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Abstract

Background: We aimed to investigate the impact of dementia on drug costs in older people, after adjustment for
socio-demographic factors, residential setting and co-morbidities.

Methods: We included 4 129 individuals aged ≥ 60 years from The Swedish National Study on Aging and Care (SNAC)
in Kungsholmen and Nordanstig 2001–2004. A generalized linear model (GLM) was used to investigate how much
dementia was associated with drug costs.

Results: Overall drug costs for persons with and without dementia were 6147 SEK (816 USD) and 3810 SEK (506 USD),
respectively. The highest drug cost was observed for nervous system drugs among persons with dementia. The adjusted
GLM showed that dementia was not associated with higher overall drug costs (β = 1.119; ns). Comorbidities and
residential setting were the most important factors for overall drug costs.

Conclusion: We found that the observed higher overall drug costs for persons with dementia were due to
comorbidities and residential setting.

Keywords: Costs, Dementia, Drugs, Generalized linear model, Health economy, Pharmacoeconomics,
Population-based study

Background
Worldwide, more people reach old age as life expectancy
continues to increase [1]. The aging of the population
entails challenges for the health care system and for
resource allocation. One of the most important chal-
lenges is the expected increase in number of people with
dementia. This detrimental condition causes great suf-
fering for the affected individuals and their families as
well as immense costs for the society [2–4].
Another important challenge is the extensive use of

drugs among older people [5], which accounts for the ma-
jority of societal drug expenditures [6]. With aging come
changes in both the pharmacodynamics and pharmaco-
kinetics of drugs, which leads to a higher sensitivity to
drugs and susceptibility to adverse drug reactions [7]. In-
deed, adverse drug events in older people entail significant
costs in terms of care and hospitalizations [8]. A part of

this problem is also comorbid conditions which are often
present in the older people [9]. Particularly vulnerable are
persons with dementia, in whom the neurodegenerative
processes lead to a higher sensitivity to central nervous
system (CNS)-acting drugs. Nonetheless, use of psycho-
tropic drugs is very common among persons with demen-
tia [10], although these drugs have been related to serious
adverse outcomes in this frail group [11–13]. Drugs have
been reported to account for about 2 % of the total costs
for dementia [2]. However, new drug therapies emerge
and in the future we may be able to treat dementia
patients with disease modifying drugs, which will most
certainly be very costly [14].
Research on drug use as well as drug costs in dementia

is important from a resource allocation perspective. How-
ever, research about costs of drugs among frail persons
with dementia and older people in general is scarce. Many
studies were conducted several years ago when today’s
widely prescribed drugs, such as anti-dementia drugs,
were not yet implemented in clinical practice [15]. In
addition, most of these previous studies only analyzed
overall drug costs and not individual drug classes.
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Residential setting is an important factor for both drug
use and dementia status [5]. People living in institutional
settings use on average almost twice as many drugs as
people living at home [5]. Moreover, since people with
dementia who live in institutions are more cognitively
impaired than their community-dwelling counterparts
[10] their susceptibility to side effects are even more
profound and residential setting should therefore be
accounted for in analyses of drug use in dementia.
Thus, we aimed to investigate whether dementia was

associated with drug costs in older people.

Methods
Study population
The Swedish National Study on Aging and Care (SNAC)
is an ongoing, population based, longitudinal study of
aging and health conducted at four different sites in
Sweden. We analyzed data from the baseline examination
conducted in 2001–2004 from Nordanstig in the middle
part of Sweden and from Kungsholmen/Essingeöarna in
the central part of Stockholm. Inclusion criteria were
having an address in either of the actual areas at time of
birthday for the ages specified below.
The SNAC study has been described in detail else-

where [16]. In short, people aged 60, 66, 72, 78, 81, 84,
87 and ≥90 years are interviewed by a nurse about a
wide range of domains including socioeconomic status,
living habits and family history. Participants are also
examined by a physician, memory tested by a psycholo-
gist and laboratory tests are collected. Data about dis-
eases and drug use are collected during the interview
with the physician. When the participant is not able to
provide information, a relative is asked instead. If the
person lives in an institution, the information is most
often collected from medical records and staff.

The care system for older people in Sweden
In Sweden, care for the elderly – and the associated
costs – are divided between municipalities and the
county council. Social care (e.g. home services, long
term institutional care and day care) is covered by the
municipalities while primary health care and specialist
care are organized by county councils. Individual drug
expenditure is to a great extent subsidized in Sweden. In
2003, the maximum level of out of pocket expense for
drugs was 1,800 SEK per 12 month period. Overall, the
majority of costs for social and medical care in Sweden
are publically funded by taxes.

Definitions
Socio-demographic variables
Age was categorized into 60–69, 70–79, 80–89 and
≥90 years in the descriptive analysis and used as a con-
tinuous variable in the Generalized Linear Model (GLM).

Residential setting was dichotomized into community-
dwelling (i.e. living in one’s own home) vs. institution
(sheltered accommodation, old people’s home, group
dwelling or nursing home). Educational level was classified
into elementary vs. additional schooling.

Dementia diagnosis
Dementia was diagnosed by physicians according to
Diagnostic and Statistical Manual of Mental Disorders
DSM III-R [17].

Drugs
Drug data were self-reported (or reported by a proxy)
[10]. Participants were asked to bring a list of currently
used drugs to the interview. Prescriptions and medical
containers were also inspected when available. Drugs
were classified according to their Anatomical Thera-
peutic Chemical (ATC) code, as recommended by the
World Health Organization (WHO) [18].
Drug costs were calculated based on a register with

drug prices from the National Corporation of Swedish
Pharmacies (Apoteket AB) from 2003. Each drug of each
subject was sought out in the drug register. Thereafter, a
matching preparation and strength was looked up.
Among the records in the register that fulfilled these cri-
teria a suitable package was selected. For tablets or cap-
sules, packages with 100 or close to 100 tablets/capsules
were selected. For other preparations, such as mixtures,
the largest package was selected. The price of the pack-
age was divided by the number of units; for example
number of tablets/capsules, or number of ml for liquid
preparations. The obtained price per unit was then
multiplied with the number of units taken daily by the
subject. For drugs taken as needed we instead calculated
the price per Defined Daily Dose (DDD), which is the
average daily dose of a drug when used for its main indi-
cation in an average 70 kg adult, as established by
WHO, and we assumed that as needed drugs were taken
in an average dose of half a DDD per day. For anti-
infective drugs, we assumed a limited treatment period
of 20 days/year [15]. The costs are expressed in the
Swedish currency SEK. In December 2003, 100 SEK cor-
responded to 13.27 USD. The results are mainly pre-
sented as costs per individual, which means the total
cost for a drug or drug group in a group of elderly
people, divided by the total number of subjects in that
group. If the cost is instead presented per user, then that
is noted in the text.

Comorbidity
A modified Charlson Comorbidity Index was used to ad-
just for confounding by co-morbidities [19, 20]. The index
contains seven diagnoses with the weight of one (myocar-
dial infarction, congestive heart failure, cerebrovascular
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disease, dementia, chronic pulmonary disease, connective
tissue disorder and diabetes without complication) and
two diagnoses with the weight of two (moderate or severe
renal failure and any tumour), which gives a total of max-
imum eleven. The comorbidity index was entered as a cat-
egorical variable in the analysis (none, one, two and three
or more modified Charlson index weights). All diagnoses
except renal failure and dementia diagnosis were based on
medical history and examination of the physician. Renal
failure was calculated from Cockgroft-Gaults formula [21]
and defined as creatinine clearance < 25 ml/min. The
dementia diagnosis procedure is described above.

Physical functioning
Physical functioning was assessed by the Katz index of
Activities of Daily Living (ADL) [22], which is a scale that
measures dependency in six basic activities: bathing,
dressing, going to the toilet, transferring, feeding and con-
tinence. Functional independence was defined as no need
of assistance, partially dependent was defined as being
dependent in one or two activities and being dependent
was defined as dependent in three or more activities.

Statistical analysis
The cost data had a non-normal and skewed distribu-
tion. Accordingly, regression analysis of costs was per-
formed by using a generalized linear model (GLM) with
the assumption of a gamma shaped distribution of the
dependent variable [23]. GLMs are generally well suited
for statistical analysis of cost data, which often show a
high degree of non-normality.
We used a two-step procedure. First, logistic regres-

sion with costs as binary outcome was performed in
order to understand which of the factors that was associ-
ated with the highest costs. Second, a GLM model was
run to explore the magnitude of the cost-driving factors.
In the GLM, the cost driving factors were dichotomized
and first entered separately. All models were adjusted
for age, gender and education. In the joint analysis, all
factors were entered simultaneously. Dementia diagnosis
is included in the Charlson Comorbidity Index, but in
the joint analysis, dementia was analyzed as a separate
variable and, thus, was removed from the index. Results
of the GLM are expressed as relative change in cost due
to increase in the explanatory variable (e.g. dementia).
Inclusion of site (i.e. Kungsholmen and Nordanstig) did
not affect the results; therefore, this variable was not
included in the analyses. IBM SPSS Statistics 22.0 for
Windows (IBM corp., New York, NY, USA) was used for
the analyses.

Ethics
The study was approved by the ethical review board in
Stockholm (dnr 01–114) and in Uppsala (dnr 01–123).

All participants were informed about the study and
thereafter gave a written informed consent, and if not
possible a proxy (i.e. a spouse or next of kin) gave the
consent.

Results
Of the 4,129 participants, 21 did not have information
on drug use and were therefore excluded from the ana-
lyses (n = 4,108). Mean age for people without dementia
was 73.2 (SD 10.6) years and for people with dementia
88.1 (SD 7.2) years (Table 1) (n = 4,108). Community-
dwelling participants had a mean age of 73.9 (SD 10.6)
years and participants in institutions 88.6 (SD 7.5) years.
The mean number of drugs for persons with dementia

was 5.4 and for people without dementia 3.5 drugs
(p < 0.001). The mean number of drugs used among
community-dwelling persons was 3.4 and in institu-
tions 6.3 (p < 0.001).
The overall drug costs are summarized in Table 2. The

mean drug cost in the study population as a whole was
close to 4,000 SEK per person and year (Table 2). The
drug cost was about 60 % higher in elderly persons with
dementia than in those without the disease and more
than 80 % higher in institutions compared to own home.
However, in institutions, elderly persons with dementia
had lower drug costs than persons without dementia.
Cardiovascular drugs (ATC group C), nervous system

drugs (ATC group N) and drugs for the alimentary tract
and metabolism (ATC group A) constituted the major
part of the drug costs −55 % in elderly persons without
and 73 % in elderly persons with dementia (Table 3).
The cost of nervous system drugs was more than five
times higher in persons with dementia than without
(3,202 SEK vs 585 SEK). This was explained by the
higher use of virtually all types of nervous system drugs,
including analgesics, antiepileptics, psychotropics and
anti-dementia drugs, among the persons with dementia.
For example, antipsychotics were used by 2 % of persons
without and 22 % of persons with dementia. Marked dif-
ferences were also seen for opioids (non-dementia (ND):
7 %; dementia (D): 22 %), anxiolytics (ND: 6 %; D: 28 %),
antidepressants (ND: 8 %; D: 30 %) and anti-dementia
drugs (ND: 0.3 %; D: 12 %). In addition, some of the ner-
vous system drugs that were mainly used by persons
with dementia were expensive, particularly the anti-
dementia drugs with a mean annual cost per user of
10,884 SEK.
Cardiovascular drugs showed a higher use but to a lower

mean cost in persons with dementia (Table 3). This was
because they predominantly used high-ceiling diuretics
(ND: 13 %; D: 37 %), nitrates (ND: 9 %; D: 17 %) and
cardiac glycosides (ND: 4 %; D: 16 %), while elderly with-
out dementia had a higher use of beta blocking agents
(ND: 21 %; D: 12 %), calcium channel blockers (ND: 7 %;
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D: 4 %), angiotensin II antagonists (ND: 4 %; D: 1 %) and
lipid modifying agents (ND: 12 %; D: 1 %) – in particular
the latter two being expensive (yearly cost of SEK 2,416
and 3,092 per user, respectively). Drugs for the alimentary
tract and metabolism were more common and, propor-
tionally, carried a higher cost in persons with dementia.
This was mainly explained by a higher use of laxatives
(ND: 7 %; D: 38 %) and drugs for peptic ulcer and gastro-
oesophageal reflux disease (ND: 9 %; D: 14 %).
The analyses focusing on residential setting (Table 3)

showed great differences in drug use and associated
costs between the community-dwelling and institutional
setting. Most drugs were more commonly used in insti-
tutions. This was most evident for dermatologicals, anti-
infectives and nervous system drugs. In particular, the
costs for nervous system drugs were more than five times
higher in institutions. The opposite relationship was found
for cardiovascular drugs where costs were more than 50 %
higher in the community-dwelling setting.
Table 4 shows drug use and costs in persons with

dementia stratified by residential setting. Virtually all

drug groups were more common in institutions, particu-
larly dermatologicals, anti-infectives, respiratory system
and nervous system drugs. A similar pattern was ob-
served for the drug costs.
The results of the GLM analysis (Table 5) shows that

comorbidities were the strongest drug cost driver (exp
β = 2.265; <0.001) followed by residential setting (exp
β = 1.878; <0.001) and dementia (exp β = 1.628; <0.002),
after adjustment for age, gender and education. The joint
analysis showed the same pattern with comorbidities as
the strongest cost driving factor. However, dementia
was not associated with higher overall drug costs (exp
β = 1.119; ns) in this fully adjusted model. Male gender
was associated with higher costs for drugs in all
models, although not significant in the model adjusted
for comorbidities and in the joint analysis.

Discussion
In our population-based study of older persons, people
with dementia used more drugs and had higher overall
drug costs than persons without dementia. However, after
adjustment for comorbidities and residential setting, de-
mentia was not associated with higher overall drug costs.
This reflects the complex interplay between different cost
driving factors in the frail elderly population.
Fastbom and Giron (1998) have previously reported

that in the Swedish Kungsholmen-project Phase IV from
1994 to 1996 including people aged >80 years [15],
people with dementia had only slightly higher drug costs
than people without dementia (2,806 SEK vs. 2,539

Table 1 Study population demographics according to dementia status (n=4108)a

Non-dementia Dementia p-value

n= 3,783 n=319

Gender, n (%)

Men 1,462 (38.6) 63 (19.7) <0.001

Women 2,321 (61.4) 256 (80.3) < 0.001

Age groups, n (%)

60-69 1,555 (41.1) 4 (1.3) < 0.001

70-79 1,085 (28.7) 40 (12.5) < 0.001

80-89 763 (20.2) 106 (33.2) < 0.001

≥90 380 (10.0) 169 (53.0) < 0.001

Residential setting, n (%)

Community-dwelling 3,699 (97.8) 124 (38.9) < 0.001

Institution 84 (2.2) 195 (61.1) < 0.001

Educationb, n (%)

Elementary 941 (25.1) 156 (50.8) < 0.001

Additional 2,823 (74.9) 153 (49.2) < 0.001

Mean number of drugs 3.48 5.42 < 0.001
a Missing data on dementia status on 5 persons, 1 person mentally retarded and excluded
b Missing data on 29 persons

Table 2 Annual drug cost per person (SEK) stratified by
dementia status and residential settinga

Community-dwelling
Drug cost (SEK)

Institution
Drug cost (SEK)

All
Drug cost (SEK)

Dementia 5,010 6,869 6,147

No dementia 3,733 7,190 3,810

All 3,772 6,963 3,991
aMissing data on 6 persons
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Table 3 Use of drugs in the main ATC groups and the estimated annual drug cost per person in persons with and without dementia and annual drug cost per person stratified
by residential setting

Drug use (%) Cost/year (SEK) Drug use (%) Cost/year (SEK) Drug use
(%)

Cost/year
(SEK)

Main ATC Group Non-dementia Dementia Non-dementia Dementia Community-dwelling Institution Community-dwelling Institution All

n=3,783a n=319b n=3,826 n=282 n=4,108

A Alimentary tract and
metabolism

35.1 52.7 496 789 34.7 60.3 487 952 36.5 519

B Blood and blood
forming agents

29.5 47.3 330 215 29.6 48.2 315 394 30.9 320

C Cardiovascular system 44.8 53.0 1,009 514 44.4 57.8 997 596 45.4 969

D Dermatologicals 3.0 11.0 24 66 3.0 12.1 23 78 3.7 27

G Genito urinary system
and sex hormones

22.0 13.8 348 256 21.8 14.9 344 296 21.3 341

H Systemic hormonal
preparations, excl.
sex hormones

12.5 14.1 57 40 12.3 15.6 56 54 12.6 56

J General anti-infectives for
systemic use

1.7 4.4 5 12 1.7 5.7 5 13 1.9 6

L Antineoplastic and
immunomodulating
agents

2.3 1.3 245 94 3.0 1.1 245 68 2.2 233

M Musculo-skeletal system 17.1 8.5 261 137 16.8 11.3 260 132 16.4 251

N Nervous system 34.4 67.0 585 3,202 33.8 79.8 607 3,295 37.0 792

P Antiparasitic products 0.6 1.6 127 458 0.7 1.4 121 584 0.7 152

R Respiratory system 12.3 13.2 274 256 12.0 16.7 266 344 12.3 272

S Sensory organs 6.7 8.4 47 108 6.6 11.7 44 155 6.9 52

V Various 0.2 0 3 0 0.2 0 3 - 0.1 2

Total* 81.7c 79.8c 3,810 6,147 80.9c 88.4c 3,773 6,961 81.4c 3,992
a Missing drug data on 4 persons
b Missing drug data on 2 persons
c Use of at least one drug
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SEK). Even though we now analyzed a younger age
group, the costs of drugs have increased in the past
7 years, particularly in the dementia group (6,147 SEK
for people with and 3,810 SEK for people without de-
mentia) and this increase is not only explained by infla-
tion. The higher costs in the dementia group are
partly explained by the introduction of the cholines-
terase inhibitors and memantine after the study by
Fastbom and Giron, but also a markedly higher use of
antidepressants, antipsychotics and opioids among
people with dementia. Previous research has also
found that opioids are more common in patients with
dementia and in the nursing home setting, which may
have implications for patient safety [24]. In addition,
the mean number of drugs in older people has in-
creased over time [25, 26]. We have recently reported
that the mean cost for drugs in dementia patients was
estimated to 5,065 SEK per person in a 10-year simu-
lation study and that number represented about 2 %
of the total cost per year for the care of dementia
patients [2]. Compared to the simulated drug costs of
5,065 SEK, we report higher drug costs (6,147 SEK) in
this population-based study. However, the figure of
5,065 SEK was based on a combination of a rather old
cost study and purchase data of anti-dementia drugs.
Thus, our present figure is more valid and rather
confirms the magnitude of the cost presented in our
previous study.

Our findings are in line with a US study that reported
a greater overall annualized total drug cost for patients
treated with Alzheimer’s drugs than that of patients not
receiving these drugs [27]. The authors conclude that
the higher drug costs among those using Alzheimer’s
drugs was due to concomitant drug therapy associated
with the condition, a finding that is similar to ours. To
our knowledge, there are no previous studies that have
analyzed drug costs in relation to dementia status in a
regression model adjusted for background factors. With
this approach, we obtained the interesting finding that
the observed higher crude drug cost for persons with
dementia was confounded by comorbidities and residen-
tial setting. This may be explained by the substantial use
of nervous system drugs, which we observed both in eld-
erly persons with dementia and in the institutional set-
ting. Use of psychotropics is extensive among persons
with dementia who live in nursing homes [28–31],
although there are some encouraging evidence that pre-
scribing of these drugs to frail older persons is declining
[32]. Thus, our findings are in line with the conclusion
of the US study [27] and indicate that the higher drug
costs among elderly persons with dementia are not only
due the specific therapy with anti-dementia drugs but also
to concomitant drug therapy associated with the condi-
tion, i.e. nervous system drugs including psychotropics.
The patents for all cholinesterase inhibitors have

expired since the time of data collection in 2001–2004

Table 4 Use of drugs in the main ATC groups and the estimated annual drug cost per person in persons with dementia stratified
by residential settinga

Main ATC group Community-dwelling Institution

(n=124a) (n=195)

Use (%) Cost SEK Use (%) Cost SEK

A Alimentary tract and metabolism 41.3 569 59.5 929

B Blood and blood forming agents 41.3 237 50.8 201

C Cardiovascular system 42.8 578 59.0 473

D Dermatologicals 4.7 24 14.9 94

G Genito urinary system and sex hormones 12.7 297 14.4 230

H Systemic hormonal preparations, excl. sex hormones 10.3 9 16.4 60

J General anti-infectives for systemic use 0.8 1 6.7 18

L Antineoplastic and immunomodulating agents 1.6 235 1.0 5

M Musculo-skeletal system 6.3 136 9.7 137

N Nervous system 44.4 2,291 81.0 3,782

P Antiparasitic products 1.6 486 1.5 440

R Respiratory system 5.5 89 17.1 362

S Sensory organs 7.9 59 8.7 139

V Various - - -

Totalb 66.9 5,011 88.7 6,869
a Missing data on drugs for 2 persons
b Use of at least one drug
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in Sweden. Therefore, today the price of these drugs is
much lower than at time of baseline data collection for
this study. However, the use of these drugs has also
increased [33]. In our study, 12 % of persons with de-
mentia used anti-dementia drugs, which is much lower
than reported from more recent data [33]. Even though
the incidence of dementia has recently been reported to
decrease [34], we can expect an increase in numbers of
people with dementia due to the aging of the population
and increasing survival of patients with dementia.
Hence, the costs for anti-dementia drugs are expected to
increase in the future [35]. This is particularly the case if
Disease Modifying Treatment (DMT) [36] will reach the
market, since the cost of this treatment is expected to be
more expensive [14].
Drugs belonging to the group alimentary tract and

metabolism were more frequently used by people in in-
stitutions and in those with dementia. The associated
costs were also higher. This was mainly explained by the
high use of laxatives among these frail groups. Constipa-
tion and subsequent use of laxatives are common among
frail elderly persons [5, 26] and are often side effects of
psychotropic drugs and opioids [29, 37]. On the con-
trary, costs for cardiovascular drugs were lower in the
dementia and institutionalized groups, even though the
use was more frequent than among persons without de-
mentia and those living in the community. We have
previously reported that institutionalized elderly per-
sons are less likely to use recommended cardiovascular
drugs (i.e. angiotensin-converting enzyme (ACE) inhibi-
tors, angiotensin II antagonists, calcium channel blockers
and beta-blocking agents) and more likely to use high-
ceiling diuretics [5] and this is supported by our present
findings. This practice explains the lower costs of

cardiovascular drugs among persons in institutions and
with dementia. Persons with dementia were older and
their cardiovascular drug treatment may have been initi-
ated several years ago and then continued although new
and more expensive cardiovascular drugs have reached
the market [38]. This highlights the necessity of medica-
tion reviews in elderly people with and without dementia
and in people living in institutions.

Limitations
We analyzed cross-sectional data which does not allow
us to establish temporal sequence and draw causal
conclusions.
Overall response rate in Kungsholmen was about 73 %

and in Nordanstig 75 %. There was no difference in the
sex distribution between non-responders and responders
in Kungsholmen, but in Nordanstig slightly more men
participated (75 %) than women (73 %).
Self-reported data on drug use run the risk of recall

bias. However, compared with prescription register data,
we avoid the limitations of lack of information about
secondary non-adherence and we could also include use
of over-the-counter drugs. Our data were based on
drugs that were actually taken, not only purchased. This
might be regarded as a disadvantage in pharmacoeco-
nomic evaluations because their focus is often on the
actual payment for drugs. Therefore, our costs may be
underestimated, particularly among older persons out-
side of the residential setting and without dementia
because intake of drugs is not monitored to the same ex-
tent in these groups. Age disparities were adjusted for in
the regression models, but the age differences between
the persons with and without dementia need to be con-
sidered in the crude comparisons. Older patients may

Table 5 Relative impact of influential factors on annual cost of drug usea

Model 1 Model 2 Model 3 Model 4 Model 5

Functional
dependency

Exp(β)

p-value Residential
setting Exp(β)

p-value Comorbidities
Exp(β))

p-value Dementia
Exp (β)

p-value Joint analysis
Exp (β)

p-value

Intercept (SEK) 3,234 <0.001 3,248 <0.001 5,258 <0.001 3,241 <0.001 2,262 <0.001

Age 1.003 ns 1.003 ns 0.998 ns 1.003 ns 0.996 ns

Genderb 1.203 0.025 1.209 0.021 1.050 ns 1.208 0.024 1.057 ns

Educationc 1.109 ns 1,103 ns 1.152 ns 1.119 ns 1.158 ns

Functional dependencyd 1.570 0.001 1.121 ns

Residential settinge 1.878 <0.001 1.629 0.017

Comorbiditiese 2.265 <0.001 2.194 <0.001

Dementiae 1.628 0.002 1.119 ns

Exp (β) is interpreted as the relative change in cost due to a one unit increase in the explanatory variable
a Missing data on 41 persons
bFemale gender reference
c Elementary school reference
d No functional dependence reference
e No dementia reference
f Community-dwelling reference
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indeed be treated with older less expensive drugs than
their younger counterparts [38].

Conclusions
We found that the observed higher overall crude drug
costs for persons with dementia were confounded by co-
morbidities and residential setting. Thus, it is important
to include these confounders in pharmacoeconomic
studies of dementia.
The highest drug cost was observed for nervous sys-

tem drugs among persons with dementia and in institu-
tions. Cardiovascular drugs were more commonly used
by persons with dementia, but to a lower cost. Future
studies should investigate whether these findings reflect
appropriate care or an imperfect drug treatment among
dementia patients.

Abbreviations
CNS: Central nervous system; SNAC: Swedish National Study on Aging and
Care; GLM: Generalized linear model; ATC: Anatomical Therapeutic Chemical;
WHO: World Health Organization; DDD: Defined daily dose; ADL: Activities of
daily living; SD: Standard deviation; ND: Non-dementia; D: Dementia;
DMT: Disease modifying therapy; ACE: Angiotensin-converting enzyme.

Competing interests
Anders Wimo has acted as consultant to most companies involved in the
development of drugs for the treatment of Alzheimer’s disease. He has no
shares or employment in such companies. The other authors have no conflict
of interest.

Authors’ contributions
AS performed the analyses and drafted the manuscript. KJ, JF, AW and LF were
involved in drafting the manuscript and/or revising it critically. All authors read
and approved the manuscript.

Acknowledgements
The Swedish National study on Aging and Care, SNAC, (www.snac.org) is
financially supported by the Ministry of Health and Social Affairs, Sweden,
the participating County Councils and Municipalities, and the Swedish Research
Council. In addition, specific grants were obtained from Swedish Brain Power,
the Swedish Research Council and Swedish Pharmacies’ Fund for Research and
Studies in Health Economics and Social Pharmacy.

Author details
1Aging Research Center, Center for Alzheimer Research, Department of
Neurobiology, Care Sciences and Society, Karolinska Institutet and Stockholm
University, Stockholm, Sweden. 2Stockholm Gerontology Research Center,
Stockholm, Sweden. 3Division of Neurogeriatrics, Center for Alzheimer
Research, Department of Neurobiology, Care Sciences and Society, Karolinska
Institutet, Huddinge, Sweden. 4Bollebergsvägen, 5, 820 70 Bergsjö, Sweden.

Received: 21 October 2015 Accepted: 17 February 2016

References
1. Christensen K, Doblhammer G, Rau R, Vaupel JW. Ageing populations: the

challenges ahead. Lancet. 2009;374:1196–208.
2. Skoldunger A, Wimo A, Johnell K. Net costs of dementia in Sweden - An

Incidence Based 10 Year Simulation Study. Int J Geriatr Psychiatry. 2012;27:
1112–7.

3. Wimo A, Winblad B, Jönsson L. The worldwide societal costs of dementia:
Estimates for 2009. Alzheimers Dement. 2010;6:98–103.

4. Wimo A, Jonsson L, Bond J, Prince M, Winblad B. The worldwide economic
impact of dementia 2010. Alzheimers Dement. 2013;9(1–11):e13.

5. Johnell K, Fastbom J. Comparison of Prescription Drug Use between
Community-Dwelling and Institutionalized Elderly in Sweden. Drugs Aging.
2012;29:751–8.

6. Hovstadius B, Astrand B, Persson U, Petersson G. Acquisition cost of
dispensed drugs in individuals with multiple medications–a register-based
study in Sweden. Health Policy. 2011;101:153–61.

7. Shi S, Morike K, Klotz U. The clinical implications of ageing for rational drug
therapy. Eur J Clin Pharmacol. 2008;64:183–99.

8. Budnitz DS, Lovegrove MC, Shehab N, Richards CL. Emergency hospitalizations
for adverse drug events in older Americans. N Engl J Med. 2011;365:2002–12.

9. Marengoni A, Winblad B, Karp A, Fratiglioni L. Prevalence of chronic diseases
and multimorbidity among the elderly population in Sweden. Am J Public
Health. 2008;7:1198–2000.

10. Haasum Y, Fastbom J, Fratiglioni L, Kareholt I, Johnell K. Pain treatment in
elderly persons with and without dementia: a population-based study of
institutionalized and home-dwelling elderly. Drugs Aging. 2011;28:283–93.

11. Kales HC, Kim HM, Zivin K, Valenstein M, Seyfried LS, Chiang C, Cunningham
F, Schneider LS, Blow FC. Risk of mortality among individual antipsychotics
in patients with dementia. Am J Psychiatry. 2012;169:71–9.

12. Rochon PA, Normand SL, Gomes T, Gill SS, Anderson GM, Melo M, Sykora K,
Lipscombe L, Bell CM, Gurwitz JH. Antipsychotic therapy and short-term serious
events in older adults with dementia. Arch Intern Med. 2008;168:1090–6.

13. Sterke CS, van Beeck EF, van der Velde N, Ziere G, Petrovic M, Looman CW,
et al. New insights: dose-response relationship between psychotropic drugs
and falls: a study in nursing home residents with dementia. J Clin
Pharmacol. 2012;52:947–55.

14. Skoldunger A, Johnell K, Winblad B, Wimo A. Mortality and treatment costs
have a great impact on the cost-effectiveness of disease modifying treatment
in Alzheimer’s disease–a simulation study. Curr Alzheimer Res. 2012;10:207–16.

15. Fastbom J, Giron M. Drug costs in dementia care. In: Wimo A, Jönsson B,
Karlsson G, Winblad B, editors. Health Economics of Dementia. Chichester:
John Wiley & Sons; 1998. p. 285–98.

16. Lagergren M, Fratiglioni L, Hallberg IR, Berglund J, Elmstahl S, Hagberg B,
Holst G, Rennemark M, Sjolund BM, Thorslund M, Wiberg I, Winblad B,
Wimo A. A longitudinal study integrating population, care and social
services data. The Swedish National study on Aging and Care (SNAC). Aging
Clin Exp Res. 2004;16:158–68.

17. American Psychiatric Association AP. Diagnostic and statistical manual of
mental disorders, 3rd edn revised (DSM-IIIR). Washington DC: American
Psychiatric Association; 1987.

18. WHO. WHO Collaborating Centre for Drug Statistics Methodology. Oslo:
WHO. Accessed 20131119.

19. Charlson ME, Pompei P, Ates K, et al. A new method of classifying
prognostic comorbidity in longitudinal studies: Development and validation.
J Chronic Dis. 1987;40:373–83.

20. Klarin I, Wimo A, Fastbom J. The association of inappropriate drug use with
hospitalisation and mortality : a population-based study of the very old.
Drugs Aging. 2005;22:69–82.

21. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum
creatinine. Nephron. 1976;16:31–41.

22. Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness in
the aged. The index of ADL: A standardized measure of biological and
psychosocial function. JAMA. 1963;185:914–9.

23. Dunn G, Mirandola M, Amaddeo F, Tansella M. Describing, explaining or
predicting mental health care costs: a guide to regression models.
Methodological review. Br J Psychiatry. 2003;183:398–404.

24. Jensen-Dahm C, Gasse C, Astrup A, Mortensen PB, Waldemar G. Frequent
use of opioids in patients with dementia and nursing home residents-A
study of the entire elderly population of Denmark. Alzheimers Dement.
2014; (1552–5279 (Epub ahead of print)).

25. Haider SI, Johnell K, Thorslund M, Fastbom J. Trends in polypharmacy and
potential drug-drug interactions across educational groups in elderly
patients in Sweden for the period 1992–2002. Int J Clin Pharmacol Ther.
2007;45:643–53.

26. Jyrkka J, Vartiainen L, Hartikainen S, Sulkava R, Enlund H. Increasing use of
medicines in elderly persons: a five-year follow-up of the Kuopio 75 + Study.
Eur J Clin Pharmacol. 2006;62:151–8.

27. Theodorou AA, Johnson KM, Moore M, Ruf S, Wade T, Szychowski JA. Drug
utilization patterns in patients with Alzheimer’s disease. The American
Journal of Pharmacy Benefits. New Jersey: Managed Care & Healthcare
Communications; 2010.

Sköldunger et al. BMC Neurology  (2016) 16:28 Page 8 of 9

http://www.snac.org


28. Giron MS, Forsell Y, Bernsten C, Thorslund M, Winblad B, Fastbom J. Psychotropic
drug use in elderly people with and without dementia. Int J Geriatr Psychiatry.
2001;16:900–6.

29. Hosia-Randell H, Pitkala K. Use of psychotropic drugs in elderly nursing
home residents with and without dementia in Helsinki, Finland. Drugs
Aging. 2005;22:793–800.

30. Gustafsson M, Karlsson S, Gustafson Y, Lovheim H. Psychotropic drug use
among people with dementia – a six-month follow-up study. BMC
Pharmacol Toxicol. 2013;14:56.

31. Richter T, Mann E, Meyer G, Haastert B, Kopke S. Prevalence of Psychotropic
Medication Use among German and Austrian Nursing Home Residents: A
Comparison of 3 Cohorts. J Am Med Dir Assoc. 2012;13:187. e187-187 e113.

32. Guthrie B, Clark SA, Reynish EL, McCowan C, Morales DR. Differential impact
of two risk communications on antipsychotic prescribing to people with
dementia in Scotland: segmented regression time series analysis 2001–2011.
PLoS One. 2013;8:e68976.

33. Johnell K, Religa D, Eriksdotter M. Differences in drug therapy between
dementia disorders in the Swedish dementia registry: a nationwide study of
over 7,000 patients. Dement Geriatr Cogn Disord. 2013;35:239–48.

34. Qiu C, von Strauss E, Backman L, Winblad B, Fratiglioni L. Twenty-year
changes in dementia occurrence suggest decreasing incidence in central
Stockholm, Sweden. Neurology. 2013;80:1888–94.

35. Wimo A, Johansson L, Jönsson L. The societal costs of dementia and the
number of demented in Sweden 2005 (in Swedish). Underlag från experter,
eds. Stockholm: Socialstyrelsen; 2007.

36. Salloway S, Mintzer J, Weiner MF, Cummings JL. Disease-modifying
therapies in Alzheimer’s disease. Alzheimers Dement. 2008;4:65–79.

37. Hosia-Randell H, Suominen M, Muurinen S, Pitkala KH. Use of laxatives
among older nursing home residents in Helsinki, Finland. Drugs Aging.
2007;24:147–54.

38. Wastesson JW, Parker MG, Fastbom J, Thorslund M, Johnell K. Drug use in
centenarians compared with nonagenarians and octogenarians in Sweden:
a nationwide register-based study. Age Ageing. 2012;41:218–24.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Sköldunger et al. BMC Neurology  (2016) 16:28 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population
	The care system for older people in Sweden
	Definitions
	Socio-demographic variables

	Dementia diagnosis
	Drugs
	Comorbidity
	Physical functioning
	Statistical analysis
	Ethics

	Results
	Discussion
	Limitations

	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



