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Abstract.
Background: Long-increasing dementia incidence and prevalence trends may be shifting. Whether such shifts have reached
the very old is unknown.
Objective: To investigate temporal trends in the incidence of dementia and cognitive impairment and prevalence of dementia,
cognitive impairment, Alzheimer’s disease, vascular dementia, and unclassified dementia among 85-, 90-, and ≥ 95-year-olds
in Sweden during 2000–2017.
Methods: This study was conducted with Umeå 85 + /Gerontological Regional Database data from 2182 85-, 90-, and ≥ 95-
year-olds in Sweden collected in 2000–2017. Using logistic regression, trends in the cumulative 5-year incidences of dementia
and cognitive impairment; prevalences of dementia, cognitive impairment, Alzheimer’s disease, and vascular dementia; and
Mini-Mental State Examination thresholds for dementia diagnosis were estimated.
Results: Dementia and cognitive impairment incidences decreased in younger groups, which generally showed more-positive
temporal trends. The prevalences of overall dementia, cognitive impairment, and Alzheimer’s disease were stable or increas-
ing; longer disease durations and increasing dementia subtype classification success may mask positive changes in incidences.
Vascular dementia increased while unclassified dementia generally decreased.
Conclusion: The cognitive health of the very old may be changing in the 21st century, possibly indicating a trend break.

Keywords: Aged 80 and over, Alzheimer’s disease, cognition disorders, cohort studies, cross-sectional studies, dementia,
epidemiologic studies, longitudinal studies, neurocognitive disorders, vascular dementia

∗Correspondence to: Bodil Weidung, Section of Geriatrics,
Department of Public Health and Caring Sciences, Uppsala Uni-
versity, Box 564, 751 22 Uppsala, Sweden. Tel.: +46186171184;
E-mail: bodil.weidung@pubcare.uu.se.

INTRODUCTION

The incidence and prevalence of dementia have
long been increasing. Recently, however, temporal
trends in the incidence and prevalence of overall
dementia and cognitive impairment may have shifted.
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Multiple reviews and meta-analyses of 21st-
century data have revealed decreases in the incidence
of dementia over time in Western and high-income
countries [1–4]. A recent meta-analysis of ≥ 65-year-
olds (mean 71–77 years) showed that this incidence
had decreased by 13% per decade since 1998 [5].
Another meta-analysis showed a remarkable 80%
decrease in the incidence of dementia with each 10-
year increase in birth year in the last four decades
among individuals aged 65–74 and 75–84 years,
with a smaller (28%) decrease among individuals
aged ≥ 85 years [4]. Reasons for this trend break
may include improvements in childhood conditions
(e.g., nutrition), increased educational attainment,
and reductions in cardiovascular risk [2, 6]. However,
there seem to be regional differences in dementia inci-
dence time trends, where the dementia incidence in
non-Western or low- and middle-income countries
may still be increasing [1, 2, 4].

In recent decades, the incidence of (mild) cog-
nitive impairment has generally been stable [7,
8] or decreased [9–11]. Three studies of this
incidence involved assessment at more than two
timepoints; one showed a decreasing incidence of
cognitive impairment [Mini-Mental State Exami-
nation (MMSE) score < 18] among ≥ 60-year-olds
(≥80 years: 77%) in China during 1998–2014 [9], and
the other two showed stable trends of the incidence
of mild cognitive impairment during 2015–2019
among ≥ 65-year-olds in Germany [7] and during
1993–2016 among ≥ 70-year-olds in the US, with
no difference among birth cohorts over the range
1899–1946 [8].

The prevalence of dementia has remained stable
over 50 years globally, except in India, as reported
in a meta-analysis published in 2017 [12]. Reviews
have also revealed a predominantly stable or declin-
ing dementia prevalence in recent decades [1–3].

Reports on recent temporal trends in the preva-
lence of cognitive impairment have been inconsistent,
with data indicating declines [13–18], stability, and
increases [7, 19–21]. Of five studies in which
assessments were conducted at more than two time-
points, three revealed a decreasing prevalence during
1998–2010 among ≥ 65-year-olds (≥85 years: 14%)
in the US [16], 1998–2014 (and especially after 2008)
among ≥ 65-year-olds (≥80 years: 74%) in China
[17], and among 60- and 81-year-olds 2001–2020 in
Sweden [18]. Increasing prevalences were detected
with data from general and specialist practices
from 2015–2019 on ≥ 65-year-olds in Germany [7]
and data on ≥ 50-year-olds (mean: 66.7 years) from

1996–2014 in the US [19], but only after controlling
for practice effects in a manner that has since been
criticized [22].

Reports on temporal trends in the prevalence
of Alzheimer’s disease (AD) and vascular demen-
tia (VaD) have also been mixed. A recent study
of medical claims data from 1991–2017 on ≥ 65-
year-olds in the US revealed a non-linear trend in
the prevalence of AD, with a peak in 2011 driven
mainly by a decreasing incidence after about 2000
[23]. Prevalences were found to be stable for AD
between 1994–1997 and 2010–2012 among ≥ 65-
year-olds (mean: 76.2 years) in the US [24] and for
AD and VaD separately across pooled 5-year periods
during 1990–2013 among ≥ 65-year-olds in Korea,
although the AD-to-VaD prevalence ratio doubled
during this period [25]. Studies conducted with data
from ≥ 65-year-olds in Japan (1985–2012) and Tai-
wan (2004–2010) revealed an increasing prevalence
of AD, and a stable VaD trend in the former case [26,
27].

Few studies have involved the investigation of age-
specific temporal trends (with assessment at more
than two timepoints) in the incidence of dementia
in 21st-century populations aged ≥ 85 years, and no
study has involved the examination of the incidence
of cognitive impairment or prevalence of dementia,
AD, and VaD in such populations. This informa-
tion is important for public health planning and
health care policy making for this growing age group.
We previously reported an increasing prevalence of
dementia between 2000–2002 and 2005–2007 in
Sweden, based on data from the two first cohorts
of the population-based Umeå 85 + /Gerontological
Regional Database (GERDA) study [28]. Here, we
report temporal trends in the incidence of dementia
and cognitive impairment and prevalence of demen-
tia, cognitive impairment, AD, VaD, and unclassified
dementia among 85-, 90-, and ≥ 95-year-olds in Swe-
den during 2000–2017, based on data from four Umeå
85 + /GERDA cohorts.

METHODS

Data source

The Umeå 85 + /GERDA is maintained by Umeå
University, Sweden, with the objectives of increasing
knowledge about very old people’s living conditions
and quality of life and providing data to support
the planning of future elder care. For this study,
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cross-sectional and longitudinal Umeå 85 + /GERDA
data were collected from four cohorts of 85-
, 90-, and ≥ 95-year-olds (2000–2002, 2005–2007,
2010–2012, and 2015–2017).

Participants and data collection

Residents of six municipalities (one predominantly
urban and five rural) in northern Sweden were eligi-
ble to participate in the Umeå 85 + /GERDA study.
Every other individual aged 85 years (as listed in
population registers sampled from a randomized
starting point) and all individuals aged 90 and ≥ 95
years received written information about the study by
mail and were subsequently contacted by telephone.
Trained assessors visited consenting participants in
their homes, including caring facilities, to collect
data. Information was also collected from partici-
pants’ relatives and health care professionals as proxy
respondents, and from medical records. Informed
consent was obtained from all participants and, in
cases of diagnosed or suspected cognitive impair-
ment, from close relatives. Information on age and sex
was obtained from population registers for all invited
participants. The Umeå 85 + /GERDA study was
approved by the Regional Ethical Review Board of
Umeå (§99–326, §05– 063M, §09–178M, and §2020-
00275).

All Umeå 85 + /GERDA study participants who
agreed to data collection were included in the present
study, forming the full sample. Individuals included
in multiple cohorts were included as unique cases for
each cohort. One subsample of visited individuals and
one of individuals followed for ≥ 5 years were also
examined; in cases of ≥ 10 years follow-up, the first
5-year interval was used.

Data and diagnoses

Information on participants’ education, diagnoses,
medical conditions, and drug prescriptions was col-
lected during interviews and from medical records in
regular care (inpatient and outpatient). Hearing and
vision impairment was defined as the inability to hear
a conversation at normal speaking volume and dis-
tance with or without participants’ hearing aids, and
the inability to read large (5-mm-height) text at a nor-
mal distance with or without participants’ glasses,
respectively. The MMSE was administered to assess
cognitive function on a scale of 0–30, with higher
scores indicating better function [29]. MMSE < 24
and < 18 were used to define different degrees of

cognitive impairment, irrespective of dementia diag-
nosis.

An experienced specialist in geriatric medicine
evaluated individuals in all cohorts and diagnosed
dementia, AD, VaD, and unclassified dementia
(unspecified and other subtypes) according to the
criteria of the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Text Revision [30],
using all available data, including medical records,
prescriptions, educational level, and assessments per-
formed as part of the study (MMSE; 15-item Geriatric
Depression Scale [31]; Philadelphia Geriatric Cen-
ter Morale Scale [32]; Life Orientation Scale [33];
Barthel ADL index [34]; ADL-staircase, including
instrumental and personal activities of daily liv-
ing [35]; Organic Brain Syndrome Scale, which
includes assessments of spacial orientation, ability to
recognize close relatives and staff, and cognitive fluc-
tuations [36]; and hearing and vision assessments).
In cases where a dementia diagnosis was made pre-
viously, the diagnostic evaluation was reviewed in
light of the additional collected data. In cases where
a previously undiagnosed dementia was suspected,
a diagnosis was interpreted using cognitive per-
formance in conjunction with clinical progression,
education, and any disability (hearing or vision dis-
ability, aphasia, or impairments in activities of daily
living) or comorbidity (such as depression, delirium,
or stroke) as found through medical records or the
Umeå85 + /GERDA data collection. The same spe-
cialist performed the evaluations at all time points. In
2000–2002, a few individuals were referred to Umeå
University Hospital, Umeå, Sweden for comprehen-
sive clinical evaluations, to validate the diagnostic
procedure. Dementia subtype classification, i.e., AD
and VaD, were normally based on cerebrospinal
fluid analysis or neuroradiology examinations in con-
junction with clinical progression and comorbidities.
Cases of mixed AD and VaD dementia were consid-
ered to have both AD and VaD, which were analyzed
separately. Unclassified dementia was used when the
necessary diagnostic workup was insufficient to guide
a diagnosis of dementia subtype.

Statistical analysis

Logistic regression analyses were performed to
determine the probability of dementias or cognitive
impairment (MMSE < 24 or < 18) with increas-
ing participation year. Models for dementia were
adjusted for sex alone and sex and educational level
(≥8 years versus < 8 years), respectively. Models
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including MMSE scores were adjusted for sex alone
and sex, educational level (≥8 years versus < 8 years),
and hearing and vision impairment, respectively.
After the estimation of logistic regression parame-
ters, sex- and education-adjusted MMSE thresholds
for the even odds of a dementia diagnosis were cal-
culated by solving the regression equation for ρ=0.5
and xsex = population mean.

Multiple logistic regression analyses adjusted for
sex and sex and educational level, respectively, were
conducted to determine the probability of the 5-year
incidence of dementia or decline to MMSE score < 24
or < 18 with increasing participation year.

Sex-adjusted models for dementia were con-
structed with data from the full sample; all other
models, including the fully adjusted dementia mod-
els and all models with MMSE, were constructed
with data from visited participants. Complete-case
analysis was employed. Details on the evaluation of
model assumptions are provided in the Supplemen-
tary Material. Differences between groups with or
without missing values were investigated using the
χ² and independent-samples t tests. All tests were
two tailed and p < 0.05 was considered to be signif-
icant. IBM SPSS Statistics (ver. 24.0 for Windows;
IBM Corporation, Armonk, NY, USA) was used for
the statistical analyses.

RESULTS

Figure 1 shows the flow of study participation. The
full sample comprised 2,182 participants, of whom
1,711 were visited. Table 1 shows the participants’
demographic and clinical data. Large improvements
in educational attainment were observed, in particu-
lar regarding the proportion of participants with ≤ 6
years education. Supplementary Table 1 shows pro-
portions of dementia among persons with cognitive
impairment.

All models showed adequate goodness-of-fit and
the absence of non-linearity, unless stated other-
wise. Table 2 and Fig. 2 show the prevalence of
dementia and cognitive impairment. The overall
prevalence of dementia was stable over the study
period among 85-year-olds and increased among
90- and ≥ 95-year-olds. The prevalence of cogni-
tive impairment (MMSE score < 24) was mostly
stable but showed signs of non-linearity among 85-
year-olds, peaking in 2005–2007 (Supplementary
Material). The prevalence of AD increased over time
only among ≥ 95-year-olds. The sex-adjusted model

of AD among 90-year-olds failed the goodness-of-
fit test (Hosmer and Lemeshow χ2 = 16.302, df = 6,
p = 0.012); as no outlier was found, these results
are not shown. The prevalence of VaD increased in
all three age groups. The prevalence of unclassified
dementia decreased among 90- and ≥ 95-year-olds;
the sample of 85-year-olds with unclassified demen-
tia was too small for analysis.

Table 3 and Supplementary Figure 1 show
estimated MMSE score thresholds for dementia diag-
nosis. In all age groups, this threshold generally
increased after 2005–2007, with the largest increase
observed among ≥ 95-year-olds. The models for 90-
year-olds in 2010–2012 and 2015–2017 failed the
Box–Tidwell test (p = 0.003), indicating the violation
of linearity in the logit.

Figure 3 and Supplementary Tables 2 and 3 show
the 5-year cumulative incidence of dementia and
cognitive impairment. There were 454 followed par-
ticipants at risk of incident dementia and 258 at risk
of incident cognitive impairment. The cumulative
5-year dementia incidence changed only among 85-
year-olds, with the sex-adjusted analysis revealing a
decline. The cumulative 5-year incidence of decline
to MMSE score < 24 changed only among 90-year-
olds, for whom a decline was observed. The sample
of ≥ 95-year-olds at risk of this incident decline and
those of all age groups at risk of incident decline to
MMSE score < 18 were too small to analyze.

The distribution of age groups and sex did not differ
between participants and those who declined partic-
ipation, as presented in the Supplementary Material
together with differences between those included and
not included in subsamples. Missing data patterns are
described in the Supplementary Material.

DISCUSSION

In this population-based cohort study, we observed
different temporal trends of the prevalence and inci-
dence of dementia and cognitive impairment among
85-, 90-, and ≥ 95-year-olds in Sweden. Decreasing
cumulative 5-year incidences of dementia and cogni-
tive impairment were observed only in the younger
age groups. The overall prevalences of dementia, cog-
nitive impairment, and AD were mainly stable or
increased, with more favorable tendencies observed
in younger than in older age groups. The prevalence
of VaD increased in all age groups, while that of
unclassified dementia decreased.
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Fig. 1. Flow chart of study participation. GERDA, Gerontological Regional Database.
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Table 1
Demographic and clinical data for the full sample

Participation year/birth year
85 y 2000–02/1915–17 2005–07/1920–22 2010–12/1925–27 2015–17/1930–32

Participation, n (% of invited) 172 (86.9) 164 (77.7) 238 (90.2) 201 (75.3)
Women, n (%) 119 (69.2) 109 (66.5) 145 (60.9) 125 (62.2)
Education ≥ 8 y, n (%) 39 (27.1) 24 (19.0) 49 (30.8) 78 (45.1)
Education 6–7 y, n (%) 81 (56.3) 95 (75.4) 102 (64.2) 93 (53.8)
Education < 6 y, n (%) 24 (16.7) 7 (5.6) 8 (5.0) 2 (1.2)
Vision impairment*, n (%) 15 (10.6) 13 (9.9) 9 (5.6) 7 (4.2)
Hearing impairment†, n (%) 12 (8.4) 8 (6.0) 8 (4.9) 18 (10.8)
Cholinesterase inhibitor use‡, n (%) 4 (2.6) 5 (3.0) 16 (6.7) 9 (4.5)
Memantine use‡, n (%) N/A§ 2 (1.2) 2 (0.8) 5 (2.5)
MMSE, median (IQR) 26 (22–28) 24 (20–27) 25 (22–27) 26 (24–28)
Barthel ADL index, median (IQR) 20 (19–20) 20 (17–20) 20 (18–20) 20 (18–20)
Hypertension, n (%) 120 (70.2) 107 (65.2) 189 (79.4) 155 (77.5)
Cerebrovascular disease, n (%) 31 (18.1) 39 (23.8) 57 (23.9) 33 (16.5)
Hip fracture, ever, n (%) 23 (13.5) 18 (11.0) 34 (14.3) 20 (10.0)
90 y 2000–02/1910–12 2005–07/1915–17 2010–12/1920–22 2015–17/1925–27
Participation, n (%) 148 (88.6) 173 (83.2) 219 (90.5) 241 (81.7)
Women, n (%) 100 (67.6) 117 (67.6) 149 (68.0) 155 (64.3)
Education ≥ 8 y, n (%) 32 (24.1) 36 (25.0) 45 (26.9) 66 (30.4)
Education 6–7 y, n (%) 77 (57.9) 86 (59.7) 115 (68.9) 147 (67.7)
Education < 6 y, n (%) 24 (18.0) 22 (15.3) 7 (4.2) 4 (1.8)
Vision impairment*, n (%) 31 (23.8) 29 (20.0) 28 (19.2) 19 (10.1)
Hearing impairment†, n (%) 28 (20.7) 28 (18.8) 14 (9.3) 36 (18.9)
Choline esterase inhibitor use‡, n (%) 3 (2.2) 14 (8.1) 2 (0.9) 4 (1.8)
Memantine use‡, n (%) N/A§ 0 (0.0) 2 (0.9) 2 (0.9)
MMSE, median (IQR) 23 (19–27) 22 (15–25) 23 (17–27) 23 (19–26)
Barthel ADL index, median (IQR) 19 (14–20) 19 (13–20) 19 (15–20) 19 (17–20)
Hypertension, n (%) 75 (50.7) 59 (34.1) 59 (26.9) 81 (33.8)
Cerebrovascular disease, n (%) 32 (21.6) 35 (20.2) 67 (30.6) 51 (21.3)
Hip fracture, ever, n (%) 29 (19.6) 29 (16.8) 44 (20.1) 33 (13.8)
≥95 y 2000–02/≤1905–07 2005–07/≤1910–12 2010–12/≤1915–17 2015–17/≤1920–22
Participation, n (%) 102 (87.9) 132 (89.8) 192 (87.3) 200 (84.0)
Women, n (%) 84 (82.4) 102 (77.3) 136 (70.8) 157 (79.3)
Education ≥ 8 y, n (%) 15 (17.2) 25 (23.1) 27 (16.4) 44 (24.3)
Education 6–7 y, n (%) 55 (63.2) 57 (52.8) 126 (76.4) 132 (72.9)
Education < 6 y, n (%) 17 (19.5) 26 (24.1) 12 (7.3) 5 (2.8)
Vision impairment*, n (%) 38 (43.7) 39 (37.1) 39 (27.7) 42 (27.1)
Hearing impairment†, n (%) 37 (39.8) 47 (42.3) 44 (28.4) 60 (37.0)
Choline esterase inhibitor use‡, n (%) 1 (1.1) 3 (2.3) 6 (3.1) 2 (1.0)
Memantine use‡, n (%) N/A§ 0 (0.0) 0 (0.0) 3 (1.5)
MMSE, median (IQR) 20 (9–25) 20 (13–23) 19 (14–24) 20 (15–24)
Barthel ADL index, median (IQR) 13 (4–18) 15 (9–19) 16 (9–19) 15 (8–18)
Hypertension, n (%) 33 (32.4) 65 (49.2) 124 (64.6) 109 (55.6)
Cerebrovascular disease, n (%) 16 (15.7) 31 (23.5) 41 (21.4) 45 (23.0)
Hip fracture, ever, n (%) 30 (29.4) 41 (31.1) 54 (28.1) 59 (29.9)

Percentages are calculated as cell count/total count of included participants in each age group and participation year, if not otherwise stated.
*Defined as inability to read large (5-mm) text at normal distance, with or without participants’ glasses. †Defined as inability to hear speech
at normal volume and conversational distance, with or without participants’ hearing aids. ‡Only regular prescriptions are included. §Not
available on the Swedish market. N/A, not available; MMSE, Mini-Mental State Examination; IQR, interquartile range; ADL, activities of
daily living.

Dementia incidence

The trend of decreasing dementia incidence over
time among 85-year-olds observed in the sex-
adjusted analysis is in line with previous findings
from Western and high-income countries [4, 5, 37].

In the sex- and education-adjusted analysis, a similar,
but nonsignificant, effect size was seen, indicating
power issues. The peak may have been around or
before 1915–1917 for 85-year-olds, while the inci-
dence for 90-year-olds born in those years was static,
suggesting that the changing trend in the former group
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Table 2
Prevalence of dementia in the full sample and cognitive impairment among visited participants

Participation year/birth year Sex-adjusted Fully adjusted
85 y 2000– 2005– 2010– 2015– OR (95% CI) p OR (95% CI) p

02/1915–17, 07/1920–22, 12/1925–27, 17/1930–32,
n (%) n (%) n (%) n (%)

Dementia, any 35 (20.3) 46 (28.0) 65 (27.3) 49 (24.4) 1.06 (0.92–1.23) 0.422 1.12 (0.94–1.34) 0.180
AD 25 (14.5) 22 (13.4) 35 (14.7) 26 (12.9) 0.97 (0.81–1.17) 0.746 0.97 (0.77–1.21) 0.966
VaD 8 (4.7) 18 (11.0) 32 (13.4) 23 (11.4) 1.28 (1.03–1.59) 0.029 1.40 (1.09–1.80) 0.009
Unclassified 3 (1.7) 7 (4.3) 5 (2.1) 7 (3.5) –* –* –* –*
MMSE < 24 46 (32.9) 56 (42.7) 53 (34.2) 37 (22.4) –† –† –‡ –‡
MMSE < 18 14 (10.0) 20 (15.3) 21 (13.5) 12 (7.3) 0.90 (0.72–1.13) 0.375 –* –*
90 y 2000–02/ 2005–07/ 2010–12/ 2015–17/ OR (95% CI) p OR (95% CI) p

1910–12, n 1915–17, n 1920–22, n 1925–27, n
(%) (%) (%) (%)

Dementia, any 36 (24.3) 70 (40.5) 86 (39.3) 98 (40.7) 1.21 (1.06–1.38) 0.006 1.24 (1.07–1.45) 0.005
AD 13 (8.8) 44 (25.4) 36 (16.4) 53 (22.2) –‡ –‡ 1.18 (0.98–1.42) 0.088
VaD 9 (6.1) 21 (12.1) 54 (24.7) 58 (24.3) 1.61 (1.34–1.94) <0.001 1.66 (1.34–2.05) <0.001
Unclassified 15 (10.1) 9 (5.2) 7 (3.2) 7 (2.9) 0.47 (0.33–0.66) <0.001 0.52 (0.34–0.78) 0.002
MMSE < 24 65 (50.8) 85 (61.6) 77 (52.7) 101 (53.2) 0.99 (0.86–1.14) 0.991 1.04 (0.89–1.21) 0.611
MMSE < 18 28 (21.9) 40 (29.0) 35 (24.0) 40 (21.1) 0.95 (0.81–1.13) 0.568 1.02 (0.85–1.22) 0.856
≥95 y 2000–02/ 2005–07/ 2010–12/ 2015–17/ OR (95% CI) p OR (95% CI) p

≤1905–07, n ≤1910–12, n ≤1915–17, n ≤1920–22, n
(%) (%) (%) (%)

Dementia, any 48 (47.1) 60 (45.5) 108 (56.3) 122 (61.0) 1.26 (1.09–1.47) 0.002 1.27 (1.07–1.51) 0.008
AD 13 (12.7) 30 (22.7) 52 (27.1) 66 (33.3) 1.43 (1.19–1.71) <0.001 1.34 (1.09–1.64) 0.005
VaD 10 (9.8) 16 (12.1) 49 (25.5) 52 (26.1) 1.51 (1.23–1.84) <0.001 1.57 (1.23–1.99) <0.001
Unclassified 25 (24.5) 18 (13.6) 19 (9.9) 12 (6.0) 0.47 (0.36–0.61) <0.001 0.49 (0.36–0.67) <0.001
MMSE < 24 53 (69.7) 77 (81.1) 92 (68.1) 108 (69.7) 0.92 (0.76–1.11) 0.390 1.02 (0.82–1.25) 0.877
MMSE < 18 34 (44.7) 42 (44.2) 57 (42.2) 66 (42.6) 0.97 (0.82–1.15) 0.736 1.08 (0.89–1.32) 0.442

Percentages of dementia (full sample) and MMSE categories (visited participants) are calculated as cell count/total count of included participants in each age group and participation year. ORs
and p values for the probability of events with increasing participation year were calculated using multiple logistic regression. The fully adjusted models were adjusted for sex and education for
all outcomes and additionally for hearing and vision impairment for MMSE outcomes. The sex-adjusted analyses of dementia, AD, VaD, and unclassified dementia data were performed for the
full sample; all other analyses were performed for visited participants. AD and VaD diagnoses were not mutually exclusive: participants with mixed AD and VaD dementia are represented in both
rows. MMSE < 24 or < 18 denotes achieved points on the assessment, irrespective of dementia status. *Analysis not performed due to insufficient sample. †Results not shown due to indications of
linearity in the logit. ‡Results not shown due to poor model fit. OR, odds ratio; CI, confidence interval; AD, Alzheimer’s disease; VaD, vascular dementia; MMSE, Mini-Mental State Examination.
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Fig. 2. Prevalences of dementia and cognitive impairment. The prevalences of MMSE < 24 or < 18 were investigated among visited partici-
pants; all other prevalences were investigated in the full sample. MMSE < 24 or < 18 denotes achieved points on the assessment, irrespective
of dementia status. *p < 0.05 for regression of prevalence with later participation year, sex adjusted (except for MMSE score < 24 among 85-
year-olds, which was adjusted for sex and education, as shown in the Supplement for the non-linear model). **p < 0.01 and ***p < 0.001 for
regression of prevalence with later participation year, sex adjusted. AD, Alzheimer’s disease; VaD, vascular dementia; MMSE, Mini-Mental
State Examination.

represents a delay in dementia onset at older ages.
The stable dementia incidences observed among 90-
and ≥ 95-year-olds are in line with results from the
Swedish National Patient Register, which show a
trend break not affecting ≥ 90-year-olds [38].

Cognitive impairment incidence

The declining incidence of cognitive impairment
among 90-year-olds and stability of this incidence
among 85-year-olds in the present study are in
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Table 3
Estimated MMSE score thresholds for the diagnosis of dementia among visited

participants

Age groups 2000–02 2005–07 2010–12 2015–17

85 y 19.4 19.9 20.8 22.5
90 y 17.9 19.5 21.5* 20.6*
≥95 y 17.2 16.0 20.6 21.4

The estimated MMSE threshold was defined as the baseline MMSE score under
which 50% of participants were diagnosed with dementia in their index participation
year, as estimated by logistic regression adjusted for sex and education. *This regres-
sion failed the Box-Tidwell test (p = 0.003), indicating the violation of linearity in
the logit. MMSE, Mini-Mental State Examination.

Fig. 3. Proportions of followed participants with incident dementia or decline from MMSE score ≥ 24 to < 24 or < 18. ORs and p values are
shown when significant, from sex-adjusted regression of incidence with later participation year. The analyses of MMSE were performed for
visited participants. MMSE < 24 or < 18 denotes achieved points on the assessment, irrespective of dementia status. MMSE, Mini-Mental
State Examination; OR, odds ratio.

line with previous findings of stable or decreasing
incidences of (mild) cognitive impairment [7–11].
Although the cognitive impairment incidence trend
was not significant among 85-year-olds, the odds
ratio indicated a similar effect size in this age group
and the p value approached borderline significance,
potentially reflecting a power problem. These find-
ings suggest that a positive change in cognitive
health trends preceded the decreasing dementia inci-

dence among 85-year-olds and had already affected
90-year-olds. The decrease coincided with large
increases in levels of educational attainment, which
may comprise a contributing factor.

Dementia prevalence

The stable prevalence of dementia among 85-year-
olds in this study is in line with findings among



70 B. Weidung et al. / Temporal Dementia Trends in the Very Old

the general population [12]. Two previous studies in
which assessment was performed at only two time-
points, including another Umeå 85 + /GERDA study,
also revealed that the prevalence of dementia was sta-
ble or increased in later years among age groups ≥ 85
years [28, 39]. The increasing dementia prevalence
observed among 90- and ≥ 95-year-olds in this study
may have resulted from increased disease duration
at these ages, as the 5-year incidence of dementia
did not increase in the intervals leading up to those
ages (i.e., among 85- and 90-year-olds). Increased
disease duration may result from longer survival with
dementia, as observed in some previous studies [1,
26, 40].

Cognitive impairment prevalence

The prevalences of severe and mild–severe
cognitive impairment appeared stable among 90-
and ≥ 95-year-olds in this study, indicating that their
cognitive health had not worsened despite the simul-
taneously increasing prevalence of dementia. This
stability in relation to the declining incidence of
cognitive impairment among 85- and 90-year-olds
(although the former was affected by power issues)
allows the inference of a simultaneous increase in the
duration of cognitive impairment.

Among 85-year-olds, the prevalence of cognitive
impairment showed a non-linear trend, peaking in
2005–2007 (birth cohorts 1920–1922) and declin-
ing thereafter. This shift may be attributed, at least
in part, to the large improvements in educational
attainment seen around this time, as MMSE scores
are influenced by education. It also corresponds per-
fectly with the timing of the marked decrease in
the incidence of dementia in birth cohorts postdat-
ing 1920 in the Einstein Aging Study [41]; dementia
is a major cause of cognitive impairment among the
very old.

In a nationwide study of Danish nonagenarians
from birth cohorts 1905 and 1915 conducted in 1998
and 2010, participants in the younger cohort scored
better on cognitive tests, indicating that the shift
toward the decreasing prevalence of cognitive impair-
ment had already occurred in between these birth
cohorts in Denmark [13], as shown in most previ-
ous studies [13–18]. Geographical variations in the
prevalence of dementia in affluent countries, includ-
ing greater prevalence in northern and rural areas,
have been observed [42, 43], possibly explaining the
delay in northern Sweden.

AD and VaD prevalence

The prevalence of AD increased over time only
among ≥ 95-year-olds in this study; it remained sta-
ble in younger age groups, in line with previous
findings for ≥ 65-year-olds in the US and Korea [24,
25] and in contrast to increasing trends observed in
Japan and Taiwan [26, 27].

In contrast, the VaD prevalence increased in all
three age groups in the present study, in disagreement
with findings from Korea and Japan [25, 26]. This
difference could be caused by greater exposure to
Western lifestyle–associated factors (e.g., unhealthy
diet and inactivity) among the Umeå 85 + /GERDA
study participants [44]. Furthermore, the population
of northern Sweden has Finnish ethnic and genetic
influences, which may entail an increased propensity
for hypercholesterolemia, possibly contributing to an
increased VaD risk [45]. Major improvements in car-
diovascular risk factors during 1986–2009 have been
observed in northern Sweden [46] and may be associ-
ated with improved brain health [47, 48]; however, the
full effect of this shift may not have reached the very
old. Improvements in survival after cardiovascular
events during this period also may have contributed
to the increasing VaD incidence [49].

In the present Umeå 85 + /GERDA cohorts,
the decreasing prevalence of unclassified dementia
among 90- and ≥ 95-year-olds and low prevalence
of this diagnosis among 85-year-olds may reflect
increasingly successful dementia subtype classifica-
tion. The Medicare data–based study yielded similar
results [16]. Such improvements may contribute
temporarily to the prevalence of AD and VaD with-
out necessarily increasing the overall prevalence of
dementia.

Earlier diagnosis

The shift in later years toward earlier diagnosis
observed in this study may have led to an increase
in the documented prevalence of overall dementia,
AD, and VaD, as in the Personnes Agées Quid and
Aging Multidisciplinary Investigation studies [15].
Accordingly, we found that dementia diagnoses were
made at higher levels of cognitive functioning in
later years, especially among ≥ 95-year-olds. Simi-
lar conclusions regarding earlier dementia and AD
diagnoses were drawn for the Medicare population
[16, 23]. In contrast, in the Kungsholmen Project and
Swedish National study on Aging and Care in Kung-
sholmen, mean MMSE scores among patients with
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dementia did not differ between the 1987–1989 and
2001–2004 cohorts [39], which might be explained
in part by the earlier time frame of data collection
relative to the other studies.

Earlier dementia diagnosis may be the result of
the improved sensitivity of diagnostic methods or
increased tendency among caregivers to perform
evaluation. It may also indicate an increasing popu-
lational tendency to seek medical evaluation for mild
dementia-related symptoms in later years, possibly
following improvements in educational attainment.
Although our models were adjusted for education (≥8
years), large changes occurred over the years 2000 to
2017 in the proportion of participants with ≤ 6 years
education (which may not have been captured fully
by the 8-year cutoff) and may have contributed to this
development.

Earlier dementia diagnosis prolongs the disease
duration, which in turn impacts the prevalence. Thus,
temporal trends in the prevalence and incidence of
dementia should be interpreted in relation to the tim-
ing of diagnosis.

Future projections

As expected, the population of eligible Umeå
85 + /GERDA participants grew over time, reflecting
populational aging, which entails increases in health
and social costs related to dementia care. Based on
the current results and the state of the field, however,
there is still cause for optimism. The cohort effects
observed in the present study had not yet affected
the oldest participants (in whom prevalences were
highest) and may bring about future changes in these
age groups. The trend shift in cognitive health in the
present study coincided with the improvement in edu-
cational attainment, which as a contributing factor
may have a continuing, stable effect on all later birth
cohorts. If the prevalence of dementia in the oldest
age groups were to continue to increase, even a slight
delay in disease onset (as indicated by the present
study) may have major economic and societal effects
[50]. Furthermore, the oldest old may not yet be expe-
riencing the full benefits of cardiovascular risk factor
control on brain health.

In addition, the effects of the increasing dementia
and cognitive impairment durations on the dementia
prevalence may be temporary. Once these effects have
played out fully, the declining dementia incidence
may also be reflected in a declining prevalence. This
conjecture is supported by the generally more positive
incidence and prevalence trends for cognitive impair-

ment, which are not influenced by disease-prolonging
trends in the timing of diagnosis and may thus be bet-
ter estimates of general cognitive health than are their
counterparts for overall dementia.

Study strengths and limitations

The performance of home visitation, including
caring facilities, in the Umeå 85 + /GERDA study
ensured the participation of frail persons. This factor
and the inclusion of participants from urban and rural
areas contributed to the high degree of representativ-
ity for the sampled age groups. The participation rate
for the full sample was very high, ensuring excellent
generalizability of the results. However, women and
persons with lower educational levels were underrep-
resented among the visited participants. As expected,
men and persons with baseline dementia or cognitive
impairment were underrepresented and the mean age
was younger in the subsample of followed partici-
pants, likely due to survival bias. The incidences of
dementia and cognitive impairment are likely also
underrepresented, especially in the older age groups,
as follow-up information was collected only from
those participating in 5-year follow-up assessments.
The estimation of dementia diagnosis decreases the
likelihood of type II error while impairing compa-
rability with other studies. Furthermore, the same
professional conducted dementia evaluations for all
participants using the same criteria, ensuring consis-
tency.

Conclusion

The cognitive health of the very old seems to be
undergoing changes in the 21st century. Incidences of
dementia and cognitive impairment are declining in
younger age groups, possibly reflecting delayed dis-
ease onset. This change was observed in parallel with
large improvements in educational attainment. The
prevalences of overall dementia, cognitive impair-
ment, and AD have not yet begun to decline, although
the trends are more favorable in younger than in older
age groups and the prevalence of cognitive impair-
ment among 85-year-olds may just be beginning to
shift. Among 90- and ≥ 95-year-olds, stable trends
in the prevalence of cognitive impairment indicate
no worsening of cognitive health, despite parallel
increases in the prevalence of dementia; increases in
dementia and cognitive impairment disease durations
were inferred from discrepancies in simultaneous
prevalence and incidence trends. The prevalence of
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VaD may still be increasing. Unclassified dementia
seems to be becoming rarer, increasing the preva-
lences of specified dementias. Dementia appears to
have been diagnosed earlier in recent years. Consid-
ering the favorable trends observed in younger birth
cohorts, the signs of delayed dementia onset, and
potentially self-limiting effects of increasing disease
durations on prevalences in the oldest age groups,
there may be cause for optimism regarding the future
societal burden of dementia.
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