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Chapter 2

Linking anonymised general practice data with 
hospital data: a pilot study
Based on: 
Struijs JN, Baan CA, Hutten JBF, Westert GP. De mogelijkheden van koppeling van geanonimiseerde 
huisarts- en ziekenhuisgegevens. Tijdschr Gezondheidswet 2003;5:281-286

Abstract
Background This study presents the results of a pilot study designed to link data on referrals by general 
practitioners (GPs) with data on hospital utilization in the Netherlands. The research questions are, firstly, 
what percentage of GP patient referrals can be linked with hospital admission data? Secondly, what 
percentage of patients is suitable for quantifying the health care utilization per referral?
Methods and data GP practice data from the Network of General Practice (LINH) were linked to 
two hospital registration systems: the National Medical Register (LMR) containing hospital admission 
and day treatment data, and the National Register of Ambulatory Care (LAZR) containing data on 
outpatient visits. Because no unique national identification numbers were available, the data were 
linked by using the patient variables, date of birth, gender and four-digit postal code. The following 
four conditions were selected as inclusion criteria for the patient referrals: Chronic Obstructive 
Pulmonary Disease (COPD), coronary heart disease, asthma, and diabetes mellitus. 
Results From the total number of patient referrals selected, 78% could be linked to a hospital 
admission, day treatment or an out-patient visit. Subsequently, 63% of the patients could be used 
for the description of care utilization per referral. 
Conclusions Our pilot study shows that data on GP referrals can be linked sufficiently with data on 
hospital utilization in order to quantify the utilization of health care for patients with specific chronic 
conditions. 
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Introduction
To study the utilization of disease-specific care, a variety of care registration systems and databases 
are often used. At present, most studies tend to focus on year-on-year analyses of the various data 
sources (1) and in general there is little connection between the registrations (2). As a consequence, 
information on multidisciplinary health care utilization patterns of patients with chronic diseases is 
either lacking or incomplete. Linking the various medical registrations enables us to make estimates 
and prognoses for the utilization of disease-specific care and associated costs. Improving existing 
datasets, e.g. by linkage, tends to be cheaper than collecting new data. Combining data from 
different (national) medical registration systems however is seriously hampered by the lack of a 
national health care identification number (1). Record linkage has to be done on the basis of less 
unique patient variables, such as  date of birth, gender and four-digit postal code. The combination 
of these linking variables should have sufficient discriminative power to act similar to that of a unique 
identification number.
In an earlier study by Delnoij et al. (3), data from the Netherlands Information Network of General 
Practice (Dutch abbreviation: LINH) (4) were linked to hospital admission and day treatment data 
from the National Medical Register (Dutch abbreviation: LMR) (5) by using the following variables: 
GP practice postal code, date of birth and gender of the patients. On the basis of these variables, 
19% of the GP referrals could be matched to a hospital admission. In order to enhance the validity 
and usefulness of the linkage procedure, the authors recommended adding the patients’ postal code 
to the LINH registration and not matching the search periods in the different registrations. Many GP 
referrals lead to hospital care at a much later date (possibly because of waiting times). In addition, 
patients are often issued an ‘administrative’ referral by their GP after their visit to a hospital. So, not 
matching the search periods in the different registrations will lead to an increase in the number of 
linkages. We applied these recommendations in the present study as well as adding data from the 
National Register of Ambulatory Care (Dutch abbreviation: LAZR) (6) to the linkage. 
The research questions are:
1)  What percentage of GP patient referrals in LINH can be linked to LMR and/or LAZR data by 

using date of birth, gender and four-digit postal code of the patient?
2)  What percentage of GP patient referrals derived from research question 1 is suitable for quan-

tifying the health care utilization per referral?

This pilot study focuses on the following four chronic diseases: Chronic Obstructive Pulmonary Disease 
(COPD), coronary heart disease, asthma, and diabetes mellitus. The selection criteria were based on 
current disease prevalences and health care burden. This study is a preliminary study for one of the 
sub-projects of the Second Dutch National Survey of General Practice (Dutch abbreviation: NS2) (7).  
The linkage and analyses were performed in accordance with legislation on personal data protection 
in the Netherlands (8).

Data
The linkage procedure was performed over three registration systems. Below, each of the registration 
systems is described briefly.

1. Netherlands Information Network of General Practice
The Netherlands Information Network of General Practice (Dutch abbreviation: LINH) was set 
up in 1991 by the Netherlands Institute for Health Services Research (Dutch abbreviation: NIVEL), 
the Centre for Quality of Care Research (Dutch abbreviation: WOK), the National Association of 
General Practitioners (Dutch abbreviation: LHV) and the Dutch College of General Practitioners 
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(Dutch abbreviation: NHG) (4). The LINH network includes data on GP-patient contacts and referrals 
at primary and secondary care levels. The LINH practices are representative of the Dutch general 
practice population both in terms of patients and of GPs (4;9). 
In 1998, the LINH network consisted of 88 general practices. For the present study, data files from 
57 practices were included. These practices were chosen because they had coded their referrals 
according to the International Classification of Primary Care (ICPC) guideline in 1988 and because 
the data files contained the four-digit postal code of the patients. All LINH general practices 
record the following data: patient identifying data (date of birth, gender, four-digit postal code 
and insurance type), referral data (date of first referral, diagnosis (ICPC coded), kind of referral, and 
referral specialism). These data are protected by privacy regulations.

 2. National Register of Ambulatory Care
The LAZR contains data on outpatient clinics and has been operational since 1992 (6). The system 
is managed by Prismant. The percentage of hospitals that participate in the LAZR is about 75% of 
100 hospitals. The majority of the participating hospitals only register the first visit to the outpatient 
clinic. Twenty-eight hospitals provide information on the first as well as repeat visits. LAZR data 
includes administrative patient data (date of birth, gender, insurance type and four-digit postal code) 
and medical data (type of hospital, treating specialism and date of outpatient visit).

3. National Medical Register
Since 1976, all academic and general hospitals have provided input for the LMR. There are also a 
few specialized hospitals and rehabilitation clinics that participate in the LMR. The LMR is managed 
by Prismant. The LMR contains information on clinical hospital care and hospital day treatment. In 
1998, 1.5 million hospital admissions and 750,000 cases of day treatment were recorded in the LMR. 
The reliability of the LMR is good. An internal audit showed that 99% of the LMR data matches the 
original patient files (5). For the linkage, both administrative patient data (date of birth, gender, 
insurance type and four-digit postal code) and medical data (date of admission, date of discharge, 
admission specialty, urgency of admission, type of hospital, diagnosis (ICD-9), and destination code) 
were used.

Methods
The LINH data were matched to LMR and LAZR data by a combination of three variables: 
- date of birth of the patient;
- gender of the patient;
- four-digit postal code of the patient.
Four different outcomes were possible from this linkage operation. First, a link was considered valid 
if a GP referral could be matched to an outpatient consultation recorded in the LAZR or to a hospital 
admission or day treatment recorded in the LMR and belonging to the same person (10). Second, 
the link was false-positive if a GP referral could be matched to hospital data belonging to a different 
person. Third, a negative link occurred if a GP referral could not be matched to records in the LMR 
and/or the LAZR, due to the absence of follow-up care consumption. Fourth, the link was false-
negative, if a GP referral could not be linked to records in the LMR and/or the LAZR, even though 
there had been either an outpatient visit or admission to the hospital. 
The LINH-file from 1998 was linked to LAZR and LMR data for the period 1997-1999. We did not 
match the LAZR/LMR period with the year of the LINH-file on purpose - as recommended by Delnoij 
et al. (3). They showed that a complete match of the search periods in the different databases 
would result in many false negative linkages which would lead to an underestimation of health care 
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utilization. Many GP referrals lead to hospital care at a much later date (possibly because of waiting 
times). In addition, patients are often issued an ‘administrative’ referral by their GP after their visit to 
a hospital. Thus, by extending the search period in the LAZR and the LMR, the chance of generating 
false-negative links was reduced. To this end, the period between the date of GP referral and the 
date of hospital admission or treatment was set at 180 days before the referral date until 360 days 
after. Only linked records with a hospital admission date falling within the set period were used to 
explore disease-specific care use per referral. 

To establish the validity of the linkage, differences between patient characteristics for the linked 
patient groups and the non-linked patient groups were explored. The tables 2.2-2.5 show how 
validity was tested; a T-test (for difference in age), the Chi-square test (for differences in gender and 
type of insurance) and logistic regression (for differences in linkage percentage per disease).

Results
Table 2.1 presents a summary of the results of the record linkage. The LINH file contained data 
on 2,299 patients with 2,675 referrals for a diagnosis of COPD, coronary heart disease, asthma or 
diabetes mellitus. Linking LINH data with LAZR data yielded 4,047 combined records belonging to 
1,491 patients. In all, 65% of the LINH patients could be traced in the LAZR database.

Table 2.1: Number of referrals/links and patients at the various stages of the linkage operation 
(n=2,299)

Registration systems
Number of
referrals /
links

Number of patients

%

LINH 2,675 2,299 100
LINH-LAZR 4,047 1,491 * 65*
LINH-LMR (day treatment) 496 312 * 14*
LINH-LMR (hospital admission) 2,189 1,003 * 44*
LINH-LMR-LAZR 6,732 1,786 78

To be used to describe the use of disease-specific care

LINH-LMR-LAZR 4,108 1,453 63

* These numbers and percentages do not add up because of double counts

Linking LINH referrals to LMR clinical hospital data yielded 2,685 linked records. These records 
included 496 cases of day treatment in 312 patients and 2,189 hospital admissions for 1,003 patients. 
Of the patients referred, 14% could be traced for hospital day care and 44% of the patients referred 
could be linked to a hospital admission. 
After linking the three databases, the LINH-LAZR-LMR file contained 6,732 records belonging to 
1,786 patients. Of all patients with a referral, 78% could be linked to a hospital admission, day 
treatment or outpatient visit.
After correction for the set period, 2,624 links had to be excluded because secondary care use was 
not related to the GP referral in the LINH file but to earlier or later GP referrals. This meant that 63% 
of the patients with a GP referral (n=1,453) from the LINH file could be used to describe disease-
specific health care use per referral (Table 2.1). 
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In order to determine the validity of the linkage, we explored the extent to which the linked patient 
group differed from the non-linked patient group. Table 2.2 presents the patient characteristics of 
both groups. 

Table 2.2: Patient characteristics of linked and non-linked patient groups (n=2,299)

Links by three variables Links by three variables + 
correction for the period between 
referral and admission

Non-link
(n=513)

Link
(n=1,786)

Non-link
(n=846)

Link
(n=1,453)

P-value P-value
Gender (% male) 55.0 52.2 0.265 54.3 52.0 0.288

Type of insurance 
(% public health 
insurance)

86.4 89.4 0.053 87.6 89.4 0.185

Age 56.7 59.4 0.005 56.2 60.3 0.000

The average age of the linked patients is significantly higher than the average age of the non-linked 
patients (59.4 years versus 56.7 years respectively). After correction for the set period, the difference 
in average age persisted (Table 2.2).

Table 2.3: Percentage of links per disease (n=2,299)

Not
standardized

P-
value*

Standardized
for age 

P-
value*

Linkage by three variables
- COPD (R91-95) 82.3 82.0
- Coronary heart disease (K74-K76) 80.7 0.522 78.0 0.595
- Asthma (R96) 74.1 0.012 78.2 0.060

- Diabetes Mellitus (T90) 74.7 0.006 75.1 0.011

Linkage by three variables + correction for set period
- COPD (R91-95) 66.9 65.3
- Coronary heart disease (K74-K76) 66.7 0.957 67.3 0.941
- Asthma (R96) 54.7 0.002 63.3 0.109
- Diabetes Mellitus (T90) 61.9 0.113 67.3 0.176

 * Compared to the reference group (COPD)

The percentage of links varied between 74.1% for patients with asthma and 82.3% for patients 
with COPD. Following correction, the percentage of links still varied, between 54.7% for patients 
with asthma and 66.9% for patients with COPD. After direct standardization for age, no significant 
differences between percentages of links for the four diseases were observed (Table 2.3). 
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To illustrate the possibilities of the linked LINH-LMR-LAZR file, some results are shown below.

Table 2.4: Distribution of links by care provision and disease (ICPC), 1998

Diagnosis Outpatient clinic Day treatment       Hospital Total

N  % P-value* N  % P-value* N  % P-value* N  %

Number of 
patients

1,146# 79# 209# 14# 742# 32# 1,453# 100

Number of 
records 

2,434 59 326 8 1,348 33 4,108 100

COPD 352 55 85 13 208 32 645 100

Coronary 
heart 
disease

888 55 0.756 90 6 0.000 628 39 0.002 1,606 100

Asthma 288 64 0.002 46 10 0.143 115 26 0.018 449 100

Diabetes 
Mellitus

906 64 0.000 105 7 0.000 397 28 0.062 1,408 100

* Compared to the reference group (COPD)
# These numbers and percentages do not add up because of double counts

From the successful links (n= 2,434) 59% concern treatment in an outpatient clinic. For the disease-
specific data, this percentage varies between 55% for patients with COPD and coronary heart 
disease and 64% for patients with diabetes mellitus and asthma (Table 2.4). Day treatment is the least 
frequent with an average of 8% (n=326), varying between 6% for patients with coronary heart disease 
and 13% for patients with COPD. The average percentage for hospital admissions is 33% (n=1,348), 
varying between 26% for asthma patients and 39% for patients with coronary heart disease.
Some 921 of the 1,453 patients could be linked to more than one hospital admission or treatment per 
referral. On average, one GP referral leads to 2.8 visits to the hospital (for hospital admission and/or 
day treatment and/or outpatient consultation). The maximum numbers of hospital admissions, day 
treatments or outpatient consultations per referral are 9, 33 and 49, respectively. The number of 
admissions indicates the number of admissions per 100 referrals. 
Table 2.5 presents the number of admissions, the average length of hospital stay, and the total 
number of nursing days per referral diagnosis and per age category. 
Patients with coronary heart disease in particular are admitted to a hospital after referral (39.1%). The 
average length of stay is longest for patients with COPD (10.3 days), which results in these patients 
having the highest number of nursing days (332) per 100 referrals. Patients with asthma have the 
least number of admissions and the shortest average length of stay. The number of hospital days per 
100 referrals is almost twice as high for patients with COPD as for patients with asthma. 
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Table 2.5: Number of admissions, average length of hospital stay per referral (n=4,108) and total 
number of hospital days per 100 referrals, per referral diagnosis and age category, 1998

Referral diagnosis Number of admissions Average length of 
hospital stay

Total number of 
hospital days

% P-value* In days P-value*

Disease
COPD 32.2 10.3 332
Coronary heart disease 39.1 0.002 7.3 0.235 285
Asthma 25.6 0.021 6.6 0.021 168
Diabetes Mellitus 28.2 0.068 9.0 0.789 253

Age category
0 year 46.2 0.085 3.9 0.911 124
1-40 years 23.4 3.7 78
41-60 years 36.3 0.000 8.0 0.001 289
61-80 years 32.6 0.000 8.8 0.001 286
Over 80 years 34.8 0.001 8.7 0.013 301

Type of insurance
Public 32.2 8.5 274
Private 38.0 0.015 6.0 0.003 224

*Compared to the reference group (Disease: COPD; Age group: 1-40 years; Type of insurance: 
Public health insurance)

The total number of hospital days per 100 referrals increases with age (with the exception of the 
first age category (0 year)). The age category 41-60 years shows the highest percentage (36.3%) 
for admission. The number of hospital days per 100 referrals is higher for those with public health 
insurance than for those with private health insurance (274 versus 224 hospital days respectively). 
In contrast, the number of admissions is higher for patients with private health insurance than for 
patients with public health insurance (38.0% and 32.2% respectively). 
 
Discussion
This study presents the results of a pilot study into the possibilities of linking anonymised general 
practice data with hospital registration data. Our study shows that 78% of the referred patients in the 
LINH database could be matched to LAZR and/or LMR data. By implication, 22% of patients referred 
to a medical specialist were not found in the LAZR and/or LMR. This may be due to various reasons. 
First, the LAZR only contains data from 75% of Dutch hospitals. This means that a number of 
outpatient consultations can never be linked to GP referrals. 
Second, only 28 hospitals record all outpatient consultations in the LAZR. The other hospitals just record 
the first outpatient consultation in a specific calendar year. Thus, the follow-up consultations in that 
same calendar year will not be included in the linkage. The actual number of successful LINH-LAZR links 
is therefore an underestimation of the actual number of outpatient consultations. To be able to correct 
for this underestimation in follow-up linkage operations, a ‘repeat factor’ needs to be devised for those 
hospitals that do not register all outpatient consultations using data from hospitals that do register all 
outpatient consultations. The quality of the LAZR data is not expected to improve in the near future.
Third, not all of the GP referrals lead to an outpatient consultation, day treatment and/or hospital 
admission, because of certain circumstances or events. For example, spontaneous recovery or death 
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can occur between the referral date and the date of hospital admission, day treatment or outpatient 
consultation. Moreover, this could be a consequence of, for example, waiting lists. It is not known 
what percentage of GP referrals has no follow-up in the hospital.
Fourth, the four-digit postal code of the patient in the LINH and the code of the same patient in 
the LAZR and/or LMR may not match, because the patient has moved to another postal code area. 
The average yearly chance for people moving to another postal code area is 7.5%. This percentage 
is different for each age category and disease (1). The loss of patient data through moving could 
be bypassed by linking with the Municipal Personal Records Database (GBA). The GBA contains 
administrative data on all people officially registered as Dutch citizens and records information on 
people who move, including their new address. An earlier linkage operation of GBA and LMR data 
proved technically and qualitatively viable (1). However, we were not able to use the GBA data in 
the present pilot study.
Finally, the registers may contain recording errors as a consequence of typing errors or missing 
values. However, an internal study by Prismant into the reliability of the LMR showed that 99% of the 
data had been entered correctly (5). The quality of the LINH data is investigated on a yearly basis. 
Following training for GPs, the error rate of those participating can be reduced to less than 1% (4). 
As yet little is known about the reliability of the LAZR data. However, the failure to link referrals 
because of registration errors is not likely to result in a large underestimation of the health care 
utilization of patients with chronic diseases.

To quantify the health care utilization of patients with chronic diseases, the linkage outcome was 
corrected for the set period between referral and hospital admission or outpatient consultation. 
About 63% of the patients referred by a GP could be used to describe the health care utilization per 
referral. The length and limits of the set period are arbitrary. Changing them will result in different 
percentages. Yet, setting the limits at 180 days before referral and 360 days after referral is inspired 
by the validity period of GP referrals in relation to health insurance claims. Claims for reimbursement 
of disease costs require a valid referral and a referral remains valid until one year after its date of 
issue. The methods of reimbursement differ between health insurers. 
To explore the validity of the linkage, we compared the linked and non-linked patient groups. The 
linked patients are on average slightly older than the non-linked patients, possibly because older 
people tend to move house less often than younger people (1). This explanation is confirmed by the 
disease-specific linkage percentages: patients with asthma are on average younger and their linkage 
percentage is lower than the percentage for the other diseases (Table 2.3).
In addition, the percentage of patients with public health insurance differs between non-linked 
and linked patient groups (86.4% and 89.4% respectively). This is probably due to the fact that for 
individuals with public health insurance, a referral is obligatory for the reimbursement of costs, while 
for individuals with private health insurance this is not always the case. Patients with public insurance 
are therefore issued more referrals than those with private insurance, with a consequent increase in 
the chance of their records getting linked. During the past few years, the status of the referral has 
been changing which has resulted in an increase of patients visiting a medical specialist directly 
(4;11). After correction for the set period, there was no significant difference between the linked and 
non-linked patient groups in the linkage percentage of publicly insured people. 
The linkage percentage also differs for the four individual diseases. For the linkage corrected for the 
set period, this difference can partly be explained by the difference in age. For the linkage without 
the correction, this difference cannot be entirely attributed to the difference in age between the four 
disease groups. 



  |   33

Another possible explanation is that the moving patterns of people with different diseases vary. 
Thus, the yearly chance of people with asthma or COPD moving is 12.9% versus 4.9% for people 
with an acute myocardial infarction (1). 
 
Delnoij et al. (3) were able to link 19% of the patients from the LINH database with LMR data. In the 
present linkage, 44% of the LINH patients could be linked with LMR data on hospital admission. 
Obviously, the recommendations made by Delnoij et al. contributed to the increase in the percentage 
of successful links in our study. This medical record linkage operation enables us to quantify a part of 
the entire care pathway of patients with chronic diseases, namely GP and (outpatient) hospital care.
This pilot study presents the technical possibilities of linking GP data with hospital data, and shows 
that, through improving secondary data we may gain insight into disease-specific utilization of GP 
and hospital care. The present linkage operation will be followed up with data from the Second 
Dutch National Survey General Practitioners (Dutch abbreviation: NS2) (7) which will be linked to 
LMR and LAZR data. 
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