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Abstract
Background: Record linkage is increasingly used in health research worldwide. Combining the patient information
available in healthcare, administrative and clinical databases broadens the research perspectives, particularly for
chronic diseases. Recent guidelines highlight the need for transparency on the used record linkage processes and
the extracted data to be used by researchers.
Methods: Therefore, the aim of this study was to describe the deterministic iterative approach used to link the
French Epidemiology and Information Network (REIN), a French national End-Stage Renal Disease registry, with the
Système National des Données de Santé (SNDS), a French nationwide medico-administrative healthcare database.
Results: Among the 22,073 patients included in the REIN registry who started renal replacement therapy between
2014 and 2015 in France, 19,223 (87.1%) were matched with patients in the SNDS database. Comparison of
matched and unmatched patients confirmed the absence of any major selection bias. Then, the record linkage was
evaluated using the comorbidity status (diabetes).
Conclusions: This fast and efficient method of record linkage with pseudonymized data and without unique and
direct identifier might inspire other research teams. It also opens the path for new research on chronic kidney
disease.

Background
Record linkage is an increasingly important tool for public
health research and epidemiology [1–3]. Indeed, linking
databases increases the information available on each
patient (clinical and administrative data, disease-related
mortality, healthcare utilization…) and consequently
broadens the research opportunities [4–9]. Record linkage
is especially relevant for chronic and multifactorial diseases, such as Chronic Kidney Disease (CKD), because it
allows a more comprehensive understanding of the risk
factors and outcomes [10–14]. For example, inequalities
related to access to renal transplantation were recently
investigated by combining individual-level socioeconomic
and clinical data [15].
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Worldwide, many population-based databases have
been built by linking different databases, with diverse
methods [16–19]. Consequently, recent publications
underlined the necessity for a greater transparency about
the production and the use of linked data in health research [1, 20]. The 2017 GUidance for Information
about Linking Datasets (GUILD) recommends sharing
information about the linkage process. The aim is to
allow researchers using these data to be aware of potential biases, thus improving the interpretation of results
based on linked data and their overall quality [1].
The French healthcare system has one central administrative database (Système National des Données de Santé
[SNDS]; National System of Health Data) that includes all
ambulatory care and hospital stay reimbursement data
nation-wide and also death-related data [21]. However,
the reimbursement data it collects were not originally for
research purposes, and for example, precise clinical data,
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such as the stage or severity of the disease or comorbid
conditions, are not available [21]. Concurrently, there are
many other health-related databases, particularly disease
registries that contain disease-specific clinical data [22].
For instance, the Renal Epidemiology and Information
Network (REIN) registry records information on all patients with End-Stage Renal Disease (ESRD) who start
Renal Replacement Therapy (RRT) in France [23]. The
REIN registry includes data on the patient and center’s
identification, primary renal disease, initial clinical characteristics, comorbidities, and modalities of ESRD management. Conversely, it does not contain data on healthcare
use. However, for researchers, it is important to combine
data from the REIN and SNDS databases to assess the patients’ healthcare trajectory, for pharmaco-epidemiological
studies, and for health economic analyses. Therefore, the
REIN registry routinely produces indicators based on the
linkage of its data with those of the SNDS, after approval
by the appropriate French authorities.
In line with the GUILD [1] recommendations, here,
we describe the fast and efficient record linkage approach used to link patients in the REIN registry with
patients in the SNDS database. Then, we illustrate the
value of record linkage for epidemiological studies in
CKD.

Method
Data origin and governance
Data from the REIN registry

The REIN registry was launched in 2002 and since 2012,
covers the whole French territory. The registry collects
data on all patients with ESRD [23] when they start their
first RRT (dialysis or preemptive kidney transplantation)
for epidemiological purposes. It includes data on the
RRT center, the patient’s identification (age, sex, and
postcode of the place of residence), comorbidities (e.g.,
cardiovascular diseases, diabetes, cancer…) and on the
first RRT (e.g., date, planned or emergency dialysis…).
Patients are followed annually, and specific events are
recorded (transplantation, death…) on occurrence. Data
collection has been approved by the French National
Commission for Information Technology and Privacy
(CNIL, N° 903,188), and patients are informed about
their inclusion in the REIN registry. Data manually recorded from each dialysis center are then centralized in
a national database where a record number, exclusive to
the REIN registry, is given to each patient. The Agence
de la biomédecine, a public institution, is REIN coordination body. At the end of May 2019, 188,000 patients
and 860,000 events were recorded in the REIN database.
Data from the SNDS database

The SNDS database is a medicoadministrative database that
gathers data from two main sources: i) the reimbursement
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of ambulatory healthcare procedures (e.g., consultations,
biological tests, drug prescriptions…) and ii) hospital activity (i.e., inpatient and outpatient stays). The SNDS database
covers around 99% of the French population [21]. Before
reaching the central SNDS database, data are pseudonymized and no direct identifier is available. The French legislation allows access to the SNDS database by a
restricted number of health-related institutions, including the Agence de la biomédecine. Researchers can
have access to data after approval of their research
project.
Population eligibility

All patients included in the REIN registry were eligible
for linkage and constituted the first dataset. For the
presentation of our algorithm in this article, all patients
with ESRD who started RRT between January 1, 2014
and December 31, 2015 were included. For the SNDS
dataset, patients were extracted from the SNDS based
on specific treatments (e.g., renal transplantation, immunosuppressive drug prescription, hemodialysis, peritoneal dialysis…) and on hospital stay diagnoses related to CKD,
between 2006 and 2016. The date of the first and last
known dialysis and the date of renal transplantation (if
applicable) were then searched for that period of time.
Patients from the SNDS dataset were then categorized
according to the year of ESRD incidence (2014 and 2015
for this study).
Linkage strategy

There are two main record linkage strategies: deterministic and probabilistic. Deterministic strategies are based on
a set of matching rules for selected identifiers (i.e., an algorithm). A record pair will only be considered to match if
the two records agree on all identifiers of the rules [24].
An iterative and deterministic approach was used to link
patients with ESRD in the REIN registry to patients in the
SNDS database. The algorithm includes 24 matching
rules, or steps, with progressively less strict conditions
(Table 1). The algorithm was implemented through a twophase procedure. First, patients who received a renal
transplant (i.e., patients with a renal transplantation date
recorded in the REIN registry) were matched to the SNDS
database. Then, patients undergoing dialysis and not having received a kidney graft yet and patients with kidney
transplant who could not be matched during the first
phase were linked. The algorithm and its steps were the
same in the two phases, and only the date of treatment
(DT) changed. In the first phase, DT was the kidney transplantation date, and in the second phase, DT was the date
of the first dialysis for incident patients with ESRD or of
the last known dialysis for prevalent patients. The twophase process is useful because of the fact that the recording of a kidney transplantation date in the two databases
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Table 1 Algorithm steps
Step

Required match between the REIN and SNDS datasets
Exact

Partial

1

Age, sex, postcode, center IDa, deathb, DTc

2

Age, sex, postcode, center ID, death

DT (− 1 month)

3

Age, sex, postcode, death, DT

center ID (department)

4

Age, sex, postcode, death

center ID (department)
DT (−1 month)

5

Age, sex, center ID, death, DT

postcode (department)

6

Age, sex, center ID, death

postcode (department)
DT (−1 month)

7

Age, sex, death, DT

center ID (department)
postcode (department)

8

Age, sex, death

center ID (department)
postcode (department)
DT (− 1 month)

9–12

Repetition of steps 2, 4, 6, 8

DT (−2 months)

13

Age, sex, center ID, death, DT

14

Age, sex, center ID, death

DT (−1 month)

15

Age, sex, death, DT

center ID (department)

16

Age, sex, death, DT

DT (−1 month)
center ID (department)

17–24

Repetition of steps 1–8

age (−1 year)

a

Center ID = Geographical localization number, and then legal entity affiliation number
b
Death = 3 scenarios: death in both datasets, no death in both datasets, and death recorded only in the REIN dataset
c
DT = Date of treatment (month/year), renal transplantation during the first phase procedure, dialysis during the second procedure phase

(REIN and SNDS) is more reliable and has greater discriminatory power than a date of long-term dialysis.
As no unique and direct identifier was available in the
two databases, identifiers common to both databases
were used in the algorithm: patient’s sex, age, and residence postcode at the time of the considered RRT event,
RRT center identification number, month and year of
the RRT event (renal transplant, first dialysis, or endpoint), and month and year of the patient’s death.
Table 1 describes the algorithm steps and its matching
criteria. After a content analysis of the two datasets, particularly how some variables were recorded, less restrictive criteria were added to the algorithm.
Specifically, the SNDS database includes data on hospital stays with a discharge date. These hospital stays are
sometimes long and the DT (month) may be different
from the discharge date (e.g., dialysis performed at the
end of April and hospital discharge in early-mid May).
Conversely, the REIN registry records the exact DT. This
may lead to a gap in the DT (month) between datasets
that must be taken into account (i.e., moving the SNDS
DT back of a month; steps 2, 4, 6, 8, 14, and 16).
For the same reason, the patient’s age can be different
between datasets. Indeed, in the SNDS database, age is
recorded as the age at hospital admission and the birthday date may fall during the hospital stay Therefore, the

patient’s age could be n + 1 year in the REIN registry
(i.e., subtract a year from the age recorded in REIN;
steps 17–24).
During each step, the patient’s death (month and year,
then year alone) is taken into account as a matching
condition. As in the SNDS database, only death during
the hospital stay is available, three matching scenarios
were considered: death in both datasets, no death in
both datasets, and death recorded only in the REIN
registry.
In France, all hospitals and healthcare centers are
identified by two numbers. One identifies their geographical localization and the other one their legal entity. As one legal entity number can be associated with
several geographical localization numbers, it has a
smaller discriminative power. During each step, the RRT
center was first considered based on its geographical
localization and then based on its legal entity.
Finally, the patient’s place of residence and the treatment center were both considered, first, at their most
precise geographical level (i.e., postcode and geographical ID number of the center) and then, at a broader
geographical level (department).
The patients’ characteristics between matched and unmatched patients were compared using Chi-square test
(Table 3). All record linkages were then evaluated using
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the patient diabetes status that is recorded in both databases and by calculating agreement statistics (Table 4).
The diabetes status of the matched patients in the SNDS
database was determined by checking whether drugs
used for diabetes treatment were listed in the SNDS
database between 2006 and the DT(at least three reimbursements for antidiabetic drug during the year before
RRT).. In the REIN registry, the diabetes status was extracted from the nephrologist’s clinical statement (antidiabetic drugs or two blood sugar measurements at the
start of RRT ≥ 1,26 g/l fasting or 2 g/l postprandial).

Results
Among the 22,073 patients in the REIN registry who
started RRT between 2014 and 2015, 19,223 (87.1%)
were matched, and 2850 (12.9%) did not have any match
(Table 2). In the SNDS dataset, 28,402 patients were
identified as possible candidates for matching with patients in the REIN registry.
The first matching phase concerned 2889 patients
from the REIN registry with a renal transplantation date,
among whom 2763 (95.6%) were matched with a patient
in the SNDS dataset. For the second phase, the 126 unmatched patients were added to the 19,058 patients who
started dialysis between 2014 and 2015 and without kidney transplantation record (total n = 19,184 patients).

During this phase, 16,460 (85.8%) patients were matched
with one SNDS patient.
The first two steps of the algorithm alone allowed
matching 72.8% of patients during the first phase, and
56.9% during the second phase. Conversely, some of the
algorithm steps retrieved only about 1% of matches (e.g.,
steps 14 and 16). Taking into account the one-year difference of patient’s age between datasets (steps 17 to 24)
allowed the retrieval of 354 (1.6%) matches.
In total, 310 (1.6%) pairs were not unique matches
(e.g., one REIN patients for two SNDS patients) and
were chosen at random between competitive matches.
Comparison (univariate analysis) of the characteristics
recorded in the REIN registry for the matched (N = 19,
223) and unmatched patients (N = 2850) (Table 3) gave
p-values below 0.05 due to the population size. However,
in terms of raw percentages, the main demographic
characteristics (age and sex) were mostly similar between
groups, as well as the type of renal disease. On the
other hand, the percentage of patients who started RRT
by peritoneal dialysis was higher in the unmatched than
in the matched group (18.4% versus 9.2%). Similarly,
differences were observed concerning the geographical
localization of the RRT center. Particularly, the unmatched population included a greater percentage of
patients who started RRT in the Auvergne-RhônesAlpes region (20.7% versus 10.2% of the matched

Table 2 Number and cumulative percentages of patients matched at each steps, during phase 1 and phase 2 of the linkage process
Phase 1

Phase 2

Global

Patients who received a kidney transplant
between 2014 and 2015 (N = 2889)

Patients who started dialysis between
2014 and 2015, and phase 1 unmatched
patients (N = 19,184)

Total patients who started RRT
between 2014 and 2015 (N = 22,073)

Steps

N (%)

N (%)

N (%)

1

1216 (42.1)

42.1

8776 (45.7)

45.7

9992 (45.3)

45.3

2

887 (30.7)

72.8

2142 (11.2)

56.9

3029 (13.7)

59.0

3

122 (4.2)

77.0

1283 (6.7)

63.6

1405 (6.4)

65.4

4

85 (2.9)

80.0

263 (1.4)

65.0

348 (1.6)

66.9

5

179 (6.2)

86.2

693 (3.6)

68.6

872 (4)

70.9

6

117 (4)

90.2

179 (0.9)

69.5

296 (1.3)

72.2

7

8 (0.3)

90.5

734 (3.8)

73.3

742 (3.4)

75.6

8

12 (0.4)

90.9

320 (1.7)

75.0

332 (1.5)

77.1

9–12

56 (1.9)

92.8

466 (2.4)

77.4

522 (2.4)

79.5

13

41 (1.4)

94.3

541 (2.8)

80.3

582 (2.6)

82.1

14

24 (0.8)

95.1

171 (0.9)

81.2

195 (0.9)

83.0

15

12 (0.4)

95.5

489 (2.5)

83.7

501 (2.3)

85.2

16

0 (0)

95.5

53 (0.3)

84.0

53 (0.2)

85.5

17–24

4 (0.1)

95.6

350 (1.8)

85.8

354 (1.6)

87.1

Total matched

2763 (95.6)

16,460 (85.8)

19,223 (87.1)

Unmatched

126 (4.4)

2724 (14.2)

2850 (12.9)

Cumulative %

Cumulative %

Cumulative %
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Table 3 Comparison of the baseline characteristics (extracted from the REIN registry) of matched and unmatched patients with
incident ESRD (2014 and 2015)
Unmatched patients

All matched patients

All matched dialysis patients

N = 2850

N = 19,223

n (%)

n (%)

p-valuea

n (%)

p-valuea

00–19

28 (1)

227 (1.2)

< 0.001

16 (0.1)

< 0.001

20–44

193 (6.8)

1767 (9.2)

623 (4.1)

45–64

703 (24.7)

5164 (26.9)

3270 (21.7)

65–74

690 (24.2)

4671 (24.3)

3934 (26.1)

75–84

867 (30.4)

5430 (28.2)

5263 (35.0)

≥ 85

363 (12.7)

1954 (10.2)

1951 (13.0)

Sex (Women)

1096 (38.5)

6948 (36.1)

0.01

5452 (36.2)

0.07

Diabetes (yes)

1282 (45)

8234 (42.8)

0.02

7372 (49.4)

0.1

33 (1.2)

167 (0.9)

N = 15,057

Age group

Missing
Cardiovascular diseases

124 (0.8)
< 0.001

0.028

None

991 (34.8)

7576 (39.4)

5146 (34.2)

At least 1

1697 (59.5)

10,198 (53.1)

9330 (62.0)

Missing

162 (5.7)

1449 (7.5)

Primary renal disease

581 (3.9)
< 0.001

< 0.001

Glomerulonephritis

267 (9.4)

2296 (11.9)

1347 (9.0)

Vascular nephropathy

788 (27.6)

4988 (25.9)

4464 (29.7)

Diabetic nephropathy

589 (20.7)

4277 (22.2)

3811 (25.3)

Other or Unknown

1200 (42.1)

7652 (39.8)

4349 (28.9)

Missing

6 (0.2)

10 (0.1)

First RRT

0 (0)
< 0.001

< 0.001

Hemodialysis

2291 (80.4)

16,623 (86.5)

13,833 (91.9)

Peritoneal dialysis

524 (18.4)

1768 (9.2)

1224 (8.1)

Renal transplantation

29 (1)

822 (4.3)

0 (0)

Missing

6 (0.2)

10 (0.1)

0 (0)

1668 (58.5)

12,025 (62.6)

RRT initiation condition
Planned start

< 0.001

< 0.001
9580 (63.6)

Emergency start

933 (32.7)

5335 (27.8)

4633 (30.8)

Missing

249 (8.7)

1863 (9.7)

844 (5.6)

591 (20.7)

1962 (10.2)

Treatment center region
Auvergne Rhone Alpes

< 0.001

< 0.001
1479 (9.8)

Bourgone Franche Comté

122 (4.3)

744 (3.9)

596 (4.0)

Bretagne

200 (7)

715 (3.7)

525 (3.5)

Centre-Val de Loire

69 (2.4)

775 (4)

587 (3.9)

Corse

6 (0.2)

81 (0.4)

70 (0.5)

Grand Est

246 (8.6)

1783 (9.3)

1502 (10.0)

Hauts de France

174 (6.1)

1907 (9.9)

1640 (10.9)

Ile-de-France

493 (17.3)

3396 (17.7)

2519 (16.7)

Normandie

119 (4.2)

961 (5)

732 (4.9)

Nouvelle Aquitaine

131 (4.6)

1690 (8.8)

1291 (8.6)

Occitanie

221 (7.8)

1704 (8.9)

1332 (8.9)
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Table 3 Comparison of the baseline characteristics (extracted from the REIN registry) of matched and unmatched patients with
incident ESRD (2014 and 2015) (Continued)

Pays de la Loire

Unmatched patients

All matched patients

N = 2850

N = 19,223

n (%)

n (%)

87 (3.1)

894 (4.7)

All matched dialysis patients
N = 15,057
p-valuea

n (%)

p-valuea

622 (4.1)

Provence-Alpes-Côte d’Azur

189 (6.6)

1779 (9.3)

1433 (9.5)

Overseas territories

196 (6.9)

822 (4.3)

729 (4.9)

a

Chi-square test

group). A sub comparison was done including only dialysis patients that did not receive a renal transplant.
After linkage completion, the diabetes status of the patients from the REIN registry was compared with that of
their SNDS match (Table 4). Among the 19,223 linked
patients from the REIN registry, 17,256 (89.8%) shared
the same diabetes status in both databases: no diabetes
(n = 9682; 50.4%) and yes diabetes (n = 7574; 39.4%).
Cohen’s kappa coefficient was 0.82. Diabetes status discrepancies were observed for 1800 (9.3%) linked patients:
660 (3.4%) had diabetes according to the REIN registry,
but not for the SNDS database, and 1140 (5.9%) did not
have diabetes for the REIN registry, but did for the
SNDS database.

Discussion
Record linkage is a tool that is increasingly used for public health research worldwide [1–3, 16–19]. In France, to
our knowledge, REIN is the first registry to describe its
record linkage methodology with the French national
health administrative SNDS database.
Our iterative deterministic approach is similar to the
one used in other international linkage projects, such as
the Clinical Practice Research Datalink (CPRD) in the
UK in which primary care data are linked with other patient data [25], and the US Surveillance, Epidemiology
and End Results (SEER)-Medicare in which cancer registry data are linked to insurance claims [16]. Differently
from these projects, our approach could not use a
unique and direct identifier (i.e., social security number
or National Health Service number). Despite the lack
of this unique identifier, our deterministic approach
Table 4 Diabetes status of patients in the REIN registry and
their SNDS matches
Diabetes
status of
SNDS
patients

Diabetes status of REIN patients N (%)
No

Yes

Missing

Total

No

9682 (50.4)

660 (3.4)

112 (0.6)

10,454 (54.4)

Yes

1140 (5.9)

7574 (39.4)

55 (0.3)

8769 (45.6)

Total

10,822 (56.3)

8234 (42.8)

167 (0.9)

19,223 (100)

still gave a good linkage rate (87.1% versus 100% for
CPRD [25]).
Compared with probabilistic methods, our deterministic approach is very fast (computation time did not exceed 1 min), despite the use of large datasets (more than
20,000 records in the present example). Zhu and al.,
demonstrated that deterministic linkage is a better
choice in terms of resource efficiency when working
with large, good-quality datasets (i.e., less than 5% of
missing data and errors for each linkage variable) [26].
In both REIN and SNDS databases, the missing data rate
did not exceed 2% for all the variables used for the linkage. Although the error rate is harder to quantify, REIN
registry entries are routinely controlled by 36 clinical research assistants throughout its network. Concerning
the SNDS data, the French national insurance body and
physicians from the medical information department of
the different hospitals regularly monitor the validity of
the produced data, through samples. Additionally, probabilistic methods are more suitable for linkage based on
addresses and names that are prone to specific administrative errors (e.g., misspelling) [27]. These identifiers
were not available in our case, strengthening the resort
to a deterministic method.
Flexibility of the iterative deterministic approach

Another advantage inherent to the iterative nature of
our approach is the flexibility in the algorithm construction. The key is to consider first the most precise identifiers, and then move progressively towards less stringent
matching criteria, thus giving a pyramidal shape to the
algorithm. Moreover, the order in which the steps are
sequentially put together can be modified, and new steps
can be easily introduced.
The need for such flexibility is based on a preliminary
analysis of the data to be linked. Indeed, before the implementation of the record linkage, such analysis is
highly recommended to ensure high-quality linkage.
Specifically, the origin of the linkage variables between
databases and their specificities should be rigorously
evaluated. In this way, specific data management can be
carried out and specific matching rules can be created,
enhancing the overall record linkage process. For example,
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in our case, a patient with ESRD may start dialysis in an
intensive renal care unit and then be transferred to another, less medicalized dialysis center for long-term RRT.
Therefore, the center recorded in the REIN registry could
be the one for long-term RRT and not the intensive unit.
However, the intensive unit will be the first dialysis center
retrieved from the SNDS dataset, and used for the linkage.
Similarly, using the exact DT (day/month/year) might influence the record linkage process. Allowing less stringent
matching criteria in the algorithm at a later stage (e.g.,
using the center department instead of precise geographical ID, or introducing some lag in the DT) helps to retrieve more patients. This preparation time can arguably
be considered the most important and critical part of the
record linkage process, independently of the used record
linkage methodology.
We think that our iterative and sequential approach
could be used by many other groups working with
health data. Indeed, another advantage of our approach
is the low resources, in terms of information, required to
obtain a relative high linking rate. The number of linkage variables used in our approach (age, sex, residence,
treatment center, treatment date, death date) is relatively
small. Moreover, these variables are common data
shared by many registries, and can be considered core
variables. The core of our methodology can be enriched
with other linkage variables, in function of the available
data and the studied public health issue.
The value of record linkage for ESRD research

During the last decade, many studies based on the REIN
registry have been published, ranging from CKD epidemiology to ESRD outcomes (morbidity and mortality)
and spatial analyses. Linking the REIN data with nationwide healthcare data broadens the research perspectives.
For instance, the link between prescription of specific
drugs and the outcomes following RRT can now be
retrospectively assessed. Indeed, our linkage method has
been recently used to investigate the effect of angiotensinconverting enzyme inhibitors/angiotensin receptor
blockers and beta-blockers in all-cause mortality of incident patients with ESRD without cardiovascular disease
[28]. It can also help to compare the validity of registries
by comparing the information recorded in two databases
[29]. Another ongoing study investigates the link between
the pre-RRT care trajectory (consultations with nephrologist and general practitioner), which can be extracted from
the SNDS database, and emergency start dialysis, which is
recorded in the REIN registry.
Record linkage evaluation

The main limitation of this approach (and of record
linkage in general) is the absence of a gold standard to
evaluate the quality of the linkage results. Indeed, two
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error types can occur with record linkage: true nonmatches classified as matches (false positives) and true
matches classified as non-matches (false negatives).
Typical quality measures include sensitivity, specificity, positive and negative predictive value (PPV, NPV) and fmeasure (harmonic mean of sensitivity and PPV) [1, 24, 26].
To measure sensibility, pairs could be manually
reviewed to obtain a gold standard. However, such
process is extremely time-consuming, because it involves
going through the patient’s medical records to compare
them with the SNDS data. Moreover, it would require
additional legal authorizations and, arguably, a disproportionate logistic deployment. In Australia, Boyd et al.,
compared their linkage of national morbidity-mortality
data with the linkage produced by well-established statebased regional linkage facilities (the gold standard) that
use extensive manual reviews [30]. To validate different
deterministic linkage rules between a registry and Medicare administrative data, Setoguchi et al. defined their
gold standard as the results of a matching rule containing both direct (beneficiary ID) and indirect identifiers
(hospital admission date, hospital ID) [31].
Comparing the characteristics of matched and unmatched patients is another way to evaluate the record
linkage by identifying a potential selection bias (i.e., a
specific population could be left out by the algorithm)
[27]. Because our indirect linkage is based on the date of
dialysis start and first dialysis facility declared in the
REIN registry, some discrepancies between the two
sources may be due to the initial period that for some
patients may be “blurry” with episodes of acute kidney
failure on a chronic decrease of renal function. As well,
the dialysis care offer is very dispersed with various providers specialized in different modalities of treatment.
For example, dialysis facilities that provide PD at home
(private not for profit) are not the same that those who
take patients for emergency start (public hospital based).
However, our comparison showed that our linkage approach did not lead to any major selection bias. Therefore, researchers using REIN-SNDS linked data can be
sure that no specific population will be excluded among
patients with ESRD undergoing RRT, regardless of the
study objective.
A more accessible validation method (i.e., to determine
whether a pair is a true match) is through comorbidities.
After record linkage, comorbidities recorded in the
registry can be compared with the comorbidity-related
healthcare resource usage recorded in the healthcare
database. Diabetes appears to be a good indicator. As
shown by our results, among the linked patients, around
90% were true matches (i.e., a patient recorded as diabetic in REIN was linked to a patient with diabetesrelated treatment in the SNDS). Conversely, around 10%
of matches had a more uncertain status. Indeed, these
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could be false-positive matches. Alternatively, some patients recorded as having type 2 diabetes in the REIN
registry might not have needed diabetes medication, and
thus were not considered diabetic in the SNDS database.

Conclusions
The validation of our record linkage methodology is still
an on-going process. Describing the record linkage
process to inform researchers who will use the resulting
data was the first step and the main aim of this article.
Researchers using linked REIN-SNDS data can now
quote this article to explain the data origin. Transparency, as highlighted in recent guidelines, is the driving
force to strengthen the confidence in research using
linked data.
Acknowledgements
We thank all the REIN registry participants, especially the nephrologists and
professionals who collected the data and conducted the quality control. The
units participating in the registry are listed in its annual report.
Authors’ contributions
Conception and design were done by CC, MR and ML. The algorithm
development was done by CC and ML. Interpretation of the data and
drafting the article were done by CC, MR, ML and SB. All authors read and
approved the final manuscript.
Funding
Not applicable.
Availability of data and materials
The restrictions due to French Personal data protection regulation (CNIL)
prohibit the authors from making the minimal data set publicly available.
The access to the data of the REIN registry is governed by a charter. It
implies the approval by the REIN scientific board which analyses each
request. Information about the data of the REIN registry can be requested by
mail to Dr. Cécile Couchoud who manages the REIN registry at the French
Biomedicine Agency (cecile.couchoud@biomedecine.fr).
Ethics approval and consent to participate
The REIN registry was approved by the relevant French committees, the
Comité consultatif sur le traitement de l’information en matière de recherché
(CCTIRS N°03–149) and the Commission nationale de l’informatique et des
libertés (CNIL N° 903188). For population-based registries requiring
exhaustiveness, French regulations require that patients be informed by the
clinic that they can choose not to participate (opt-out). Patients’ information
have been anonymized and de-identified before the extraction for analysis.
Access to the databases used in the present study was obtained from the
REIN scientific committee and the CCTIRS (N°15–1046) and CNIL (N° 916072).
No consent to participate was required due to the retrospective nature of
this study.
Consent for publication
Not applicable.
Competing interests
Dr. Cécile Couchoud is a member of the editorial board (Associate Editor) of
BMC Nephrology. The other authors declare that they have no competing
interests.
Author details
1
Univ Rennes, Ecole des Hautes Etudes en Santé Publique (EHESP),
Recherche en pharmaco-épidémiologie et recours aux soins (REPERES) – EA
7449, 15 Avenue du Professeur Léon Bernard, 35043 Rennes, France.
2
Coordination nationale Registre REIN, Agence de la biomédecine, 1, avenue
du Stade-de-France, 93212 Saint-Denis-La-Plaine cedex, France.

Page 8 of 9

Received: 13 November 2019 Accepted: 14 January 2020

References
1. Gilbert R, Lafferty R, Hagger-Johnson G, Harron K, Zhang L-C, Smith P,
Dibben C, Goldstein H. GUILD: GUidance for information about linking data
sets. J Public Health Oxf Engl. 2018;40:191–8.
2. Young A, Flack F. Recent trends in the use of linked data in Australia. Aust
Health Rev Publ Aust Hosp Assoc. 2018. https://doi.org/10.1071/AH18014.
3. Bohensky MA, Jolley D, Sundararajan V, Evans S, Pilcher DV, Scott I, Brand
CA. Data linkage: a powerful research tool with potential problems. BMC
Health Serv Res. 2010. https://doi.org/10.1186/1472-6963-10-346.
4. Donati S, Maraschini A, Lega I, D’Aloja P, Buoncristiano M, Manno V,
Regional Maternal Mortality Working Group. Maternal mortality in Italy:
results and perspectives of record-linkage analysis. Acta Obstet Gynecol
Scand. 2018;97:1317–24.
5. Findlay MD, Dawson J, MacIsaac R, Jardine AG, MacLeod MJ, Metcalfe W,
Traynor JP, Mark PB. Inequality in care and differences in outcome following
stroke in people with ESRD. Kidney Int Rep. 2018;3:1064–76.
6. Sharwood LN, Mueller H, Ivers RQ, Vaikuntam B, Driscoll T, Middleton JW.
The epidemiology, cost, and occupational context of spinal injuries
sustained while ‘working for income’ in NSW: a record-linkage study. Int J
Environ Res Public Health. 2018. https://doi.org/10.3390/ijerph15102121.
7. Hollinghurst J, Akbari A, Fry R, et al. Study protocol for investigating the
impact of community home modification services on hospital utilisation for
fall injuries: a controlled longitudinal study using data linkage. BMJ Open.
2018;8:e026290.
8. Vaikuntam BP, Middleton JW, McElduff P, Pearse J, Walsh J, Cameron ID,
Sharwood LN. Assessing the impact of care pathways on potentially
preventable complications and costs for spinal trauma patients: protocol for
a data linkage study using cohort study and administrative data. BMJ Open.
2018;8:e023785.
9. Jutte DP, Roos LL, Brownell MD. Administrative record linkage as a tool for
public Health Research. Annu Rev Public Health. 2011;32:91–108.
10. Lew Q-LJ, Jafar TH, Koh HWL, Jin A, Chow KY, Yuan J-M, Koh W-P. Red meat
intake and risk of ESRD. J Am Soc Nephrol JASN. 2017;28:304–12.
11. Bell S, Fletcher EH, Brady I, et al. End-stage renal disease and survival in
people with diabetes: a national database linkage study. QJM Mon J Assoc
Physicians. 2015;108:127–34.
12. Jafar TH, Jin A, Koh W-P, Yuan J-M, Chow KY. Physical activity and risk of
end-stage kidney disease in the Singapore Chinese health study. Nephrol
Carlton Vic. 2015;20:61–7.
13. Storey BC, Staplin N, Harper CH, et al. Declining comorbidity-adjusted
mortality rates in English patients receiving maintenance renal replacement
therapy. Kidney Int. 2018;93:1165–74.
14. Kotwal S, Webster A, Cass A, Gallagher M. Rural versus urban health service
utilization and outcomes for renal patients in New South Wales: protocol
for a data linkage study. JMIR Res Protoc. 2015;4:e73.
15. Zhang Y, Gerdtham U-G, Rydell H, Jarl J. Socioeconomic inequalities in the
kidney transplantation process: a registry-based study in Sweden. Transplant
Direct. 2018;4:e346.
16. SEER-Medicare Database. https://healthcaredelivery.cancer.gov/
seermedicare/overview/. Accessed 5 Feb 2019.
17. Population Data BC. https://www.popdata.bc.ca/. Accessed 4 Feb 2019.
18. SAIL Databank - The Secure Anonymised Information Linkage Databank.
https://saildatabank.com/about-us/overview/. Accessed 5 Feb 2019.
19. PHARMO Institute for drug outcomes research. In: Pharmo https://www.
pharmo.nl/expertise/data-linkage/. Accessed 5 Feb 2019.
20. Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I,
Sørensen HT, von Elm E, Langan SM, Committee RW. The REporting of
studies conducted using observational routinely-collected health data
(RECORD) statement. PLoS Med. 2015;12:e1001885.
21. Tuppin P, Rudant J, Constantinou P, Gastaldi-Ménager C, Rachas A, de
Roquefeuil L, et al. Value of a national administrative database to guide
public decisions: from the système national d’information interrégimes de
l’Assurance Maladie (SNIIRAM) to the système national des données de
santé (SNDS) in France. Rev Epidemiol Sante Publique. 2017;65:S149–67.
22. Goldberg M, Charles MA, Quantin C, Rey G, Zins M. L’appariement aux bases
de données médico-administratives : un atout pour la recherche et la santé
publique. Doss Solidar Santé DREES. 2015;65:65–75. https://www.casd.eu/
wp/wp-content/uploads/dss64-2.pdf.

Raffray et al. BMC Nephrology

(2020) 21:25

23. Couchoud C, Stengel B, Landais P, et al. The renal epidemiology and
information network (REIN): a new registry for end-stage renal disease in
France. Nephrol Dial Transplant Off Publ Eur Dial Transpl Assoc - Eur Ren
Assoc. 2006;21:411–8.
24. Dusetzina SB, Tyree S, Meyer A-M, Meyer A, Green L, Carpenter WR. Linking
data for health services research: a framework and instructional guide.
Rockville: Agency for Healthcare Research and Quality (US); 2014.
25. Padmanabhan S, Carty L, Cameron E, Ghosh RE, Williams R, Strongman
H. Approach to record linkage of primary care data from clinical
practice research Datalink to other health-related patient data: overview
and implications. Eur J Epidemiol. 2018. https://doi.org/10.1007/s10654018-0442-4.
26. Zhu Y, Matsuyama Y, Ohashi Y, Setoguchi S. When to conduct probabilistic
linkage vs. deterministic linkage? A simulation study. J Biomed Inform. 2015;
56:80–6.
27. Harron K, Dibben C, Boyd J, Hjern A, Azimaee M, Barreto ML, Goldstein H.
Challenges in administrative data linkage for research. Big Data Soc. 2017;4:
2053951717745678.
28. Ferreira JP, Couchoud C, Gregson J, Tiple A, Glowacki F, London G,
Agarwal R, Rossignol P. Angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers, β-blockers or both in incident end-stage
renal disease patients without cardiovascular disease: a propensitymatched longitudinal cohort study. Nephrol Dial Transplant. 2018.
https://doi.org/10.1093/ndt/gfy378.
29. Sitruk L, Couchoud C, Hourmant M, Tuppin P, Macher M-A, Legeai C.
Description des traitements immunosuppresseurs d’entretien post-greffe
rénale à travers le système national de l’Assurance maladie. Néphrologie
Thérapeutique. 2018;14:523–30.
30. Boyd JH, Randall SM, Ferrante AM, Bauer JK, McInneny K, Brown AP,
Spilsbury K, Gillies M, Semmens JB. Accuracy and completeness of patient
pathways – the benefits of national data linkage in Australia. BMC Health
Serv Res. 2015;15:312.
31. Setoguchi S, Zhu Y, Jalbert JJ, Williams LA, Chen C-Y. Validity of
deterministic record linkage using multiple indirect personal identifiers:
linking a large registry to claims data. Circ Cardiovasc Qual Outcomes.
2014;7:475–80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

