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Why was the cohort set up?
Cardiovascular disease (CVD) has a major individual, health 
and social impact. It is the leading cause of death worldwide, 
causes high disability, reduces the quality of life of those af
fected1 and has a major economic impact.2 The high fre
quency of its main individual risk factors, such as smoking, 
dyslipidaemia, high body mass index, hyperglycemia and 
high blood pressure, together with the marked ageing of the 
population, suggests that the frequency and impact of CVD 
are expected to remain unchanged in the coming decades,3

with an increase in certain vulnerable groups.4,5

CVD prevention, at both the population and individual 
levels, is a priority for current healthcare systems. Better con
trol of risk factors for CVD is associated with a reduction in 
CVD risk and, consequently, with fewer hospital admissions 
and cardiovascular events.6 The most recent cardiovascular 

prevention guidelines7 stress the importance of adequate ad
herence to both lifestyle and pharmacological measures for 
effective CVD prevention. The guidelines emphasize the need 
to take into account patient preferences and individual needs 
when defining treatment goals and designing interventions.

Despite the existence of clinical guidelines, there is significant 
variability in patient care, e.g. the available diagnostic techni
ques,8 the different levels of care9 or their variable adherence to 
pharmacological treatments.10 The observed inequalities de
pend on the individual characteristics of the patients, the care
giving professionals involved and the health system itself.11,12

Additionally, factors such as the area in which a person lives, 
his or her socio-economic level, the social and family environ
ment, age or gender may also contribute to defining population 
groups that show a specific use of health resources and, conse
quently, better or worse health outcomes.13–15

Key Features 
• The CARhES (CArdiovascular Risk factors for hEalth Services research) study is a population cohort that uses Real-World Data to study 

the impact of health services and drug utilization on health outcomes in patients with cardiovascular risk factors and to identify potential 
healthcare inequalities. The ultimate goal is to develop strategies that enhance the medical management of these patients by promoting 
effective and equitable care. 

• This is a population dynamic open cohort that includes all people aged �16 years old registered as users of the Arag�on public health 
system (Spain) with hypertension, diabetes mellitus and/or dyslipidaemia from 2017 (number of participants: 446 998). 

• Follow-up will last at least until the end of 2026, with annual waves of data extraction. 
• Data on socio-demographics, clinical conditions, medications and use of health services are collected from clinical and administrative 

electronic databases. 
• Due to its sensitive nature, the CARhES cohort data are not publicly accessible. However, researchers who wish to perform specific 

analyses, explore new methodologies or conduct cross-national comparisons related to healthcare utilization in patients with 
cardiovascular risk factors are encouraged to contact the Principal Investigators of the study: Isabel Aguilar-Palacio (iaguilar@unizar.es) 
and Sara Malo (smalo@unizar.es). 
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The Research Group in Health Services in Arag�on (GRISSA) 
started in 2013 analysing data from the Arag�on Workers' 
Health Study (AWHS).16 The AWHS cohort data were com
bined with Real-World Data, specifically routinely collected 
health data from the Arag�on Health Service, such as electronic 
pharmacy records. The objective was to analyse the use of 
health services and cardiovascular preventive treatments.17,18

The research team gained significant expertise in the integration, 
analysis and interpretation of results obtained from large health 
databases. However, certain aspects, such as the aforemen
tioned inequalities in healthcare utilization, could not be 
addressed due to the clinical-focused nature of the study. This 
highlighted the importance of analysing data at the popula
tion level.

To overcome the limitation, the CARhES cohort 
(CArdiovascular Risk factors for hEalth Services research) was 
set up in 2020. Its aim is to analyse the use of healthcare services 
and drugs in patients with risk factors for CVD residing in 
Arag�on (Spain), in order to know the impact of healthcare utili
zation on health outcomes and to detect inequalities. The final 
objective is to develop strategies to improve the clinical manage
ment of these patients through effective and equitable care.

The CARhES study is a Real-World Data population-based 
cohort of secondary data from health services. Real-World 
Data, defined as data that are not collected in the setting of a 
randomized control trial, are a trustworthy resource for clinical 
and public health research.19 Particularly, the secondary use of 
routinely collected health data for research purposes is becom
ing more and more accessible and popular, as shown by the re
cent regulation of the European Health Data Space.20 It 
provides a unique information stream to describe the frequency 
and epidemiology of chronic diseases and its clinical practice. 
These sources may include linked data related to socio- 
demographic, geographical, clinical and therapeutic 
information, covering long time periods, offering an acceptable 
recording quality in most cases.

Who is in the cohort?
The CARhES cohort is a population dynamic open cohort 
that uses Real-World Data and, more precisely, it makes sec
ondary use of clinical and administrative data regularly col
lected in the Arag�on Health Service. The inclusion criteria for 
the cohort are the following: the population aged �16 years 
old registered as users of the Arag�on Health System with a 
medical diagnosis of hypertension (HTA), diabetes mellitus 
(DM) and/or dyslipidaemia (DL) and/or a prescription of at 
least one antidiabetic or lipid-lowering drug. In the case of 
HTA, only medical diagnosis is taken into account, given the 
widespread use of antihypertensive drugs for numerous 
pathologies.

Arag�on is an Autonomous Community located in the north- 
east of Spain. It has a population of 1.3 million inhabitants, half 
of the population lives in the city of Zaragoza21 and it has a 
high level of ageing. The Arag�on Health System, which covers 
>98% of the population, is structured in 8 health sectors orga
nized into 123 basic healthcare areas, each of them served by a 
primary care centre and with populations of between 2000 and 
5000 inhabitants.22 A comparison between the cohort partici
pants and the Arag�on population is available in Supplementary 
Table S1 (available as Supplementary data at IJE online).

Figure 1 presents the schema of the CARhES cohort construc
tion. The data are extracted from BIGAN—a platform that 

integrates data from the Arag�on Health Service (SALUD) infor
mation systems for their secondary use for research and policy- 
making (regulated by Law ORDEN SAN/1355/2018). This law 
provides the legal basis for secondary use of patients’ data, 
waiving the requirement of an active consent. The identification 
of patients who meet the inclusion criteria is carried out using 
three different data sources: BDU (Users Database), which pro
vides information on age and coverage status to the Arag�on 
public health system of all of the Aragonese population; GMA 
(Adjusted Morbidity Groups) database,23 which is used to de
tect diagnoses of interest considering the medical diagnoses 
available in primary care, hospital emergencies and hospital dis
charge records; and finally Receta Electr�onica (electronic phar
macy records), which is used to identify pharmacological 
treatments. We identify specifically Anatomical Therapeutic 
Chemical (ATC) codes A10 (drugs used in diabetes), C02 (anti
hypertensives), C03 (diuretics), C07 (beta-blocking agents), 
C08 (calcium-channel blockers), C09 (agents acting on the re
nin–angiotensin system) and C10 (lipid-modifying agents). All 
data are pseudonymized in origin in the BIGAN platform with 
a unique code to allow its identification across the different 
linked databases.

After these data are provided by BIGAN, the research 
group proceeds to implement a more precise selection of 
patients included in the cohort, in order to get a detailed con
trol of inclusion criteria. In the case of DM, we exclude 
women �50 years old with metformin prescription but no di
agnosis of DM, as this drug can also be used for polycystic 
ovary syndrome. Subsequent classification of DM into type 1 
or 2 is made according to the available primary care diagno
ses [International Classification of Primary Care (ICPC) 
codes T89–T90 and literal labels]. In those people in whom it 
has not been clearly identified whether it is type 1 or 2 DM, 
drugs prescribed to these patients are reviewed, considering 
as type 2 DM those who only take oral antidiabetic drugs 
(ATC code A10B).

How often have they been followed up?
The current ethics committee permit allows patient follow-up 
for 10 years, dating from 2017 to 2026. It is expected that 
this follow-up will be extended in the future with an annual 
update. For its management, there is a regular yearly extrac
tion from the BIGAN databases and its integration in the 
CARhES cohort. There have been five waves of data consoli
dation extractions at the moment of writing this paper (from 
1 January 2017 to 31 December 2021). In these 5 years of 
follow-up, there were 56 959 losses; 86.8% were due to the 
death of patients, 10.2% to the mobility of patients to other 
autonomous communities, 2.4% to health card expiry and 
0.4% to loss of the right.

What has been measured?
As can be observed in Figure 1, beyond the data used for the 
inclusion criteria, BIGAN provides information from four 
other data sources that are later integrated into the three 
CARhES cohort databases: patient data (both socio- 
demographic and clinical), drugs data and use of health 
services data. In Table 1, there is a detailed description of the 
information from the different CARhES databases.

Every time a patient contacts the healthcare system, a re
cord is generated containing different types of information 
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that is captured in BIGAN. Once a year, there is an extraction 
of the data from the BIGAN platform that is provided to the 
research group. It is at this point that the CARhES cohort in
tegration takes place, together with the cleansing quality re
view of the information and the fine-grain inclusion patient 
selection. In addition, we compute a number of new variables 
that are useful for facilitating further analyses. These varia
bles fall into the following categories: patient profiling, health 
services and drugs use, inequalities data and health out
comes data.

The patient profiles for each risk factor for CVD are com
puted using sex, age group and morbidity burden, and serve 
as a proxy for the complexity of the patients. Profiles are cre
ated using a two-step cluster analysis approach on the men
tioned variables and the optimal number of clusters was 
determined using the Bayesian Information Criterion. We 

obtained seven different profiles for patients with type 2 DM, 
seven for patients with HTA and eight for patients with DL.

Health services use computed variables that include the num
ber of medical visits to primary care or to a specialist doctor for 
a certain period of time and the proportion of patients who are 
prescribed a particular therapeutic subgroup, among others. 
The study of adherence to medication is analysed according to 
the different phases defined by The Ascertaining Barriers to 
Compliance (ABC) taxonomy24 and conceptualized based on 
the Medication Adherence Reporting Guideline (EMERGE)25

and the TEOS (Timelines–Events–Objectives–Sources) frame
work,26 in order to improve its transparency and comparability.

Gender, place of residence and socio-economic level are in
cluded for each individual to analyse inequalities. Regarding 
the socio-economic level, pharmacy copayment levels and the 
type of activity (employed, unemployed, pensioner) are 

Figure 1. The CArdiovascular Risk factors for hEalth Services research (CARhES) cohort construction. BIGAN: a platform that integrates data from the 
Arag�on Health Service (SALUD) information systems for its secondary use for research and policy-making; BDU: users database; GMA: adjusted 
morbidity groups; CMBD: hospital discharge records; CEX: specialist care; OMI-AP: primary care; PCH: emergency care; Receta Electr�onica: electronic 
pharmacy records

International Journal of Epidemiology, 2024, Vol. 53, No. 2                                                                                                                                              3 

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/53/2/dyae015/7611600 by guest on 21 February 2024



combined to provide a good approximation for the socio- 
economic position of the individual.27 Deprivation of the 
basic healthcare area of residence is considered using a depri
vation index.28 Areas of residence are also categorized into 
rural or urban according to the classification followed by the 
Arag�on government.29

Data on major adverse cardiovascular events (myocardial 
infarction and stroke), as well as other health outcomes, such 
as mortality or the occurrence of adverse effects, were 
obtained. Major adverse cardiovascular event diagnoses cor
respond to codes I21 and I60–I63 of the International 
Classification of Diseases (ICD-10). Major adverse cardiovas
cular events are obtained from hospital discharge records 
(CMBD) (hospital discharge records) and emergency care 
(PCH) (see Figure 1). Mortality is identified from BDU (users 
database) and the cause of mortality can be obtained in those 
patients with a hospitalization or an emergency admission.

What has it found?
In 2017, the CARhES cohort started with the inclusion of 
446 998 individuals. From these individuals, 252 508 fulfil 
HTA criteria, 332 644 fulfil DL criteria and 96 709 fulfil DM 
criteria. The majority of individuals (57.8%) had only one 
risk factor for CVD and 10.4% of the patients included in 
the CARhES cohort had three of them. Information about 
the prevalence of risk factors for CVD in the CARhES cohort 
by sex and groups of age at the beginning of the follow-up 
can be found in Figure 2.

In the 2021 update, the number of patients in the CARhES 
cohort increased to 532 568. It represents an incidence of 11.1 
cases of HTA per 1000 people per year, 20.3 cases of DL and 
8.9 cases of DM. The geographical distribution of risk factors 

for CVD showed differences for the three of them analysed 
(Supplementary Figure S1, available as Supplementary data at 
IJE online).

In Table 2, the baseline characteristics of the CARhES co
hort are available by risk factor for CVD. There are similar 
proportions of men and women, and the age group of 
45–64 years has the highest number of individuals. People 
have low socio-economic status and live mainly in urban 
areas. They have a high morbidity burden, based on the num
ber and severity of diagnosed diseases.23

Patients with risk factors for CVD have a high use of 
healthcare services and drugs. Table 3 provides a comprehen
sive overview of patients included in 2017 in the CARhES co
hort and their healthcare and drug utilization within 1 year 
of inclusion. Nearly all patients visited their primary care 
physician, averaging �20 visits per year, and approximately 
two-thirds of these patients sought care from specialist physi
cians. Pharmacological burden ranged from 6.8 different 
therapeutical subgroups in 1 year in patients with DL to 8.2 
in patients with DM. The proportion of individuals receiving 
specific treatment was the highest among those with HTA 
(88.8%). Those with DM exhibited the highest utilization of 
healthcare services and had the greatest likelihood of hospital 
admissions and visits to the emergency department. Lastly, 
their drug use also exceeded those of patients with other risk 
factors for CVD.

When we analysed the use of healthcare services by the 
profiles obtained, greater complexity was associated with 
greater use of health services. In the case of primary care utili
zation in patients with DM, the least complex patients’ pro
files had an average of 7.6 visits per year to their primary 
care physician, whereas the most complex had an average of 
12.3 visits per year.

Table 1. Data sources and original variables available in the CArdiovascular Risk factors for hEalth Services research (CARhES) cohort

Database and data source Variables

Patient data
BDU (users database) Patient ID; date of birth; sex; registration date; administrative health area; living in an 

institution; economic activity; income band; pharmaceutical copayment; withdrawal; 
cause of withdrawal

GMA (adjusted morbidity groups) Diagnosed chronic morbidity (yes/no): diabetes mellitus, heart failure, chronic 
obstructive pulmonary disease, hypertension, depression, HIV, ischaemic heart 
disease, stroke, chronic kidney disease, cirrhosis, osteoporosis, arthrosis, arthritis, 
dementia; number of chronic diseases; number of systems affected; morbidity 
burden; other diseases obtained from free text: dyslipidaemia and obesity

Drugs data
Receta Electr�onica (electronic pharmacy records) Information obtained for each drug prescribed (electronic prescribing system) and 

received (dispensation database) by the patient: healthcare level of prescription 
(primary care or specialized care); prescription date; dispensation date; billing date; 
starting date; planned end date; ATC code; number of dispensed packages; defined 
daily doses; pharmaceutical form; dosage; price

Use of health services data
CMBD (hospital discharge records) Information obtained for each hospitalization: date of admission; re-entry; principal 

diagnosisa; secondary diagnosesa; surgical and diagnostic procedures; hospital; 
service of discharge; date of discharge; cause of discharge

PCH (emergency care) Information obtained for each visit: date of visit; hospital; reason for visit; triage level; 
diagnosis; date of discharge; type of discharge

CEX (specialist care) Information obtained for each visit: hospital; date of visit; medical specialty; origin
OMI-AP (primary care) Information obtained for each visit: date of visit; type of visit; specialty; diagnosis 

(ICPC code and description); date of referral and specialty; family history; clinical 
parameters (date and value); diagnostic tests (date and type) including blood samples; 
lifestyle (physical activity, alcohol consumption, tobacco consumption, diet); 
anthropometric measures (body weight, height, abdominal perimeter, pulse rate, 
peripheral pulse)

ATC, Anatomical, Therapeutic, Chemical classification system; ICPC, International Classification of Primary Care; ID, identification.
a Using the International Classification of Diseases, 10th edition (ICD-10).

4                                                                                                                                             International Journal of Epidemiology, 2024, Vol. 53, No. 2 
D

ow
nloaded from

 https://academ
ic.oup.com

/ije/article/53/2/dyae015/7611600 by guest on 21 February 2024

https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyae015#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyae015#supplementary-data


We identified healthcare inequalities for the different pa
tient profiles by socio-economic level and area of residence. 
People living in depopulated areas had a higher attendance to 
primary healthcare than those living in very populated areas. 
In relation to socio-economic levels, pensioners and 
employed people earning <e18 000 per year showed the 
highest attendance to primary healthcare in comparison with 
people with high incomes, as has been described using other 
sources of information.30

The risk of suffering a major adverse cardiovascular event 
by sex and the influence of different factors on it have been 

analysed using different machine-learning techniques. Our 
findings reveal that the most important contributor for pre
dicting CVD risk was age followed by adherence to antidia
betic medication. The importance of the rest of the variables 
varied across different models, but DM was the most impor
tant risk factor for CVD in most models developed 
for women.

Lastly, it is crucial to recognize the impact of the COVID-19 
pandemic on the management and behaviour of individuals 
with risk factors for CVD. We conducted a study31 to compare 
adherence patterns before and during the COVID-19 pandemic 

Figure 2. Prevalence of cardiovascular risk factors in the CArdiovascular Risk factors for hEalth Services research (CARhES) cohort by sex and age 
groups, 2017. HTA, hypertension; DL, dyslipidaemia; DM, diabetes mellitus. Population of reference: all the Arag�on Health System users for each sex 
and group of age
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among individuals who were first prescribed statins for primary 
CVD prevention. The study findings revealed the presence of 
four distinct trajectories of statin adherence across the pan
demic. Older age, being a pensioner and having a higher mor
bidity burden were associated with higher and consistent 
adherence over time. Conversely, younger individuals, those 
employed with an annual income of <e18 000 or unemployed 
and individuals without comorbidities were more likely to fall 
into the poor adherence trajectory.

What are the main strengths and weaknesses?
The main strength is that it is a population-based cohort that 
includes all patients with a risk factor for CVD in an ageing 
population in southern Europe with a health system based on 
the principles of universal, equitable, free access and fairness 
of financing.32 Therefore, the results obtained are generaliz
able to other populations with similar settings, which are 
common in European countries. Data obtained from BIGAN 
are subjected to rigorous quality control procedures during 
the whole data lifecycle. These procedures aim to enhance the 
reliability, validity, quality and suitability of the CARhES co
hort data for research purposes from its origin. Clinical con
ditions of the patients of the cohort are obtained from 

GMA—a source of information that combines diagnoses 
from CMBD, PCH and OMI-AP (primary care), which 
makes this a high-sensitivity classification23 and whose valid
ity has been amply demonstrated.33,34 Also, by combining 
clinical diagnoses with drug consumption, highly sensitive in
clusion criteria can be established to effectively identify indi
viduals with risk factors for CVD. Finally, the good 
performance of the cohort in terms of findings and the low 
maintenance cost, due to its secondary-use nature, are 
expected to lead a larger follow-up.

The cohort also has some limitations worth mentioning. 
The use of administrative and electronic health databases is 
limited by the quality of the data recorded, as they have not 
been designed for research. Therefore, some data, especially 
those related to lifestyles, may not be fully collected or regu
larly updated. In any case, the quality of these databases has 
increased significantly in recent years and regular quality con
trols of the variables have been carried out by the CARhES 
cohort. Regarding private healthcare, the CARhES cohort 
includes information on hospital admissions in private hospi
tals, but does not include visits to primary care professionals, 
nor to specialist doctors in private healthcare. Even though 
we estimate minor use of private healthcare, this is an area 
for improvement and we hope to incorporate these data in 

Table 2. The CArdiovascular Risk factors for hEalth Services research (CARhES) cohort socio-demographic and clinical baseline characteristics in 2017 by 
cardiovascular risk factor

Characteristic Total [n (%)] Hypertension [n (%)] Dyslipidaemia [n (%)] Diabetes mellitus [n (%)]

Sex
Men 220 618 (49.4) 119 812 (47.4) 166 512 (50.1) 52 867 (54.7)
Women 226 380 (50.6) 132 696 (52.6) 166 132 (49.9) 43 842 (45.3)

Age (years)
16–44 48 844 (10.9) 10 521 (4.2) 38 021 (11.4) 5654 (5.9)
45–64 172 654 (38.6) 78 176 (30.9) 134 904 (40.6) 28 068 (29.0)
65–79 139 173 (31.2) 94 949 (37.6) 105 897 (31.8) 37 711 (39.0)
�80 86 327 (19.3) 68 862 (27.3) 53 822 (16.2) 25 276 (26.1)

Socio-economic level
Employed <18Ka 83 294 (18.6) 30 326 (12.0) 64 811 (19.5) 11 087 (11.5)
Employed �18Ka 59 798 (13.4) 22 589 (8.9) 47 118 (14.2) 6899 (7.1)
Unemployed 22 810 (5.1) 9726 (3.9) 17 419 (5.2) 4125 (4.3)
Mutualistb 3371 (0.8) 1764 (0.70) 2324 (0.7) 594 (0.6)
Pensioner <18Ka and free medicines 190 113 (42.5) 135 234 (53.6) 134 679 (40.5) 54 027 (55.9)
Pensioner �18Ka 72 666 (16.3) 46 474 (18.4) 55 454 (16.6) 17 346 (17.9)
Other 14 946 (3.3) 6395 (2.5) 10 839 (3.26) 2631 (2.7)

Area of residence
Rural 130 767 (29.3) 77 047 (30.5) 94 919 (828.5) 29 359 (30.4)
Urban 316 230 (70.7) 175 460 (69.5) 237 724 (71.5) 67 350 (69.6)
Morbidity burdenc [mean (SD)] 7.1 (4.8) 8.5 (5.0) 7.1 (4.8) 9.5 (5.5)

Comorbidities
Obesity 67 368 (15.1) 49 826 (19.7) 47 937 (14.4) 21 547 (22.3)
Heart failure 15 207 (3.4) 11 843 (4.7) 10 384 (3.1) 6111 (6.3)
Ischaemic heart disease 30 066 (6.8) 19 871 (7.9) 27 033 (8.1) 10 548 (10.9)
Stroke 16 656 (3.7) 12 436 (4.9) 13 117 (3.9) 5543 (5.7)
COPD 25 205 (5.7) 17 444 (6.9) 18 562 (5.6) 7585 (7.8)
Chronic kidney disease 42 458 (9.5) 39 351 (15.6) 29 766 (8.9) 14 111 (14.6)
Cirrhosis 11 623 (2.6) 7344 (2.9) 8801 (2.6) 4127 (4.3)
Osteoporosis 50 140 (11.2) 33 203 (13.1) 37 812 (11.4) 8484 (8.8)
Arthritis 11 146 (2.5) 6791 (2.7) 8348 (2.5) 2227 (2.3)
Dementia 12 203 (2.7) 9392 (3.7) 7848 (2.4) 3619 (3.7)
Depression 67 109 (15.0) 41 247 (16.3) 51 474 (15.5) 15 377 (15.9)

Total 446 998 (100) 252 508 (56.5) 332 644 (74.4) 96 709 (21.6)

COPD, chronic obstructive pulmonary disease.
a e18 000 per year.
b Civil servant.
c Summary index of the clinical diagnosed conditions.

6                                                                                                                                             International Journal of Epidemiology, 2024, Vol. 53, No. 2 
D

ow
nloaded from

 https://academ
ic.oup.com

/ije/article/53/2/dyae015/7611600 by guest on 21 February 2024



the near future. The CARhES cohort is not linked to the 
Mortality Registry, so the cause of death is only available 
when it happens in a healthcare facility. Finally, due to fac
tors related to patient identification, the smallest area of resi
dence available is the basic healthcare area. Work is being 
done to improve a finer geo-localization of the patients while 
preserving individuals’ privacy.

Can I get hold of the data? Where can I find 
out more?
Data of this cohort are not freely available due to sensitive in
formation, but we are open to collaborations aligned with 
the main objectives of the cohort. Researchers interested in 
conducting data analyses, developing new methodological 
approaches or doing cross-national comparisons should con
tact the Principal Investigators (Isabel Aguilar-Palacio iagui
lar@unizar.es and Sara Malo smalo@unizar.es).

Ethics approval
The protocol of the CARhES cohort was approved by the Clinical 
Research Ethics Committee of Arag�on (CEICA. PI21/148).

Data availability
See ‘Can I get hold of the data?’ above.
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Supplementary data are available at IJE online.
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Table 3. The CArdiovascular Risk factors for hEalth Services research (CARhES) cohort use of health services and drugs in the first year of follow-up by 
cardiovascular risk factor

Use of health services and drugs Hypertension  
(n¼252 508)

Dyslipidaemia  
(n¼ 332 644)

Diabetes mellitus  
(n¼96 709)

People with at least one visit to primary care doctor [n (%)] 246 083 (97.5) 319 776 (96.1) 94 531 (97.7)
People with at least one visit to primary care nurse [n (%)] 207 968 (82.4) 250 317 (75.3) 85 138 (88.0)
Number of visits to primary carea

Mean (SD) 19.8 (18.0) 18.8 (18.0) 23.9 (20.8)
Median (P25–P75) 13 (8–22) 12 (7–21) 16 (10–26)

People with at least one visit to specialist doctor [n (%)] 172 671 (68.4) 222 284 (66.8) 70 963 (73.4)
Number of visits to specialist doctora

Mean (SD) 6.8 (7.6) 6.9 (7.9) 7.7 (8.9)
Median (P25–P75) 4 (2–7) 4 (2–8) 4 (2–8)

People with at least one visit to specialist doctor [n (%)]
Cardiologist 35 892 (14.2) 44 197 (13.3) 15 880 (16.4)
Endocrinologist 18 271 (7.2) 24 250 (7.3) 16 518 (17.1)
Vascular surgery 6899 (2.7) 8728 (2.6) 3500 (3.6)
Ophthalmologist 50 005 (19.8) 57 491 (17.3) 23 233 (24.0)
Nephrologist 7545 (3.0) 7531 (2.3) 3662 (3.8)

People with at least one hospital admission [n (%)] 38 544 (15.3) 48 965 (14.7) 19 468 (20.1)
Number of hospital admissionsa

Mean (SD) 1.5 (1.1) 1.5 (1.1) 1.6 (1.2)
Median (P25–P75) 1 (1–2) 1 (1–2) 1 (1–2)

People with at least one visit to emergency service [n (%)] 74 705 (29.6) 98 502 (29.6) 32 782 (33.9)
Number of emergency service visitsa

Mean (SD) 1.8 (1.5) 1.8 (1.6) 1.9 (1.7)
Median (P25–P75) 1 (1–2) 1 (1–2) 1 (1–2)

People with at least one drug prescription [n (%)]
Antihypertensives (ATC codes: C02, C03, C07–C09) 224 129 (88.8) 170 322 (51.2) 68 762 (71.1)
Lipid-lowering drugs (ATC code: C10) 117 360 (46.5) 216 066 (65.0) 59 092 (61.1)
Anti-diabetics (ATC code: A10) 54 093 (21.4) 61 973 (18.6) 84 001 (86.9)

Number of prescriptions among treatedb [mean (SD)]
Antihypertensives (ATC codes: C02, C03, C07–C09) 23.8 (14.6) 27.5 (17.5) 30.1 (18.6)
Lipid-lowering drugs (ATC code: C10) 13.0 (4.8) 12.3 (4.5) 13.9 (5.7)
Anti-diabetics (ATC code: A10) 21.2 (12.0) 22.0 (12.5) 19.7 (11.0)

Pharmacological burden (all ATC codes),c mean (SD) 7.3 (3.8) 6.8 (3.9) 8.2 (4.1)

ATC, Anatomical Therapeutic Chemical code.
a Mean and SD calculated in those with at least one visit.
b Number of prescriptions refers to number of dispensations.
c Pharmacological burden was estimated based on the number of different pharmacological subgroups dispensed.
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