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Abstract  
We explored the association between education and academic ability in childhood and both outpatient appoint
ments and hospital admissions in adulthood, accounting for adult factors, including long-term conditions. The 
analytical sample consisted of 7183 participants in the Aberdeen Children of the 1950s. Three outcomes were 
measured using routine Scottish medical records over a five-year period (2004–2008): (1) ≥5 outpatient appoint
ments, (2) ≥2 hospital admissions, or (3) ≥3 outpatient appointments plus ≥1 hospital admission. We constructed 
a childhood (age 6–11) education and academic ability domain and calculated predicted risk scores of the three 
outcomes for each cohort member. Nested logistic regression models investigate the association between domain 
predicted risk scores and odds of each of the three outcomes accounting for childhood confounders and self- 
reported adult mediators. Adjusting for childhood confounders, lower childhood education and academic ability 
were positively associated with ≥5 outpatient appointments (OR 1.03, 95% CI 1.01–1.05), ≥2 hospital admissions 
(OR 1.04, 95% CI 1.03–1.6), and ≥3 outpatient appointments plus ≥1 hospital admissions (OR 1.04, 95% CI 1.02– 
1.06). Accounting for adult mediators, associations remained statistically significant, but their effect sizes were 
reduced. When school leaving age was included in the model, the association between the exposure and all three 
outcomes were attenuated. Education and academic ability in early life may be related to the burden of multiple 
hospital admissions and outpatient appointments later in life. However, the age at which the participant left 
school seems to substantially mediate this relationship underscoring the positive impact of time spent 
in education.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Introduction

A 
high number of hospital appointments and admissions are 

associated with aspects of burden including the fragmentation 
of care [1] and the time and cost burden of health service utilization 
[2], and in some cases these difficulties can lead to non-attendance 
[3]. A high number of outpatient attendance and hospital admis
sions have also been found to impact well-being, negatively affect 
quality of life, and reduce adherence to treatment [4, 5]. Further, 
greater healthcare utilization represents one aspect of the treatment 
burden experienced by those living with long-term conditions 
(LTCs), given that individuals often need regular clinical review, 
commonly involving multiple clinical specialties and differ
ent hospitals.

From a public health perspective, understanding the determinants 
of health service utilization, including a high number of hospital 
appointments and admissions, is important for providing insights 
into potential areas for prevention interventions to reduce the num
ber of people requiring hospital care. Reducing health service util
ization would reduce costs, given that the annual NHS cost of 
admitted patient care activities was £37.3 billion and the total cost 

for outpatients activates was £14 billion (2021–2022) [6]. Secondly, 
reduction of health service utilization could improve healthcare ef
ficiency and reduce pressures on the NHS through freeing up 
resources, potentially leading to shorter wait times, more efficient 
use of staff, and improved overall system flows. Thirdly, reducing 
health service utilization could improve patient well-being, given 
that hospital admissions, particularly those that are unscheduled, 
can often represent a major upheavals for patients, with potential 
for physical, psychological, social, and economic consequences [7]. 
Finally, identifying the early-life determinants of health service use 
supports the wider UK healthcare system’s decision-making and 
align with the NHS Long Term Plan’s shift towards a preventive 
model of health, including focusing on healthy starts, prevention, 
self-care, LTC management, and the expansion of preventive serv
ices [8, 9].

Previous research has demonstrated a relationship between a 
higher number of LTCs and more outpatient appointments and 
hospital admissions [4, 10, 11]. Research has also suggested that 
wider demographic and socioeconomic factors in adulthood includ
ing educational level, unemployment, socioeconomic status, and sex 
are associated with health service utilization [4, 12]. Yet the 
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relationship between factors earlier in childhood (under the age of 
18) and health service utilization has been under-explored. Despite 
this, research has shown that social, economic, developmental, edu
cational, and environmental experiences in childhood can have an 
enduring impact on outcomes across the life course. Early-life fac
tors are related to outcomes in adulthood including, but not limited 
to, health, family health, economic circumstances, educational cir
cumstances, crime, life satisfaction, and family formations [13–20]. 
Given health services are facing the challenges of ageing populations, 
long-term prevention strategies are likely to be increasingly signifi
cant. It is therefore important to explore whether the relationship 
between socioeconomic factors during childhood and the burden on 
healthcare utilization persists after considering the mediating role of 
adult factors.

A common limitation in existing research is its tendency to focus 
on single exposure–outcome relationships. This may be done to 
simplify statistical analysis or to draw policy attention to specific 
factors. However, in real-world settings, children are typically 
exposed to a combination of risk factors spanning multiple early- 
life domains. In our previous work, we conducted a literature and 
policy scoping review, supported by public engagement, to identify 
and conceptualize 12 life course domains associated with future risk 
of multiple LTCs (MLTC) [21]. We then explored how these 
domains could be represented across three UK cohort studies, 
including the Aberdeen Children of the 1950s Study (ACONF) 
[22]. This research underscored the importance of examining the 
intersectionality of childhood risk exposures rather than isolating 
individual variables within early-life domains. Conceptualizing 
exposures within broader domains offers a more accurate reflection 
of the environments in which children grow up. It also reduces the 
need for multiple statistical tests on individual components, and 
provides a more practical foundation for designing interventions 
and informing policy. In practice, interventions are more likely to 
address multiple related factors within a domain rather than target
ing single exposures in isolation. For example recent research has 
modelled prevention scenarios (using G-formula) on combined 
early-life exposures on childhood outcomes such as overweight 
and obesity [23].

Therefore, in this study we aimed to explore the association be
tween one domains—childhood education and academic ability and 
both outpatient appointments and hospital admissions in adulthood. 
We additionally explored the mediating role of adult factors includ
ing body mass index (BMI), smoking status, employment status, 
housing tenure, presence/number of LTCs, and the age at which 
individuals left school.

Methods

Dataset
We used data from the Aberdeen Children of the 1950s study 
(ACONF) that has followed 12150 cohort members born in 
Aberdeen, Scotland, between 1950 and 1956 [24]. During primary 
school cohort members took reading and maths tests and these test 
results were linked to the Aberdeen Maternity and Neonatal 
Databank which included perinatal and social information collated 
throughout the course of their mother’s pregnancy and the cohort 
members own birth [25]. Cohort members were traced in 1999 and 
7183 cohort members responded to a postal questionnaire con
ducted between 2001 and 2003. Traced responders were more likely 
to be women, from a higher birth social class and have higher child
hood cognition scores than non-responders [25]. Traced cohort 
members consented to have their Scottish Medical Records (SMR) 
including outpatient attendance (SMR00) general/acute inpatient 
and day case (SMR01), and mental health general/acute inpatient 
and day case records (SMR04) linked to the self-reported data 
[24, 25].

Outcomes
Hospital admissions and outpatient appointments were measured 
using linked routine secondary care electronic health records includ
ing outpatient attendance (SMR00), general/acute inpatient and day 
case (SMR01), and mental health general/acute inpatient and day case 
records (SMR04), reported over a five-year period between 2004 and 
2008. This period was selected to ensure the outcomes were recorded 
immediately following the self-reporting of adult mediators (2001– 
2003), to ensure the temporal ordering of variables could be estab
lished. Hospital admissions included all elective and emergency 
admissions apart from those related to pregnancy and birth.

The evidence on how many admissions or appointments may rep
resent a burden to an individual is scarce, and is likely to be subjective 
to an individual’s own circumstances and the nature of the appoint
ment or admission. As such, the research team discussed what may 
represent burden at a population level, and in consultation with our 
patient and public advisory board, it was decided that the following 
outcomes would represent healthcare utilization burden for many 
people. The first outcome was the reporting of five or more separate 
outpatient appointments derived from the linked outpatient attend
ance dataset (SMR00). Secondly, we considered the reporting of two 
or more separate hospital admissions derived from the general/acute 
inpatient and day case (SMR01) and the mental health inpatient and 
day case datasets (SMR04). Finally, we considered a combined out
patient and admission outcome that included the reporting of three 
or more separate outpatient appointments (SMR00) plus the report
ing of one or more hospital admission (SMR01/SMR04).

Exposure
The main exposure was childhood education and academic ability, 
relating to the process of learning and educational achievement, 
especially in educational settings, and the knowledge an individual 
gains from these educational institutions. As previously discussed, 
we analysed the exposure as a domain (i.e. a group of variables that 
represent an overarching theme) rather than the individual variables 
that form its components for two reasons. First, to provide a com
bined exposure measure that reflects multiple variables in the data 
rather than performing multiple statistical testing using all of the 
components in relation to the study outcomes. Second, to concep
tualize the components within the wider domain of child education 
and academic conditions in which the cohort member grew up in.

Variables within the domain included the mean IQ of the school 
at age 9 (based on Schonell Essential Intelligence Test—Form B 
[25]), attending a private school (yes/no), type of school attended 
(primary/secondary), percentage of year absent from school (less 
than 12.5%/over 12.5%). Three other variables related to standard 
school tests, these included: the Moray House intelligence test at age 
7, a screening tool to identify those who may require specialist edu
cation [25]. The Schonell and Adams essential intelligence at age 9 
used to screen for poor readers and associated educational difficul
ties such as dyslexia [25]. Finally, the Moray House verbal reasoning 
test which measured levels of over or under academic achievement 
at age 11, and was used to inform who would go to senior secondary 
school and who would go to junior secondary school [25].

Childhood confounders
We adjusted for the following confounders chosen based on a priori 
knowledge [15–18] and recorded in childhood: maternal age, Rutter 
behaviour (an index of behaviour difficulty), ‘physical grade’ of the 
cohort member to assess newborns health at birth (good/average/ 
poor/serious/not known), birthweight (below 2500 g/over 2500 g), 
maternal occupation (professional/clerical/distribution/skilled/semi- 
skilled/unskilled/fishwork/manual/no job), father’s occupational so
cial class (I, II, III, IV, V, and unemployed), and sex (male/female). 
Maternal and father’s occupation are reported differently due to how 
the data were originally collected and recorded in the 1950s.
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Mediators
We explored the role of self-reported mediators in adulthood, 
selected based on a priori knowledge [8–12] and informed from a 
directed acyclic graph (DAG), included in Fig. 1.

Mediators measured in the 2001–2003 survey, when the cohort 
members would have been between ages 44 and 53, included: BMI 
calculated using the following formula—BMI¼weight (kg)/height 
(m)2 and included as a continuous measure, smoking status (never/ 
ex-smoker/current smoker), employment status (employed/un
employed/permanently sick or disabled/looking after the family/ 
other), and housing tenure (mortgage/private rent/rent from local 
authority/other). We considered the presence/number of self- 
reported LTCs (none, 1, or 2þ) reported at the time of the 2001– 
2003 survey including: cancer, diabetes, endocrine/metabolic condi
tions, mental illness, ‘mental handicap’, epilepsy/fits, migraine/head
aches, nervous system conditions, cataracts/poor sight, other eye 
conditions, poor hearing/deafness, ear complaints, stroke, heart at
tack/angina, hypertension, other heart conditions, varicose veins, 
other blood vessels/embolic conditions, bronchitis/emphysema, 
asthma, hayfever, other respiratory conditions, digestive system 
(ulcer/hernia), upper intestine complaint, bowel/colon complaint, 
kidney complaint, bladder conditions, arthritis/rheumatism/fibrosi
tis, back conditions, conditions of bone/joint/muscle, infection/ 
parasitic diseases, skin complaint, and ‘other’ conditions. The final 
mediator considered was the age the cohort member left school (15 
and under/16 and over).

Analytical sample
The analytical sample included all cohort members who responded 
to the postal questionnaire conducted between 2001 and 2003 
(n¼ 7183), and our results were based on complete case analysis.

Statistical analysis

Step 1: stepwise backwards elimination to reduce 
dimensionality of the exposure domain
We performed stepwise backward elimination with admissions and 
appointments as the outcome, to select variables for inclusion within 

the education and academic abilities domain. Following the stepwise 
backwards elimination methodology, we started with a full model 
that considered all of the variables to be included in the model. 
Variables then are deleted one by one from the full model until all 
remaining variables are considered to have some significant contri
bution to the outcome [26, 27]. Therefore, we started with all seven 
variables, and then variables were removed sequentially if the P 
values for a variable exceeded the specified significance level which 
was set at .157 (i.e. they were not significantly related to the out
come). The .157 significance level was chosen conservatively to re
duce the risk of overfitting and is the equivalent to the Akaike 
information criterion (AIC) [28].

Step 2: predicted risk scores for each cohort member 
for each outcome
Logistic regression models explored the relationship between 
retained variables following stepwise backwards elimination and 
the odds of each of the three outcomes. Based on this logistic re
gression modelling and using the ‘predict’ function in STATA [29], 
predicted domain risk scores for each cohort member for each of the 
three outcomes were calculated, with higher domain risk scores 
indicating lower education and academic ability. In other words, 
the predict function calculated the predicated risk value of the out
come combining all the variables retained in Step 1 (stepwise back
wards elimination), and therefore each cohort member had three 
predicted score values, one for each of the three outcomes, and these 
predicted risk scores were used correspondingly in Step 3.

Step 3: multivariable regression analysis including 
childhood confounders and adult mediators
A series of nested logistic regression models were then used to ac
count for confounders and mediators in the relationship between 
the education and academic ability domain predicted risk scores and 
the three outcomes. The first model considered the unadjusted re
lationship between the domain predicted risk score identified in Step 
2 and the odds of each of the three outcomes, and the second model 
accounted for childhood confounders. The subsequent six models 

Figure 1. A DAG of the relationship between childhood education and academic ability and hospital appointments and admissions 
in adulthood.
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(models 3–8) included the adult mediators added sequentially into 
the multivariate model adjusting for childhood confounders.

Regression models were informed by a DAG using DAGitty v3.0 
software to explore the most parsimonious possible models (Fig. 1). 
The DAG confirmed the need to include all above variables in the fully 
adjusted model. All analyses were carried out using STATA version 
17, and given that individual academic ability is not entirely independ
ent from school, robust standard errors were calculated and reported.

Ethical considerations
Ethics approval for the MELD-B project has been obtained from the 
University of Southampton Faculty of Medicine Ethics committee 
(ERGO II Reference 66810).

Results

Descriptive results
Among 7021 cohort members, 23.9% had ≥5 outpatient appoint
ments, 15.9% had ≥2 hospital admissions, and 22.3% had ≥3 out
patient appointments plus ≥1 hospital admissions over the five-year 
period between 2004 and 2008. The mean number of outpatients 
appointments was 3.3 (standard deviation 6.8; range 0–117) and the 
mean number of hospital admission was 0.8 (standard deviation 2.4; 
range 0–67). The mean age when the cohort members reported five 
outpatient appointments was 53.7 years (standard deviation 1.9; range 
49.2–58.8). The mean age was 53.8 years when the cohort members 
reported two hospital admissions (standard deviation 2.1; range 49.2– 
58.4). The mean age when cohort members reported three outpatient 
appointments plus one hospital admissions was 53.8 years (standard 
deviation 2.0; range 49.2–58.5). In Supplementary Table S1, we provide 
descriptives for all variables by the reporting of the three outcomes.

Regression results
In Supplementary Tables S2–S4, the regression coefficients of out
patient appointments and hospital admissions for the retained var
iables following stepwise backwards elimination (Step 1), and for 
each of the three outcomes separately are described. Table 1 presents 
odds ratios of outpatient appointments and hospital admissions as 
recorded in the health records during the period 2004–2008 in re
lation to education and academic ability predicted risk scores (Step 

2) for models adjusting for confounders and then sequentially 
including mediators—starting with BMI, then smoking status, em
ployment status, housing tenure, presence/number of LTCs, and the 
age the cohort member left school.

In the unadjusted model (model 1), for every one unit increase in 
the predicted risk score there was a 6% increase in the odds of ≥5 
outpatient appointments (OR 1.06, 95% CI 1.04–1.07), a 6% increase 
in the odds of the combined outcome of ≥3 hospital outpatient 
appointments plus ≥1 admissions (OR 1.06, 95% CI 1.05–1.08), 
and a 7% increase in the odds of ≥2 hospital admissions (OR 
1.07, 95% CI 1.05–1.09).

Adjusting for childhood confounders (model 2), associations be
tween the exposure and outcomes remained significant but the odds 
ratios were reduced. For every one unit increase in the predicted risk 
score there was a 3% increase in the odds of ≥5 outpatient appoint
ments (OR 1.03, 95% CI 1.01–1.05), a 4% increase in the odds of ≥3 
outpatient appointments plus ≥1 hospital admissions (OR 1.04, 95% 
CI 1.02–1.06), and a 4% increase in the odds of ≥2 hospital admis
sions (OR 1.04, 95% CI 1.02–1.6).

Models 3–8 included adult mediators sequentially into the nested 
logistic regression models to understand the pathways childhood 
education and academic ability may affect adult healthcare utiliza
tion. After the inclusion of mediators including BMI, smoking, em
ployment, housing tenure, and number of LTCs (models 3–7) the 
significant relationships identified in the unadjusted model (model 
1), and model adjusting for confounders (model 2) were maintained, 
although the odds ratios were marginally reduced for all three out
comes with the inclusion of each mediator.

After adjusting for the age at which the cohort member left school 
(model 8), the previously significant relationships between educa
tional and academic ability risk score and ≥5 outpatient appoint
ments (OR 1.01, 95% CI 0.99–1.03) and ≥3 hospital admissions (OR 
1.02, 95% CI 0.99–1.04) were attenuated. However, the relationship 
between education and academic ability predicted risk scores and 
≥3 outpatient appointments plus ≥1 hospital admissions was some
what attenuated with a reduced effect size but remained statistically 
significant (OR 1.02, 95% CI 1.00–1.04).

Discussion
In this analysis of a birth cohort born in Scotland, we demonstrated 
that a domain incorporating factors related to education and 

Table 1. Relationship between education and academic abilities predicted risk score in childhood and secondary care utilization in 
adulthood over a five-year period (2004–2008)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

Unadjusted Adjusting for  
confoundersa

Adjusting for  
confoundersa

and BMI

Adjusting for  
confounders,a

BMI, and  
smokingb

Adjusting for  
confounders,a

BMI, smoking,b

and  
employmentc

Adjusting for  
confounders,a

LTCs,b BMI,  
smokingb,  
employment,c

and housing  
tenured

Adjusting for  
confounders,a

LTCs,b BMI,  
smoking,b

employment,c

housing  
tenure,d

and LTCse

Adjusting for  
confounders,a

LTCs,b BMI,  
smoking,b

employment,c

housing  
tenure,d LTCs,e

and age left  
schoolf

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

≥5 appointments (n¼5124) 1.06 1.04–1.07 1.03 1.01–1.05 1.03 1.01–1.05 1.03 1.01–1.05 1.02 1.00–1.04 1.02 1.00–1.04 1.02 1.00–1.04 1.01 0.99–1.03
≥2 admissions (n¼ 5124) 1.07 1.05–1.09 1.04 1.02–1.06 1.04 1.02–1.06 1.04 1.01–1.06 1.03 1.01–1.05 1.03 1.00–1.05 1.03 1.00–1.05 1.02 0.99–1.04
≥3 appointments and  
≥1 admission (n¼5124)

1.06 1.05–1.08 1.04 1.02–1.06 1.04 1.02–1.05 1.04 1.02–1.05 1.03 1.01–1.05 1.03 1.01–1.04 1.03 1.01–1.04 1.02 1.00–1.04

a: Maternal age, Rutter behaviour, physical grade at birth, birthweight, mother pre-marital occupation, father’s social class, sex.
b: Never smoked, ex-smoker, current smoker.
c: Employed, unemployed, permanently sick/disabled, looking after family, other.
d: Mortgage, private rent, rent from local authority, other.
e: None, 1, 2þ.
f: 15 or under, 16 and over.
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academic ability in childhood is associated to the number of hospital 
admissions and outpatient appointments during adulthood. This 
relationship was not fully explained by the presence of multiple 
LTCs and other potential mediating factors in adulthood. However, 
the age at which the participant left school substantially mediated this 
relationship underscoring the significance of lifecourse education on 
healthcare utilization.

Our results indicate that the role of education and academic abil
ity in early life on healthcare utilization maybe independent from 
factors shaping health in adulthood given the associations were 
largely explained by including the age at which the participant left 
school in the models, which is strongly related to academic ability 
earlier in the lifecourse. To look for potential interventions to ad
dress healthcare pressure and patient workload, policies should look 
beyond known adult risk factors such as unemployment and socio
economic status [4, 12], to wider lifecourse experiences earlier in 
childhood. In contradiction to what we hypothesized, the associa
tions observed were not fully mediated by adult mediators including 
the presence/number of LTCs. Instead, the results presented here 
suggest that the relationship may operate independently as the only 
mediating factor that had a substantial influence on the effect was 
the age at which the cohort member left school. This provides fur
ther evidence in support of research that has found education to 
consistently be a key driver in reducing socioeconomic disadvan
tage, improving health and well-being, and promoting health equity 
[30–32].

Our research has identified education and academic ability as an 
important potential determinant of hospital admission and out
patient appointments, and therefore provides insights into potential 
areas for life course prevention interventions to reduce the number 
of people requiring hospital services. This work supports the shift 
within the UK healthcare system towards a more preventive model 
of health, with a particular focus on early life. The Department of 
Health and Social Care [33] policy paper on transforming the public 
health system highlighted the need to focus on prevention and the 
wider determinants of health, and the 2018 paper on the Public 
Health Priorities in Scotland [34] included the need to invest early 
in young people’s future as the best form of prevention. Our re
search contributes to these policy recommendations by demonstrat
ing that wider determinants in childhood are related to health 
service utilization after considering multiple LTCs status and other 
potential mediating factors in adulthood. Further work could model 
prevention intervention scenarios focussing on how improvements 
in education and academic ability could reduce health service util
ization, and this in turn could have implications for improving 
healthcare efficiency, reducing pressure, and costs for the NHS 
and improving well-being.

We hypothesized that poorer education and academic ability 
would increase the number of hospital admissions and outpatient 
appointments. However, the relationship between education and 
academic ability and healthcare utilization is likely to be complex, 
e.g. factors related to education (attendance, exclusion, and lower 
educational attainment) have been found to be inversely related to 
adherence to healthcare attendance and utilization [35]. Therefore, 
there is likely to be a pathway through which higher education 
increases healthcare utilization through better adherence to health
care appointments and a better understanding and management of 
own health, leading however to better health outcomes.

We used three different outcomes to explore different perspec
tives of healthcare utilization burden. We found that associations 
with education and academic ability in childhood were broadly simi
lar across the three outcomes, with marginally more robust associ
ations across the nested models for the combined hospital 
admissions and outpatient appointments outcome. The combined 
hospital admissions and outpatient appointments could be hypothe
sized to represent a more comprehensive conceptualization of 
healthcare utilization given it requires an individual to navigate 

the time and cost burden of multiple healthcare services 
and systems.

Research that utilizes a lifecourse perspective has consistently 
demonstrated that the early-life environment can have a significant 
impact on multiple dimensions of health across the life course [31, 
32]. However, this research has tended to focus on physical and men
tal health outcomes in adulthood such as mortality, heart disease, 
depression, self-rated health, the number of chronic and acute con
ditions, pain, and functional health status [35–37]. Our results suggest 
that the long arm of childhood might also be relevant for other 
dimensions of health such as healthcare utilization independent of 
the number of LTCs in adulthood. Therefore, by identifying individ
uals at risk of hospital admissions and outpatient appointments early 
in the life course, this provides the potential for early interventions, 
such as improved education, to help reduce unnecessary admissions.

Our research also supports a body of research that has looked to 
understand a more complex consideration of health, including an 
understanding of burdensomeness and work. A recent qualitative 
evidence synthesis conducted as part of the MELD-B project 
described the experiences of people living with multimorbidity [2]. 
The research identified eight themes of work burden for those living 
with multimorbidity [2], these themes included learning and adapt
ing; accumulation and complexity; symptoms; emotions; investiga
tion and monitoring; health service and administration; medication; 
and finance [2]. The research reported here explored one type of 
burden—health service utilization. Data availability within ACONF 
precluded analysis of all eight themes, but it is important these other 
themes are incorporated into future investigations.

Strength and limitations
Utilizing ACONF provided in-depth data that allowed us to draw 
together wider educational determinants of health from early-life 
and measured indicators healthcare utilization from link healthcare 
records in adulthood. This depth of information would not have 
been available from most electronic health care records in either 
primary or secondary care. Further, utilizing data recorded at vari
ous timepoints allowed for the temporal ordering of the variables to 
be established.

Despite this, the small sample size of participants with any one 
LTC precluded the opportunity to investigate subgroup analysis. 
This is particularly important given that some LTCs are likely to 
be more challenging than others for patients in terms of symptoms, 
impacting self-management demands (burden of treatment) and 
health-related quality of life [38–40]. The small sample size also 
restricted the dimension of burden we could consider. Holland 
et al. [2] identified eight themes of work burden for those living 
with multimorbidity, however our research could only partially cap
ture one of these themes of work—‘health service and administration’.

The traced cohort members (in 1999) were more likely to be 
women, from a higher birth social class and have a higher childhood 
cognition score than non-responders [25], all factors that might also 
be related to reduced healthcare utilization in adulthood. This means 
we might be underestimating the prevalence of hospital admissions 
and outpatient appointments. We could not adjust for important 
health behaviours such as diet and physical activity as the data were 
not available. Also, we did not account for the specific causes for the 
outpatient appointments or hospital admissions due to data limita
tions including data quality and high levels of missing data particu
larly ICD10 condition codes within the outpatient dataset (SMR00).

We were limited to the variables collected at the time of the sur
vey and as such some of the variables are likely to now be outdated. 
In particular, the three standardized school tests used widely at the 
time of the survey in Scotland are not in use today. The school tests 
were also designed to identify those who performed poorly in aca
demic tests or required additional education support. As such, the 
Scottish education system of the time encouraged the screening and 
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segregation of some pupils, and this may have resulted in the 
widening of educational disparities and inequalities.

It is also important to note that we were unable to account for 
health literacy, which is distinct from literacy and is a personal at
tribute defined as the ability to access, understand, and use health- 
related information [41, 42]. This may have been an important 
omission given the significant literature around the relationship be
tween health literacy and healthcare access and utilization [43, 44].

Conclusion
Education and academic ability in early life may be related to the 
burden of multiple hospital admissions and outpatient appoint
ments later in life with this relationship not be being fully explained 
by the presence of multiple LTCs and other factors in adulthood. 
However, the age at which the participant left school seems to me
diate this relationship underscoring the significance of lifecourse 
education on health. Specific population level interventions may 
look to support children to stay in school and optimize their ability 
to learn and develop, recognizing that some will need additional 
support that takes account of their specific circumstances. Our 
results also go some way to suggest that the burden of healthcare 
utilization extends beyond known factors in adulthood and can be 
linked back to factors earlier in the lifecourse. This is important to 
inform early-life interventions towards better long-term health and 
reduce healthcare burden.
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