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Data linkage 

 Each person in the world creates a Book of Life. 

This Book starts with birth and ends with death. 

Its pages are made up of the records of the 

principal events in life. 

Record linkage is the name given to the process 

of assembling the pages of this Book, into a 

volume. 

 

Dunn, 1946 



 

 

  

Opportunities and challenges 

using administrative / clinical / 

routine data  

+ population-level resource 

+ detailed longitudinal healthcare trajectories 

+ allows evaluation of rare events / specific subgroups  

+ potentially lower risk of selection bias  

+ answer novel research questions  



Answering novel research questions 

Electronic data 

on flight arrivals 

and departures 

Hospitalisations 

data 



National Pupil 

Database (NPD) 

Office for 

National 

Statistics (ONS) 

conceptions 

data 

Answering novel research questions 



+ population-level resource 

+ detailed longitudinal healthcare trajectories 

+ allows evaluation of rare events / specific subgroups  

+ potentially lower risk of selection bias  

+ answer novel research questions  

- uncertainty about data quality  

- different ways to code the same outcome 

- information found across a number of fields  

- sometimes lack of consistency 

Opportunities and challenges 

using administrative / clinical / 

routine data  



Linkage to overcome data quality 

issues 

- Complete, accurate identifiers not always available  

- Potential for introducing bias due to linkage error 

+ Allows triangulation of outcomes 
+ Improves ascertainment 

 Example 1: 

Mother-baby linkage in English hospital data  

 Example 2:  

Evaluating error in linkage of intensive care / 

laboratory data 



 

 

Mother-baby linkage in NHS 
- Mother and baby records not routinely linked in data within the English 

National Health Service (NHS)  

 

- Linked maternal-baby data is available in other countries 

- e.g. Scotland, Canada, Australia, Netherlands, US 
 

- Linkage of prospective data planned for future in England  

 

 

 

 

 

 

 

We evaluated whether linkage of retrospective data from 

maternal and baby records could be used to address data 

quality issues in English hospital data 

- Deterministic and probabilistic linkage of 

“indirect” identifiers 

 

- Non-disclosive variables contained in both 

maternal and baby records 



Baby tail 

Baby tail 

Mother (delivery record) Main record 

Baby (birth record) Main record 

Postcode district, 
Ethnicity, GP 

practice, Provider 

Postcode district, 
Ethnicity, GP 

practice, Provider 

Episode dates 
Diagnoses (ICD10) 
Operations (OPCS)  

Episode dates 
Diagnoses (ICD10) 
Operations (OPCS)  

Delivery information  
Birth weight  

Gestation 

Delivery information  
Birth weight  

Gestation 

Example: mother-baby linkage 



Baby tail 1 

Baby tail 2 

Baby tail 1 

Baby tail 2 

Mother (delivery record) Main record 

Baby 1 (birth record) Main record 

Baby 2 (birth record) Main record 

Gestation complete in 84% 
 Preterm birth rate = 6.3%  

Can linkage with baby records help improve ascertainment?  

Example: mother-baby linkage 



Baby tail 1 

Baby tail 2 

Baby tail 1 

Baby tail 2 

Mother (delivery record) Main record 

Baby 1 (birth record) Main record 

Baby 2 (birth record) Main record 

ICD10: Z371 single still birth 
     Z373 twins, one live on still 
     Z374 twins, both stillborn 
     Z377 other multiple, stillborn 
     O364 maternal care for intrauterine death 

Birth status: (live or still) 

0.55% 

0.49% 

Example: mother-baby linkage 



ICD 

Live Still 

Birth status 
Live 99.34% 0.17% 668,141 

Still 0.12% 0.38% 3295 

667,797 3639 675,734 

Example: mother-baby linkage 

ICD10: Z371 single still birth 
     Z373 twins, one live on still 
     Z374 twins, both stillborn 
     Z377 other multiple, stillborn 
     O364 maternal care for intrauterine death 

Birth status: (live or still) 

0.55% 

0.49% 

Can linkage with baby records help resolve inconsistencies?  



Linkage 

Baby records 2012 

N = 673,055 

Maternal records 2012 

N=671,436 

280,939 linked baby records (42%) 

Deterministic 

linkage: 

GP practice 

Maternal age 

Birth weight 

Gestation 

Birth order 

Sex of baby 



GP practice 

Maternal age 

Birth weight 

Gestation 

Birth order 

Sex of baby 

380,164 linked baby records (96%) Clinical variables  
First antenatal assessment date 

Estimated delivery date 
Gestation at first antenatal assessment 

Delivery place (actual) 
Delivery place (intended) 

Delivery method 
Method to induce labour 

Anaesthetic given during labour or delivery 
Anaesthetic given post labour or delivery 

Status of person conducting delivery 
Resuscitation method 

Birth status 
Number of babies 

Episode start date 
Episode end date 

391,705 remaining unlinked baby records 

Probabilistic linkage 

Total combining deterministic and 

probabilistic:  

660,401 linked baby-mother records 
(98% of babies) 

Linkage 

Partial Identifiers 

Postcode district 
Ethnicity 



Ascertainment 

• Completeness of gestation increases from 84%  92% 

• Preterm birth rate increases from 6.1%  6.7% 
– Further increases to 6.9% using ICD10 code for preterm birth O60 in 

baby record 

 

Inconsistencies 

• 800/1558 stillbirth conflicts resolved through 

information held on baby record  
– Checking ICD10 codes, birth status, length of stay 

– 0.1% of records unresolved 

 

 

 

Combining information from baby 

and mother records 
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ONS Linked HES 

Still birth  0.53% 0.54% 

Multiple birth 3.2% 3.1% 

Preterm birth  7.1% 7.1% 

Checking external validity  
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Comparing linked (98%) vs unlinked (2%) 



  Match status 

Match 

(pair from same individual) 

Non-match 

(pair from different individuals)  

Link 

status 

Link Identified match False match 

Non-link Missed match Identified non-match 

Linkage error 

 



• Small amounts of linkage error can result in substantially 
biased results 
 

• False matches  
    introduce variability and weaken the association 

 between variables – bias to the null 
 
• Missed matches  
    reduce our sample size and result in a loss of 

 power – potential selection bias 
 

 

The linkage problem  

 



Schmidlin K et al (2013) Impact of unlinked deaths and coding changes on mortality trends in the Swiss National 
Cohort. BMC Med Inform Decis Mak 13 (1):1 



Highly 

sensitive 

Highly 

specific 

Lariscy. Differential Record Linkage by Hispanic Ethnicity and Age in Linked Mortality Studies: Implications for the 
Epidemiologic Paradox (2011, J Aging Health 2011) 



Ford JB, Roberts CL, Taylor LK (2006) Characteristics of unmatched maternal and baby records in linked birth records and 
hospital discharge data. Paediatr Perinat Ep 20 (4):329-337 



Differential linkage – why?  

 
- Data quality differs by patient group:  

- Bohensky et al 2010. Data Linkage: A powerful research tool with 

potential problems. BMC Health Services Research 

- Unknown/estimated dates of birth 

- Unconscious, frail, dementia,  

- Unconventional surnames 

- Address issues 

- Communal establishments  

- Visitor / tourist / traveller 

- Misleading information 

- Drug user, parent withholding details 

- Multiple births 



Evaluating bias due to linkage error  

 i) Subset of gold-standard 
data to quantify linkage bias  

ii) Sensitivity analysis using 
different probabilistic 
thresholds  
  

iii) Comparisons of linked 
and unlinked data 

iv) Statistical / missing data 
methods - imputation for 
uncertain links 

Highly 

sensitive 

Highly 

specifi

c 



Example: Bloodstream infection in 

paediatric intensive care units 

 AIM: To evaluate trends in risk-adjusted infection rates in PICU 

 - Linkage using deterministic and probabilistic linkage  

 - Explored bias due to linkage error using  

 - gold-standard data 

 - sensitivity analyses  

 - imputation 

 
 

PICANet 
(Paediatric Intensive Care Audit Network) 

Admissions to Paediatric Intensive 
Care 

LabBase2 
(Public Health England) 

National infection surveillance system 



Example: Bloodstream infection in 

paediatric intensive care 

PICANet 
(Paediatric Intensive Care Audit Network) 

Admissions to Paediatric Intensive 
Care 

LabBase2 
(Public Health England) 

National infection surveillance system 

Not all infections occur in PICU  

Not all PICU admissions have 

an infection  

Comparing characteristics of linked and unlinked data 
not helpful in this context  



Click to edit Master title style 

PICU admissions 
PICANet 

Admission + 
discharge  

dates 
Length of Stay Risk-factors 

Infection surveillance 
LabBase2 (PHE) 

Specimen date Organism 

NHS number (51%) 
Hospital number (83%) 
First name (22%) 
Surname (26%) 
Date of birth (93%) 
Sex (96%) 
Postcode (64%) 
Location (100%) 

Soundex 
Date of birth  

Sex 
Location  

Deterministic 
linkage 

Probabilistic match 
weights 

Traditional probabilistic 
thresholds approach  

Imputation for uncertain 
links 

Common 
identifiers 

Compare results with gold-standard subset of data 

Linkage 



Click to edit Master title style 

Links 

Matches 

Non-matches 

Low match                                               High match 
   weight           weight 

Links 

False 
matches 

Missed 
matches 

Two thresholds 

Choosing a threshold weight 
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Evaluation: sensitivity analysis 



Click to edit Master title style 

>48 h >48 h 

>48 h <48 h <48 h 

Traditional 
probabilistic  

Record 4 
Match weight=10 <48 h 

Match weight=1 >48 h 

Record n 

Match weight=5 <48 h 

Match weight=4 >48 h 

Match weight=4 >48 h 

Match weight=3 >48 h 

Infection 
record 

Admission 
record 

Length of 
stay 

Record 1 Exact match >48 h 

Record 2 Exact match >48 h 

Record 3 Exact match <48 h 

Goldstein et al Stat Med 2012;31(28):3481-3493 
Harron et al BMC Med Res Method 2014;14(1):36 

>48 h 

>48 h 

<48 h 

Prior-informed 
imputation  

Standard multiple 
imputation  

Imputation for uncertain links 



Click to edit Master title style 

Threshold 
Number of 

links identified 

Infection rate 

(%) 
Bias (%) 

Gold-standard 426 3.9 

Relaxed (5) 492 4.5 15.5 

Conservative (10) 418 3.8 -1.9 

Imputation 424 3.9 -0.5 

Evaluation: gold-standard data 
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2003q1
2004q1

2005q1
2006q1

2007q1
2008q1

2009q1
2010q1

2011q1
2012q1

Infection Cardiovascular

Other Respiratory

Average annual decrease of 

13.2% (95% CI 11.8-14.6%)  

Rates of 2.87 (95% CI 2.40-3.35) 

per 1000 bed-days in 2012 

Results 



• Readers should also understand  

– Any limitations of the data  

• e.g. still birth 

– Processes by which errors occur  

• e.g. ethnic group 

– Implications for analyses 

• e.g. potential selection bias 

 

• Transparency and clear reporting helps interpretation 

– Can be a challenge to obtain information on linkage process 

Reporting studies using linked data 



Click to edit Master title style 

• RECORD initiative: reporting guidelines for studies 

conducted using routinely-collected health data 

– record-statement.org  

• Addresses unique challenges associated with using data 

collected primarily for reasons other than research  

• Specific section on data linkage 

Reporting  



RECORD 6.3: If the study involved linkage of 

databases, consider use of a flow diagram or 

other graphical display to demonstrate the data 

linkage process, including the number of 

individuals with linked data at each stage. 

RECORD 12.3: State whether the study included 

person-level, institutional-level, or other data 

linkage across two or more databases. The 

methods of linkage and methods of linkage 

quality evaluation should be provided. 

Reporting  



Reporting  



Reporting  



Click to edit Master title style • Linkage can help to address data quality issues 

– Improve ascertainment of key risk-factors and outcomes 

– Triangulate outcomes and resolve inconsistencies 

– Highlights limitations in the data 

 

• Understanding bias due to linkage error is important 

– Several approaches available for evaluating potential impact on 

results  

– Requires information on linkage process and unlinked records 

– Transparent reporting can aid interpretation  

 

• Unfulfilled opportunities – linkage between health and other 

sectors on new scale 

– e.g. Brazil’s 100 million cohort: socio-economic  and health data   

 

Summary 
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