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Although  the  study  of  the  association  between  interventions  in  primary  care  and  health  outcomes  con-
tinues  to  produce  mixed  findings,  programs  designed  to  promote  the  greater  compliance  of General
Practitioners  and  their  diabetic  patients  with  guidelines  have  been  increasingly  introduced  worldwide,
in  an  attempt  to  achieve  better quality  diabetes  care  through  the  enhanced  standardisation  of patient
supervision.  In  this  study,  we  use  clinical  data from  the  Diabetes  Register  of  one  large  Local  Health  Author-
ity  (LHAs)  in  Italy’s  Emilia-Romagna  Region  for  the  period  2012-2015.  Firstly,  we investigate  whether  GPs’
participation  in  the local  Diabetes  Management  Program  (DMP)  leads  to improved  patient  compliance
with  regional  guidelines.  Secondly,  we test  whether  the  monitoring  activities  prescribed  for  diabetics  by
the  Regional  diabetes  guidelines  have a positive  impact  on  patients’  health  outcomes  and  increase  appro-
eywords:
iabetes care
linical guidelines
rimary care

priateness  in  health  care  utilization.  Our  results  show  that  such  a Program,  which  aims  to  increase  GPs’
involvement  and cooperation  in following  the  Regional  guidelines,  achieves  its  goal  of  improved  patient
compliance  with  the  prescribed  actions.  In  turn,  through  the  implementation  of  the  DMP  and  the  greater
involvement  of  physicians,  Regional  policies  have  succeeded  in  promoting  better  health  outcomes  and

s  of h
iabetes Management Programs improved  appropriatenes

. Introduction

The treatment of diabetes is at the forefront of the health pol-
cy agenda and the adoption of Diabetes Management Programs
DMPs) is deemed to reduce short- and long-term complications,
hanks to periodic tests for haemoglobin A1c, lipid and microal-
uminuria determination and eye examination [1–5]. Increased
atient supervision based on a designated set of activities is
elieved to improve the quality of treatment compared to unstruc-
ured care [6–8]. The main purpose of these initiatives is to reduce
eterogeneity in clinical decision-making, and to align physician’s
ehaviour with evidence-based best practices. Despite the rewards
Ps typically receive for complying, adherence with best practices

emains unsatisfactory in many cases [9–11]. GPs’ reluctance to

omply with top-down directives is mainly attributed to the effort
equired to implement the guidelines and to resistance to monitor-
ng schemes that limit GPs’ self-determination [12,13].

∗ Corresponding author at: Department of Economics, Alma Mater Studiorum
niversity of Bologna, Piazza Scaravilli 1, 40126, Bologna, Italy.
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168-8510/© 2019 Elsevier B.V. All rights reserved.
ealth  care  utilization.
© 2019  Elsevier  B.V.  All  rights  reserved.

In this paper, we study the influence of DMPs on health out-
comes, and we  address two key issues for its success. First, we aim
to establish whether DMPs effectively promote compliance with
guidelines that recommend regular screening. Our second goal is to
examine the association between patient screening and health out-
comes, by testing whether diabetics who enjoy regular monitoring
display better outcomes.

We use data from a large Local Health Authority (LHA) within
Italy’s Emilia-Romagna Region, covering the period 2012-2015.
Our information consists of patient and GP-level data taken from
administrative sources and from the Diabetes Register. We  find
that enrolled patients display a probability of compliance that is
nearly four (two and half) times as large as that of non-enrolled
ones, depending on whether more (less) restrictive criteria for
adherence are considered. Such evidence has implications also for
extensions of similar policies to other chronic conditions [14–17].
We also show that the successful completion of the set of actions
recommended by the regional guidelines during the course of the

previous year significantly improves patient outcomes. Health out-
comes are measured by the reduction in the probability of new
diabetic complications (Odds Ratio-OR 0.882), in all-cause hospi-
talisations (OR 0.832) and in hospitalisations for Ambulatory Care

https://doi.org/10.1016/j.healthpol.2019.08.014
http://www.sciencedirect.com/science/journal/01688510
http://www.elsevier.com/locate/healthpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.healthpol.2019.08.014&domain=pdf
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we excluded those diabetics who  changed GP during the year 2015
(368 patients). The resulting dataset includes 30,577 patients reg-
istered with 700 GPs located in 6 LHDs.

1 The study, based on routine administrative information and on the Diabetes
Register, was carried out in conformity with the regulations on data management of
the  Emilia-Romagna Region and with Italian privacy law. Administrative data were
linked to the Diabetes Register’s data and anonymised by an ad-hoc service of the
56 C. Ugolini et al. / Health

ensitive Conditions-ACSCs (OR 0.826). No significant effect is found
or avoidable emergency admissions.

.1. Background

The study of diabetes management programs has produced
on-conclusive findings, so far [18,19]. The UK’s Quality and Out-
omes Framework (QOF) has been found to have positive effects
n targeted quality [18] and specifically for diabetes care [20].
evertheless, the QOF-related gains, including those pertaining to
iabetes, were in line with improvements recorded for conditions

eft out of the program [21], signalling the difficulty of isolating
he effects of the program from those effects produced by general

edical improvements.
Proponents of the use of payments conditional on the achieve-

ent of outcome targets have stressed their quality enhancing
otential, whereas critics have raised doubts over their effective-
ess. In keeping with a long line of research in psychology, the
conomic literature has highlighted that flawed incentive schemes
ay  “crowd out” intrinsic motivation [22,23] and they could even

e harmful, especially in National Health Systems (NHS) where
he public mission is expected to favour compliance with soci-
tal objectives [24]. Conversely, incentives not directly linked to
atient outcomes, can induce crowding-in effects and facilitate
ooperation between clinicians and policymakers. For example, the
ayment of an additional amount per chronic patient included in
he managed care programme, may  help increase treatment adher-
nce, reduce patient selection, and preserve intrinsic motivations
25]. Whether these initiatives ultimately improve patients’ out-
omes, even if the latter are not explicitly targeted, remains an
mpirical matter. The literature has pointed out that incentives
ased on process measures can have a significant impact on health
utcomes [26], as in the Canadian and Australian experiences
here physicians are rewarded for complying with guidelines
hen treating diabetes patients [27–29].

As regards Italy, earlier analyses show a positive impact of DMPs
hen payments target the assumption of responsibility for dia-

etic patients and not health outcomes such as hyperglycaemic
mergencies and/or hospital admissions for ACSCs [30,16]. One
imitation of these contributions is to rely exclusively on admin-
strative data. By contrast, in this study we combine administrative
ata with diabetes-related biomarkers. This enables us to control
or individual-specific severity using information on HbA1c values,
.e. glycated haemoglobin. A further advantage is that we  can iden-
ify those patients enrolled in the protocol for managed diabetes
are in each list. We  exploit patient-level data to assess whether
MPs increase compliance with clinical guidelines and whether

ulfilling the monitoring standards set by the guidelines has benefi-
ial effects on health indicators not explicitly rewarded by the DMP.
aking a different perspective, other contributions have investi-
ated how institutional features affect diabetes management in
he Italian context. However, they are relatively more focused on
he role of multidisciplinary teams in disease-specific management
lans, rather than on the impact of incentives for GPs to assume a
ivotal role in such plans [31,32].

Our findings support the view that promoting GPs’ assumption
f responsibility by means of formally established DMPs increases
he accuracy of patients supervision in the treatment of chronic
iseases and, in turn, this reduces the probability of adverse events.

.2. Institutional framework
The Italian NHS is mainly funded through general taxation and
he Regions autonomously manage health services via Local Health
uthorities (LHAs). Each LHA is organised into Local Health Districts

LHDs) that provide community and hospital services and coordi-
y 123 (2019) 955–962

nate primary care. Each patient is registered with a GP, who is a
self-employed contracted to the NHS, mainly paid on a capitation
basis. On top of that, Regional Governments and LHAs can introduce
additional GP remuneration for selected activities.

In 2003, the Emilia-Romagna Department of Health introduced
a new DMP  called “Integrated Management” (IM), based on a proac-
tive integrated approach to type-2 diabetes patients involving GPs
[33,34]. Type-2 patients are divided into two  groups: medium or
high-severity patients that are followed by specialists operating in
hospital-based clinics (Diabetic Centres); low-severity patients -
with stable metabolic compensation and a limited number of mild
complications (in particular no medium and severe micro-macro
vascular complications) - that are followed by their GPs.

Within such a framework, GPs have the option to enrol in the
IM program the low severity patients registered with them who
agree to do so. Upon enrolment, GPs are responsible for the enforce-
ment of the regional Guidelines for the Management of Diabetes
Mellitus. The Guidelines prescribe the following main monitoring
activities: (1) the measurement of Hb1Ac twice a year; (2) blood
cholesterol and urinary micro albumin tests once a year; (3) an
electrocardiogram and/or visit to a cardiologist every 1–2 years; (4)
ophthalmologic monitoring by means of an ocular fundus exami-
nation every 1–2 years.

To implement the IM program locally, each LHA lays down a
specific agreement with the local board of GPs, defining the incen-
tives - additional to the capitation fees - for the enforcement of the
Clinical Guidelines. The Bologna LHA set a fixed fee per-visit (with
a maximum of 4 visits per year) conditional on a half-yearly GP  cer-
tification of the satisfactory adherence to the Guidelines. In 2015,
on average, each GP obtained a yearly integration of about 100 euro
per patient enrolled in the DMP, while the base capitation fee was
40 euro per patient enrolled (59 for those above 75 years).

2. Materials and method

2.1. Data1

Our primary data cover the year 2015. Our baseline population
comprises residents of the Bologna LHA, that amount to nearly 1
million people and comprise almost one fourth of the regional pop-
ulation. Following the criteria of the Regional Department of Health,
our study population consists of all residents over the age of 18
years who  have received at least two diabetes drug prescriptions
(oral agents or insulin) over the previous three years (2012-14).
As this criterion fails to detect patients treated through diet and
exercise, also outpatients who  attended a Diabetes Centre at least
once over the previous three years and inpatients diagnosed with
diabetes are included.

We  merge patient characteristics and pharmaceutical treat-
ments, together with diabetes-related biomarkers and information
about the organisation of diabetes management. As the paper
focuses on IM programs managed by GPs, we exclude the (more
severe) patients managed exclusively by Diabetes Centres. Finally,
Regional Health Directorate. The Health and Social Regional Agency and the Univer-
sity of Bologna have no possibility to retrospectively identify individuals included
in  the study. When informed consent cannot be obtained, the Italian law requires
ethical approval for retrospective studies for non-anonymous data only, hence such
approval was  not required given the anonymous nature of the data.
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Table  1
Outcome variables and association between outcome variables.

Dependent variable Number of cases %

Adherence to guidelines
At least 2 Hb1Ac 10,350 33.85
At  least 2 Hb1Ac, 1 cholesterolemia and 1 microalbuminuria 7,828 25.60
Quality of care
At least one new diabetes-related complications 1,954 6.39
At  least 1 ACSC 828 2.71
At  least 1 inappropriate ED access 1,675 5.47
At  least 1 hospitalisation 5,754 18.82

At least 1 new diabetes-
related complication

At least 1 ACSC At least 1
hospitalisation

At least 1 inappropriate ED
access

Totals

At least 1 new diabetes- related
complication

1953
(100%)

383 (19.61%) 138
(92.93%)

169
(9.53%)

1953
(100%)

At least 1 ACSC 383
(46.20%)

829
(100%)

829
(100%)

68
(8.89%)

829
(100%)

At least 1 hospitalisation 1815
(31.56%)

829
(14.41%)

5751
(100%)

472
(8.92%)

5751
(100%)

At least 1 inappropriate ER access 169
(10.60%)

68
(4.27%)

472
(29.61%)

1594
(100%)

1594
(100%)
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ll variables are dummy indicators. Shares are computed using the total number of
umber of patients jointly experiencing the row and column outcome. The probab
ear  2015.

Table 1 presents the dependent variables. We  distinguish
etween indicators of the adherence to guidelines in the upper panel
f the table, and of quality of diabetes care shown in the lower panel.

We  measure adherence to guidelines using two indicators: the
rst is a dummy  for patients who performed at least two glycated
moglobin tests during 2015: the main recommendation included
n the guidelines. The second is based on the more restrictive cri-
erion requiring controls for blood cholesterol and urinary micro
lbumin in addition to the two glycated emoglobin tests. We  do not
onsider the other recommendations for different reasons. Electro-
ardiogram and ophthalmologic monitoring are not required on an
nnual basis, thus raising problems in identifying non-compliance
iven the short span of our data. In addition, patients frequently
eceive ocular fundus examination during private ophthalmologic
isits, leading to a likely underestimation of the procedure in our
ataset that covers public sector treatments.

Around one third of the patients meets the first compliance
riterion, with the share varying from 45.48% in the case of
atients enrolled in the IM program, to 25.50% for those not
nrolled. Diabetics undergoing two glycated emoglobin tests and
ne microalbuminuria test account for one quarter of the total
26%), with shares of 39.26% for patients enrolled in an IM program
nd of 15.79% for non-enrolled ones.

The quality of diabetes care is measured using four variables. For
he year 2015, we consider patients who: (1) had at least one new
iabetes-related complication; (2) were hospitalised for at least
ne admission for ACSCs preventable through effective ambula-
ory treatment [35,36]; (3) had at least one inappropriate access to
he Emergency Department, based on the Italian four-level triage
ystem [37]; (4) were hospitalised at least once for any cause, since
on-adherence may  reduce the effectiveness of treatment, mak-

ng patients more vulnerable and exposed to the need for hospital
ssistance [17].

All-cause hospitalisation involves nearly one fifth of the dia-
etics (18.8%), followed by patients for whom at least one new
omplication was recorded in 2015 (6.4%), and by those who expe-
ienced at least one avoidable admission to the ED (5.5%). Only 2.7%
f diabetes patients were hospitalised for ACSCs in 2015. The sec-
nd part of Table 1 shows conditional probabilities for pairwise

ssociations between health outcomes: 93.95% of patients with at
east one new complication in 2015 were also hospitalised for any
ause, 19.6% for an ACSC and 9.53% were admitted to the ED for a
nts as denominator (N = 30,577). All data refers to year 2015. Each cell displays the
f the column outcome conditional on the row outcome is reported in parenthesis.

non-urgent episode. A high degree of association is recorded also
for patients with at least one ACSC hospitalisation, nearly half of
whom experienced new complications in 2015. In all other cases,
the degree of association ranges from 4% to 30%, suggesting that
the set of outcomes covers a broad range of conditions, capturing
different kinds of failure in patient supervision.

Table 2 provides the descriptive statistics for the covariates.
Patients’ characteristics include gender, age, foreign citizenship,
regular insulin use, the presence of at least one chronic disease,
the adherence to clinical guidelines in the previous year, the enrol-
ment in the IM program. We exploit the measure of blood glucose
in the previous year to classify patients on the basis of the glycated
haemoglobin value. To be classified as compensated, patients must
report glycated haemoglobin levels of less than 7% before the age
of 60, below 7.5% when aged between 60 and 75, and below 8%
when aged 75 or more. Patients are decompensated if their glu-
cose values exceed the thresholds. Finally, patients are classified
as partially compensated if they present values both above and
below the age-specific threshold within the same year. 53% of our
patients are males, the average age is 70 (ranging from a minimum
of 18 to a maximum of 104), and 76% of them have at least one
chronic disease. Foreigners account for 5% of the total, while 7% of
the sample received at least one insulin prescription, and nearly
three-quarters have compensated diabetes (73%). Almost 42% of
patients are enrolled in the IM program.

GPs’ characteristics include age and gender, practice type (indi-
vidual vs. group practices), together with dummies for list size and
share of diabetics in the list. About 65% of GPs are male, their aver-
age age is 60 (ranging from a minimum of 37 to a maximum of 68),
77% of them work in a group practice, an average 3% of their regis-
tered patients are diabetics (ranging from a minimum of 0,5% to a
maximum of 10%). To account for unobserved heterogeneity at the
local level, we include Health District fixed effects.

2.2. Empirical strategy

Since patients are nested into practices, the independence

assumption of the error term is challenged, and standard regres-
sion techniques can produce downward biased standard errors.
On the contrary, a multilevel approach overcomes this problem by
assessing variability at each layer separately [38,39]. In the light
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Table 2
Control variables.

Explanatory variable Coding Values

Patient Level (n = 30577)
Patient Female Female = 1 % 47.07
Patient age Years Mean 70.11
Patient Native Native = 1 % 94.88
Insulin user User = 1 % 6.86
Chronic Disease At least one = 1 % 85.91
Adherence to guidelines 2014 Yes = 1 % 33.71
IM  (Integrated management) IM = 1 % 41.80
Compensated diabetes

Decompensated diabetes
Partially compensated diabetes

Compensated
Decompensated
Partially compensated

% 72.88
17,90
9.22

GP  Level (n = 700)
GP gender Female = 1 % 35.02
GP  age Years Mean 59.91
GP  list size Low (<800)

Medium (800-1500)
High (>1500)

%
%
%

7.14
44.86
48.00

Diabetic patients in list Percentage Mean 3.44
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atient and GP characteristics, year 2015. All variables expressed as shares except fo

f the hierarchical structure of the data, we consider a two-level
eneralized linear multilevel model:

ij = f (Xˇ)ij (1)

here �ij is the expected value of the response variable for the i-th
atient and j-th GP, X is a vector of independent variables,  ̌ is the
ssociated parameter vector, and f is a non-linear link function of
he predictor (Xˇ)ij . Due to the dichotomous nature of all outcome
ariables, we specify a Bernoulli distribution for the dependent
ariables and a logit link function. Therefore, the model becomes:

ogit (�ij) = (Xˇ)ij + vj + εij (2)

j∼N
(

0, �2
v
)

is a Gaussian-distributed random-effect term specific
or the j-th GP, and εij∼N(0, �2

ε ) is a gaussian-distributed error term
pecific for the i-th patient and the j-th GP.

We  estimate an unconditional model and compute the Intra-
lass Correlation Coefficient (ICC) as estimate of the share of the
otal variance that potentially refers to the GP level and in order
o evaluate the basic partitioning of the outcome variability at GP
evel [38]. Larger values of ICC (0<ICC<1) are indicative of greater
otential for each layer to influence the dependent variable.

CC = population variance between GPs

total population variance
(3)

We perform regression analyses by estimating separate mul-
ilevel models for each dependent variable and controlling for
elevant explanatory variables. We  adopt a maximum likelihood
rocedure with Laplace approximation, using the SAS/STAT 9.4
oftware PROC GLIMMIX procedure, at a 95% confidence level. Sta-
istical significance is evaluated by means of the Wald test statistic,
nd goodness-of-fit is assessed using deviance [39].

Our empirical strategy is organised in two distinct steps, both
ased on multilevel logit models as described in Eq. (2) that include
p to two levels, the first referring to the patient, the second to
he GP. First, we assess whether DMP  enrolment increases com-
liance with the activities recommended by the guidelines. To do
o, we test if patients enrolled in an IM program are more likely
o perform the prescribed tests than are patients not part of such a
rogram. Compliance requires undertaking at least two  Hb1Ac tests

er-year in the first place. We  then introduce a more restrictive
riterion whereby, in addition to blood glucose control, compli-
nt patients are also required to have one blood cholesterol test
nd one urinary micro albumin test. The compliance indicators are
% 77.29

nt age and GP age expressed in years.

regressed against the same set of covariates from the previous spec-
ification, augmented by a dummy  for patient enrolment in the IM
program. This allows us to test whether enrolment in a structured
DMP  based on IM protocols increases the probability to comply
with best-practice guidelines.

Our second goal is to establish whether compliance with the
recommended activities in the previous year has a positive impact
on health outcomes that cover a broad, multimensional spectrum
of potential effects. Our dependent variables take value 1 for: dia-
betics experiencing a new diabetes-related complication; diabetics
hospitalized for an ACSC; diabetics who have been hospitalised at
least once; diabetics who have had at least one inappropriate access
to the ED, respectively. We  model each dummy  as depending upon
patient and practice characteristics. The covariate of main interest
is the dichotomous indicator of compliance with guidelines dur-
ing the previous year. We  consider compliance to be satisfied if
patients performed at least two glycated emoglobin tests, blood
cholesterol and microalbuminuria tests in 2014. Diabetes compen-
sation is evaluated based on information for the year 2014, while
all other variables refer to the year 2015.

3. Results

The appendix reports the estimates for the variance compo-
nents and for the ICC from the empty models. Such estimates are
not always significant, suggesting that the hierarchical nature of
the data affects the variability of our health indicators to a limited
extent. Conversely, we get larger ICCs for adherence to guidelines.
Measuring compliance based on blood glucose tests only, the ICC
is equal to 13% at GP level, whereas adding cholesterolemia and
microalbuminuria, the ICC for the GP layer increases to 18%. The
share of variability explained by the GP layer supports the choice
of the multilevel specification.

Table 3 presents the estimates for the determinants of adher-
ence to guidelines. Enrolment in the IM program leads to a
significant increase in compliance, which suggests that patients
with similar disease severity and treated by GPs with similar char-
acteristics are more likely to undergo regular blood glucose controls
and microalbuminuria tests when enrolled in the IM program. The
odds ratio for enrolled patients is more than twice as large (OR 2.5)

than for non-enrolled diabetics in the specification accounting for
glycated emoglobin tests only, and almost four times larger (OR
3.9) when microalbuminuria is also considered. The main policy
implication is that participation in a DMP  that includes a struc-
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Table  3
Adherence to guidelines.

At least 2 Hb1Ac At least 2 Hb1Ac, 1 cholesterolemia and 1 microalbuminuria

Coef S.E. p-value OR Coef S.E. p-value OR

Intercept −0.306 0.4955 0.5372 −0.492 0.5879 0.4031
Patient level
Patient Age −0.001 0.001 0.357 0.999 −0.008 0.001 <.0001 0.992
Patient Female 0.039 0.031 0.204 1.040 −0.058 0.033 0.081 0.944
Patient Native 0.273 0.080 0.001 1.313 0.284 0.087 0.001 1.328
Insulin user 0.634 0.060 <.0001 1.885 0.601 0.064 <.0001 1.82
Compensated Diabetes 0.001 0.044 0.988 1.001 −0.134 0.047 0.005 0.875
Partially compensated Diabetes 0.689 0.062 <.0001 1.992 0.466 0.065 <.0001 1.593
Chronic Disease 0.345 0.051 <.0001 1.412 0.309 0.056 <.0001 1.361
Integrated Management (IM) 0.913 0.036 <.0001 2.493 1.352 0.040 <.0001 3.864
GP  level
Age GP −0.004 0.008 0.588 0.996 −0.005 0.009 0.563 0.995
Female GP 0.215 0.075 0.004 1.240 0.238 0.089 0.008 1.269
Associated Practice −0.042 0.093 0.654 0.959 −0.056 0.111 0.616 0.946
%  Diabetics in list −1.519 2.904 0.601 0.219 2.060 3.457 0.551 7.844
Small GP List −0.011 0.174 0.948 0.989 0.228 0.203 0.262 1.255
Medium GP List −0.042 0.073 0.566 0.959 −0.081 0.087 0.349 0.922
Districts YES YES
Variance components
Level 2- 0.493 0.040 <.0001 0.723 0.058 <.0001
Level 2-ICC 0.130 0.180
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2ln(L)  25,736.91 

ll specification based on multilevel logit models (GP and patient layer). Coefficients

ured clinical pathway identifying requirements for regular patient
onitoring, is positively associated to patient compliance.
The role of patients’ characteristics appears of limited relevance.

e find no difference in compliance across genders, and age plays
 minor role, while natives show greater compliance with clinical
uidelines than foreign patients do. Not surprisingly, insulin users
nd patients with other chronic diseases are more likely to com-
ly with the routine tests (OR 1,3). The more severe the patient’s
ondition, the more effective are the GP’s recommendations to
ollow the guidelines, because of the exposure to possible com-
lications. Practice-level controls do not affect the outcomes, with
he exception of being assisted by a female GP, which increases the
robability of compliance.

In Table 4 we present the results for the health outcome indi-
ators. We  find a significant and negative association between
dherence to the guidelines in the previous year and the probabil-
ty of experiencing a new diabetes-related complication, an ACSC
nd an all-cause hospitalisation; no significant effect on inappro-
riate ED admissions emerges. The difference in the odds between
ompliers with guidelines and non-compliers is of a similar magni-
ude for ACSCs and all-cause hospitalisations, while a smaller effect
s found for new complications. Non-compliers have 20% greater
dds than compliers do when the adverse outcome is measured in
erms of either type of hospital admission, and 13% greater odds in
erms of new complications. These findings support the adoption
f patient monitoring strategies based on the Regional guidelines,
s they slow down the onset of new complications and prevent the
nnecessary use of hospital services.

Patients’ characteristics are good predictors of adverse health
utcomes. Three out of the four outcomes are significant and
ositively correlated with patient age. The only exception is inap-
ropriate ED admissions, which occur more frequently among
ounger patients. The result likely reflects a lower propensity to
lassify ED admissions by elderly patients as inappropriate due to
uch patients’ high vulnerability. Females are less likely to experi-
nce diabetes-related complications or to be hospitalized, whereas

e find no gender difference for ED admissions. Natives display a
igher probability of all-cause hospitalisations, but a lower prob-
bility of being inappropriately accessing hospital services with
D access or ACSC admission. The smaller probability of hospi-
22,518.80

ard errors, p-values and odd-ratios reported for each specification. Year 2015.

talisation in the case of foreigners is consistent with the healthy
immigrant hypothesis [40]. As for ED visits, the result is in line
with prior evidence showing that in Italy foreigners display a rel-
atively higher propensity to use emergency services than natives
do [41]. The most interesting policy indication emerges from the
higher propensity to inappropriate hospital admissions of foreign-
ers. We  cannot establish whether the aforesaid result is due to
a lower propensity to attend primary care practices, or to other
problems in the patient-physician relationship (e.g. communica-
tion). Still, this highlights the need for targeted initiatives in favour
of a more appropriate use of hospital services by foreign diabetic
patients.

Insulin dependence and chronic conditions are positively corre-
lated with new complications and the extra-utilisation of health
services, leading to the greatest increase in the probability of
adverse outcomes. For both severity measures, the odds-ratios
range from 3.7 to 4.5 in the case of new complications and ACSC
admissions, and from 1.2 to 3.2 for all-cause hospitalisations and
avoidable ED admissions. Having a compensated diabetes in 2014
does not affect the probability of experiencing a new complica-
tion in the following year. On the contrary, compensated patients
are more likely to be hospitalised, which is in keeping with recent
findings in Spain [42]. Most controls included at GP  level do not
affect the outcomes.

4. Conclusion

The design of disease management programs for chronic dis-
eases aimed at improving the quality of outpatient care is a
challenging issue that bears high policy relevance. We  have focused
on a DMP  where targets refer to process measures based on the reg-
ular monitoring of diabetic patients, and we  have tested two key
hypotheses to provide a comprehensive assessment of its potential
impact. Using data from a large Italian Local Health Authority, we
first investigated whether the probability of meeting the guideline
recommendations is related to DMP  enrolment; second, we  assess

whether regular supervision of diabetic patients is associated with
better health outcomes and reduced utilisation of hospital services.

From a reference population of around 1,000,000 inhabitants,
a cohort of around 30,000 patients was  extracted. Our estimating
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Table 4
Health outcomes.

New complications ACSCs All-cause hospitalisation Avoidable ED access

Coef S.E. p-value OR Coef S.E. p-value OR Coef S.E. p-value OR Coef S.E. p-value OR

Intercept −4.209 −4.209 0.504 −6.508 0.7695 <.0001 −2.0468 0.3101 <.0001 −1.1823 0.5152 0.0221
Patient  level
Patient Age 0.041 0.003 <.0001 1.041 0.072 0.005 <.0001 1.075 0.017 0.002 <.0001 1.017 −0.008 0.003 0.004 0.992
Patient  Female −0.531 0.059 <.0001 0.588 −0.159 0.089 0.075 0.853 −0.130 0.036 0.000 0.878 0.063 0.061 0.305 1.065
Patient  Native −0.242 0.174 0.163 0.785 −0.634 0.279 0.023 0.531 0.203 0.108 0.060 1.225 −0.470 0.128 0.000 0.625
Insulin  user 1.401 0.080 <.0001 4.058 1.384 0.119 <.0001 3.989 1.171 0.061 <.0001 3.226 0.272 0.113 0.016 1.313
Compensated Diabetes −0.100 0.081 0.219 0.905 −0.130 0.129 0.312 0.878 0.187 0.054 0.001 1.205 0.133 0.088 0.128 1.142
Partially compensated Diabetes 0.070 0.113 0.536 1.072 0.083 0.177 0.640 1.086 0.378 0.075 <.0001 1.460 −0.058 0.131 0.658 0.943
Chronic Disease 1.324 0.171 <.0001 3.757 1.507 0.340 <.0001 4.515 0.744 0.075 <.0001 2.104 0.253 0.104 0.015 1.287
Guidelines 2014 −0.126 0.061 0.038 0.882 −0.191 0.096 0.046 0.826 −0.184 0.038 <.0001 0.832 0.048 0.064 0.456 1.049
GP  level
Age GP 0.003 0.007 0.627 1.003 −0.015 0.010 0.133 0.985 0.000 0.004 0.993 1.000 −0.004 0.007 0.600 0.996
Female  GP −0.012 0.067 0.863 0.989 −0.051 0.101 0.613 0.950 0.054 0.041 0.185 1.056 0.008 0.071 0.907 1.008
Associated Practice 0.016 0.087 0.859 1.016 −0.1331 0.128 0.300 0.875 0.036 0.054 0.506 1.037 0.056 0.092 0.546 1.057
%  Diabetics in list 1.867 2.540 0.463 6.466 1.5381 3.694 0.020 4.656 0.578 1.578 0.714 1.782 −2.604 2.724 0.339 0.074
Small  GP List 0.144 0.192 0.454 1.155 0.113 0.280 0.687 1.119 0.015 0.128 0.906 1.015 0.365 0.191 0.055 1.441
Medium GP List −0.013 0.065 0.844 0.987 −0.123 0.099 0.2167 0.884 0.054 0.040 0.180 1.055 0.017 0.071 0.815 1.017
Districts Yes Yes Yes Yes
Variance  components
Level 2- 0.028 0.027 0.159 0.003 0.066 0.482 0.007 0.010 0.247 0.049 0.033 0.071
Level  2-ICC 0.008 0.001 0.002 0.015
2ln(L)  9631.37 4635.10 20000.17 8895.09

All specification based on multilevel logit models (GP and patient layer). Coefficients,  standard errors, p-values and odd-ratios reported for each specification. Year 2015.
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ample comprises patients with mild or medium severe diabetes,
ince more complex cases are not eligible for the GP-run DMP.
he data refer to the year 2015, containing both patient- and GP-
evel information, including a biomarker for glucose concentration
HbA1C or glycated haemoglobin level).

We  show that participation in the DMP  is associated to a higher
robability of adherence to the surveillance regime established by
he guidelines. Moreover, we find that, compared to patients who
ail to follow the prescriptions, those who enjoy regular monitor-
ng display better health outcomes in terms of lesser likelihood
f new complications, and of more limited utilisation of hospital
ervices (all-cause hospitalisations and ACSCs). No significant dif-
erence was recorded for avoidable ED admissions. Such evidence
upports the effectiveness of the program in promoting regular
atient supervision, since enrolment favours compliance with best
ractices, and, in turn, such actions are associated to improved out-
omes. As for the financial implications, by limiting the utilisation
f health services, improved patient supervision possibly reduces
he economic burden of diabetes.

The internal consistency of the empirical evidence and its
obustness across multiple health and compliance indicators
eliver valuable policy insights into the role of chronic care models.

n particular, the analysis furthers our understanding of the types
f programs where payments are contingent on the GP’s overall
ssumption of responsibility for the diabetic patient, through coun-
elling and regular monitoring, rather than on the achievement of
pecific health outcomes.
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