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ABSTRACT

Background: Several risk factors for dementia, Alzheimer’s disease, and cognitive impairment have been
established; however, knowledge about risk factors in the very old population (≥85 years) is limited. This
study describes the association of several baseline factors with dementia in participants aged ≥85 years, and
investigates factors associated with a higher risk of incident dementia over five years.

Methods: The participants in this population-based cohort study were aged 85, 90, and ≥95 years at baseline
(2000–2002). Data were collected during home visits for interviews and testing, from a review of medical
records, and/or interviewing the caregiver or next of kin. After five years 212 participants could be followed
up concerning incident dementia. Multivariate logistic regression was used.

Results: At baseline, 100/353 (28%) of participants had a dementia diagnosis. Over five years, 71/212 (33.5%)
participants developed dementia. Few participants with dementia at baseline remained alive after five years
(12%). Depression at the baseline and follow-up time were associated with a higher risk of dementia, odds
ratio (OR) (95% CI, p-value) 2.91 (1.37–6.16, 0.005) and 1.61 (1.26–2.05, <0.001) respectively. More
social contact and a higher Mini-Mental State Examination score at baseline were associated with lower risk
of incident dementia, OR (95% CI, p-value) 0.87 (0.78–0.97, 0.009) and 0.83 (0.74–0.93, 0.001) respectively.

Conclusions: Prevalence and incidence of dementia are high in very old people and dementia appears to be a
fatal disorder. Depression is associated with higher risk of incident dementia over five years whereas more
frequent social contacts and a higher MMSE score are associated with lower risk.
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Introduction

The size of the older population is increasing
worldwide, and those 80 years and older comprise
the fastest growing group (United Nations,
Population Division, 2010). The prevalence of
dementia increases with age, from 1.5% in 60–69-
year-old individuals to 40% in nonagenarians (Qiu
et al., 2007). An age-specific increase in prevalence
of dementia in the very old has been reported
(Mathillas et al., 2011). Established risk factors for
the development of dementia, Alzheimer’s disease
(AD), and cognitive impairment (CI) are old age,
low level of education, and heredity (Qiu et al.,
2007). There is increasing evidence pointing to
additional risk factors from midlife to late-life, such
as hypertension, high Body Mass Index (BMI), dia-
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betes, cardiovascular and cerebrovascular diseases,
and smoking (Qiu et al., 2007). Psychosocial factors
are important and lack of social networks, few leis-
ure activities, and physical inactivity may increase
the risk of dementia, AD, and cognitive impairment
(Qiu et al., 2007). Depression has been reported to
be both a prodrome and a risk factor for dementia
and AD, and midlife rheumatoid arthritis has been
reported to increase the risk for cognitive impair-
ment later in life (Enache et al., 2011; Wallin et al.,
2012). There is evidence that risk factors occurring
in midlife do not always correspond to risk factors
in very old age, e.g. high blood pressure in midlife is
a risk factor for dementia, while the evidence in old
age is inconclusive, but points rather to associations
between low blood pressure and dementia and
cognitive decline (Qiu et al., 2007; Molander et al.,
2010a; Rastas et al., 2010). Generally, knowledge
about risk factors in the very old population
(≥85 years) is limited and more research is needed.

The aim of this study is to describe factors cross-
sectionally associated with dementia, and identify
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factors associated with the risk of incident dementia
during a five-year period of follow-up in a very old
population (≥85 years).

Methods

Design and assessments
The Umeå 85+/GERDA (GErontologisk Regional
DAtabas) study is a population-based cohort study
initiated in 2000. The participants were aged 85,
90, and ≥95 years, living in Umeå, Dorotea,
Malå, Sorsele, Storuman, and Vilhelmina, urban
and rural municipalities in the northern part of
Sweden. Eligible participants were drawn from the
Swedish National Tax Agency population registers.
Age was the only inclusion criterion, and every
other 85-year-old and all 90- and ≥95-year-old
individuals were eligible for inclusion. Baseline data
collection was carried out in 2000–2002 and follow-
up was done in 2005–2007. Informed consent was
obtained from the participants. In cases where
the eligible participant was experiencing cognitive
impairment, a next of kin was asked to give consent
for the participant to be approached in an ap-
propriate manner. The participant could withdraw
participation at any time. The collection of data
was carried out through home visits for interview
and testing, revision of medical records, and/or an
interview with a next of kin or caregiver. Trained
investigators performed interviews and testing.

The interview included questions about the
participant’s life, medical history, and current
health status. Blood pressure was measured after
five minutes of rest. BMI was calculated based
on measured weight and height. Information was
obtained about the participant’s drug use, both
prescribed and over-the-counter (OTC) drugs. The
Mini-Mental State Examination (MMSE) was used
as a global cognitive measure, ranging from a
maximum score of 30 and a minimum score of 0
corresponding to the highest and the lowest level
of cognitive function respectively (Folstein et al.,
1975). The Organic Brain Syndrome (OBS) scale
2 was used to evaluate symptoms of depression,
dementia, delirium, and other psychiatric diagnoses
(Jensen et al., 1993). Depressive symptoms were
assessed using the 15-item Geriatric Depression
Scale (GDS-15) with scores ranging from 0–15,
where a higher score indicates more depressive
symptoms (Sheikh and Yesavage, 1986). When
the investigator was a physician, the Montgomery–
Åsberg Depression Rating Scale (MADRS) was
used for further evaluation of depression (Mont-
gomery and Åsberg, 1979). Nutritional status was
measured using the Mini Nutritional Assessment
(MNA) scale, where scores below 17 indicate mani-

fest malnutrition and scores of 17–23.5 indicate risk
of malnutrition (Guigoz et al., 1994). The Barthel
ADL Index, 10-item version, was used to grade
independence in personal activities of daily living
(ADL), where score of 20 indicates independence
and 0 indicates total dependence (Mahoney and
Barthel, 1965). Psychological well-being or morale
was measured using the Philadelphia Geriatric
Center Moral (PGCM) scale (Lawton, 1975).

An experienced specialist in geriatric medicine
carefully reviewed all the collected material
and completed final diagnoses using the same
criteria for all participants. Diagnoses of dementia
were based on total evaluation considering
available information of former dementia diagnoses
according to medical records, cognitive screening
(MMSE and OBS), and information obtained from
interviews with the participant and/or caregiver.
Diagnoses for depression were established after
total evaluation of available information, reviews
of former diagnoses in medical records, ongoing
treatment with antidepressants, and screening with
GDS-15, MADRS, OBS, and PGCM. Dementia
and depression were diagnosed in line with the
Diagnostic and Statistical Manual of Mental
Disorders, version IV (DMS-IV) criteria (American
Psychiatric Association, 1994). The collection of
data in 2005–2007 was carried out in the same way
as the baseline data collection. Both the sample and
the method have been described in greater detail
elsewhere (Von Heideken Wågert et al., 2006).

In the present study social contact was
considered as the number of visits per week, both
having visitors or visiting someone. Variables for
education, Barthel ADL Index scores and physical
activity were dichotomized. Level of education was
considered low if it lasted ≤6 years and high if it
lasted >6 years, based on the fact that six years
in elementary school was the general education
level in this part of Sweden when participants were
young. The dichotomization was done to minimize
the loss due to missing data on years of schooling;
however, it was possible to identify ≤6 years or
>6 years. On the Barthel ADL Index, with a range
of 0–20, scores ≥19 were considered as showing
independence, while scores <19 were considered
as showing a higher degree of dependence. The
participants were considered to be physically active
if they had been outdoors without any help for once
a month to more than four times a week, and not
active if they had been outdoors without help from
others more seldom or never.

Sample description
In 2000–2002, a total of 527 individuals were
eligible for participation (Figure 1). Forty-four died
before contact could be made and 130 declined
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Died before follow up
n = 216

Eligible for participation
n = 527

Baseline population
n = 353

Died before contact n = 44
Declined home visits n = 130

Alive at follow-up
n = 137

Declined n = 35
Baseline dementia n = 5*

Participated at follow-up
n = 102

Baseline dementia
n = 7*

Population at follow-up
n = 95

Incident dementia n = 35

Final sample
n = 212

Incident dementia n = 71

Baseline dementia n = 88*
Not sufficient data n = 11

Possible to follow up for
incident dementia

n = 117
Incident dementia n = 36

Figure 1. Study population. ∗Of participants at baseline who died before follow-up, 88 (40.7%) had a diagnosis of dementia. Of the group

alive at follow-up, only 12 (8.8%) had a dementia diagnosis at baseline.

home visits. Out of the 130 individuals who
declined, 78 accepted a review of their medical
records and an interview with a caregiver/next of
kin. These, however, are not included in the present
study. The baseline population consisted of 353
participants, and did not differ regarding age and
sex from the non-participants. Before follow-up,
216 baseline participants died. At follow-up,
137 participants were available but 35 declined
participation, leaving 102 who participated at
follow-up. These participants did not differ from the
non-participants, who declined or died before
follow-up (n = 35 + 216), regarding the baseline
characteristics of sex, education, and frequency
of social contact; however, they were significantly
younger (p < 0.001), scored higher on MMSE
(p < 0.001), were more independent according to
the Barthel ADL Index (dichotomized; p < 0.001),
and had less current depression (p = 0.006) at base-
line. As this study concerned incident dementia,
participants with baseline dementia were excluded
(n = 7). Only 95 participants were left at follow-up.

It was possible to find data on incident dementia
for 117 of the 216 participants who died before

follow-up, since 88 out of the original 216 had
baseline dementia and 11 did not have sufficient
data. Death certificates were collected for all those
who died before follow-up. In the group of 117
individuals, 16 incident dementia diagnoses were
established from death certificates that were verified
by scrutinizing medical records. The remaining 20
incident dementia cases were set after scrutinizing
medical records to determine cognitive status prior
to death. Neither diagnoses of dementia were set
within six months from the baseline evaluation nor
terminal cognitive decline two months before death
was considered for dementia diagnosis. If there
were uncertainties concerning the cognitive status, a
specialist in geriatric medicine determined whether
or not the participant met the criteria for dementia
diagnosis, and if uncertainties still remained those
cases were excluded.

The total number of participants at baseline
who could be followed up for incident dementia
was 212. This final sample did not differ from the
sample eligible for participation regarding sex, but
was significantly younger (p = 0.003). The Umeå
85+/GERDA study was approved by the Regional
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Table 1. Baseline socio-demographic and clinical characteristics of participants with and without dementia at
baseline and those possible to be followed up for incident dementia

BASELINE POPULATION 2000–2002
(N = 353)

SAMPLE FOLLOWED UP F OR
INCIDENT DEMENTIA (N = 212)

NO INC I NC NO

D E M E N T I A D E M E N T I A D E M E N T I A D E M E N T I A

n = 100 n = 253 p n = 71 n = 141 p
...........................................................................................................................................................................................................................................................................................................................

Mean age (years) 91.18 (5.02) 88.89 (4.19) <0.001 88.54 (3.70) 88.92 (4.35) 0.522
Female gender∗ 80 (80) 170 (67.2) 0.017 51 (71.8) 92 (65.2) 0.334
Follow-up time (years) x x x 3.82 (1.22) 3.24 (1.71) 0.005
Education >6 years∗ 53 (54.1) 103 (40.9) 0.026 28 (40.0) 55 (39.0) 0.889
Living in an institution∗ 74 (74.0) 69 (27.3) <0.001 21 (29.6) 35 (24.8) 0.459
Body mass index (BMI, kg/m2) 23.10 (4.88) 25.32 (4.42) <0.001 25.28 (4.91) 25.26 (4.22) 0.984
Systolic blood pressure (mmHg) 139.90 (22.37) 151.66 (23.86) <0.001 149.22 (24.75) 150.79 (22.96) 0.651
Diastolic blood pressure (mmHg) 73.66 (11.75) 76.30 (10.65) 0.048 75.32 (10.72) 76.41 (10.52) 0.486
Mini Nutritional Assessment (MNA)

score
18.82 (5.43) 24.66 (3.45) <0.001 23.76 (3.45) 25.06 (3.43) 0.011

Mini-Mental State Examination
(MMSE) score

11.52 (7.45) 25.59 (3.29) <0.001 24.49 (3.37) 26.24 (2.96) <0.001

Dependence in ADL, <19 Barthel
score∗

82 (82.0) 66 (26.2) <0.001 23 (32.9) 29 (20.6) 0.051

Physically active, >once per month∗ 25 (25.3) 185 (73.4) <0.001 49 (70.0) 111 (78.7) 0.163
Social contact (number of visits) 3.41 (4.85) 4.14 (3.65) 0.216 3.28 (3.14) 4.74 (3.92) 0.005
History of diabetes∗ 15 (15) 30 (11.9) 0.425 12 (16.9) 13 (9.2) 0.102
Current depression∗ 38 (40) 58 (23.2) 0.002 26 (37.1) 24 (17) 0.001
History of rheumatoid disorder∗ 15 (15.0) 36 (14.2) 0.853 7 (9.9) 23 (16.3) 0.203
History of osteoarthritis∗ 28 (28.0) 92 (36.4) 0.135 21 (29.6) 57 (40.4) 0.122
Urinary tract infection in previous

year∗
45 (45.0) 54 (21.3) <0.001 11 (15.5) 33 (23.4) 0.180

Heart disease of any kind∗ 61 (61.0) 147 (58.1) 0.618 43 (60.6) 80 (56.7) 0.594
History of heart failure∗ 32 (32.3) 56 (22.1) 0.047 17 (23.9) 29 (20.6) 0.574
History of artrial fibrillation∗ 23 (23.0) 41 (16.2) 0.135 9 (12.7) 27 (19.1) 0.236
History of stroke∗ 24 (24.0) 47 (18.6) 0.252 13 (18.3) 27 (19.1) 0.883
History of TIA∗∗ 16 (16) 17 (6.7) 0.007 5 (7.0) 9 (6.4) 1.000
Pharmaceuticals∗

Anti-depressants 24 (24.2) 34 (13.5) 0.015 12 (17.1) 17 (12.1) 0.322
NSAID 8 (8.1) 26 (10.4) 0.517 4 (5.7) 16 (11.4) 0.184
ASA 37 (37.4) 112 (44.6) 0.217 35 (50.0) 63 (45.0) 0.494
Paracetamol 62 (62.6) 87 (34.7) <0.001 26 (37.1) 44 (31.4) 0.408
Oral corticosteroids∗∗ 6 (6.1) 12 (4.8) 0.625 4 (5.7) 6 (4.3) 0.734
Beta-blockers 11 (11.1) 67 (26.7) 0.002 20 (28.6) 39 (27.9) 0.914
ACE-inhibitors 14 (14.1) 24 (9.6) 0.215 11 (15.7) 11 (7.9) 0.080
Bensodiazepines 33 (33.3) 71 (28.3) 0.352 19 (27.1) 43 (30.7) 0.593
Neuroleptics 32 (32.3) 22 (8.8) <0.001 7 (10.0) 10 (7.1) 0.474

p-values represent differences between groups with and without dementia at baseline and with and without incident dementia during
follow-up. Student’s t-test, χ2, and Fisher’s exact test were used when appropriate. Some variables have missing values.
Values are means (SD).
∗Values are numbers (valid percentage) and χ2 was used.
∗∗Values are numbers (valid percentage) and Fisher’s exact test was used.

Ethical Review Board in Umeå (§99–326, §05–
063M).

Statistical analyses
SPSS software for Windows, version 20.0 (SPSS
Inc., IBM), was used for statistical analyses.
Differences between groups with and without

dementia at baseline, and with and without incident
dementia, were analyzed using Student’s T-test, χ2,
and Fisher’s exact test when appropriate. Taking
into account baseline variables associated with
incident dementia (n = 212), with a p-value less
than 0.150 (Table 1), the final multivariate logistic
regression model was established using standard
statistical modeling. Several additional models were
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Table 2. Baseline factors associated with incident dementia, divided into age groups

85 Y E A R S 90 Y E A R S ≥95 Y E A R S p
N = 96 N = 81 N = 35

.................................................................................................................................................................................................................................................................................

Incident dementia∗ 31 (32.3) 32 (39.5) 8 (22.9) p(85–90) = 0.318
p(90–95) = 0.083
p(85–≥95) = 0.296

Follow-up (years) 3.76 3.33 2.79 p(85–90) = 0.073
p(90–95) = 0.106
p(85–≥95) = 0.001

MMSE score 26.60 (2.68) 24.81 (3.47) 24.94 (3.29) p(85–90) < 0.001
p(90–95) = 0.864
p(85–≥95) = 0.013

Social contact, number of visits 4.20 (3.54) 4.29 (3.63) 4.38 (4.65) p(85–90) = 0.874
p(90–95) = 0.913
p(85–≥95) = 0.825

Current depression∗ 21 (21.9) 22 (27.2) 7 (20.6) p(85–90) = 0.414
p(90–95) = 0.459
p(85–≥95) = 0.875

Values are means (SD).
∗Values are numbers (valid percentage) and χ2 was used.

tested to confirm the results by adding all variables
associated with baseline dementia, in the baseline
population of 353 participants, with a p-value
of less than 0.150 (Table 1), and according to
relevance as presented in the literature. However, no
additional variables met significance, or changed the
results, and were therefore not included in the final
model.

The longitudinal analysis is based on the sample
of 212 participants. However, due to missing
values in the social contact variable (n = 15),
the analysis includes 197 participants. Sixty-five of
these participants were having incident dementia.
The results are considered significant for p < 0.05.

Results

Socio-demographic and clinical
characteristics
Socio-demographic and clinical characteristics are
presented in Table 1. In the total population of
353 participants at baseline, the mean age (SD) was
89.54 (4.55) years, and 250 (70.8%) were women.
Socio-demographic and clinical characteristics at
baseline are also shown in Table 1 for the sample
followed up for incident dementia (n = 212).

Prevalence, incidence, and prognosis of
dementia
The prevalence of dementia in the baseline
population was 28.0%. There was a significant
difference between the age groups, 85 and

90 to 95+ years, but not between 85 and
90 years, with a prevalence of 20.6%, 24.6%,
and 47.6% respectively. During five years, 71 of
the 212 (33.5%) participants developed dementia
(Figure 1). Incident dementia during the follow-
up time was 32.3%, 39.5%, and 22.9% for the
respective age groups (Table 2). Significantly, more
women than men had dementia (p = 0.017) and
depression (p = 0.027) at baseline. No difference
was seen in incident dementia between women
and men. Among participants with a diagnosis of
dementia at baseline, 12% were still alive at the
five-year follow-up compared with 54.1% (<0.001)
among participants without dementia (Figure 1).

Cross-sectional association with dementia at
baseline
The participants with dementia diagnoses at
baseline were significantly older than those without
dementia (Table 1). They also had significantly
lower diastolic (DBP) and systolic blood pressure
(SBP), lower BMI, and a higher proportion had
a history of heart failure and transient ischemic
attack (TIA). In addition, significantly more of the
participants with dementia had current depression,
and had had a urinary tract infection within the
year before the interview. They also scored lower
on MNA and MMSE scales and a larger proportion
was dependent on ADL and had a lower physical
activity level. There was a more frequent use of
antidepressants, paracetamol, and neuroleptics in
participants with dementia. Participants without
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Table 3. Baseline variables associated with incident
dementia

OR (95% CI)
FOR I NCIDENT

D E M E N T I A p W A L D
.......................................................................................................................................................

Follow-up time 1.61 (1.26–2.05) <0.001 14.30
MMSE score 0.83 (0.74–0.93) 0.001 10.48
Baseline depression 2.91 (1.37–6.16) 0.005 7.75
Social contact 0.87 (0.78–0.97) 0.009 6.77

Values are odds ratios (95% CI) from multivariate logistic
regression in this longitudinal model with incident dementia as a
dependent variable.
Nagelkerke R2 = 0.262.

dementia had a significantly lower level of education
and used more beta-blockers.

Longitudinal associations with dementia over
five years
In a multivariate logistic regression analysis,
depression at baseline and follow-up time were
associated with a higher risk of incident dementia,
odds ratio (OR) (95% CI, p-value) was 2.91
(1.37–6.16, 0.005) and 1.61 (1.26–2.05, <0.001)
respectively (Table 3). More social contact at
baseline was associated with a lower risk of incident
dementia, OR (95% CI, p-value) was 0.87 (0.78–
0.97, 0.009), as was a higher score on MMSE
at baseline, OR (95% CI, p-value) was 0.83
(0.74–0.93, 0.001) (Table 3). Adjusting the results
for age and sex had no effect on final results.
Results were also adjusted for the Barthel ADL
Index (dichotomized), living alone or living in
an institution, and for several cardiovascular risk
factors and disorders (BMI, SBP, DBP, physical
activity, and history of stroke, TIA, diabetes, heart
failure, atrial fibrillation, heart disease of any kind)
as well as diseases with increased inflammatory
activity apart from the cardiovascular disorders
(history of osteoarthritis and rheumatoid disorders)
and anti-inflammatory treatment. That did not
change the results (data not shown).

Discussion

In this population-based cohort study of the very
old, the prevalence of dementia was 28% at
baseline, and 80% of the participants with dementia
were women. Only 12% of the participants with
a dementia diagnosis at baseline remained alive
five years later. In the population that could be
followed up for incident dementia, another 71
participants (33.5%) developed dementia over five
years. Depression at baseline and follow-up time

were associated with a higher risk of incident
dementia, while more social contacts and higher
MMSE scores at baseline were associated with a
lower risk.

Both the prevalence of dementia and the high
mortality among participants with dementia are in
line with earlier research. The incidence of dementia
in 85- and 90-year-old people is also in line with
earlier research (Fratiglioni et al., 2008; Rastas et al.,
2010). The percentage of incident dementia in the
age group of ≥95 years is lower than in the 85- and
90-year-old age groups but should be interpreted
with caution since there were few incident dementia
cases in the oldest age group and the follow-up time
was shorter due to a high mortality rate in the oldest
age group (Table 2).

To our knowledge this is the first study
to examine the association between diagnosis
of current depression and incident dementia in
a population of very old people (≥85 years),
suggesting that depression is a risk factor for
dementia. In a recent study, depressive symptoms
(GDS-15 ≥ 6) were associated with a higher risk
of mild cognitive impairment (MCI) and dementia
in very old women (≥85 years) (Spira et al., 2012).
Depression has been reported to reduce cognitive
function, commonly occurs in subjects with MCI
and dementia at frequencies covering a wide range
from 6% to as high as 83%, and it has been
suggested as both a prodrome and a risk factor for
dementia (Enache et al., 2011; Rodda et al., 2011).
On the other hand, dementia has been reported to
increase the risk of depression (Rodda et al., 2011).

The vascular hypothesis and the role of
inflammation are the hypotheses applied to both
depression and dementia. It is suggested that
previous vascular events and risk factors increase
the risk of depressive symptoms (Byers and Yaffe,
2011), and it is established that these increase the
risk of dementia (Qiu et al., 2007; Mangialasche
et al., 2012). Depression also has been associated
with subsequent vascular disease (Byers and Yaffe,
2011). Increased inflammation measured with
such markers as Interleukin-1 (IL-1), IL-6, tumor
necrosis factor (TNF), and C-reactive protein
(CRP) in serum or plasma have been associated
with both depression and cognitive decline, AD, and
dementia, although the results are not consistent
(Dziedzic, 2006; Christmas et al., 2011). Presence
of inflammation has been reported in the cascade
leading to neuropathological changes typical of
dementia, and inflammation could be a cause of,
contributing factor to, or result of the development
of dementia and AD (Dziedzic, 2006). Based on
our results, it is not possible to disentangle the role
of vascular disorders/hypothesis and inflammation
in relation to depression and dementia. The
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final model was controlled for cardiovascular and
cerebrovascular risk factors and diseases as well as
diseases with increased inflammatory activity and
use of anti-inflammatory drugs, but this did not alter
the results.

Another possible link between depression
and dementia is the reported change in the
hypothalamic–pituitary–adrenal (HPA) axis during
depression, more frequently occurring in late-life
depression. HPA dysregulation could eventually,
by affecting levels of glucocorticoids, lead to
hippocampal atrophy and hence suggests that
depression is a risk factor for dementia, and AD
in particular. However, hippocampal atrophy due
to AD could also generate depressive symptoms,
suggesting depression is a prodrome of AD (Butters
et al., 2008)

The diagnosis of MCI, a higher level of cognitive
decline than normal but one that does not fulfill
the criteria for dementia (Petersen, 2004), was
not considered in Umeå 85+/GERDA. Based on
the baseline measure of MMSE, we can assume
that participants with MCI are present in our
material. The coexistence of MCI, dementia, and
depression diagnoses makes it difficult to determine
the causal relationship. In the study population of
353 participants, those with baseline depression
scored significantly lower on MMSE, even when
participants with a diagnosis of dementia were
removed (data not shown). The same was true for
the group followed up for incident dementia. MCI
as a diagnosis in the continuum toward dementia
has been controversial, since subjects with MCI
have been shown to proceed toward dementia,
remain in the MCI group, or even in some
cases to move toward normal cognition (Mitchell
and Shiri-Feshki, 2009). However, dementia is a
clinical diagnosis and the participants with incident
dementia during the follow-up period did not meet
the criteria for dementia at baseline.

The finding that more frequent social contact
is associated with a lower risk of dementia is in
line with the psychosocial hypothesis as part of the
reserve hypothesis, which implies that mental and
physical stimuli during the lifetime will allow the
brain to endure more damage before developing
clinical signs (Fratiglioni and Wang, 2007; Qiu
et al., 2007). The results support the findings of
previous research that social networks, assessed
through various measures from quantity and/or
quality of contacts to indices of social activity or
social ties, reduce the risk of cognitive decline and
dementia (Fratiglioni et al., 2004). Social networks
have been shown to modify the relation between
AD pathology and cognitive function (Bennett
et al., 2006). In order to clarify the effect of
number of visits, the perception of the visit was

not taken into consideration, since this might be
influenced by a current depression. Considering
that, for example, social contacts (number of
visits) might be influenced by various aspects
related to independence and living conditions,
the analyses were adjusted for the Barthel ADL
Index (dichotomized) and living alone or living
in an institution. Doing this did not change the
results.

When considering the risk factors, derived from
the literature, known to increase risk from midlife
to late-life, few emerged as significant for the group
that could be followed up for incident dementia or
in the longitudinal models and were therefore not
included in the final model. This was somewhat
surprising, especially considering the numerous
vascular and inflammatory factors. In the baseline
group of 353 participants, e.g. low BMI, SBP, DBP,
history of heart failure, and TIA were associated
with dementia. The associations of SBP and DBP
in the Umeå 85+/GERDA population have been
investigated more thoroughly elsewhere, suggesting
that the decrease in SBP over time is associated
with incident dementia (Molander et al., 2010b).
In some cases the lack of significance, in some
vascular and inflammatory factors, could be due to
a power issue (e.g. history of TIA). Surprisingly,
the level of education was significantly lower in the
group without dementia at baseline. However, when
education was considered as a continuous variable,
this significance was lost and no difference was seen
between the groups with and without dementia.
It seems as if the association of education with
dementia risk is not as important in this group of
the very old.

Implications for intervention
The results of this study are important from several
aspects. First, it is certainly necessary to study risk
factors for dementia in the very old age group as
they are part of the segment of the population
that is increasing the most. Second, dementia
comes with high mortality in these age groups and
establishing risk factors could ultimately lead to
prevention or treatment options. Third, irrespective
of the discussion about whether depression is an
early sign of, or a risk factor for, dementia, it
should be considered that observation of signs of
depression in the very old people may lead to
early detection of the development of dementia and
appropriate treatment for the patient. In this study
the population was too small to allow consideration
of whether the treatment of depression was altering
the risk regarding responders and non-responders
to antidepressants. Fourth, the frequency of social
contacts seems to be important in the very old age
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group and might be a future target in intervention
studies. Finally, it is intriguing to hypothesize that
cardiovascular risk factors, inflammation, and the
brain reserve model might have different roles in
the very old as opposed to the younger old as part
of the life-course perspective. Considering that the
population surviving to this age, despite possible risk
factors earlier in life, is a rather select group, the risk
factors profile could differ from the profiles seen in
mid- to late-life.

Strengths and limitations of the study
This study has several strengths. It is a population-
based cohort study considering the very old age
group (≥85 years), a group not often studied,
with a longitudinal design and a five-year follow-
up, also unusual for this age group. Age was
the only inclusion criterion, hence the population
is unselected, including people living at home
and in institutional care. Apart from the factors
considered for the final model, more factors from
the extensive Umeå 85+/GERDA material were
considered and tested but without influencing the
result (data not shown); however, even though great
caution was taken, we cannot totally exclude the
possibility of residual confounding. The acquisition
of information about incident dementia in the group
who died during the follow-up period is a strength
of the present study since such information is not
normally considered in the literature. All diagnoses
in the Umeå 85+/GERDA material were reviewed
by a specialist in geriatric medicine.

One limitation is the high dropout rate, and
thus the relatively small population, although this
is to be expected when studying the very old age
group. We have, to some degree, minimized this
limitation by acquiring information about those who
died. These results are applicable to the very old
population of 85, 90, and ≥95-year-old individuals
and should not be applied generally. Diagnoses
were established after reviewing all the material,
and the specialist in geriatric medicine did not see
the participants (except those assessed by him).
The diagnoses in participants who died before
the five-year follow-up were established based on
death certificates and medical records. These are
limitations; however, great caution was taken and
if there was any uncertainty, a subject was not
included in the analysis.

Conclusions

There is a high prevalence and incidence of
dementia among very old people. Depression is
associated with a higher risk of incident dementia
among very old people over a period of five years,

whereas more frequent social contacts and higher
MMSE scores are associated with a lower risk. More
research is needed about risk and protective factors
in the very old age group, yet depression and social
contacts are the factors that might be suitable targets
in future intervention studies.
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