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Background
It is well-known that childhood attention-deficit hyperactivity
disorder (ADHD) is associated with later adverse mental health
and social outcomes. Patient-based studies suggest that ADHD
may be associated with later cardiovascular disease (CVD) but
the focus of preventive interventions is unclear. It is unknown
whether ADHD leads to established cardiovascular risk factors
because so few cohort studiesmeasure ADHD and also follow up
to an age where CVD risk is evident.

Aims
To examine associations between childhood ADHD problems
and directly measured CVD risk factors at ages 44/45 years in a
UK population-based cohort study (National Child Development
Study) of individuals born in 1958.

Method
Childhood ADHD problems were defined by elevated ratings on
both the parent Rutter A scale and a teacher-rated questionnaire
at age 7 years. Outcomeswere known cardiovascular risk factors
(blood pressure, lipid measurements, body mass index and
smoking) at the age 44/45 biomedical assessment.

Results
Of the 8016 individuals assessed both during childhood and at
the biomedical assessment 3.0% were categorised as having

childhood ADHD problems. ADHD problems were associated
with higher body mass index (B = 0.92 kg/m2, s.d. = 0.27–1.56),
systolic (3.5 mmHg, s.d. = 1.4–5.6) and diastolic (2.2 mmHg,
s.d. = 0.8–3.6) blood pressure, triglyceride levels (0.24 mol/l,
s.d. = 0.02–0.46) and being a current smoker (odds ratio OR = 1.6,
s.d. = 1.2–2.1) but not with LDL cholesterol.

Conclusions
Childhood ADHD problems predicted multiple cardiovascular
risk factors by mid-life. These findings, when taken together with
previously observed associations with cardiovascular disease in
registries, suggest that individuals with ADHD could benefit from
cardiovascular risk monitoring, given these risk factors are
modifiable with timely intervention.
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Attention-deficit hyperactivity disorder (ADHD) is a common neu-
rodevelopmental condition with an estimated prevalence in
children and adolescents of 3–5%.1 It typically first manifests
during childhood, although most individuals continue to have
symptoms and impairment in adolescence and adult life.2 As
there are multiple barriers to accessing specialist healthcare, even
in high-income countries, many people with ADHD fail to receive
a diagnosis and appropriate treatment. This is despite evidence
that ADHD is associated with multiple adverse mental health, edu-
cational and social outcomes.3–5 More recently there is growing evi-
dence that ADHD may be a risk factor for physical ill health and
premature mortality.6 Recent studies of patient populations includ-
ing large Scandinavian registry-based studies have confirmed risks
between clinically recognised ADHD and a diagnosis of cardiovas-
cular disease (CVD).6 A two-sample Mendelian randomisation
approach also found that genetic liability for ADHD may be
causal for coronary artery disease.7 As ADHD is known to be asso-
ciated with higher rates of cigarette smoking and elevated bodymass
index (BMI), these risk exposures could explain elevated rates of
CVD in people with ADHD. However, observed associations
could also be explained by additional CVD risk factors.

Cardiovascular risk factors

Major CVD risk factors include elevated blood lipids (particularly
low-density lipoprotein (LDL) cholesterol and triglycerides), ele-
vated blood pressure, cigarette smoking and obesity/elevated body

mass index (BMI), as well as genetic liability.8 CVD can be pre-
vented by targeting many of these risk factors (e.g. hypertension,
high lipids) for intervention and CVD risk prediction tools have
therefore been adopted in primary care settings in many countries
but not in psychiatry clinics.

The need for population-based studies

Although clinical studies and registry data are invaluable, detailed
data on lifestyle and cardiovascular risks are not routinely available.
Also, given known referral biases, all clinical studies are subject to
observed associations arising from ascertainment and collider
bias, especially as many people with ADHD are never clinically
recognised. Another challenge is that findings, particularly for sys-
tolic blood pressure, may be confounded owing to widespread use,
in recent clinical cohorts, of ADHDmedications known to have car-
diovascular side-effects.7 Prospective population-based studies have
different strengths compared with clinical studies. However, studies
to date that have examined links between ADHD and physical
health have been cross-sectional or only examined outcomes into
early adult life. To the best of our knowledge, there are no prospect-
ive population-based studies that span birth to mid-life and that
have allowed examination of links between childhood ADHD pro-
blems and CVD risk factors in mid-life. We used prospective data
from a UK birth cohort, the National Child Development Study,
in which participants were recruited at birth in 1958.9 This study
collected information on childhood ADHD symptoms using the
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most widely validated measure at that time and followed up indivi-
duals into mid-life (aged 44–45 years), when biomedical data were
collected. As ADHD behaves as a risk dimension, broader defini-
tions of ADHD show associations with the same risk factors, corre-
lates and outcomes as an interview-derived DSM-5/DSM-IV or
ICD-10 diagnosis.10 Our aim was to examine whether ADHD pro-
blems in childhood were associated with specified CVD risk factors
at age 44.

Method

Sample

The National Child Development Study (NCDS) is a prospective
UK birth cohort study comprising 18 558 children born in
England, Wales and Scotland on 3–9 March 1958. A research
nurse visited participants aged 44–45 years for a face-to-face bio-
medical assessment, which included a detailed assessment of their
physical health.

The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and insti-
tutional committees on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008. All procedures
involving human subjects/patients were approved by South East
Medical Research and Ethics Committee (NCDS Biomedical, Age
44, 2002, REC number 01/1/44). A comprehensive description of
the NCDS study has been published.9 Informed parental consent
was sought for the childhood measures and explicit written
consent was obtained for the biomedical assessment.11

Measures
Exposure variable: ADHD

When NCDS participants were aged 7, their mothers completed the
(modified) Rutter A scale, which is a questionnaire measure of
various child mental health problems, including ADHD, developed
by Michael Rutter in the 1960s. The ADHD items have been vali-
dated against interview-assessed research diagnoses of ADHD.12

The NCDS Rutter Scale includes items on whether the child ‘is
squirmy or fidgety’ or ‘has difficulty in settling’. Response categories
were: ‘never’, ‘sometimes’ and ‘frequently’.13 Teacher reports on
these two ADHD symptoms in the participants (‘squirmy, fidgety’
and ‘hardly ever still’) were also obtained at similar time points
and derived from the Bristol Social Adjustment Guides (BSAG),13

with response categories ‘don’t know’, ‘certainly applies’, ‘applies
somewhat’ and ‘does not apply’. No measures of ADHD have
been included in NCDS after childhood/adolescence.

Individuals were classified as having ‘ADHD problems’ if the
parent endorsed both ADHD symptoms (regardless of frequency)
and the teacher endorsed either of the ADHD symptoms as
‘certainly applies’, as a clinical diagnosis of ADHD requires difficul-
ties across different settings. This approach generated a prevalence
rate of 3% for ADHD problems, which is in line with global
prevalence rates of DSM-IV/DSM-5 ADHD.1 Time trends research
suggests that prevalence rates for ADHD have not changed over
time.14

Outcomes: CVD risk factors assessed in ‘mid-life’ (age 44–45)

For the purposes of these analyses, all outcomes were defined as
continuous variables (apart from smoking status). To aid clinical
interpretation, the four categorical outcomes using current UK
guidelines for clinical action (e.g. hypertension, hyperlipidaemia)
were also generated:

(a) Blood pressure (mmHg): three readings of systolic (SBP) and
three readings of diastolic (DBP) blood pressure were available.
A mean value for each (SBP and DBP) was derived. Given pre-
vious evidence,8,15 systolic blood pressure was considered as the
primary outcome.

(b) Lipid measurements (mmol/L): low-density lipoprotein (LDL)
and triglyceride levels.

(c) Body mass index (BMI): height and weight were measured by
nurses during home visits and BMI derived using the standard
formula (weight/height, kg/m2). The principal measure of BMI
was mid-life BMI, but we also checked whether substituting
BMI at age 16 for mid-life BMI influenced the results.16

(d) Smoking status: this was based on self-report using a derived
dichotomised item (‘Current smoker’, yes/no). Smoking is a
well-established risk factor for CVD but also known to be
strongly associated with ADHD.

Analysis

There were three main steps in the analyses.

Mid-life cardiovascular risk factors as outcome

Regression analyses were conducted with childhood ADHD as
exposure and cardiovascular risk factors (SBP, DBP, BMI, current
smoking status, triglycerides and LDL) as separate outcomes.

Sensitivity analyses

As there is a well-recognised effect of sex (male/female) on systolic
blood pressure and as ADHD is more prevalent in males, we added
sex and an interaction term between sex and ADHD to the regres-
sion analysis of ADHD group on systolic blood pressure. We con-
ducted similar sensitivity checks for birth socioeconomic status
(SES) as a covariate and interaction term. SES at birth was classified
using the Registrar General’s classification of the father’s social class,
i.e. the social class the NCDS participant was ‘born into’. The cat-
egories were condensed into a dichotomised variable ‘higher SES’
(classes I, II and III non-manual /manual) and ‘lower SES’ (classes
IV, V and unclassified).

Missing data analysis: multiple imputation

Full descriptions of the process and results are provided in the
Supplementary materials, available at https://dx.doi.org/10.1192/
bjp.2023.90. We scored missing outcome measures (adult BMI,
SBP, DBP, LDL cholesterol, current smoking status and triglycer-
ides) for our analysis sample. All baseline data and outcomes
reported in the main paper are unimputed. We performed multiple
imputation using a multivariate normality assumption in STATA
version 16.1 for Windows. We used: (a) variables in line with pub-
lished recommendations for imputing missing data in the biomed-
ical survey in the NCDS17 (if they predicted missingness for all/most
key mid-life outcomes); (b) earlier values of primary outcomes; (c)
other keymid-life variables. A full list of variables used in the imput-
ation is given in the Supplementary materials.

Results

Figure 1 is a flowchart of how the sample of participants included in
our analysis was derived.

Associations between childhood ADHD and mid-life
cardiovascular risk factors

The values of mid-life cardiovascular risk factors for individuals
with and without childhood ADHD problems and associations
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between childhood ADHD problems and mid-life cardiovascular
risk factors are detailed in Table 1.

Childhood ADHD problems were associated with BMI
(B = 0.92 kg/m2, s.d. = 0.27–1.56), systolic (3.5 mmHg, s.d. = 1.4–
5.6) and diastolic (2.2 mmHg, s.d. = 0.8–3.6) blood pressure, trigly-
ceride levels (0.24 mmol/l, s.d. = 0.02–0.46) and being a current
smoker (odds ratio OR = 1.6, s.d. = 1.2–2.1) but not with LDL chol-
esterol levels.

In separate analyses childhood ADHD was not associated with
BMI at age 16 (ADHD group: mean 20.6 kg/m2; non-ADHD group:
mean also 20.6 kg/m2) nor with BMI at age 11 (ADHD group: mean
17.3 kg/m2; non-ADHD group: mean 17.5 kg/m2).

Using current UK cut-offs for clinical action for mid-life hyper-
tension, overweight, obesity and high LDL and high triglycerides
(these vary across countries), odds ratios comparing the ADHD
with the non-ADHD group were calculated (Table 2). Rates of
those who met these cut-offs were higher in the ADHD group
(OR > 1) but differences were robust only for obesity.

Sensitivity analyses

As expected, sex was associated both with ADHD and systolic blood
pressure in this sample (Supplementary eTable 1). Including sex as a
covariate in the regression analysis of ADHD exposure and systolic
blood pressure outcome, the association between ADHD and sys-
tolic blood pressure was attenuated. The interaction term between
sex and ADHD did not significantly predict systolic blood pressure.
Similarly, SES at birth attenuated the association between ADHD
and systolic blood pressure (Supplementary eTable 2) and the inter-
action term did not achieve conventional levels of statistical
significance.

Multiple imputation

We imputed missing data for the 8016 individuals in our core group
(Fig. 1). The patterns of missing data are shown in Supplementary
eFigs 1 and 2; bivariate analyses with childhood ADHD as exposure
and individual cardiovascular risk factors as outcomes using original

TOTAL NCDS SAMPLE

Total participant
number

Participants with measurement of
at least one ADHD symptom at age 7

Participants completing age 44–45
biomedical survey (2002–2004)

Index group for
current analysis

8016
(49.4 %
male)

18 558 (51.7 % male)

15 374 (51.4 % male)

14 185
‘ADHD’
3.5 % (494)

‘ADHD’
3.0 % (239/8016)
(63.2 % male)

No ‘ADHD’
97.0 % (7 777/8016)
(48.9 % male)

No ‘ADHD’
96.5 % (13 691) 9376

Participants with measurement of
all four ADHD symptoms needed to
define index group at age 7

Participants with at least one
parent AND one teacher ADHD
assessment AND data from age
44–45 biomedicak survey

Fig. 1 Flowchart of participant numbers.

NCDS, National Child Development Study; ADHD, attention-deficit hyperactivity disorder. ‘ADHD’ indicates the presence of childhood ADHD problems (defined using two symptoms:
‘squirmy, fidgety’ and ‘hardly ever still’), rather than clinical diagnosis of ADHD (the reference to all four symptoms is for both the parent and the teacher reports).

Table 1 Childhood attention-deficit hyperactivity disorder (ADHD) and individual mid-life cardiovascular risk factors: descriptive details and comparisons
with non-ADHD group

Outcome Exposure Mean (s.d., n) F (degrees of freedom)

Mean 95% CI

P Effect size, dUpper Lower

Mid-life BMI, kg/m2 ADHD 28.3 (5.7), 234 7.8 (1,7871) 27.5 29.0 0.005 0.20
Non-ADHD 27.3 (5.0), 7639 27.2 27.5

SBP, mmHg ADHD 129.9 (17.4), 233 10.3 (1,7892) 127.7 132.2 0.001 0.21
Non-ADHD 126.4 (16.3), 7661 126.1 126.8

DBP, mmHg ADHD 80.9 (10.7), 233 9.7 (1,7892) 79.5 82.3 0.002 0.21
Non-ADHD 78.7 (10.7), 7661 78.4 78.9

LDL, mmol/L ADHD 3.5 (0.97), 184 0.45 (1,6329) 3.33 3.61 0.504 0.11
Non-ADHD 3.4 (0.91), 6147 3.40 3.45

Triglycerides, mmol/L ADHD 2.27 (1.89), 202 4.7 (1,6675) 2.02 2.54 0.029 0.16
Non-ADHD 2.03 (1.53), 6475 2.00 2.07

Outcome n (%) yes χ2 (d.f.) OR (95% CI)
Current smoker ADHD 232 (38.4%) 12.0 (1) – – 0.001 1.60 (1.22–2.1)

Non-ADHD 7519 (28%)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL, low-density lipoprotein.
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and imputed data are shown in Supplementary eTable 4. Results for
imputed data were similar to those found using the original data-set.

Discussion

We found that individuals with childhood ADHD problems
(‘squirmy, fidgety’ and ‘hardly ever still’) showed higher levels of
multiple cardiovascular risk factors by age 44. These included
higher blood pressure (both systolic and diastolic), triglyceride
levels and BMI; they were also more likely to be current cigarette
smokers. Similar results were obtained using the imputed data-set.
When outcomes were examined categorically, to help inform clini-
cians as to how worthwhile cardiovascular risk profiling in psych-
iatry might be, out of 100 people with broadly defined ADHD
aged 44–45, 14 in our sample met the UK threshold for treating
hypertension and 33 for elevated triglycerides.

When we defined cardiovascular risk factors categorically, using
current UK cut-offs for clinical intervention, we observed a higher
odds ratio for each risk factor in those with childhood ADHD com-
pared with those without. However, apart from obesity, we could
not reject the null hypothesis; that is, the possibility that there is
no difference in cardiovascular risk categories. The threshold for
treating different cardiovascular risk factors (e.g. with antihyperten-
sive medication, statins) varies across countries and is, for example,
lower in the USA.

Given that adult psychiatrists are likely to be following up those
with persistent ADHD rather than broadly defined childhood
ADHD, these observations are probably an underestimate and
now need to be examined in clinical adult psychiatry settings.

Associations with BMI and cigarette smoking

There is a well-established association between ADHD and obesity
(obesity defined as BMI ≥30 kg/m2).16 Genetic overlaps between
ADHD and BMI have also been well documented18 and a recent
study using two-sample Mendelian randomisation suggests, using
genetic variants, a bidirectional causal relationship between
ADHD and childhood obesity.7 We found a robust association
between childhood ADHD problems and obesity but not between
ADHD problems and overweight status. Interestingly, we only
found elevated BMI in mid-life, not in childhood and adolescence.
This suggests that adult psychiatrists need to monitor obesity status
in particular.

Childhood ADHDwas also associated with cigarette smoking in
mid-life. Again, this link between smoking and ADHD is well estab-
lished, with evidence suggesting that associations over the longer
term may arise because of nicotine dependence linked to self-medi-
cation19 and increased likelihood of experiencing nicotine with-
drawal effects such as irritability and difficulty concentrating on
stopping.20 Genetic studies also have found evidence for genetic
overlap between substance use disorder (including cigarette

smoking) and ADHD.21 This is the first study to report mid-life
smoking outcomes for individuals with ADHD symptoms assessed
in childhood.

Associations with blood pressure

Hypertension is the most important risk factor for coronary artery
disease8 and the risk seems most pronounced for elevated systolic
blood pressure.15 To our knowledge, no prospective studies have
followed up children with ADHD or ADHD symptoms to
examine blood pressure in mid-life. As medication used to treat
ADHD has the propensity to cause elevated blood pressure,
several studies have followed up children with ADHD on medica-
tion into early adulthood to check whether blood pressure
becomes elevated; their findings are mixed, but a recent review
has concluded that there is evidence for a slight elevation
(3–8 mmHg) in systolic blood pressure.22 The individuals in our
study were born in 1958. Medication for childhood ADHD was
first approved in the 1960s but UK prescribing was relatively low
until around 2000.23 Most individuals in our study would therefore
not have been prescribed any medication for ADHD during child-
hood and adolescence. It is intriguing that, given our study findings,
probably untreated childhood ADHD is also associated with a
modest elevation of blood pressure in mid-life (age 44). Our study
further elaborates recent studies on younger populations which
found that untreated ADHD is associated with low blood pressure
in late adolescence24 but that this finding does not persist into
young adulthood.25 This would suggest the need to examine
mechanisms that lead to the increase in blood pressure through
adulthood for individuals with ADHD and the need for caution
in interpreting any findings from more recent cohorts that focus
on examining the long-term effects of medication for ADHD on
blood pressure.

Associations with cardiovascular risk and disease

Although there is growing recognition of the importance of cardio-
vascular disease and CVD risk factors in those with psychiatric dis-
orders, especially depression, neurodevelopmental disorders such as
ADHD that typically first manifest in childhood have often been
ignored. Recent large-scale patient registry and clinical studies
have suggested that clinically diagnosed ADHD is associated with
cardiovascular diseases, but we do not know whether this is
because of obesity and cigarette smoking alone. Our prospective
study suggests that childhood ADHD problems in the general popu-
lation are associated with multiple cardiovascular risk factors in
mid-life. The findings from this study when taken together with
clinical and registry-based studies highlight the importance of mon-
itoring cardiovascular risk profiles in those with ADHD to prevent
later CVD. Few psychiatrists will be trained in using CVD risk cal-
culators and primary care physicians may not recognise people with
ADHD as benefitting from repeated physical health checks.

Table 2 Comparison of individuals with and without childhood attention-deficit hyperactivity disorder (ADHD) problems using UK-recommended car-
diovascular risk factors thresholds for intervention

Outcome (cut-off), n ADHD group, % (n) Non-ADHD group, % (n) Odds ratio (OR)

95% CI for OR

Upper Lower

Hypertension (blood pressure ≥140/90 mmHg), 7894 13.7 (233) 11.3 (7661) 1.25 0.86 1.83
Overweight (BMI ≥25 kg/m2), 7873 65.4 (234) 65.4 (7639) 1.0 0.77 1.31
Obese (BMI ≥30 kg/m2), 7873 30.3 (234) 24.2 (7639) 1.36 1.03 1.81
Elevated triglycerides (≥1.7 mmol/La), 6677 53.0 (202) 49.5 (6475) 1.15 0.87 1.52
Elevated triglycerides (≥2.3 mmol/Lb), 6677 35.1 (202) 30.9 (6475) 1.21 0.90 1.62

a. Recommended fasting level (National Institute for Health and Care Excellence).
b. Recommended non-fasting level (HEART UK).
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Systolic blood pressure, sex and SES

ADHD and systolic blood pressure are known to be associated with
both sex and socioeconomic status. Sensitivity checks were con-
ducted to examine males and females separately and higher and
lower SES at birth. These suggested that the relationship between
ADHD and systolic blood pressure is attenuated by sex; we observed
the same attenuation for SES at birth. We did not detect robust evi-
dence that the association between ADHD and systolic blood varied
by sex or SES at birth. However, given the small sample size, there is
a need for caution in interpreting these results, especially given
robust evidence of elevated cardiovascular disease rates in those
with ADHD in larger patient registry data, regardless of sex and
SES.26

Strengths and limitations

Although this study benefits from using a population-based birth
cohort followed up until mid-life with repeated direct assessments
there are some limitations. In common with most population
cohorts, there is some loss to follow-up, which leads to some
missing data. However, results using multiple imputation were
very similar to those for the primary analysis, although data on
which to base imputations were limited, as were detailed data on
medications and healthcare use. Another limitation was that
ADHD assessment during childhood in the 1960s was limited to
the Rutter Scale. The NCDS includes only two questions, with a
focus more on the hyperactive rather than the inattentive domain
– a decision that might have seemed appropriate at that time.
However, both parent and teacher ratings were available and used
for the categorisation, the questionnaires have been validated
against diagnoses and our prevalence rate of broadly defined
ADHD (3%) is not dissimilar to rates observed using diagnostic
interviews. It is now known that childhood ADHD symptoms and
impairment persist in most individuals into adult life and that
adult ADHD requires clinical attention.27 However, the NCDS
like many other population cohorts and volunteer cohorts, such
as UK Biobank, has never included any measures of adult ADHD.
Other limitations are that until information from this cohort at an
older age is available, it is not possible to replicate recent health
registry findings on ADHD diagnosis and CVD associations.
However, the registry studies are unable to directly examine CVD
risk factors, which we were able to do. Moreover, triangulation of
findings on CVD and CVD risk from patient-based registry
studies, genetic studies28 and now a population cohort study pro-
vides greater confidence in conclusions across these different
designs.

Implications

As noted, childhood ADHD problems are associated with higher
levels of multiple risk factors in mid-life that are particularly asso-
ciated with the development of CVD.28 However, individuals with
ADHD may be less likely to consult a primary care physician
about their physical health and may therefore be less likely to
have the opportunity to discuss the benefits of preventive strategies,
including lifestyle measures and interventions such as treating
hypertension and hyperlipidaemia. Also, monitoring physical
health may not be a priority for adult mental health services. For
example, guidance on managing ADHD from the UK’s National
Institute for Health and Care Excellence does not mention the
need for physical health screening in adulthood unless related to
medication.29 This study adds to the literature in highlighting the
importance of considering physical and mental health together
with neurodevelopmental disorders. Taking all the findings across
different studies together, CVD risk monitoring and early

prevention of CVD should be part of follow-up for individuals
with a history of ADHD, given that CVD risk factors are amenable
to intervention.
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