
© 2013 Tolppanen et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article  
which permits unrestricted noncommercial use, provided the original work is properly cited.

Clinical Epidemiology 2013:5 277–285

Clinical Epidemiology

Use of existing data sources in clinical 
epidemiology: Finnish health care registers 
in Alzheimer’s disease research – the Medication 
use among persons with Alzheimer’s disease 
(MEDALZ-2005) study

Anna-Maija Tolppanen1

Heidi Taipale2,3

Marjaana Koponen2,3

Piia Lavikainen2

Antti Tanskanen4,5

Jari Tiihonen4–6

Sirpa Hartikainen2,3

1Institute of Clinical Medicine – 
Neurology, 2Kuopio Research 
Centre of Geriatric Care, 3School 
of Pharmacy, University of Eastern 
Finland, Kuopio, Finland; 4Karolinska 
Institutet, Department of Clinical 
Neuroscience, Stockholm, Sweden; 
5National Institute for Health and 
Welfare, Helsinki, Finland; 6University 
of Eastern Finland, Department 
of Forensic Psychiatry, Niuvanniemi 
Hospital, Kuopio, Finland

Correspondence: Anna-Maija Tolppanen 
University of Eastern Finland, Institute 
of Clinical Medicine – Neurology, 
PO Box 1627, FIN 70211 Kuopio, Finland 
Tel +358 40 355 2015 
Fax +358 17 162 048 
Email anna-maija.tolppanen@uef.fi

Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
277

M E T H O D O L O G y

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/CLEP.S46622

Abstract: Memory diseases are the most important determinant of health care service use and 

quality of life among older individuals. Adverse effects of medication are common among older 

people, but this age group is underrepresented in clinical trials. Finnish statutory health care and 

prescription registers, together with personal identification numbers (PINs) and a tax-supported 

public health plan covering all citizens provide excellent opportunities for epidemiological research. 

We used routinely collected data from the Finnish health care system to establish the Medication 

use among persons with Alzheimer’s disease (MedAlz-2005) cohort. This cohort study will be 

used to assess medication use and its effects on health status and hospitalization among persons 

with Alzheimer’s disease (Ad). The cohort includes all community-dwelling persons who had 

a clinically verified diagnosis of Ad, resided in Finland, and were alive on  december 31, 2005 

and a matched comparison person for each affected individual. data on purchased prescription 

medicines (1995–2009), inpatient hospital admissions (1972–2009), outpatient visits (1995–2009), 

details on diagnosed cancers (1972–2009), and mortality (until October 2010) are available for 

the whole cohort. This paper describes how this data can be utilized in etiological research and 

the assessment of health care service use, drug utilization, and associated adverse outcomes in a 

particularly vulnerable group that is often underrepresented in clinical trials.

Keywords: drug utilization, pharmacoepidemiology, epidemiology, cohort

Background
Worldwide, 35.6 million people were estimated to have dementia in 2010, with 

Alzheimer’s disease (Ad) being the most common form of dementia.1 The number of 

affected individuals is expected to rise to up to 115.4 million by 2050 due to changes in 

population structure.1 Cognitive decline and dementia are the most important determi-

nants of health care service use: health care costs of Ad or dementia patients are over 

three times higher than the costs of the aged population without these diseases.2 In the 

UK, the treatment of dementia costs more than treatments for cancer and cardiovascular 

diseases combined.3 In 2003, dementia contributed to 11.2% of all years lived with 

disability among those aged 60 years or older, which is more than the contributions 

of cancer, cardiovascular diseases, musculoskeletal disorders, or stroke.4

Immense research effort has focused on modifiable risk factors and disease-modify-

ing or -delaying therapies for Ad. However, the therapeutic advances have been modest, 
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and only symptomatic treatment with acetylcholinesterase 

inhibitors and/or memantine is available. In addition, behav-

ioral and psychological symptoms, eg, agitation, depression, 

apathy, delusions, hallucinations, and sleep disturbances are 

often treated with psychotropic drugs, such as antidepressants 

or antipsychotics, although evidence on the benefits of these 

treatments is inconsistent.5 Further, aging leads to several 

pharmacokinetic and pharmacodynamic changes.6,7 Thus, 

the results from randomized controlled trials of psychotropic 

drugs with more restricted selections of patients are not likely 

to be generalizable to the actual user population.8 In addi-

tion, the sample sizes needed to detect less common adverse 

effects would be unfeasibly large for randomized controlled 

trials and, thus, large population-based studies are needed to 

provide data on the effectiveness and possible adverse events 

related to medications in the actual user population. Persons 

with Ad are a particularly vulnerable group, and thus it is 

important to assess whether the risk–benefit profile, estimated 

in trials that have often excluded aged individuals, those with 

cognitive impairment, multiple comorbidities or concomitant 

medications, is directly applicable.

Finnish statutory health care and prescription registers, 

together with personal identification numbers (PINs) provide 

excellent opportunities for epidemiological research. Similar 

systems are used in other Nordic countries, but, in Finland 

and denmark, the data are available from a longer period of 

time than in other Nordic countries (a national prescription 

register was introduced in 1994 in Finland and denmark, but 

in 2004–2006 in other Nordic countries,9 while hospital dis-

charge data is available from 1967 in Finland and from 1977 in 

denmark10). However, changes in Finnish PINs in the 1970s 

means that reliable automated linkage without individual 

checking and recoding of PINs is possible with data from 1972 

onwards. Finland (population 5.4 million, gross domestic 

product €178,796 million in 2010) has a similar population 

structure to other developed countries: in 2012, 18.8% of 

the population was 65 years or older, and this percentage is 

expected to increase up to 26.9% by 2050.11 For those born in 

2011, life expectancy was 83.5 years for girls and 77.2 years 

for boys. All citizens/residents are covered by a tax-supported 

public healthcare plan and have unrestricted access to health 

services, independent of socioeconomic status.9 Public health 

care, provided by municipalities, is organized according to a 

national framework, set by the Ministry of Social Affairs and 

Health. In addition to the public health care system, health 

care services are available from private providers.

The Medication use among persons with Alzheimer’s 

disease (MedAlz-2005) cohort was set up to investigate 

medication use and health statuses of persons with 

Alzheimer’s disease on a nationwide level. The aim of this 

paper is to describe (1) how this routinely collected data from 

health care registers can be utilized in clinical epidemiology, 

and (2) the baseline characteristics of the MedAlz-2005 

population.

Methods of the MEDALZ-2005 
study
Study design
Our sample consists of two closed cohorts: (1) all 28,093 

persons with a verified diagnosis of Ad residing in Finland 

(population 5.3 million, 97.8% Finnish citizens and 2.2% 

noncitizens) on december 31, 2005;12 and (2) their matched 

comparison group with no diagnosed Ad. To be included 

in the sample, the participants needed to be (1) alive on 

31 december, 2005, and (2) community-dwelling. Therefore, 

our sample does not include persons who were living in insti-

tutionalized settings at the beginning of the study.

Persons with Ad were identif ied from the Special 

Reimbursement Register13 and a single comparison person 

matched for age (±1 year), sex, and region of residence (on 

the basis of university hospital district) per Ad case was 

identified from the Finnish Social Insurance Institution (SII) 

database, including all residents of Finland with a PIN, ie, all 

citizens and residents living in Finland for at least 2 years, 

but not those citizens who had been living abroad for more 

than 1 year.

Altogether, 145 comparison persons had temporarily 

been entitled to reimbursed Ad medication before 2006 

and these persons, together with their matched pairs, have 

been excluded from the analyses. Altogether 2,015 persons 

converted to Ad during 2006–2009, and we have therefore 

modelled Ad as a time-dependent variable in the prospective 

studies. due to the advanced age of the population, it is likely 

that some of the participants were institutionalized during the 

follow-up, beginning on January 1, 2006.

Some public nursing homes provide residents’ medica-

tions and, for pharmacoepidemiological studies, it is no 

longer possible to reliably assess medication exposure from 

the prescription register after institutionalization. Thus, for 

pharmacoepidemiological studies, persons are censored at the 

date of institutionalization to facilities providing medication 

based on the date recorded in a special register maintained 

by the SII. Hospitalizations, together with diagnoses and 

operations, are still recorded in the hospital discharge register 

after institutionalization, so these persons can be included in 

studies assessing health status.
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Diagnosis of AD
The Finnish special reimbursement register contains infor-

mation on reimbursement due to specific chronic diseases 

such as diabetes, cardiovascular diseases, and Alzheimer’s 

disease. As per national guidelines for Ad treatment,15 this 

register allows identification of every person with clinically 

diagnosed Ad, regardless of whether they purchased the Ad 

medication after being diagnosed. We are not aware of this 

kind of nationwide register with longitudinal data elsewhere, 

although Sweden recently set up the Swedish dementia Reg-

istry (Svedem), including 6,937 dementia patients diagnosed 

during 2007–2009.14

The Finnish Current Care Guidelines recommend that 

all persons with Ad are treated with acetylcholinesterase 

inhibitors or with memantine unless there is a specific 

contraindication.15 To be eligible for reimbursed Ad medi-

cation, the patient needs to have a verified diagnosis of Ad 

described in a medical statement submitted to the SII by a 

physician. The medical statement must state that the patient 

has: (1) symptoms consistent with Ad; (2) experienced a 

decrease in social capacity over a period of at least 3 months; 

(3) received a computed tomography/magnetic resonance 

imaging scan; (4) had possible alternative diagnoses 

excluded; and (5) received confirmation of the diagnosis by 

a registered neurologist or geriatrician.15 Ad is diagnosed 

according to the National Institute of Neurological and Com-

municative disorders and Stroke and the Alzheimer’s disease 

and Related disorders Association (NINCdS-AdRdA [now 

known as the Alzheimer’s Association]) and The Diagnostic 

and Statistical Manual of Mental Disorders (dSM)-IV cri-

teria for Alzheimer’s disease.16,17 The physician also needs to 

confirm whether the patient has other dementing diseases, 

such as 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.18

The special reimbursements for acetylcholinesterase 

inhibitors and memantine were introduced in 1999 and 2003, 

respectively, and the diagnostic criteria have been consistent. 

In the beginning, the reimbursement decisions were often 

made on a temporary basis, but permanent decisions were 

introduced in July 2003. earlier, only patients with mild or 

moderate Ad were entitled to reimbursed anti-dementia 

medication, but the reimbursement was not withdrawn if/

when the patient developed severe Ad. People with severe 

Ad have been entitled to reimbursed Ad medication since 

2003. Thus, our study sample includes persons with all stages 

of Ad. data on severity or stage of Alzheimer’s disease is 

not available from the registers, but the diagnosis date from 

the special reimbursement register can be used as a crude 

estimate on mild/moderate stages of Ad. The Finnish public 

health system covers all residents regardless of age or income. 

Thus, one of the strengths of our cohort is that, unlike cohorts 

consisting of members of a particular private health care 

insurance scheme, MedAlz-2005 is not selected on the 

basis of socioeconomic position.

Data sources and variables collected
The data resource formation is described in Figure 1 and 

data provided by the individual registers are summarized in 

Table 1. The hospital discharge database includes all medi-

cal services and procedures billed on a fee-for-service basis, 

whether rendered in an outpatient, inpatient, or emergency 

department setting. Public health care service use is accu-

rately described in these registers, as this is mandated by 

legislation. However, the same pressure does not apply to 

private health care providers. Thus, the accuracy of hospital 

discharge data depends on how much the study population 

utilizes private services. The mean age of our sample was 80.6 

years and persons belonging to this age group almost exclu-

sively use the services of the statutory health care system,19 

the hospital discharge register is representative of their health 

care service use. The hospital discharge register data were 

preprocessed, so we have the exact hospitalization periods, 

diagnoses, performed procedures, and cost per hospitalization 

period for each participant. The costs are calculated according 

to Finnish health care system unit costs.20 diagnoses for each 

admission are made by the attending physician.

data on all reimbursed purchased prescription medi-

cines, emollient creams, and clinical nutrients, regardless 

of the setting in which they were prescribed, are recorded 

in the prescription register. Over-the-counter medications 

and medicines used in the hospitals are not recorded in 

the register. Prescription data are converted to medica-

tion periods with start date, length, average dosage, and 

cost. The method of calculating medication-use periods 

from prescriptions is developed from previously used 

methods.21–23

The cancer register,24 maintained by the Finnish Cancer 

Registry, is a continuously updated nationwide database on 

all primary cancers in Finland. Final coding is done by quali-

fied secretaries and supervised by the Registry physician (a 

pathologist). Reporting of cancers has been mandated by law 

since 1961 (see Table 1 for a detailed description of the con-

tents of this register). In addition, we have data on discharges 

from social institutions as well as causes of death (Table 1). 
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Table 1 MEDALZ-2005 data sources and their contents

Register Data provided

Prescription register9 All reimbursed medicines, emollient cream, and clinical nutrients purchased by the individual. Medicines 
used in hospitals are not included, but the register covers prescriptions written by hospital physicians and 
dispensed in community settings. For each medicine, the prescription register contains data on dispensing 
date, number of packages/tablets, strength of the medicine, defined daily dose, and cost of medication.

Reimbursement register13 Entitlement to special reimbursement due to severe chronic diseases such as Alzheimer’s disease, diabetes, 
psychosis, epilepsy, glaucoma, rheumatic conditions, asthma, chronic obstructive pulmonary disease, 
hypothyreosis and several cardiovascular diseases, including cardiac insufficiency, chronic hypertension, 
and chronic ischemic heart diseases. To be included in the Special Reimbursement Register, the diagnosis 
must be based on explicit predefined criteria and written documentary evidence, including results of 
diagnostic tests such as imaging or blood biochemistry, which must be provided to the SII by a physician.

Hospital discharge register53 Use of in- and outpatient health care services. The diagnoses for each admission are made by the attending 
physician. The register contains the following information on each hospital visit: dates; reason for hospital 
stay (up to six ICD codes per visit; versions ICD8, 9, and 10); specialty of the caring unit; date of surgery; 
up to five operational codes (NOMESCO classification); where the patient was discharged to; and an 
assessment of need for assistance in activities of daily life. In addition, for patients admitted to a psychiatric 
unit, data are available on whether treatment was involuntary, duration of involuntary treatment, recurrence 
of visits to the psychiatric unit, and use of restrictive methods.

Discharge register from social 
institutions25

Home care and care in social service institutions, including dates, reason for admission, status of 
independence when discharged, and where the client was discharged to.

Cancer register24 All malignant neoplasms, carcinoid tumors, carcinoma in situ lesions (except those of the skin), cervical 
intraepithelial neoplasia grade III, histologically benign tumors of the central nervous system and meninges, 
transitional cell papillomas of the urinary tract, and ovarian tumors with borderline malignancy. Each cancer 
considered to be an independent new primary lesion is registered separately and all independent cancer 
processes are coded as separate entities. Data on diagnosis date, primary site, basis of diagnosis, localization 
stage, malignancy, histology/cell type, treatment details, and survival are included.

Statistics Finland11 Causes of death.

Abbreviations: ICD, International Classification of Diseases; NOMESCO, Nordic Medico-Statistical Committee; SII, Social Insurance Institution; MEDALZ-2005, MEDication 
use among persons with ALZheimer’s disease.

Persons with AD Comparison persons
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Figure 1 Cohort formation.
Notes: The participants were identified from the special reimbursement register and SII benefits database of 2005 and the data from separate registers were retrieved by 
the register maintainers.
Abbreviations: AD, Alzheimer’s disease; DR, discharge register; MEDALZ-2005, MEDication use among persons with ALZheimer’s disease; NIHW, National Institute of 
Health and Welfare; PIN, personal identification number; SII, Social Insurance Institution.
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Mortality data were obtained from the SII. The SII registers 

are updated daily with mortality data using the Population 

Information System maintained by the Population Register 

Centre of Finland. data include each participant’s exact date 

of death.

Follow-up
Retrospective data from 1972 to 2005 are available. The 

individual-level data in Finnish health care registers are 

continuously updated. Currently, we have prospective data 

on hospital discharges, cancer register, prescriptions, and 

social institution discharges until 2009 and mortality data 

until September 2010. We are updating the database with 

data from 2009–2012 in 2013.

Research questions in the MEDALZ- 
2005 cohort
We are investigating four different research lines: 

(1) medication use, its persistence, and changes during 

follow-up; (2) health-related risk factors for Ad and clini-

cally important changes in health status after Ad diagnosis; 

(3) medication use and its associations with adverse out-

comes (mortality, hip fractures, gastrointestinal bleeds, and 

cardio- and cerebrovascular events) in persons with Ad; and 

(4) use of social and health care services.

Results
Baseline characteristics 
of the study population
The baseline status of the cohort is described in Table 2. 

Persons with Ad were somewhat more likely to have 

epilepsy or medically treated diabetes and less likely to have 

cardiovascular diseases or cancer, although the absolute 

differences in prevalence were small. The majority (over 

60%) of Ad cases were diagnosed in 2003–2005, with over 

a quarter (25.8%) being diagnosed in 2005. The earliest 

diagnoses were from 1999.

Medication use
In cross-sectional analyses of the 2005 data (Table 2), we 

found that antipsychotic use was nearly six times more 

common among community-dwelling persons with Ad 

(22.1%) in comparison to the matched population with no 

Ad (4.4%), and that most antipsychotics were prescribed by 

primary care physicians.26 Further, use of older antiepileptic 

medicines (phenytoin, clonazepam, valproic acid, and 

oxcarbazepine) was more prevalent among persons with 

Ad,27 although these persons are particularly vulnerable 

to adverse events associated with these medicines.28 We 

also found that use of opioids was less common in persons 

with Ad, which highlights the challenges associated with 

diagnosing and treating pain in this population. Clinical 

manifestations of pain in older adults are often complex 

and multifactorial and the symptoms may be underreported 

by the patient, which may lead to undertreatment of pain.29 

In our study, the differences were mainly due to lower use 

of tramadol in people with Ad. Tramadol is considered 

to have anticholinergic activity and it may interact with 

Table 2 Description of the study population at baseline 
(December 31, 2005)

AD group 
n = 27,948

Non-AD 
group 
n = 27,948

Age in 2005, years 80.6 (6.8) 80.6 (6.8)
Sex
 Men 9,014 (32.3) 9,014 (32.3)
 Women 18,934 (67.7) 18,934 (67.7)
History of comorbidities
 Cardiovascular disease 14,194 (50.80) 14,544 (52.0)
 Diabetes 3,355 (12.0) 2,993 (10.7)
  Asthma/chronic obstructive 

pulmonary disease
2,045 (7.3) 2,404 (8.6)

 Epilepsy 577 (2.1) 351 (1.3)
Modified Charlson comorbidity indexa

 0 16,075 (57.5) 16,152 (57.8)
 1 7,575 (27.1) 7,678 (27.5)
 2 3,177 (11.4) 3,103 (11.1)
 $3 1,121 (4.0) 1,015 (3.6)
year of AD diagnosis
 1999 724 (2.6) NA
 2000 1,146 (4.1) NA
 2001 2,010 (7.2) NA
 2002 3,302 (11.8) NA
 2003 5,904 (21.1) NA
 2004 7,678 (27.5) NA
 2005 7,184 (25.8) NA
Medication use in 2005
  Any antipsychotic 

(ATC code N05A)
6,167 (22.1) 1,216 (4.4)

  Anti-dementia medications 
(ATC code N06D)

23,979 (85.8) 0

  Any antiepileptic medication 
(ATC code N03A)

1,412 (5.1) 953 (3.4)

 Any opioids (ATC code N02A) 997 (3.6) 1,291 (4.6)

Notes: Data are given as mean (SD) for age and n (%) for categorical variables. Those 
145 persons without AD who had temporarily been entitled to reimbursed AD 
medication before 2006, together with their matched pair, are excluded. aIncludes the 
following diseases with corresponding scores: heart failure; coronary artery disease; type 
1 or 2 diabetes; chronic asthma or chronic obstructive pulmonary disease; disseminated 
connective tissue diseases; rheumatoid arthritis and other comparable conditions 
(score of 1); uremia requiring dialysis; severe anemia in connection with chronic renal 
failure; and leukemia or other malignant diseases of blood and bone marrow including 
malignant diseases of the lymphatic system and all cancers (score of 2).
Abbreviations: AD, Alzheimer’s disease; ATC, Anatomical Therapeutic Chemical; 
SD, standard deviation.
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acetylcholinesterase inhibitors,30 which may lead to limited 

tramadol prescribing in persons with Ad. Persons with Ad 

may also be particularly susceptible to opioid-related adverse 

drug events, such as delirium,31,32 which can lead to avoidance 

of opioids. However, strong opioids and transdermal fentanyl 

patches were more commonly used among persons with Ad 

in our study.33

Health status and mortality during 
follow-up
On average, persons with Ad were twice as likely to die 

during the follow-up in comparison to the matched popula-

tion.34 The risk difference was more pronounced at younger 

ages (80 years old) and even a short duration of Ad 

(#3 years) was associated with a significantly increased 

risk of death. The association persisted after adjusting 

for comorbidities, suggesting that Ad has an important 

and independent impact on mortality. Altogether, 18,395 

(32.7%) persons (11,726 and 6,669 with and without Ad, 

respectively) died during 2006–2009.34 Persons who died 

during follow-up were a mean age of 3.8 years older and 

were more likely to be men and have Alzheimer’s disease 

and other chronic comorbidities (Table 3). longer duration 

of Ad was also related to higher mortality.

Our further analyses of prospective data showed that 

persons with Ad had more incident hemorrhagic strokes 

than the age-matched population without Ad, although 

there were no differences in the incidence of ischemic 

strokes.35 We also assessed the association between Ad 

and incident hip fracture.36 Although there was some 

evidence of effect modification by age and sex, Ad was 

consistently associated with a doubling of the risk of inci-

dent hip fracture. The overall risk estimate was similar to 

that of previous observational studies,37–41 supporting the 

reliability and external validity of our data. The cohort 

contains persons with variable durations of Ad, which 

may have affected the results. To address the extent of bias 

introduced by different disease duration, we performed 

sensitivity analyses including only those Ad patients who 

were diagnosed in 2004–2005. This had no effect on the 

conclusions of our studies.

Retrospective analyses
In addition to prospective analyses, the study design allows 

retrospective analyses for possible Ad risk factors. diabetes 

requiring medical treatment, especially if diagnosed in 

midlife, was associated with higher risk of Ad in the Med-

Alz-2005 cohort.42 The estimates were in agreement with 

a previous meta-analysis from carefully phenotyped cohort 

studies.43

Discussion
We have described how routinely collected health care data 

can be utilized in clinical epidemiology research to assess 

potential risk factors for Ad, describe differences in health 

status after Ad diagnosis, and assess drug utilization in a 

nationwide sample. We have also shown that our findings are 

similar to those that have been reported in previous cohort 

studies and meta-analyses,37–41,43 supporting the external 

validity of our cohort. Our future plans are to assess the pos-

sible benefits and/or adverse outcomes related to medication 

use and compare the health care service use patterns between 

the Ad and non-Ad cohorts.

Table 3 Differences between MEDALZ-2005 participants who 
died during 2006–2009 and survivors

Alive in 2009 
n = 37,639

Died during 
2006–2009 
n = 18,257

Age in 2005, years 79.4 (6.7) 83.2 (6.3)
Sex
 Men 11,140 (29.6) [61.8] 6,888 (37.7) [38.2]
 Women 26,499 (70.4) [70.0] 11,369 (62.3) [30.0]
AD 16,280 (43.3) [58.3] 11,668 (63.9) [41.7]
Cardiovascular disease 18,106 (48.1) [63.0] 10,632 (58.2) [37.0]
Diabetes 3,696 (9.8) [58.2] 2,652 (14.5) [41.8]
Asthma/chronic 
obstructive pulmonary 
disease

2,884 (7.7) [64.8] 1,565 (8.6) [35.2]

 Epilepsy 533 (1.4) [57.4] 395(2.2) [42.6]
year of AD diagnosis
 1999 371 (2.28) [51.2] 353 (3.0) [48.8]
 2000 622 (3.8) [54.3] 524 (4.5) [45.7]
 2001 1,096 (6.7) [54.5] 914 (7.8) [45.5]
 2002 1,837 (11.3) [55.6] 1,465 (12.6) [44.4]
 2003 3,373 (20.7) [57.1] 2,531 (21.7) [42.9]
 2004 4,456 (27.4) [58.0] 3,222 (27.6) [42.0]
 2005 4,525 (27.8) [63.0] 2,659 (22.8) [37.0]
Modified Charlson comorbidity indexa

 0 23,289 (61.9) [72.3] 8,938 (49.0) [27.7]
 1 9,790 (26.0) [64.2] 5,463 (29.9) [35.8]
 2 3,517 (9.3) [56.0] 2,763 (15.1) [44.0]
 $3 1,043 (2.8) [48.8] 1,093 (6.0) [51.2]

Notes: Data are given as mean (SD) for continuous variables and n (column 
percentage) [row percentage] for categorical variables. Those 145 persons without 
AD who had temporarily been entitled to reimbursed AD medication before 2006, 
together with their matched pair, are excluded. aIncludes the following diseases with 
corresponding scores: heart failure; coronary artery disease; type 1 or 2 diabetes; 
chronic asthma or chronic obstructive pulmonary disease; disseminated connective 
tissue diseases; rheumatoid arthritis and other comparable conditions (score of 1); 
uremia requiring dialysis; severe anemia in connection with chronic renal failure; and 
leukemia or other malignant diseases of blood and bone marrow including malignant 
diseases of the lymphatic system and all cancers (score of 2).
Abbreviations: AD, Alzheimer’s disease; MEDALZ-2005, MEDication use among 
persons with ALZheimer’s disease; SD, standard deviation.
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Strengths and weaknesses 
of this approach
The main prerequisite for using register-based data is the 

quality of the data, ie, the data need to have good coverage 

and validity. Studies assessing internal validity of Finnish 

administrative registers44 and comparing register information 

with patient records or other information from the primary 

source have confirmed that the coverage and accuracy of 

Finnish register data are well-suited for epidemiological 

research.45–53 However, the prevalence of Ad is under-

estimated in the registers, especially in the earlier data, 

because only those persons seeking medical attention will 

be included. On the other hand, according to the Finnish 

Statistics on Medicines,11 the number of new Ad diagnoses 

per year has increased, suggesting a better implementa-

tion of Ad diagnosis by heath care professionals. Another 

limitation is the lack of data on the severity of Ad. On the 

other hand, due to explicit diagnostic criteria, positive pre-

dictive value, the Ad diagnosis is high. Some other chronic 

diseases, such as chronic obstructive pulmonary disease 

(COPd), will be underrepresented, as only the most severe  

cases will be captured while untreated and undiagnosed cases 

will be missing from the registers. Thus, the findings will 

be representative of the severe forms of, in this example, 

COPd and not necessarily generalizable to those with milder 

forms of the disease.

The main limitation of register-based data, which is not 

specific to our study, is the lack of information on genetic or 

lifestyle-related confounders, such as body composition and 

smoking or alcohol use. The latter variables are difficult to 

measure accurately in epidemiological studies in general, 

especially without biomarkers. We have access to complete 

medical histories of the cohort members from 1972 onwards, 

which can be used as a proxy measure for these confounders, 

eg, by constructing a comorbidity index (Tables 2 and 3). We 

also have data on health service use due to substance abuse, 

although this will likely capture only the most severe cases. 

Further, we currently lack the socioeconomic information for 

the cohort (eg, education, marital status, income), although we 

are planning to obtain this from Statistics Finland in future.

The prescription register does not include over-the-

counter medicines or medication used in hospitals or 

nursing homes.9 Further, only reimbursed medicines are 

recorded in the prescription register. It should also be 

noted that the prescription register contains only the dates 

of purchases and amount of purchased medications, which 

may not accurately represent the actual drug use. However, 

the validity of the prescription register in comparison 

with self-reported medication use has been confirmed.54,55 

Further, the available information allows us to estimate 

use periods for each drug/drug group. This will provide 

more detailed estimation of the actual exposure period 

than a crude yes/no variable. Our data are well-suited for 

drug utilization and pharmacoepidemiological research. 

We have thorough records, with approximately 40 years 

of medical data and 15 years of prescription data, of all 

community-dwelling persons with a verified diagnosis of 

Ad residing in Finland. To our knowledge, similar lon-

gitudinal nationwide data does not exist elsewhere in the 

world. Thus, this project provides a unique opportunity 

to investigate the medication use and health status in a 

vulnerable population whose size will increase drastically 

in upcoming years.

Data access
MedAlz-2005 is a complex dataset and, although de-

identified, the database includes sensitive personal informa-

tion from over 50,000 individuals. We welcome suggestions 

for collaboration and note that we have agreed to comply 

with the regulations of database maintainers, ie, SII, National 

Institute of Health and Welfare, and Cancer Registry, all of 

which limit the use of data to strictly noncommercial pur-

poses 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 indi-

vidual 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.

Conclusion
These routinely collected data enable the identification of 

all individuals with a clinically verified diagnosis of Ad as 

well as the assessment of their medication and health care 

service use. Register-based studies provide a feasible way 

for assessing medication use and associated outcomes in 

population groups that are underrepresented in randomized 

controlled trials.
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