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Abstract

Objective  Quality of care monitoring is a key strategy for
health policy. In Italy, the AMD Annals continuous mon-
itoring and quality improvement initiative has been in place
since 2006. Results after 8 years are now available.
Research design and methods Quality of diabetes care
indicators during the years 2004-2011 were extracted from
electronic medical records of 300 diabetes clinics. From
200,000 to 500,000 patients with type 2 diabetes were
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analyzed per year. Six process indicators, eight interme-
diate outcome indicators, seven indicators of treatment
intensity/appropriateness, and a quality of care summary
score (Q score) were evaluated. Previous studies docu-
mented that the risk of developing a new cardiovascular
event was 80 % higher in patients with a Q score <15 and
20 % higher in those with a score between 15 and 25, as
compared to those with a score >25.

Results The proportion of patients with HbAlc <7 %,
LDL cholesterol <100 mg/dl, and blood pressure >140/
90 mmHg increased by 4.8, 21.9, and 10.0 %, respectively.
Process and treatment intensity/appropriateness indicators
consistently improved. The proportion of patients with a
QO score <15 decreased from 13.5 to 6.5 %, while those
with a Q score >25 increased from 22.9 to 38.5 %.
Conclusions AMD Annals document the progress in
quality of diabetes care. Longitudinal improvements in Q
score can translate into less cardiovascular events, with
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evident clinical and economic implications. AMD Annals
represent a physician-led effort not requiring allocation of
extra-economic resources, which is easy to implement and
deeply rooted in routine clinical practice. They are a
potential case model for other healthcare systems.

Keywords Diabetes mellitus - Quality of care -
Electronic medical records - Process measures - Outcome
measures - Treatment intensity/appropriateness

Introduction

Many different projections of diabetes prevalence world-
wide have been published in the last two decades [1-6],
all univocally identifying type 2 diabetes as an epidemic
and a major public health problem. It is estimated that
diabetes prevalence ranges between 4 and 10 % in dif-
ferent continents and that 371 million people live with
diabetes; by 2030, the number will have risen to 552
million [7]. If not adequately controlled from an early
stage, diabetes increases the risk of micro- and macro-
vascular complications and death from other causes [8].
Life with diabetes is also commonly associated with
psychosocial problems and poor quality of life [9]. Due to
the problematic ratio between people with the disease and
availability of resources, the sustainability and equity of
access to care are at risk [10]. In fact, the estimated total
economic cost of diagnosed diabetes in USA in 2012 was
$245 billion and that has increased by 41 % from 2007
[11]. In Europe, current estimates for 2010 healthcare
expenditure for diabetes are US$105 billion (10 % of total
healthcare expenditure, US$2,046 per person) [12]. Hos-
pitalizations for diabetes complications account for 50 % of
the total yearly cost of the disease per patient [13]. All these
data underline the burden that diabetes imposes on society
and why it is important to optimize its management.

A number of treatments and practices have been proven
to be effective in reducing the burden of diabetes care, and
guidelines are disseminated to aid the clinicians in diag-
nosis and management of diabetes and its complications
[14]. However, clinical practice often differs from guide-
line prescriptions and several studies have shown that the
desired treatment goals for diabetes and cardiovascular risk
factors are not achieved in a large proportion of individuals
[15-17].

To improve the current care, monitoring of health and
quality of care is recognized as a key strategy in adequate
public health planning [18]. American and European
organizations developed and applied measures to monitor
quality of diabetes care and promote continuous quality
improvement initiatives [18, 19]. Indicators of quality of
care have been used in different countries to get a picture
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of the proportion of patients monitored or having reached
the targets in specific healthcare settings in order to com-
pare provider performance or to quantify performance
incentives [15-22]. Less frequently, quality of care indi-
cators was used to assess trends over time [23] or to
evaluate the results of benchmarking activities [24].

In Italy, a continuous improvement effort implemented
by a network of diabetes clinics has been in place since
2006 [25, 26]. The initiative, involving a wide network of
diabetes outpatient clinics operating within the national
healthcare system, allows the routine monitoring of a larger
set of indicators compared to the aforementioned initia-
tives. The yearly evaluation of patterns of care, the dis-
semination of results, and their discussion with the
participants was intended to improve diabetes care, both at
the individual clinic level and overall. A first evaluation of
the impact of the initiative was performed after 4 years
[26], which documented that centers participating in the
project since its first edition had improved more over time
than centers joining the initiative in the following years.
The aim of this paper was to report the results of the ini-
tiative after 8 years and discuss its clinical and broader
implications.

Research design and methods
The TItalian healthcare system

It is estimated that over 3.0 million citizens have known
diabetes in Italy. Care for people with diabetes is mainly
provided by a public network of about 600 diabetes clinics,
delivering diagnostic confirmation, therapy, prevention,
early diagnosis, and medical management of complications
through regular patient follow-up by a dedicated specialist
team. Most patients are referred to these care units by their
GP, and care is free of charge.

The AMD Annals initiative

The Associazione Medici Diabetologi—AMD is an Italian
scientific association of clinical diabetologists with the
mission of exploring and improving the current diabetes
care [27, 28]. The methodology of the AMD Annals ini-
tiative has been previously described [25, 26] (Table 1).
Briefly, AMD identified a set of quality of care indicators
to be used for benchmarking activities. Quality indicators
include process measures evaluating diagnostic, preventive
and therapeutic procedures performed by the participating
centers, and outcome indicators measuring favorable and
unfavorable modifications in the patient health status.
Furthermore, the use of glucose-lowering, antihyperten-
sive, and lipid-lowering drugs is evaluated.
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Table 1 Main implementation steps of the AMD Annals initiative

Time Activity

2002-2013 Definition of the “AMD quality indicators” and
subsequent updates

2002-2008 Identification of the minimum data set including all the

standardized and codified information needed for the
calculation of the indicators (AMD Data File)

2004 Development and distribution of the software,
compatible with different electronic medical record
systems, enabling the automatic download of the
AMD Data File from the data recorded during the
routine clinical practice

2005 Creation of the network of diabetes centers adopting
electronic medical record systems and with specialists
willing to join in the initiative without allocation of
extra-resources.

2006 Distribution of the software allowing participating
centers to calculate their own indicators to be
compared with those published in AMD Annals
(benchmarking)

2006-2013 Annual publication of AMD Annals and sub-analyses.
Results available on the Web site: http://www.infodia
betes.it/pages/annali_amd/

Participating centers share the same AMD software
enabling the data extraction from different electronic
medical records. Data are annually collected in a stan-
dardized format (AMD Data File) and centrally analyzed
anonymously.

All the process and intermediate outcomes indicators are
compared to reference values, or “gold standard,” estab-
lished by identifying the best performers. The gold stan-
dard for every indicator was represented for process and
favorable outcome indicators by the 75° percentile of the
ordered distribution of the results obtained in the centers
and by the 25° percentile for the unfavorable outcomes.
Results are publicized through the publication of the
analyses (AMD Annals volumes) and in a dedicated page
of the AMD Web site [16]. Using specific software, each
center can calculate its own indicators and compare its
performance with that of the best performers.

The initiative, started in 2006, is replicated on an annual
basis, in order to provide a longitudinal picture of the
quality of diabetes care provided.

Quality of care indicators

The number of quality indicators routinely measured in
AMD Annals has been enlarged progressively across the
years. Currently, six process, three favorable outcomes,
five unfavorable outcomes, seven treatment intensity/
appropriateness, and two overall quality of care indicators
are considered in the yearly evaluations.

Process measures are expressed as percentages of
patients monitored at least once during the previous
12 months for the following parameters: HbAlc, blood
pressure (BP), lipid profile (LDL cholesterol or total and
HDL cholesterol, and triglycerides), renal function, foot
examination, and eye examination.

Intermediate outcome measures include the proportion
of patients with satisfactory values as well as the percent-
age of those with unacceptably high values. Outcomes are
considered satisfactory if HbAlc levels are <7.0 %
(<53 mmol/mol), BP values are <130/80 mmHg, and
LDL cholesterol (LDL-c) levels are <100 mg/dl. Unsatis-
factory outcomes include HbAlc levels >8.0 %, BP values
>140/90 mmHg, LDL levels >130 mg/dl, presence of
micro-/macro-albuminuria, and glomerular filtration rate
(GFR) <60 ml/min. Although selected outcome indicators
may not reflect the targets recommended for all patients,
they have been chosen to provide a synthetic picture of the
care provided to large numbers of patients over the years.
In this respect, the initiative tends to put major emphasis on
unsatisfactory outcomes as a lever for improvement.

Indicators of treatment intensity/appropriateness take
into consideration the use of pharmacologic treatments in
relation to the level of the clinical parameters: no insulin
therapy despite HbAlc >9.0 %, (=75 mmol/mol), no lipid-
lowering agents despite LDL-c >130 mg/dl, no antihy-
pertensive treatment despite BP >140/90 mmHg, no ACE
inhibitors (ACE-I) and/or angiotensin receptor blockers
(ARBs) despite micro-/macroalbuminuria, HbAlc >9.0 %
(>75 mmol/mol) in spite of insulin treatment, LDL-c
>130 mg/dl in spite of lipid-lowering treatment, and BP
>140/90 mmHg in spite of antihypertensive treatment.

Finally, a quality of care summary score (Q score) is
calculated. The Q score has been developed and validated
in two previous studies (14—15) and integrated in the AMD
Annals initiative since the 2009 edition [29]. The score is
based on a combination of process and outcome indicators
relative to HbAlc, blood pressure, LDL cholesterol, and
microalbuminuria. The score ranges between 0 and 40; the
higher the score, the better the quality of care (supple-
mentary Table 1).

Sample selection and data analyses

Clinical data collected during the years 2004-2011 were
extracted from electronic medical records of participating
diabetes clinics. Patients with diagnosis of type 2 diabetes
were selected, and quality of care indicators was evaluated
yearly.

In case of multiple records collected during the same
year for the same patient, the last available value was
included in the quality of care profiling. Denominators for
the different quality indicators vary according to the
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availability of the information in the index year. No
missing imputation was performed.

Microalbuminuria was defined as albumin excretion rate
>20 mcg/min, albumin/creatinine ratio >2.5 (men) or >3.5
(women) mg/mmol, or microalbuminuria >30 mg/l. GFR
was calculated with the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) formula [30].

Classes of drugs were identified according to their
Anatomical Therapeutic Chemical Classification System
(ATC) codes.

Statistical analyses

Patients’ characteristics were described as mean and stan-
dard deviation or frequencies. Quality indicators during
8 years are expressed as crude percentages. Absolute (% in
2011-% in 2004) and relative variations (% in 2011-% in
2004)/(% in 2004) in each patient characteristic and quality
of care indicator over 8 years have also been estimated. We
performed a statistical analysis to evaluate whether tem-
poral trend for each indicator was statistically significant.
Generalized hierarchical models for repeated measures
were applied to take into consideration the multilevel
nature of data (clusterized by center and by patient, repe-
ated by year).

Results

Overall, 300 diabetes clinics extracted their clinical data-
base with information collected in the years 2004-2011.
The number of centers using an electronic medical record
system increased over the years from 180 in 2004 to 300 in
2011, providing clinical information on 200,000 to 500,000
individuals with type 2 diabetes every year. Table 2 shows
patient characteristics across the years. A slightly larger
proportion of men were recorded every year. Mean age of
the population and diabetes duration slightly increased over
8 years.

Table 3 shows the quality of care indicators by year and
their 2004-2011 absolute and relative variations. All pro-
cess indicators showed trends of improvements; the most
relevant results refer to lipid profile monitoring, which
increased by 16.6 % from 2004 to 2011, corresponding to a
relative increase of 29.0 %. For retinopathy and foot
monitoring, we documented absolute changes of 8.8 and
6.1 %, respectively, corresponding to 37.5 and 72.5 %
relative increases. Relevant improvements were observed
for all favorable and unfavorable outcomes, with the
exception of the percentages of patients with renal function
impairment. In fact, we found a small increase in the
proportion of patients with reduced GFR and stable per-
centages of patients with micro/macroalbuminuria. Table 3
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also shows substantial improvements for all intensity/
appropriateness indicators. The significant improvement of
quality indicators across the years is reflected by a marked
variation in the Q score, with a progressive reduction of
patients with a score <15 and an even more pronounced
increase in the proportion of those with a score over 25. All
p values were of <0.001.

A sub-analysis only including the 180 centers with data
available for the whole period (from 2004 to 2011) con-
firmed this picture, showing completely overlapping
results.

Another sub-analysis performed after the exclusion of
people with a recent diagnosis of diabetes also confirmed
the results (data not shown).

Conclusions

The 8-year follow-up of the AMD Annals shows a relevant
improvement in quality of care for diabetes in Italy from
2004 to 2011. As the organizational network of diabetes
clinics was not substantially modified during this period,
the observed improvement cannot be attributed to an
increased allocation of resources. It is possible that sys-
tematic control of quality of care through regular collection
of data from clinical data has contributed to a greater
adherence to standards of care. After the positive results of
a pilot small-scale experience [24], this analysis confirms,
on a much larger scale, the potential long-term benefits of a
continuous quality improvement initiative, based on the
monitoring of process, intermediate outcome, and treat-
ment intensity/appropriateness measures.

After 8 years from the launch of the initiative, half of
the diabetes clinics in Italy participate in AMD Annals
initiative, caring for over one-sixth of all diagnosed
patients, enabling a systematic and representative annual
monitoring of quality of care provided by specialists.

In the USA, the process and outcomes measures estab-
lished in the Diabetes Quality Improvement Program
(DQIP) have been widely adopted for performance
assessment in Medicare and Medicaid health plans by some
government agencies, such as the Veterans Health
Administration (VHA) and the Center for Medicare and
Medicaid Services (CMS), and in payment programs such
as the Physician Quality Reporting System (PQRS) [31].
The widest initiative of monitoring of quality of care in
USA is represented by the National Health and Nutrition
Examination Survey (NHANES) and the Behavioural Risk
Factors Surveillance System (BRFSS), which described
trends of five process indicators, seven preventive prac-
tices, and three scores of risk complications across 20 years
(1999-2010) on a range of 11,000 to 60,000 individuals
analyzed every year. Nevertheless, data were self-reported
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Table 3 Quality indicators of diabetes care by year

2004 2005 2006 2007 2008 2009 2010 2011 2004-2011 2004-2011
(%) (%) (%) (%) (%) (%) (%) (%) Absolute Relative
variation variation
(%) (%)
Process indicators
HbAlc 895 898 904 908 912 919 922 923 +2.8 +3.1
Lipid profile 572 609 642 684 703 724 731 73.8  +16.6 +29.0
Blood pressure 752 751 77.1 77.1 782 715 771 71.8 +2.6 +3.5
Renal function 399 405 395 382 389 409 420 441 +4.2 +10.5
Foot examination 8.7 10.8 12.1 13.7 15.0 14.7 14.9 14.9 +6.2 +71.3
Eye examination 235 254 295 327 332 327 332 323 +8.8 +37.4
Favorable outcome indicators
HbAlc <7.0 % (<53 mmol/mol) 390 399 409 446 442 436 436 438 +4.8 +12.3
LDL-c <100 mg/dl 262 302 349 373  40.1 414 454 481 +21.9 +83.6
BP <130/80 mmHg 316 315 332 361 36.8  38.0 403 416 +10 +31.6
Unfavorable outcome indicators
HbAlc >8.0 % (>64 mmol/mol) 349 333 322 289 2877 282 276 272 =77 —22.1
LDL-c >130 mg/dl 396 356 312 292 269 264 235 217 -17.9 —45.2
BP >140/90 mmHg 640 637 619 589 582 566 544 529 -—11.1 —-17.3
GFR <60 ml/min 215 222 228 238 233 241 23.8 238 +2.3 +10.7
Microalbuminuria 39.1 388 384 360 355 358 374 388 -0.3 -0.8
Indicators of treatment intensity/appropriateness
No insulin despite HbAlc >9.0 % 546 516 502 46.0 448 429 410 405 —14.1 —25.8
(>75 mmol/mol)
No lipid-lowering agents despite 795 738 692 653 622 596 578 575 =220 —-27.7
LDL-c >130 mg/dl
No antihypertensive treatments despite 60.4 554 482  40.7 36.6 329 303 30.2 -30.2 —50.0
BP >140/90 mmHg
No ACE-I and/or ARBs despite micro-/ 15.2 134 10.6 7.9 7.0 6.9 6.7 7.0 —-8.2 —53.9
macroalbuminuria
HbAlc >9.0 % (>75 mmol/mol) in 347 327 314 282 274 263 257 257 -9.0 —-259
spite of insulin treatment
LDL-c >130 mg/dl in spite of lipid- 397 362 302 273 244 233  20.1 18.1 -21.6 —54.4
lowering treatment
BP >140/90 mmHg in spite of 704 682 663 637 626 613 585 568 —13.6 —19.3
antihypertensive treatment
Overall quality of care
Q score <15 135 12.3 11.0 9.3 8.5 8.1 7.6 7.5 —6.0 —44.4
Q score >25 229 249 276 313 336 355 379 385 +156 +68.1

p for temporal trend <0.001 for all indicators

from electronic medical records. However, in previous
studies [33, 34], our score of overall quality of care
(Q score) documented a close relationship between quality
of diabetes care and long-term outcomes. In fact, the risk of
developing a new cardiovascular event was 80 % higher in
patients with a score <15 and 20 % higher in those with a
score between 15 and 25, as compared to those with a score
>25. Therefore, it is plausible that longitudinal improve-
ments in Q score can be translated into less cardiovascular
events, with evident clinical and economic implications. In

addition, a specific cost-effectiveness analysis was per-
formed [35]: The AMD Annals initiative was associated
with improvements in mean discounted life expectancy and
quality-adjusted life expectancy compared to conventional
management. While treatment costs were higher in the
AMD initiative, this was offset by savings as a result of
reduced incidence, and therefore treatment, of diabetes-
related complications. The AMD Annals initiative was
found to be cost saving over patient lifetimes compared to
conventional management.
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The AMD Annals initiative has strengths and limitations.
The main strength is the sample size and the data source,
largely representative of the quality of diabetes care pro-
vided by specialists in Italy. The computerized management
of data extraction from electronic clinical electronic records
allows an easy evaluation of many indicators, which can be
periodically revised and updated in accordance with new
evidence and scientific debate [31]. However, limitations
include as follows: 1. the design is not randomized; there-
fore, it is not possible to establish whether other factors may
have played a role in the registered improvements. These
factors are not mutually exclusive and could be interactive,
such as better team care, increased patient awareness, better
decision support and clinical practice guidelines, more
general attention to risk factor control, and changes in
eating and smoking habits in the population; 2. the initiative
describes the care provided by specialists, and no infor-
mation is available for people followed exclusively by their
GPs. In addition, no information is available for diabetes
clinics which do not participate in the initiative. 3. It should
be considered that, for some indicators (e.g., microalbu-
minuria, fundoscopy), the analysis is based on recorded
data, generally available in the follow-up visit following the
prescription; this means that if a patient is correctly pre-
scribed a diagnostic procedure for screening of a compli-
cation, but fails to comply with the prescription, or to share
with the diabetes care team the results, the prescription of
the procedure is not detected. Therefore, the analysis could
underestimate the actual adherence of diabetes specialists to
standards of care. 4. Due to the very large sample size, even
trivial differences are statistically significant, so that data
need to be evaluated for their clinical relevance, in addition
to their statistical significance.

In conclusion, AMD Annals are a well-established,
physician-led monitoring, and continuous improvement
initiative in Italy, which is easy to implement and deeply
rooted in routine clinical practice. It can be used as a tool
for clinical governance and for the implementation of
specific improvement strategies. The initiative has been
proven to be effective and cost saving, thus representing a
case model to be used as an inspiration for other healthcare
systems.
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