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ABSTRACT
Introduction  Adolescence is a sensitive period for 
cardiometabolic health. Yet, it remains unknown if 
adolescent health behaviours, such as alcohol use, 
smoking, diet and physical activity, have differential 
effects across socioeconomic strata. Adopting a life-
course perspective and a causal inference framework, we 
aim to assess whether the effects of adolescent health 
behaviours on adult cardiometabolic health differ by 
levels of neighbourhood deprivation, parental education 
and occupational class. Gaining a better understanding 
of these social disparities in susceptibility to health 
behaviours can inform policy initiatives that aim to improve 
population health and reduce socioeconomic inequalities 
in cardiometabolic health.
Methods and analysis  We will conduct a secondary 
analysis of the Young Finns Study, which is a longitudinal 
population-based cohort study. We will use measures 
of health behaviours—smoking, alcohol use, fruit and 
vegetable consumption, and physical activity—as 
exposure and parental education, occupational class and 
neighbourhood deprivation as effect modifiers during 
adolescence (ages 12–18 years). Eight biomarkers of 
cardiometabolic health (outcomes)—waist circumference, 
body mass index, blood pressure, low-density lipoprotein 
cholesterol, apolipoprotein B, plasma glucose and insulin 
resistance—will be measured when participants were 
aged 33–40. A descriptive analysis will investigate the 
clustering of health behaviours. Informed by this, we will 
conduct a causal analysis to estimate effects of single or 
clustered adolescent health behaviours on cardiometabolic 
health conditional on socioeconomic background. This 
analysis will be based on a causal model implemented via 
a directed acyclic graph and inverse probability-weighted 
marginal structural models to estimate effect modification.
Ethics and dissemination  The Young Finns study was 
conducted according to the guidelines of the Declaration 
of Helsinki, and the protocol was approved by ethics 
committees of University of Helsinki, Kuopio, Oulu, 
Tampere and Turku. We will disseminate findings at 
international conferences and a manuscript in an open-
access peer-reviewed journal.

INTRODUCTION
Optimal levels of cardiometabolic health 
factors, such as waist circumference, blood 
pressure and blood glucose, reduce the risk 
of diabetes and cardiovascular diseases.1–3 Yet, 
cardiometabolic health factors are unequally 
distributed in the population.4 Individuals 
experiencing socioeconomic disadvantage 
have, on average, worse cardiometabolic 
health and bear a higher burden from cardio-
vascular disease and death compared with 
those with less socioeconomic disadvantage.5 6 
Part of this social gradient can be explained 
by differences in health behaviours, such as 
smoking, diet, physical activity and alcohol 
use.7 While it is well established that adoles-
cence is a particularly sensitive period for 
initiating certain health behaviours, it 
remains unclear whether and to what extent 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ We will generate novel evidence from a longitudinal 
cohort on socioeconomic differences in the effects 
of adolescent health behaviours on adulthood car-
diometabolic health.

	⇒ We will estimate the difference in average causal 
effects of health behaviours on eight cardiometabol-
ic biomarkers by parental and neighbourhood-level 
socioeconomic factors.

	⇒ We will adopt a causal framework involving trans-
parent identification of our assumptions and analyti-
cal approaches aimed at mitigating bias.

	⇒ We will examine only a single assessment of health 
behaviours during adolescence and of cardiometa-
bolic health during adulthood, precluding analyses 
of the potential role of changes in health behaviours 
and cardiometabolic biomarkers.

	⇒ The data are from Finland, so the findings might not 
be transportable to other countries.
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the effect of health behaviours during adolescence on 
adult cardiometabolic health may vary across socioeco-
nomic strata. Better understanding of the potential social 
patterning of these effects could inform policy initiatives 
aimed at improving population health and mitigating 
social inequalities in health.

Cardiometabolic health is an important aspect of posi-
tive health as it encompasses the proper functioning of 
the heart, blood vessels and liver, extending beyond the 
mere absence of manifest disease.8 9 Labarthe9 called the 
shift in focus from cardiometabolic diseases to cardiomet-
abolic health a revolution in public health. Whether 
revolution or not, the concept of cardiovascular health 
can contribute to a shift from a high risk to a population 
approach, including prevention of risk factors before 
they manifest, that is primordial prevention. Good 
cardiometabolic health means that established biological 
risk factors for cardiometabolic disease are in the normal 
population ranges, and there is no evidence of manifest 
cardiovascular disease.10 These risk factors can be objec-
tively measured through biomarkers, such as blood pres-
sure, waist circumference, cholesterol, fasting glucose 
and insulin. Some of these biomarkers are also used as 
diagnostic factors (eg, fasting plasma glucose as an indi-
cator of diabetes). However, even at subclinical levels, 
changes in these biomarkers can affect the development 
of disease.3 One example is overweight and subclinical 
elevated cholesterol levels as risk factors for cardiovas-
cular disease.

At least two hypothetical mechanisms may explain 
how health behaviours contribute to social inequality in 
cardiometabolic health: the differential exposure to health 
behaviours and the differential effects of health behaviours.11 
Empirical evidence for differential exposure overwhelm-
ingly shows that health behaviours are unequally distrib-
uted across socioeconomic groups in childhood and 
adolescence.12 The differential effect is not a competing 
but complementary mechanism.13 Also known as differ-
ential susceptibility, it indicates that socioeconomic 
backgrounds may modify the effects of behaviours on 
cardiometabolic health. While differential exposure to 
health behaviours has received much attention, relatively 
few studies have assessed differential susceptibility to 
health behaviours.13–15

Through differential exposure and differential suscep-
tibility to health behaviours, adolescence might be a 
pivotal contributor to adult health inequalities.16 To 
our knowledge, no prior study has investigated differ-
ential susceptibility to multiple health behaviours in 
adolescents. This is a significant knowledge gap because 
adolescence is a sensitive period of growth and devel-
opment in which several health-related behaviours are 
established. We propose to examine behaviour clusters 
rather than single behaviours, as it has been shown that 
health behaviours such as smoking, alcohol use, diet and 
physical activity cluster within individuals.17 18 Health 
behaviours and their clusters appear to have high stability 
throughout the life course.19–21 Importantly, adolescent 

health behaviours might be particularly affected by 
socioeconomic contexts.16 The theory of health life-
styles indicates that health behaviours cluster as they are 
embedded in structural factors based on social norms 
and group identities,22 operating through socialisation in 
the family23 and with peer-group relationships.24 There-
fore, analysing health behaviours without considering the 
underlying structural components would provide only a 
partial picture of the overall effects of health behaviours 
on health.25 Knowledge of whether differential suscepti-
bility to behaviour clusters is at play might influence the 
choice of preventive strategies to reduce inequalities in 
cardiometabolic health.26 For instance, in the presence of 
a differential effect, it might be particularly important to 
combine population approaches with vulnerable group 
approaches, targeting groups and contexts that have 
increased susceptibility to risk factors.27

Socioeconomic factors act at different levels. In adoles-
cence, as an individual’s own socioeconomic position 
is not yet established, socioeconomic influences come 
mainly from the family and neighbourhood. For example, 
parental education and occupational class may influence 
health behaviours via internalised habitus, health literacy, 
health control beliefs, access to social networks and 
means to achieve health goals.25 28 29 Parental education 
and parental occupational class represent distinct dimen-
sions of family-level social influences.30 In this study, we 
use the term socioeconomic background as an umbrella. 
However, we build on a causal model where we assume 
parental education to precede parental occupational class 
which in turn is linked to neighbourhood socioeconomic 
deprivation. Neighbourhood socioeconomic deprivation 
can have effects on behaviours that are independent of 
the parental socioeconomic background, for instance, 
through deterring or facilitating access to physical activity 
or healthy food environments,31 32 or through peer-group 
relationships during socialisation.33 34 We, therefore, aim 
to examine both family and neighbourhood levels of 
socioeconomic background.

The analysis of differential susceptibility often relies 
on causal mediation analysis.26 However, contemporary 
causal mediation analysis comes with a need for numerous 
identifying assumptions. These assumptions require 
among others the absence of confounding in three rela-
tionships: exposure-outcome, exposure-mediator and 
mediator-outcome. Additionally, there is the cross-world 
independence assumption, which cannot be verified in 
real experiments.35 This complexity arises because the 
estimands related to mediation address both the direct 
and indirect effects of socioeconomic exposures on 
cardiometabolic health via health behaviours.

In our approach, we steer away from causal media-
tion analysis for estimating differential susceptibility to 
health behaviours. Instead, we operationalise the differ-
ential effect of health behaviours by considering an 
average causal effect conditional on the socioeconomic 
backgrounds under examination. By grounding our 
estimand in first principles, we manage to reduce the 
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number required identifying assumptions. The use of a 
counterfactual framework aids us in contrasting hypo-
thetical worlds where everyone or no one is exposed. The 
resulting counterfactual estimand allows us to explicitly 
acknowledge and be transparent about the assumptions 
necessary for valid causal interpretation.

OBJECTIVES
Drawing on the Young Finns Study, a longitudinal nation-
wide population-based study in Finland, we will aim to 
investigate differential susceptibility to health behaviours 
across multilevel socioeconomic contexts experienced 
in adolescence. Differential susceptibility to single and 
clusters of health behaviours is a rarely studied mecha-
nism underlying inequalities in adult cardiometabolic 
health. First, we aim to assess the presence of clusters of 
health behaviours (descriptive) by using latent class anal-
ysis. Second, we aim to estimate the difference in effect 
of the so-identified clusters or principal single health 
behaviours on the biomarkers (causal) between higher 
and lower parental/neighbourhood socioeconomic back-
ground. The Young Finns Study offers a rare combination 
of long follow-up from adolescence to mid-adulthood 
and measures of relevant cardiometabolic biomarkers. 
While this is an observational study, we will explicitly aim 
at estimating causal effects,36 drawing on a contemporary 
approach to causal inference based on a transparent defi-
nition of the estimand, establishment of the causal model 
and an inverse probability weighted estimator.

METHODS AND ANALYSIS
Our target population will be adolescents from high-
income European countries. As study population, we will 
draw on the Young Finns Study, which recruited 3596 
individuals aged 3, 6, 9, 12, 15 and 18 in 1980 (83.2% 
response rate from a random sample of the Finnish 
population). Follow-ups were done in 1983, 1986, 1989, 
1992, 2001, 2007 and 2011.32 Following a comprehensive 
school reform in the 1970s, those who were adolescents 
in Finland in the 1980s had a high participation rate 
in secondary education and school performance about 
average for high-income countries. Moreover, in the 
1980s, Finland had a prevalence of cardiovascular diseases 
and risk factors such as overweight, which was high for 
the time but similar to that observed in many European 
countries in the recent past.37 38 Hence, Finnish adoles-
cents during the 1980s may have experienced circum-
stances similar to those in other European high-income 
countries. The analytical sample will include everyone 
who as adolescents (12–18 years of age) participated in 
the 1980 or 1989 surveys and had any relevant biomarkers 
measured in 2001 or 2011 (33–40 years of age). Figure 1 
illustrates the different measurement points used for 
those who were 3, 6 and 9 and those who were 12, 15 
and 18 in 1980. Adolescent health behaviours and socio-
economic background will be measured in 1980 or 1989. 

Outcomes were measured in 2001 and 2011 (participants 
aged 33–40) after 21 or 22 years of follow-up.

Conceptual causal model
Based on existing literature and knowledge of the 
authors, we built a causal model around the main causal 
path of interest, namely the effect of health behaviour 
clusters in adolescence (exposure) on cardiometabolic 
health biomarkers in adulthood (outcome) (figure  2). 
To visualise the main confounding covariates considered, 
this graphical representation is a simplified version of the 
directed acyclic graph (DAG) described in online supple-
mental figure 1 and available online at https://dagitty.​
net/mmZZw99EJ. Our a priori assumptions regarding 
the causal relationships between the considered variables 
are drawn in the detailed DAG, which informs our set of 
confounding variables to be included in the estimation 
models.

Exposure
Diet, physical activity, alcohol and smoking are key 
behavioural determinants of cardiometabolic biomarkers 
and common causes of a range of non-communicable 
diseases.39 40 These health behaviours may cluster within 
adolescents.17 41 While some behaviours (eg, diet and 
physical activity) might be established during child-
hood, adolescence is an important period of life to 
measure behavioural clusters because additional health 
risk behaviours such as alcohol use and smoking are 

Figure 1  Illustration of follow-up times and measurement 
points for the different birth cohorts. Baseline measures 
in 1980 and 1989 and measurement of the outcomes in 
2001 and 2011. Those adolescents in 1980 were born 
1962/1965/1968, while those adolescents in 1989 were born 
1971/1974/1977. The duration of follow-up is 21 years for 
former cohorts and 22 years for the latter cohorts.
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established during this period. Furthermore, health 
behaviours track from adolescence into adulthood.19–21

Outcomes
We will measure cardiometabolic health with an outcome-
wide approach.42 We will focus on eight biomarkers of 
multiple interconnected physiological systems that have 
been shown to be causative determinants of cardiomet-
abolic disease. The first two anthropometric biomarkers 
are as follows (1) waist circumference43 44 and (2) body 
mass index (BMI). There is evidence that both waist 
circumference and BMI might causally effect cardiovas-
cular diseases and diabetes.44 45 Moreover, we will examine 
(3) systolic and (4) diastolic blood pressure, as higher 
values increase the risk for cardiovascular disease.46–48 
Based on findings from randomised controlled trials, 
it was established that lowering low-density lipoprotein 
cholesterol (LDL-c) can protect against cardiovascular 
disease.49 50 From blood samples, we will examine (5) 
fasting LDL-c, (6) fasting apolipoprotein B (apoB) and 
(7) fasting plasma glucose. Mendelian randomisation 
studies pointed to apoB as the primary lipid determinant 
of coronary heart disease.51 Fasting plasma glucose is one 
relevant diagnostic biomarker for type 2 diabetes. Finally, 
based on fasting plasma glucose and insulin, we will 
examine (8) the homeostasis model of insulin sensitivity 
(HOMA), as it is used to diagnose insulin resistance,52 
which is a causal risk factor for cardiovascular diseases 
and type 2 diabetes.53 54

The other covariates reported in figure 2 are described 
in the online supplemental file A.

Minimally sufficient adjustment set
Through visual inspection of the DAG and the web-based 
tool dagitty (http://dagitty.net), we identified the mini-
mally sufficient adjustment set, that is the smallest set of 
confounding factors necessary to estimate the effect of 
interest based on the established causal model or DAG. 
The identified factors are a subset of all covariates in the 
DAG, namely sex, age at baseline survey, birth period, 
history of disability, adverse birth outcome, history of 
adverse social environment, history of chronic disease 
diagnosis, childhood overweight, adolescent mental 
disorder, adolescent peer position, neighbourhood 
deprivation, parental education in adolescence, parental 
occupational class in adolescence and parental smoking. 
Childhood overweight and mental health are considered 
unmeasured in the main analysis of this study as these are 
only assessed for half of the study participants, specifically 
those who were children (3–9 years of age) in 1980. Peer 
position is also unmeasured as there are no sociometric 
measures available in the data.

Operationalisation of the exposure
Health behaviours will be measured by means of self-
reported questionnaires in individuals aged 12, 15 and 
18 years or when necessary, with support from parents. 
To identify clusters, we will consider smoking as current/
past/never, alcohol use as hazardous/moderate/

U

Outcome: adult cardiometabolic 
health biomarkers

Parental health 
behaviours: Smoking, 
physical exercise, alcohol 
use

Exposure: adolescent 
health behaviours

Socioeconomic background 
in adolescence:
Parental education, household 
income, neighbourhood 
deprivation

Individual antecedents
Birth period, disability

Other level antecedents: 
Geography, parental age at 
birth, household size, history of 
parental income (NM)

Socially patterned individual 
factors: Adverse birth outcomes, 
childhood overweight (NM), 
adolescent mental health disorder, 
history of chronic disease,
History of adverse social environment

Individual 
confounders:
Sex, age at survey

Figure 2  Conceptual causal model for adolescent health behaviours (exposure) to cardiometabolic health biomarkers 
(outcome). NM indicates not measured in this study. U stands for other factors.
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abstainer, physical activity as inactive/moderately active/
sufficiently active and consumption of fruit and vegeta-
bles as sufficient/insufficient. For the effect estimation, 
we will also consider an alternative operationalisation 
based on dichotomous indicators for smoking (current/
past or never), alcohol (user/abstainer) and physical 
activity (insufficiently active/sufficiently active).

Information on smoking was assessed in a solitary 
room to provide confidentiality. Gathered information 
included habitual and current smoking and the number 
of cigarettes, pipefuls, cigars or snus used up until the 
baseline assessment. Respondents who smoked daily or 
habitually will be considered current smokers. Those who 
reported never smoking across all questions will be clas-
sified as never smokers. Those who reported having tried 
smoking but are not current smokers will be classified as 
past smokers.

Regarding alcohol, participants were asked how often 
they drink beer, strong beer, wine, hard liqueurs, or 
spirits and how many times they had been heavily intoxi-
cated by alcoholic beverages during their lifetime. Those 
reporting having never consumed any type of alcohol 
will be categorised as abstainers. Those who report either 
daily alcohol consumption or at least weekly consumption 
of strong alcohol or over 10 occasions of intoxication will 
be considered hazardous drinkers. Those who are neither 
abstainers nor hazardous drinkers will be categorised as 
moderate users.

Physical activity will be measured through a three-item 
questionnaire inquiring about the frequency of physical 
exercise of at least 30 min outside of school, participation 
in sport club training sessions and the intensity of normal 
exercise. Respondents who engaged in no regular sports 
club training and trained less than once per week outside 
school will be classified as physically inactive. Those who 
exercised either every day, 2–6 times weekly at a high 
intensity, or engaged in sport club training several times a 
week will be categorised as being sufficiently active. This 
classification of ‘sufficiently active’ is the closest possible 
to the physical activity guidelines for young people, which 
recommends at least 60 min of physical activity daily, and 
intense activities at least three times per week.55 Those 
who are neither sufficiently active nor inactive will be clas-
sified as moderately active.

Dietary habits will be measured through the frequency 
of fruit and vegetable consumption. These were obtained 
with a food frequency questionnaire asking about the 
frequency of consumption of selected foods during the 
last month. Among the 12 year olds, the parents answered 
the questionnaire, while the 15 and 18 years old answered 
the questionnaire themselves. Intake of fruit and vegeta-
bles was assessed on a 6-point scale: 1 (daily), 2 (almost 
every day), 3 (a couple of times per week), 4 (about once 
a week), 5 (a couple of times per month) and 6 (more 
seldom). Guidelines recommend the promotion of daily 
fruit and vegetable intake.56 Fruit and vegetable consump-
tion will be categorised into a dichotomous variable of 
sufficient/insufficient, with only daily consumption 

or almost daily of both fruit and vegetables considered 
sufficient.

Operationalisation of the outcomes
All eight biomarkers will be examined as continuous 
variables. Waist circumference, height, weight and blood 
pressure were measured during a clinical examination. 
Waist circumference was measured three times and will 
be calculated as the average of those in cm. BMI will 
be calculated as weight in kilograms/height in metres 
squared (in kg/m2). Resting systolic and diastolic blood 
pressure was measured three times in a sitting position 
using a random zero sphygmomanometer. The average 
from the second and third measurements will be used 
in the analyses. Venous blood samples were taken after 
12-hour fasting and used to estimate LDL-c, apolipo-
protein B, insulin and glucose. LDL-c was calculated 
indirectly using the Friedewald formula in subjects with 
>4 mmol/L triglycerides. Standard methods were used to 
determine apolipoprotein B in g/L and fasting plasma 
glucose in mmol/L. Details of these measurements have 
been reported elsewhere.57 Serum insulin concentrations 
were measured using a microparticle enzyme immuno-
assay kit (Abbott Laboratories, Diagnostic Division, Dain-
abot, Tokyo, Japan). Subsequently, insulin resistance was 
estimated according to the homeostasis model assess-
ment (HOMA index) as the product of fasting glucose 
and insulin divided by the constant 22.5.

Operationalisation of the effect modifiers
We will operationalise socioeconomic backgrounds as 
dichotomised variables to optimise sample size in each 
stratum when estimating conditional effects.

Socioeconomic backgrounds will be considered on 
family and neighbourhood levels. On family level, the 
two levels will be manual versus non-manual occupational 
class, as well as compulsory education versus continued 
education. Both education and occupational class were 
measured at the study baseline (1980 and 1989 surveys 
and, if not available, imputed from survey responses in 
1983 or 1986). Parental highest attained education will be 
constructed by dichotomising the longest years of educa-
tion between mother/father into less than 9 years—corre-
sponding to compulsory education (ISCED-11:0–2)—and 
9 years or more corresponding to vocational, upper 
secondary or higher education (ISCED-11:≥3).58 The 
original classification of 14 groups of parental occupa-
tions will be dichotomised into manual (including skilled 
and unskilled workers, and farmers) and non-manual 
(including higher and lower level administrative and cler-
ical employees, entrepreneurs, managerial and profes-
sional occupations). In two parent families, the data for 
the parent with the highest occupational class will be 
used.

On neighbourhood level, we will dichotomise socio-
economic neighbourhood deprivation into those above 
the national mean versus those with an average depriva-
tion or below the mean. A neighbourhood deprivation 
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score was assigned to all Finnish residents in 250 m2 grids 
as described in detail elsewhere.32 The score is a mean 
value across three Z-scores derived from the proportion 
of adults with only primary education, unemployment 
rate and proportion of people living in rented housing. 
Participants’ exposure to neighbourhood deprivation 
was calculated as a residential time-weighted Z score over 
the ages 6–21 years. The Z-score will be divided into two 
groups with 0 as a cut-off for yes (≤0) or no (>0) neigh-
bourhood deprivation.

The operationalisation of the other covariates is 
described in online supplemental file A.

Statistical analysis
The analysis will be implemented in two steps corre-
sponding to a descriptive and causal analytic task. First, 
we will run a latent class analysis to assess the presence of 
clusters of health behaviours (descriptive task). We will 
use the poLCA package in R. Latent class analysis aims 
to establish a categorical grouping (or latent trait) that 
underlies observed associations among the different vari-
ables of smoking, alcohol use, diet and physical activity. We 
will determine the best number of classes from model-fit 
statistics, entropy and using substantive interpretation. 
Results will inform the choice of single or multiple risk 
behaviours for the next step of the analysis.

Second, we will assess the differential effect of the 
so-defined single or cluster of health behaviours on 
cardiometabolic biomarkers conditional on family-level 
and neighbourhood-level socioeconomic backgrounds 
(causal task). Specifically, our empirical estimand will 
be the difference in conditional average causal effects 
(cACE) between the two levels of socioeconomic back-
ground variables. Colloquially, the average causal effect 
among individuals of a certain socioeconomic back-
ground can be formulated as the average difference in the 
biomarker value that would have been observed if those 
adolescents had a cluster of more risky health behaviours 
(potentially contrary to the fact) versus engaging in more 
health-promoting behaviours (potentially contrary to the 
fact) and none were lost or died during the 20 years of 
follow-up. The difference in cACE across levels of socio-
economic background will allow us to assess effect modifi-
cation and thus result in the differential effect of interest. 
To estimate the cACE, we will fit inverse probability-
weighted marginal structural models under represen-
tative interventions59 (stratified and with an interaction 
term between exposure and a chosen socioeconomic 
background). Internal validity of the estimates requires 
various assumptions: no residual confounding, consis-
tency, no interference, positivity, no measurement error, 
correct specification of estimation models and no selection 
bias from potential losses during follow-up.60 We address 
confounding via the causal model and ensuing selection 
of the minimal sufficient adjustment set and consid-
ering quantitative bias analyses for omitted confounders. 
We will address the positivity assumption by computing 
stabilised inverse probability exposure weights, analysing 

their distribution and possibly truncating the weights. We 
will address the no-model misspecification assumption 
by varying the model specification (1) of the exposure 
model used to obtain the inverse probability weights and 
(2) of the marginal structural model for the outcome. For 
addressing potential selection bias due to non-random 
losses during follow-up, we will consider the adjustment 
provided by inverse probability of censoring weights. The 
other assumptions will be discussed in the manuscript. 
CIs will be computed via bootstrapping.

Missing data
We will evaluate the amount of missing data and the differ-
ences between the participants with and without missing 
data via standardised mean difference across complete 
measured variables. When necessary and as auxiliary vari-
ables are available (eg, own achieved education, adult 
profession, measurements from other waves, etc), we will 
consider multiple imputations by a chained equation for 
missing at random data via the R package mice or inverse 
probability weighting of complete cases.

Loss to follow-up
We will assess differences between the participants lost 
during follow-up and those who remained in the study 
across the measured covariates. If standardised mean 
differences will be substantial (eg, >0.05), we will consider 
the inverse probability of censoring weighting to adjust 
for non-random loss to follow-up.

Sensitivity analyses
In main analyses, we will estimate effect modification when 
the population is split into relatively even groups of higher 
and lower socioeconomic backgrounds. As Finland has a 
relatively strong middle class, such dichotomisation could 
potentially conceal inequalities between socioeconomic 
groups that are more at the margins of the socioeconomic 
distributions. Therefore, additional robustness checks 
will be conducted contrasting the lowest and the highest 
socioeconomic groups of a three-level operationalisations 
of socioeconomic variables. For parental education, we 
will use the following three groups: less than 9 years, 9–12 
years and more than 12 years. For occupational class, we 
will use the following: manual, lower grade non-manual 
and higher-grade non-manual. For the neighbourhood 
level, in accordance with previous studies,32 we will add 
a third group around the mean and then set the cut-off 
for high neighbourhood socioeconomic disadvantage to 
>0.5 SD above the national mean and the cut-off for low 
neighbourhood socioeconomic disadvantage to be more 
than or equal to 0.5 SD below the national mean.

To address unmeasured confounding through child-
hood overweight, we will use a reduced sample having 
childhood overweight measured through BMI at age 9 
years. The same will be done for childhood mental health. 
About half of the sample entered the study before age 12 
and has thus a measurement of BMI before adolescence 
and one of mental health in 1989. Given the potential for 
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confounding factors not included in the causal model, we 
will also consider applying a negative control exposure as 
part of the quantitative bias analyses.

In our study, the presence of two baselines (1980 and 
1989) might lead to some participant loss between the 
two surveys. These could reduce the representativeness 
of our study sample. We will consider inverse probability 
weighting to adjust for these potential losses.

Data analysis is planned for March–April 2024.

Patient and public involvement
This project will not involve any patients or the public.

ETHICS AND DISSEMINATION
The Young Finns study was conducted according to 
the guidelines of the Declaration of Helsinki, and the 
protocol was approved by ethics committees of University 
of Helsinki, Kuopio, Oulu, Tampere and Turku. Informed 
consent was obtained from all participants and from 
parents when participants were under 18. The protocol 
of this study has been presented at the annual conference 
of the Society for Longitudinal and Life course Studies, 
2023 in Munich. Findings from this study will be dissem-
inated at international conferences as a scientific article 
published in an open-access peer-reviewed international 
journal.

Anticipated significance
We expect our findings to highlight a yet unknown mech-
anism underlying inequalities in adult cardiometabolic 
health across multilevel socioeconomic contexts experi-
enced in adolescence. A larger adverse effect of health 
behaviours in adolescents from disadvantaged socioeco-
nomic backgrounds compared with that in adolescents 
from favourable socioeconomic backgrounds would 
support the differential susceptibility hypothesis.61 To 
mitigate social inequalities in health, it is important 
to ask the question of whether intervening on health 
behaviours in the whole population has different effects 
for people from different socioeconomic backgrounds, as 
many health behaviour interventions are implemented 
on a population level (eg, smoke-free places, banning 
sugary drinks on school grounds, or five-a-day health 
information campaigns). If gains in health from popu-
lation interventions are not equal across socioeconomic 
backgrounds (differential susceptibility), the interven-
tions could either mitigate or exacerbate inequalities in 
cardiometabolic health.27 Consequently, our findings 
would provide empirical support for complementing 
population approaches with a targeted approach based 
on the social determinants of health.27 Finally, we expect 
that our results will highlight the relevance of adoles-
cence as a window of opportunity for primordial preven-
tion14 and of multilevel social inequalities in health.
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