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Abstract
Background  In 2012, Luxembourg introduced a Referring Doctor (RD) policy, whereby patients voluntarily register 
with a primary care practitioner, who coordinates patients’ health care and ensures optimal follow-up. We contribute 
to the limited evidence base on patient registration by evaluating the effects of the RD policy.

Methods  We used data on 16,775 people with type 2 diabetes on oral medication (PWT2D), enrolled with the 
Luxembourg National Fund from 2010 to 2018. We examined the utilisation of primary and specialist outpatient care, 
quality of care process indicators, and reimbursed prescribed medicines over the short- (until 2015) and medium-term 
(until 2018). We used propensity score matching to identify comparable groups of patients with and without an RD. 
We applied difference-in-differences methods that accounted for patients’ registration with an RD in different years.

Results  There was low enrolment of PWT2D in the RD programme. The differences-in-differences parallel trends 
assumption was not met for: general practitioner (GP) consultations, GP home visits (medium-term), HbA1c test 
(short-term), complete cholesterol test (short-term), kidney function (urine) test (short-term), and the number of 
repeat prescribed cardiovascular system medicines (short-term). There was a statistically significant increase in the 
number of: HbA1c tests (medium-term: 0.09 (95% CI: 0.01 to 0.18)); kidney function (blood) tests in the short- (0.10 
(95% CI: 0.01 to 0.19)) and medium-term (0.11 (95% CI: 0.03 to 0.20)); kidney function (urine) tests (medium-term: 
0.06 (95% CI: 0.02 to 0.10)); repeat prescribed medicines in the short- (0.19 (95% CI: 0.03 to 0.36)) and medium-term 
(0.18 (95% CI: 0.02 to 0.34)); and repeat prescribed cardiovascular system medicines (medium-term: 0.08 (95% CI: 0.01 
to 0.15)). Sensitivity analyses also revealed increases in kidney function (urine) tests (short-term: 0.07 (95% CI: 0.03 to 
0.11)) and dental consultations (short-term: 0.06, 95% CI: 0.00 to 0.11), and decreases in specialist consultations (short-
term: -0.28, 95% CI: -0.51 to -0.04; medium-term: -0.26, 95% CI: -0.49 to -0.03).
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Introduction
Ageing populations and a rising burden of chronic dis-
eases are creating a pressing need for countries to rethink 
service delivery approaches, away from an emphasis on 
specialist care and service fragmentation towards a more 
coordinated approach to meet the requirements of peo-
ple with multiple or complex care needs associated with 
chronic disease. Failure to coordinate services along the 
care continuum may result in suboptimal outcomes, such 
as potentially preventable hospitalisations, medication 
errors, and other adverse events. Many countries have 
sought to strengthen the role of primary care as a hub for 
care coordination [1]. Patient registration with a primary 
care provider, with or without the requirement of refer-
ral from primary to secondary care (gatekeeping), can be 
seen as an important means to achieve improved coor-
dination [2], and is widely considered as a key feature of 
strong primary care systems [3, 4].

Luxembourg has a single National Health Fund (Caisse 
nationale de santé). Enrollees have a free choice of doc-
tor and there are no mandatory registration or gatekeep-
ing systems. Doctors are paid on a fee-for-service basis. 
The National Health Fund reimburses 88% of the cost of 
a consultation with a general practitioner (GP) or spe-
cialist doctor [5]. Outpatient prescribed medicines on 
the ‘positive list’ are divided into three categories, which 
are reimbursed at different rates: 40% for medicines for 
the treatment of benign pathologies, 100% for medicines 
with a specific therapeutic indication  (including medi-
cines for the treatment of chronic conditions), and 80% 
for all other medicines [6]. Prescribed laboratory tests 
are fully reimbursed by the National Health Fund [7]. 
Luxembourg is one of the few European countries with a 
system of retrospective reimbursement, whereby patients 
pay the full cost upfront when they receive care and then 
claim reimbursement from the National Health Fund for 
the covered part of the cost. Outpatient prescribed medi-
cines, prescribed laboratory tests and inpatient hospi-
tal care are exempt from retrospective reimbursement. 
In 2024, a system of ‘Direct Immediate Payment’ was 
introduced whereby doctors can receive immediate pay-
ment for the covered services directly from the National 
Health Fund, subject to consent from both the doctor 
and patient [8].

In 2012, Luxembourg introduced a voluntary form of 
patient registration with a primary care provider: the 
médecin référent or Referring Doctor (RD) programme. 

Only doctors who have undertaken specialty training in 
general practice or paediatrics and who provide primary 
care outside of a hospital setting are eligible to become an 
RD [9]. The role of the RD is to coordinate patients’ care, 
manage and monitor their conditions and guide patients 
towards other health professionals (such as medical spe-
cialists) as necessary. There was an expectation by the 
national government that this new role would contrib-
ute to optimising the use of medicines and preventing 
unnecessary consultations and investigations [9]. The RD 
does not act as a gatekeeper and patients who have reg-
istered with an RD can still consult a specialist directly. 
Participation in the programme is voluntary for both 
providers and eligible patients. Doctors receive an addi-
tional payment for participating in the programme and 
can charge the RD tariff six months following a patient 
declaration of participation in the RD programme. Only 
one payment can be claimed by the doctor every six 
months. Doctors do not receive any capitation payment 
for patients enrolled in the RD programme. Doctors and 
patients participating in the programme also need to 
activate their eHealth accounts in order to gain access 
to patients’ electronic health record [9, 10]. Initially, all 
enrollees of the National Health Fund were eligible to 
join the scheme, but from 2016, eligibility was restricted 
to people with specific chronic conditions as defined by 
a list agreed between the National Health Fund and the 
Luxembourgish Association of Doctors and Dentists 
(Association des Médecins et Médecins-Dentistes) [11].

Although other countries, such as France and Germany, 
have introduced voluntary patient registration with a pri-
mary care provider to strengthen care coordination, the 
RD policy implemented in Luxembourg differs in that 
it does not require or incentivise registered patients to 
obtain an RD referral to access a specialist. There is so 
far little robust evidence of the effects of patient registra-
tion within countries [2]. This work aims to address this 
important research gap. We evaluated the effect of the 
RD programme on health care utilisation, quality of care 
process indicators and reimbursed prescribed medicines, 
using health insurance data to compare the outcomes of 
people with type 2 diabetes who did and did not register 
with an RD.

Conclusions  The RD programme had a limited effect on care quality indicators and reimbursed prescribed medicines 
for PWT2D. Future research should extend the analysis beyond this cohort and explore data linkage to include clinical 
outcomes and socio-economic characteristics.

Keywords  Primary care reform, Patient registration, Type 2 diabetes, Health insurance claims data, Propensity score 
matching, Staggered difference-in-differences
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Methods
Data
We used individual-level pseudonymised data from the 
Luxembourg National Health Fund to evaluate the RD 
programme during 2010–2018. This database contained 
information on all health services reimbursed by the 
National Health Fund for residents of Luxembourg who 
received health care services delivered in Luxembourg 
only. We focused on people with type 2 diabetes, who 
comprise the majority (over 90%) of diabetes patients 
worldwide [12]. Moreover, type 2 diabetes has a well-
established evidence base for effective treatment that can 
be delivered in primary care [13]. There were no other 
national policy changes or reforms affecting the treat-
ment of type 2 diabetes during the study period.

The database did not contain complete data on diag-
nosis. Instead, we used data on reimbursed prescribed 
medicines to infer patients’ type 2 diabetes diagnosis 
following Renard et al. (2011) [14] (see S1 Text). This 
identified 16,775 people who had reimbursed prescribed 
oral medicines for diabetes during 2010 and 2012 (sub-
sequently referred to as people with type 2 diabetes, or 
PWT2D). We conducted a sensitivity analysis to expand 
our sample to include an additional 6,769 patients who 
had reimbursed prescribed oral medication and insu-
lin. PWT2D can receive insulin treatment, if they fail to 
respond to oral or injectable antidiabetic agents [15].

Variables
Exposure variable
Exposure was defined as the year a patient first entered 
the RD programme as identified from the programme 
billing codes.

Outcome measures
Our outcome measures included use of GP and special-
ist care, quality of care process indicators, and prescribed 
medicines, which we measured annually at an individual-
level (S1 Table).

Use of general practitioner (GP) and specialist care
We constructed two variables to measure utilisation of 
GP care to differentiate between (i) consultations with 
the GP in the GP practice and (ii) visits by the GP to a 
patient in the patients’ place of residence or in a hospi-
tal. As for specialist consultations, we distinguished those 
with a cardiologist from other specialist consultations. 
This is because diabetes guidelines in Luxembourg rec-
ommend an annual consultation with a cardiologist [16]. 
We were unable to consider endocrinologists separately 
to other specialists, as there was no separate billing code 
for endocrinologists until 2017. We hypothesised that the 
RD programme would lead to an increase in GP activity 
(consultations and visits). It is more difficult to predict 

the direction of the effect on specialist consultations: 
utilisation might decrease where the RD acts as ‘informal’ 
gatekeeper and filters demand for specialist care or sub-
stitutes some tasks; equally, it might increase where the 
RD identifies additional need for specialist care.

Quality of care process indicators
We considered indicators included in Luxembourgish 
and international clinical guidelines for type 2 diabetes 
[13, 16, 17], specifically: (i) HbA1c measurement two to 
four times per year; annual (ii) cholesterol test (total cho-
lesterol, HDL, LDL and triglycerides), (iii) creatinine with 
estimated glomerular filtration rate (hereafter kidney 
function (blood) test), (iv) albumin-to-creatinine ratio 
(hereafter kidney function (urine) test), (v) fundoscopic 
exam by an ophthalmologist and (vi) dental consulta-
tion. We excluded 2010 data for laboratory tests, as reim-
bursement for tests was restricted until 2010, artificially 
increasing the number of tests from 2011. We expect that 
the RD programme would improve quality of care pro-
cess indicators.

Reimbursed prescribed medicines
We constructed six variables to measure ‘continuous 
polypharmacy’ as defined by at least three reimbursed 
prescriptions of the same medicine in a year [18–20]. 
One variable measured the total number of medicines, 
and the remaining five variables measured the number of 
medicines for different comorbidities pertinent to type 2 
diabetes, based on Anatomical Therapeutic Code (ATC) 
B (Blood and blood forming organs), C (Cardiovascular 
system), D (Dermatologists), N (Nervous system) and S 
(Sensory organs) [21]. While the RD policy may improve 
medication management and reduce polypharmacy, the 
programme may help to identify additional chronic con-
ditions and lead to an increase in the prescribing of medi-
cines for different comorbidities.

Additional outcomes
We also considered additional outcomes that were not 
directly related to the RD programme objectives, but 
could be affected by the programme. These included 
urgent or out-of-hours care, hospital care, costs, and con-
tinuity of care, which we conceptualised as the number of 
different GPs reimbursed for the same patient (S1 Table).

Control variables
We included year of birth (continuous), sex (male/
female), civil status (married/civil partnership, single, 
separated/divorced, and widow(er)) and canton of resi-
dence as control variables, in order to control for observ-
able differences that could explain registration with an 
RD.
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Statistical analysis
We used propensity score matching and difference-in-
differences analysis to evaluate the effects of the RD pol-
icy, by comparing changes over time between PWT2D 
who did and did not register with an RD. Propensity 
score matching controls for observable characteristics 
that predict the probability of an individual registering 
with an RD. Following Stuart et al. (2014) [22], we used 
propensity score matching based on the nearest neigh-
bour approach with replacement, whereby an individual 
registered with an RD is matched to the nearest (with 
the smallest distance) individual who is not registered 
with an RD [23], to make the two groups (registered 
with an RD or not) comparable on average. We consid-
ered patient demographic and pre-treatment (in the year 
2011) outcome measures as variables in the propensity 
score matching analysis. The full list of propensity score 
matching variables and results is available in S2 Table. 
We applied the method proposed by Oster (2019) [24] to 
test the robustness of the results of the propensity score 
analysis to any bias arising from any unobservable char-
acteristics that we could not control for and that may 
have explained individuals’ registration with an RD.

While propensity score matching controls for observ-
able differences between those who did and did not reg-
ister with an RD, the traditional difference-in-differences 
estimator compares the difference in the two groups, 
before and after the introduction of the policy. There-
fore, it also controls for potential confounding from vari-
ables that are unobservable or unmeasured but do not 
vary over time, which propensity score matching - on its 
own - could not achieve [25]. The difference-in-differ-
ences method produces unbiased estimates of the policy 
impact if the trend over time between the two groups 
(registered or not with an RD) would have followed the 
same trajectory in the absence of the intervention. This 
‘parallel trends’ assumption is violated if the two groups 
differed in ways that would change their trends or com-
positions over time. The use of propensity score matching 
makes the parallel trends assumption more feasible, as it 
reduces observable differences between PWT2D with 
and without an RD. Therefore, we kept only the sample 
of PWT2D with an RD that were matched to PWT2D 
without an RD and discarded unmatched observations. 
We then implemented the Callaway and Sant’Anna [26] 
difference-in-differences technique. This allowed us to 
account for the fact that individuals registered with an 
RD in different years, thereby overcoming a limitation 
of the traditional difference-in-differences estimator that 
assumes that all individuals registered with an RD at the 
same point in time. Additional technical detail on the sta-
tistical methods is available in S2 Text.

We analysed the effects of the programme in the short-
term (until 2015, after which the programme eligibility 

changed) and medium-term (until 2018). We conducted 
a sensitivity analysis, which replicated the analyses 
including PWT2D who were ‘not yet’ enrolled with an 
RD in the comparison group (along with PWT2D who 
never enrolled with an RD) for patients already enrolled 
with an RD. We undertook statistical analyses in Stata 17 
[27] and used the psmatch 2 [28] command to estimate 
the propensity score model and the csdid [29] command 
to estimate the Callaway and Sant’Anna [26] difference-
in-differences model.

The statistical analysis was complemented by five quali-
tative expert interviews with a total of seven interviewees 
representing GPs, the Ministry of Health, representative 
health sector federations and doctor federations in Lux-
embourg (see S3 Table). The objective of these expert 
interviews was to explore the implementation process 
of the RD programme in order to gain insight into the 
statistical results. During an initial exploratory phase 
and the elaboration of a sampling strategy, we identi-
fied the major representative associations, which iden-
tified several GPs, whom we contacted to take part in 
the study. All of the major representative health actors 
were interviewed as experts with a practical knowledge 
of the programme [30]. Only a handful of GPs agreed 
to be interviewed. However, this was amended by the 
fact that the qualitative data collection also benefitted 
from the fact that interviewees had multiple ‘hats’ (for 
example, one GP was a senior member of the national 
representative GP federation) and therefore had a more 
holistic perspective of the RD programme. We devel-
oped an interview guide based on our knowledge of the 
RD programme and the results of the statistical analy-
sis (see S3 text). Informed consent was taken from par-
ticipants to participate in the study. The interviews took 
place between May and June 2023 and lasted for up to 
one hour. The interviews were recorded, pseudonymised, 
transcribed, coded and analysed using thematic content 
analysis [31, 32] using the MAXQDA software [33].

Results
Attrition due to patient deaths each year was relatively 
low, ranging from 1 to 3% (see S4 Table) and otherwise 
the panel was balanced. Figure  1 shows the number of 
PWT2D in the cohort who joined the programme each 
year.

Approximately 4% (618 patients) of PWT2D registered 
with an RD in 2012. The numbers who registered with an 
RD declined until 2015 and increased thereafter.

Table  1 presents the findings of the baseline (2011) 
characteristics of the full (unmatched) and matched sam-
ples. This shows that before matching, there were statis-
tically significant differences at baseline (2011) between 
PWT2D who registered with an RD during the period 
2012–2018 and PWT2D who did not register with an 



Page 5 of 10Moran et al. BMC Primary Care          (2024) 25:254 

RD. A higher proportion of those registered with an RD 
were widowed. PWT2D who registered with an RD also 
had a higher average number of GP consultations, and a 
higher average number of repeat reimbursed prescribed 
medicines. However, these differences were no longer 
statistically significant after matching.

Table  2 shows the results of the difference-in-differ-
ences analysis.

Use of general practitioner (GP) and specialist care
We were unable to make inferences for GP consultations 
and GP home visits (medium-term) as the parallel trends 
assumption did not hold (denoted by ^ in Table 2). There 
were statistically insignificant increases in GP home visits 
in the short-term (0.01 (95% CI:-0.05 to 0.08), and statis-
tically insignificant decreases in specialist consultations 
in the short- (-0.23 (95% CI:-0.48 to 0.02)) and medium-
term (-0.23 (95% CI:-0.46 to 0.00)). Cardiologist consul-
tations decreased in the short-term (-0.01 (95% CI:-0.06 
to 0.05) and increased in the medium-term (0.02 (95% 

Table 1  Baseline (year 2011) characteristics of full (unmatched) and matched samples
Full (unmatched) 
sample, N = 16,775

t-test Matched sample, 
N = 2,694

t-test

Variable Regis-
tered 
with an 
RD

Not regis-
tered with 
an RD

T p > t Regis-
tered 
with an 
RD

Not regis-
tered with 
an RD

t p > t

Sex (percentage of females) 45.46 44.03 1.03 0.302 45.46 47.07 -0.86 0.389
Age (average, years) 64.51 61.79 8.58 0.000 64.51 64.99 -1.17 0.241
Civil Status (percentage of patients)
Married/Civil Partner 56.98 60.14 -2.30 0.021 56.98 55.10 1.02 0.310
Single 6.15 7.24 -1.52 0.128 6.15 6.15 0.00 1.000
Separated/Divorced 9.78 10.08 -0.36 0.717 9.78 9.64 0.13 0.900
Widow(er) 27.10 22.54 3.87 0.000 27.10 29.12 -1.21 0.228
Utilisation (average number per patient per year)
GP consultations 5.13 3.73 14.41 0.000 5.13 5.03 0.67 0.501
GP home visits 0.21 0.19 0.99 0.322 0.21 0.20 0.46 0.645
Specialist consultations 4.01 3.99 0.18 0.858 4.01 4.12 -0.75 0.453
Cardiologist consultations 0.40 0.36 1.87 0.061 0.40 0.43 -0.95 0.341
Quality of care process indicators (average number per patient per year)
Eye exam by an ophthalmologist 0.69 0.64 1.43 0.152 0.69 0.71 -0.44 0.658
Dental consultation 0.56 0.60 -1.52 0.129 0.56 0.55 0.13 0.899
HbA1c measurement 1.68 1.49 5.11 0.000 1.68 1.67 0.18 0.856
Complete cholesterol test 1.08 0.98 4.10 0.000 1.08 1.07 0.28 0.777
Kidney function (blood) test 1.30 1.16 4.51 0.000 1.30 1.27 0.57 0.567
Kidney function (urine) test 0.25 0.16 6.85 0.000 0.25 0.23 0.97 0.334
Reimbursed prescribed medicines (average number per patient per year)
Total repeat (> 3 deliveries) reimbursed prescribed 
medicines

6.10 5.54 5.41 0.000 6.10 6.26 -1.20 0.230

Repeat ATC B – Blood and blood forming organs 0.40 0.35 3.40 0.001 0.40 0.42 -0.90 0.371
Repeat ATC C – Cardiovascular system 1.87 1.63 6.17 0.000 1.87 1.97 -1.76 0.079
Repeat ATC D - Dermatologicals 0.08 0.07 0.67 0.505 0.08 0.08 0.05 0.958
Repeat ATC N - Nervous system 0.82 0.72 2.68 0.007 0.82 0.88 -1.33 0.184
Repeat ACT S – Sensory organs 0.13 0.12 0.65 0.517 0.13 0.12 0.36 0.720

Fig. 1  Number of people with type 2 diabetes who joined the RD pro-
gramme, 2012–2018
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CI:-0.04 to 0.07) but these were also not statistically 
significant.

Quality of care process indicators
The parallel trends assumption did not hold for the fol-
lowing measures in the short-term (denoted by ^ in 
Table  2): HbA1c test, complete cholesterol test, and 
kidney function (urine) test, meaning that we could not 
make inferences using these estimates. There was a sta-
tistically significant increase in the number of HbA1c 
tests (0.09 (95% CI: 0.01 to 0.18)) in the medium-term, 
which represented an increase of 5.5% of the baseline 
value (see Table  1) of the group of PWT2D registered 
with an RD. There was also an increase in the number of 
kidney function (blood) tests in the short- (0.10 (95% CI: 
0.01 to 0.19)) and medium-term (0.11 (95% CI: 0.03 to 
0.20)), which represented an increase of 7.8% and 8.8% of 
the baseline value (see Table 1) of the group of PWT2D 
registered with an RD. There was a statistically significant 
increase in the number of kidney function (urine) tests 
(0.06 (95% CI: 0.02 to 0.10)) in the medium-term, which 
represented an increase of 23.6% of the baseline value 
(see Table 1) of the group of PWT2D registered with an 
RD. There were statistically insignificant increases in the 
number of: complete cholesterol tests (medium-term) 
(0.01 (95% CI:-0.06 to 0.08)), eye exams by an ophthal-
mologist in the short- (0.01 (95% CI:-0.07 to 0.10)) and 
medium-term (0.01 (95% CI:-0.08 to 0.09)), and dental 
consultations in the short- (0.03 (95% CI:-0.03 to 0.10)) 
and medium-term (0.02 (95% CI:-0.04 to 0.07)).

Reimbursed prescribed medicines
The parallel trends assumption did not hold for the num-
ber of repeat prescribed cardiovascular system medicines 
(short-term), meaning that we could not make inferences 
using these estimates (denoted by ^ in Table 2). The total 
number of repeat prescribed medicines increased by 0.19 
(95% CI: 0.03 to 0.36) in the short-term and 0.18 (95% CI: 
0.02 to 0.34) in the medium-term, an increase of 3% of 
the baseline value (see Table 1) of the group of PWT2D 
registered with an RD. There was also an increase in the 
number of repeat prescribed cardiovascular system med-
icines (0.08 (95% CI: 0.01 to 0.15)) in the medium-term, 
which represented an increase of 4.3% of the baseline 
value (see Table  1) of the group of PWT2D registered 
with an RD.

There were statistically insignificant increases in the 
number of repeat prescribed medicines for blood and 
blood forming organs (ATC B) in the short- (0.02 (95% 
CI:-0.01 to 0.05)) and medium-term (0.02 (95% CI:-0.01 
to 0.05)); and the nervous system (ATC N in the short- 
(0.05 (95% CI:-0.01 to 0.11)) and medium-term (0.05 
(95% CI:-0.01 to 0.11)), and statistically insignificant 
decreases in the number of repeat prescribed medicines 
for: dermatologicals (ATC D) in the short- (-0.01 (95% 
CI:-0.03 to 0.02)) and medium-term (-0.02 (95% CI:-0.04 
to 0.01)); and the sensory organs in the medium-term 
(-0.01 (95% CI:-0.03 to 0.02)).

Table 2  Difference-in-differences estimates, p-values and 95% confidence intervals
Short-term (until 2015) Medium-term (until 2018)

Variable Coefficient P-value 95% Confidence 
Interval

Coefficient P-value 95% Confi-
dence Interval

Utilisation (number per patient per year)
GP consultations 0.43^ 0.001 0.18 0.67 0.26^ 0.026 0.03 0.50
GP home visits 0.01 0.715 -0.05 0.08 0.05^ 0.174 -0.02 0.13
Specialist consultations -0.23 0.066 -0.48 0.02 -0.23 0.050 -0.46 0.00
Cardiologist consultations -0.01 0.848 -0.06 0.05 0.02 0.512 -0.04 0.07
Quality of care process indicators (number per patient per year)
HbA1c test 0.08^ 0.098 -0.01 0.17 0.09 0.030 0.01 0.18
Complete cholesterol test -0.00^ 0.948 -0.08 0.07 0.01 0.803 -0.06 0.08
Kidney function (blood) test 0.10 0.029 0.01 0.19 0.11 0.009 0.03 0.20
Kidney function (urine) test 0.06^ 0.009 0.02 0.11 0.06 0.008 0.02 0.10
Eye exam by an ophthalmologist 0.01 0.756 -0.07 0.10 0.01 0.905 -0.08 0.09
Dental consultation 0.03 0.295 -0.03 0.10 0.02 0.583 -0.04 0.07
Reimbursed prescribed medicines (number per patient per year)
Total repeat (> 3 deliveries) reimbursed prescribed medicines 0.19 0.022 0.03 0.36 0.18 0.032 0.02 0.34
Repeat ATC B – Blood and blood forming organs 0.02 0.265 -0.01 0.05 0.02 0.198 -0.01 0.05
Repeat ATC C – Cardiovascular system 0.07^ 0.038 0.00 0.13 0.08 0.017 0.01 0.15
Repeat ATC D - Dermatologicals -0.01 0.569 -0.03 0.02 -0.02 0.182 -0.04 0.01
Repeat ATC N - Nervous system 0.05 0.096 -0.01 0.11 0.05 0.093 -0.01 0.11
Repeat ACT S – Sensory organs 0.00 0.873 -0.02 0.02 -0.01 0.637 -0.03 0.02
^The difference-in- differences assumption of parallel trends does not hold.
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Additional outcomes
Regarding the additional outcomes considered (S5 Table), 
the parallel trends assumption did not hold for the vari-
ables measuring GP costs, meaning that we could not 
make inferences based on these estimates. We did not 
find evidence of an impact of the RD policy on the other 
additional outcomes.

Sensitivity analyses
Our application of Oster (2019) [24] revealed that the 
influence of patients’ unobservable characteristics on the 
estimates were less important than that of the included 
control variables in explaining registration with an RD 
(results available on request). This implies that our results 
were robust to the presence of unobservable or omitted 
characteristics in the analysis.

The results of the sensitivity analysis that expanded 
our sample to consider the additional 6,769 patients with 
deliveries of insulin as well as oral medication are avail-
able in S6 Table. The results were somewhat sensitive to 
the increased heterogeneity and size of the sample. The 
parallel trends assumption did not hold for the variables 
measuring the number of: HbA1c tests (medium-term), 
kidney function (blood) tests, and cardiovascular system 
medicines (medium-term) meaning that inferences could 
no longer be made on these estimates. However, the par-
allel trends assumption was met for the number of kidney 
function (urine) tests in the short-term, which showed 
an increase (0.07, 95% CI: 0.03 to 0.11), representing 
28% of the baseline value (see Table  1) of the group of 
PWT2D registered with an RD. There was also a statis-
tically significant increase in the number of dental con-
sultations (0.06, 95% CI: 0.00 to 0.11) in the short-term, 
representing 11% of the baseline value (Table  1) of the 
group of PWT2D registered with an RD. The results for 
the number of kidney function (urine) tests in the short-
term (0.07, 95% CI: 0.03 to 0.11) and the total number of 
repeat prescribed medicines in the short- (0.19 (95% CI: 
0.04 to 0.35)) and medium-term (0.20 (95% CI: 0.05 to 
0.36)) were very similar to the main analysis.

The results of the analysis that also included PWT2D 
who had not yet enrolled with an RD in the comparison 
group for people already enrolled with an RD (S7 Table) 
confirmed the main results. This analysis also revealed 
statistically significant decreases in specialist consulta-
tions in the short- (-0.28, 95% CI: -0.51 to -0.04) and 
medium- (-0.26, 95% CI: -0.49 to -0.03) terms. These rep-
resented a decrease of 6.9% and 6.5% of the baseline val-
ues (see Table 1) of the group of PWT2D registered with 
an RD. While the parallel trends assumption was fulfilled 
for the variable measuring the number of repeat pre-
scribed cardiovascular system medicines (short-term), 
the effect was not statistically significant.

Discussion
Many European countries have sought to strengthen pri-
mary care through patient registration with a primary 
care provider. Registration is a vehicle to improve con-
tinuity and coordination of care, in order to address the 
needs of patients with chronic illness. We contribute to 
the limited literature on patient registration, by evaluat-
ing the effects of a voluntary primary care patient regis-
tration programme in Luxembourg, a health care system 
with free choice of primary and specialist doctor, and no 
primary care gatekeeping.

The RD policy was associated with increases in qual-
ity of care process indicators, most notably for the num-
ber of kidney function (urine) tests in the medium term, 
which increased by 24% compared to the baseline value 
of 0.25 of a test among PWT2D registered with an RD. 
This implies that the programme was effective in increas-
ing the prescribing of a test with low baseline levels 
but had limited effect for other indicators that met the 
threshold recommended by the clinical guidelines. The 
increases in the number of HbA1c tests and kidney func-
tion (blood) tests were relatively small and were sensitive 
to the expansion of the sample to PWT2D who were also 
prescribed insulin. We also found evidence of a minis-
cule increase in the number of repeat reimbursed pre-
scribed medicines, which would not necessarily raise 
concerns about polypharmacy. Moreover, the increase in 
reimbursed prescribed cardiovascular system medicines 
could indicate that doctors are identifying other chronic 
conditions or comorbidities. There was a reduction in 
specialist consultations in the short- and medium-term 
when we compared PWT2D who enrolled in the pro-
gramme in earlier years to those who enrolled in later 
years (not yet enrolled) together with those who never 
enrolled. The enlarged control group likely increased the 
precision of the estimates. We also found an increase in 
the number of dental consultations in the short-term 
when we increased the sample to include PWT2D who 
also had deliveries of insulin. The programme did not 
have a statistically significant effect on GP home visits or 
cardiologist consultations.

There was a relatively low registration with an RD 
among PWT2D. Some interviewees indicated that the 
RD programme was not well known, implying a need to 
promote the programme among doctors and patients. 
While patient registration is voluntary in many countries, 
there are often incentives for patients to register includ-
ing lower user charges and easier access to GPs and spe-
cialist doctors [2]. In Luxembourg, the RD programme 
could be reformed to include an additional incentive 
for patients, such as a reduction in or even an abolish-
ment of co-payments for specific services, which could 
encourage more patients to register with an RD. Some 
expert interviewees suggested that an implicit benefit for 
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patients was an activated electronic health record, which 
could prove particularly advantageous in the event of a 
health emergency, as health professionals with access to 
the record would have immediate access to information 
on patients’ health conditions and treatment. Therefore, 
patients could be informed and encouraged to authorise 
access to their electronic health record for health pro-
fessionals beyond the RD, in order to increase its ben-
efit, especially when urgent care is required. While GPs 
receive additional payment for participation in the RD 
programme, the GP interviewees discussed a series of 
issues that could be regarded as potential disincentives 
for doctors to participate, including the lack of an inte-
grated IT system and technical issues, leading to addi-
tional effort in terms of time and work.

A strength of our study was the use of a rich admin-
istrative dataset, which allowed us to investigate several 
relevant outcomes and to assess the short- and medium-
term effects of the policy. In the context of observational 
studies, our use of propensity score matching combined 
with difference-in-differences analysis ensured an unbi-
ased estimate of the RD programme. We also applied a 
recent methodological innovation in difference-in-dif-
ferences studies, to account for PWT2D registering with 
an RD in different years. Therefore, we also contribute 
to the limited literature [34–38] that have applied these 
innovative methods to empirically evaluate health pol-
icy reforms. The use of the National Health Insurance 
Fund data meant that we could only consider patients 
with treated type 2 diabetes, meaning that we excluded 
patients with untreated diabetes. This could be a non-
negligible group, as it is reported that approximately 
one-third of PWT2D are commonly undiagnosed [12, 
15]. The interpretation of our results was limited by 
the absence of clinical data. For example, an increased 
number and frequency of HbA1c tests may be required, 
if HbA1c is uncontrolled or above the target range. We 
also lacked information on the clinical outcomes of 
patients. While many tests were performed on the same 
data, which is associated with an increased risk of Type 
1 errors, we have reason to believe that this is not a cause 
for concern as (i) Austin (2009) [39] has shown that the 
use of a propensity-score matched sample tended to 
result in Type 1 error rates that were closer to the adver-
tised level compared to the use of an unmatched sample, 
and (ii) there were statistically significant results (and 
the parallel trends assumption was met) for only five of 
the sixteen (in the short- and medium-term) outcomes 
analysed.

Although our study evaluated the effects of a policy 
focused on GP registration, for comparison purposes we 
can consider related literature on primary care reforms 
in neighbouring countries that included an element of 
GP registration. Studies of reforms including voluntary 

patient registration in France and Germany demon-
strated that they achieved some success in meeting their 
objectives in terms of reducing the number of specialists 
and different GPs visited [40] and improved coordination 
of care [41]. In their evaluation of a ‘GP-centred health 
care’ programme in Germany, Freytag et al. (2016) [41] 
also found an increase in GP consultations and home 
visits as well as an increase in specialist consultations. In 
their evaluation of the médecin traitant reform in France, 
Dumontet et al. (2017) [40] reported a decrease in visits 
to specialists following the reform, similar to our find-
ings. However, previous studies were limited by a lack 
of a plausible comparison group [40] and a short (18-
month) follow-up period [41].

Conclusions
Patient registration with a primary care provider has the 
potential to improve care coordination and strengthen 
primary care. We add to the limited evidence base on 
the effects of patient registration within countries. Our 
results show that a voluntary patient registration pro-
gramme that does require or incentivise registered 
patients to obtain a referral to specialist care, had a lim-
ited effect on care quality indicators and reimbursed pre-
scribed medicines for PWT2D. Future research could 
explore the impact of the programme on other chronic 
conditions and consider heterogeneity in the effects of 
the policy, for example, whether there are different effects 
for newly diagnosed diabetes patients or patients with 
multimorbidity. Another important avenue for future 
research is the linkage of the National Health Fund data 
with other datasets that would facilitate the inclusion of 
data on socio-economic characteristics and clinical and 
patient-reported outcome measures.

Abbreviations
GP	� general practitioner
RD	� Referring Doctor
PWT2D	� people with type 2 diabetes on oral medication

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12875-024-02505-2.

Supplementary Material 1

Acknowledgements
We acknowledge and appreciate statistical and data support from members 
of the Decision Analysis and Statistics Service at the National Health Fund. We 
would like to thank: Dr. Sophie Couffignal, Dr. Laetitia Huiart, and Dr. Pierre 
Hertz for their advice and support on the data access procedure; the members 
of the Nomenclature, Conventions, Analysis and Forecasting Department at 
the National Health Fund for their feedback on the quantitative data analysis; 
the national experts who participated in the interviews; the members of the 
Scientific Steering Committee and National Stakeholder Committee of the 
APPEAL (Assessment of Primary Care Performance in Luxembourg) project 
for comments on an earlier draft; and colleagues for their feedback on earlier 
iterations of the research presented at a seminar at the Luxembourg Institute 

https://doi.org/10.1186/s12875-024-02505-2
https://doi.org/10.1186/s12875-024-02505-2


Page 9 of 10Moran et al. BMC Primary Care          (2024) 25:254 

of Socio-Economic Research, at the 9th IRDES Workshop on Applied Health 
Economics and Policy Evaluation, and at the Health Services Research UK 2023 
Conference.

Author contributions
Conceptualization (VM, MB, PT, MS), Data Curation (VM), Formal Analysis 
(VM: quantitative, PT: qualitative), Funding Acquisition (VM, MB, PT, MS, EN), 
Investigation (VM, MB, PT), Methodology (VM, MB, PT), Project Administration 
(VM), Resources (EB), Supervision (MS, EB, GF), Visualization (VM, MB), Writing 
– Original Draft Preparation (VM, MB, PT), Writing – Review & Editing (VM, MB, 
PT, MS, EN, EB, GF).

Funding
This research was supported by the Luxembourg National Research Fund 
(C19/BM/13723812).

Data availability
The National Health Fund data used for this study is not publicly available.

Declarations

Ethics approval and consent to participate
Ethical approval was not required for the statistical analysis as the data 
received for the analysis was de-identified and we present only aggregated 
data, which the GDPR considers as non-personal data. We received ethical 
approval for the expert interviews from the Luxembourg Institute of Socio-
Economic Research Research Ethics Committee (Reference: 40. APPEAL_REC 
approval 2023-03-20).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Socio-Economic and Environmental Health and Health Services Research 
Group, Department of Precision Health, Luxembourg Institute of Health, 
Strassen, Luxembourg
2Socio-Economic and Environmental Health and Health Services Research 
Group, Living Conditions Department, Luxembourg Institute of Socio-
Economic Research, Belval, Luxembourg
3Labour Market Department, Luxembourg Institute of Socio-Economic 
Research, Belval, Luxembourg
4Department of Health Services Research and Policy, London School of 
Hygiene and Tropical Medicine, London, UK
5Nomenclature, Conventions, Analysis and Forecasting Department, 
National Health Fund, Luxembourg, Luxembourg
6Deep Digital Phenotyping Research Unit, Department of Precision 
Health, Luxembourg Institute of Health, Strassen, Luxembourg

Received: 4 January 2024 / Accepted: 1 July 2024

References
1.	 Nolte E, Knai C, Saltman RB. Assessing chronic disease management in Euro-

pean health systems: concepts and approaches. World Health Organization; 
2014.

2.	 Marchildon GP, Brammli-Greenberg S, Dayan M, De Belvis AG, Gandré C, 
Isaksson D, et al. Achieving higher performing primary care through patient 
registration: a review of twelve high-income countries. Health Policy. 
2021;125(12):1507–16.

3.	 Kringos DS, Boerma W, van der Zee J, Groenewegen P. Europe’s strong pri-
mary care systems are linked to better population health but also to higher 
health spending. Health Aff (Millwood). 2013;32(4):686–94.

4.	 Starfield B. Primary care: Balancing Health needs, services and Technology. 
New York: Oxford University Press; 1998.

5.	 CNS d’Gesondheetskeess. Doctors 2024 [ https://cns.public.lu/en/assure/vie-
privee/sante-prevention/prestations-medicales/medecins.html

6.	 d’Gesondheetskeess CNS. Medications 2023 [ https://cns.public.lu/en/assure/
vie-privee/sante-prevention/medicaments-dispositifsmedicaux/medica-
ments.html

7.	 CNS d’Gesondheetskeess. Laboratories 2024 [ https://cns.public.lu/en/assure/
vie-privee/sante-prevention/laboratoires.html

8.	 CNS d’Gesondheetskeess. Paiement immédiat direct (PID) 2024 [ https://cns.
public.lu/fr/professionnels-sante/digitalisation/paiement-immediat-direct.
html

9.	 CNS d’Gesondheetskeess. Primary care doctor: Frequently asked questions 
2016 [ https://cns.public.lu/en/assure/vie-privee/sante-prevention/medecin-
referent/faq-medecin-referent.html

10.	 AGENCE eSanté LUXEMBOURG, FAQ - ESANTE. ACCOUNT 2023 [ https://www.
esante.lu/portal/en/faq-428-666.html

11.	 CNS d’Gesondheetskeess. Liste des Affections Longue Durée - ALD 2016 [ 
https://cns.public.lu/en/formulaires/medecin-referent/liste-ald.html

12.	 International Diabetes Federation. IDF Diabetes Atlas 10th edition. diabetes-
atlas.org; 2021.

13.	 International Diabetes Federation. IDF Clinical Practice recommendations for 
managing type 2 diabetes in primary care. Brussels: International Diabetes 
Federation; 2017.

14.	 Renard LM, Bocquet V, Vidal-Trecan G, Lair M-L, Couffignal S, Blum-Boisgard C. 
An algorithm to identify patients with treated type 2 diabetes using medico-
administrative data. BMC Med Inf Decis Mak. 2011;11(1):23.

15.	 DeFronzo RA, Ferrannini E, Groop L, Henry RR, Herman WH, Holst JJ, et al. 
Type 2 diabetes mellitus. Nat Reviews Disease Primers. 2015;1(1):15019.

16.	 Conseil Scientifique Domaine de la Santé. Prise en Charge Du Diabete Au 
Luxembourg en 2017 - version Longue Luxembourg. Conseil Scientifique 
Domaine de la Santé; 2019.

17.	 Haute Autorité de Santé. Prévention et dépistage du diabète de type 2 et des 
maladies liées Au diabète. France: Haute Autorité de Santé; 2014.

18.	 Monégat M, Sermet C, Perronnin M, Emeline Rococo E, Polypharmacy. 
Definitions, measurement and stakes involved review of the literature and 
measurement tests. Paris: IRDES; 2014.

19.	 Cahir C, Fahey T, Teeling M, Teljeur C, Feely J, Bennett K. Potentially inappropri-
ate prescribing and cost outcomes for older people: a national population 
study. Br J Clin Pharmacol. 2010;69(5):543–52.

20.	 Carey IM, De Wilde S, Harris T, Victor C, Richards N, Hilton SR, et al. What 
factors predict potentially inappropriate primary care prescribing in older 
people? Analysis of UK primary care patient record database. Drugs Aging. 
2008;25(8):693–706.

21.	 WHO Collaborating Centre for Drug Statistics Methodology. ATC/DDD Index 
2023 2023 [ https://www.whocc.no/atc_ddd_index/

22.	 Stuart EA, Huskamp HA, Duckworth K, Simmons J, Song Z, Chernew M, et 
al. Using propensity scores in difference-in-differences models to estimate 
the effects of a policy change. Health Serv Outcomes Res Methodol. 
2014;14(4):166–82.

23.	 Stuart EA. Matching methods for causal inference: a review and a look 
forward. Stat Sci. 2010;25(1):1–21.

24.	 Oster E. Unobservable selection and Coefficient Stability: theory and evi-
dence. J Bus Economic Stat. 2019;37(2):187–204.

25.	 Wing C, Simon K, Bello-Gomez RA. Designing Difference in Difference stud-
ies: Best Practices for Public Health Policy Research. Annu Rev Public Health. 
2018;39:453–69.

26.	 Callaway B, Sant’Anna PHC. Difference-in-differences with multiple time 
periods. J Econ. 2021;225(2):200–30.

27.	 StataCorp. Stata Statistical Software: Release 17. College Station. TX: Stata-
Corp LLC; 2021.

28.	 Leuven E, Sianesi B. PSMATCH2: Stata module to perform full Mahalanobis 
and propensity score matching, common support graphing, and covariate 
imbalance testing. Statistical Software Components S432001. Revised 01 Feb 
2018 ed. Boston: Boston College Department of Economics; 2003.

29.	 Rios-Avila F, Sant’Anna P, Callaway B. CSDID: Stata module for the estimation 
of difference-in-difference models with multiple time periods. Statistical Soft-
ware Components S458976. Revised 25 Feb 2023 ed. Boston: Boston College 
Department of Economics; 2021.

30.	 Dexter A. Elite and Specialised Interviewing. Colchester: ECPR; 1970.
31.	 Boyatzis RE. Transforming qualitative information. Thousand Oaks: Sage; 1998.
32.	 Kuckartz U. Qualitative text analysis. London: SAGE; 2014.
33.	 Software VERBI. MAXQDA 2022. Berlin, Germany: VERBI Software; 2021.
34.	 Lippi Bruni M, Ugolini C, Verzulli R, Leucci AC. The impact of Community 

Health Centers on inappropriate use of emergency services. Health Econ. 
2023;32(2):375–94.

https://cns.public.lu/en/assure/vie-privee/sante-prevention/prestations-medicales/medecins.html
https://cns.public.lu/en/assure/vie-privee/sante-prevention/prestations-medicales/medecins.html
https://cns.public.lu/en/assure/vie-privee/sante-prevention/medicaments-dispositifsmedicaux/medicaments.html
https://cns.public.lu/en/assure/vie-privee/sante-prevention/medicaments-dispositifsmedicaux/medicaments.html
https://cns.public.lu/en/assure/vie-privee/sante-prevention/medicaments-dispositifsmedicaux/medicaments.html
https://cns.public.lu/en/assure/vie-privee/sante-prevention/laboratoires.html
https://cns.public.lu/en/assure/vie-privee/sante-prevention/laboratoires.html
https://cns.public.lu/fr/professionnels-sante/digitalisation/paiement-immediat-direct.html
https://cns.public.lu/fr/professionnels-sante/digitalisation/paiement-immediat-direct.html
https://cns.public.lu/fr/professionnels-sante/digitalisation/paiement-immediat-direct.html
https://cns.public.lu/en/assure/vie-privee/sante-prevention/medecin-referent/faq-medecin-referent.html
https://cns.public.lu/en/assure/vie-privee/sante-prevention/medecin-referent/faq-medecin-referent.html
https://www.esante.lu/portal/en/faq-428-666.html
https://www.esante.lu/portal/en/faq-428-666.html
https://cns.public.lu/en/formulaires/medecin-referent/liste-ald.html
https://www.whocc.no/atc_ddd_index/


Page 10 of 10Moran et al. BMC Primary Care          (2024) 25:254 

35.	 Wang J, Guan J, Wang G. Impact of long-term care insurance on the health 
status of middle-aged and older adults. Health Econ. 2023;32(3):558–73.

36.	 Solomon KT, Dasgupta K. State mental health insurance parity laws and col-
lege educational outcomes. J Health Econ. 2022;86:102675.

37.	 Roy Choudhury A, Plemmons A. Effects of giving psychologists prescriptive 
authority: evidence from a natural experiment in the United States. Health 
Policy. 2023;134:104846.

38.	 de la Gilles J, Afrite A, Mousquès J. How does the quality of care for type 2 
diabetic patients benefit from GPs-nurses’ teamwork? A staggered difference-
in-differences design based on a French pilot program. Int J Health Econ 
Manag. 2023.

39.	 Austin PC. Type I error rates, coverage of confidence intervals, and vari-
ance estimation in propensity-score matched analyses. Int J Biostat. 
2009;5(1):Article.

40.	 Dumontet M, Buchmueller T, Dourgnon P, Jusot F, Wittwer J. Gatekeeping 
and the utilization of physician services in France: evidence on the Médecin 
traitant reform. Health Policy. 2017;121(6):675–82.

41.	 Freytag A, Biermann J, Ochs A, Lux G, Lehmann T, Ziegler J, et al. The Impact 
of GP-Centered Healthcare. Dtsch Arztebl Int. 2016;113(47):791–8.

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


	﻿The impact of patient registration on utilisation and quality of care: a propensity score matching and staggered difference-in-differences analysis of a cohort of 16,775 people with type 2 diabetes
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data

	﻿Variables
	﻿Exposure variable
	﻿Outcome measures
	﻿Use of general practitioner (GP) and specialist care
	﻿Quality of care process indicators
	﻿Reimbursed prescribed medicines
	﻿Additional outcomes
	﻿Control variables
	﻿Statistical analysis

	﻿Results


