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1 | BACKGROUND

| Sanjib Saha®? |

UIf-G. Gerdtham®3% | Hakan Toresson® |

Johan Jarl!

Abstract

Introduction: This study examines health-care costs attributed to dementia diseases in
the 10 years prior to, during, and 6 years after diagnosis.

Methods: Using administrative register data for people diagnosed with dementia
(2010-2016) in southern Sweden (n = 21,184), and a comparison group without
dementia, health-care costs over 17 years were examined using longitudinal regression
analysis.

Results: Average annual health-care costs per person were consistently higher before
diagnosis in the dementia group (10 years before: Swedish krona (SEK) 2063, P < .005
and 1 year before: SEK8166, P < .005). At diagnosis, health-care costs were more than
twice as high (SEK44,410, P < .005). Four to 6 years after diagnosis, there was no sig-
nificant different in costs compared to comparators.

Discussion: Excess health-care cost arise as early as 10 years before a formal diagno-
sis of dementia, and while there is a spike in cost after diagnosis, health-care costs are
no different 4 years after. These findings question currently accepted assumptions on

costs of dementia.
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the most elderly,? the prevalence and associated health-care costs may

also be accelerating. In 2018, >50 million people worldwide were esti-

Dementia currently ranks as one of the leading causes of death and
disability,! generating a great burden to the people living with demen-
tia diseases (hereafter referred to as “dementia”), their family, and soci-
ety. As the risk of developing dementia doubles every 5 years after age

65, and as many countries are experiencing population growth among

mated to live with dementia and this number is expected to rise to
>152 million by the year 2050.3

As rates of dementia rise, policy is increasingly motivated to con-
sider economists’ perspectives and to more precisely consider what

is driving costs. Decision makers require reliable, and up-to-date,
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information of the consequences of dementia to plan services and set
policy appropriately. Furthermore, understanding of the underlying
factors that explain these consequences of dementia also help to iden-
tify and evaluate specific intervention options.

The global cost of dementia is estimated to be US$1 trillion per
year.? Analysis of health-care cost can provide useful information of
the origins and extent of the care burden related to particular diseases.
There are several studies estimating the cost of dementia in different
country settings. For instance, a recent systematic review of 26 studies
estimated that the annual cost per person with dementia in Europe
and the United States was €32,507 and €43,899, respectively (2015
price year).* However, many of the studies were lacking a comparison

group—that is, a cognitively healthy population®12

—making it very
hard to measure the excess health-care cost of dementia. In addition,
most studies in the review were based on cross-sectional data,* which
provide no information about the development of cost of dementia
over time.

Furthermore, previous studies provide inconsistent findings on the
question of whether incipient dementia leads to an increase in health-
care use. For example, an American study showed that there were no
differences in medical care use between people with Alzheimer’s dis-
ease (AD) and matched controls 1 year before or 4 years after the
diagnosis.1® A German study revealed that use of ambulatory medical
care services is about 50% higher among people with dementia com-
pared to controls during the year before diagnosis and remain on a rel-
atively high level during the year after.2* Based on data from the Medi-
care system in the United States, Albert et al. showed that participants
having incipient AD had high primary care expenditures already 1 to
2 years before the diagnosis compared to people without the disease.”

In Sweden, several studies have estimated different cost aspects of
dementia.’®=20 |n a comprehensive analysis from a societal perspec-
tive, Wimo et al.1¢ used a combination of bottom-up and top-down
methods to estimate a total cost of 398,000 Swedish Krona (SEK)
(€45,000) per person with dementia in 2012.

The aim of this study was to explore health-care costs attributed to
dementia over a period of 17 years, and provide insights into costs one
decade before diagnosis, estimate how much costs increase at diagno-
sis, and examine the trend in the development of costs 6 years after
diagnosis. As previous studies have shown that the cognitive impair-
ment of dementia may develop up to 18 years prior to diagnosis,?122
our hypothesis was that increased health-care use can be observed

several years before dementia has been formally diagnosed.

2 | MATERIALS AND METHODS

2.1 | Data

Sweden has a long history of national registers that are available for
research purposes. The unique Personal Identification Number enables
the linkage of data from different registers to a specific individual.23
The dementia population in this study was defined based on the Inter-
national Classification of Diseases (ICD)-10 of F00.0-F00.2, F0O0.9,

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

RESEARCH IN CONTEXT

1. Systematic Review: While several studies have
addressed health-care costs related to dementia dis-
eases, many have not included a comparison group,
making it difficult to establish to what extent dementia
per se is linked to increased costs. Most previous studies
are also cross-sectional, and thus little is known about
the development of costs before and after diagnosis.

2. Interpretation: This analysis finds significant differences
in health-care costs in the 10 years prior to diagnosis,
and challenges assumptions of the estimated cost post-
diagnosis by showing that costs of dementia are not sig-
nificantly different 4 years after diagnosis.

3. Future Directions: Further research is needed to explore
what is driving the excess health-care costs before diag-
nosis and why the excess cost decreases in the years
after. Future research should also explore the impact of
dementia on other costs within the societal perspective,
for example, cost related to social care and informal care

before and after diagnosis.

G30.0, G30.1, G30.8, and G30.9 for AD diagnoses as well as FO1.1-
F01.3,F01.8-F02.0,F02.2-F02.4,F02.8,F03.9, FO3-P,F10.6-7A, G32.0,
and G31.8 for other types of dementia.?* A comparison group was con-
structed by linking (1:1)" individuals from the Swedish general popu-
lation without dementia diagnosis based on the factors sex, age, and
municipality of residence. The comparators were linked at the time of
diagnosis of each person in the dementia population (the index date).

The main data source for the study was the Region Skane’s Health-
care Utilisation Database, which includes all people living with demen-
tia in Region Skane (southern Sweden), identified as having a first
dementia diagnosis during the years 2010 through 2016. To all indi-
viduals in the dataset, yearly information was linked from a number of
national registers, such as the health registers at the National Board
of Health and Welfare (NBHW)2° and the socioeconomic databases at
Statistics Sweden, including the Longitudinal Integrated Database for
Health Insurance and Labour Market Studies (LISA).2¢ National data
from the NBHW was used to ensure that the comparison group had not
received dementia diagnoses in other regions of Sweden before moving
to southern Sweden. The data enabled us to examine individuals over
a 17-year period, including the year of diagnosis, 10 years before, and
6 years after diagnosis.

The study was approved by the Regional Research Ethics Board at
Lund University (dnr 2017/554).

" The full database on which this study is based included up to five comparators for each person
with dementia. However, the high age of people living with dementia made it difficult to find
five comparators for each person matched on sex, age, and municipality of residence, which
resulted in an unbalanced comparison group. Therefore, only one comparator (the first eligible
draw in the matching prosses) for each person with dementia was included in this study.
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2.2 | Main variables used in the analysis
The main outcome variable in the analysis was the direct health-care
cost per person per year adjusted to the price level of 2016 based on
the Swedish consumer price index.2’ This included inpatient, outpa-
tient, and primary care (both in the public and private health-care sec-
tor) provided by the regional health-care sector in southern Sweden,
Region Skane. Municipal health-care costs, such as costs of home care
and nursing homes, and pharmaceuticals costs were not included. The
cost of each health-care episode was based on the Diagnosis Related
Group (DRG) codes where diagnoses that are similar in terms of medi-
caland resource use are grouped. The yearly total cost for a health-care
unit was divided by the total amount of DRG points produced, which
was then used to calculate a cost per DRG code. This is done routinely
by Region Skane, the public health-care provider in southern Sweden.
Missing cost information in the health-care use database was imputed
on ayearly basis in several steps, separately for inpatient care and out-
patient care. See Data S1 in supporting information for further details.
The presence of dementia was defined as a binary variable
(1 = dementia group and O = comparison group). A set of potentially
confounding factors, possibly impacting both dementia and health-care
costs, were also identified and included sex, highest attained educa-
tional level, being foreign (born outside Sweden or both parents born
outside Sweden), number of children, marital status (married or cohab-
itant) and the Charlson Comorbidity Index (CCl) including data from
up to 5 years before diagnosis. Thus, dementia was not included in the
estimated index. The CCl is a method for categorizing comorbidities of
patients based on the ICD codes. Based on the risk of mortality, each
comorbidity category is given an associated weight (between O and
6), and the sum of all weights results in a single comorbidity score for
a patient.?8 An alternative comorbidity index was also explored, the
Elixhauser Comorbidity Index (ECI), which is an extension of the CCl
including a larger set of comorbidities.??

2.3 | Statistical analysis
The effect of dementia on health-care costs was analyzed using ordi-
nary least squares regression with individual-level clustered standard
errors to correct for the panel structure of the data, controlling for sex,
year of birth, educational level, foreign background, number of chil-
dren, marital status, and the CCI, in the 17-year longitudinal panel.
By interacting dummy variables for each year from diagnosis with
the dementia variable, the average annual health-care cost of people
with dementia and the comparison group were predicted at each year
before and after diagnosis. A large sample size allows use of simple
methods when the underlying distribution of the dependent variable
is non-normal as the analysis depends on means and variances of the
sample.30

The analyses include only years in which the individuals are alive
during the full year and costs that occurred during the year of death
were not included. All the analyses were performed using Stata
version 16.%1

2.4 | Sensitivity analyses
The robustness of the results was tested in three separate sensitivity
analyses.

2.4.1 | Analysis limited to people alive during the
full study period

The first analysis included only individuals that were alive until the
year of diagnosis (or the corresponding year for the comparison group).
After that year, people may die and those in worse health with a higher

need of more health-care resources, are at higher risk of dying.

242 |
follow-up

Analysis limited to people with 16 years of

The second analysis included only individuals that can be followed for
16 years (the maximum time possible to follow for each individual
to using data from 2001-2016 and a population diagnosed between
2010 and 2016). This includes those diagnosed in 2010, followed
9 years before and 6 years after, and those diagnosed in 2011, followed
10 years before and 5 years after. Individuals diagnosed in later years,
2012 to 2016, had a shorter follow-up and were excluded in this sensi-

tivity analysis.

2.4.3 | Analysis based on an alternative “broader”
classification of the dementia population

The final sensitivity analysis was based on a broader classification
of dementia included additional diagnoses related to cognitive fail-
ure (ICD-10: F049, FO50, FO59, FO67, F78, F099, FO9-P, R410-R413,
R418, R418A, R418P, R418W, and Z032) that were reported for peo-
ple 70 years or older. This analysis was performed because it has been
shown that the prevalence of undetected dementia is very high, not
only in Sweden32 but also globally,3® and the diagnoses above have pre-
viously been shown to be linked to underreported dementia in Region
Skane 2

3 | RESULTS

3.1 | Study population

The study population included 21,184 individuals with dementia
and one comparator each. The average age at diagnosis/index was
81.9 years and 40.7% were men (Table 1). People in the dementia group
were slightly less educated and more likely to have a foreign back-
ground. Fewer were married or cohabitant and it was somewhat more
common not to have children in the dementia group. Additionally, the
difference in CCl score (1.55 vs. 1.38, P < .0001) indicated that the
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TABLE 1 Population characteristics at diagnosis

Number of individuals
Male sex, n (%)
Year of birth, mean (SD)
Year of diagnosis/index, mean (SD)
Age at diagnosis/index, mean (SD)
Highest educational degree, n (%)
Compulsory
Upper secondary
Higher education
Missing
Foreign background, n (%)
Married or cohabitant, n (%)
Number of children, n (%)
None
1-2
3-4
>5
Charlson index, mean (SD)

Deceased during the 6 years after diagnoses/index

Alzheimer’s &Dementia® | s
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Dementia Comparison P?
21,184 21,184
8611 (40.7) 8611 (40.7) 1.000
1931(9.5) 1931(9.5) 1.000
2013 (1.92) 2013 (1.92) 1.000
81.9(9.3) 81.9(9.3) 1.000
10,683 (50.4) 10,352 (48.9) 0.001
6828 (32.2) 6990 (33.0) 0.093
3049 (14.4) 3314 (15.6) <0.001
624 (3.0) 528(2.5) 0.004
2748 (13.0) 2381(11.2) <0.001
6258 (29.5) 7267 (34.3) <0.001
3367(15.9) 3131(14.8) 0.002
11,711(55.3) 11,998 (56.6) 0.005
5288 (25.0) 5287 (25.0) 0.991
818(3.9) 768 (3.6) 0.201
1.55(1.91) 1.38(1.87) <0.001
10,608 (50.1) 6222 (29.4) <0.001

Abbreviation: SD, standard deviation.
at-test and test of proportions.

dementia group was in worse health during the 5 years before diagno-
sis (see Table S1 in supporting information for information about the
distributions of each individual comorbidity in the score). During the
6 years of follow-up, a greater proportion of the dementia group had
died compared to the comparison group (50.1% vs. 29.4%, P < .0001).

3.2 | The excess cost to health care from dementia

During the 10 years before diagnosis, the predicted average annual
health-care costs per person in the dementia group were without
exception higher compared to the health-care costs in the comparison
group, which is presented in Table 2 and illustrated in Figure 1. There
was an excess cost per person in the dementia group ranging from
SEK 2063 (13% higher, P < .005) to SEK 8166 (24% higher, P < .005)
10 years and 1 year before diagnosis, respectively. During the year of
diagnosis, the health-care cost increased substantially for the people
with dementia, to SEK 82,056 (95% confidence interval [Cl] 80,056~
83,758) whichis a 118% higher cost compared to the comparison group
(SEK 37,647, 95% Cl 36,590-38,703). In the years after diagnosis, the
health-care costs in the dementia group decreased compared to the
year of diagnosis and 4 years after, the average health-care cost was
similar to the costs of the comparison group. See Table S2 in support-
ing information for full results from the underlying regression. Control-
ling for the alternative comorbidity index (ECI) had little impact on the

overall results; however, a slight decrease in the excess cost of demen-
tia prior to diagnosis was seen.

Overall, the development of costs over time were similar also when
considering men and women separately (Figure 2). However, 4 years
after diagnosis the excess health-care cost of men with dementia
reverted to a similar level as before diagnosis, with about 10% higher
costs, while the costs for women with dementia were similar or slightly
lower compared to the comparison group.

Figure 3 shows the average health-care cost per person (a), as well
as the proportion of the population with any health-care cost each
year (b), separately for each type of health care. Inpatient care was the
costliest type of care throughout the study period, followed by out-
patient care. Higher costs for people with dementia could be seen in
all three types of care before diagnosis, particularly for inpatient care,
while 4 years after diagnosis, the costs of the dementia group were not
statistically significantly higher in any of the care types.

While inpatient care generated the most annual costs, it was the
least common type of care (15% to 28% of people with dementia before
diagnosis). Outpatient care was consumed by 66% to 74% of peo-
ple with dementia and primary care by 79% to 89% of people with
dementia. Overall, a larger proportion of people with dementia con-
sumed inpatient care. However, 4 years after diagnosis no difference
could be observed. The proportion of people with dementia consum-
ing outpatient care decreased after diagnosis, both compared to the
comparison group but also compared to the period before diagnosis.
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TABLE 2 Predicted health-care costs of people with dementia and controls 10 years before and 6 years after diagnosis (expressed in Swedish

krona, SEK, of 2016 prices)

e Dementia Comparison
comparison) Mean 95% Cl Mean 95% ClI

Years before

10 34,674 18,007 17,251 18,764 15,944 15,340 16,549
9 42,368 19,430 18,731 20,129 17,295 16,696 17,893
8 42,368 21,110 20,395 21,825 18,779 18,161 19,396
7 42,368 23,096 22,318 23,873 19,577 18,926 20,228
6 42,368 24,731 23,935 25,528 21,765 21,106 22,425
5 42,368 27,348 26,494 28,202 22,953 22,276 23,629
4 42,368 29,526 28,665 30,388 25,233 24,524 25,942
3 42,368 31,800 30,889 32,710 27,788 26,947 28,630
2 42,368 35,621 34,608 36,633 30,673 29,844 31,502
1 42,368 41,541 40,461 42,621 33,375 32,482 34,268
Diagnosis 38,867 82,056 80,354 83,758 37,647 36,590 38,703
Years after

1 31,235 56,789 55,292 58,287 37,925 36,760 39,091
2 23,669 49,029 47,495 50,563 38,035 36,663 39,407
3 16,595 45,034 43,286 46,782 40,101 38,528 41,674
4 11,201 42,816 40,639 44,993 39,751 37,953 41,549
5 6,593 41,089 38,380 43,797 41,296 38,885 43,707
6 3,007 42,653 38,788 46,517 43,338 39,558 47,118

Difference

2,063%
2,135%
2,332°
3,5192
2,966°
4,395°
4,293°
4,011°
4,947°
8,166°
44,4107

18,864°
10,9942
4,933°
3,065
-207
-685

Notes: Adjusting for sex, year of birth, educational level, foreign background, number of children, marital status and Charlson Comorbidity Index based on

5 years before diagnosis.
aStatistically significant at a 5% level of significance. For full regression results see Table S2.
Abbreviation: Cl, confidence interval.
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FIGURE 1 Predicted average health-care cost per patient at diagnosis as well as 10 years before and 6 years after. 95% confidence intervals

indicated by the whiskers. Expressed in Swedish krona, SEK, of 2016 prices
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FIGURE 2

Predicted average health-care cost per patient at diagnosis as well as 10 years before and 6 years after by sex. 95% confidence

intervals indicated by the whiskers. Expressed in Swedish krona, SEK, of 2016 prices

The proportion consuming primary care was similar before diagnosis,
while increasing in the dementia group after diagnosis compared to the

comparison group.

3.3 | Sensitivity analyses
3.3.1 | Analysis limited to people alive during the
full study period

As can be noted in Figure 1, a break in the general upward trend of the
health-care costs over time can be seen also for the comparators at the
index year (the year of diagnosis for the dementia group). Figure S1
in supporting information shows that when including only individuals
alive during the full study period (total n = 25,538; of which demen-
tia: n = 10,576 [41%] and comparator: n = 14,962 [59%]), the trend
for people with dementia was similar to the main analysis although the
total costs were lower due to the selection of an overall healthier pop-
ulation. However, for the comparators the upward trend in health-care
costs over time remains stable, suggesting that the break seen for the
comparators in the main analysis is caused by the study design.

332 |
follow-up

Analysis limited to people with 16 years of

In Figure S2 in supporting information, a trend similar to the baseline
estimates is noted when basing the analysis on the subset of people
who could be followed for the full 16 years (total n = 6201; of which
dementia: n = 2217 [36%] and comparator: n = 3984 [64%)]). How-

ever, the health-care costs were somewhat lower compared to the main
analysis reflecting that this selection of individuals were both younger
and healthier.

3.3.3 | Analysis based on the “broader” classification
of the dementia population

The broader classification of dementiaresulted in alarger study sample
(31,261 people with dementia with one comparator each; see Table S3
in supporting information). The results based on this broader classifi-
cation were similar to the results based on the narrower standard clas-
sification of the dementia population (see Table S4 and Table S5 in sup-
porting information). Figure S3 in supporting information shows annual
health-care costs for both the broader and the narrower dementia pop-
ulation and the comparators. The health-care costs were very similar
throughout the study period, although slightly higher during the year
before and during diagnosis for the broader population. The analysis
based on the broad population also showed a slightly larger difference
in costs between the dementia group and the comparison group in the
years after diagnosis; however, after 5 years the differences were not

statistically significant.

4 | DISCUSSION

The rationale for this study was to estimate the excess health-care
cost of dementia to shed light on the dementia disease burden, which
is interesting in its own right but also because the excess health-

care cost represents an important piece of information in economic
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evaluations. The rapidly growing use of economic evaluations in health-
related decisions in Sweden, and other countries, enhances the need
for accurate cost estimates. Our results show that people that will
develop dementia have elevated health-care costs as early as 10 years
prior to diagnosis (ranging from 13% to 25% higher costs 10 to 1 year
prior, respectively). This finding indicates higher health-care needs
long before being formally diagnosed with dementia by the health-
care system. During the year of diagnosis, people with dementia have
more than twice the cost (SEK 44,410 [US$ 51877];3* 118% higher). In
the subsequent years after diagnosis, the excess health-care costs of
dementia decline and after 4 years, the costs are comparable to the
comparators. Similar patterns could also be seen when the cost of out-
and inpatient, and primary care were analyzed separately. Inpatient
care was the main cost driver and accounted for the main part of the
excess cost.

The higher cost of the dementia population at the prediagnosis

period is in line with other studies3>-38

and is also supported by studies
showing that the cognitive impairment of AD dementia may occur up to
18 years before diagnosis.2%22 The peak in the cost at the year of diag-
nosis may be explanied by the distress people with dementia and their
famillies often express before diagnosis, which might lead to a greater
contact with the health-care system and the testing and/or costly diag-
nostic procedures that eventually confirm a dementia diagnosis.3¢3?
Our finding of reduced health-care cost after the year of diagno-
sis is in line with studies based on Medicare expenditures of people
with dementia in the United States, which indicate that some inpatient
and post-acute care services used after the diagnosis of dementia are
preventable 343740 Although the elderly care system in Sweden is dif-
ferent than in the United States, a similar explanation could be feasi-
ble also in a Swedish health-care setting. Moreover, in Sweden, receiv-
ing a formal dementia diagnosis often provides access to other types of
care, such as nursing home care and home care.*! This might help per-
sons with dementia to avoid situations that could otherwise result in
a health-care need. The costs related to these services are covered by
municipalities and are considered social care costs, not belonging to the
health-care sector. Another explanation might be that the disease itself
contributes to difficulties in expressing needs and preferences, thereby
reducing the contact with the health-care sector. Finally, the decreased
excess health-care costs after diagnosis could be a result of people with
diagnosed dementia being less prioritized in the health-care system.
Our results show that the estimated average health-care costs of
a person with dementia range from SEK 56,789 (US$ 6633) 1 year
after diagnosis to SEK 42,653 (US$ 4982) 6 years after. This includes
all types of health care that this relatively old patient group consumes,
also related to other disease. The estimate is higher compared to the
previously estimated health-care cost of SEK 18,382 (US$ 2713%) per
person with dementia in Sweden in 2012.1¢ The higher costs estimated
in our study for 2016 could in part be related to overall increased cost

in the health-care sector since 2012 but is more likely to be driven

 Average exchange rate 2016: US$1 = SEK8.5613.
# Average exchange rate 2012: US$1 = SEK6.7754.
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by substantial differences in study design, data collection, and meth-
ods. The previous study did also present an estimate of costs related
to dementia solely (“net costs”). However, this estimate was not pre-
sented separately for health-care-related costs and therefore is not
directly comparable to the results from our study.

A strength of this study is the use of individual-level data from vari-
ous registers covering southern Sweden. This rich dataset allowed us to
account for several potential confounding demographic and socioeco-
nomic factors and thereby account for the fact that the onset of demen-
tia is not random but could be associated with lifestyle factors. The
focus on one region in Sweden, as opposed to all of Sweden, allowed
us to identify cases based on diagnosis also from primary care data,
which is not available on a national level in Sweden. This was essential
to capture the total dementia population and it also enabled us to study
the full impact of dementia on total health-care costs. We are aware
of regional differences across Sweden but the advantages of focusing
on Region Skane (a more comprehensive identification of the popula-
tion and coverage of health-care costs) was considered to highly out-
weigh the advantages of using national level data (better generalizabil-
ity). Our data also allowed sensitivity analyses to explore the concern
of underdiagnosis using an alternative broader definition of dementia
and the results showed that our findings are robust also taking this con-
cern into account.

A general weakness of our study is that, while we control for many
key observable factors in our regression estimations, we can never
rule out that there may also be other hard-to-measure unobserved
factors that may explain the differences in health-care cost between
the dementia group and the comparison group. However, this problem
is always present in studies based on non-experimental data, and we
expect that the controlling factors, such as age, education, and comor-
bidity, included in our models, will at least reduce most of the poten-
tial bias from these unobserved factors. Controlling for an alternative
comorbidity index (the ECI) with a larger set of comorbidities com-
pared to the CCl resulted in similar results; however, in the years prior
to diagnosis the excess cost of dementia was slightly reduced. While
this could indicate that the ECl is able to capture more potential con-
founding, it could also indicate that it removes part of the effect of
pre-diagnoses dementia if the extended set of comorbidities capture
health-care consumption related to the cognitive decline often seen
several years before the formal diagnosis of dementia has been made.

As the aim of this study was to explore the excess health-care cost
related to dementia, before and after diagnosis, further research is
needed to explore the impact of dementia on other costs within a soci-
etal perspective. Most previous studies have shown that costs out-
side the health-care system, such as costs related to informal care, are
higher compared to the direct health-care-related costs in the case
of dementia. #1642 Pharmaceutical costs related to dementia is also
an area which could be further explored. Additionally, future research
should explore what is driving the increased health-care use before
diagnosis. Our results suggest that increased use of inpatient care plays
an important part; however, what specific health issues are causing this

need can be further examined.
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