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ABSTRACT

In many countries, policies have explicitly encouraged primary care teams and inter-
professional cooperation and skill mix, as a way to improve both productive efficiency gains
and quality improvement. France faces barriers to developing team working as well as new and

more advanced roles for health care professionals including nurses.

We aim to estimate the impact of a national pilot experiment of teamwork between General
Practitioners (GPs) and Advance Practitioners Nurses (APN) — who substitute and complement
GPs — on yearly quality of care process indicators for type two diabetes patients (T2DP).
Implemented by a not-for-profit meso-tier organisation and supported by the Ministry of Health,
the pilot relied on the voluntary enrolment of newly GPs from 2012-2015; the staffing and

training of APNss; skill mixing and new remuneration schemes.

We use latent-response formulation models, control for endogeneity and selection bias by using
controlled before-after and quasi-experimental design combining coarsened exact matching —
prior to the treatment, at both GPs (435 treated vs 973 control) and T2DP levels —, with intention
to treat (ITT; 18,310 in each group) and per protocol (PP, 2943 in each group) perspectives, as
well as difference-in-differences (DID) estimates on balanced panel claims data from the

National Health Insurance Fund linked to clinical data over the period 2010-2017.

We show evidence of a positive and significant positive impact for T2DP followed-up by newly
enrolled GPs in the pilot compared to the pretreatment period and the control group. The effect

magnitudes were larger for PP than for ITT subsamples.

Keywords and Mesh terms: General Practitioners; Nurse’s Role; Teamwork; Diabetes Mellitus;
Controlled Before-After Studies; Difference-in-differences.
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Introduction

While health policy of most OECD countries faces the challenge of strengthening and adapting
their primary health care (PHC) delivery system, through organizational, technological and
incentives change, France seems to struggle with the issue of high quality of care for chronic
patient including type two diabetes patients and ranks particularly low regarding the proportion

of people suffering from diabetes correctly followed-up (OECD, 2020).

The prevalence of treated diabetic patients in the French population covered by the general
healthcare scheme in 2019 was 5.2 % on average (3.5 million) with huge geographical disparities
and a moderate but constant yearly increase in the prevalence rate — approximately +0.9% each
year for males and +0.4 % each year for females since 2010. Diabetes has the highest prevalence
among all 100 %-covered chronic conditions. In the French health system, 87 % of patients with
type 2 diabetes mellitus (T2DM) are treated in primary care by a general practitioner (GP). In
the past fifteen years, French State and National Health Insurance (NHI) focused on four main
policy levers to improve the management of T2DM patients (Chevreul et al., 2020): 1) guideline
diffusion by the High Authority in Health (HAS); 2) pay-for-performance (P4P) payment
mechanisms for GPs to increase GPs’ adherence to guidelines; 3) support of diabetes networks
between primary care and secondary care providers; and 4) implementation of a disease
management program directly led by the NHI (so-called Sophia) for management, patient
education and counseling. However, the impact of these numerous and large policies on the
quality of care remains weaker than expected. The gap with the target of 80 % of T2DM patients
correctly followed-up according to a set of process indicators, fixed in the 2004 Public Health
Law, is still rather large for numerous indicators with only two notable exceptions, i.e., annual
creatinemia and lipid check-up, for which 89.2 % and 76.9 % of T2DM patients, respectively,
were tested yearly in 2019'. Nevertheless, all the other 2019 figures raised questions regarding
the quality of care and services delivered for T2DM patients and the lack of dramatic

improvement during the last 10 years (Fosse-Edorh & Mandereau-Bruno, 2015). Only 56 % of

! See for further details: https://geodes.santepubliquefrance.fr/#c=home and
https://www.santepubliquefrance.fr/les-actualites/2020/journee-mondiale-du-diabete-14-novembre-
2020




the T2DM patients had 3 HbAlc tests every year; 42 % an annual microalbuminuria test, 64 %
an eye examination, 37.5 % a cardiovascular visit, and 38.3 % a dental visit. Macrovascular
complications represent the leading cause of morbidity. They remain higher in France than in
other OECD countries and their burden is expected to grow in the coming years (OECD, 2015).
To date, the early prevention and management of T2DM patients within PHC remain a challenge.
France is seeking regulations, organizational and technological change, and right incentives to
develop comprehensive PHC notably in order to deliver high quality of care for chronic patient
at the general practice level. Fostering interprofessional cooperation, task shifting and advanced
roles for health care professionals including nurses might be part of the solution (Freund et al.,
2015; de Bont et al., 2016) but still is a challenge for France (Kringos et al., 2013; Maier &
Aiken, 2016; Maier et al., 2017). Most French primary healthcare professionals including GPs
and nurses are self-employed, practicing in private and monodisciplinary practices, mostly paid
via fees-for-services (FFS). Multi or interprofessional Primary Care Teams (PCT) are less
developed in France compared to other countries, 61 % of GPs practice in group but less than
half of them with paramedics including nurses (Chaput et al., 2019). Professional boundaries
remain strong, and GPs are still reluctant to delegate to nurses (Massin et al., 2014), but the
current circumstances provide great opportunities to enable new and advanced nursing roles.
First, the proportion of GPs and nurses working in PCTs has drastically increased with more than
1,900 PCTs in 2021 compared to fewer than 20 in 2008 (Chevillard et al., 2019). Second, GPs
have become a scarcer resource than nurses. This raises questions regarding the increasing
percentage of the population living in medically underserved areas with difficult access to
primary care, from 4% in 2005 to 18 % in 2017 (Legendre, 2020). Third, the Bologna process in
Europe enables nurses to obtain master’s degrees in nursing (Collins & Hewer, 2014). Finally,
an advanced practice nurse (APN) statutory order was passed with the healthcare law in 2018

(Debout, 2018).

In this context, the French government financially supported, during the period 2010-2018, the
extension of a pilot program encouraging teamwork between GPs and nurses called “Action de
santé libérale en équipe” (Asalée), that is, teamwork for self-employed health care professionals
(Fournier et al., 2018). Nurses with advance or extended role — called Advance Practitioners

Nurses (APN) for the remainder of the paper — enrolled in this pilot program were trained, hired



and paid by the eponymous nonprofit organization. Pilot program funding covered investment
and operating costs, the wages of APNs and pay-for-coordination for the GPs. The pilot program
allowed the GPs to cooperate with APNs, who carried out activities that are usually, but not
systematically, undertaken by GPs (screening, health education, technical procedures). Based on
the national extension of this pilot, we aim to identify the effect of teamwork between GPs and
APNs on yearly quality of care process indicators for type two diabetes patients (T2DP), all the
more so if we know that there is no other primary care organization than the Asalée pilot
involving APN in such a way. The collaboration between GPs and nurses seems all the more
effective as the intensity and the quality of the interaction of the GP-nurse pairs is strong. It
creates bonds between cure and care through a holistic approach (Barnett, 2018). The literature
agrees on the rather positive impact of cooperation and task shifting between GPs and nurses
(Martinez-Gonzalez et al., 2015; Tsiachristas et al., 2015; Laurant et al., 2018) but uncertainty
remains regarding the impact of doctor-nurse’s skill mix on other care processes due to low
evidence. We use the quasi-experimental framework provided by the pilot, with a large national
extension that led many GPs and APNs to enroll the pilot between 2012-2015. Using balanced
panel data resulting from the pairing of National Health Insurance (NHI) claims data with clinical
data from the pilot, every year over the period 2000-2017, we provide empirical evidence of the
positive impact of the 4salee APNs’ pilot on the quality of care provided for type 2 diabetes
patients. To control for endogeneity and selection bias at both the GP and patient levels, we used
both the properties of coarsened exact matchings prior to the treatment, to identify similar
controlled groups based on observables, and difference-in-differences (DiD) estimates. It should
be noted that our quasi-experimental design does not solve all questions regarding the
generalizability of our results since the effect of unobservable variables on the treated and control
groups could potentially change over time. Also, to take into account of our specific DiD setup,
with multiple time periods and variation in treatment exposure or timing, as well as of potential
heterogeneous treatment effects, we used a staggered adoption DiD proposed by Callaway and
Sant’ Anna based on event study DiD specifications (Callaway and Sant’Anna, 2021). Finally,
we focus on per protocol patient (PP, 2943 in each group), regarding the effect of the treatment
on the treated, but considering intention to treat perspective (ITT; 18,310 in each group) as

robustness check analysis in order to test if the impact could be attributed to GPs APNs



cooperation and/or to GPs general improvement of practice patterns regarding T2DP

management.

The remain of the paper is organized as follows. We present the institutional setting as well as
the main empirical and theoretical effects that could be expected from cooperation between GPs
and APNs in section 2. Section 3 describes the data collection, management, the design and
empirical strategy. Section 4 highlights the results and the robustness checks and Section 5

discusses them.

Background

Institutional setting

The French PHC is essentially publicly funded, the National Health Insurance (NHI) finances
two-thirds of the PHC expenditures and the remaining is paid directly by households and/or
complementary health insurance companies. PHC providers are mainly self-employed
professionals and practitioners (including specialists and paramedics) are mostly paid by fee-for-
service (FFS) up to 78% for GPs in 2019 (DREES, 2020). It is estimated that 61% of GPs practice
in group in 2019 (Chaput et al., 2019) and if multi-professional primary care teams (PCTs)
remained a marginal way of practice, it increases dramatically with more than 1,900 PCTs in

2020 compared to fewer than 20 in 2008 (Chevillard et al., 2019).

Initially, the Asalée pilot began in 2004 in 3 practices (12 GPs and 3 APNs) within a county
council and was supported both by a physician self-employed regional organization and by
public funds. It was extended to 18 practices (41 GPs and 8 APNs) from 2007-2009 and then
extended again to include 293 additional practices (780 GPs and 220 APNs) between 2010 and
2015 at the national level (Fournier et al., 2018). Currently, the Asalée pilot consists of a not-for-
profit meso-tier organization, supported by the state (Social Security Department) and the NHI,
who enrolled GPs and hired APNs to collaborate with them. The state and the NHI defined ex-
ante the FTE of newly enrolled ANs and, indirectly, the number of GPs enrolled for a given
period, and explicitly asked for mainly rural or disadvantaged urban areas to be targeted

regarding GP density. Public financing partly or wholly covered the investment and operational



costs, especially nurses' salaries, and payments for coordination made to GPs (in addition to FFS
and other prospective fees). Note that GPs' participation in the 4salée pilot was and has remained
voluntary, but it implies the participation of the whole GPs' practice, APNs are selected, hired,
trained, and paid by the nonprofit organization 4Asalée to work in one or more practices with one
or several GPs. One could expect that this process results in large selection bias. Fournier and
colleagues (2018), based on a comprehensive sociological analysis focusing on GP and APN
trajectories, expectations, working conditions, and cooperation, show that ANs have high and
relatively homogenous motivations concerning the development of therapeutic patient education,
teamwork with GPs, professional autonomy, and advanced practices. While during the pilot's
first years, GPs who enrolled were relatively homogeneous, thanks to the persuasive efforts of
GPs who were also part of the medical union’s network, recruitment has been less determined
and controlled by the Asalée not-for-profit organization since the regional and national
extensions. Therefore, for instance, if a GP who supports the project within a specific practice
expresses high expectations, the other GPs could be either enthusiastic, neutral, or even reluctant
or quite skeptical. This led to the recruitment of heterogenecous GPs, some very aware and well
informed, and others who had no real understanding of the pilot program. Our design and
empirical strategy combine exact matching and difference-in-differences estimations using panel

data to take selection issues at the GP level into account as much as we can.

The pilot enabled APNs to obtain advanced roles in the management of T2DM patients. These
roles included (1) identifying patients at risk for T2DM, updating T2DM patients’ medical
records (follow-up laboratory and clinical tests), and setting electronic reminders in the
electronic medical records; (2) performing EKG and foot exams based on a physician order; and

(3) patient education and counseling on GP’s referral.

Focusing on the Asalée pilot program, patient education enables T2DM patients to improve their
knowledge, skills and confidence; to take increasing control of their health condition and to
integrate effective self-management on a daily basis (Fournier et al., 2018). Qualitative works
on Asalée also showed that the nature and intensity of the collaboration and the balance between
delegated tasks from the GPs to the nurses (performing EKG and foot exam), which ends with

substitution, and additional tasks for nurses to deliver new care and services to the patients



(patient education), which ends with complementarity or supplementation, are heterogeneous

between APN-GP pairs (Afrite et al., 2019).

Theoretical and empirical related literature

From a theoretical point of view, the Asalée pilot program could be qualified as integration

between GPs and APNs (i.e., teamwork, skill mixing, and cooperation) that can generate — in

addition to efficiency gains — quality improvement under certain circumstances and depending

on the nature of the cooperation (Kernick & Scott, 2002; Nicolson & Propper, 2011). Strictly
speaking and following Maier and colleagues (Maier et al., 2016a) skill mix includes change in
“skills, competencies, roles or tasks within and across health professionals and health workers
(including community-based workers, peers, informal caregivers) and/or teams”. It could end
both with re-allocation or delegation (substitution) of tasks and/or addition of new tasks/roles
(supplementation), with or without change in teamworking. Then one could expect productive
efficiency gains from substitution and quality improvements from supplementation.

Three systematic reviews reviewed the evidence on the effectiveness of physician—nurse task
shifting in primary care out of 53 studies conducted between 1994 and 2012, and none of the
studies was French (Martinez-Gonzalez et al., 2015; Tsiachristas et al., 2015; Laurant et al.,
2018). The literature agrees on the impact of cooperation and task shifting between GPs and
nurses when nurses substitute or supplement the physician workforce. A recent meta-analysis by
Laurant et al. (Laurant et al., 2018) and a review by Maier et al. (Maier et al., 2022b) showed
that for some chronic conditions, trained nurses, compared to primary care physicians, likely
provide equal outcomes in terms of mortality but possibly better outcomes in terms of blood
pressure and patient satisfaction. That being said uncertainty remains regarding the impact of
doctor-nurse’s skill mix on other care processes due to low evidence. Four studies specifically
evaluated the impact of task shifting from GPs to specialized nurses (SNs) or advanced practice
nurses (APNs) on the quality of care and clinical outcomes of T2DM patients. They all had a
smaller sample size than our study but showed small improvements in HbAlc and lipidic means
(Taylor et al., 2005; Vrijhoefet al., 2001), a positive effect on the system of delivering medicines
to patients with diabetes, a reduction in the number of insulin and oral hypoglycemic agent

medical errors (Carey et al., 2008), and better satisfaction of T2DM patients when followed by



nurses rather than GPs (Houweling et al., 2011). It seemed in those studies that nurses helped
patients handle their own situations. Furthermore, Lenz et al. (Lenz et al., 2002) showed that
nurse practitioners were more likely to document BMI, urinalyses and HbA1c¢ in medical records
for T2DM patients. Further research could focus on this aspect and the cost effectiveness of task
shifting for T2DM patients.

As part of a large evaluation policy program and following previous evaluation in the early stage
of this pilot program (Mousques et al., 2010), the aim of our study was to measure the impact of
the Asalée national pilot program of teamwork between GPs and APNs on the quality of care
delivered to T2DM patients regarding care processes.

Methods

Data collection and study design

From an initial sample of 612 treated GPs and 1,512 randomly selected control GPs, and based
on a controlled before-after and quasi-experimental design and after several steps of data
compilation and matching at both GP and T2DM patient levels, we compared the quality of the
T2DM management of a sample of 435 treated GPs — enrolled in the pilot program between 2012
and 2015 — matched with 973 control GPs over the 2010-2017 period (see Fig 1). Depending on
the intention to treat (ITT; i.e., all T2DM patients are considered) or the per protocol (PP; i.e.,
with restriction to T2DM patients enrolled within a specific diabetic protocol program run by
APNs) perspective analysis, the corresponding T2DM patients subsample sizes were 18,310 and
2,943, respectively, for both treated and control groups.

The identification of GPs enrolled in the Asalée pilot and ITT and PP T2DM patients both relied
on claims data from the National Health Insurance fund (NHI), namely, the National Health Data
System (SNDS) and the National Inter-Schemes System of Health Care Professionals (SNIR-
PS), linked to a registry and clinical dataset specific to the pilot and provided by the Asalée NGO.
T2DM patients were identified using their unique registration to a specific GP and oral anti-
diabetics (OAD) or insulin therapy treatment and/or hospitalization for diabetes and/or
exemption from copayments due to their T2DM.

We observed all GPs and their T2DM patients’ visits (e.g., GP and cardiologist), laboratory

exams (e.g., Hbalc) or procedures (e.g., EKG) from 2010 to 2017.
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To address selection bias at both the GP and patient levels and account for unobserved
heterogeneity, we used both the properties of coarsened exact matching (CEM) to identify
controlled groups and difference-in-differences (DiD) estimations using event study DiD
estimations for staggered treatment design to estimate the impact of GP enrollment in the pilot

program on T2DP follow-up.

Matching and control group

We used a CEM to match first-treated GPs and second-treated T2DM patients with their controls
in 2011 to reduce model dependence and exposure to misspecification regarding matching
covariates (lacus et al., 2011; Ho et al., 2007). CEM is particularly effective at finding “twins”
and ensuring their comparability across the entire distribution of all covariates (King & Nielsen,

2019).

The following GP characteristics were used for the first CEM at the GP level:

. GP characteristics: age, sex, and geographical location (according to four living area
taxonomy based on the following dimensions: urban-rural and overserved-underserved);

. Characteristics of the patients on the list: age structure (0-15 years, 16-59 years, 60-69
years, and 70 years and over), type of compulsory health insurance coverage (salaried workers,
self-employed workers, and agricultural workers), percentage of patients with a long-term
illness, and percentage of patients with compulsory health insurance coverage and free
complementary health insurance coverage specific to low-income individuals.

The following T2DM patients’ characteristics were used for the CEM at T2DM patients’ level,
with one treated for one control: age group (quartile), gender, GP location (quartile of the so-
called localized potential accessibility (LPA) indicator (Barlet et al., 2012), a French application
of a two-step floating catchment area method to measure the balance between the supply and
demand in family medicine in each living area), type of compulsory health insurance coverage,
free complementary health insurance coverage, category of drug therapy for T2DM that
distinguishes oral therapy (first line, second line dual therapy, third line triple oral therapy, and

others) and insulin.
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Fig. 1 Study sample flow chart

Treated

Control

GPs

T2DP

GPs |

T2DP

Data from National Health Data
System (SNDS)

612

62,172

Data from National Health Data
System (SNDS) and random
controlled GPs restricted to
maximum 3 controls to 1 treated

612

1,561

Intention To Treat: restricted to
GPs enrolled within the Asalée
pilot from 2012-2015 and their
T2DM patients, coarsened exact
matching of treated and
controlled GPs (restricted to
maximum 3 controls to 1 treated)
for 2010, and balanced panel over
the 2010-2017 period

435

18,638

973

43,011

Intention To Treat: restricted to
GPs enrolled within the Asalée
pilot from 2012-2015 and their
T2DM patients, coarsened exact
matching of T2DM patients for
2010 (restricted to maximum 1
control to 1 treated), and
balanced panel over the 2010-
2017 period

435

18,310

973

18,310

Per Protocol: restricted to GPs
enrolled within the 4salée pilot
from 2011-2015, treated T2DM
patients enrolled in a specific
diabetic protocol program,
coarsened exact matching of
T2DM patients for 2010
(restricted to maximum I control
to 1 treated), and balanced panel
over the 2010-2017 period

435

2,943

739

2,943

12




Empirical strategy

The difference-in-differences (DiD) approach at the patient level using balanced panel data of
National Health Insurance claims from 2010-2017 was used to control for unobservable
constants over time. We estimated the quality of T2DM management through process of care
indicators, following the Donabedian classification applied to primary care (Campbell, 2003)
based on robust evidence for T2DM management (OECD, 2015). These process indicators were
different from outcomes in that they indicated whether an exam was conducted but not its value
or result. The indicators that we considered comparing treated and control T2DPs were the
following: glycosylated hemoglobin (at least three HbAlc per year: yes or no),
microalbuminuria (one per year: yes or no), creatinemia (idem), lipid check-up (idem),
fundoscopy or a visit to an ophthalmologist (idem), and EKG or a visit to a cardiologist (idem).
The treatment effect (i.e., enrollment of self-employed GPs in the 4salée pilot) measured the
differences between process indicators observed with and without intervention (Rubin, 1974;
Bertrand et al., 2004; Imbens et al., 2009). We used DiD models to estimate the evolution of the
process indicators, our outcome variables, for both treated and control T2DPs by assuming that
unobserved (individual and temporal) heterogeneity was constant over time, which is the

parallel trend assumption.

Considering the staggered implementation of the Asalée pilot, i.e. treatment timing varies across
units, as well as the potential heterogeneous effects of the treatment across treatment cohorts
and time, estimating DiD using two-way fixed effects (TWFE) specification could end with
biased estimates (Goodman-Bacon, 2021; Sun et Abraham, 2021; Baker et al., 2022). Major
concerns are the fact that when treatment is staggered, parallel assumption can’t hold and some
treated units will receive negative weight being considered as control. To take this into account,
we rely here on the event-study DiD specification recently proposed by Callaway and Sant’ Anna
(2021) that avoid “bad comparisons” between earlier and later treated units, following Abadie’s
work (2005), and implemented with the CSDiD stata module (Rios-Avila et al., 2022). Other
alternatives are available to deal with the “bad comparisons” biases of the TWFE models, also
by changing the set of units that are compared in the treatment effect estimation (Baker et al.,
2022). Our choice with the Callaway and Sant’ Anna (CS) causal estimands is motivated by the

following main reasons. First, they proposed unbiased and consistent group-time average
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treatment effects on the treated (ATT) that allow us to analyze treatment effect heterogeneity
between cohorts, at different times and with different lengths of treatment exposure. Second,
the identification assumptions are easy to comply with knowing the way the Asalée pilot was
rolled out and notably the irreversibility of the treatment, i.e. once a unit becomes treated it will
remain treated in the next period, but also the two other key assumptions, limited treatment
anticipation and conditional parallel trends based on never treated group. Third, they consider
different ways to aggregate the average treatment effect on the treated estimators. Finally, in
comparison with other available alternative to TWFE, the CS estimator is more flexible by
allowing choosing the not yet treated as a control group and to add pre-treatment covariates

(Baker et al., 2022).

Basically, CS estimator is a two-step estimation process and we keep the formalization as light
as possible here but more details are available in the Appendix. The first step consists in
estimating the unit cohort and time-specific treatment effects and the second step aggregating

them to produce measures of overall treatment effects.

The first step is based on the following general formula of the ATT, with G the time period

when a unit first becomes treated, for a unit g (group) at time ¢, the so-called group-time ATT:
(1) ATT(g,t) = E[Y,(g) = Y:(0)| G4 = 1]

Where ATT (g, t) is the expected difference between the observed outcome for the treated and
for the untreated at time ¢ It allows for heterogeneity in ATT across cohorts or groups or over

time.

The estimator estimates cohort time-specific treatment effects based on 2 by 2s comparison with
adequate and “clean” controls. The treatment effect of a particular group can be estimated by
the following regression using observation at time ¢ and g-1 from treated units and a set of clean

controls:
Yo' =alt +adt Gy+adt UT =t} + B9 Gy x T =tH+y-X +&7*

The group-time ATT is identified here following a conditional parallel trends assumption based
on the never treated (nf) group, estimate through the doubly robust estimator (dr) (Sant’Anna &

Zhao, 2020), here with a vector of pre-treatment covariates X measuring patient characteristics

14



(age quartile class, gender, NHI scheme, complementary public health insurance for the
deprived population, and groups of diabetes drug therapy) and GP or patient list characteristics
(age, gender, practice location 2SFA group, the number of registered patients encountered at
least once during the year and their proportions: female, age 60-69 years old, age over 70,
beneficiaries of the NHI health insurance for the deprived population, and beneficiaries of the

salaried worker NHI schemes).
Also, it is worth noting that standard errors are clustered at the GP level.

The second step aggregates ATT based on the following general formula for aggregated ATT

(AGGTT):

_ ¥(wgerATT(9.0))
(2) AGGTT(g,t) = ===

where wg_is a weight of how much information was used to estimate 477(g,?).

Finally, several robustness checks and heterogeneity analyses were implemented to confirm our
results. First, we present the parallel trend tests proposed by Callaway and Sant’ Anna. Second,
by comparing the PP subsample results with the ITT subsample one, we expect to estimate if
the results are driven by APNs involvement in specific follow-up procedures for the patient
and/or by improvement of GPs practice pattern regarding T2DM management.
Third, we ran additional checks with stratification according to a set of key variables to control
for heterogeneity in the effects of the pilot program. These key variables are the following:
- Quartiles of the above-mentioned LPA to consider the balance between the supply
and demand at the GP living area level; and
- Clusters of GP-APN pairs using the taxonomy from Afrite et al. (Afrite et al.,
2019), only for the subsample of 203 GPs who participated in this 2015 survey, to
estimate the impact of the pilot while considering the heterogeneity in the nature
and intensity of cooperation and skill mixing that this taxonomy revealed with a
distinction between "firmly established” or "developing” pairs versus "under

development pairs".
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Unfortunately, we cannot implement stratified models according to socioeconomic status by
distinguishing between the beneficiaries of NHI health insurance for the deprived population
due to the small sample size and lack of power to ensure the model’s convergence.

Results

Description of the populations

GPs’ characteristics included age, sex, overbilling or not, the number of patients encountered at
least once a year, and urban/rural area. Patients’ characteristics included age group and
percentage of patients with universal and/or complementary NHI schemes for the deprived
population. Table 1 shows the 2010 characteristics of GPs who entered Asalée between 2012
and 2015 and their controls before and after matching. Before matching, the treated (N=612)
and control groups (1561) differ significantly and the treated group exhibits notably a larger
proportion of GPs located in rural and remote location and a larger number of encountered
patients, compared to the control group. After matching, the treated (N=435) and control
(N=973) groups were strictly comparable with a few exceptions regarding first the geographical
locations of GPs’ practices — with a higher percentage of treated GPs practicing in rural and
remote areas — and second the GPs” T2DM patients’ characteristics with a higher percentage of
patients with long-term chronic illness and beneficiaries of NHI compulsory schemes for low-
income individuals. Table 2 shows the 2010 characteristics of T2DM patients who entered
Asalée between 2012 and 2015. The ITT samples before matching, with 18,638 treated and
43,011 control groups, were not quite comparable with many differences regarding age, NHI
schemes, geographical location, or oral or insulin therapy for T2DM. After matching for both
ITT and PP subsamples, the treated and control groups were strictly comparable, with one
exception regarding a significantly higher mean number of visits with the GPs during the year

for the T2DM patients of the control group (7.6 vs 7.1).
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Table 1: GPs’ descriptive statistics before and after matching

Before coarsened Exact Matching

After coarsened Exact Matching

Control Treated Control Treated
GP's characteristics
Age (mean) 51.6 51.1 48.9 48.9
% male 79.4 76.6 66.2 65.7
GP's Practice Location Areas
% Periurban 21.8 20.1 22.9 21.4
% Rural and remote 30.8 43.8 25.7 42.1
% Retirement and tourism or % Urban deprived 23.7 8.9 22.6 7.1
% Mixed inner cities or % Priviledged cities/suburbs 23.8 27.2 28.8 29.4
% Localized potential accessibility - quartile 1 21.8 20.1 23.1 19.5
% Localized potential accessibility - quartile 2 30.8 43.8 26.5 31.5
% Localized potential accessibility - quartile 3 23.7 8.8 249 25.5
% Localized potential accessibility - quartile 4 23.8 27.3 25.4 235
GP's Encountered Patient characteristics
Nb. Patient encountered at least once during the year (mean) 1510.9 1650.6 1607.3 1621.6
% female 56.2 56.1 55.4 55.4
% < 15 years old 18.9 18.7 231 22.7
% 16-59 years old 47.2 46.0 52.5 52.2
% 60-69 years old 13.2 13.4 9,9 10
% > 70 years old 20.7 21.8 141 14.6
% long-term chronic illness 233 24.2 16.2 16.9
% long-term chronic iliness - diabetes 2.4 2.7 3.5 3.9
% NHI schemes for low income individuals 3.6 4.0 3.5 4.0
% free complementary insurance for low income individuals 7.5 7.5 7.4 8.0
% salaried workers NHI scheme 75,2 74,1 75 74.5
% self-employed worker NHI scheme 5 5.1 5.0 4.9
% agricultural worker NHI scheme 8.5 8.8 7.2 7.7
% other insurance scheme 113 12 12.7 129
N obs 1561 612 973 435

Note: Bold, mean or percentage, indicate statistically significant differences (F or T tests at .05) between treated and control groups before and

after matching.
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Table 2: T2DPs’ descriptive statistics before and after matching

Intention to treat

Initial T2DPs samples® Per protocol subsamples?

subsamples?®
Before coarsened exact After coarsened exact After coarsened exact
matching matching matching
Control® Treated® Control® Treated® Control® Treated®
Sociodemographic and insurance
Age (mean) 65.24 64.82 63.72 63.77 61.03 61.44
% age - quartile 1 33.93 33.39 33.40 33.40 37.27 37.27
% age - quartile 2 25.99 25.70 25.71 25.71 32.08 32.08
% age - quartile 3 23.23 23.23 23.23 23.23 22.32 22.32
% age - quartile 4 16.85 17.67 17.67 17.67 08.32 08.32
% male 53.34 54.14 54.19 54.19 53.82 53.82
Health insurance
% NHI schemes for low-income individuals 03.81 03.79 03.30 03.30 02.92 02.92
% free complementary insurance for low-income individuals 01.57 01.89 01.53 01.53 01.46 01.46
% salaried worker compulsory NHI scheme 76.93 75.67 76.26 76.26 75.53 75.53
% farm worker compulsory NHI scheme 09.87 10.48 10.33 10.33 10.50 10.49
% self-employed worker compulsory NHI scheme 05.37 05.54 05.32 05.32 05.10 05.10
% other compulsory NHI scheme 07.83 08.30 08.09 08.09 08.87 08.87
Living areas®
% Periurban 21.76 17.79 17.91 17.91 19.61 19.61
% Rural and remote 31.61 50.44 50.32 50.32 4951 49.51
% Retirement and tourism or % Urban deprived 22.69 07.22 07.26 07.26 07.20 07.20

% Mixed inner cities or % Privileged cities/suburbs 23.93 24.56 24.51 24.51 23.68 23.68



Therapy

No. of visits with GPs (mean) 7.62 7.13 7.26 7.04 7.20 7.17

% Insulin therapy 08.14 09.02 08.79 08.79 06.18 06.18

% Oral anti-diabetics - first line therapy 24.11 24.32 24.49 24.49 24.60 24.60

% Oral anti-diabetics - second line dual therapy 15.48 15.99 15.98 15.98 18.01 18.01

% Oral anti-diabetics - third triple therapy 09.28 08.94 08.75 08.75 11.72 11.72

% Oral anti-diabetics - others 01.52 01.27 01.15 01.15 01.49 01.49

N. Obs 43011 18638 18310 18310 2943 2943
Note:

2 See the flowchart for the details regarding the definitions of
the samples.

b A boldface mean or percentage indicates statistically significant differences (F or t tests at .05) between treated and control groups.

¢ According to a typology of livings areas.

Sources: Asalée not-for-profit organization registry; SNDS and SNIR-PS 2010-2017 (Assurance Maladie).
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Figures of the trends based on the event study analysis (see Fig. 2) of the yearly proportion of
patients correctly followed up for each of the process of care outcomes show that the average
proportion of diabetes patients correctly followed up is higher or equivalent to the average for

the treated group before the intervention.

Results from DiD staggered models

Estimates showed that enrollment within the 4salée pilot program had a significant and dramatic
impact, ceteris paribus, but only for the PP subsample (see Fig 2, Table 3 and Fig 3 to 7 in the
Appendix for PP subsample estimates and Table 4 in the Appendix for ITT estimates). We
observed that compared to the control group and the initial values (before enrollment), T2DPs
within the Asalée pilot and PP, were overall significantly better followed up after their GPs
being enrolled for all the six outcomes with an ATT comprise between 2.2 to 10.15 percentage
point increase. That being said, depending on the outcome, we also observed that this average
treatment effects on the treated (ATT) is highly both group or cohort, and time specific. Also,
some pre-trends are significant and positive before treatment for microalbuminuria and to a less

extent for EKG (and/or cardiologist) and fundoscopy (and/or ophthalmologist visit).

Regarding three of the four outcomes for which the initial average of T2DM is particularly low
(e.g. HbalC, albuminuria, EKG and/or cardiologist visit), the significant and positive impact is
observed for all the cohort with one exception, there is no significant impact for the cohort 2013

regarding EKG and/or cardiologist visit.

Estimates for HbAlc exhibit a clear pattern over groups and time, without any significant
positive pre-trend before treatment, with an overall ATT that increase over time (from 11.22
percentage point increase in year 1 to 17.05 in year 5), an ATT larger for earlier cohorts
compared to later ones, an ATT that increase the first two (cohort 2015), three (cohort 2013,

2014) or fourth (cohort 2012) years of exposure and stabilized or decreased after.

Estimates for microalbuminuria are contrasted, with a significant and positive pre-trend one
year before treatment (that concerned mainly the 2013 cohort), an overall ATT that globally
increased over time but with a sinusoidal shape (from 6.85 percentage point increase in year 1

to 13.80 in year 5), an ATT larger for the cohort 2015, that increased almost constantly for the
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2012 cohort, only the first three years for cohorts 2013/2014 and then decreased a bit, increased

the first year and stay constant after for the cohort 2015.

Estimates for EKG and/or cardiologist visit exhibit clear sinusoidal but increasing pattern, with
no significant and positive pre-trends before treatment, an overall ATT that largely increased
over time (from 6.96 percentage point increase in year 1 to 10.59 in year 5), quite larger and
constant for the cohort 2012, less impressive but significant for the cohorts 2014 and 2015, non-

significant for the cohort 2013.

Estimates for fundoscopy and/or ophthalmologist visit exhibit no clear patterns, with no
significant and positive pre-trends before treatment, an overall ATT that globally increased over
time especially after year 5 (around 4.8 percentage point increase in years 1 to 4, to 13.92 in
year 5), but completely drives by the positive and significant result for the cohort 2012 and

knowing that there is no significant and positive impact on ATT for the other cohorts.

Finally, for the two on six outcomes for which the initial average of T2DM is quite reasonable
(e.g. creatinemia and lipid check-up), over 70 % of correctly followed patient, the significant
and positive ATT is observed only for specific the cohorts 2014 and 2012 regarding creatinemia,

2014 and 2015 regarding lipid check-up.
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We performed several robustness checks and heterogeneity analyses in addition to the parallel trend
assumption tests. First, the results for ITT subsamples did not show any positive impact of the DiD
variable, meaning that the estimated positive effect was due to enrollment in the Asalée pilot and the
T2DM patients enrollment within a specific diabetic protocol program run by APNs following GPs
referral. If the GPs, following the inclusion within Asalée, would have dramatically improved their
T2DM management patterns for all T2DP, the impact would also have been observed for the ITT
subsamples that is not the case here. Second, according to the heterogeneity analyses based on the PP
subsamples and restricted to GPs participating in a 2015 survey, the impact of the pilot program is not
different when considering the intensity and nature of the cooperation.

The results of stratified models regarding LPA that distinguish quartiles 1 to 3 (low- to medium-served
living areas) versus 4 (“over”-served living areas) also show that the positive impact is not largely
influence by supply and demand balance.

Discussion

Our main study purpose was to take a nationwide French pilot program of teams working between GPs
and APNs over 2012-2015 to test whether supplementation and substitution improve the quality of care
delivered for T2DPs.

Our study showed that, based on a quasi-experimental design with exact matching and difference-in-
differences estimations, based on DiD staggered treatment design, GPs who entered the Asalée pilot
program between 2012 and 2015 had significantly greater improvement in their T2DM patients regarding
national process of care guidelines for the following: HbAlc, creatinemia, albuminuria, lipid check-up,
fundoscopy or a visit to an ophthalmologist, and EKG or a visit to a cardiologist. This positive and
significant impact was only observed when a per protocol (versus intention to treat) perspective is
considered and depending on the outcome, group and time. Then, one could conclude that the effects are
mainly driven thanks to the involvement of the APNs for T2DP management in addition to the GPs and
not only on GPs practice patterns improvement. Also, we estimate heterogeneity in the ATT.
Specifically, when initial average of the outcome is particularly low (e.g. HbalC, albuminuria, EKG
and/or cardiologist visit), the significant and positive impact is larger and more systematic. On the
contrary, when the initial average of T2DM is high and above 70 % of correctly followed patient (e.g.

creatinemia and lipid check-up), the positive and significant impact depends on cohorts and time.
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Several robustness checks confirmed these results, and stratification or subsample analysis that estimates
the impacts depending on a small subsample of GPs (203) for which the nature and intensity of
cooperation with APNs are known show equivalent positive impact of cooperation on the quality of care
process for T2DPs.

Our study was the first to measure the impact of the Asalée pilot program on the quality of care delivered
at the national level. Additionally, to the best of our knowledge, our study was the first study of such a
scale (number of T2DM patients included) using such a robust quasi-experimental evaluation design and
large panel data set linking claims and clinical data with a significant duration of follow-up. We used
exhaustive NHI claims data with a hierarchical and panel structure that offers three advantages:
facilitating the analysis of the change within units of observation, helping to establish the direction and
magnitude of causal relationships, and improving the reliability and accuracy of measurements. Our
study used a controlled before-after and quasi-experimental design combining coarsened exact matching
— prior to the intervention at both the GP and T2DP levels — with difference-in-differences (DiD)
estimates on a staggered treatment design to mitigate the possible risk of bias due to nonrandomization
by considering the sample’s initial differences in composition and unobserved heterogeneity constant
over time. Our study offered a double perspective with intention to treat and per protocol T2DM patients’
samples, reflecting the overall and specific change of GPs’ practices regarding T2DP follow-up. Finally,
our study focuses on process of care indicators since they are more sensitive to differences in the quality
of care than outcome measures and easier to interpret. Finally, our results showed significant and
dramatic effects of cooperation or skill mix and task shifting regarding the process of care indicators for
which evidence in the literature was scarce (Maier et al., 2022b).

Our study also has several limitations. One limitation is the choice of the indicators to monitor the quality
of health care. The debate over the most useful types of performance indicators is of international concern
(Mant, 2001). It is simplistic to view process and outcome measures, indeed distal ones, as competing
with each other, but there are circumstances where one type of measure is likely to be more useful than
the other. In our case, the aim of our study was to assess the impact of this pilot program on GPs’
professional practices and T2DP follow-up. Using process indicators in this case seemed particularly
relevant because they directly represented what the GPs actually did (i.e., prescribe) when they were
seeing patients. It is obvious that the dosage of glycosylated hemoglobin does not predict glycemic

control. This represents that GPs address patients’ diabetes during consultations and decides to act. This
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also shows that the patient takes action on the doctor’s prescription after the visit. These are behaviors
of interest as far as the Asalée pilot is concerned. Finally, although we could have better discussed
intermediate outcome indicators (HbAlc, microalbuminuria, creatinemia, lipid check-up, fundoscopy,
and EKG), our study still reflected changes in biological status that could affect subsequent health
outcomes, as demonstrated by Wolters and colleagues regarding HbAlc (Wolters et al., 2017).
Selection bias may also be a limitation since GPs voluntarily enrolled in the pilot. Then, our result could
overestimate the positive impact of the pilot, thanks to the selection of GPs which would be motivated
by joining the pilot due to interest in better monitoring T2DM patients and/or cooperating with APNs. If
our quasi-experimental design is able to reduce bias, it does not solve all questions regarding the
generalizability of our results since the effect of unobservable variables on the treated and control groups
could potentially change over time. However, qualitative research on the Asalée pilot program has shown
that if APN participation was not random, GP involvement did not systematically rely on specific
motivations (Fournier et al., 2018; Afrite et al., 2019). The two consecutive extensions of the pilot at the
regional and national levels were clearly less controlled by the Asalée NGO, and enrollment focus on the
practice more than the physician level, which caused a massive and less restricted entry of GPs that ends
with heterogeneous expectations of the GPs regarding the pilot. Also, the difference in results depending
on the perspective, only positive for the PP subsample, support the interpretation that the effects are
mainly driven by GPs-APN cooperation than by selection of GPs. That being said, it is fair to consider
the fact that, first, APN selection could occur since APN were trained, hired and paid by the Asalée NGO,
and second, that we cannot disentangle from the overall positive impact what is coming from recruitment,
training, incentives and/or cooperation with GPs.

Despite these limitations, we can still draw some policy implications. First, teamwork between GPs and
APNSs in the Asalée pilot program context leads to a significant improvement in the quality of care
delivered by GPs in terms of process of care indicators and this complement other positive effects of the
pilot regarding GPs technical efficiency (Loussouarn et al., 2020). The improvement of the adequacy
with guidelines regarding the process of care indicators calls for some comments. In 2018, the level of
adequacy with guidelines for process of care indicators was much greater than those observed by the
French national survey on diabetes patients in 2019 and above mention for all the indicators except for
creatinemia and lipid check-up, which have already been relatively well followed up nationwide. The

difference is particularly large and impressive for HbAlc. Second, we show that the impact is higher
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when the initial level of adherence is low.

Considering disease prevention and taking a patient-centered care perspective raised the question of what
other indicators could be more representative of the patients’ real lives. The Asalée pilot program was
expected to change decision-making processes and to make patients more involved in their care.
However, our study does not allow us to measure such goals. This would require either shared decision-
making or patient empowerment/autonomy to be integrated instead of (or in addition to) biological
parameters. Additional patient-centered outcome indicators could be considered: satisfaction and quality
of life. New indicators and new ways of collecting these indicators might be necessary. The Diabetes
Quality of Life (DQOL) provides a total health-related quality of life score that examines the patient’s
direct experience regarding how well they are managing their diabetes and how they are feeling
generally. It predicts self-reported satisfaction with diabetes control and care behaviors as effectively as
possible (Burroughs et al., 2004). However, these indicators would be very useful, but there is currently
no French national database capable of collecting these types of data.

Finally, expanding the scope of the pilot could generate more quality improvement and the
decision of the Ministry of Health to promote and support advanced practice nurses' education

and positions seems to move in this direction (Debout, 2018).
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Appendix

Callaway and Sant’Anna event study DiD estimator

CS estimator is a two-step estimation process. The first step consists in estimating the unit cohort
and time-specific treatment effects and the second step aggregating them to produce measures

of overall treatment effects.

The first step is based on the following general formula of the ATT, with G the time period

when a unit first becomes treated, for a unit g (group) at time ¢, the so-called group-time ATT:
(1) ATT(g,t) = E [Y;(g) = ¥,(0)| G4 = 1]

Where ATT (g, t) is the expected difference between the observed outcome for the treated and
for the untreated at time ¢. It allows for heterogeneity in ATT across cohorts or groups or over
time. Following the notation suggests by Rios-Avila?, with never treated group as counterfactual

as it is the case here, the ATT, for the group (g) at time ¢, could be specified as follows:
(2) ATT(g,t) = [EY(g), — EY(NT)] — [EY(g) -1 — EY(NT)4_4]

where g is the index for treated cohorts or groups (the year when g is treated) and ¢ is the year
index (#=2010,...,2017), EY the expected value of the outcome, at time ¢ or g-/ (one year before
the treatment), for the treated (g) or never treated (NT) groups. The first part calculates the
differences in outcomes at time ¢, the second the difference at time g-/. When t<g, ATT(g,¢) can

be used to test the robustness of the parallel trend assumption.
(3) mgi(X) = E[Y.(0) = ¥;4(0)| X,G 4 = 1] = E[Y;(0) = ¥, 1(0)| X,NT = 1]

The group-time ATT is identified following a conditional parallel trends assumption based on
the never treated (nf) group (3), estimate through the doubly robust estimator (dr) (Sant’Anna
& Zhao, 2020), here with a vector of pre-treatment covariates X measuring patient
characteristics (age quartile class, gender, NHI scheme, complementary public health insurance
for the deprived population, and groups of diabetes drug therapy) and GP or patient list
characteristics (age, gender, practice location 2SFA group, the number of registered patients

encountered at least once during the year and their proportions: female, age 60-69 years old, age

2 See Federico Rios-Avila website, https://friosavila.github.io/playingwithstata/main_csdid.html
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over 70, beneficiaries of the NHI health insurance for the deprived population, and beneficiaries

of the salaried worker NHI schemes).

Finally, under these above-mentioned assumptions, group time ATTs are semi-parametrically

point-identified:

pg(X)NT
G 1-pg(X)

(4) ATT3 (9,0 = E || 75~ m (% = Yoou —mt0)
1-pg(X)

This is a weighted (in the first part of the equation) average of the difference in the outcome.
This re-weighting process aims to balanced covariates for both treated and control groups. To
give the intuition of how it works let says that you up-weight or down-weight observations
depending on how similar or not they are between treated and control groups, and you did this

for each group g and time ¢.

Considering f9*=ATT (g,) under limited anticipation assumptions and homogenous treatment

effects, it can be obtained by running the following population linear regression :
G) Y =ad +adt -G+ ad UT =3+ B9t G, x YT =t} +y-X +&*
Also, it is worth noting that standard errors are clustered at the GP level.

Since Callaway and Sant’Anna DiD specification for staggered treatment proposed numerous

ATT’s, they also propose useful aggregated ATT (AGGTT) that follows this general formula:

B Z(wg,t*ATT(g,t))
(6) AGGTT(g,t) = =50

where wg_is a weight of how much information was used to estimate A77{(g,?).
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Table 3: Average treatment effect on the treated (ATT) estimates for T2D PP patients, depending

on the cohort and/or group

Fundoscopy and/or

Per Protocol Estimates™™® Hbalc Creatinemia Microalbuminuria Lipid check-up EK.G an.d/on: . ophthalmologist
cardiologist visit .
visit
Aggregated group-time ATT 0,1015 0,0243 0,0641 0,0221 0,0655 0,0336
(0,0130) (0,0096) (0,0134) (0,0107) (0,0125) (0,0112)
[0,000] [0,012] [0,000] [0,038] [0,000] [0,003]
Event Study
-4 0,0010 0,0107 0,0141 0,0089 -0,0023 -0,0022
(0,0229) (0,0247) (0,0231) (0,0285) (0,0280) (0,0273)
[0,966] [0,666] [0,542] [0,756] [0,935] [0,937]
-3 0,0106 0,0099 0,0142 0,0088 0,0074 0,0170
(0,0122) (0,0148) (0,0127) (0,0162) (0,0169) (0,0182)
[0,383] [0,502] [0,263] [0,590] [0,660] [0,349]
-2 0,0222 0,0023 0,0344 0,0108 0,0235 0,0203
(0,0113) (0,0122) (0,0127) (0,0123) (0,0142) (0,0148)
[0,049] [0,853] [0,007] [0,382] [0,098] [0,170]
-1 0,0203 0,0075 0,0166 -0,0017 -0,0385 0,0105
(0,0108) (0,0106) (0,0123) (0,0117) (0,0127) (0,0145)
[0,060] [0,479] [0,175] [0,885] [0,002] [0,469]
0 0,0497 0,0156 0,0331 0,0169 0,0272 -0,0032
(0,0110) (0,0102) (0,0132) (0,0113) (0,0137) (0,0127)
[0,000] [0,126] [0,012] [0,136] [0,047] [0,804]
1 0,1122 0,0244 0,0685 0,0294 0,0696 0,0485
(0,0135) (0,0104) (0,0147) (0,0126) (0,0141) (0,0142)
[0,000] [0,019] [0,000] [0,020] [0,000] [0,001]
2 0,1198 0,0275 0,0849 0,0333 0,0925 0,0402
(0,0146) (0,0112) (0,0169) (0,0134) (0,0157) (0,0140)
[0,000] [0,015] [0,000] [0,013] [0,000] [0,004]
3 0,1020 0,0288 0,0667 0,0185 0,0627 0,0310
(0,0177) (0,0132) (0,0221) (0,0157) (0,0178) (0,0164)
[0,000] [0,030] [0,002] [0,238] [0,000] [0,059]
4 0,1409 0,0129 0,0510 -0,0091 0,0783 0,0479
(0,0310) (0,0195) (0,0326) (0,0229) (0,0274) (0,0240)
[0,000] [0,506] [0,118] [0,691] [0,004] [0,046]
5 0,1705 0,0788 0,1380 0,0320 0,1059 0,1392
(0,0481) (0,0411) (0,0534) (0,0398) (0,0393) (0,0360)
[0,000] [0,055] [0,010] [0,422] [0,007] [0,000]
Pre-trend test [0,118] [0,461] [0,001] [0,758] [0,055] [0,061]
Year time
T2012 0,0350 0,0629 0,0145 0,0009 0,1065 0,0121
(0,0388) (0,0324) (0,0371) (0,0371) (0,0461) (0,0411)
[0,367] [0,052] [0,697] [0,982] [0,021] [0,768]
T2013 0,0753 -0,0141 0,0068 -0,0061 0,0555 0,0188
(0,0206) (0,0183) (0,0217) (0,0210) (0,0257) (0,0245)
[0,000] [0,440] [0,755] [0,771] [0,031] [0,443]
T2014 0,0815 0,0254 0,0421 0,0155 0,0411 0,0459
(0,0170) (0,0134) (0,0184) (0,0153) (0,0180) (0,0177)
[0,000] [0,058] [0,022] [0,311] [0,023] [0,010]
T2015 0,1111 0,0370 0,0749 0,0404 0,0632 0,0127
(0,0153) (0,0120) (0,0166) (0,0146) (0,0158) (0,0160)
[0,000] [0,002] [0,000] [0,006] [0,000] [0,430]
T2016 0,1356 0,0308 0,0874 0,0335 0,0849 0,0498
(0,0161) (0,0125) (0,0179) (0,0145) (0,0176) (0,0152)
[0,000] [0,014] [0,000] [0,021] [0,000] [0,001]
T2017 0,0903 0,0140 0,0736 0,0104 0,0660 0,0372
(0,0166) (0,0127) (0,0206) (0,0157) (0,0168) (0,0160)
[0,000] [0,271] [0,000] [0,505] [0,000] [0,020]
Group/Cohort specific
G-2012 0,1482 0,0497 0,0636 0,0369 0,1285 0,0903
(0,0419) (0,0281) (0,0342) (0,0286) (0,0320) (0,0328)
[0,000] [0,077] [0,063] [0,196] [0,000] [0,006]
G-2013 0,1046 0,0102 0,0501 -0,0108 0,0375 0,0207
(0,0257) (0,0175) (0,0268) (0,0199) (0,0259) (0,0216)
[0,000] [0,560] [0,061] [0,586] [0,147] [0,338]
G-2014 0,0843 0,0338 0,0597 0,0314 0,0687 0,0264
(0,0166) (0,0145) (0,0208) (0,0165) (0,0181) (0,0164)
[0,000] [0,020] [0,004] [0,058] [0,000] [0,108]
G-2015 0,0888 0,0052 0,0986 0,0473 0,0495 0,0189
(0,0208) (0,0158) (0,0239) (0,0214) (0,0231) (0,0227)
[0,000] [0,743] [0,000] [0,027] [0,032] [0,405]
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Table 3 (continued)

Group & Time specific
G-2012
t_2010_2011

t_2011_2012

t_2011_2013

t_2011_2014

t_2011_2015

t_2011_2016

t.2011_2017

G-2013
t.2010_2011

t_2011_2012

t_2012_2013

t_2012_2014

t_2012_2015

t_2012_2016

t_2012_2017

G-2014
t.2010_2011

t_2011_2012

t_2012_2013

t_2013_2014

t_2013_2015

t_2013_2016

t_2013_2017

G-2015
t_2010_2011

t_2011_2012

t_2012_2013

t_2013_2014

t_2014_2015

t_2014_2016

t_2014_2017

0,0105
(0,0387)
[0,786]
0,0350
(0,0388)
[0,367)
0,1127
(0,0443)
[0,011]
0,1501
(0,0517)
[0,004]
0,1887
(0,0480)
{0,000
0,2321
(0,0531)
[0,000]
0,1705
(0,0481)
[0,000]

0,0021
(0,0230)
[0,926]
0,0344
(0,0212)
[0,105)
0,0588
(0,0214)
[0,006]
0,1133
(0,0287)
[0,000]
0,1353
(0,0299)
{0,000
0,1149
(0,0326)
{0,000

0,0776
(0,0267)
[0,004)

-0,0268
(0,0414)
[0,518]
0,0629
(0,0324)
[0,052]
-0,0069
(0,0334)
[0,838]
0,0530
(0,0340)
[0,119]
0,0470
(0,0322)
[0,144]
0,0633
(0,0343)
[0,065]
0,0788
(0,0411)
[0,055]

0,0211
(0,0276)
[0,445]
0,0374
(0,0214)
[0,080]
0,0173
(0,0215)
[0,422]
0,0181
(0,0203)
[0,373]
0,0362
(0,0212)
[0,087]
0,0231
(0,0233)
[0,321]

-0,0126
(0,0206)
[0,540]

0,0559
(0,0390)
[0,151]
0,0145
(0,0371)
[0,697]
0,0116
(0,0384)
[0,762]
0,0434
(0,0512)
[0,396]
0,0654
(0,0509)
[0,199]
0,1084
(0,0440)
[0,014]
0,1380
(0,0534)
[0,010]

0,0403
(0,0224)
[0,073]
0,0580
(0,0196)
[0,003]
0,0047
(0,0258)
[0,857]
0,0781
(0,0324)
[0,016]
0,0887
(0,0334)
[0,008]

0,0904
(0,0335)
[0,007]

-0,0065
(0,0383)
[0,866]
0,0009
(0,0371)
[0,982]
0,0232
(0,0422)
[0,582]
0,0595
(0,0389)
[0,126]
0,0601
(0,0374)
[0,108]
0,0460
(0,0363)
[0,204)
0,0320
(0,0398)
[0,422]

0,0088
(0,0252)
[0,728]
0,0279
(0,0221)
[0,208]
-0,0190
(0,0233)
[0,416]
0,0084
(0,0242)
[0,727]
0,0075
(0,0249)
[0,763]

0,0149
(0,0288)
[0,605)

-0,1228
(0,0476)
[0,010]
0,1065
(0,0461)
[0,021]
0,1691
(0,0405)
[0,000]
0,1688
(0,0455)
[0,000]
0,0903
(0,0419)
[0,031]
0,1304
(0,0427)
[0,002]
0,1059
(0,0393)
[0,007)

0,0161
(0,0261)
(0,537
0,0082
(0,0239)
[0,730)
0,0057
(0,0300)
[0,850]
0,0257
(0,0301)
(0,394
0,0543
(0,0306)
[0,076]
0,0469
(0,0322)
[0,145]

0,0600
(0,0283)
[0,034)

-0,0331
(0,0530)
[0,533]
0,0121
(0,0411)
[0,768]
0,1142
(0,0473)
[0,016]
0,0996
(0,0417)
[0,017)
0,0809
(0,0483)
[0,094]
0,0955
(0,0394)
[0,015)
0,1392
(0,0360)
[0,000]

-0,0049
(0,0275)
[0,858]
0,0617
(0,0264)
[0,020)
-0,0230
(0,0252)
[0,361]
0,0705
(0,0301)
[0,019]
-0,0076
(0,0285)
[0,789]
0,0367
(0,0277)
[0,186)

0,0395
(0,0287)
[0,169)

#sample size: see flowchart for sample selection details

® Note : this table shows average treatment effects on the treated (ATTs), aggreggated (overall) or depending on specific group and/or year time, for each specific outcome

variable. Estimates are based on doubly robust estimation. Never treated units are always the control groups. HO Pre-trend test correspond to : all pre-treatment are equal to 0.
The rows: "group-specific”, summarize ATT by group (or cohort) of first year of treatment (i.e. 2012, 2013,2014, 2015)," t_year1_year2" indicate respectively the pre and post
treatment periods ; "Event study", summarize ATT by the length of exposure; "Calendar time", summarize ATT by year ". T2DPs' covariates: age group (ref.: quartile 4 ), male,

compulsory health insurance scheme for salaried workers (ref.: other schemes), free complementary health insurance coverage (ref: none), drug therapy (ref.: insulin) ; GPs'

covariates: age group (ref.: quartile 3 and 4), male, total number of enrolled patients, % of patients: female, 60-69 y.o., over 70 y.o., compulsory health insurance scheme for
salaried workers, free complementary health insurance coverage, quartile 1-3 of the Localized Potential Accessibility. Even if covariates are time-varying, only the base-period

values are used for the estimation. Standard errors are robust to heteroskedasticity (clustered at the GPs level) and shown in parentheses, p-value for significance shown

between square brackets [].

Source : Asalée not-for-profit organisation registry; SNDS and SNIR-PS 2010-2017 (Assurance Maladie)
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Fig. 3 Per protocol subsample, ATT estimates for HbalC, depending on the group or cohort and time,

over the period 2010-2017
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Fig. 4 Per protocol subsample, ATT estimates for creatinemia, depending on the group or cohort and

time, over the period 2010-2017
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Fig. 5 Per protocol subsample, ATT estimates for albuminuria, depending on the group or cohort and

ATT

ATT

time, over the period 2010-2017
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Fig. 6 Per protocol subsample, ATT estimates for lipid check-up, depending on the group or cohort and

time, over the period 2010-2017
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Fig. 7 Per protocol subsample, ATT estimates for EKG/cardiologist visit, depending on the group or

cohort and time, over the period 2010-20
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Fig. 8 Per protocol subsample, ATT estimates for fundoscopy/ophthalmologist visit, depending on the

group or cohort and time, over the period 2010-2017
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Table 4: Average treatment effect on the treated (ATT) estimates for T2D ITT patients

£KG and/or Fundoscopy and/or

Intention To Treat Estimates™>* Hbalc Creatinemia Microalbuminuria Lipid check-up N L ophthalmologist
cardiologist visit

visit
Aggregated group-time ATT 0,0071 0,0096 0,0082 -0,0028 0,0180 0,0008
-(0,0056) (0,0057) (0,0073) (0,0059) (0,0051) (0,0047)
[0,205] [0,097] [0,260] [0,639] [0,000] [0,857]
Pre-trend test [0,796] [0,317] [0,620] [0,404] [0,113] [0,181]

? Sample size: see flowchart for sample selection details

° Note : this table shows average treatment effects on the treated (ATTs), aggreggated (overall) or depending on specific group and/or year time, for each specific
outcome variable. Estimates are based on doubly robust estimation. Never treated units are always the control groups. HO Pre-trend test correspond to : all pre-
treatment are equal to 0. The rows: "group-specific", summarize ATT by group (or cohort) of first year of treatment (i.e. 2012, 2013,2014, 2015)," t_yearl_year2"
indicate respectively the pre and post treatment periods ; "Event study", summarize ATT by the length of exposure; "Calendar time", summarize ATT by year ".
T2DPs' covariates: age group (ref.: quartile 4 ), male, compulsory health insurance scheme for salaried workers (ref.: other schemes), free complementary health
insurance coverage (ref: none), drug therapy (ref.: insulin) ; GPs' covariates: age group (ref.: quartile 3 and 4), male, total number of enrolled patients, % of
patients: female, 60-69 y.o., over 70 y.o., compulsory health insurance scheme for salaried workers, free complementary health insurance coverage, quartile 1-3 of
the Localized Potential Accessibility. Even if covariates are time-varying, only the base-period values are used for the estimation. Standard errors are robust to
heteroskedasticity (clustered at the GPs level) and shown in parentheses, p-value for significance shown between square brackets [].

Source : Asalée not-for-profit organisation registry; SNDS and SNIR-PS 2010-2017 (Assurance Maladie)
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