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ABSTRACT
Purpose: The aim of the Medicine use and
Alzheimer’s disease (MEDALZ) study is to investigate
the changes in medication and healthcare service use
among persons with Alzheimer’s disease (AD) and to
evaluate the safety and effectiveness of medications in
this group. This is important, because the number of
persons with AD is rapidly growing and even though
they are a particularly vulnerable patient group, the
number of representative, large-scale studies with
adequate follow-up time is limited.
Participants: MEDALZ contains all residents of
Finland who received a clinically verified diagnosis of
AD between 2005 and 2011 and were communitydwelling at the time of diagnosis (N=70 719). The
diagnosis is based on the National Institute of
Neurological and Communicative Disorders and Stroke
and the Alzheimer's Disease and Related Disorders
Association (NINCS-ADRDA) and Diagnostic and
Statistical Manual Fourth Edition (DSM-IV) criteria for
Alzheimer’s disease. The cohort contains
socioeconomic data (education, occupational status
and taxable income, 1972–2012) and causes of death
(2005–2012), data from the prescription register
(1995–2012), the special reimbursement register
(1972–2012) and the hospital discharge register
(1972–2012). Future updates are planned.
The average age was 80.1 years (range 34.5–
104.6 years). The majority of cohort (65.2%) was
women. Currently, the average length of follow-up after
AD diagnosis is 3.1 years and altogether 26 045
(36.8%) persons have died during the follow-up.
Findings: Altogether 53% of the cohort had used
psychotropic drugs within 1 year after AD diagnoses.
The initiation rate of for example, benzodiazepines and
related drugs and antidepressants began to increase
already before AD diagnosis.
Future plans: We are currently assessing if these,
and other commonly used medications are related to
adverse events such as death, hip fractures, head
injuries and pneumonia.
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INTRODUCTION
Global life expectancy has increased from
65.3 years to 71.5 years between 1990 and

Strengths and limitations of this study
▪ Medicine use and Alzheimer’s disease (MEDALZ)
contains all residents of Finland who received a
clinically verified diagnosis of Alzheimer’s
disease (AD) in between 2005 and 2012 and
were community-dwelling at the time of diagnosis (N=70 719).
▪ Studies like MEDALZ provide means for assessing the safety and effectiveness of interventions
in population groups that are under-represented
in randomised controlled trials.
▪ The main limitation of all register-based studies,
not specific to ours, is the lack of information on
certain confounders, such as body composition,
smoking or alcohol use. These can be partially
captured by using medical histories, or by the
within-subject study design that controls for
fixed, unmeasured confounding.

2013.1 However, the simultaneous increase in
healthy life expectancy was smaller.1 While
the years of life lost, for example, due tocommunicable, maternal, neonatal and nutritional disorders have rapidly decreased,1 a
steep increase in years of life lost or lived
with disability due to chronic diseases has
occurred.1–3
Dementia, with Alzheimer’s disease (AD)
being the most common form, is the most
important determinant of healthcare service
use and health-related quality of life.1–3 In
2010, 35.6 million people were estimated to
have dementia, and the number is predicted
to double by 2030 and more than triple by
2050.3 This will have dire consequences on
the healthcare systems as there is no curative
treatment for dementia. Importantly, changes
in population structure are not only occurring in industrialised countries, but also in
those countries that are under transition
phase. Thus, large population-based research
efforts on ways to delay the institutionalisation
or deterioration of health status are urgently
needed.
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Cohort description
MEDALZ contains all residents of Finland who received
a clinically veriﬁed diagnosis of AD between 2005 and
2011 and were community-dwelling at the time of diagnosis (N=73 005). Cohort members were identiﬁed from
Special Reimbursement register maintained by the
Social Insurance Institution of Finland (SII). As reimbursement was also granted for dementia related to
Parkinson disease, we excluded persons with dementia
2

related to Parkinson disease (n=2286), resulting to the
ﬁnal sample size of 70 719. The Finnish Current Care
Guideline recommends that all persons with AD are
treated with anti-dementia drugs unless there is a speciﬁc contraindication (such as gastric ulcer/intestinal
tract operation <6 months ago or severe asthma or
chronic obstructive pulmonary disease (COPD) for acetylcholinesterase inhibitors).10 Patients with mild/moderate AD are entitled to reimbursed medication, but the
reimbursement is not withdrawn if/when the disease
progresses so our cohort includes persons with all stages
of AD. To be eligible for reimbursement, AD diagnosis
needs to be clinically veriﬁed according to the
NINCS-ADRDA and DSM-IV criteria for AD.11 12
Summary of anamnestic information from the patients
and family, as well as ﬁndings from clinical examination
and all diagnostic ﬁndings, are submitted to the SII,
where a geriatrician/neurologist systematically evaluates
the diagnostic evidence for each AD case and conﬁrms
whether the prespeciﬁed criteria are met. Thus all AD
cases of the cohort were veriﬁed by medical examination
including CT/MRI scan, exclusion of alternative diagnoses and conﬁrmation of AD diagnosis by a geriatrician
or neurologist. The physician also needs to conﬁrm
whether the patient has other dementing diseases, such
as mixed dementia, multi-infarct dementia or Lewy body
dementia. However, patients with these diseases are also
entitled to reimbursed medicines if the symptoms are
considered to be mainly caused by AD.
Finland ( population 5.4 million, gross domestic
product ∼€38 000 per capita in 2014) has a similar
population structure to other developed countries: in
2015, 19.9% of the population was 65 years or older, and
this percentage is expected to increase up to 26% by
2050 (Statistics Finland). For those born in 2014, life
expectancy was 83.9 years for girls and 78.2 years for
boys. Data on medication and healthcare service use are
collected routinely. The healthcare system is organised
according to a national framework, set by the Ministry of
Social Affairs and Health. All citizens/residents are
covered by tax-supported public health service and have
unrestricted access to health services, regardless of their
socioeconomic status.13
The MEDALZ cohort contains socioeconomic data
(education, occupational status and taxable income,
1972–2012) and causes of death data from Statistics
Finland (2005–2012), data from the prescription register
(1995–2012), the special reimbursement register (1972–
2012) and the hospital discharge register (1972–2012).
Data on stays in long-term facilities (1995–2012) were
obtained from SII. The registers have been described in
detail in our pilot study that included all Finnish AD
cases alive as on 31 December 2005.14 The available data
are listed in ﬁgure 1. Brieﬂy, we have extracted detailed
diagnosis history from the hospital discharge register
and also derived data on cumulative costs of hospital
days and prescribed medications.15 16 The prescription
purchase data have been transformed to medication use
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One speciﬁc problem in this group is the lack of effectiveness evidence on the symptomatic treatments. Many
randomised controlled trials (RCTs) have assessed the
safety and efﬁcacy of acetylcholinesterase inhibitors and
memantine (AD medications), as well as central nervous
system drugs (such as antipsychotics and antidepressants)
that are frequently used for treating the behavioural
symptoms of dementia. However, these trials have been
conducted in selected populations. For example, the participants of the acetylcholinesterase inhibitors RCTs were
systematically younger and less likely to be women in
comparison with a nationwide cohort of persons with
AD.4 Comorbidities and concomitant medications were
rarely reported in the RCTs, but majority of them
excluded persons with, for example, psychotropic or anticholinergic medications,4 although these medications
are commonly used in real life.5 Further, the follow-up
times of RCTs are also often short in comparison with the
actual time the real-life users are exposed to these medications6 7 and the RCT sample sizes do not necessarily
allow the detection of rarer adverse events which,
however, would be signiﬁcant on a population level.
People with AD are particularly vulnerable, and older
people in general are more susceptible to interactions and
adverse effects due to ageing-related changes in pharmacokinetics and pharmacodynamics.8 9 Inappropriate or
even appropriate pharmacotherapy can lead to deteriorations in functional capacity and increase the need for
hospitalisation, homecare and institutionalisation, so it is
essential to evaluate the effectiveness and safety of medications among actual users. Importantly, decreases in
adverse events leading to institutionalisation can translate
to a better quality of life for patients and their caregivers,
and to more efﬁcient targeting of healthcare resources.
Thus, representative studies with adequate follow-up time
are needed.
Our aim is to investigate the changes in medication
and healthcare service use among persons with AD and
to evaluate the safety and effectiveness of medications in
this group. For this purpose, we have set up a registerbased nationwide Medicine use and Alzheimer’s disease
(MEDALZ) study which includes all community-dwellers
who received a clinically veriﬁed AD diagnosis between
2005 and 2011. Reliable, continuously updated
individual-level data on hospitalisations since 1972 and
medications since 1995 makes this cohort a unique possibility to assess the changes in medications and health
status before and after AD diagnosis.
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periods, that is, how long each person used each medication, using the PRE2DUP method.17 Brieﬂy, the
method uses a decision procedure that includes each
person’s purchase history for each ATC code,18 processed in a chronological order. The method constructs
exposure periods and estimates the dose used during
the period by considering the purchased amount in
deﬁned daily doses, recorded in the prescription register. PRE2DUP accounts for stockpiling of medications,
personal purchasing pattern that is, regularity of the purchases, as well as hospitalisations and stays in long-term
facilities when medication use is not recorded in the
prescription register. The method is constantly developed further and new features are added according to
research interests.
The study protocol was approved by the register maintainers (ﬁgure 1). Data were retrieved by the register
maintainers on the basis of personal identiﬁcation
numbers (PINs), but all data were de-identiﬁed before
submission to the research team, that is, PINs were
replaced by research ids, enabling the data linkage and
updates. According to Finnish law, additional ethics
committee approval or informed consent was not
required. According to the Personal Data Act, informed
consent is not needed because we are using only routinely collected, anonymised data and participation in
the study does not affect treatment.
Currently, the follow-up data are available until 31
December 2012 but we are planning future updates. At
present, the average length of follow-up after diagnosis
is 3.1 years. Altogether 26 045 (36.8%) persons died
during the follow-up. The average age at the date of
diagnosis was 80.05 years (95% CI 80.00–80.11 years,
range 34.5–104.6 years).
The characteristics of the MEDALZ cohort are
described in table 1. The majority (65.2%) were women

and the number of AD cases increased annually, from
8547 (12.1% of the cohort) in 2005 to 12 222 (17.3% of
the cohort) in 2011. Approximately half of the cohort
had a history of some type of cardiovascular disease and
86.1% had purchased related cardiovascular medication
before the follow-up. History of mental and behavioural
disorders was relatively common, with 23.1% having hospital admission due to these diseases before AD diagnosis. However, admissions due to dementia are also
included in this category. Approximately one-tenth of
the cohort had medically treated diabetes and asthma/
COPD or hospitalisations due to these diseases.
The study participants made 18.3 million reimbursed
drug purchases between 1995 and 2012. These purchases
were modelled into 3.9 million use periods, lasting total 4.2
million years. Altogether 17.0% had used antipsychotics,
32.5% antidepressants and 44.4% benzodiazepines before
the AD diagnosis. More detailed description of the medication use in this cohort is available in references.5 19 20
Findings to date
Altogether 53% of the MEDALZ cohort had used psychotropic drugs within 1 year of AD diagnosis, which was considerably higher than that among matched comparison
persons without AD, of whom 33% used these drugs.5
Similarly, when compared to a matched cohort without
AD, persons with AD initiated benzodiazepine and
related drug use more frequently already 1 year before
AD diagnosis, with the highest rate of initiations at
6 months after the AD diagnosis.20 The initiation of antidepressants was already common 9 years before the AD
diagnosis in comparison to a matched cohort without
AD.19 As observed with benzodiazepines, the initiation
rate of antidepressants peaked at 6 months after AD diagnosis. We are currently assessing if these, and other commonly used medications are related to adverse events.
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Figure 1 Data sources used in the MEDALZ cohort. MEDALZ, Medicine use and Alzheimer’s disease; NOMESCO, Finnish
version of the Nordic Medico-Statistical Committee classification for Surgical Procedures.
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Characteristic

n (%)

Sex
Men
Women
Year of AD diagnosis
2005
2006
2007
2008
2009
2010
2011
Highest occupational social class during 1972-AD diagnosis
Managerial/professional
Office worker
Farming/forestry
Sales/industry/cleaning
Unknown
Did not respond
Highest socioeconomic position recorded for study participants in their middle age (age 45–55 years)
Entrepreneurs and higher clerical workers
Lower clerical workers and employees
Unemployed, conscripts, retired and students
Unknown/missing
History of comorbidities
Cardiovascular disease (special reimbursement register)
Hospitalisation due to ischaemic heart disease (ICD-10 code I20-I25)
Hospitalisation due to stroke (ICD-10 code I60-I64)
Diabetes (special reimbursement register)
Hospitalisation due to diabetes (ICD-10 code E10-E14)
Asthma/chronic obstructive pulmonary disease (special reimbursement register)
Hospitalisation due to asthma/chronic obstructive pulmonary disease (ICD-10 code J44-J46)
Hospitalisation due to hip fracture (ICD10-code S720-S721)
Hospitalisation due to any mental or behavioural disorder (ICD-10 code F*)
Disorders due to psychoactive substance use (ICD-10 code F1*)
Schizophrenia, schizotypal and delusional disorders (ICD-10 code F2*)
Depression (ICD-10 code F32-F34, F38-F39)
Mania and bipolar disorder (ICD-10 code F30-F31)
Neurotic, stress-related and somatoform disorders (ICD-10 code F4*)
Disorders of adult personality and behaviour (ICD-10code F6*)
History of medication use
Any antipsychotic (ATC-code N05A)
Any antiepileptic medication (ATC-code N03A)
Any opioids (ATC-code N02A)
Any antidepressants (ATC-code N06A)
Benzodiazepines (ATC codes N05BA, N05CD, N05CF)
Any diabetes drug (ATC code A10)
Any CVD drug (ATC code C*)

24 602 (34.8)
46 117 (65.2)
8547 (12.1)
8803 (12.5)
9442 (13.4)
10 327 (14.6)
10 500 (14.9)
10 878 (15.4)
12 222 (17.3)
14 680 (20.8)
5974 (8.5)
13 443 (19.0)
30 150 (42.6)
5932 (8.4)
540 (0.8)
24 164 (34.2)
40 895 (57.8)
4830 (6.8)
829 (1.2)
35 921 (50.8)
18 468 (26.1)
6828 (9.7)
9461 (13.4)
7384 (10.4)
6199 (8.8)
5267 (7.5)
3714 (5.3)
16 668 (23.6)
1832 (2.6)
1882 (2.7)
3760 (5.3)
504 (0.8)
1756 (2.5)
270 (0.4)
12 009 (17.0)
7176 (10.1)
17 381 (24.6)
22 984 (32.5)
31 424 (44.4)
13 433 (19.0)
60 856 (86.1)

AD, Alzheimer’s disease; ATC, Anatomical Chemical Therapeutic classification system; CVD, cardiovascular disease; ICD 10, International
Classification of Disease; 10th Edition; MEDLAZ, Medicine use and Alzheimer’s disease.

Strengths and limitations
To the best of our knowledge, a similar nationwide cohort
of clinically veriﬁed AD cases does not exist elsewhere in
the world. PINs and the Finnish statutory healthcare and
prescription registers provide excellent research resource,
as data on, for example, sociodemographic characteristics,
diagnoses and hospitalisations, medications and mortality
can be obtained and linked with relative ease. Similar
4

systems are used in other Nordic countries, but so far it
has not been possible to identify all AD cases in these
countries. The main prerequisite of register-based studies
is good coverage and validity of the data sources. Studies
assessing the internal validity of Finnish administrative registers21 and comparing register information with patient
records or other information from the primary source
have conﬁrmed that the coverage and accuracy of these
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Table 1 Description of the MEDALZ cohort (N=70 719) at baseline (date of AD diagnosis).
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Collaboration
We have ongoing international collaborations and are
open for new proposals. We have agreed to comply with
the regulations of register maintainers (SII and National
Institute of Health and Welfare) which limit the use of
data to strictly non-commercial purposes and restrict the
data access to only those persons who are entitled to
have access to the data according to accepted research
proposals. Thus, new permissions for each individual
accessing the data need to be ﬁled. In addition, data
provided by the National Institute of Health and
Welfare, such as information on hospital discharges and
social service use cannot be sent abroad.
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