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Abstract
Background: Universal health coverage (UHC) aims to improve child health through preventive primary care and
vaccine coverage. Yet, in many developed countries with UHC, unplanned and ambulatory care sensitive (ACS)
hospital admissions in childhood continue to rise. We investigated the relation between preventive primary care
and risk of unplanned and ACS admission in children in a high-income country with UHC.
Methods: We followed 319,780 children registered from birth with 363 English practices in Clinical Practice Research
Datalink linked to Hospital Episodes Statistics, born between January 2000 and March 2013. We used Cox regression
estimating adjusted hazard ratios (HR) to examine subsequent risk of unplanned and ACS hospital admissions in
children who received preventive primary care (development checks and vaccinations), compared with those
who did not.
Results: Overall, 98% of children had complete vaccinations and 87% had development checks. Unplanned
admission rates were 259, 105 and 42 per 1000 child-years in infants (aged < 1 year), preschool (1–4 years) and
primary school (5–9 years) children, respectively.
Lack of preventive care was associated with more unplanned admissions. Infants with incomplete vaccination
had increased risk for all unplanned admissions (HR 1.89, 1.79–2.00) and vaccine-preventable admissions (HR 4.41,
2.59–7.49). Infants lacking development checks had higher risk for unplanned admission (HR 4.63, 4.55–4.71).
These associations persisted across childhood. Children who had higher consulting rates with primary care
providers also had higher risk of unplanned admission (preschool children: HR 1.17, 1.17–1.17). One third of all
unplanned admissions (62,154/183,530) were for ACS infectious illness. Children with chronic ACS conditions,
asthma, diabetes or epilepsy had increased risk of unplanned admission (HR 1.90, 1.77–2.04, HR 11.43, 8.48–15.39,
and HR 4.82, 3.93–5.91, respectively). These associations were modified in children who consulted more in primary care.
Conclusions: A high uptake of preventive primary care from birth is associated with fewer unplanned and ACS
admissions in children. However, the clustering of poor health, a lack of preventive care uptake, and social deprivation
puts some children with comorbid conditions at very high risk of admission. Strengthening immunisation coverage
and preventive primary care in countries with poor UHC could potentially significantly reduce the health burden from
hospital admission in children.
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Background
Achieving universal health care (UHC) coverage is a
Sustainable Development Goal (SDG3.8.1) [1] to improve global health without exposing individuals to
financial hardship. Indicators of UHC, such as child immunisation, access to preventive primary care and
service capacity [2], are particularly relevant for improving children’s health [3, 4], contributing to substantial
progress in reducing under five mortality in children [5].
Yet, even in high-income countries such as the United
Kingdom (UK), which has high UHC coverage and
where 98% of children are registered with a general
practitioner (GP) from birth, children’s health lags
behind other Western European nations and unplanned
hospital admissions have steadily increased [6, 7]. Rising
admissions have been ascribed partly to health system
failures to adapt to a growing chronic disease burden in
children [6] and primary care policies that have impeded
children’s access to high quality primary care [8].
Cross sectional and ecological trend studies using aggregate data have reported correlations between access to
primary care and lower hospitalisation rates for ambulatory care sensitive (ACS) conditions in children [7, 8].
ACS conditions in children include common infectious
conditions but also chronic conditions commonly seen in
primary care (asthma, diabetes and epilepsy) [9, 10].
However, previous studies have been unable to demonstrate how specific UHC interventions such as child
immunisation and preventive care around the time of
birth may mitigate a child’s risk of admission to hospital,
partly due to a previous lack of linked data records
between primary care and hospital.
We hypothesised that preventive primary care use,
including timely vaccination and development checks, is
associated with fewer childhood illness consultations
and unplanned and ACS admissions to hospital in a
high-income country with a high UHC index.
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Cohort construction

Our target population was children born between January
1, 2000, and March 31, 2013. A delivery date is provided
in the CPRD mother-baby link but also in HES. HES
records a child’s birth as an admission method as ‘82’ for a
birth of a baby within the hospital or ‘83’ for a baby born
outside the hospital [12]. Babies born at home ‘as
intended’ will not have a HES birth record. Therefore, to
establish a birth cohort we took the child’s date of birth
from hospital record and when missing (potentially due to
home birth) from the primary care records.
To ensure our cohort included children’s full consulting history in primary care from the time of a child’s
birth, we included children born to mothers who were
registered at an ‘up to standard’ CPRD-participating
practice at the time of their birth (Fig. 1). This is because
many children are not registered with a GP until their
first visit for vaccination and development checks. We
assumed that a child would not visit another practice
prior to their registration at their mother’s practice.
Children were followed up from birth to the end of
the study period (December 31, 2013), the date a child
left a practice (deregistered) or the last practice data
collection date (whichever came first). During follow-up,
children were assigned to one of four developmental age
groups, defined as infants (when aged < 1 year), preschool (1–4 years) and primary school (5–9 years). We
restricted our cohort to children aged less than 10 years
because older children (10–15 years) in CPRD would
have had insufficient follow-up time (Fig. 1). We created
three sub-cohorts of children aged 5–9 years with ACS
conditions as those who had a diagnosis code for
asthma, diabetes or epilepsy in their consulting history
(Additional file 1: Table S1); this age group was chosen
as asthma and epilepsy cannot be reliably diagnosed in
young children.
Exposure to preventive care and illness consultations

Methods
Study design and data sources

We undertook a birth cohort study using prospectively
collected data from the UK Clinical Practice Research
Datalink (CPRD), the largest and best validated primary
care research database within the UK [11]. It contains longitudinal, patient-level, anonymised computerised health
records from 674 general practices and is broadly representative of approximately 7% of the UK population. Clinicians use codes to record diagnoses, prescriptions and
procedures, including vaccination. Three quarters (75%)
of all English CPRD practices are now linked with Hospital Episode Statistics (HES) [11], which contains International Classification of Diseases version 10 (ICD-10)
coded records for the main reason for admission for all
National Health Service (NHS) hospitals in England.

In the UK, all children are invited for a development
check at 6–8 weeks old (recommended by Healthy Child
Programme) and to receive vaccinations at 8, 12 and
16 weeks, and again at 1 and 3 years of age as an integral
part of a child’s health and immunisation programme
during their early years [13]. At each visit, vaccinations are
given both orally and by injection. We determined the
dates of vaccinations and also identified children who had
incomplete infant vaccinations defined as those with fewer
than three consultations for vaccination in their first year
and identified children with delayed vaccination if their
first vaccine was given after 5 months of age [2].
We defined an infant development check or vaccination
as ‘preventive’ consultations (Additional file 1: Table S1)
and an illness consultation as any face-to-face clinical contact with a GP excluding those for preventive care [14].
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Fig. 1 Cohort construction using CPRD participating practice registered children born between January 2000 and March 2013. Children leave the
cohort at the end of the study period (31/12/2013). Consequently, children leave the cohort at varying ages, for example, those born in 2013 will
only be represented in the cohort’s < 1 year age group. Children may also leave the cohort before the end of the study period if the last practice
data collection date was prior to the end of the study period, if they reach their 10th birthday or if they leave their registered practice

Details of this process are provided in Additional file 2.
We explored illness consultations primarily as an explanatory variable for unplanned and ACS admissions.
Outcomes

The primary outcome was the first record of an unplanned (rather than elective) or ACS admission [7]. We
defined admissions for ACS conditions using ICD-10
codes (Additional file 1: Table S2) [9, 10, 15]. ACS infectious illnesses were defined as vaccine-preventable conditions, gastroenteritis, lower and upper respiratory tract
infection, and urinary tract infection in all children. We
calculated risk for admission with chronic ACS conditions in sub-cohorts of children aged 5–9 years.
Secondary outcomes were illness consultation and unplanned admission rates.
Covariates: social factors, parenting experience and comorbid conditions

We examined the relation between several covariates
identified from previous studies known to increase admission risk, including social factors and the presence of

co-morbid conditions diagnosed in the child’s HES
records [16–18].
We identified children who had preterm birth recorded in any diagnosis field of their HES birth record
[12] (Additional file 1: Table S3). We also identified
children with congenital conditions such as immunodeficiency, cystic fibrosis, chronic lung disease, congenital
heart disease, nervous system congenital anomalies,
other congenital anomalies (including Down’s syndrome), other perinatal conditions and cerebral palsy
(Additional file 1: Table S4) [19].
We assigned each child to one of five population
weighted deprivation groups using English Indices of
Multiple Deprivation quintiles [20] based on the child’s
post code; < 1% of children were missing these data. We
identified children of first time mothers to indicate a
relative lack of parenting experience compared with
mothers who had a previous child, and used maternal
age at birth of the child to identify teenage mothers aged
< 20 years, who are known to have high consulting rates
in primary care, comparing them with mothers aged
20–39 years and older mothers aged 40+ years.

Cecil et al. BMC Medicine (2018) 16:151

Statistical analysis

We calculated illness consultation rates by summing
consultations for each child divided by their follow-up
time in each of the three developmental age bands.
We calculated unplanned admission rates as the total
number of admissions divided by total follow-up time
within each developmental age band. Since unplanned
admission rates change with the age of a child, we
used Cox proportional hazard model to estimate
hazard ratios (HR) for admission. One strength of this
methodology is that it does not assume a baseline
rate allowing admission rates to change over time.
We carried out bivariate and multivariable analyses
adjusting (where relevant) for sex, deprivation level,
whether the child was a firstborn, maternal age band
at birth, child’s prior illness consultation rate (an age
band-specific measure: GP consultations prior to
admission or, if no admission, within an age band
divided by follow-up time), the presence of comorbid
health conditions (prematurity and congenital disease), vaccination status and development checks (as
preventive care in infants is at 8 weeks old vaccinations and development checks were included as time
updating variables when modelling in infants). Covariates were added sequentially to the models based on
bivariate association and we considered an association
of p < 0.05 as statistically significant (model Wald
test).
We assessed for interactions between illness consultation and ACS chronic condition status on admission
risk. We calculated population attributable risks and,
using previously published admission numbers [7], estimated how many preschool children in 2011 could have
avoided an admission if fully vaccinated.
We checked Cox proportional hazard assumptions of
proportionality, using Nelson–Aalen cumulative hazard
plots and non-informative censoring as a sensitivity
analysis stratifying by censored versus non-censored
children. As sensitivity analyses, we investigated multilevel (random intercept) Cox models, clustering by GP
practice. This method models within practice variability
allowing GP practice factors such as access to be
ignored. We used Stata version 14 (StataCorp, College
Station, Texas, USA) for the analyses.

Results
Our birth cohort consisted of 319,780 children born and
registered with 363 English practices between January
2000 and March 2013. One in three of these children
(97,836) left their practices during the study period. There
were a total of 4,801,171 illness consultations and 183,530
unplanned admissions, with 1,540,977 child-years of
follow-up. The median follow-up time (interquartile
range) in infants, preschool and primary school children
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was 1.0 (1.0–1.0), 3.0 (1.1–4.0) and 3.4 (1.5–5.0) years,
respectively.
Twenty-three percent (74,233/319,780) of children
lived in the most affluent areas compared with 18%
(57,440/319,780) of children living in the most deprived
areas. Four percent (12,814/319,780) of children were
born to teenage mothers (Table 1). One in five infants in
the cohort had a record of a congenital condition
(18.2%) or were born prematurely (6.0%). Nine percent
of primary school children (13,484/141,519) had a diagnosis of an ACS chronic condition (asthma, diabetes
mellitus or epilepsy).
Uptake of preventive care was high; 98% (5417/
289,989) of preschool children had complete vaccinations, of whom 1% (1736/289,989) had delayed vaccination, and 87% (253,408/289,989) of preschool children
had development checks.
Infants had, on average, four illness consultations in
their first year; while preschool had 2.9 and primary
school aged children had 1.3 illness consultations per
year, respectively (Table 2). Primary school children with
ACS chronic conditions consulted GPs more frequently
than children without, on average, twice per year
(Table 2).

Table 1 Sociodemographic characteristics and comorbid
conditions in birth cohorta
Number of children

N = 319,780

Characteristics

Number (%)

Boys

163,713 (51.2)

Deprivationb
Least deprived fifth

74,233 (23.2)

Most deprived fifth

57,440 (18.0)

Maternal age at birth of child (years)
< 20

12,814 (4.0)

20–39

291,846 (91.3)

40+

15,120 (4.7)

Mother’s first child

234,781 (73.6)

Prematurity for constisency

19,275 (6.0)

Congenital condition

57,937 (18.2)

Diagnosed with ACSc chronic condition in children aged 5–9 years
(N = 141,519)
Asthma

12,654 (8.9)

Diabetes

268 (0.2)

Epilepsy

670 (0.5)

More than one ACS chronic condition

123 (0.1)

a

Born between 01/01/2000 and 31/03/2013 registered with 363 practices
partnered with the Clinical Practice Research Datalink in England and followed
up until 31/12/2013
b
Index of multiple deprivation fifths (5 the most deprived, 1 least deprived)
c
Ambulatory care sensitive
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Table 2 Annual illness consultation in primary care and unplanned and ambulatory care sensitive (ACS) hospital admission ratesa
Number of children
in cohort

Infant
(age < 1 year)

Preschool
Primary school
(age 1–4 years) (age 5–9 years)

Asthma
Diabetes
Epilepsy
diagnosis
diagnosis
diagnosis
(age 5–9 years) (age 5–9 years) (age 5–9 years)

N = 319,780

N = 289,989

N = 12,654

N = 141,572

N = 268

N = 670

Rate per child/year (95% confidence interval)
Illness consultationb

4.01 (4.00–4.03) 2.91 (2.90–2.92) 1.33 (1.32–1.34)

2.18 (2.15–2.22) 2.02 (1.81–2.23) 2.22 (2.06–2.39)

Rate per 1000 child-years (95% confidence interval)
Unplanned
admissions

259 (256–261)

105 (104–107)

42 (40–44)

84 (77–91)

342 (279–405)

461 (365–558)

Not measured

Not measured

Not measured

26.0 (23.5–28.8) 193 (168–223)

178 (147–216)

Infectious ACS admissions
URTI

26.6 (25.9–27.2) 19.7 (19.3–20.1) 6.5 (6.2–6.8)

LRTI

36.1 (35.3–36.9) 4.6 (4.4–4.8)

Gastroenteritis

23.3 (22.7–23.9) 10.5 (10.2–10.7) 2.2 (2.0–2.4)

Urinary tract
infection

6.5 (6.1–6.8)

1.9 (1.7–2.0)

Vaccine-preventable
infections

0.7 (0.6–0.8)

0.07 (0.06–0.10) (number too small to compute rate)

Chronic ACS admissionsc N/A

N/A

1.0 (0.9–1.1)

0.9 (0.8–1.0)

N/A

a

Cohort of 319,780 children born between 01/01/2000 and 31/03/2013 registered with 363 Clinical Practice Research Datalink practices linked to Hospital Episode
Statistics in England, and followed up until 31/12/2013
b
Illness consultation: face-to-face consultation with a GP excluding preventive care
c
ACS chronic admission rates (primary diagnosis at admission) in children aged 5–9 years diagnosed with ACS condition. We chose to analyse the age group
alone because asthma cannot reliably be diagnosed in children aged less than 5 years
ACS ambulatory care sensitive, LRTI lower respiratory tract infection, URTI upper respiratory tract infection

Risk of unplanned hospital admissions

Unplanned admission rates were 259 per 1000 childyears among infants, 105/1000 among preschool children and 42/1000 among primary school children
(Table 2). The subset of primary school-aged children
diagnosed with an ACS chronic condition (asthma, diabetes and epilepsy) had higher unplanned admission
rates compared to all primary school children (84/1000,
342/1000 and 461/1000 child-years for children with
ACS chronic conditions).
Lack of preventive care was associated with a
higher risk for unplanned admission, after adjusting
for deprivation, maternal age and firstborn indicators
(Table 3). In preschool children, the adjusted HR for
incomplete vaccination was 1.89 (1.79–2.00) and the
population attributable risk was 0.0115 (95% CI
0.0101–0.0130). We estimated that, annually, approximately 2000 (0.0115 × 207,573) unplanned admissions
in England could be avoided if all preschool children
had the same admission rate as those who were fully
immunised. In preschool children, those who had
delayed vaccinations had an increased risk of unplanned admissions compared to those who had
timely vaccinations (HR 1.15, 1.04–1.27). Infants who
had no development checks had over four times the
risk for unplanned admission than those who had
development checks (HR 4.63, 4.55–4.71); this was
observed to a lesser extent for preschool and primary
school children (HR 1.19 and 1.09, respectively).

Illness consultations were associated with a higher
risk for unplanned admission, with the risk increasing
across childhood; an additional consultation per year
increased the average admission rate by 0.5% (HR
1.005, 1.005–1.005) in infants and by 23% (HR 1.23,
1.23–1.24) in primary school children.
The presence of comorbid conditions and social factors, such as material deprivation, were also strongly
associated with unplanned admission. Children born
prematurely or with a congenital condition had a greater
risk of unplanned admission across all age groups (HR
1.21, 1.18–1.25 in preterm infants; HR 2.40, 2.36–2.45 in
infants with congenital conditions). Children living in
the most deprived quintile had a 22% higher risk of an
unplanned admission from infancy. This increased risk
of admission doubled to 44% in primary school years
(HR 1.22, 1.20–1.25) and in infants (HR 1.44, 1.37–1.51)
(Table 3). Infants of teenage mothers had a 33%
increased risk of an unplanned admission compared with
older mothers aged 20–39 years HR 1.33 (1.28–1.38).
Risk factors for ACS infectious admissions (Table 4)

One-third of all unplanned admissions (62,154/183,530)
in the birth cohort were for ACS infectious illness, of
which only 271 were for vaccine-preventable conditions.
Overall, the risk factors for ACS infectious admissions
were similar to the risks for all unplanned admissions
(Table 4); however, the magnitude of the association
between deprivation and ACS infectious illness tended to
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Table 3 Association of preventive primary care, comorbidity and social factors on risk of unplanned hospital admissiona
Adjusted hazard ratiob (95% confidence interval)
Incomplete vaccinationsc

Infant

Preschool

Primary school

(age < 1 year)

(age 1–4 years)

(age 5–9 years)

1.20 (1.16–1.25)

1.89 (1.79–2.00)

1.27 (1.07–1.51)

d

No development check

4.63 (4.55–4.71)

1.19 (1.16–1.22)

1.09 (1.03–1.14)

Illness consultation ratee

1.00 (1.00–1.00)

1.17 (1.17–1.17)

1.23 (1.23–1.24)

Prematurity

1.21 (1.18–1.25)

1.26 (1.22–1.30)

1.12 (1.04–1.21)

Congenital conditions

2.40 (2.36–2.45)

1.17 (1.15–1.20)

1.15 (1.10–1.21)

5 vs. 1

1.22 (1.20–1.25)

1.38 (1.34–1.41)

1.44 (1.37–1.51)

< 20 vs. 20–39 years

1.33 (1.28–1.38)

1.35 (1.30–1.40)

1.28 (1.18–1.39)

40+ vs. 20–39 years

Deprivation

f

Maternal age

0.86 (0.83–0.90)

0.93 (0.89–0.97)

0.96 (0.88–1.05)

Being the firstborn child

0.88 (0.86–0.90)

0.97 (0.95–0.99)

No association

Sex

0.83 (0.81–0.84)

0.87 (0.86–0.89)

0.80 (0.77–0.83)

a

Cohort of children born between 01/01/2000 and 31/03/2013 registered with 363 practices partnered with the Clinical Practice Research Datalink practices linked
to Hospital Episode Statistics in England and followed up until 31/12/2013
b
Hazard ratios have been adjusted for listed covariates. Covariates were added sequentially to the models, p values of < 0.05 were considered
statistically significant
c
In modelling admissions in infants, incomplete vaccination is a time-updated variable. In children aged 1 and over, incomplete vaccination is less than three
infant vaccinations
d
Did not complete infant development checks within primary care
e
An illness consultation is a face-to-face consultation with a GP which is not for preventive care
f
Index of multiple deprivation fifths (5 the most deprived, 1 least deprived)

be greater than for all admissions. Infants with incomplete
vaccination were over four times more likely to be admitted for a vaccine-preventable condition (HR 4.41, 2.59–
7.49), with the risk persisting, and increasing in magnitude, across childhood.

Risk factors for ACS chronic admissions

Primary school-aged children diagnosed with an ACS
chronic condition, compared with children without an
ACS chronic condition, had an increased risk of
unplanned admission (for any admission diagnosis) of
1.90 (1.77–2.04), 11.43 (8.48–15.39) and 4.82 (3.93–5.91)
for asthma, diabetes and epilepsy. There was no evidence that deprivation was a stronger risk factor for
children with an ACS chronic condition (Table 5).
Illness consultation rates modified the association of
unplanned admissions for ACS chronic conditions, with
interaction factors of 0.92 (0.91–0.93), 0.88 (0.82–0.95)
and 0.95 (0.92–0.98) in asthma, diabetes or epilepsy,
respectively. For example, a child with asthma has, on
average, 90% greater risk of an unplanned admission
compared with children without an ACS chronic condition (holding consultation rate constant); this reduced to
74% with a single additional illness consultation per
year.
Of the primary school children diagnosed with an
ACS chronic condition, 19% (2597/13,484) had an
unplanned admission (any diagnoses), while only 5%
(729/13,484) had an unplanned admission for an ACS
chronic condition.

Sensitivity analyses

Sensitivity analyses showed that our findings were robust
to age and duration of registration. Unplanned admission HRs for variables of interest were similar when
children were followed up from 8 weeks of age compared with follow-up from birth. HRs were similar but
more extreme in those who were censored due to leaving their registered practice compared with those who
remained until the end of the study period (December
2013) or the practice’s last data collection date (if earlier)
(Additional file 1: Tables S5 and S6).
Unplanned admission HRs for variables of interest
were higher in infants when we applied a multilevel
model (Additional file 1: Table S7), but were similar in
older age groups.

Discussion
Main findings

To our knowledge, this is the largest study of its kind to
assess the impact of preventive primary care on the risk
of unplanned and ACS hospital admissions across childhood. In our birth cohort of 319,780 children registered
with UK primary care and followed over 1,540,977
child-years, there was a high uptake of preventive care,
with 98% of children having complete vaccinations and
87% having development checks in infancy and high
contact rates with GP (four times in infancy for illness).
A lack of preventive primary care, including vaccination
and development checks, was strongly associated with a
higher risk of unplanned and ACS admission in children.
For example, there was a four-fold increased risk of
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Table 4 Association of preventive primary care, comorbidity and social factors on risk of ambulatory care sensitive infectious
admissionsa
Infant

Preschool

Primary school

(aged < 1 year)

(aged 1–4 years)

(aged 5–9 years)

HRb (95% CI)

HRb (95% CI)

HRb (95% CI)

Incomplete vaccinationsc

4.41 (2.59–7.49)

6.62 (2.80 to 15.66)

19.98 (2.40–166.25)

No development checkd

3.56 (2.64–4.81)

1.95 (3.66–1.04)

No association

e

Illness consultation rate

1.00 (1.00–1.00)

1.15 (1.10–1.20)

1.26 (1.11–1.43)

Prematurity

No association

No association

No association

Vaccine preventable admissions

Congenital conditions

1.74 (1.26–2.40)

No association

No association

Deprivationf 5 vs. 1

2.11 (1.37–3.25)

2.27 (1.08–4.76)

No association

Upper respiratory tract infection
Incomplete vaccinationsc

1.62 (1.40–1.88)

1.58 (1.41–1.77)

No association

d

No development check

2.16 (2.05–2.27)

1.18 (1.12 to1.24)

1.15 (1.03–1.28)

Illness consultation ratee

1.00 (1.00–1.00)

1.16 (1.16–1.17)

1.24 (1.23–1.25)

Prematurity

1.62 (1.50–1.76)

1.32 (1.24–1.40)

1.41 (1.21–1.64)

Congenital conditions

1.39 (1.32–1.48)

1.22 (1.17–1.27)

1.15 (1.03–1.28)

1.54 (1.44–1.65)

1.48 (1.41–1.56)

1.79 (1.60–2.00)

Incomplete vaccinationsc

1.53 (1.40–1.68)

2.16 (1.77–2.64)

No association

No development checkd

2.60 (2.49–2.71)

1.29 (1.17–1.43)

No association

e

Illness consultation rate

1.00 (1.00–1.00)

1.15 (1.15–1.16)

No association

Prematurity

2.24 (2.11–2.39)

1.87 (1.67–2.10)

1.82 (1.29–2.57)

f

Deprivation 5 vs. 1
Lower respiratory tract infection

Congenital conditions

1.36 (1.30–1.43)

1.36 (1.25–1.48)

1.25 (1.23–1.28)

Deprivationf 5 vs. 1

1.50 (1.42–1.60)

1.26 (1.15–1.39)

No association

Gastroenteritis admissions
Incomplete vaccinationsc

1.16 (0.99–1.35)

1.82 (1.58–2.09)

No association

d

No development check

2.02 (1.92–2.13)

1.29 (1.21–1.37)

No association

Illness consultation ratee

1.00 (1.00–1.00)

1.15 (1.15–1.16)

1.24 (1.23–1.26)

Prematurity

1.28 (1.17–1.41)

1.19 (1.10–1.30)

1.35 (1.04–1.74)

Congenital conditions

1.40 (1.32–1.49)

1.23 (1.16–1.30)

No association

1.69 (1.58–1.82)

1.67 (1.57–1.78)

1.63 (1.34–1.98)

f

Deprivation 5 vs. 1
Urinary tract infection
Incomplete vaccinationsc

No association

2.01 (1.43–2.82)

No association

No development checkd

2.41 (2.17–2.68)

1.28 (1.09–1.50)

No association

e

Illness consultation rate

1.00 (1.00–1.00)

1.15 (1.14–1.17)

1.27 (1.24–1.30)

Prematurity

1.44 (1.21–1.71)

No association

No association

Congenital conditions

1.35 (1.19–1.52)

1.42 (1.24–1.62)

No association

Deprivationf 5 vs. 1

No association

1.59 (1.35–1.87)

1.42 (1.04–1.95)

a
Data is from a cohort of 319,780 children born between 01/01/2000 and 31/03/2013, registered with 363 Clinical Practice Research Datalink practices in England,
with Hospital Episode Statistics linkage, and followed up until 31/12/2013
b
Adjusted hazard ratio and 95% confidence interval; hazard ratios have been adjusted for listed covariates as well as sex, maternal age and whether first child;
covariates were added sequentially to the models, p values of < 0.05 were considered statistically significant
c
In modelling admissions in infants, incomplete vaccination is a time updated variable; in children aged 1 and over, incomplete vaccination is less than three
infant vaccinations
d
Did not complete infant development checks within primary care
e
An illness consultation is a face-to-face consultation with a GP that is not for preventive care
f
Index of multiple deprivation fifths (5 the most deprived, 1 least deprived)
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Table 5 Association of preventive primary care, comorbidity
and social factors on risk of ambulatory care sensitive chronic
admissions in primary school-aged children
Primary school
(aged 5–9 years)
HRa (95% CI)
Asthma
Incomplete vaccinationsb
c

2.24 (1.11–4.50)

No development check

No association

Illness consultation rated

1.14 (1.11–1.16)

Prematurity

No association

Congenital conditions

No association

Deprivatione 5 vs. 1

1.38 (1.10–1.72)

Diabetes

No Associations

Epilepsy
Incomplete vaccinationsd
e

3.83 (1.21–12.07)

No development check

No association

Illness consultation ratec

1.09 (1.05–1.12)

Prematurity

No association

Congenital conditions

No association

Deprivatione 5 vs. 1

No association

a

Adjusted hazard ratio and 95% confidence interval; hazard ratios have been
adjusted for listed covariates as well as sex, maternal age and whether first
child; covariates were added sequentially to the models, p values of < 0.05
were considered statistically significant
b
In modelling admissions in infants, incomplete vaccination is a time updated
variable; in children aged 1 and over, incomplete vaccination is less than three
infant vaccinations
c
Did not complete infant development checks within primary care
d
An illness consultation is a face-to-face consultation with a GP that is not for
preventive care
e
Index of multiple deprivation fifths (5 the most deprived, 1 least deprived)

vaccine-preventable hospital admissions that increased
across childhood. We estimate that, in the UK, 2000
preschool children are admitted annually to hospital for
problems that are potentially attributable to a lack of
basic vaccinations. One-third of all unplanned admissions, in our cohort, were for ACS infectious illness.
One in five primary school age children who had a
chronic ACS condition (asthma, diabetes or epilepsy)
were admitted to hospital. We also found comorbidity
and social deprivation to be associated with unplanned
admission.

Comparison with past research

We found no previous studies specifically investigating
the impact of preventive primary care on children’s
admission risk over time. However, our findings are
consistent with systematic reviews and numerous other
studies that have demonstrated a relation between
various features of primary care in adults and avoidable
admission [3, 21].

We, and others, have previously reported that emergency department visits and admissions for ACS chronic
conditions are associated with poor access to primary
care, highlighting the importance of primary care in
preventing adverse outcomes for children with chronic
conditions [7, 8]. Our study further supports this
evidence, which is especially important since the number
of children with chronic conditions is increasing. In
recent years, adult admission rates for ACS chronic
diseases, including asthma, diabetes and epilepsy, are
reported to have fallen following major financial incentives in primary care to improve chronic disease management [22], suggesting scope for a similar policy
intervention for children.
The age, sex and sociodemographic profile of our sample was representative of the national population [23]
and other variable characteristics, such as the proportion
of children born to teenage mothers, were comparable
over the study period. A similar proportion of our birth
cohort was born prematurely compared with national
and international estimates [24]. We could not find
comparable studies giving estimates of congenital anomalies. One study investigating child mortality found that
only 3% of children who died had a congenital anomaly
[25]. However, our study purposefully took a much
broader definition of congenital conditions, which
included comorbid conditions diagnosed within infancy
as well as suspected conditions affected by birth.
In England, since 2007/2008, the combined vaccine
coverage in infants for diphtheria, tetanus, polio, pertussis and haemophilus influenza B and for pneumonia vaccine has reached 93-95%. Our cohort may have achieved
a higher uptake rate firstly because the national picture
is likely to include some children who do not engage
with primary care, but also because CPRD participating
practices may perform better. We found illness consultation rates in the community and rates of unplanned admission in children were comparable to recent studies
[7, 14, 26].
Implications for research and policy

Our findings support a body of evidence in favour of
UHC of primary care to add to efforts to reduce the
burden of disease in the population and alleviate strain
on hospital services from unplanned admissions [3, 8,
27]. The high level of infant immunisation coverage
across all four nations in the UK in recent years is a
success story that other nations have yet to achieve [28].
UHC is an important means of improving health equity,
especially essential in lower-income settings. However,
even in high-income countries, we found a significantly
higher risk for hospital admission for children living
below the poorest quintile, demonstrating additional
room for improvement in countries with UCH and that
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service provision alone is not enough. Our findings
suggest preventive primary care may help to reduce
unplanned admissions, particularly in infants who have
the highest contact rates with primary care. Nevertheless, health services beyond infancy tend to be responsive rather than anticipatory, which may disadvantage
children with chronic illness.
The UK health system currently lacks a clear framework for the health and wellbeing of children beyond
infant immunisation. The healthcare needs of children
differ in important ways from those of adults; with
greater dependency on parents, education remains an
important component of families’ ability to care. In
the United States, potentially preventable admissions
among children have been decreasing [29]. Future
work could explore cost effectiveness of new models
of care such as GP-led urgent care centres and impact of certain core features of primary care such as
access, structured preventive care, continuity of care
and case management of children with chronic conditions [30]. We need to better understand how primary care can serve the needs of children with
long-term or complex conditions.
Limitations

Data quality and extensive coverage of the CPRD
database [11] reduces the possibility that our findings
are due to chance but, as with any observational cohort
study, there are several important biases relating to
coding accuracy, completeness and losses to follow-up
[31]. A main source of bias in our findings likely arises
due to losses to follow-up across the period; however,
these were minimised by the way our cohort was
constructed such that children contributed time in the
cohort according to their age band. We excluded
children registered at practices without HES and mother
and baby linkage. We found children living in deprived
areas were more likely to deregister than children from
affluent groups; therefore, our findings are not likely to
be generalisable to these children, who may represent a
more mobile population and may require a different policy response [32]. However, our sensitivity analysis suggests findings are similar for these families although
effect sizes of associations are diluted by their loss to
follow-up over the period. We did not obtain health
records for the mother, restricting our ability to investigate further health maternal factors or those arising
from birth.
Our analysis was highly powered and all reported
associations in the full cohort had a significance level
greater than 99%. However, in the ACS cohorts, numbers were much smaller, for example, only 268 (0.2%)
children aged 5–9 years had a diagnosis of diabetes. As a
result, we lacked power to identify association between
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preventive care and unplanned admissions in children
with diabetes.
Our measure of incomplete vaccination may be an
underestimate. Determining whether children in birth
cohorts, born over several birth years, have received all
their primary immunisations is complex given the
relatively frequent changes to the detail of the nationally
recommended immunisation schedule. In some years,
catch up immunisations took place, increasing the basic
number [33, 34].
There is residual confounding in our study comparing
children with delayed or incomplete vaccination with
those who engage with the immunisation programme.
These groups are likely to differ in important ways relating to their underlying health, health seeking behaviour
and health beliefs, which could also impact on their risk
for admission to hospital.
Although most routine preventive care occurs in the
community, our data sources would not capture
preventive care such as developmental check-ups and
vaccinations received in specialist settings. This may be
the case in a small minority of children, for example,
those with preterm birth or congenital conditions.
Our methodologies, calculating within practice
variation and marginal means, reduce the impact of
practice level confounding and our sensitivity analyses suggest that practice level confounding may
exist in infants but has little effect in older children.
Differentiating between health status and illness
severity is challenging given a lack of reliable indicators in routine data. In a UHC system, consultations
with GPs are not a good proxy for poor health status since preventive advice or disease management
for ACS chronic conditions can be given during a
consultation; this is highlighted by the fact that
illness consultations modify the effect of having an
ACS chronic condition on unplanned hospital admissions [35]. Hence, this is among a number of sources
of residual confounding that we were unable to
account for.

Conclusions
A high uptake of preventive primary care, including
vaccination and development checks, is associated
with fewer unplanned and ACS admissions from birth
and through childhood. However, the clustering of
poor health, a lack of preventive care uptake, and
social deprivation puts some children with comorbid
conditions at very high risk of admission. Countries
with poor immunisation coverage and preventive
primary care could significantly reduce the health
burden from hospital admission in children, especially
those with ACS conditions, through strengthening
UHC and primary care.

Cecil et al. BMC Medicine (2018) 16:151

Additional files
Additional file 1: Table S1. Read codes identifying preventive care
consultations and children with a coded diagnosis of an ambulatory care
sensitive condition. Table S2. Ambulatory care sensitive admission ICD10 codes. Table S3. International Classification of Disease version 10
(ICD-10) diagnoses for prematurity/low birth weight. Table S4. ICD-10
diagnoses for congenital disease. Table S5. Covariates and outcomes in
children with full versus censored follow-up. Table S6. Adjusted hazard
ratios for unplanned admission stratified by full versus censored followup in infants. Table S7. Association of preventive primary care,
comorbidity and social factors on risk of unplanned hospital admission in
using a random intercept model clustering by GP practice. (DOCX 107 kb)
Additional file 2: A supplementary file detailing the methodology used
for creating the birth cohort; the preventive care consultations and illness
consultations. (DOCX 24 kb)
Abbreviations
ACS: ambulatory care sensitive; CPRD: Clinical Practice Research Datalink;
GP: general practitioner; HES: Hospital Episode Statistics; ICD-10: International
Classification of Diseases version 10; NHS: National Health Service;
UHC: universal health care; UK: United Kingdom
Funding
Elizabeth Cecil and Sonia Saxena were funded by a National Institute for
Health Research (NIHR) Career Development Fellowship (CDF-2011-04-048).
Richard Ma was funded by NIHR for In-Practice Fellowship (NIHR-IPF-2014-0811). This article presents independent research commissioned by the NIHR.
The views expressed in this publication are those of the authors and not
necessarily those of the NHS, the NIHR or the Department of Health.
Availability of data and materials
The datasets analysed during the current study are not publicly available as
access is subject to approval. We will consider (via the corresponding author)
requests for data sharing on an individual basis; however, we will be
governed in respect of data sharing by the data owners (CPRD) and any
requests to share will be subject to their permission and to the approval of
ethics committees overseeing the use of these data sources.
Authors’ contributions
EC contributed to the conception and design of the study, carried out the
analysis, took part in interpreting the data, drafted the initial manuscript and
wrote the final manuscript as submitted. AB contributed to the conception
and design of the study, provided statistical advice, took part in interpreting
the data and helped to revise drafts of the manuscript. SS and RM
contributed to the conception and design of this study, took part in
interpreting the data and helped to revise drafts of the manuscript. DSH, IW
and AGM took part in interpreting the data and helped to revise drafts of
the manuscript. All authors approved the final manuscript as submitted and
agree to be accountable for all aspects of the work.
Ethics approval and consent to participate
We obtained ethical and scientific approval for the use of CPRD for our study
from the Independent Scientific Advisory Committee Protocol number:
15_008R.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.
Author details
1
Department of Primary Care and Public Health, Imperial College London
Charing Cross Campus, London W6 8RP, UK. 2Institute of Child Health,

Page 10 of 11

University College London, London, England. 3Department of Primary Care
and Public Health Sciences, King’s College London, London, England.
4
Department of Health Services Research, Management and Policy, University
of Florida, Gainesville, FL, USA.
Received: 5 June 2018 Accepted: 31 July 2018

References
1. United Nations. Report of the Secretary-General: Progress Towards the
Sustainable Development Goals. New York, NY: UN; 2017.
2. Hogan DR, Stevens GA, Hosseinpoor AR, Boerma T. Monitoring universal
health coverage within the sustainable development goals: development
and baseline data for an index of essential health services. Lancet Glob
Health. 2017;6(2):e152–e68.
3. Starfield B, Shi L, Macinko J. Contribution of primary care to health systems
and health. Milbank Q. 2005;83(3):457–502.
4. Guttmann A, Shipman SA, Lam K, Goodman DC, Stukel TA. Primary care
physician supply and Children’s health care use, access, and outcomes:
findings from Canada. Pediatrics. 2010;125(6):1119–26.
5. Global, regional, and national under-5 mortality, adult mortality, age-specific
mortality, and life expectancy, 1970–2016: a systematic analysis for the
Global Burden of Disease Study 2016. Lancet. 2017;390(10100):1084–150.
6. Wolfe I, Thompson M, Gill P, Tamburlini G, Blair M, van den Bruel A, et
al. Health services for children in western Europe. Lancet. 2013;
381(9873):1224–34.
7. Cecil E, Bottle A, Sharland M, Saxena S. Impact of UK primary care policy
reforms on short stay unplanned hospital admissions for children with
primary care sensitive conditions: interrupted time series analysis. Ann Fam
Med. 2015;13(3):214–20.
8. Cecil E, Bottle A, Cowling TE, Majeed A, Wolfe I, Saxena S. Primary care
access, emergency department visits, and unplanned short hospitalizations
in the UK. Pediatrics. 2016;137(2):e20151492.
9. AHRQ. Pediatric Quality Indicators 2006. http://www.qualityindicators.ahrq.
gov/Downloads/Modules/PDI/V30/2006-Feb-PediatricQualityIndicators.pdf.
Accessed 12 Aug 2018.
10. NHS Digital. NHS Outcomes Framework Indicators. https://digital.nhs.uk/
data-and-information/publications/clinical-indicators/nhs-outcomesframework/archive/nhs-outcomes-framework-indicators---february-2018release. Accessed 12 Aug 2018.
11. Herrett E, Gallagher AM, Bhaskaran K, Forbes H, Mathur R, van Staa T, et al.
Data resource profile: clinical practice research datalink (CPRD). Int J
Epidemiol. 2015;44(3):827–36.
12. NHS Digital. HES Data Dictionary. https://digital.nhs.uk/binaries/content/
assets/legacy/pdf/1/c/hes_data_dictionary_-_admitted_patient_care.pdf.
Accessed 12 Aug 2018.
13. Public Health England. UK Immunisation Schedule: The Green Book, Chapter
11. 2013. https://www.gov.uk/government/publications/immunisationschedule-the-green-book-chapter-11.
14. Hippisley-Cox J, Fenty J, Heaps M. Trends in consultation rates in general
practice 1995 to 2006: analysis of the QRESEARCH database. QRESEARCH
research highlights. Leeds: The Information Centre; 2007. p. 29.
15. Gill PJ, Goldacre MJ, Mant D, Heneghan C, Thomson A, Seagroatt V, et al. Increase
in emergency admissions to hospital for children aged under 15 in England,
1999–2010: national database analysis. Arch Dis Child. 2013;98(5):328–34.
16. Saxena S, Eliahoo J, Majeed A. Socioeconomic and ethnic group differences
in self reported health status and use of health services by children and
young people in England: cross sectional study. BMJ. 2002;325(7363):520.
17. Harrington KF, Zhang B, Magruder T, Bailey WC, Gerald LB. The impact of
Parent's health literacy on pediatric asthma outcomes. Pediatr Allergy
Immunol Pulmonol. 2015;28(1):20–6.
18. Paranjothy S, Broughton H, Adappa R, Fone D. Teenage pregnancy: who
suffers? Arch Dis Child. 2009;94(3):239–45.
19. Murray J, Bottle A, Sharland M, Modi N, Aylin P, Majeed A, et al. Risk factors
for hospital admission with RSV bronchiolitis in England: a population-based
birth cohort study. PLoS One. 2014;9(2):e89186.
20. Department for Communities and Local Government. English Index of
Multiple Deprivation 2010 [updated 2012/11/22/17:35:29]. www.gov.uk/
government/statistics/english-indices-of-deprivation-2010. Accessed 12
Aug 2018.

Cecil et al. BMC Medicine (2018) 16:151

21. Rosano A, Loha CA, Falvo R, van der Zee J, Ricciardi W, Guasticchi G,
et al. The relationship between avoidable hospitalization and
accessibility to primary care: a systematic review. Eur J Public Health.
2013;23(3):356–60.
22. Harrison MJ, Dusheiko M, Sutton M, Gravelle H, Doran T, Roland M. Effect of
a national primary care pay for performance scheme on emergency
hospital admissions for ambulatory care sensitive conditions: controlled
longitudinal study. BMJ. 2014;349:g6423.
23. Office for National Statistics. Birth Summary Tables. http://www.ons.gov.uk/
peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/
datasets/birthsummarytables. Accessed 12 Aug 2018.
24. Morken N-H, Vogel I, Kallen K, Skjærven R, Langhoff-Roos J, Kesmodel US,
et al. Reference population for international comparisons and time trend
surveillance of preterm delivery proportions in three countries. BMC
Womens Health. 2008;8(1):16.
25. Zylbersztejn A, Gilbert R, Hjern A, Hardelid P. How can we make
international comparisons of infant mortality in high income countries
based on aggregate data more relevant to policy? BMC Pregnancy
Childbirth. 2017;17(1):430.
26. Hobbs FDR, Bankhead C, Mukhtar T, Stevens S, Perera-Salazar R, Holt T, et al.
Clinical workload in UK primary care: a retrospective analysis of 100 million
consultations in England, 2007-14. Lancet. 2016;387(10035):2323–30.
27. Baker R, Honeyford K, Levene LS, Mainous AG, Jones DR, Bankart MJ, et al.
Population characteristics, mechanisms of primary care and premature
mortality in England: a cross-sectional study. BMJ Open. 2016;6:e009981.
28. de Figueiredo A, Johnston IG, Smith DMD, Agarwal S, Larson HJ, Jones NS.
Forecasted trends in vaccination coverage and correlations with
socioeconomic factors: a global time-series analysis over 30 years. Lancet
Glob Health. 2016;4(10):e726–35.
29. Torio CM, Elixhauser A, Andrews RM. Trends in Potentially Preventable
Hospital Admissions among Adults and Children, 2005–2010: Statistical Brief
#151. Rockville: Agency for Health Care Policy and Research (US); 2013.
30. Gnani S, Ramzan F, Ladbrooke T, Millington H, Islam S, Car J, et al.
Evaluation of a general practitioner-led urgent care centre in an urban
setting: description of service model and plan of analysis. JRSM Short Rep.
2013;4(6):2042533313486263.
31. Khan NF, Harrison SE, Rose PW. Validity of diagnostic coding within the
general practice research database: a systematic review. Br J Gen Pract.
2010;60(572):e128–36.
32. Howe LD, Tilling K, Galobardes B, Lawlor DA. Loss to follow-up in
cohort studies: bias in estimates of socioeconomic inequalities.
Epidemiology. 2013;24(1):1–9.
33. Koshy E, Murray J, Bottle A, Sharland M, Saxena S. Impact of the sevenvalent pneumococcal conjugate vaccination (PCV7) programme on
childhood hospital admissions for bacterial pneumonia and empyema in
England: national time-trends study, 1997–2008. Thorax. 2010;65(9):770–4.
34. Ladhani SN. Two decades of experience with the Haemophilus
influenzae serotype b conjugate vaccine in the United Kingdom. Clin
Ther. 2012;34(2):385–99.
35. Wijlaars LP, Hardelid P, Woodman J, Allister J, Cheung R, Gilbert R.
Contribution of recurrent admissions in children and young people to
emergency hospital admissions: retrospective cohort analysis of hospital
episode statistics. Arch Dis Child. 2015;100(9):845–9.

Page 11 of 11

