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Background: The continuous growth of the current dementia epidemic is contingent on the
stability of age- and sex-specific trends over time. However, recent evidence suggests declin-
ing or stable trends. The aim of this study was to evaluate the real-world changes in the burden
of dementia in older adults in Sweden from 1987 to 2016 by estimating age- and sex-specific
incidence of dementia diagnosis in hospital inpatient records (dementia incidence). Differences
in trends by sex, age, and educational levels were also examined.

Methods: The entire Swedish population aged 65 years and older was followed up from 1987
to 2016. Age-, sex-, and education-stratified dementia incidence rates for every follow-up
year were estimated using the National Patient Register. Hazard ratio of receiving a dementia
diagnosis in the inpatient records per 1 calendar year increase was estimated with discrete time
logistic models with a complementary log—log link.

Results: After increase, especially in those >85 years of age, dementia incidence started to decrease
in the last 5 years of the study period. After 2011, 1 calendar year increase was associated with
lower hazard ratio of receiving a hospital diagnosis of dementia. The decrease had the highest
magnitude in 70-74-year-olds (—5.5%), followed by 75—79-year-olds (—4.5%) and 80—-84-year-
olds (—4.0%). The decrease was present in both sexes and at all educational levels up to 90 years
of age. Age was associated with the level of dementia incidence, and the trends differed by age
group. Educational gradient was observed. University-educated older adults had the lowest rates
of dementia. However, the trend over time did not substantially differ by sex or educational level.
Conclusion: Our results provide more evidence that dementia incidence may be declining.
They also suggest that at least in hospitals, the number of new patients with dementia may
decrease in the future.

Keywords: incidence, Alzheimer’s, hospitalization, population study, heterogeneous associa-

tion, education

Plain language summary

Dementia is an important global health issue. To tackle this challenge in the future, it is
important to understand the trends in how many people live with dementia. Previous studies
have suggested that such trends may differ by sex and age and that a higher level of education
may be protective. Therefore, we examined differences in how many men and women in dif-
ferent age groups and with different levels of education had a dementia diagnosis at Swedish
hospitals from 1987 to 2016. Over the whole period, 16.4% of those who survived up to 65
years were admitted to a hospital and received a diagnosis of dementia before 85 years of
age. Furthermore, our results show that the number of adults with first hospital diagnosis of

dementia increased until 2011, especially among the adults older than 85 years. However, in
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the last 5 years, the number of new diagnoses of dementia in hos-
pitals has decreased. For example, in 2011, 62 of 10,000 women
aged 65 years and older had a diagnosis of dementia according
to the inpatient records. In 2016, this number had dropped to 50
of 10,000. The decrease in diagnosis of dementia was present
for men and women until age 90. Throughout the entire study
period, the number of people with dementia according to their
hospital records was the lowest among those with at least some
university education. Overall, our study suggests that, at least
in Swedish hospitals, the number of new patients with dementia
may decrease in the future, which would reflect an improvement
in public health.

Introduction

Dementia poses a significant health burden for current and
future societies. Today, about 47 million people worldwide
have dementia.! Dementia predominantly affects older adults,
and its prevalence increases sharply with age.? Thus, the
great gains in life expectancy experienced over the past two
centuries, alongside the population growth, mean that an
increasing number of people reach ages at which the preva-
lence of neurodegenerative disorders is high.** Accordingly,
researchers forecast an even higher dementia burden in the
future: it was estimated that 131.5 million people will be
affected by 2050.!

Examining time trends in the burden of dementia is of
key importance to understand the future demands on our
societies. Yet, studying trends is complicated by changes
in diagnostic criteria, demographics, and other factors.
Typically, projections are based on estimates of dementia
incidence or prevalence in relatively small research cohorts.
Such studies have had mixed results. One found stable,’ oth-
ers decreasing,%” and still others increasing rates.®® A recent
narrative review suggested that the summarized evidence
may challenge the current forecasts, because most studies
reported declining or stable trends.!°

To understand the future burden of dementia, it is also
important to consider the protective or risk factors that could
alter the trends. Previous studies suggest that trends may dif-
fer by sex.!"13 Educational level is one potentially modifiable
factor associated with dementia; higher educational level is
associated with lower or delayed onset of the syndrome.'
Yet, heterogeneity in the association between education and
trends in dementia incidence remains largely unexamined
because of insufficient statistical power.!

Analyzing trends in the burden of dementia using real-
world data, such as population-based registers or electronic
health records, is an alternative to smaller research cohort
or survey studies.'®'® Studies of real-world data encom-

pass large populations and may thus provide sufficient
statistical power to examine heterogeneous associations.
Furthermore, some registers such as the Swedish National
Patient Register (NPR) provide long-term data with nearly
complete coverage.!” Surveys, on the other hand, are based
on samples, may suffer from nonresponse to baseline fol-
low-up, and may be subjected to attrition over time. These
factors can affect both the external and internal validity of
the results.!® However, register data also have limitations.
Rizzuto et al' suggested that register data are likely to
underestimate true incidence because of their moderate
sensitivity (50%). Further, register data are more suscep-
tible to changes in health care practices than the data from
research cohorts.!® Nevertheless, the use of registers may
facilitate time-trend analyses if the populations are repre-
sentative and diagnostic procedures are stable'® or changes
in health care practices are considered in the analyses.
Moreover, analyses of register data provide information
about the real-world situation in an entire country, which
is also of vital importance.

Sweden is an ideal country in which to examine trends
in the burden of dementia. Not only does information from
national educational and medical registers provide long-term
data on potential risk factors and dementia, but Sweden also
has a remarkably aged population. For example, in 2015,
it was the sixth oldest country in the world.?® Currently,
approximately one-fifth of the population is older than 65
years.?! This study combined Sweden’s unique resources
and analyzed trends in inpatient records to evaluate changes
in the burden of dementia in older adults over time. In addi-
tion, differences in trends by sex, age, and educational levels
were examined.

Methods

Study population and setting

For every calendar year between 1987 and 2016, all men and
women who were at least 65 years and, according to the Total
Population Register (RTB), resided in Sweden, were included
in the study population. Those who had migrated repeatedly
(had >1 migration) after 65 years of age were excluded, as it
was unclear where they obtained their health care (0.64%).
We also excluded those who had dementia before 65 years
ofage (0.19%). Otherwise, people were included either from
the year they turned 65 years or the first year they were 65
years or older and registered as resident in Sweden. The
RTB was also used to collect information on date of birth,
sex, and yearly residency registration. The size of the study
sample ranged from 972,167 in 1987 to 1,991,483 in 2016.
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Observations were censored at the first year a diagnosis of
dementia appeared in the inpatient record (see “Dementia
ascertainment” section), at death, at the first year for which
residency information was missing, or at the end of the
follow-up period. Information on year of death was obtained
from the Cause of Death Register, which covers all those
registered in Sweden at the time of death.?

Dementia ascertainment

Incidence of diagnosis of dementia in hospital inpatient
records, hereafter referred to as dementia incidence, was
ascertained with the NPR. The year of dementia incidence
was defined as the year of first hospital diagnosis of dementia
in or after 1987, the first year the NPR had national cover-
age.? All hospital admissions were considered, regard-
less of the length of stay. The follow-up period spans two
International Classification of Diseases systems (ICD9 and
ICD10). Therefore, the following time-specific codes were
used to ascertain a dementia diagnosis: 1) ICD10: F00.0,
F00.1, F00.2, F00.9, F01.0, FO1.1, FO1.2, F01.3, FO1.8,
F01.9, F02.0, F02.3, F03.9, G30.1, G30.8, G30.9, G31.1,
and G31.8A and 2) ICD9: 290, 249B, and 331A. The codes
are similar to those used in the study by Gatz et al.* All
primary and secondary diagnoses were used. This multiple-
cause approach to ascertaining dementia diagnosis has been
employed previously.?

Education

Participant’s highest educational level was primarily derived
from the Longitudinal Integration Database for Health
Insurance and Labor Market Studies (LISA).% If a person’s
educational level was not available in LISA, data from the
1990 or 1970 census were used. Data from these sources
were collapsed into three levels: elementary school, high
school, and at least some university education. Those miss-
ing information on education (2.9% of the sample; range per
year, 2.5%—3.7%) were included and analyzed as a separate
category.

Statistical analyses

Dementia incidence per calendar year was estimated with
data from the NPR. First, we estimated incidence rates per
10,000 people aged 65 years and older by 5-year age group
strata. Second, we calculated incidence rates stratified by both
age group and educational level. Third, the aforementioned
rates were computed for men and women separately. Strata-
specific 1-year incidence rates per 10,000 were calculated as
the sum of events in a given calendar year and strata group,

divided by the sum of person-years at risk in the given strata
and year, times 10,000.

Dementia incidence can be influenced by improvements
in survival. Therefore, we also calculated a cumulative inci-
dence adjusted for competing risk of death, hereafter referred
to only as cumulative incidence. Cumulative incidence esti-
mates the probability of receiving a first hospital diagnosis
of dementia given the current lifespan. It is important to
take time of death into account in the analyses because life
expectancy has been increasing over time. In other words,
cumulative incidence captures a remaining lifetime risk per
calendar year in the age groups. Cumulative incidence was
expressed in percentage. Age group-stratified trends were
used because we did not observe the same maximum age
in all calendar years. A version of the Practical Incidence
Estimator Macro, adapted to compute per-year dementia
incidence, was used to compute these measures.?’

Discrete time logistic models with a complementary log-log
link (cloglog) function were used to estimate HR whether a per-
son aged 65 years or older would receive a hospital diagnosis of
dementia.?®? The models were fitted on the individual-level data
in a long format, with one observation for every calendar year in
which the individual was a part of the study. We first estimated
models for 1 calendar year increase for every age group strata.
Next, we estimated the same models while controlling for age
(continuous), sex, and several health care practices confounders
(see below). The third set of models included education. The
models were post hoc stratified by two time periods because of
change in trends observed in graphical analysis.

We also estimated seven age-stratified models examin-
ing association of age (continuous), sex, and education with
dementia incidence, while adjusting for calendar year. To
examine heterogeneous trends, if there were significant main
effects, we estimated up to three additional models for every
age group. These models included an interaction between age
(continuous), or sex, or educational level and calendar year.
The significance of the interaction term was assessed using
log likelihood-ratio test.

Because register data can be susceptible to changes in
health care practices, several time-varying confounders
were included. Since changes in the ICD system may alter
diagnostic practices, and the two coding systems may have
different sensitivity,*® a dummy indicating ICD period was
included. The Swedish system of health care for older adults
was reformed via the Elderly Reform Act (ddelreformen)
during the follow-up period. From January 1, 1992, the
responsibility for social and some medical care for older
adults shifted from county councils to municipalities. The
reform may have affected hospitalizations. Hence, a dummy
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indicating prereform and postreform times was included.
Finally, the likelihood of hospitalization may vary over time
and by sex, age, and educational level. To limit the possibil-
ity that dementia incidence trends would be driven by trends
in hospitalization in general, we calculated a proportion of
all-cause hospitalizations in each calendar year during the
follow-up per age group, sex, and educational level and
included this proportion as a time-varying variable. The
proportion was calculated in these strata because previous
studies suggest that there are inequalities in all-cause hospi-
talization by these factors.?!32

Ethical approval

Data used in this study were pseudonymised, and the key
that connects identification numbers to personal identity
numbers is not available to the researchers. The Regional
Ethical Review Board in Stockholm approved the study
(DNR 2010/1185-31/5).

Results

Crude incidence of dementia
There were 45,716,399 person-years during the follow-up
period. As expected, the crude dementia incidence in the

inpatient register increased steeply with age (Table 1). For
example, crude incidence in men increased from 8.45 per
10,000 in those aged 65—-69 years to 269 per 10,000 in those
aged 95+ years. In the young-olds, those younger than 85
years, the crude incidence was slightly higher in men than
women. In men and women for whom educational data were
available, crude incidence was lowest in those with at least
some university education. However, none of these results
controlled for the age structure and educational structure
of the population, which changed substantially during the
follow-up (Figure 1A and B). The proportion of older adults
with elementary education has decreased substantially during
the study period from 69% to 36%. At the same time, the
proportion of older adults with high school or at least some
university education increased. The crude yearly dementia
incidence increased for both men and women during the
entire follow-up period (Figure 2). From approximately 1993,
women had higher crude dementia incidence. However, these
results are not adjusted for age or education.

Temporal trends in dementia incidence
The age- and sex-stratified results show that the trend
in dementia incidence over time differed by age group

Table | Sex-stratified crude incidence rates per 10,000 by age group or educational level during the entire follow-up period (1987—

2016)
Sex Strata Level Person- % of person- Crude incidence Dementia
years years rates per 10,000 diagnosis (n)?
Men 5-year age group 65-69 6,713,612 32.72 8.45 5,672
70-74 5,595,654 27.27 24.13 13,501
75-79 4,198,190 20.46 61.52 25,828
80-84 2,486,846 12.12 124.6 30,985
85-89 1,138,707 5.55 212.95 24,249
90-94 335,648 1.64 278.06 9,333
95+ 47,905 0.23 269.07 1,289
Education Missing 498,540 243 48.82 2,434
Elementary 10,415,722 50.77 60.42 62,932
High school 6,500,583 31.68 49.85 32,405
University 3,101,717 15.12 42.19 13,086
Total 20,516,562 100 54.03 110,857
Women 5-year age group 65-69 7,125,320 28.28 7.28 5,186
70-74 6,350,673 25.2 21.6 13,717
75-79 5,290,058 20.99 57.52 30,429
80-84 3,585,195 14.23 122.85 44,043
85-89 1,968,272 7.8l 211.48 41,625
90-94 735,641 292 280.5 20,635
95+ 144,678 0.57 271.02 3,921
Education Missing 680,397 2.7 61.92 4213
Elementary 14,224,533 56.45 72.38 102,963
High school 7,162,480 28.42 55.58 39,809
University 3,132,427 12.43 40.13 12,571
Total 25,199,837 100 63.32 159,556

Notes: “First diagnosis of dementia in hospital inpatient records (ie, in the Swedish National Patient Register) during the study period.
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Figure 2 Sex-specific incidence rates of dementia in inpatient register per 10,000 for every year of follow-up period.

(Figure 3A and B). In the two youngest groups (65—69 and
70-74 years age groups), the trends were relatively stable.
In the older age groups, dementia incidence increased until
approximately 2011-2012. In the last 5 years of follow-up,
dementia incidence measured in hospital inpatient records
decreased.

The discrete time logistic models by age strata also show
differences by age group and time period (Table 2). Results
from model 2 indicate that 1 calendar year increase was
associated with higher HR of receiving a hospital diagnosis
of dementia before 2011. The increase was higher in each
successive age group. For example, the increase was 0.8% in
65—69-year-olds, 4.2% in 85—89-year-olds, and 9.5% in those
over 95 years (Table 2, Model 2). On the other hand, after
2011, 1 calendar year increase was associated with lower HR
of receiving a hospital diagnosis of dementia. The decrease
had the highest magnitude in 70-74—year-olds (—5.5%),
followed by 75-79-year-olds (—4.5%) and 80-84-year-olds
(—4.0%) (Table 2, Model 2).

Incidence rates (per 10,000) stratified by 5-year age
groups and educational level show an educational gradient
up to age 90 years (Figure 4). In older adults younger than 90
years, those with at least some university education had the
lowest dementia incidence in the inpatient records during the
follow-up. Before 2011, adjusting for education in the mod-
els (Table 2, Model 3) attenuates the estimates of temporal

change in those younger than 85 years. After 2011, adjusting
for education results in higher magnitude of the decrease in
those younger than 80 years (Table 2, Model 3). Therefore,
educational level is associated with the temporal trends in
both periods, at least among the young-olds.

Association with age, sex, and education

The age- and sex-stratified plots (Figure 3A and B) suggest
that the age is associated with the level of dementia incidence.
The older the people are, the higher the incidence of a first
dementia diagnosis in the inpatient records (range, 2—340 per
10,000), with the exception of those 95+ years. Age-stratified
models (Table 3) show that, even within every age-group, a
1-year increase in age is associated with an increased HR of
receiving a hospital diagnosis of dementia. The association
is strongest in those aged 65—69 years and 70—74 years. The
slope of increase dwindled in people in the older age strata.
For example, the change was 14.2% in 80-84-year-olds, 7.7%
in 85-89-year-olds, and 1.5% in 90-94-year-olds (Table 3).
In people 95 years or older, the change in the HR of first
dementia diagnosis decreased (—5.5%) for 1-year increase in
age. In models adjusted for age and education and calendar
year, women had significantly lower HR of receiving a hos-
pital diagnosis of dementia until age of 85 years (Table 3).
The results of the age-stratified models (Table 3) showed
an educational gradient in the HR of receiving a dementia
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Table 2 Results from stratified discrete time logistics models with a complementary log-log link function

Age strata Calendar Model | - crude Model 22 Model 3®
(years) years HR 95% ClI HR 95% ClI HR 95% CI
Period | — before 2011
65-69 1987-2016 0.995 0.992-0.998 1.008 1.001-1.015 1.001 0.994-1.009
70-74 1987-2016 0.998 0.996-0.999 1.014 1.010-1.019 1.009 1.004-1.014
75-79 19902016 1.006 1.005-1.008 1.023 1.020-1.026 1.021 1.018-1.024
80-84 19952016 1.020 1.018-1.022 1.033 1.031-1.036 1.033 1.030-1.035
85-89 20002016 1.045 1.042—-1.047 1.042 1.039-1.045 1.043 1.040—1.046
90-94 20052016 1.057 1.051-1.064 1.043 1.032—-1.053 1.047 1.035-1.060
95+ 2010-2016 1.071 1.032—1.113 1.095 1.052—1.140 1.094 1.050-1.139
Period Il - after 2011
65-69 19872016 0.979 0.956—1.002 0.996 0.963-1.031 0.986 0.953-1.020
70-74 19872016 0.937 0.923-0.952 0.945 0.924-0.966 0.941 0.920-0.962
75-79 1990-2016 0.962 0.952-0.972 0.955 0.940-0.970 0.953 0.938-0.968
80-84 1995-2016 0.967 0.959-0.974 0.960 0.949-0.971 0.960 0.949-0.972
85-89 20002016 0.974 0.967-0.981 0.963 0.953-0.973 0.964 0.954-0.974
90-94 20052016 0.999 0.990-1.009 0.984 0.972-0.997 0.985 0.972-0.998
95+ 20102016 0.984 0.965-1.003 0.983 0.958-1.009 0.982 0.957-1.008

Notes: The models estimate hazard ratio (HR) that a person surviving to given age strata would receive a hospital diagnosis of dementia, per calendar year. The results
were post hoc stratified by two periods to quantify the change in trends observed in graphs. *Adjusted for age (continuous within each age group strata); sex; the proportion
of all-cause hospitalizations in each calendar year per age group, sex, and educational level; International Classification of Diseases (ICD) period; and pre- and post-Elderly
Reform Act (Adelreformen), if appropriate. *Adjusted for all variables in Model 2 and for the educational level.

diagnosis up to 90 years of age, adjusting for age, sex, and
calendar year.

Heterogeneity of trends

The trend in dementia incidence over time differed by age
group, as described above. The heterogeneity by age group
was observed for all people, for men and women separately,
and for all educational levels (Figures 3 and 4). Plots strati-
fied by sex, age, and educational level (data not presented)
show that women younger than 95 years had lower dementia
incidence than men in the corresponding age and educational
categories. The plots do not indicate substantial differences
in the trend by sex. Nevertheless, models stratified by age
group (Table 3) show an interaction between sex and follow-
up year (continuous) in 70-74 (P<0.05), 75-79 (P<0.01),
and 80-84-year-olds (P<0.01). The plots (Figure 4) do not
indicate substantial differences in the trend by educational
level. Nevertheless, models stratified by age group (Table 3)
indicate an interaction between educational level and follow-
up year (continuous) for all age group strata below 90 years
(P-values range from 0.01 to 0.001).

Cumulative incidence of dementia

The cumulative incidence of dementia, adjusted for the com-
peting risk of death, was higher in each successive age group
(Figure 5A and B). There were sex differences in cumula-
tive incidence. In the young-olds, men had a slightly higher

cumulative incidence of dementia than women. In the oldest-
olds (those aged 85+ years), women had a higher lifetime
risk of first diagnosis of dementia in inpatient records than
men. The average gap in cumulative incidence of dementia
between men and women increased with age. For example,
the gap was approximately 2% in 85—89-year-olds, 3.4% in
90-94-year-olds, and 4% in 95+ year-olds. Nevertheless, the
gap between the oldest-old men and women decreased during
the follow-up period.

Temporal changes in cumulative incidence varied by age
group. For people in the two youngest age categories (65—69
and 70-74 years), cumulative incidence rates were relatively
stable. Approximately 1.5% of those who survived up to 65
years received an inpatient diagnosis of dementia before they
reached the age of 75 years. This number doubled (to 4%)
by 80 years. Until approximately 2011 or 2012, cumulative
incidence increased in people in the older age categories. The
absolute increase in cumulative incidence was the highest for
men (5.5%) and women (5.2%) younger than 90 years; it was
next highest in those younger than 95 years (a 4% increase
in both sexes). In the last 5 years of follow-up, cumulative
incidence decreased in all age groups.

Discussion

This study aimed to evaluate the real-world changes in hospi-
tal dementia incidence in older adults in Sweden from 1987 to
2016. The results showed that after increase, especially in the
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Figure 4 Age- and education-stratified rates (per 10,000) of first diagnosis of dementia in hospital inpatient records for every year of follow-up.

oldest old, dementia incidence started to decrease in the last 5
years of the study period. The decrease occurred in both sexes
and at all educational levels up to age 90 years. The actual
probability of receiving a hospital diagnosis of dementia
(cumulative incidence) also decreased during the final 5
years of the period, even though life expectancy increased.
Previous studies that used medical records or adminis-
trative data have predominantly reported trends over shorter
periods of time (<10 years).!® One longer term (22 years
of follow-up) study from 2017, which presented trends
from Dutch primary health care data, found that dementia
incidence was increasing.!® Several previous studies have
used hospital records to examine the trends in dementia.
Sposato et al** reported that dementia incidence in Ontario,

Canada, declined between 2002 and 2013, and Kosteniuk
et al* reported that dementia incidence declined between
2005 and 2013 in Saskatchewan, Canada. Three other studies
that analyzed the trends between 1999 and 2010,* 1984 and
2001,3 and 1996 and 200337 found that dementia incidence
increased over time in Wales, USA, and Taiwan, respectively.
Varied follow-up periods, geographical regions, distribution
of other risk factors, and methodologies can explain the
diverse findings of the studies that examined health care
records. Nevertheless, our results are in line with those of a
narrative review, which found that dementia incidence had
remained stable or begun to decline.!?

One unique aspect of this study was our examination of
differences in dementia incidence rates by educational level.
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Interaction models

N/A
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<0.03 <0.001 <0.002
<0.01 <0.01 <0.2

<0.5

<0.5

Calendar yearxage

<0.05
<0.001

<0.2

Calendar yearxsex

<0.001

<0.01
Notes: The main models estimate a hazard ratio (HR) that a person surviving to given age strata would receive a hospital diagnosis of dementia. If there were significant main effects, up to three interaction models were estimated for

<0.01

<0.001

Calendar yearxeducation

every age group strata. For simplicity, only P-values for interactions (from -2 log likelihood-ratio test) are reported. Interaction models estimates and Cl estimates are available on request. *Nonconvergence issue with the models due

to small numbers of observations per year.

On average, a higher educational level was associated with a
lower incidence of dementia diagnosis in hospital inpatient
records in older adults in Sweden up to age 90 years. To the
best of our knowledge, none of the previous studies that used
real-world data, such as registry data or electronic health
records, have examined how dementia incidence trends dif-
fered by educational level, and only few smaller research
cohort studies have done so. In the previously mentioned
narrative review, only 4 of 14 cohort studies described how
education was associated with time trends.'® Two studies
showed that education did not alter the trend.'>** The other two
studies indicated that education was partly responsible for the
observed decrease in dementia incidence.'* Our results also
suggest that education is partly responsible, at least among
the young olds. When we adjusted for education, the increase
in dementia incidence in those younger than 85 years prior to
2011 was lower, and the decrease in dementia incidence after
2011 was enhanced in those younger than 80 years.

Yet, it is likely that other factors such as improved
cardiovascular health, care of patients with cardiovascular
problems, and lifestyle also play a role.*’ For example, smok-
ing rates among Swedish men have declined from 27% in
1988/1989 to 15% in 2004/2005.*' Furthermore, a previous
study reported a decline (—1% to —1.3% per year) in stroke
among men and women. Decline in myocardial infarction
(-0.6%) was observed only in men during the last decade.*
In the Swedish oldest-olds, the risk of cardiovascular disease,
stroke, and myocardial infarction also decreased and espe-
cially after 2001.* Thus, about 10 years prior to our observed
decline in dementia incidence, decreases in related risk fac-
tors were observed. To limit the possibility that our dementia
trends are driven by hospitalization for other causes, we have
adjusted for all-cause hospitalizations. The adjustment did
not alter the observed dementia trends. However, despite the
adjustment, we cannot exclude the possibility that dementia
trends could be affected by changes in hospitalization for
other causes.

In our graphical analysis, we did not find substantial
differences in the temporal trend in dementia incidence by
educational level. However, our models indicated that the
trends might differ by education. Results from other stud-
ies are needed to shed more light on these findings. Yet, it
seems that if the trends vary by education, these differences
are small. Thus, we conclude that educational inequalities
in dementia incidence, estimated using hospital inpatient
records, have remained relatively stable. Since the propor-
tion of people with only elementary education is decreasing
over time, this group may be increasingly selected in terms
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of negative characteristics.* Therefore, observing stability in
relative inequalities may be viewed as positive development.
However, due to the design of our study, we were unable to
examine how our results are shaped by cohort replacement
and to what extent they are shaped by contemporary social
change. Delineating the impact of cohort and period effects
is also an important venue for future research.

Age was strongly associated with dementia incidence.
Our age-specific incidence rates over the entire follow-up
period were lower than those based on European cohort
studies. For example, incidence rates in England between
1989/1994 and 2008/2011 found by Matthews et al*® were
nearly an order of magnitude larger than ours. Rates from
a Dutch population-based study between 1990 and 2005
were twice as large as our estimates.” In Sweden, a previous
study inferred changes in incidence based on the relationship
between prevalence and survival. Hence, no incidence rates
were available for comparison.*® Identifying dementia cases
from inpatient records is likely one of the reasons behind our
lower rates. Rizzuto et al'® found that the Swedish inpatient
records have about 50% sensitivity. Hence, nearly half of the
dementia cases identified in population-based cohort studies
may be missing in the NPR. This seems to be in line with the
twice as large incidence rates reported in the Dutch study.
However, our estimates fall within the CIs of incidence rates
in the study that used primary care data.'¢

Our results also showed a leveling off of the HR of receiv-
ing hospital diagnosis of dementia in the oldest age strata.
This is in contrast to the results of the majority of previous
studies, which indicate that dementia incidence has increased
in older adults of all ages.”!'"!* However, these studies have
85+ years as the oldest age category. Our oldest age stratum
was 95+ years, and there were relatively few individuals
(0.49% of the sample) in this category. Alternatively, our
results may have been influenced by high rates of residence
in nursing homes among the oldest old. Since care is often
provided on-site, people living in institutions may be at a
lower risk of hospitalization. According to a nationally rep-
resentative Swedish study, 4% of the population older than
60 years lives in an institution,*” and many of these people
likely have dementia.

We cannot exclude the possibility that the increase in
dementia incidence up to 2011 or 2012 is driven, at least
partly, by a growth in the proportion of older adults who live
in the community rather than an institution. The number of
beds in nursing homes decreased substantially during the
study period. According to a government report, the number
of nursing home beds for people aged 65+ years dropped by
30% between 1994 and 2011,* and this decrease continued

to 2015.%° At the same time, the number of older adults has
increased. Even with these developments, the results of
the current study show decreased incidence of dementia in
the last half a decade, which suggests an improvement in
public health. Our cumulative incidence results point to a
similar conclusion. Even though life expectancy continued
to increase, cumulative dementia incidence decreased over
the last 5 years of the study period.

Previous studies reported mixed findings with regards
to dementia incidence trends by sex. Grasset et al'? reported
decrease in dementia incidence between 1988 and 1999
for women but not men. Matthews et al'! reported opposite
results examining dementia incidence between 1991 and
2008. British study found that dementia incidence decreased
in both sexes between 1985 and 2005, but the decrease was
significant only for women.'* Even though our models indi-
cated that the trends might differ by sex for those between 70
and 85 years of age, graphical analysis results did not show a
substantial heterogeneity in dementia incidence trends by sex.

Our study found differences in incidence level by sex.
For most age categories, the hospital records showed that
women had a significantly lower dementia incidence than
men, a result that contrasts with the findings of few other
studies.!!'* Older women are likely to be informal caregivers
to their spouses and assist their male spouses in obtaining
care, which may influence the probability of receiving hos-
pital dementia diagnosis for men. However, at older ages,
women are more likely to live alone, which may in turn impact
their number of hospitalizations and provision of dementia
care.” Alternatively, differences in mortality rate may explain
these results. Women have a higher life expectancy than men.
Subsequently, more men die before they reach 85 years.
Thus, health selection may play a bigger role for men than
women. Men’s life expectancy has increased more in the past
several decades than women’s.!? Thus, if mortality played a
role, inequalities between women and men in old age should
be decreasing over time. We have indeed observed such a
decrease, especially after 75 years of age, when comparing
cumulative incidence (data not presented) and cumulative
incidence adjusted for competing risk of death.

When comparing our results with those of previous stud-
ies, it is essential to keep in mind that possible differences may
stem from our use of inpatient hospital data. For example, Riz-
zuto et al'® found a 5.5-year gap between dementia diagnosis
in longitudinal studies and first hospital diagnosis of dementia.
The age trends in our study may have been affected by such
a delay, which could cause discrepancies between our results
and those of other studies. Another major drawback was the
moderate sensitivity (47.3%; 95% CI, 44.1%-50.55%) of
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the NPR in ascertaining dementia cases reported by Rizzuto
et al. However, Rizzuto et al may have underestimated the
sensitivity by including 23 years of follow-up when NPR did
not have a national coverage. Nevertheless, there probably still
is a substantial misclassification of the dementia outcome in
our study. Thus, the denominator for our rates calculation (at
risk population) includes dementia cases. This can be one
reason behind our lower incidence rates when comparing to
other studies. Yet, the validation study reported nearly perfect
specificity of dementia diagnosis (99.8; 95% CI, 99.7-99.8)."°
Ifthe sensitivity of NPR has not changed over time, the trends
observed in our study indeed reflect the temporal develop-
ments even if they do not capture the true levels of incidence.

However, if the sensitivity of the NPR has changed over
time, the observed trends could be confounded. None of the
health care factors we have examined substantially altered the
observed trends in dementia incidence. Yet, we cannot exclude
the possibility that other factors such as changes in medical
reconciliation practices may have influenced our results. We
hypothesize that hospital records are more likely to capture
severe dementia cases. Due to increases in public and clinical
awareness of dementia during the study period, we presum-
ably underestimated the number of mild dementia cases. If
the detection of mild cases has changed over time, this could
have contributed to the observed increase prior to 2011. How-
ever, increased detection of mild cases would not explain the
observed decrease in dementia incidence after 2011. Yet, it is
possible that management of milder cases, for example, with
medication, may influence symptoms and their detection in the
hospital setting in the later years of our follow-up. The manage-
ment of dementia has likely improved as a consequence of the
first national guidelines on dementia care,’! which were pub-
lished in 2010. However, due to the magnitude and abruptness
ofthe 2011 change we believe other factors also must be at play.

The use of real-world data can be seen as both strength and
weakness. One major weakness stemming from the real-world
data is susceptibility to changes in health care practices. We
considered the stability of diagnostic procedures by includ-
ing a covariate that indicated ICD period, which did not alter
the main findings. We also took into account changes in care
that resulted from the Elderly Reform Act (ddelreformen) and
found no discontinuity in trends around the time the reform
was implemented (1992). The reform decreased the number of
hospital beds.’> However, it may have affected the length rather
than the number of stays. A Canadian study found that 89% of
home care clients with dementia had multimorbidity and that
the risk of hospitalization increased with higher number of
comorbid conditions.> Therefore, we hypothesize that Swed-

ish individuals with dementia, especially those with severe
dementia, also likely have complications and comorbidities
that require hospitalization and thus would not be missed in
the NPR. We also considered changes in the proportion of
all-cause hospitalization by age, sex, and educational level.
In the majority of the models, the proportion was significantly
associated with the HR of receiving a hospital diagnosis of
dementia, but the main results remained stable.

This study also had many strengths. These included the long
observation period (30 years) and the large number of person-
years (approximately 46 million) and first hospital diagnoses
of dementia (n=270,413). While susceptibility to changes in
health care practices is a weakness of our study, our inclusion
of health care practice confounders in the analysis of trends in
dementia incidence in inpatient records is a strength compared
to previous studies. Another strength was the national coverage
of the data sources, which limited the selection and attrition.
Limiting these factors was important since previous studies
have found differences in dementia prevalence and incidence
between participants and nonparticipants.>*

Conclusion

Our results provide more evidence that dementia incidence
may be declining during the last half a decade. They also
suggest that at least in Swedish hospitals, the number of
new patients with dementia may decline in the future. The
decrease in dementia incidence was observed in both sexes
and all educational levels up to 90 years of age, which sug-
gests that those groups have experienced comparable trends.
Nevertheless, we found educational inequalities in the level
of dementia incidence in inpatient records, since higher levels
of education were associated with lower dementia incidence.
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