%] )

no 3123 72.2% 72.1% 4123 91.6% 91.6%

yes 1201 27.8% 28.0% 379 8.4% 8.4%

Smoking (missing : n = 1869 [30.3%] and n = 1405 [23.9%] )

no 2940 68.4% 66.8% 3073 68.5% 67.5%

yes 1358 31.6% 33.2% 1414 31.5% 32.5%

Death before 55 years old

no 5896 95.6% 5724 97.1%

yes 271 4.4%   168 2.9%  

* percentages calculated among the observed values ; 

** average percentage after multiple imputation
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Table 3. Absolute and relative effects on mortality of changing the level of exposure to adverse 

childhood experience (ACE), member’s educational level, smoking, and the joint exposure to 

ACE and member’s educational level

absolute difference relative differenceCounterfactual scenario

halving the level of… mean [95% CI] mean [95% CI]

Among men

ACE  2 -0.22% [-0.35% ; -0.08%] -4.07% [-6.34% ; -1.50%]

Member's low educational level -0.36% [-0.74% ; -0.17%] -7.20% [-13.24% ; -3.03%]

ACE  2 & low educational level -0.55% [-0.90% ; -0.36%] -9.95% [-15.60% ; -6.24%]

smoking -0.54% [-0.74% ; -0.26%] -12.29% [-16.95% ; -5.91%]

Among women

ACE  2 -0.11% [-0.21% ; -0.01%] -3.40% [-6.34% ; -0.26%]

Member's low educational level -0.14% [-0.27% ; +0.08%] -4.43% [-8.97% ; +2.40%]

ACE  2 & low educational level -0.24% [-0.42% ; +0.04%] -7.19% [-12.24% ; +1.18%]

smoking -0.20% [-0.38% ; +0.04%] -7.01% [-13.08% ; +1.17%]

ACE: adverse childhood experience; CI: confidence interval 
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Table 4. Absolute and relative effects on mortality in counterfactual scenarios among Men or 

Women, stratified by the educational level of their parents

absolute difference relative differenceCounterfactual scenario

halving the level of… mean [95% CI] mean [95% CI]

Low educational level of parents, among Men

ACE ≥ 2 -0.31% [-0.51% ; -0.08%] -5.26% [-8.17% ; -1.42%]

Member's low educational level -0.45% [-0.91% ; -0.20%] -8.47% [-15.51% ; -4.00%]

ACE ≥ 2 & low educational level -0.72% [-1.14% ; -0.39%] -12.14% [-18.62% ; -6.26%]

smoking -0.67% [-0.94% ; -0.35%] -14.17% [-19.48% ; -7.52%]

High educational level of parents, among Men

ACE ≥ 2 -0.07% [-0.28% ; +0.08%] -1.41% [-5.36% ; +1.50%]

Member's low educational level -0.18% [-0.39% ; +0.03%] -4.13% [-8.76% ; +0.69%]

ACE ≥ 2 & low educational level -0.23% [-0.50% ; -0.04%] -4.84% [-10.49% ; -0.82%]

smoking -0.31% [-0.55% ; -0.00%] -8.26% [14.06% ; -0.09%]

Low educational level of parents, among Women

ACE ≥ 2 -0.14% [-0.27% ; +0.03%] -3.60% [-6.96% ; +0.70%]

Member's low educational level -0.22% [-0.44% ; +0.08%] -6.08% [-12.02% ; +2.21%]

ACE ≥ 2 & low educational level -0.35% [-0.61% ; -0.00%] -8.90% [-15.93% ; -0.07%]

smoking -0.17% [-0.38% ; +0.11%]  -4.96% [-11.41% ; +3.12%]

High educational level of parents, among Women

ACE ≥ 2 -0.07% [-0.20% ; +0.05%] -2.88% [-7.48% ; +2.17%]

Member's low educational level -0.01% [-0.23% ; +0.14%] -0.50% [-9.71% ; +6.86%]
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ACE ≥ 2 & low educational level -0.08% [-0.27% ; +0.12%] -3.28% [-10.82% ; +4.70%]

smoking -0.22% [-0.40% ; +0.01%]  -11.43% [-20.85% ; +0.68%]

ACE: adverse childhood experience; CI: confidence interval 
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