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Abstract

Introduction

Healthcare transitions, including from paediatric to adult services, can be disruptive and cause a
lack of continuity in care. Existing research on the paediatric-adult healthcare transition often uses
a simple age cut-off to assign transition status. This risks misclassiőcation bias, reducing observed
changes at transition (adults are included in the paediatric group and vice versa) possibly to differing
extents between groups that transition at different ages.

Objective

To develop and assess methods for estimating the transition point from paediatric to adult healthcare
from routine healthcare records.

Methods

A retrospective cohort of young people (12 to 23 years) with long term conditions was constructed
from linked primary and secondary care data in England. Inpatient and outpatient records were
classiőed as paediatric or adult based on treatment and clinician specialities. Transition point was
estimated using three methods based on record classiőcation (First Adult: the date of őrst adult
record; Last Paediatric: date of last paediatric record; Fitted: a date determined by statistical
őtting). Estimated transition age was compared between methods. A simulation explored impacts
of estimation approaches compared to a simple age cut-off when assessing associations between
transition status and healthcare events.

Results

Simulations showed using an age-based cut-off at 16 or 18 years as transition point, common in
research on transition, may underestimate transition-associated changes. Many health records for
those aged <14 years were classiőed as adult, limiting utility of the First Adult approach. The Last
Paediatric approach is least sensitive to this possible misclassiőcation and may best reŕect experience
of the transition.

Conclusions

Estimating transition point from routine healthcare data is possible and offers advantages over a
simple age cut-off. These methods, adapted as necessary for data from other countries, should be
used to reduce risk of misclassiőcation bias in studies of transition in nationally representative data.
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Introduction

There are many inevitable health and healthcare related
transitions: between treatments, from hospital to home or -
for the elderly - to nursing care. Transitions have the potential
to be disruptive, result in discontinuities in care and increase
the burden on those receiving care, their families and carers
[1ś4].

The transition from paediatric to adult healthcare has been
an area of research and policy interest in recent years [5ś
16]. This transition is likely to be most noticeable to children
with long term conditions with frequent use of outpatient or
inpatient services, for whom there is likely to be a change in
ward visited and clinical staff seen [17, 18]. There are many
concerns around the impact of this transition - including a
lack of continuity in care, lack of familiarity among adult
specialists with some of the health conditions and personal
histories of the young people and potential gaps in services,
such as physiotherapy, that were provided continuously during
childhood [17, 18].

A large body of research on the impacts of transition
from paediatric to adult healthcare exists, including multiple
systematic reviews, but has limitations due to difficulties
in determining when children transition. Age at transition,
although typically from age 16 to 19 years in the United
Kingdom [17] and planned to be around age 18 years in
the United States, [19] can vary widely, depending on health
condition, severity and the availability and remit of local
services [17, 20, 21]. Existing studies fall into two main types:
(i) small studies from individual (or a small cluster of) clinics
or insurance claims data [22] and (ii) population data studies
[20, 23].

Small, clinic based studies have the advantage that they
normally have data to identify the point of transition for
each individual, for example by using the date of leaving
(paediatric clinics) or date of joining (adult clinics) [20].
Insurance databases may contain similar data [22]. However,
these studies may not be representative of the population of
interest. For example, geographical variations, specialism in
a subset of conditions or ś particularly in healthcare systems
that are not single-payer ś differences in the socioeconomic
status of individuals attending different clinics or covered by
different insurers, may limit generalisability.

Large-scale population studies, using routinely collected
data, can be nationally representative and have large samples
[24, 25]. However, they often lack data on when individuals
transition, so most studies use a simple age cut-off and the
actual age of transition may not be reported at all [26].
This approach risks misclassiőcation bias, which may lead
to underestimation of any measured change at transition as
the post-transition group includes individuals pre-transition
and vice versa [27, 28]. There may be systematic bias, e.g.
between health conditions or socio-demographic groups, if
transition age varies between these groups [21]. There have
been attempts to use data to identify paediatric and adult
care providers, but these approaches lack validation and may
only be feasible in countries where these data are explicitly
collected [20, 21, 29ś31].

The evidence base for the impact of transition from
paediatric to adult health services would beneőt from
combining the scale and representativeness of routine data

population studies with the ability of small studies to
accurately determine transition point. This would enable
better quality research into potential issues at transition. It
would also enable evaluation of changes in service provision
at transition using routine health data - changes in policy or
service delivery are rarely evaluated before implementation,
but could be evaluated retrospectively [32ś35].

This study aimed to determine the feasibility and
implications of estimation of transition age from routinely
collected health data. It had these speciőc objectives:

• Deőne a classiőcation system for inpatient and
outpatient records as paediatric, adult or unknown
within a national healthcare dataset

• Develop and apply methods of estimating the transition
point from these data

• Compare estimations of transition age from these
methods

• Assess implications of using estimated transition ages
when studying differences in pre- and post-transition
outcomes, through simulated data

Methods

Ethical approval

The study was covered by general ethical approval (ref:
05/MRE04/87) for studies using Clinical Practice Research
Datalink (CPRD) data for observational research approved by
its Independent Scientiőc Advisory Committee (ISAC). This
study was approved by ISAC (protocol ref: 19_215R).

Patient and public involvement

The Martin House Research Centre Family Advisory Board
[36] was consulted before beginning this work, to understand
how transition is experienced by families of children with life-
limiting conditions and after completion of initial analyses
to discuss the estimation methods used and the őndings.
This informed the choice of estimation methods used and
the recommendation of a preferred estimation method (see
Discussion).

Datasets

Data from the CPRD dataset were used. The CPRD is a
research dataset using records from primary care practices
in England, chosen to provide a nationally representative
sample of the population [37]. The CPRD offers different
datasets based on records from different primary care database
providers; in this study, GOLD data were requested. Primary
care data (2000-2018), Hospital Episode Statistics (HES) [25]
Admitted Patient Care (APC, 2000-2018), Outpatient (2000-
2018) and Accident and Emergency (A&E, 2007-2018) records
were requested from CPRD for individuals aged 12-23 years of
age at any point from 1 January 2000 to 31 December 2018.
CPRD linked the datasets using NHS number, sex, date of
birth and postcode [37].
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Identification of long term conditions

Read codes (in primary care records) and International

Classiőcation of Diseases 10th Revision (ICD-10) (in inpatient
and outpatient records) [38] were used to identify chronic
and life-limiting conditions using previously developed coding
frameworks [39ś41] (also available from the corresponding
author on request). Chronic conditions were identiőed using
a previously developed coding framework in which chronic
conditions were deőned as any health problem likely (i.e.
in more than 50% of cases) to require follow-up (hospital
admissions, outpatient visits, medications) for more than one
year [41, 42] (also available from the corresponding author
on request). Life-limiting conditions included conditions that
shorten life, such as Duchenne Muscular Dystrophy, and
conditions that threaten to shorten life, but may be cured,
such as cancer [43]. The subdivision was used due to expected
differences in care patterns - i.e. those with life-limiting
conditions may have more outpatient contact and inpatient
admissions as children and would experience a noticeable
transition from paediatric to adult care and may transition
later; some of those with non-life-limiting chronic conditions
may have less outpatient contact and/or fewer inpatient
admissions.

Cohort identification and sub-groups

A retrospective cohort was constructed including all children
and young people who satisőed all of the following criteria:

1. Had a life-limiting or other chronic condition recorded
aged 12 to 23 years

2. Were present in the CPRD dataset from at least 15 to
20 years of age

3. Were no older than 15 years in 2007

Presence from age 15 to 20 years was required to make it
likely there would be at least one year of records either side
of transition, expected to commonly be from 16 to 19 years.
Individuals might leave the dataset before age 20 years for
a variety of reasons, including moving GP practice or death.
A maximum age of 15 years in 2007 was required to make
it likely that there would be childhood records classiőed as
paediatric (most paediatric specialty codes were not present
before 2007, as detailed below). Diagnoses recorded before age
12 years but never recorded again in ages 12-23 years were
considered not relevant (either misdiagnoses, or conditions
that had resolved). Individuals with any diagnoses in the life-
limiting condition coding frameworks were assigned to a life-
limiting condition group; individuals with a diagnosis matching
a chronic condition were assigned to the chronic condition
group. The condition groups were hierarchical: those with both
life-limiting and chronic diagnoses were assigned to the life-
limiting group. Individuals entered the cohort at age 12 years
or, if later, at őrst appearance in the CPRD data; they left at
age 23 or, if earlier, on leaving the CPRD dataset. (Figure 1).

A subgroup was deőned to include individuals with at least
one secondary care record (inpatient or outpatient) in each
year when aged 15 to 20 years - i.e. a group with frequent
inpatient and/or outpatient appointments in the years in which
transition was expected to take place. This group should have

more data to estimate transition and be likely to feel the
impacts of transition more strongly due to having a change
in provider of regular hospital care. This groups is hereinafter
referred to as the łFrequent Care groupž.

Data management

Data were managed using Microsoft SQL Server 2019.
Sex and year of birth were provided in CPRD data.

Deprivation category (split into őve groups from 1 - least
deprived to 5 most deprived, using the Index of Multiple
Deprivation 2010, based on the last known address of the
individual [44]) was provided as linked data. Ethnic group
(11 categories: Black African, Black Caribbean, Black Other,
Chinese, Bangladeshi, Indian, Pakistani, Other Asian, White,
Mixed or Other [45]) was recorded in the linked HES data,
based on the census groups [45]. If an individual had more
than one ethnic group recorded, it was set by CPRD to the
most commonly recorded group, excluding unknown [37].

Estimation of transition point

Classification of care records as paediatric or adult

The estimation of a transition point from routine healthcare
records requires the classiőcation of records as either paediatric
or adult. This information is not always explicit in the
routine healthcare records, but both inpatient and outpatient
records record the łtreatment specialtyž (the specialty under
which treatment was provided) and the main specialty of the
consultant in charge of care. These specialties are largely split
into paediatric and adult groups from 2006/07 onwards, when
a number of paediatric specialties were introduced [46].

Treatment and main consultant specialities were split into
three categories: paediatric, adult and unclassiőed. This was
initially based on specialty descriptions, then reőned with some
adult classiőcations being moved to undeőned where, at the
judgement of the authors, (i) the treatment specialty was
unlikely to be the most common specialty for many individuals
(e.g. Ear, Nose and Throat) and (ii) the specialty was
frequently observed for children at ages under 14 years of age,
which were considered unlikely to represent adult care [17].

Classiőcation of treatment and consultant main specialties
as paediatric, adult or undeőned is detailed in Supplementary
Tables 1 and 2.

Approaches to estimating a transition point

Three main approaches were used to estimate transition age,
with reference to suggestions identiőed in the literature [20]
and following discussions with the Martin House Research
Centre Family Advisory Board. These were:

• Setting the transition point as the last paediatric record
(the łLast Paediatricž method)

• Setting the transition point as the őrst adult care record
(the łFirst Adultž method)

• Setting the transition point such that it minimised the
number of earlier records that were classiőed as adult
and the number of later records that were classiőed as
paediatric (the łFittedž method)
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Figure 1: Cohort construction

Top: ŕow diagram showing use of primary care (CPRD) and hospital (HES) datasets. Bottom-left: matrix of year of birth versus
study year, showing when individuals born in each year are potentially eligible (depending on diagnoses and continued presence in
CRPD data) for cohort inclusion (green shading). Individuals must be aged 12ś23 years, present from at least 15ś20 years and no
older than 15 years in 2007. Numbers in boxes indicate age in year. Bottom-right: example scenarios for inclusion and exclusion,
including allocation to condition groups.

Alternative approaches requiring a minimum number of
adult records to be recorded to determine transition [20] were
rejected as it was felt that these would discriminate between

those with more and less frequent healthcare use (for example,
if three adult records were required, a young person with
three or more outpatient appointments each year would be
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judged to transition earlier than one with only one outpatient
appointment each year, even if both transitioned at the same
time).

The First Adult and Last Paediatric approaches are self-
explanatory. For the Fitted approach, if an individual had N

records in ascending date order then for each record, j (where
j = 1, . . . ,N), the following calculation was made, in which
paed is 1 for a record classiőed as paediatric and 0 otherwise
and adult is 1 for a record classiőed as adult and 0 otherwise:

Transition score j =

i=j−1∑

i=1

paed i +

i=N∑

i=j+1

adult i

N − 1

The transition point was the record with highest transition
score. If there were ties then the mean date of the tied records
was taken as the transition point.

In the event of a clear-cut transition, in which an individual
had all records up to a point classiőed as paediatric and all
records after that point classiőed as adult, the three methods
are closely equivalent; differences become greater when there
are either early or late records classiőed as adult or paediatric,
respectively (Figure 2).

In all approaches, individuals had to have at least
one paediatric and at least one adult record to have a
transition point estimated. Individuals were then classiőed
as in paediatric care in years before the year containing the
transition point and in adult care in the year containing
the transition point and later years (this on the basis that
any disruption from transition to adult care begins with the
transition) [12, 13, 17, 18].

Analyses

Cohort characteristics

The numbers of individuals in the cohort and in each sub-group
were calculated and summarised graphically.

Record classification

The classiőcation of records as either paediatric or adult was
summarised by age and split by condition group and inpatient
admissions and outpatient appointments.

Ability to estimate transition

The percentage of individuals in the cohort for whom a
transition point could be determined (i.e. had at least one
paediatric and one adult record) was calculated, for the whole
cohort and the Frequent Care group, by year of birth.

Estimation of transition point

Age at transition was estimated for the whole cohort and
the Frequent Care group, under the methods outlined above.
These were presented graphically by method and density
distributions of differences in transition age were compared
pairwise between methods. Individuals for whom a transition
point could not be estimated were excluded.

Impacts of estimating transition age from the data

Finally, a simulation was used to understand the possible
impact of using different methods to estimate transition on
an outcome that varied between paediatric and adult care.

Many healthcare outcomes of interest - for example,
numbers of A&E visits, inpatient admissions, GP consultations
or inpatient bed days are count data. Poisson distributions
were used in the simulations as the source of notional
outcome data pre- and post-transition, assumed to be counts
of a healthcare event. A negative binomial distribution may
be more realistic in many circumstances, to account for
over dispersion, but adds complication by requiring not
only speciőcation of means for the pre- and post-transition
distributions, but also their dispersion [47] The pre-transition
Poisson distribution mean was set to 2 (as a realistic mean for
a healthcare event - GP consultations - in the population [48])
and the post-transition Poisson distribution mean was set to
2.4 (20% higher - clinically signiőcant and also plausible at
post-transition ages for GP consultations [48]).

Individuals in the cohort were each assigned őve binary
transition variables in each year, with 1 indicating adult and 0
indicating child, as follows:

i. 0 in years prior to transition year as estimated by the
Last Paediatric estimation method and 1 otherwise

ii. 0 in years prior to transition year as estimated by the
First Adult estimation method and 1 otherwise

iii. 0 in years prior to transition year as estimated by the
Fitted estimation method and 1 otherwise

iv. 0 in years prior to reaching age 16 years and 1 otherwise
(i.e. transition set to age 16 years)

v. 0 in years prior to reaching age 18 years and 1 otherwise
(i.e. transition set to age 18 years)

Three outcome variables were assigned each year, one
for each of the transition estimation methods. These were
populated with counts drawn at random from the pre-
transition Poisson distribution if the corresponding transition
variable was 0 for that year and drawn from the post-transition
distribution if the corresponding transition variable was 1 for
that year (Table 1).

Poisson regressions were then used to estimate associations
between the count outcomes and the binary transition
indicators, using only observations while aged 12 to 23 years
and from the őnal two years of paediatric care and the őrst
two years of adult care (as deőned by the transition method
used to assign outcomes - e.g. when comparing against the
Last Paediatric method, years 2009ś2012 would be used in
Table 1). Used observations were restricted to this four year
window as being of the most interest for identifying changes
at transition (for example, data from ages 12 and 20 years
might be of little interest for assessing impacts of a transition
occurring at age 16 years, but data from ages 14, 15, 16 and 17
years would be more relevant). For each of the three outcome
variables, őve regressions were run, one each for each of the
binary transition variables.

Individuals for whom a transition point could not be
estimated were excluded from the simulation.
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Figure 2: Estimation of transition points under different patterns of records (inpatient and outpatient) classiőed as paediatric or
adult

For simplicity, no unclassiőed records are shown, as these do not inŕuence estimation of transition point.

Table 1: Example (dummy) data for the simulation

Year Age TransFA TransLP TransFit Trans16 Trans18 OutcomeFA OutcomeLP OutcomeFit

2006 14 0 0 0 0 0 P2.0 P2.0 P2.0

2007 15 1 0 0 0 0 P2.4 P2.0 P2.0

2008 16 1 0 0 1 0 P2.4 P2.0 P2.0

2009 17 1 0 1 1 0 P2.4 P2.0 P2.4

2010 18 1 0 1 1 1 P2.4 P2.0 P2.4

2011 19 1 1 1 1 1 P2.4 P2.4 P2.4

2012 20 1 1 1 1 1 P2.4 P2.4 P2.4

2013 21 1 1 1 1 1 P2.4 P2.4 P2.4

Data are shown for a single individual, present from 2006 to 2013 aged 14 to 21 years. In each year the person has őve binary
transition variables, for the three estimation methods and transition set to age 16 and age 18 years. For this person, the First
Adult approach estimates transition at 15 years, Last Paediatric approach estimates transition at 19 years and Fitted approach
estimates transition at 17 years - indicated by 0 for paediatric care and 1 for adult care in the TransFA, TransLP and TransFit

variables, respectively. The three outcome variables have values drawn from the pre-transition Poisson distribution (P2.0) where the
corresponding transition variable is 0 and from the post-transition distribution (P2.4) where the corresponding transition variable
is 1. As a visual guide, post-transition observations are in bold type.

The sets of models were stratiőed by demographic variables
(sex, deprivation category and ethnic group - the last collapsed
to White and non-White due to small numbers) and condition
group to explore the potential for systematic bias in using
a őxed transition age. The Frequent Care group was also
included as a sub group.

The process described above was repeated 10,000 times
(with random draws each time from the appropriate Poisson
distributions). The change in predicted events associated with
transition according to the models was calculated as the mean

across the 10,000 runs and the 95% conődence interval as the
2.5 and 97.5 percentiles.

Results

Cohort summary

There were 38,352 individuals in the data who met the
inclusion criteria (Figure 3); 1,187 with life-limiting conditions
and 37,165 without life-limiting conditions but with other
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Figure 3: Cohort construction ŕow diagram showing inclusion criteria and data sources, with őnal sizes of cohort, Frequent Care
group and the demographics in those groups

* indicates őgures rounded to the nearest 10 to prevent disclosure of exact numbers with missing data.

chronic conditions. 106 individuals who were eligible on other
criteria were excluded due to death (and so leaving the dataset
before age 20 years). Of these, 57 had chronic conditions
recorded and 49 had life-limiting conditions recorded. 11376

had at least one inpatient or outpatient record in every year
aged 15 to 20 years (Frequent Care group). 61% of young
people in the cohort with a life-limiting condition were also
in the Frequent Care group, compared to only 29% of cohort
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Figure 4: Percentages of records classiőed as paediatric, adult or unclassiőed by age in the chronic conditions group (inpatient and
outpatient records), the life-limiting conditions group (inpatient and outpatient records), among inpatient records (whole cohort)
and among outpatient records (whole cohort)

members with chronic conditions. There were more males than
females in the cohort, but fewer males than females in the
Frequent Care group. There were many cohort members with
unknown ethnic group (27%) mainly due to these individuals
lacking hospital records (the source of ethnic group data).
In the Frequent Care group, with - by deőnition - hospital
records, under 2% had unknown ethnic group. At least 67%
of the whole cohort were known to be White; among those
of known ethnic group 92% were White. The least deprived
group was largest in the cohort, but the most deprived group
was largest in the Frequent Care group.

Record classification

The classiőcation of cohort member records is illustrated in
Figure 4. Few records beyond age 19 years are classiőed

as paediatric (although more in the life-limiting conditions
group than in the chronic conditions group). Many records
are classiőed as adult below 16 years of age (8% of all adult
classiőcations were in records aged under 16 years). Inpatient
records are more likely than outpatient records to be classiőed
as paediatric below age 16 years, but make up only 14% of
the total number of records.

Ability to estimate transition

The percentage of individuals for whom transition can be
estimated (those with at least one paediatric record and at
least one adult record) is illustrated in Figure 5. Transition can
be estimated for more of those with life-limiting conditions
than with chronic conditions and particularly so in the
Frequent Care group - e.g. 93% of those with life-limiting

8
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Figure 5: Proportions of children and young people for whom transition point can be estimated (i.e. the proportion having both
paediatric and adult records)

Split into chronic conditions and life-limiting conditions groups and further by whole cohort and Frequent Care group. Year of birth
is limited to 1992 to 1998 as this deőnes the cohort (those born before 1992 were older than 15 years in 2007 and those born after
1998 had not reached 20 years in 2018 when the data end).

conditions in the Frequent Care group born in 1998 had an
estimated transition point compared to 83% of those with
life-limiting conditions in the whole cohort; for those with
chronic conditions, corresponding őgures are 64% (Frequent
Care Group) and 37% (whole cohort).

Estimation of transition point

Estimation methods are compared in Figure 6, for the whole
cohort and Frequent Care group. Major differences for the
whole cohort compared to the Frequent Care group are the
higher number of late transitions (age 20 years or higher) when
the First Adult approach is used and higher number of early
transitions (age 13 years or lower) when the Last Paediatric
approach is used. The First Adult approach estimates a large
number (>20%) of early transitions for both the whole cohort
and the Frequent Care group.

Distributions of differences in transition age estimated
by the different methods are illustrated in Figure 7.
Agreement between estimation methods is greater for the
Frequent Care group than for the whole cohort (narrower
distributions around 0 and a higher central peak close to
0), particularly when comparing the Last Paediatric and
Fitted approaches. The Last Paediatric and Fitted approaches
agree more closely than either do with the Last Adult
approach.

Impacts of estimating transition point from
the data

The results of the simulation, illustrating the potential impact
of using the transition estimation methods set out above
compared to a simple age cut-off at 16 or 18 years, are shown
in Figure 8. Each panel shows the change in outcome event
counts associated with transition for each of the methods with
one of the estimation methods set as the ‘true’ transition (i.e.
the outcome variable associated with that transition method
is used - in Table 1, if the Last Paediatric approach is used as
‘true’ transition then OutcomeLP is used as the dependent
variable in the regressions). Using a transition estimation
method other than the one set as the ‘true’ transition point
(e.g. using, from Table 1 TransFA as independent variable with
OutcomeLP as dependent variable) results in underestimation
of the transition effect. Depending on the estimate used as
‘true’ transition, use of a simple age cut-off underestimates
the effect of transition by 70% or more in many cases.
The Last Paediatric and Fitted Approaches underestimate by
around 50ś60% compared to each other. The First Adult
Approach shows greatest underestimation compared to the
Last Paediatric approach (75% or greater reductions).

There is little evidence of differential bias between methods
in sub groups of the cohort - underestimation is broadly similar
between groups, at least within the conődence intervals with
the studied data. However, the sample size in sub groups may
be underpowered to detect any differences.
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Figure 6: Distributions of age at transition points estimated using the three methods as a percentage of all individuals in the whole
cohort (top panel) or Frequent Care group (lower panel)

Discussion

This study shows that the estimation of point of transition
from paediatric to adult healthcare is feasible using national
healthcare data from England. Estimating transition points
from the data has advantages over using a simple age cut-off
as it can provide greater sensitivity - the simulation shows that
use of a simple age cut-off to assign transition status has the
potential to markedly underestimate the association between
transition status and an outcome, reducing point estimates of
effect size by, in some cases, 70% or more. This is important
for studying adverse outcomes associated with transition (e.g.

increases in emergency inpatient admissions or A&E visits
at transition) to help target interventions and also enables
better differentiation between alternative care pathways in
evaluations of interventions and policy changes.

Although transition estimation is feasible in many cases,
for some individuals transition estimation is limited by an
inability to correctly classify some records as paediatric or
adult and/or a lack of secondary care records (Figure 5).
Estimation is possible for many more individuals in the life-
limiting conditions group than in the chronic conditions group
and agreement between estimation methods is greater for
those with at least one secondary care record each year (i.e.

10
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Figure 7: Density proőles for differences in age at estimated transition point between estimation methods, in pairwise comparisons

Top: whole cohort; Bottom: Frequent Care group.

the Frequent Care group - those with more data on which to
base the estimation, Figure 7).

Record classification and availability of
paediatric services

There are difficulties in classiőcation of records using
treatment specialty or consultant main specialty, with many
records at ages likely to be pre-transition (i.e. under 14 years)
classiőed as adult or unclassiőed. This is less of a problem for
children with life-limiting conditions and for inpatient records.
However, inpatient records make up only a small share of the
available records and using these alone would prevent or limit
transition estimation for young people with no or few inpatient
records.

It appears that many children receive treatment from all-
age rather than specialist paediatric services. Provision of
paediatric services is known to vary [49], but treatment centre
information was not provided in the data, so could not be
explored. Secondary care provision in the NHS in England
may take place in specialist or teaching hospitals serving large
communities (often large cities) and have paediatric and adult
departments for many specialties or may take place in smaller
District General Hospitals, which may not have as many
separate adult and paediatric departments [49, 50]. It may be
appropriate for a child to be treated in an all-age department in
the local hospital rather than travelling further for a specialist
paediatric service, depending on care needs, although there are
concerns about training [50]. This has implications not only
for estimating transition, but also, potentially, for care quality
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Figure 8: Observed changes associated with transition, from Poisson regressions of simulated outcomes for the whole cohort and
indicated subgroups

Outcome counts post-transition were drawn from a Poisson distribution with mean 20% higher than the distribution used for pre-
transition outcome counts. Change in outcome as measured by the model is shown for each estimation method and for transition
assumed to be always at age 16 years or age 18 years. Horizontal bars show 95% conődence intervals.

and outcomes [51ś56] and may raise many of the same issues
as transition itself [17, 18].

Ability to estimate transition

Transition can be estimated for the majority of young people
with life-limiting conditions, particularly for those with at
least one inpatient or outpatient record each year. This is
important as this group is most likely to experience any
impacts of transition, being in receipt of frequent health care
- often from a number of providers, many of whom change at
transition [17, 18]. Estimation is possible for fewer of those
with chronic (but non-life-limiting) conditions, mainly due to
a lack of records, but also due to a lack of classiőable records.
Even among those with a record in each year from 15 to
20 years of age only a maximum of 63% (for those born
in 1998) of those with a non-life-limiting chronic condition
could have a transition point estimated. This may be due
to treatment in all-age services, as discussed above. Chronic
conditions are a broad group and some conditions will have
transition estimated much more readily than others due to
differences in hospital use [57, 58]. Asthma, for example, was
included, but for many young people this can be managed in
primary care without hospital visits [59]. There is however an
upward trend in the share of those with chronic conditions for
whom transition can be estimated; estimation may be possible
for more of those born after 1998 as more data become
available.

Comparison of estimation methods

The transition methods cannot be compared against a gold
standard (as none exists for these data [20]) but only against
each other and with reference to the issues outlined above.

The First Adult approach is limited by the large number of
records classiőed as adult at ages unlikely to represent adult
care (e.g. under 14 years). One strategy to compensate for
this might be to add an age cut-off below which a record
cannot be classiőed as adult. The difficulty here is in where
to apply that cut-off [20]. Also, for the First Adult approach,
the large number of records in childhood that are classiőed as
adult records would mean that the age cut-off would, for many
individuals, simply become the estimated age of transition and
make it similar to the simpler approaches of using a universal
age cut-off. The limitations in record classiőcation mean that
the First Adult approach should not be used for these data.

The Fitted Approach will also be inŕuenced by the presence
of early adult records, but to a lesser extent, due to also taking
into account later paediatric records.

The Last Paediatric approach is much less affected by
early adult records - they have no direct relevance, although
incorrect classiőcation of a paediatric record as adult could
move the last paediatric record to a younger age.

The estimation approaches should also be considered in
relation to experience of care. While it is easy to imagine
a child pre-transition being occasionally treated in adult
services as discussed above, it seems much less likely that
an adult, formally transitioned to adult care, would receive
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further treatment in a paediatric setting (although this is
not completely unknown [27, 28]). There is an argument
for favouring the Last Paediatric approach over the Fitted
approach as it provides a transition point that is clearly deőned
by an experienced event (last paediatric appointment). It is at
this point that access to familiar paediatric experts that the
family and young person may have developed a relationship
with over many years is withdrawn, so may have the most
relevance to assessment of changes in healthcare use related
to the changes at transition. The other approaches identify
transition points at which the family and young person may
still have access to the familiar paediatric services in addition
to adult services. Discussions with the Martin House Research
Centre Family Advisory Board suggest that this may reŕect
experience better than the Fitted Approach which places
transition in the middle of that process. This - and its lower
sensitivity to the presence young-age records classiőed as adult
- suggests that the Last Paediatric method should be the
favoured approach for these data.

Impact of estimation of transition

Use of a simple age cut-off appears likely to underestimate
the association between transition status and an outcome,
but the simulations do not provide evidence that it does this
more for one group than another. It should be noted that
some of the groups are small and this may mask differences,
particularly for ethnic group where small numbers meant that
only White and non-White groups were compared. There
may also be systematic differences in transition age between
particular conditions or by region, but there were insufficient
data available in this study to explore this. Small groups with
wider conődence intervals will, of course, be more likely to
have conődence intervals including no effect if underestimation
of effect size occurs. It is therefore possible that use of a
simple age cut-off might result not only in underestimation
of an association, but also in the conclusion that there is no
statistically signiőcant association at all.

There are also large differences in the simulation between
the estimation methods, particularly between the Last
Paediatric and First Adult approaches. The Fitted and Last
Paediatric approaches do however give results more similar to
each other than either compared to a simple age cut-off.

The transition estimates used as ‘true’ transition in the
simulations will include their own errors (they will not be
free of misclassiőcation bias) and so the simulations are
likely to provide an overestimate of the beneőts of estimating
transition. They do however highlight the importance of
correctly assigning transition status.

Strengths and limitations

This study used a nationally representative sample of primary
care and hospital data. Although developed using data
from England, the methods are directly applicable to the
other nations in the United Kingdom, with similar health
services and healthcare records. The methods could be
adapted to healthcare data from any country in there is a
transition from paediatric to adult healthcare and in which
records may be classiőed as paediatric or adult. Different
healthcare systems, with different record information, may

require different classiőcation schemes, but the methods
of estimating transition from classiőed records should be
transferable. Different conclusions may be drawn about the
most effective estimation approach in data for other countries,
particularly if transition policy differs.

The Martin House Research Centre Family Advisory Board
was consulted before and after analyses and helped to put the
results in context and understand the real-world experience
of transition and applicability of the possible methods. The
estimation methods explored here arise from suggestions in
the literature and discussions of healthcare transition with the
Martin House Research Centre Family Advisory Board and
were chosen to be meaningful with respect to young people’s
and families’ experiences of transition.

There are also limitations, particularly in relation to the
data. Splitting of main treatment specialty into paediatric
and adult specialties only became widespread in England in
2007. This limits the ability to estimate transition for anyone
reaching transition ages before this point as data may be
incomplete. This was mitigated by excluding individuals older
than 15 years in 2007, but at the expense of reducing sample
size. Requirements on years present (15 to 20 years of age) also
mean those who died before age 20 were excluded. Those that
die before transition are not relevant to analysis of transition
(as transition does not take place) but there is a signiőcant
number of young people with life-limiting conditions dying
between ages 16 and 20 years, who may transition before
death [60]. These (49, 4% of those with life-limiting conditions
eligible for inclusion under other criteria) were excluded in this
study, due to a pragmatic decision to construct a cohort for
whom transition was likely to have taken place within years of
available data, but there is no reason why the methods set out
here could not also be applied to these individuals.

The data used also have potential issues with individuals
entering and leaving the cohort due to changing GP practice
from an included practice to an excluded practice. Individuals
who moved practice between 15 and 20 years of age would be
excluded from this study and may have different characteristics
to those who remained at the same practice. Young people
leaving home for work or higher education at 18 years may
move GP practice and be lost from the data (possibly less of
an issue for the group with life-limiting conditions for whom it
may be more common to remain in the family home post-18).

Any comparison of post- and pre-transition care requires
transition point to be deőned, but there may not be a single
well deőned point of healthcare transition for all individuals
[27]. As noted by the Centre’s Family Advisory Board, there
are a number of other disruptive transitions beyond healthcare,
such as transitions in social care, education and availability
of health related beneőts and support [61]. This study, using
healthcare data, was unable to explore any of these issues,
but they should be kept in mind when studying effects of
healthcare transition as alternative or additional potential
causes of observed changes.

Future research

This study demonstrates the feasibility of using routinely
collected healthcare data to estimate the transition point
from paediatric to adult care, with potential to improve
sensitivity when assessing changes in care events associated
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with the transition. These methods should be applied in future
research evaluating the impacts of transition, enabling use of
large, nationally representative datasets with reduced risk of
misclassiőcation bias. Comparisons should also be made with
use of a simple age cut-off to assess impact across a range
of real-world healthcare event outcomes. Beyond the UK, the
approaches outlined here should be adapted and evaluated for
data from other countries that include indications of paediatric
of adult care in healthcare records.

The estimation methods could also be applied to other
transitions, in healthcare and beyond, for any data that include
records that can be classiőed into two or more states. They
could be used to explore transitions between health states and
stages of condition, using - for example - presence or absence
of particular medications.

Conclusion
The estimation of the transition point from paediatric to
adult healthcare from routine healthcare data is feasible and
appears to offer advantages over the use of a simple age
cut-off when assessing changes in outcomes associated with
transition. Among approaches explored here, using the last
paediatric record to deőne the transition is least sensitive to
known limitations of the data and may better reŕect the point
at which transition is experienced. These methods should be
used to enable studies of transition and transition interventions
in nationally representative routinely collected healthcare data
with reduced risk of misclassiőcation bias.
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Supplementary Tables: Classification system for treatment and consultant main

specialties

Supplementary table 1: Classiőcation of treatment specialties as paediatric, adult or unclassiőed

Treatment specialty Paediatric Adult Unclassified

100 = General Surgery Y
101 = Urology Y
102 = Transplantation Surgery (Includes Renal And Liver Transplants, Excludes
Cardiothoracic Transplantation)

Y

103 = Breast Surgery (Includes Suspected Neoplasms, Cysts Etc, Does Not Include
Cosmetic Surgery)

Y

104 = Colorectal Surgery (Surgical Treatment Of Disorders Of The Lower Intestine -
Colon, Anus And Rectum)

Y

105 = Hepatobiliary & Pancreatic Surgery (Includes Liver Surgery But Excludes Liver
Transplantation See Transplantation Surgery)

Y

106 = Upper Gastrointestinal Surgery Y
107 = Vascular Surgery Y
108 = Spinal Surgery Service (From April 2013) Y
110 = Trauma & Orthopaedics Y
120 = Ear, Nose And Throat (ENT) Y
130 = Ophthalmology Y
140 = Oral Surgery Y
141 = Restorative Dentistry (Endodontics, Periodontics And Prosthodontics) Y
142 = Paediatric Dentistry Y
143 = Orthodontics Y
144 = Maxillo-Facial Surgery Y
150 = Neurosurgery Y
160 = Plastic Surgery Y
161 = Burns Care (Recognised Specialist Services Only - Includes ’Outreach’
Facilities)

Y

170 = Cardiothoracic Surgery (Where There Are No Separate Services For Cardiac
And Thoracic Surgery)

Y

171 = Paediatric Surgery Y
172 = Cardiac Surgery Y
173 = Thoracic Surgery Y
174 = Cardiothoracic Transplantation (Recognised Specialist Services Only - Includes
’Outreach’ Facilities)

Y

180 = Accident & Emergency (A&E) Y
190 = Anaesthetics Y
191 = Pain Management (Complex Pain Disorders Requiring Diagnosis And
Treatment By A Specialist Multi-Professional Team)

Y

192 = Critical Care Medicine (Also Known As Intensive Care Medicine) Y
199 = Non-Uk Provider - Specialty Function Not Known, Treatment Mainly Surgical Y
211 = Paediatric Urology (From 2006-07) Y
212 = Paediatric Transplantation Surgery (From 2006-07) Y
213 = Paediatric Gastrointestinal Surgery (From 2006-07) Y
214 = Paediatric Trauma And Orthopaedics (From 2006-07) Y
215 = Paediatric Ear Nose And Throat (From 2006-07) Y
216 = Paediatric Ophthalmology (From 2006-07) Y
217 = Paediatric Maxillo-Facial Surgery (From 2006-07) Y
218 = Paediatric Neurosurgery (From 2006-07) Y
219 = Paediatric Plastic Surgery (From 2006-07) Y
220 = Paediatric Burns Care (From 2006-07) Y
221 = Paediatric Cardiac Surgery (From 2006-07) Y
222 = Paediatric Thoracic Surgery (From 2006-07) Y
223 = Paediatric Epilepsy (From April 2013) Y
241 = Paediatric Pain Management (From 2006-07) Y
242 = Paediatric Intensive Care (From 2006-07) Y

Continued
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Supplementary table 1: Continued

Treatment specialty Paediatric Adult Unclassified

251 = Paediatric Gastroenterology (From 2006-07) Y
252 = Paediatric Endocrinology (From 2006-07) Y
253 = Paediatric Clinical Haetology (From 2006-07) Y
254 = Paediatric Audiological Medicine (From 2006-07) Y
255 = Paediatric Clinical Immunology And Allergy (From 2006-07) Y
256 = Paediatric Infectious Diseases (From 2006-07) Y
257 = Paediatric Dermatology (From 2006-07) Y
258 = Paediatric Respiratory Medicine (From 2006-07) Y
259 = Paediatric Nephrology (From 2006-07) Y
260 = Paediatric Medical Oncology (From 2006-07) Y
261 = Paediatric Metabolic Disease (From 2006-07) Y
262 = Paediatric Pheumalogy (From 2006-07) Y
263 = Paediatric Diabetic Medicine Y
264 = Paediatric Cystic Fibrosis Y
280 = Paediatric Interventional Radiology (From 2006-07) Y
290 = Community Paediatrics (From 2006-07) Y
291 = Paediatric Neuro-Disability (From 2006-07) Y
300 = General Medicine Y
301 = Gastroenterology Y
302 = Endocrinology Y
303 = Clinical Haematology Y
304 = Clinical Physiology (From 2008-09) Y
305 = Clinical Pharmacology Y
306 = Hepatology Y
307 = Diabetic Medicine Y
308 = Bone And Marrow Transplantation (Previously Part Of Clinical Haematology) Y
309 = Haemophilia (Previously Part Of Clinical Haematology) Y
310 = Audiological Medicine Y
311 = Clinical Genetics Y
313 = Clinical Immunology And Allergy Y
314 = Rehabilitation Service Y
315 = Palliative Medicine Y
316 = Clinical Immunology Y
317 = Allergy Service Y
318 = Intermediate Care Y
319 = Respite Care Y
320 = Cardiology Y
321 = Paediatric Cardiology Y
322 = Clinical Microbiology Y
323 = Spinal Injuries (From 2006-07) Y
324 = Anticoagulant Service Y
325 = Sport And Exercise Medicine Y
327 = Cardiac Rehabilitation Y
328 = Stroke Medicine Y
329 = Transient Ischaemic Attack Y
330 = Dermatology Y
331 = Congenital Heart Disease Service (From April 2013) Y
340 = Respiratory Medicine (Previously Known As Thoracic Medicine) Y
341 = Respiratory Physiology (Previously Known As Sleep Studies) Y
342 = Programmed Pulmonary Rehabilitation Y
343 = Adult Cystic Fibrosis Service Y
344 = Complex Specialised Rehabilitation Service (From April 2013) Y
345 = Specialist Rehabilitation Service (From April 2013) Y
346 = Local Specialist Rehabilitation Service (From April 2013) Y
350 = Infectious Diseases Y
352 = Tropical Medicine Y

Continued
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Supplementary table 1: Continued

Treatment specialty Paediatric Adult Unclassified

360 = Genitourinary Medicine Y
361 = Nephrology Y
370 = Medical Oncology Y
371 = Nuclear Medicine (From 2008-09) Y
400 = Neurology Y
401 = Clinical Neurophysiology (From 2008-09) Y
410 = Rheumatology Y
420 = Paediatrics Y
421 = Paediatric Neurology Y
422 = Neonatology Y
424 = Well Babies (Care Given By The Mother/Substitute, With Nursing
AdviceNeeded)

Y

430 = Geriatric Medicine Y
450 = Dental Medicine Specialities Y
460 = Medical Ophthalmology Y
501 = Obstetrics Y
502 = Gynaecology Y
503 = Gynaecological Oncology Y
560 = Midwifery Service Y
650 = Physiotherapy (From 2006-07) Y
651 = Occupational Therapy (From 2006-07) Y
652 = Speech And Language Therapy (From 2006-07) Y
653 = Podiatry (From 2006-07) Y
654 = Dietetics (From 2006-07) Y
655 = Orthoptics (From 2006-07) Y
656 = Clinical Psychology (From 2006-07) Y
657 = Prosthetics Y
658 = Orthotics Y
659 = Drama Therapy Y
660 = Art Therapy Y
661 = Music Therapy Y
662 = Optometry Y
663 = Podiatric Surgery (From April 2013) Y
700 = Learning Disability (Previously Known As Mental Handicap) Y
710 = Adult Mental Illness Y
711 = Child And Adolescent Psychiatry Y
712 = Forensic Psychiatry Y
713 = Psychotherapy Y
715 = Old Age Psychiatry Y
720 = Eating Disorders (From 2006-07) Y
721 = Addiction Services (From 2006-07) Y
722 = Liaison Psychiatry (From 2006-07) Y
723 = Psychiatric Intensive Care(From 2006-07) Y
724 = Perinatal Psychiatry (From 2006-07) Y
725 = Mental Health Recovery And Rehabilitation Service (From April 2013) Y
726 = Mental Health Dual Diagnosis Service (From April 2013) Y
727 = Dementia Assessment Service (From April 2013) Y
800 = Clinical Oncology (Previously Known As Radiotherapy) Y
811 = Interventional Radiology Y
812 = Diagnostic Imaging (From 2008-09) Y
822 = Chemical Pathology Y
834 = Medical Virology Y
840 = Audiology (From 2008-09) Y
920 = Diabetic Education Service (From April 2013) Y
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Supplementary table 2: Classiőcation of consultant main specialties as paediatric, adult or unclassiőed

Consultant main specialty Paediatric Adult Unclassified

100 = General Surgery Y
101 = Urology Y
110 = Trauma And Orthopaedics Y
120 = Ear, Nose And Throat (Ent) Y
130 = Ophthalmology Y
140 = Oral Surgery Y
141 = Restorative Dentistry Y
142 = Paediatric Dentistry (Available From 1999-2000) Y
143 = Orthodontics Y
145 = Oral And Maxillo Facial Surgery (Available From 2004-05) Y
146 = Endodontics (Available From 2004-05) Y
147 = Periodontics Y
148 = Prosthodontics (Available From 2004-05) Y
149 = Surgical Dentistry (Available From 2004-05) Y
150 = Neurosurgery Y
160 = Plastic Surgery Y
170 = Cardiothoracic Surgery Y
171 = Paediatric Surgery Y
180 = Accident And Emergency (A&E) Y
190 = Anaesthetics Y
191 = Pain Management (Available From 1998-99 To 2003-04) Y
192 = Critical Care Medicine (Available From 2004-05) Y
300 = General Medicine Y
301 = Gastroenterology Y
302 = Endocrinology Y
303 = Clinical Haematology Y
304 = Clinical Physiology Y
305 = Clinical Pharmacology Y
310 = Audiological Medicine Y
311 = Clinical Genetics Y
312 = Clinical Cytogenics And Molecular Genetics (Available From 1990-91) Y
313 = Clinical Immunology And Allergy (Available From 1991-92) Y
314 = Rehabilitation (Available From 1991-92) Y
315 = Palliative Medicine Y
320 = Cardiology Y
321 = Paediatric Cardiology (Available From 2004-05) Y
325 = Sport And Exercise Medicine Y
326 = Acute Internal Medicine Y
330 = Dermatology Y
340 = Respiratory Medicine (Also Known As Thoracic Medicine) Y
350 = Infectious Diseases Y
352 = Tropical Medicine (Available From 2004-05) Y
360 = Genito-Urinary Medicine Y
361 = Nephrology Y
370 = Medical Oncology Y
371 = Nuclear Medicine Y
400 = Neurology Y
401 = Clinical Neuro-Physiology Y
410 = Rheumatology Y
420 = Paediatrics Y
421 = Paediatric Neurology Y
430 = Geriatric Medicine Y
450 = Dental Medicine (Available From 1990-91) Y
451 = Special Care Dentistry Y
460 = Medical Ophthalmology (Available From 1993-94) Y
499 = Non-Uk Provider - Specialty Function Not Known, Treatment Mainly Medical Y

Continued
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Supplementary table 2: Continued

Consultant main specialty Paediatric Adult Unclassified

500 = Obstetrics And Gynaecology Y
501 = Obstetrics (Prior To 2004-05: Obstetrics For Patients Using A Hospital Bed Or
Delivery Facilities)

Y

502 = Gynaecology Y
504 = Community Sexual And Reproductive Health Y
560 = Midwifery (Available From October 1995) Y
600 = General Medical Practice Y
601 = General Dental Practice Y
610 = General Practice With Maternity Function (Available To 2003-04) Y
620 = General Practice Other Than Maternity (Available To 2003-04) Y
700 = Learning Disability (Previously Known As Mental Handicap) Y
710 = Adult Mental Illness Y
711 = Child And Adolescent Psychiatry Y
712 = Forensic Psychiatry Y
713 = Psychotherapy Y
715 = Old Age Psychiatry (Available From 1990-91) Y
800 = Clinical Oncology (Previously Radiotherapy) Y
810 = Radiology Y
820 = General Pathology Y
821 = Blood Transfusion Y
822 = Chemical Pathology Y
823 = Haematology Y
824 = Histopathology Y
830 = Immunopathology Y
831 = Medical Microbiology And Virology Y
832 = Neuropathology (Available To 2003-04) Y
833 = Medical Microbiolody Y
834 = Medical Virology Y
900 = Community Medicine Y
901 = Occupational Medicine Y
902 = Community Health Services - Dental (Available From 2004-05) Y
903 = Public Health Medicine (Available From 2004-05) Y
904 = Public Health Dental (Available From 2004-05) Y
950 = Nursing Episode (Available From 2002-03) Y
960 = Allied Health Professional Episode (Available From 2006-07) Y
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