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Background

Understanding how childhood psychosocial adjustment (CPA)
influences later life health outcomes is crucial for developing
interventions to mitigate the long-term risk of cardiometabolic
diseases (CMDs).

Aims

To investigate the association between CPA and incident CMDs
in mid-life, and the mediating roles of educational attainment,
smoking habits and depression during young adulthood.

Method

A prospective cohort study utilised data from the 1958 National
Child Development Study (NCDS; 1958-2013) and the 1970 British
Cohort Study (BCS70; 1970-2018), encompassing 22 012 partici-
pants assessed for CPA in childhood, who were subsequently
evaluated for educational attainment, smoking habits and
depression in young adulthood, followed by assessments for
CMDs in mid-life. CPA was assessed using the Bristol Social
Adjustment Guides in the NCDS and the Rutter Child Behaviour
Scale in the BCS70, with higher scores indicating poorer psy-
chosocial adjustment. The primary outcomes were the mid-life
incidences of hypertension, diabetes and obesity.

Results

Compared with children in the lowest tertile for CPA scores,
those in the middle tertile had an adjusted odds ratio for
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hypertension of 0.98 (95% CI 0.90-1.06), whereas those in the
highest tertile had an odds ratio of 1.17 (95% CI 1.08-1.26). For
diabetes, the corresponding odds ratios (95% Cl) were 1.15
(0.98-1.35) and 1.39 (1.19-1.62). For obesity, the corresponding
odds ratios (95% Cl) were 1.08 (1.00-1.16) and 1.18 (1.09-1.27).
These associations were partially mediated by educational
attainment (2.4-13.9%) and depression during young adulthood
(2.5-14.9%).

Conclusions

Poorer CPA is correlated with the development of hypertension,
diabetes and obesity in mid-life. Interventions aimed at improv-
ing CPA may help in reducing the burden of these diseases in
later life.
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Cardiometabolic diseases (CMDs) are among the foremost causes of
morbidity and mortality globally, placing a significant strain on
healthcare systems. Among the CMDs, the hypertension-diabetes
continuum is the leading risk factor for atherosclerosis, and
obesity has been identified as the most important risk factor for
hypertension and diabetes." The sustained increase in the global
public health burden of these conditions highlights the critical
need to understand their development, which is essential for imple-
menting effective early intervention strategies. Recent research has
shed light on how early-life experiences, such as adverse childhood
events, emotional disturbances and attention-deficit hyperactivity
disorder (ADHD), act as persistent stressors that can elevate the risk
of developing CMDs later in life, > thereby underscoring the influence
of early-life psychosocial factors in the pathogenesis of CMDs.
Childhood psychosocial adjustment (CPA) encompasses the
development of social and emotional competencies that enable
children to effectively manage their relationships with peers,
family and others in their surroundings. Typically assessed in famil-
ial and educational settings, CPA is a multifaceted construct that
includes both internalising behaviours, such as anxiety and depres-
sion, and externalising behaviours, such as aggression and hyperactiv-
ity.” The development of CPAs is shaped by a complex interplay of
genetic predispositions, family dynamics, parenting practices and
peer interactions.®® Poor CPA has been associated with elevated
adverse cardiovascular biomarkers and premature mortality.” The
concept of biological embedding plays a crucial role in this context,
proposing that early childhood stressors and adaptive responses

https://doi.org/10.1192/bjp.2024.133 Published online by Cambridge University Press

can become ‘embedded’ in the body’s physiology, potentially
modifying gene expression (epigenetics), altering neural develop-
ment, and affecting the functionality of immune, metabolic and
cardiovascular systems.'

The long-term effects of poor CPA on CMDs are profound,
suggesting that traits observed in early adulthood could mediate
this relationship. For instance, children with ADHD are more
likely to start smoking early, achieve lower educational levels and
develop depressive disorders in early adulthood - factors known
to increase the risk of CMDs.'"""?

However, there is a notable paucity of large-scale, long-term
prospective studies tracing the relationship between CPA and
CMDs from birth to mid-life. Utilising data from two UK birth
cohorts — the 1958 National Child Development Study (NCDS) and
the 1970 British Cohort Study (BCS70) — our research aims to estimate
the association between CPA (as reflected in performance in family
and school settings) and mid-life CMDs. Additionally, we seek to
evaluate the potential mediating roles of educational attainment,
smoking habits and depression during young adulthood in this
association.

Method

Study population

We analysed data from two longitudinal UK birth cohorts: the 1958
National Child Development Study (NCDS) and the 1970 British
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Cohort Study (BCS70). These ongoing multidisciplinary surveys
captured data from 17 415 and 17 196 individuals born in a single
week in 1958 and 1970 respectively.'>'* The NCDS has collected
data across eight waves — at ages 0, 7, 10, 23, 33, 42, 50 and 55
years — and the BCS70 includes nine waves — at ages 0, 5, 11, 26,
30, 34, 38, 42 and 46 years. The study questions concerning all vari-
ables by cohort are presented in Supplementary Table 1, available at
https://doi.org/10.1192/bjp.2024.133. We set the age 10 wave in the
NCDS and the age 11 wave in the BCS70 as the respective baselines.
The study flowchart and response rates in both cohorts are depicted
in Fig. 1.

This study did not require ethics approval or informed consent
from the participants because we used publicly available secondary
data. However, approval had been sought from both institutional
review and/or internal ethical review boards, and participants’
informed consent had been obtained, for NCDS and BCS70 data
collection.

Exposure

Childhood psychosocial adjustment (CPA) was measured using the
Bristol Social Adjustment Guides (BSAG) at age 11 for the NCDS
and the Rutter Child Behaviour Scale (RCBS) at age 10 for the
BCS70. The BSAG is a comprehensive booklet with approximately
250 behavioural descriptors, where teachers identify relevant beha-
viours for each child: a CPA score was generated by summing the
number of coded items. The RCBS comprises 19 behavioural descrip-
tors, with mothers indicating the extent to which each applies to their
child via a visual analogue scale: a CPA score was created by
summing the scores of all 19 descriptors. Higher scores on both
scales signify worse CPA. CPA was further categorised into four sub-
types: conduct problems, emotional problems, hyperactivity and mis-
cellaneous, with higher scores indicating greater severity for each
subtype (Supplementary Table 2). Details of the BSAG and RCBS, as
well as the definitions for subtypes, are provided in the
Supplementary Method.

Mediators

The mediators linking CPA and CMDs can include behavioural,
socioeconomic and psychological factors. To minimise redun-
dancy and overestimation of indirect effects, we selected specific
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proxies: smoking habits during young adulthood (ever smoking
versus never smoking), educational attainment (O level or
below versus A level or above) and depressive symptoms in
young adulthood (with versus without depression). The choice
of smoking habits was informed by its significant public health
implications and direct health risks. The proportion of daily
cigarette smokers who transitioned to daily smoking in early
adulthood has increased from 38.7% in 2002 to 55.9% in 2018
in the USA.'®> Although sleep patterns, diet and physical inactiv-
ity are also critical behavioural indicators, their effects are more
diffuse and pose greater challenges in precise measurement com-
pared with smoking. Educational attainment, once achieved,
remains relatively stable over time and reflects a long-term
investment in skills and knowledge. It serves as a stable and
enduring indicator of socioeconomic status, particularly in
younger populations. Finally, depression captures a wide range
of psychological distress and is generally more debilitating than
other psychological factors, such as anxiety or personality disor-
ders, making it a critical proxy for assessing psychological
impacts. Mediators were evaluated at ages 23 and 33 in the
NCDS and at ages 26 and 30 in the BCS70. Details on the ques-
tions and definitions for these mediators are given in the
Supplementary Method.

Outcomes

Our study focused on three cardiometabolic diseases: hypertension,
diabetes and obesity. The selection of these outcomes was driven by
their significant public health impact and high prevalence among
young adults, unlike other severe CMDs such as stroke and myocar-
dial infarction, which predominantly affect older adults.
Additionally, these conditions were chosen because of their poten-
tial associations with the exposures and mediators being investi-
gated in our study. In the NCDS, hypertension and diabetes were
self-reported at ages 33, 42, 50 and 55, and obesity was defined as
a body mass index BMI > 30 kg/m?, calculated from self-reported
weight and height at these ages (with height at age 42 used for sub-
sequent waves owing to the lack of assessment). For the BCS70,
these conditions were self-reported at ages 30, 34, 42 and 46, and
obesity was similarly defined based on BMI at these ages.
Participants meeting the criteria at any wave were classified
accordingly.
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Potential confounders

Potential confounders were chosen for their potential to confound
the relationship between CPA and CMDs. These include demo-
graphic factors such as gender and region of residence, socio-
economic factors such as parental social class, prenatal factors
such as maternal smoking during pregnancy, method of delivery,
birth weight and breastfeeding history. Additionally, exposure to
tobacco smoke during childhood was considered. The selection of
these factors was guided by previous research that have identified
them as significant confounders in the link between early psycho-
social factors and mid-life health outcomes,” as well as the data
availability in our study. These variables, except for breastfeeding
history and childhood exposure to tobacco smoke, were derived
from initial waves of both cohorts, with details provided in the
Supplementary Method.

Statistical analysis

Participants were grouped into tertiles based on their total CPA
scores within each cohort. Characteristics are presented as means
or medians for continuous variables and frequencies for categorical
variables.

We conducted logistic regression to explore the association
between CPA scores and mid-life CMDs, using the lowest tertile
as the reference. Two models were applied: model 1 without adjust-
ments and model 2 adjusted for gender, region of residence, social
class, maternal smoking during pregnancy, method of delivery,
birth weight and breastfeeding (with childhood exposure to tobacco
smoke further adjusted in BCS70 models). Missing covariate data
were addressed through multiple imputation (m=5), with odds
ratios and 95% confidence intervals pooled from all imputed data-
sets. Regressions were performed separately for each cohort, followed
by a fixed-effects meta-analysis of individual participant data.

Causal mediation analysis was employed to assess the mediating
effects of our three mediators on the CPA-mid-life CMDs relation-
ship among participants with complete data on exposure, mediators
and outcomes. Separate analyses were conducted for each cohort,
treating CPA score tertiles as continuous (valued at 1, 2 and 3),
with gender and region of residence as confounders. The proportions
of mediating effects and 95% confidence intervals were reported.

For the relationship between CPA and mid-life CMDs, sensitiv-
ity analyses were performed in two ways. First, fully adjusted models
were fit by gender (male and female) and parental social class (I/11,
IIa/b and IV/V) within each cohort, followed by meta-analysis.
Second, fully adjusted models were fit after multiple imputation
(m = 20) for outcomes and aggregated via meta-analysis. For medi-
ation analysis, we conducted sensitivity analyses by treating CPA
tertiles as binary variables: setting the first tertile as one dummy
variable and combining the first and second tertiles as another
dummy variable for separate mediation analyses.

A two side P-value of <0.05 was considered statistically signifi-
cant. All analyses were conducted using R 4.3.1 for Windows.

Results

Participant characteristics

Our study comprised 14 154 individuals from the National Child
Development Study (NCDS) and 12774 from the British Cohort
Study 1970 (BCS70), with a balanced gender distribution (46.8%
girls in both cohorts). Supplementary Table 3 provides a summary
of participant characteristics, including early-life factors, mediators
in young adulthood and mid-life outcomes across tertiles of child-
hood psychosocial adjustment (CPA) scores. Notably, there was
approximately a 20% rate of missing data for mediators and
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outcomes. Baseline characteristics according to the presence of hyper-
tension, diabetes and obesity by cohort are detailed in Supplementary
Tables 4-9. Higher CPA scores in childhood were associated with the
development of these conditions in mid-life for both cohorts.

CPA and midlife cardiometabolic diseases (CMDSs)

Table 1 illustrates the relationship between CPA and mid-life
CMDs. In the NCDS, higher CPA scores were linked to an increased
likelihood of hypertension, diabetes and obesity after adjusting for
confounding factors. In the BCS70, a similar increase was found
for hypertension. Meta-analyses of NCDS and BCS70 cohorts
revealed significant associations. For hypertension, compared with
those in the lowest tertile of CPA scores, the odds ratio for the
middle tertile was 0.98 (95% CI 0.90-1.06), and for the highest
tertile it was 1.17 (95% CI 1.08-1.26). For diabetes, the correspond-
ing odds ratios were 1.15 (95% CI 0.98-1.35) and 1.39 (95% CI
1.19-1.62), and for obesity they were 1.08 (95% CI 1.00-1.16) and
1.18 (95% CI 1.09-1.27).

CPA subtypes and midlife CMDs

Table 2 presents the associations between four CPA subtypes and
mid-life CMDs, showing variable precision depending on the
subtype, CMD and cohort. Meta-analyses for the NCDS and
BCS70 cohorts indicated that conduct problems were associated
with increased odds of hypertension and diabetes, with the
highest tertile compared with the lowest showing odds ratios of
1.08 (95% CI 1.00-1.17) and 1.19 (95% CI 1.02-1.39) respectively.
Emotional problems were linked to all three conditions, with odds
ratios of 1.16 (95% CI 1.07-1.25) for hypertension, 1.33 (95% CI
1.15-1.55) for diabetes and 1.17 (95% CI 1.09-1.26) for obesity.
Hyperactivity and miscellaneous problems were similarly associated
with increased odds for these CMDs.

Mediation analysis

Table 3 shows the mediation analysis results by cohort. In the NCDS,
low educational levels accounted for a small but significant percent-
age of the association between CPA and CMDs: 2.4% for hyperten-
sion, 6.7% for diabetes and 13.9% for obesity. Depression also
served as a mediator, particularly for the association between CPA
and diabetes, explaining 7.3% of the association. In the BCS70, low
educational levels explained 1.9% of the association with hyperten-
sion and 8.0% with obesity. Depression was a more substantial medi-
ator for hypertension (10.9%), diabetes (14.5%) and obesity (10.0%).
Smoking habits did not significantly mediate the relationship
between CPA and the CMDs in question for either cohort.

Sensitivity analysis

Sensitivity analyses for logistic regression indicate that the positive
associations between CPA scores and odds of mid-life CMDs
remained stable regardless of gender (Supplementary Tables
10-12) and social class (Supplementary Tables 13-15) and in ana-
lyses using fully imputed data (Supplementary Table 16).
Mediation analysis results were also robust in sensitivity analysis
(Supplementary Tables 17 and 18).

Discussion

Principal findings

Our study provides a thorough analysis of how childhood psycho-
social adjustment (CPA) affects the likelihood of developing cardi-
ometabolic diseases (CMDs) during mid-life. Utilising data from
two sizeable birth cohorts, our findings indicate a significant
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Table 1 Association between childhood psychosocial adjustment (CPA) and mid-life cardiometabolic diseases for the National Childhood Development Study (NCDS) and 1970 British Cohort Study (BCS70) meta-analyses®

Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 0.93 (0.84-1.03) 0.92 (0.83-1.02) 1.12 (0.91-1.37) 1.09 (0.88-1.34) 1.13 (1.03-1.25) 1.10 (1.00-1.22)
Tertile 3 1.14 (1.03-1.26) 1.11 (1.00-1.23) 1.60 (1.32-1.94) 1.49 (1.22-1.81) 1.33(1.20-1.47) 1.26 (1.14-1.39)
P-trend 0.01 0.05 <0.001 <0.001 <0.001 <0.001

Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 1.08 (0.95-1.23) 1.07 (0.94-1.22) 1.27 (0.98-1.63) 1.24 (0.97-1.60) 1.08 (0.97-1.20) 1.06 (0.95-1.18)
Tertile 3 1.31 (1.16-1.49) 1.26 (1.11-1.43) 1.33 (1.04-1.70) 1.24 (0.97-1.60) 1.15 (1.03-1.28) 1.08 (0.97-1.21)
P-trend <0.001 <0.001 0.02 0.09 0.005 0.16

Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 0.99 (0.91-1.07) 0.98 (0.90-1.06) 1.19 (1.01-1.39) 1.15 (0.98-1.35) 1.08 (1.01-1.17) 1.08 (1.00-1.16)
Tertile 3 1.17 (1.08-1.26) 1.17 (1.08-1.26) 1.44 (1.24-1.68) 1.39 (1.19-1.62) 1.20 (1.12-1.29) 1.18 (1.09-1.27)

Ref, reference.

a. Results are presented as odds ratios with 95% confidence intervals in parentheses.

b. Unadjusted models.

¢. Models were adjusted for gender, region of residence, social class, maternal smoking during pregnancy, method of delivery, birth weight and breastfeeding.

d. Models were adjusted for gender, region of residence, social class, maternal smoking during pregnancy, method of delivery, birth weight, breastfeeding and childhood exposure to tobacco smoke.
€. Log-ORs and variance were derived from unadjusted logistic models in NCDS and BCS70 respectively.

f. Log-ORs and variance were derived from adjusted logistic models in NCDS and BCS70 respectively.

Fixed effects were considered across studies. All P-values for heterogeneity >0.1.
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Table 2 Association between subtypes of childhood psychosocial adjustment (CPA) and mid-life cardiometabolic diseases for the National Childhood

Development Study (NCDS) and 1970 British Cohort Study (BCS70) meta-analyses®

Hypertension
NCDS BCS70 NCDS and BSC70 Meta-analyses
CPA type Model 1° Model 2¢ Model 1° Model 2¢ Model 1¢ Model 2
Conduct problems
Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 1.08 (0.98-1.20) 1.07 (0.97-1.19) 1.04 (0.91-1.18) 1.02 (0.90-1.16) 1.07 (0.98-1.15) 1.05 (0.97-1.14)
Tertile 3 1.10 (0.99-1.22) 1.08 (0.97-1.19) 1.14 (1.00-1.29) 1.08 (0.95-1.23) 1.12 (1.03-1.21) 1.08 (1.00-1.17)
Emotional problems
Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 1.01 (0.91-1.12) 1.01 (0.91-1.12) 1.06 (0.93-1.21) 1.06 (0.93-1.20) 1.03 (0.95-1.12) 1.03 (0.95-1.11)
Tertile 3 1.17 (1.05-1.29) 1.14 (1.03-1.27) 1.21 (1.07-1.37) 1.18 (1.04-1.34) 1.18 (1.09-1.28) 1.16 (1.07-1.25)
Hyperactivity
Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 1.04 (0.94-1.16) 1.04 (0.94-1.16) 1.03 (0.91-1.18) 1.03 (0.90-1.17) 1.04 (0.96-1.13) 1.04 (0.96-1.13)
Tertile 3 1.06 (0.96-1.18) 1.04 (0.94-1.16) 1.27 (1.12-1.43) 1.22 (1.07-1.39) 1.14 (1.05-1.23) 1.11 (1.02-1.20)
Miscellaneous
Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 0.97 (0.87-1.08) 0.97 (0.88-1.08) 1.09 (0.96-1.24) 1.09 (0.96-1.24) 1.02 (0.94-1.10) 1.02 (0.94-1.10)
Tertile 3 1.11 (1.01-1.23) 1.10 (1.00-1.22) 1.19 (1.05-1.35) 1.15 (1.01-1.31) 1.14 (1.05-1.24) 1.12 (1.03-1.21)
Diabetes
NCDS BCS70 NCDS and BSC70 meta-analyses
Model 1° Model 2¢ Model 1° Model 2¢ Model 1¢ Model 2
Conduct problems
Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 1.10 (0.90-1.34) 1.06 (0.87-1.30) 1.14 (0.89-1.4¢) 1.12 (0.88-1.44) 1.12 (0.96-1.30) 1.09 (0.93-1.27)
Tertile 3 1.33 (1.10-1.61) 1.25 (1.03-1.52) 1.18 (0.92-1.51) 1.09 (0.85-1.40) 1.27 (1.09-1.48) 1.19 (1.02-1.39)
Emotional problems
Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 1.22 (1.00-1.50) 1.20 (0.98-1.48) 0.94 (0.73-1.27) 0.94 (0.73-1.21) 1.10 (0.94-1.29) 1.09 (0.93-1.28)
Tertile 3 1.56 (1.28-1.90) 1.47 (1.21-1.79) 1.19 (0.94-1.51) 1.16 (0.91-1.47) 1.40 (1.2-1.63) 1.33(1.15-1.55)
Hyperactivity
Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 0.99 (0.81-1.21) 0.98 (0.80-1.20) 0.94 (0.73-1.21) 0.94 (0.73-1.21) 0.97 (0.83-1.14) 0.96 (0.82-1.13)
Tertile 3 1.30 (1.07-1.57) 1.20 (1.00-1.46) 1.22 (0.96-1.55) 1.13 (0.89-1.44) 1.27 (1.09-1.47) 1.17 (1.01-1.37)
Miscellaneous
Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 0.85 (0.69-1.04) 0.86 (0.70-1.05) 1.27 (0.99-1.64) 1.28 (0.99-1.64) 1.00 (0.85-1.17) 1.00 (0.86-1.18)
Tertile 3 1.39 (1.16-1.68) 1.36 (1.13-1.64) 1.42 (1.11-1.83) 1.41 (1.10-1.81) 1.41 (1.21-1.63) 1.38 (1.19-1.60)
Obesity
NCDS BCS70 NCDS and BSC70 Meta-analyses
Model 1° Model 2¢ Model 1° Model 2¢ Model 1¢ Model 2
Conduct problems
Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 1.07 (0.97-1.18) 1.03 (0.94-1.14) 1.04 (0.93-1.15) 1.01 (0.91-1.13) 1.05 (0.98-1.13) 1.03 (0.95-1.10)
Tertile 3 1.06 (0.96-1.17) 1.01 (0.91-1.12) 1.15 (1.03-1.28) 1.07 (0.96-1.20) 1.10 (1.03-1.19) 1.04 (0.96-1.12)
Emotional problems
Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 1.03 (0.94-1.14) 1.02 (0.93-1.13) 0.97 (0.87-1.08) 0.96 (0.86-1.07) 1.00 (0.93-1.08) 0.99 (0.92-1.07)
Tertile 3 1.40 (1.27-1.54) 1.34 (1.22-1.48) 1.01 (0.91-1.13) 0.99 (0.89-1.10) 1.21 (1.12-1.30) 1.17 (1.09-1.26)
Hyperactivity
Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 1.12 (1.02-1.24) 1.12 (1.01-1.23) 0.95 (0.85-1.06) 0.94 (0.85-1.05) 1.04 (0.97-1.12) 1.03 (0.96-1.11)
Tertile 3 1.39 (1.26-1.54) 1.34 (1.21-1.48) 1.17 (1.06-1.31) 1.12 (1.00-1.24) 1.29 (1.20-1.38) 1.23(1.14-1.32)
Miscellaneous
Tertile 1 Ref Ref Ref Ref Ref Ref
Tertile 2 0.99 (0.9-1.09) 1.00 (0.90-1.10) 0.99 (0.89-1.10) 0.98 (0.88-1.10) 0.99 (0.92-1.06) 0.99 (0.92-1.07)
Tertile 3 1.17 (1.06-1.29) 1.14 (1.04-1.26) 1.10 (0.98-1.22) 1.07 (0.96-1.20) 1.13 (1.06-1.22) 1.11 (1.03-1.20)
Ref, reference.
a. Results are presented as odds ratios (ORs) with 95% confidence intervals in parentheses.
b. Unadjusted models.
¢. Models were adjusted for gender, region of residence, social class, maternal smoking during pregnancy, method of delivery, birth weight and breastfeeding.
d. Models were adjusted for gender, region of residence, social class, maternal smoking during pregnancy, method of delivery, birth weight, breastfeeding and childhood exposure to
te?ti?)(:g?gsg ;ﬁg variance were derived from unadjusted logistic models in NCDS and BCS70 respectively.
f. Log-ORs and variance were derived from adjusted logistic models in NCDS and BCS70 respectively.
Higher scores indicate more severe problems. Fixed effects were considered across studies. All P-values for heterogeneity >0.1.
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Table 3 Mediation analysis according to cohorts

Outcome Mediators
Hypertension Smoking habit?
Educational levels®
Depression®
Diabetes Smoking habit?
Educational levels”
Depression®
Obesity Smoking habit®

Educational levels®
Depression®©

NCDS, National Childhood Development Study; BCS70, 1970 British Cohort Study.
a. Ever smoking versus never smoking.

b. Highest education O level or below versus A level or above.

. Depression versus not depression.

Gender and residential region were adjusted as confounders.

*P < 0.05, **P < 0.01.

Mediation proportion (95% Cl)

NCDS BCS70
6.1t0 11.0) 5(-0.61t03.0)
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association between poor CPA and an elevated likelihood of hyper-
tension, diabetes and obesity in mid-life. Specifically, emotional
problems, hyperactivity and miscellaneous CPA subtypes were
linked to all three CMDs, while conduct problems correlated with
hypertension and diabetes. Additionally, mediation analysis sug-
gested that both lower educational attainment and early-life depres-
sion partially contributed to the connection between CPA and
CMDs

Comparison with other studies

In support of our results, prior research has identified various CPA
factors (e.g. conduct problems, mental health problems, attention-
deficit hyperactivity disorder (ADHD)) as predictors of adverse
adult outcomes.">'®'” Colman and colleagues noted that adolescents
with severe externalising behaviours face a range of social and health
challenges, including mental health issues, strained family life, and
poor employment and educational outcomes in adulthood,'® which
also extend to physical health."” Similarly, Hoffmann and colleagues
found enduring links between adolescent mental health problems
(reported by parents or teachers) and negative educational, economic,
social, health and psychological outcomes later in life.** Recent meta-
analyses have also connected ADHD with adverse academic, mental
health, substance use and employment outcomes.?! Nevertheless, the
evidence directly associating CPA with mid-life CMDs remains
scarce. Drawing on the National Child Development Study
(NCDS), Ploubidis and colleagues explored early-life mental
health’s relationship with cardiometabolic biomarkers at age 42, iden-
tifying associations with elevated fibrinogen levels and blood pres-
sure.” Thapar and colleagues also reported correlations between
ADHD symptoms and higher body mass index (BMI), blood pressure
and triglyceride levels, using the same analytical approach as
Ploubidis et al.>> Our study extends and refines this body of evidence,
delivering a detailed evaluation of childhood psychosocial conditions,
integrating data from all life-course stages, rather than a single time
point, to capture comprehensive information on hypertension, dia-
betes and obesity. Moreover, besides using NCDS data, we explored
this relationship with the 1970 British Cohort Study (BCS70) and
conducted a meta-analysis of these cohorts to further strengthen
the reliability and validity of our findings.

Potential mechanism

The mechanisms through which poor CPA might be associated with
increased odds of CMDs are likely multifaceted. Our analysis indi-
cates that lower educational attainment partly mediates this relation-
ship. Education, a precursor to socioeconomic factors such as
occupation and income, is crucial for maintaining healthy lifestyles
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and accessing healthcare.** Individuals with lower educational attain-
ment may be more likely to occupy jobs that are physically demand-
ing, low-paid and offer little control, which are stressors that have
been linked to poor health outcomes.>* Limited income also restricts
access to healthcare, nutritious food and safe living environments,
further heightening the risk of CMDs.”> Furthermore, individuals
with lower educational levels are more likely to smoke, have poor
diets and lead sedentary lifestyles, and they are also less likely to
follow medical advice,?® which diminishes the effectiveness of
CMD prevention measures in primary and secondary care, leaving
them more susceptible to these diseases. Early adulthood depression
also emerged as a notable mediator in the CPA-CMD relationship.
Depression can encourage development of CMDs through behav-
ioural pathways (e.g. physical inactivity, unhealthy eating)*”** and
has significant biological impacts on the development of CMDs.
For instance, depression is associated with increased systemic inflam-
mation, insulin resistance and endothelial dysfunction, all of which
contribute to CMDs.”” Our findings did not identify early-life
smoking as a significant mediator in the CPA-CMD relationship,
which contrasts with previous studies that have highlighted
smoking as a critical risk factor for CMDs. This discrepancy might
arise from two factors. First, our study defined smoking habits as
either ‘ever smoking’ or ‘never smoking’, which may not account
for those who quit smoking later, thus reducing their duration of
exposure. Second, our participants were relatively young (aged <55
years in the NCDS and <46 in BCS70), meaning the cumulative
harm from smoking was likely lower and its dose-response effect
on additional cardiometabolic risks had not fully manifested.*® It is
important to acknowledge that other factors, including sleep patterns,
diet and physical inactivity, may also serve as mediators. Further
research is essential to explore and quantify these additional indirect
pathways connecting CPA to CMDs.

Apart from the indirect effect between global CPA and mid-life
CMDs, our study also suggested direct effects linking subtypes of
CPA to mid-life CMDs. Specifically, childhood hyperactivity signifi-
cantly increased the odds of hypertension, diabetes and obesity in
mid-life. Although hyperactivity might intuitively seem protective
against obesity owing to increased physical activity, observational
studies have shown that those with ADHD often experience dysregu-
lation of eating behaviour.>® Additionally, recent studies indicate
genetic overlaps between ADHD and BMI** and a causal relationship
between childhood ADHD and obesity was revealed by a Mendelian
randomisation study.” Childhood hyperactivity also increased the
odds of hypertension. Besides the similar pathways shared with
obesity, medications used to treat hyperactivity may partly account
for this relationship.>® However, some studies have found conflicting
results, suggesting that hyperactivity could be protective against
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obesity and showing no significant relationship with blood pres-
sure.***> These discrepancies indicate that the relationship between
hyperactivity and CMDs may be influenced by the severity of exposure
and the treatment received. Psychological factors are well-documented
risk factors for CMDs. Our findings indicate that children with emo-
tional problems are more likely to develop hypertension, diabetes and
obesity in mid-life. Psychological disorders serve as a source of chronic
stress, which can alter neuroendocrinological mechanisms such as the
hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic
nervous system.® Persistent chronic stress can lead to continuous acti-
vation of these systems, negatively affecting cardiometabolic functions
such as immune response, blood pressure and lipid metabolism.*”
Long-term epigenetic alterations induced by chronic stress, affecting
the HPA system and resulting in elevated cortisol levels, have also
been observed.”>*® However, a multi-ethnic cross-sectional study
found no relationship between depression and diabetes,™ suggesting
that the effect of emotional problems on CMDs could be dose-respon-
sive, with those experiencing childhood emotional problems being at
higher risk of CMDs because of prolonged exposure to chronic stress.
Childhood conduct problems also increased the odds of hypertension
and diabetes. This may be attributed to the antisocial behaviour pat-
terns developed in childhood that tend to persist across the lifespan,
which are associated with poorer health and inadequate healthcare
provision.”” Our findings of links with all four subtypes suggest that
poor CPA could serve as a broad indicator of underlying socio-
economic disadvantages (e.g. poverty, poor living environment) and
exposure to chronic stress (e.g. childhood maltreatment, recurrent
illness). This broader context aligns with the concept of biological
embedding, where early psychosocial stressors influence long-term
health outcomes through complex physiological and behavioural
pathways.

Policy implications

The prevention of CMDs presents a multifaceted challenge
that necessitates collaboration across various disciplines, such as
psychology, paediatrics, sociology, cardiology and endocrinology.
Detailed documentation of children’s psychosocial health in medical
records should be prioritised. These records should be readily access-
ible to primary healthcare providers, regardless of the patient’s age or
geographical location. This integration would enable early identifica-
tion and continuous monitoring of at-risk individuals throughout
their lifespan. Children exhibiting psychosocial maladjustment
should be identified as a high-risk group for future CMDs, similar
to the recognition afforded to smokers and individuals with obesity.
This categorisation can inform targeted prevention strategies, includ-
ing regular screening for CMDs and tailored health interventions.
Implementing early intervention programmes that focus on improv-
ing CPA is crucial. These programmes should address educational
inequalities and mental health issues among young people.
Interventions could include school-based mental health services,
behavioural therapy and family support programmes. Policymakers
should prioritise funding for research and interventions aimed at
improving CPA. Investments in mental health services for children
and adolescents, particularly in underserved communities, can have
long-term benefits in reducing the prevalence of CMDs.

Strengthens and limitations

A principal strength of our study is the employment of two large,
well-characterised cohorts, which bolsters the reliability of our find-
ings. The longitudinal design facilitates a robust temporal analysis
of the relationship between CPA and CMDs. Additionally, the exten-
sive data collection process allows for the assessment of a wide range
of confounders and mediators. A further notable strength is the intri-
cate classification of CPA subtypes, as reported by parents and
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teachers, affording a nuanced understanding of how various psycho-
social adjustment issues may influence risk of CMDs.

Despite these strengths, several limitations warrant attention.
First, the presence of missing data for mediators and outcomes,
which amounts to approximately 20%, poses a risk of bias if the
missingness correlates with both exposure and outcome. We
addressed this issue by employing multiple imputation to create
complete data-sets, and our findings remained consistent after
pooling the results. Second, there is a persistent possibility of
residual confounding despite adjusting for a range of early-life
factors in our models. For instance, disparities in social class may
have widened during the long-term follow-up. Sensitivity analyses
across different social classes confirmed the robustness of the asso-
ciation between CPA and mid-life CMDs, reinforcing our results.
Third, although our analysis accounted for select mediators, it did
not encompass all conceivable factors, such as diet, physical activity
and genetics. We chose three representative mediators for this
study: smoking habits (a behavioural factor), educational level
(a socioeconomic factor) and depression (a psychological factor).
We conducted subgroup analyses to test interaction -effects
between mediators (Supplementary Table 19) and no interaction
effect was found. It is important to acknowledge that the interplay
among mediators is complex, and incorporating an excessive
number of mediators could lead to redundancy and overestimation
of indirect effects. Fourth, the reliance on self-reported measures for
certain variables could be perceived as a limitation. To mitigate
recall bias, we ascertained early-life factors from the initial survey
conducted at birth and assessed CMDs at short intervals. Fifth,
caution should be exercised when extrapolating these results to
populations outside the UK, since our study focused on two
cohorts from the UK. Differences in healthcare systems, socio-
economic factors and lifestyle between countries could significantly
affect the generalisability of the findings. Sixth, the use of different
tools (the BSAG and RCBS) and different timing to assess childhood
psychosocial adjustment across cohorts could lead to measurement
inconsistencies. Additionally, the assessment at different ages (10
years old for the NCDS and 11 years old for the BCS70) might intro-
duce a developmental bias. These factors could potentially influence
the comparability of the results between cohorts. Last, although our
study’s prospective design is a strong point, it is essential to recog-
nise that it does not establish causality owing to its observational
nature and the potential for residual confounders.

conclusion

Our study offers important insights into the relationship between
childhood psychosocial adjustment and the odds of developing car-
diometabolic diseases (CMDs) in mid-life. The findings suggest that
interventions targeting psychosocial health in childhood could have
long-term benefits in preventing CMDs.
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