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ABSTRACT

Objectives The objectives of this study were to describe
the methods used to assess the quality of linkage between
records of babies’ birth registration and hospital birth
records, and to evaluate the potential bias that may be
introduced because of these methods.

Design/setting Data from the civil registration and the
notification of births previously linked by the Office for
National Statistics (ONS) had been further linked to birth
records from the Hospital Episode Statistics (HES) for
babies born in England. We developed a deterministic, six-
stage algorithm to assess the quality of this linkage.
Participants All 1170790 live, singleton births, occurring
in National Health Service hospitals in England between 1
January 2005 and 31 December 2006.

Primary outcome measure The primary outcome was
the number of successful links between ONS birth records
and HES birth records. Rates of successful linkage were
calculated for the cohort and the characteristics associated
with unsuccessful linkage were identified.

Results Approximately 92% (1 074 572) of the birth
registration records were successfully linked with a

HES birth record. Data quality and completeness were
somewhat poorer in HES birth records compared with
linked birth registration and birth notification records. The
quality assurance algorithms identified 1456 incorrect
linkages (<1%). Compared with the linked dataset, birth
records were more likely to be unlinked if babies were

of white ethnic origin; born to unmarried mothers; born

in East England, London, North West England or the West
Midlands; or born in March.

Conclusions It is possible to link administrative datasets
to create large cohorts, allowing researchers to explore
important questions about exposures and childhood
outcomes. Missing data, coding errors and inconsistencies
mean it is important that the quality of linkage is assessed
prior to analysis.

INTRODUCTION

The use of routinely collected datasets within
research has increased rapidly over the
past decade as an alternative to conducting
large, observational studies, which can be
extremely costly and often suffer from poor
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Strengths and limitations of this study
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» This is the first study to evaluate the linkage of birth
registration, birth notification and Hospital Episode
Statistics (HES) birth records in England.

» We were able to build on existing work relating to
the quality assurance of birth registration, birth noti-
fication and HES delivery records.

» Access to personal identifiers meant that we were
able to evaluate the quality of linkage, identify poor
quality matches and assess the level of bias intro-
duced by linking these datasets.

» Accessing personal identifiers also led to delays be-
cause of the length of approval processes and the
need to travel to access these data in designated
secure settings. However, the Office for National
Statistics is developing a remote access system for
the secure setting, so future research studies may
not be affected by the need to travel.

» We examined only singleton births in National Health
Service hospitals so we did not assess whether the
linkage of multiple births is of comparable quality.
However, previous work linking birth registration
records with mothers’ delivery records in multiples
suggests that the linkage rate is similar to that for
singletons.

recruitment and retention rates.' While there
are many advantages to using linked admin-
istrative data for medical research, they also
present challenges. One is the quality of data
recorded and, in consequence, the quality of
data linkage, as this is highly reliant on the
availability and accuracy of personal identi-
fiers® and other supporting information.

The Digital Economy Act 2017 was intro-
duced with the aim of facilitating data sharing
for research purposes, but only if the data
have been ‘deidentified’ and the research is
deemed to be in the public interest.* Without
access to personal identifiers, successful
linkage between datasets becomes more
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challenging. Therefore, the ‘Trusted Third Party’ model,
whereby the full identifiers are transferred to an organisa-
tion, which will link them with its own data and return the
linked data to the data controller, is now the preferred
method of linkage in most research projects. While
Trusted Third Parties typically publish their linkage algo-
rithms, they usually do not publish results of quality assur-
ance (QA) of their methods. Therefore, it is essential that
researchers assess the quality of linkage and validity of
data prior to conducting statistical analyses.

The work described in this paper was conducted as
part of the (Tracking the Impact of Gestational Age on
Health, Educational and Economic outcomes: a Longi-
tudinal Records Linkage Study) TIGAR study, which is
a population-based, record-linkage study of births and
hospital admission data in England. The study aimed to
estimate the association between gestational age at birth
and rates of hospital admission throughout childhood.
This used previously linked data from two sources.” The
first of these was civil registration of births, a legal process
in which parents register the birth and provide mainly
demographic information to a specially trained local
registrar of births, deaths and marriages who records the
information, issues birth certificates and forwards the
data to national systems. The second is the data recorded
at the notification of the birth within 36hours to the
National Health Service (NHS) by the attending midwife
or other birth attendant, and the baby’s NHS Number, a
unique identifier, is allocated. These combined Office for
National Statistics (ONS) birth records were linked with
birth records from Hospital Episode Statistics (HES), the
national hospital discharge system for England. This was
done by the data owner, the Health and Social Care Infor-
mation Centre, now known as NHS Digital, as part of an
earlier, larger study by City, University of London.’

Two HES records are generated when a baby is born
in England; one for the mother and one for each baby.
Each consists of an Admitted Patient Care (APC) record
common to all hospital in-patient stays plus a ‘tail” with
information about the birth (online supplemental
figure S1). The mother’s HES delivery record contains
APC information relating to the mother’s delivery and a
‘maternity’ tail’. The baby’s HES birth record contains the
baby’s APC record and a ‘baby tail’ containing details of
the birth and overlapping extensively with the ‘maternity
tail’. Maternity HES data are downloaded from hospitals’
administrative systems. As these do not all come from the
same supplier, there are some differences in the ways in
which data are entered and there are differences between
systems and hospitals in the extent to which data items
are missing.

The team at City, University of London, has already
evaluated the quality of linkage between birth registra-
tion, birth notification and the mother’s HES delivery
records for births from 2005 to 2014. The authors
reported a linkage rate of 95% and uncovered some
linkage errors.” Therefore, the main objectives of the
current study were to assess the quality of linkage between

baby’s birth registration and notification records and the
baby’s HES birth records, and to evaluate the potential
bias introduced to the study cohort by the linkage. This
has relevance for analyses of similar linked administrative
datasets.

METHODS
All live, singleton babies born in NHS hospitals between 1
January 2005 and 31 December 2006 to a mother living in
England were eligible for inclusion in this study cohort.
The analysis was restricted to births in NHS hospitals, but
they accounted for 96.6% of women giving birth in 2006.
Home births accounted for 2.7% of deliveries in 2006,
but although most received NHS care, many were not
recorded on hospital systems and so not included in HES.
There were extremely few HES records for the 0.5% of
deliveries in non-NHS hospitals and the 0.2% delivering
elsewhere.®

All analyses were conducted using STATA V.14” within
the ONS’ Secure Research Service (SRS). An overview of
the procedures involved in the QA process for this study
is presented in figure 1.

Data sources

Two datasets containing data about births in England
from 1 January 2005 to 31 December 2006 were linked
(Figure S1). They and the linkage file were saved as three
separate STATA datasets. The datasets included: (1) ONS
births; (2) HES birth records; and (3) the linkage file
containing unique ONS birth identifiers (ONSID) and
corresponding unique HES identifiers (HESID). These
files are described in the online supplemental informa-
tion (Online supplemental figure S1).

ONS births

The master dataset comprises data from two sources:
birth registration and birth notification. These two data-
sets have been routinely linked by the ONS since 2006
and the combined dataset is referred to as ‘ONS births’
throughout this paper. ONS births contains personal
identifiers, sociodemographic characteristics and birth
characteristics.'’

Hospital Episode Statistics (HES birth records)

HES is a large database containing records of all episodes
of care and births in NHS hospitals in England since
1989. The records used here are from the HES APC
dataset, which contains records of all inpatient admis-
sions, including birth and delivery records, to NHS
hospitals across England. A full description of the data-
base can be found elsewhere.'! Briefly, HES inpatient
admissions are structured as ‘episodes’ of care, with an
episode defined as a period of care under one consultant
or midwife. Each episode contains details relating to the
individual, care provider and care received (including
diagnosis and procedural codes). If a patient receives care
in more than one department, this generates multiple
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ONS births

N=1,257,884

Excluded:
Stillbirths: 7,394
Multiple births: 37,391
Non-NHS hospital births: 39,725
Non-resident in England: 2,584

HES births

N=1,243,373

Excluded:
Unfinished episodes: 3,524
Duplicates: 11,866
Multiple episodes: 45,428
Missing admission and discharge dates: 1729

Incorrect HES ID: 245

Implausible admission/episode dates: 2,235

N=1,170,790 Linkage file N=1,223,444
N=1,242,938
Excluded:
Unlinked records: 96,218 [
Broken links: 1,456
Excluded:
= Potential stillbirths: 31
Implausible admission/discharge dates: 365
STUDY SAMPLE:
1,073,114

Figure 1
Office for National Statistics

episodes, referred to as a ‘spell’ and represents an unin-
terrupted period of care within one hospital. A new spell
is generated when the patient is transferred to a different
hospital to continue care. A continuous inpatient stay
may consist of one or more episodes and spells, and ends
when the patient is discharged from an NHS hospital.
Data about hospital episodes are primarily collected for
financial reimbursement, and therefore, the datasets
are divided into financial years, beginning 1 April and
ending 31 March. Episodes are labelled as ‘finished’ once
the patient is discharged from hospital. However, if an
episode begins in one financial year and ends during the
next, two episodes will be generated; one in the financial
year the episode begins and one in the financial year that
the episode ends. In this case, the first episode will be
defined as ‘unfinished’.

Everyone forwhom records are stored in HES is assigned
a unique identifier, called the HESID.'2 This is generated
using a combination of NHS Number, local patient iden-
tifier, postcode, sex and date of birth to enable data users
to uniquely track patients throughout the NHS. Descrip-
tions of the variables available are in NHS Digital’s HES
Data Dictionary.13

Flow chart of study population. HES, Hospital Episode Statistics; ID, identifier; NHS, National Health Service; ONS,

When a baby is born, the general inpatient episode
becomes part of the Maternity HES dataset and 19
additional variables relating to the delivery or birth are
appended. For each birth, two maternity HES records are
generated. First, a HES delivery record, which includes
the general inpatient record for the mother and 19 addi-
tional variables, referred to as the maternity tail. Second,
a HES birth record, which includes the general inpatient
record for the baby, along with 19 additional variables,
referred to as the baby tail. The maternity and baby tails
contain similar information relating to the delivery and
birth; however, this study evaluated the linkage of HES
birth records only. These additional data items in the
baby tail include variables such as gestational age at birth
and neonatal level of care. For a full list, see section A in
the online supplemental information.

Linkage file

The linkage file contained the unique identifiers from
each dataset as linked by NHS Digital. The dataset
contained unique identifiers from ONS births (ONSID)
that had been successfully linked with the corresponding
unique identifier from HES births (HESID) and those
which had not. It also contained unique HES birth
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identifiers that were not linked to a unique ONS birth
identifier.

Linkage of ONS births and Maternity HES

Linkage between ONS birth records and HES birth
records is a two-step process. First, ONS birth records were
linked to the HES patient index (an index of personal
details relating to all individuals with access to NHS hospi-
tals) by NHS Digital using a deterministic algorithm in
order to assign the HESID; and second, records were
linked to the corresponding HES birth records using the
HESID and other identifiers.? Here, each linked record
was assigned a match rank score, indicating the stage in
the algorithm at which the records had been matched
(one being highest quality). Steps of the algorithm are
summarised in online supplemental table S1.

Data preparation for QA checks

Full details of available variables, data cleaning proce-
dures and preparation steps for the included datasets are
described elsewhere.® Many key variables were available
from both birth registration and birth notification. The
preferred sources are summarised in the online supple-
mental table S2. A number of additional steps were taken
to ensure that key variables in HES births and ONS births
were in consistent formats, ready for comparison during
the QA procedure (online supplemental table S3).
Further checks were conducted on HES birth records and
those with: (1) discharge date occurring before admis-
sion; (2) discharge occurring before baby’s date of birth;
or (3) admission dates occurring before 1 January 2005
or after 31 December 2006 were excluded.

Multiple episodes with the same HESID (i.e. duplicate HES birth
records)

Birth episodes with the same HESID can occur due to a
number of reasons: (1) unfinished episodes, such as a
baby being born on the 30 March, but then discharged
on the 1 April“; (2) administrative errors’; (3) a birth
spell containing multiple episodes, such as a baby being
transferred to a different hospital or consultant; and (4)

HESID is incorrectly assigned to more than one baby."*
The steps which were taken have been summarised in
the online supplemental information. In addition to this,
episode start dates that occurred more than two days after
the previous episode ended and did not include a transfer
code (see online supplemental information) were consid-
ered a new admission and were saved separately.

QA of ONS births and Maternity HES linkage

After merging the three datasets, we identified cases
where two different ONS birth records had been linked
to the same HES birth record and key characteristics were
compared to identify the correct link. This was done by
comparing the following variables which were available
in both data sources: baby’s date of birth, gestational age,
birth weight, sex, mother’s date of birth and postcode. The
record with the highest number of matching variables was
identified as the correct link. When records matched on
the same number of variables, the record that matched
exactly on birth weight was identified as the correct
match. If birth weight was missing or did not match with
either record, then the record with the highest match
rank score from the original linkage (online supple-
mental table S1) was identified as the correct link. The
remaining records were then compared manually, but
in cases where records had a high proportion of missing
data or the same number of matching variables and the
same match rank score, it was not possible to identify the
correct link and therefore all were excluded.

The deterministic algorithm developed for evaluating
the record linkage is summarised in table 1. The QA algo-
rithm was adapted from a previous study which assessed
the quality of linkage between ONS birth records and the
mother’s HES delivery records,” and was based on loca-
tion of birth, baby's date of birth, sex, birth weight and
gestational age, mother's date of birth and postcode. The
location of birth was defined as the NHS hospital trust
running the hospital that the baby was born in. An NHS
hospital trust in England is an organisational unit within
the NHS and usually refers to a group of hospitals that

Table 1 Algorithm for quality assurance of linkage of Office for National Statistics birth records to Hospital Episode Statistics

birth records

Variable
Date Mother’s

Hospital of Birth Gestational date of
Step trust code birth Sex weight age birth Postcode
1 E and E and E and E and E - -
2 E and E and E and (E or E) - -
3 E and E and E - - and E/M and E/M
4 - E and E and E/M and E/M and E/M and E/M
5 E and P and E and (E or E or E or E)
6 E and P - E/M and E/M and E/M and E/M
E, exact match; M, missing; P, partial match (differs by up to 4 days, two elements of data match or dates match if day and month swapped).
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are in close proximity to each other. This was used instead
of the hospital of birth to account for potential trans-
fers between hospitals within the birth admission. The
hospital trust variable was developed as part of a previous
study.” To account for differences in rounding between
hospitals, a birth weight of + or — 100g was considered a
match.

Final checks after the QA procedures were completed
included: (1) checking that the baby’s date of birth in
ONS births was within the admission and discharge dates
from the HES birth record; (2) baby’s date of birth in
ONS births did not occur before 1 January 2005 or after
31 December 2006; (3) hospital discharge date did not
occur before the admission date; and (4) further checks
to ensure that all stillbirths had been excluded (Interna-
tional Classification of Diseases, version 10 (ICD10) diag-
nosis code=737.1).

Assessment of linkage bias

The distributions of key characteristics were compared
between the linked and unlinked study samples and
the eligible study sample. The %* test was used to assess
whether distributions differed significantly between the
linked and unlinked study samples. Because the sample
sizes were so large, we also looked at differences in distri-
butions of variables, for example, differences between
proportions of more than 1%. In addition to this, we
compared the distributions of key characteristics between
the linked study sample and all live births in England in
2005 and 2006 to see what effect excluding stillbirths,
multiple and non-NHS births had on the study cohort.

Patient and public involvement

The TIGAR study was supported by a patient, parent and
public advisory group, which provided input to different
aspects of the study. This group met at the start of the
study and gave input into the study protocol and the lay
summary of the project.

RESULTS

There were 1257884 ONS birth records. After excluding
multiple births and babies who were not eligible for the
TIGAR study, 1170790 live, singleton babies born from 1
January 2005 to 31 December 2006 in NHS hospitals to
women living in England remained in the study cohort.
There were 1 243 373 HES birth records and the linkage
file included 1242938 records (figure 1).

Linkage of ONS births to Maternity HES

Of the 1170790 eligible ONS birth records, 1074571
(92%) were successfully linked with a HES birth record.
Of the 96219 unlinked records, 88471 had a HESID but
no corresponding HES birth record and 7747 had no
corresponding HESID in the linkage file. The majority
of records linked had a match rank score of one, which
meant they exactly matched on all four variables in the
NHS Digital algorithm, with fewer than 1% of records

linking in stages 3-6 of the algorithm (online supple-
mental table S1). A higher proportion of links had a
match rank score of one in 2006 compared with 2005,
however.

Data preparation for QA checks

All key variables in ONS birth records had data missing
for less than 1% of births. In contrast, data were missing
from substantial numbers of HES birth records (online
supplemental table S4)

Multiple birth episodes with the same HESID

Of the 1 243 373 HES birth records, 73307 (6%) had
linked with more than one record with the same HESID.
Of these, the most common reasons for this were multiple
episodes within a hospital spell (62%), unfinished
episodes (15%) and duplicate episodes due to admin-
istrative errors (11%; figure 1). There were 1197999
unique HES birth records remaining.

QA of the ONS births and Maternity HES linkage

A total of 979 (0.1%) HES birth records had linked with
more than one ONS birth record. The high proportion of
missing data in HES birth records meant that it was diffi-
cult in many cases to identify the correct match. Of these,
499 records were judged to be incorrectly linked and
were broken. It was not possible to ascertain the status of
95 records, which had the same matching variables and
match rank score. A lot of data items in these records
were missing data and all were excluded (table 2).

Key variables of the 1074571 (92%) ONS birth records
which had been successfully linked were then compared
using the algorithm in table 1. The vast majority (99.5%)
of correct links were found to be within the first three
stages of the QA algorithm (table 3). The 645 records
identified as correct links in stage 4 of the algorithm
appeared to be correct matches; the hospital location
code differed slightly, which may have resulted from
either a transfer to a neighbouring hospital trust during
the birth admission or from data entry errors. In stage
five, 1973 (0.2%) records were identified as correct links.
Of these, 76% had a match rank score of one, suggesting
the date of birth had been entered incorrectly in the HES
birth record. The majority of these matches looked like
data entry errors where the month and day had inadver-
tently been swapped. In stage six of the algorithm, a small
number of records were identified as correct links. These
records had a lot of data missing, including 64% of birth
weights, 70% of gestational ages, 77% of postcodes; and
67% of mother’s dates of birth. Of the 242 records with
partially matching dates of births, 91% had a match rank
score of one or two, suggesting good quality matches but
with data entry errors in the HES birth records. Interest-
ingly, almost 62% of records in this stage exactly matched
on date of birth, but differed by sex. Most of these records
also exactly matched on birth weight, gestational age,
postcode and mother’s date of birth, suggesting they are
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I

Table 2 Proportions of records of births in 2005 and 2006 at each quality assurance stage for live, singleton births born in
National Health Service (NHS) hospitals to mother’s living in England

Total 2005 2006

Stage of quality assurance n n % n %

1 Number of births* 1170790 575568 49.2 595222 50.8

2 Number of ONS birth records linked to HESID 1148110 563963 491 584147 50.9

3 Number of ONS birth records not linked to HESID 22680 11605 51.2 11075 48.8

4 Number of ONS birth records linked to HESID and HES 1074571 530586 49.4 543985 50.6
birth record

5 Number of ONS birth records linked to HESID but not 96219 44982 46.7 51237 5.3
linked to HES birth record

6 Number of ONS birth records linked to one HES birth 1074571 530586 49.4 543985 50.6
record before QA

7 Number of links broken between ONS birth records and 1456 890 61.1 566 38.9
HES birth records after QA

8 Number of ONS birth records linked to one HES birth 1073115 530119 49.4 542996 50.6
record after QA

- % of total ONS birth records left linked to one HES birth 91.7 - 92.1 - 91.3
record after QA

9 Total number of ONS birth records not linked to HES 97675 45810 46.9 51865 53.1
birth record after QA

- % of total ONS birth records not linked to HES birth 8.3 - 7.9 - 8.7

record after QA

*Birth registration linked to birth notification records of live, singleton births that occurred in NHS hospitals to women residing in England
HES, Hospital Episode Statistics; HESID, HES identifiers; ONS, Office for National Statistics; QA, quality assurance.

correct links, again with data entry errors in the HES
birth record.

Overall, 860 records with incorrect links were identified
and 64% of these were in births in 2005, suggesting an
improvement in data and linkage quality in 2006. When
exploring these broken links in relation to their match
rank score, 69% had a score of six, meaning their NHS
numbers were missing. The main reasons for broken
links were completely different dates of birth, as opposed
to exact or partial matching, and data missing for large
numbers of variables. Among these records, birth weight,
gestational age, postcode and mother’s date of birth was
missing for approximately 92%, 91%, 85% and 91%,

respectively. There were a small number of records that
appeared to be incorrectly broken due to cleaning errors,
for example, postcodes which included an ‘O’ instead of
a zero.

A number of interesting observations were made when
reviewing the broken links: (1) many that were broken
differed by gestational age, but in most cases by just
lweek and the babies were full term, for example, 39
and 40 weeks; and (2) more than one-third of broken
links were for babies born in London. As the numbers
of broken links were small, distributions of numbers
of broken links cannot be presented, as they could be
disclosive.

Table 3 Proportion of birth records identified as correct links at each stage of the quality assurance process

Total 2005 2006

Step Number % Number % Number %

1 385570 35.9 207106 39.1 178464 32.8
2 301066 28.0 134684 25.4 166382 30.6
3 383189 35.6 186203 354l 196986 36.2
4 645 0.1 426 0.1 219 0.0
5 1973 0.2 983 0.2 990 0.2
6 671 0.0 379 0.0 292 0.0
Poor quality links 860 0.1 548 0.1 312 0.1
All 1074571 100 530586 100 543985 100
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Assessment of linkage bias

Distributions of key variables for all live births, all eligible
births and all linked and unlinked births are presented
in table 4. Compared with the linked dataset, the distri-
bution of those in the unlinked dataset differed by
baby’s ethnicity, mother’s age, parity, Index of Multiple
Deprivation score (IMD) score, sex, registration status,
region and month of birth, birth weight and gestational
age (p<0.05). Although absolute differences were small
(<1%) for most variables, there were some noticeable
discrepancies, where distributions differed by more than
1%. Unlinked records were more likely to occur if babies
were of white ethnic origin; born outside marriage; born
in East England, London, North West England or the West
Midlands; or born in March. Compared with all eligible
births in 2005 and 2006, the distributions of linked births
were very similar and differed by less than 1% in all cases.

DISCUSSION

Key findings

Our study has shown that linkage between ONS births and
HES births, based on NHS number; baby’s date of birth,
sex and postcode, is possible. Overall, 92% of ONS birth
records for live, singleton births born in NHS hospitals
to mothers living in England were successfully linked to a
HES birth record. After checking the quality of linkage in
two stages, 1456 records (<1%) were identified as poten-
tially incorrect links. The main reasons for breaking links
were different dates of birth and large amounts of data
missing from key fields, making it difficult to determine
if the link was correct. A higher proportion of links was
broken for births in 2005 compared with births in 2006,
suggesting an improvement in data quality between the
twoyears. The addition of partially matching date of birth
in the QA algorithm increased sensitivity and identified
more correct linkages, which would have otherwise been
missed from the study cohort.

Duplicate HES records and large amounts of data
missing for some variables created challenges when
assessing linkage quality, highlighting the importance
of these procedures before beginning statistical anal-
ysis. Finally, birth records were more likely to not link if
babies were of white, British ethnic origin, born outside
marriage, born in East England, London, North West
England or the West Midlands, or born in March.

Strengths and limitations

Key strengths of this study included building on previous
work conducted into the linkage of mothers’ hospital
records with babies’ birth records, obtaining data from
multiple sources, and the use of personal identifiers,
which allowed us to evaluate the linkage more easily.
However, the need to access personal identifiers also
increased the problems involved in accessing the data,
notably in terms of the length of approvals processes.
Other limitations include the restriction of the assess-
ment of linkage to live, singleton births in 2005 and

2006. We were unable to assess how well the algorithms
designed for this study would perform with multiple
births. These tend to have more complex data, although
similar algorithms were successfully used for the quality
of assurance of the linkage of multiple births to mothers’
delivery records.’ In addition, the algorithms used in this
study were deterministic, rather than probabilistic. The
latter can be more effective when dealing with complex
records, such as those with a lot of missing data or coding

2 St
errors.'? 10

Interpretation of findings

Approximately 8% of ONS birth records did not link to
a HES birth record. One of the key reasons for unlinked
records appeared to be missing data in key linking fields.
Quality and completeness are always a concern when
using routinely collected datasets and the large sample
sizes they provide are always traded off with these limita-
tions. Data quality was somewhat poorer in HES birth
records than in ONS birth records and this is a commonly
cited issue when working with HES data.'” '® In studies
using HES birth data in later years, the data quality
improves with time. In 2009/2010, the baby tail is far
more complete, with only 18% and 14% of births with
missing gestational age and birth weight, respectively.17
Therefore, researchers who wish to analyse the linked
data for the remaining years (2007-2014) should find a
higher linkage rate with better quality linkage. However,
in previous work with mother’s HES delivery records,
the linkage rate plateaued at around 98% between 2010
and 2014 for singleton births, whereas the linkage rate in
multiples began to decrease from 2010.”

Compared with the full linked dataset, records of babies
born in East England, North West England, London
or the West Midlands were more likely to not link. It is
likely that these variations are due to differences between
hospital trusts in the ways in which definitions or proto-
cols are used, because errors occur during the transfer of
data from one organisation to another, or in the overall
quality of Maternity HES for certain hospitals. It is also
possible that regional reporting differences account for
the higher proportion of white babies and births outside
marriage in the unlinked dataset. Babies born in March
were also more likely to have unlinked records and this
was also the case with the mothers” HES delivery records.”
HES uses financial years (1 April-31 March) for report, so
differences in reporting standards prior to the financial
year-end may account for this.

We found a small proportion of records that were
potentially incorrect linkages, suggesting that linkage
performed by ‘Trusted Third Parties’, such as NHS
Digital, may not be 100% accurate. Therefore, it is essen-
tial that researchers understand the quality of linkage
undertaken by a Trusted Third Party prior to performing
any statistical analysis. While the responsibility should fall
to the Trusted Third Party to conduct quality assessment
of its linkage methods and make them publicly available
to researchers, this does not happen in practice.7 The
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Open access

||

All live births All eligible births Linked Unlinked
(n=1 250 490) (n=1170 790) (n=1073 115) (n=97675)
Characteristics n % n % n % n % P value*

Bangladeshi 16730 1.3 16281 1.4 15356 1.4 925 1.0 <0.0001

Pakistani 48570 3.9 47352 4.0 43702 4.1 3648 3.7

Black Caribbean 8668 0.7 8200 0.7 7420 0.7 781 0.8

White other 91311 7.3 86918 7.4 80611 7.5 6306 6.5

Missing 137476 11.0 121109 10.3 111169 10.4 9939 10.2

Under 20 52605 4.2 51312 4.4 46803 4.4 4509 4.6 <0.0001

25-29 306603 24.5 290132 24.8 266002 24.8 24130 24.7

35-39 244952 19.6 223256 19.1 204990 19.1 18263 18.7

Nulliparous

Yes 570129 45.5 548258 46.8 505980 47.2 42279 43.3

IMD Score (quintiles)

Q2 263212 211 247779 21.2 227080 21.2 20700 21.2

Q4 200891 16.1 186165 15.9 170313 15.9 15851 16.2

Missing 35476 2.8 30327 2.6 27886 2.6 2443 2.5

Male 639617 51.2 599715 51.2 549232 51.2 50484 51.7 0.002

Mother UK born

Yes 974065 77.9 909961 7.7 833943 7.7 76022 77.8

Registration status

Sole registration 85500 6.8 81080 6.9 74158 6.9 6922 71
Joint registration, different 108491 8.7 103848 8.9 94556 8.8 9293 9.5
address

East Midlands 87310 7.0 82311 7.0 77750 7.3 4561 4.7 <0.0001

London 248341 19.9 228980 19.6 208222 19.4 20756 21.3

North West 170504 13.6 159859 13.7 142855 13.3 17003 17.4
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South East Coast 96606 7.7 90875 7.8 83956 7.8 6921 71

Continued
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All live births All eligible births Linked Unlinked
(n=1 250 490) (n=1 170 790) (n=1073 115) (n=97675)
Characteristics n % n % n % n % P value*

West Midlands 137859 11.0 129223 11.0 108062 10.1 21160 21.7

Month of birth

February 93456 7.5 87683 7.5 78333 7.3 9350 9.6

April 99977 8.0 93633 8.0 86701 8.1 6933 74

June 105124 8.4 98149 8.4 90082 8.4 8071 8.3

August 109968 8.8 103229 8.8 95674 8.9 7555 7.7

October 108485 8.7 101301 8.6 94421 8.8 6881 7.0

December 103332 8.3 96793 8.3 88759 8.3 8032 8.2

<1500 15130 1.2 11073 1.0 10016 0.9 1056 1.1 <0.0001

2000-2499 60012 4.8 47825 4.1 44089 4.1 3738 3.8

3000-3499 447030 35.8 427600 36.5 391926 36.5 35675 36.5

4000-4499 116484 9.3 111708 9.5 102534 9.6 9176 9.4

Missing 1244 0.1 1045 1.0 472 0.0 575 0.6

<28 6071 0.5 4661 0.4 4061 0.4 600 0.6 <0.0001

29 2333 0.2 1739 0.2 1602 0.2 137 0.1

31 3816 0.3 2791 0.2 2570 0.2 221 0.2

33 7520 0.6 5581 0.5 5193 0.5 388 0.4

35 18049 1.4 14170 1.2 13049 1.2 1122 1.2

37 71643 5.7 62034 5.3 56917 5.3 5117 5.2

39 272469 21.8 260443 22.3 238741 22.3 21707 22.2

41 242264 19.4 234547 20.0 215217 20.1 19325 19.8

43+ 5063 0.4 4893 0.4 4578 0.4 315 0.3
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All live births = all live births within the Office for National Statistics (ONS) birth cohort.

All eligible births = all live, singleton, NHS hospital births to mothers living in England within the ONS birth cohort.

Linked = all eligible births from ONS birth cohort that successfully linked with an Hospital Episode Statistics (HES) birth record.
Unlinked = all eligible births from ONS birth cohort that did not successfully link with an HES birth record.

2 test: linked versus unlinked.

IMD, Index of Multiple Deprivation.
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Digital Economy Act 2017 is designed to enable research
for public benefit through the sharing of data, but the
legislation is limited to the sharing of data that has been
deidentified. This means reliance on the Trusted Third
Party model in research is likely to increase over time. It
is still unclear how this affects health and social care data,
especially as they are not covered by the Digital Economy
Act.* If researchers do not have access to personal iden-
tifiers, QA of the linkage will become more challenging.

The findings in this paper will offer some insight into
the quality of linkage between ONS birth and HES birth
records and be of use to other researchers using the same
linkage. As the quality and completeness of HES improved
over time, it is likely that the quality of linkage will also
have improved as a consequence, but the signs that the
improvement in quality may not have been sustained is
worrying.

Recommendations for future practice and research

The findings from this study have demonstrated a need
for Trusted Third Parties to evaluate linkage methods and
publish findings for researchers to use prior to beginning
statistical analysis. In cases where this is not possible, a
number of studies have shown that datasets can be linked
using deidentified datasets and produce generalisable
cohorts; therefore, future work could explore ways to
quality assure linkage without using personal identifiers.
This will increase the likelihood of easier data access,
potentially reducing the time required to complete the
linkage and cleaning of routinely collected datasets.
Finally, we did not assess whether the quality of linkage
for multiples is comparable with live, singleton, NHS
hospital births although QA of the linkage of multiple
births to mothers’ delivery records suggested that it was
better than had been initially assumed.”

CONCLUSIONS

By linking together administrative datasets, such
as birth registration, birth notification and hospital
admission data, it is possible to create more complete
datasets about births which can then be linked to
other administrative datasets to look at longer term
outcomes.’ If data are missing or there are coding
errors and inconsistences, the resulting datasets can
often be of poor quality. It is therefore essential that
the quality of linkage is assessed prior to analysis. The
work presented in this study provides a guide to steps
taken to quality assure the linkage of births in England
and may be of use to other researchers working with
similar datasets. The findings will be particularly
useful for researchers working with the same dataset
but without access to personal identifiers.
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Anaesthetic given during labour or delivery (delpren)
Anaesthetic given post-labour or delivery (delposn)

Antenatal days of stay (antedur) (derived from other HES fields)
Baby's age in days (neodur) (derived from other HES fields)
Birth order (birorder)

Birth weight (birweit)

Delivery place change reason (delchang)

Delivery method (delmeth)

Delivery place (actual) (delplace)

. Delivery place (intended) (delinten)

First antenatal assessment date (anasdate)

Gestation in weeks at first antenatal assessment (anagest)
Length of gestation (gestat)

Birth status (birstat)

Labour/delivery onset method (delonset)

Neonatel level of care (neocare)

Number of babies (numbaby)

Resuscitation method (biresus)

Status of person conducting delivery (delstat)
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Definitions of Episode, Spell and Continuous Inpatient Stay (CIP)

HES inpatient admissions are structured as ‘episodes’ of care, with an episode defined as a period of care under
one consultant or midwife. Multiple episodes are referred to as a ‘spell’ and represent an uninterrupted period
of care within one hospital. A new spell is generated when the patient is transferred to another hospital to
continue care. A continuous inpatient stay (CIP) may consist of one episode or multiple episodes and spells, and
ends when the patient is discharged from an NHS hospital. Hospital episodes are primarily collected for financial
reimbursement, and therefore, the datasets are divided into financial years, beginning 1st April and ending 31st
March. Episodes are labelled as ‘finished’ once the patient is discharged from hospital. However, if an episode
begins in one financial year and ends during the next, two episodes will be generated — one in the financial year
the episode begins and one in the financial year that the episode ends — therefore, the first episode will remain
as ‘unfinished’.

e Unfinished episodes identified using episode type (EPITYPE = 1)

e Transfers identified using admission method, admission source and discharge destination (ADMIMETH
=81; ADMISORC = 49/50/51/52/53/87; or DISDEST = 49/50/51/52/53/84).
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Table S1. NHS Digital algorithm used to link ONS Births with HES birth records

Variables Total 2005 2006
Match rank NHS Date
number of Sex Postcode % Linked % Broken % Linked % Broken % Linked % Broken
birth
1 E E E E 80.43 28.23 75.68 24.61 85.01 34.45
2 E E E - 19.20 9.41 24.02 8.76 14.52 10.42
3 E p° E E 0.02 1.31 0.01 1.35 0.02 1.59
4 E p° E - 0.01 1.03 0.01 1.12 0.01 0.71
5 E - - E 0.02 2.61 0.02 1.57 0.03 4.59
6 M E* E EA 0.31 53.50 0.22 58.76 0.40 44.52
7 M E* E E 0.01 1.10 0.01 1.35 0.01 0.68
8 E - - - 0.02 2.82 0.03 247 0.01 3.13
Number of NHS births 1,073,114 1,456 525,826 890 100 566

E=Exact match, P=Partial match, M=No match, due to missing data

°Two components of data match or DOB matches, when two components are swapped
*Date of birth not 1st January

APostcode not on 'ignore' list
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Table S2. Sources of variables for quality assurance

Variable Source Rule
. Use BR unless BR =
Baby's date of birth BR & BN .
missing, then use BN
. Use BR unless BR =
Mother's date of birth BR & BN o
missing, then use BN
. . Use BR unless BR =
Birth weight BR & BN o
missing, then use BN
. use BN as BR reported
Gestational age BR & BN o
for still births only
Use BR unless BR =
Sex BR & BN L
missing, then use BN
. . Use BR unless BR =
Hospital of birth BR & BN o
missing, then use BN

BR = Birth Registration
BN = Birth Notification (NN4B)
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Table S3. Data preparation rules for quality assurance variables

Variable Variable
Variable name: HES name: BR/BN Rule Additional checks
Baby's date of Set '01Jan1801' to missing. Make sure all dates are in format
) DOBBABY DOB/DOBZ Check dates are not <01/01/05 or >31/12/06
birth 'DDMMMYYYY' e.g. '01Jan2005'.
Mother's date Set '01Jan1801' to missing. Make sure all dates are in format
] MOTDOB DOBM/DOBMZ
of birth 'DDMMMYYYY' e.g. '01Jan2005'
Transform var into format of 'XXX XXX', by removing any additional
Postcode HOMEADD PCDRBZ (BN) . .
punctuation and transforming any lower case letters to upper case
. . U , . Check all hospitals report birth weight in g. If it
Birth weight BIRWEIT BTHWGTZ (BN) Set '99', '9999', <400 and 27000 to missing ) ) )
looks like kg, then convert to equivalentin g.
Check all hospital report gestational age in
Gestational age  GESTAT GESTZ (BN) Set '99' to missing weeks, if not, convert from days or months to
weeks
Transform M to 1 and F to 2 if string variable. Set '0', '3' or '9' to
Sex SEXBABY SEXZ (BN) o
missing.
. Location Code (derived )
Hospital of Remove punctuation. Transform any lower case letters to upper
. PROCODE from
birth case
CESTRESS/ORGCODEZ)

HES = Hospital Episode Statistics
BR = Birth Registration, BN= Birth Notification (NN4B)
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Table S4. Percentages of data missing from each dataset for key variables used to evaluate linkage of data about live, singleton births in NHS hospitals to women

living in England

ONS Births HES Births
Variable Total 2005 2006 Total 2005 2006
NHS number 0.1 0.1 0.1 6.9 6.5 7.4
Baby’s date of birth 0.0 0.0 0.0 0.0 0.0 0.0
Mother's date of birth 0.0 0.0 0.0 42.7 42.9 42.4
Mother's postcode 0.0 0.0 0.0 60.4 76.2 45.0
Hospital location code 0.0 0.0 0.0 0.0 0.0 0.0
Birthweight 0.1 0.1 0.1 44.4 43.8 45.1
Gestational age 0.8 0.8 0.8 49.1 45.7 52.6
Sex 0.0 0.0 0.0 0.0 0.0 0.0
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Steps taken to deal with multiple HES birth records with the same HESID:

1. EPISTAT is 1 = unfinished episode: exclude all (for details of HES variables, see NHS Digital Data
Dictionary)

2. HESID and EPIKEY exact match = duplicate record: keep any and exclude rest

3. HESID, DOB, Sex, hospital code, EPIORDER, ADMIDATE, DISDATE, EPISTART, EPIEND, DIAG_01 —
DIAG_20, OPCS_01-OPCS_24, OPDATE_01-OPDATE_24 exact match and MDOB and POSTCODE either
exact match or missing match = duplicate record: keep any and exclude rest

4. Two or more key variables (date of birth, Hospital code, mother’s date of birth, postcode,
birthweight) differ completely = unclear which record contains correct information: exclude all

5. Remainder are considered multiple episodes part of same spell = create new record using all available
information from multiple episodes: keep one record and save other episodes in separate file

6. Dataset should now contain one HES birth record per baby
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