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Abstract
Introduction: Physical function and cognition seem to be
interrelated, especially in the oldest-old. However, the
temporal order in which they are related and the role of
brain health remain uncertain. Methods: We included 338
participants (mean age 93.1 years) from two longitudinal
cohorts: the UCI 90+ Study and EMIF-AD 90+ Study. We

tested the association between physical function (Short
Physical Performance Battery, gait speed, and handgrip
strength) at baseline with cognitive decline (MMSE, memory
tests, animal fluency, Trail Making Test (TMT-) A, and digit
span backward) and the association between cognition at
baseline with physical decline (mean follow-up 3.3 years).
We also tested whether measures for brain health (hippo-
campal, white matter lesion, and gray matter volume) were
related to physical function and cognition and whether
brain health was a common driver of the association be-
tween physical function and cognition by adding it as
confounder (if applicable). Results: Better performance on
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all physical tests at baseline was associated with less decline
on MMSE, memory, and TMT-A. Conversely, fewer associa-
tions were significant, but better scores on memory, TMT-A,
and digit span backward were associated with less physical
decline. When adding measures for brain health as con-
founder, all associations stayed significant except for
memory with gait speed decline. Conclusion: In the oldest-
old, physical function and cognition are strongly related,
independently of brain health. Also, the association between
physical function and cognitive decline is more pronounced
than the other way around, suggesting a potential for
slowing cognitive decline by optimizing physical function.

© 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Physical and cognitive impairment is highly prevalent
in older individuals and has a major impact on quality of
life and mortality. Previous studies have found that
physical function and cognition are importantly inter-
twined [1–3]; however, the temporal order in which they
are affected remains uncertain. Determining the temporal
order of physical and cognitive decline is important as it
will assist health care professionals in focusing screening
and intervention programs and may help identifying
causal pathways that are relevant for treatment and
prevention. Earlier studies indicated that risk factors for
cognitive decline may depend on age [4], indicating that
results from studies in younger age-groups cannot be
automatically extrapolated to the oldest-old. In addition,
the prevalence of both physical and cognitive impairment
strongly increases with age. For these two reasons, it is
especially important and meaningful to study the asso-
ciation between physical and cognitive function in in-
dividuals aged 90 years and older (the oldest-old).

Several mechanisms have been suggested to explain the
association between physical and cognitive functioning.
First, brain pathologies may be a common underlying
driver for both cognitive and physical decline as both
physical and cognitive impairment is related to damage
and atrophy of the gray and white matter (WM) of the
brain [5, 6]. However, a recent postmortem study showed
that only a minority of dual cognitive and physical decline
is explained by brain pathologies [7] and that the asso-
ciation between physical function and cognition did not
change when controlling for brain pathologies [8]. A
second suggestion that has been made is that alternations
in executive functioning and attention directly influence
changes in gait [9]. This may implicate an important role

for the frontal cortex, which is specifically affected by
aging and emphasizes why it is important to study this
association especially in the oldest-old [10]. Third, also
mechanisms in the opposite direction have been pro-
posed: training physical health would enhance cognitive
performance [11], and physical impairment may be an
early sign of cognitive impairment [3].

The aim of the present study was therefore to establish
the temporal order in which physical and cognitive
function decline in the oldest-old and to examine whether
brain health assessed with MRI scans was a potential
driving factor in the association between physical and
cognitive functioning. We hypothesized that physical
impairment would be associated with cognitive decline,
but not the other way around, and that brain health would
(partly) explain this association. To answer our research
question, we combined data from the two largest brain
imaging 90+ cohorts worldwide as the number of indi-
viduals aged 90 years and older included in neuroimaging
studies is often limited [12].

Methods

Study Population
Participants were included from two cohorts: the 90+

Study at the University of California Irvine, CA, USA, and
the European Medical Information Framework for Alz-
heimer’s disease (EMIF-AD) 90+ Study in the Nether-
lands (for the characteristics and differences between the
two cohorts, see online suppl. Table S1; for all online
suppl. material, see https://doi.org/10.1159/000542395).
The 90+ Study in Southern California (further described
as the UCI 90+ Study) was initiated in 2003 and originally
enrolled survivors from the Leisure World Cohort Study
(LWCS) [13]. Over time, open recruitment beyond the
LWCS was initiated, specifically focusing on brain im-
aging [14]. MRI scans were performed once at first op-
portunity beginning in 2014. Follow-up visits were per-
formed every 6 months. In the present study, we included
all participants from the UCI 90+ Study in whom physical
and cognitive tests were performed and who had a brain
MRI scan through November 2021.

The EMIF-AD 90+ Study was set up as a case-control
study including cognitively normal and cognitively im-
paired participants [15]. Participants were recruited from
June 2016 to July 2018 and the baseline of the study
consisted of two home visits and two hospital visits in-
cluding brain imaging. Follow-up visits were performed
yearly in the participants who were cognitively normal at
baseline. In the present study, we included all participants
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from the EMIF-AD 90+ Study in whom physical and
cognitive tests were performed at baseline and who had a
brain MRI scan. Both cohorts were approved by a local
Medical Ethical Committee and all participants provided
written informed consent.

Physical Function
The following three variables were included to describe

physical functioning: the Short Physical Performance
Battery (SPPB), gait speed, and handgrip strength. The
SPPB includes tests for balance, gait speed, and a chair
stand test (range 0–12 points, with higher scores repre-
senting better performance) [16]. Gait speed was included
as part of the SPPB but also as separate variable and was
measured in m/s by asking participants to walk 4 m at
their usual pace with or without a walking aid. In the UCI
90+ Study, gait speed was measured once; in the EMIF-
AD 90+ Study, the fastest gait speed of two attempts was
used. Handgrip strength of the dominant hand was
measured 3 times in the UCI 90+ Study with the Lafayette
hand dynamometer (model 78,010) and 2 times in the
EMIF-AD 90+ Study with the Jamar hand dynamometer
(Sammons Preston, Inc., Bolingbrook, IL, USA). The
highest score in kilograms was used in the analyses. If
physical tests were not possible due to physical problems,
a score of zero was used. In the UCI 90+ Study, all three
physical function parameters were also measured during
follow-up. In the EMIF-AD 90+ Study, only handgrip
strength was measured during follow-up.

Cognition
The following cognitive tests were available in both

cohorts and included in the present study: the Mini-
Mental State Examination (MMSE) [17], animal fluency
(in 1 min) [18], Trail Making Test (TMT-) A [19]
(floored on 200 s in both cohorts), and the digit span
backward [20]. For episodic memory, different list
learning tests were used per cohort: the short 9-words
version of the California Verbal Learning Test version II
(CVLT-II) [21] in the UCI 90+ Study and the CERAD
10-words test [18] in the EMIF-AD 90+ Study. Imme-
diate recall of the CVLT-II was the sum score over four
trials. Immediate recall of the CERAD 10-words test was
the sum over three trials. Delayed recall was adminis-
tered after 10 min in both cohorts. Further details on the
administration of these tests are described elsewhere [1,
22]. To combine the cognitive data, z-scores per cohort
were calculated using the participants with a normal
cognition at baseline as reference population (based on a
method by Van der Elst et al. 2006). In this reference
population, linear regression analyses were performed

with the cognitive test as dependent variable and age, sex,
and education (in three groups) as independent vari-
ables. The following formula was applied to calculate
z-scores per cohort using the constant, betas, and
standard deviation of the residuals from the linear re-
gression: cognitive z-score = {raw score – [beta constant +
(age × beta age) + (sex × beta sex) + (education low × beta
education low) + (education high × beta education high)]}/
standard deviation of the residuals.

Brain Imaging
In the UCI 90+ Study, all participants were scanned on

a single GE Discovery 750W 3-T scanner (General
Electric Healthcare, Milwaukee, WI, USA), and in the
EMIF-AD 90+ Study, all participants were scanned on a
single Philips 3T Achieva scanner. In both studies, vol-
umetric segmentation of the 3D T1 images was per-
formed using FreeSurfer v7.1 (https://surfer.nmr.mgh.
harvard.edu) [23]. All FreeSurfer segmentations were
visually inspected. In the UCI 90+ Study, segmentations
of 14 scans failed and had to be excluded; in the EMIF-AD
90+ Study, segmentations failed in three that had to be
excluded and an additional two scans, where gray matter
volume measures were incorrect based on the visual
inspection. The following segmentations were used as
measures for brain health in the present study: hippo-
campal volume (the sum of left and right), WM lesion
volume, and total gray matter volume. WM lesions were
determined as hypointense lesions on T1 images rather
than as hyperintensities on FLAIR as the FLAIR sequence
(2D for UCI 90+ and 3D for EMIF-AD 90+) and WM
hyperintensity methods differed substantially between
the two studies. WMT1 hypointensities have been shown
to strongly correlate with WM FLAIR hyperintensities
[24]. MRI measures were corrected for head size by
calculating the percentage of the MRI measure relative to
intracranial volume. WM lesion volume was log trans-
formed to normalize its distribution. To harmonize the
MRI measures between the two cohorts, ComBat (the
nonparametric version and without empirical Bayes) was
used with adding age and sex as confounders [25].

Cognitive Status Evaluation
In both cohorts, cognitive status was based on clinical

evaluation by a medical doctor and neuropsychologist, in
combination with the MMSE score. In the UCI 90+
Study, criteria from the Diagnostic and Statistical Manual
of Mental Disorders, 4th edition (DSM-IV), were applied
[26] and participants who did not meet the DSM-IV
criteria for dementia but had some cognitive or functional
loss were diagnosed with cognitive impairment no
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dementia (CIND) [27]. In the EMIF-AD 90+ Study,
criteria for a diagnosis of amnestic mild cognitive im-
pairment (MCI) [28] or a diagnosis of probable or
possible Alzheimer’s disease [29] were used. During
follow-up, the Clinical Dementia Rating (CDR) score was
used to determine whether a participant cognitively
deteriorated toward MCI (CDR = 0.5) or dementia
(CDR >0.5).

Comorbidity Variables
In both cohorts, data about education and medical

history were based on self-report. Medication use was
based on medication container inspection in the UCI
90+ Study and on self-report in the EMIF-AD 90+
Study. If needed, information on medical history and
medication use was complemented with information by
study partner in the UCI 90+ Study, and by study
partner and GP and/or medical specialist in the EMIF-
AD 90+ Study. The following comorbidities were
considered as potential confounders when present at
baseline (based on medical history and medication
use): hypertension, diabetes mellitus, hypercholester-
olemia, stroke/transient ischemia attack, heart disease
(including coronary artery disease, myocardial in-
farction, atrial fibrillation or other arrhythmias, heart
valve disease, congestive heart failure, or coronary
artery bypass). In addition, the Geriatric Depression
Scale (GDS) was administered in both cohorts at
baseline and considered as potential confounder [30].

Statistical Analyses
Differences between the participants from the UCI and

EMIF-AD 90+ Study were investigated using t tests, chi-
square tests, or Wilcoxon tests where appropriate. To
assess the temporal order of the association between
physical function and cognition, two sets of associations
were performed: (1) the association between physical
function at baseline with cognition at baseline and during
follow-up, (2) the association between cognition at
baseline with physical function at baseline and during
follow-up (Fig. 1). Baseline (time = 0) in the UCI 90+
Study was defined as the visit closest to the MRI scan and
in the EMIF-AD 90+ Study as the first home visit. From
the UCI 90+ Study, all visits within 1 year before the MRI
scan and all visits after the scan were included, whereas
from the EMIF-AD 90+ Study all visits were included.
Linear mixed models were used including the following
variables: (1) one cognitive test as dependent variable and
one physical function test, time (in years), and the in-
teraction between the physical function test and time as
independent variables, (2) one physical function test as
dependent variable and one cognitive test, time (in years),
and the interaction between the cognitive test and time as
independent variables. Subject-specific intercepts and
linear change with time (the slope) were added to all
models as random effects. Furthermore, models were
adjusted for the fixed effects of age at baseline, sex, ed-
ucation, and the significant comorbidity variables (de-
fined as significant when there was an association at

Fig. 1. Graphical depiction of the associations tested. aAs-
sessed by the 9-words version of the California Verbal
Learning Test version II (CVLT-II) in UCI 90+ and by the
CERAD 10-words test in EMIF-AD 90+; bCross-sectional and
longitudinal associations, tested in both directions; cCross-
sectional and longitudinal associations with the brain MRI

measures as independent variables; dBrain MRI measures
were added as confounder to the significant associations
between cognition and physical function. ICV, intracranial
volume; MMSE, Mini-Mental State Examination (only cog-
nitive test for which the raw score was used in the analyses);
WM, white matter.
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baseline of the comorbidity with physical function and of
the same comorbidity with cognition). The estimate of
the physical function or cognitive test reflects the baseline
effect, whereas the interaction between the physical
functioning or cognition test with time reflects the lon-
gitudinal effect. Separate analyses were performed for
each combination of physical and cognitive test.

To assess the association between brain health at baseline
with physical function or cognition at baseline and during
follow-up, linear mixed models were used including the
following variables: one physical function or cognitive test as
dependent variable and one measure for brain health, time
(in years), and the interaction between the brain health
measure and time as independent variables (Fig. 1). Models
were adjusted for a random subject-specific intercept, a
random slope, and fixed effects for age at baseline, sex, and
education. If one of the measures for brain health was
associated with both physical function and cognition, it was
added to the linear mixedmodel described above to assess it
as a potential common driver.

The following sensitivity analyses were performed: (1) to
assess the influence of cognitive diagnosis on the association
between physical function and cognition, cognitive diag-
nosis (normal vs. CIND/MCI/dementia) was added to the
above described linear mixed models as interaction term
with the independent physical or cognitive variable. If
significant, analyses were repeated separately for the cog-
nitively normal and impaired (CIND/MCI/dementia)
participants. (2) To assess whether the association between
physical function and cognition differed per cohort, cohort
type (UCI or EMIF-AD) was added to the above-described
linear mixed models as interaction term with the inde-
pendent physical or cognitive variable. If significant, ana-
lyses were repeated for the two cohorts separately.

The p value threshold for significance was set at 0.05. In
the tables, we additionally indicated significance after
Holm’s sequential Bonferroni correction [31]. The n
(number of tests) in the Holm-Bonferroni formula (target p
value/[n – rank +1]) was based on the number of outcome
measures (so “6” when cognition was the outcome and “3”
when physical function was the outcome). Statistical ana-
lyses were performed in RStudio version 2023.06.0 + 421
with R version 4.3.1 [32]. The lmerTest package was used
for the linear mixed models [33].

Results

Baseline characteristics of the total study population
and per cohort are shown in Table 1, and the number of
individuals for each variable (at baseline, during follow-

up and per cohort) is shown in online supplementary
Table S2 (which indicates the lost to follow-up during
the study). In total, 338 participants (62.7% female)
were included who were on average 93.1 (interquartile
range 91.0–94.4) years old. At baseline, 226 (66.9%)
participants were cognitively normal and the mean
follow-up time was 3.3 (interquartile range 1.9–4.6)
years. The two cohorts significantly differed by age,
cognitive status at baseline, number of follow-up visits,
raw scores on the animal fluency and TMT-A, SPPB,
gait speed, hippocampal volume, and gray matter
volume.

Evaluation of the comorbidities (hypertension, dia-
betes mellitus, hypercholesterolemia, stroke/transient
ischemia attack, and heart disease) showed that none
were associated with physical function and therefore they
were not included as confounders in the analyses.
However, GDS was associated with the SPPB, gait speed,
handgrip strength, memory immediate recall, memory
delayed recall, and TMT-A. Therefore, GDS was added as
confounder to all analyses.

Association of Physical Function at Baseline with
Cognition at Baseline and during Follow-Up
At baseline, a higher score on the SPPB was associated

with better scores on all cognitive tests (p values ranging
from <0.01 to 0.04; Table 2; Fig. 2; online suppl. Fig. S1).
Faster gait speed was associated with better scores on all
cognitive tests (p values <0.01), except for the digit span
backward (p value = 0.07), and a stronger handgrip was
associated only with a faster TMT-A (p value = 0.01).

Better scores on all physical function parameters at
baseline were associated with slower decline on the
MMSE, memory, and TMT-A (p values ranging
from <0.01 to 0.02; Table 2; Fig. 2; online suppl. Fig. S1).
In addition, gait speed was associated with slower decline
on animal fluency (p value <0.01).

Association of Cognition at Baseline with Physical
Function at Baseline and during Follow-Up
At baseline, better scores on all cognitive tests except

for the digit span backward, were associated with better
scores on the SPPB and faster gait speed (p values ranging
from <0.01 to 0.02; Table 3; Fig. 3; online suppl. Fig. S2).
In addition, better animal fluency and a faster TMT-A
were associated with a stronger handgrip (both p
values <0.01).

Better memory and a faster TMT-A at baseline were
associated with less decline of gait speed (p values ranging
from 0.01 to 0.03; Table 3; Fig. 3; online suppl. Fig. S2). In
addition, better performance on the digit span backward
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at baseline was associated with less decline of the SPPB
and handgrip strength (both p values = 0.01) and a faster
TMT-A at baseline with less decline of handgrip strength

(p value = 0.02). Of the 18 associations tested longitu-
dinally (three physical tests times the six cognitive tests),
13 showed a significant association between physical

Table 1. Baseline characteristics of the total study population and per cohort

Total UCI 90+ EMIF-AD 90+ p valuea

Sample size, N 338 249 89 N/A

Age, y 93.1 (2.9) 93.4 (2.9) 92.4 (2.7) <0.01

Females, N (%) 212 (62.7) 162 (65.1) 50 (56.2) 0.17

Educationb N/Ac

Low 68 (20.1) 56 (22.5) 12 (13.5)
Average 146 (43.2) 105 (42.2) 41 (46.1)
High 124 (36.7) 88 (35.3) 36 (40.4)

GDS, points 2.1 (2.1) 2.2 (2.2) 1.9 (1.6) 1.00

Cognitive status at baseline <0.01
Normal 226 (66.9) 159 (63.9) 67 (75.3)
CIND/MCId 81 (24.0) 76 (30.5) 5 (5.6)
Dementia 31 (9.2) 14 (5.6) 17 (19.1)

Follow-up time (IQR), y 3.3 (1.9–4.6) 3.3 (1.7–4.6) 3.3 (2.5–4.0) 0.98

Number of follow-up visits 5.1 (3.4) 7.9 (3.5) 3.1 (1.2) <0.01

MMSE, points 27.3 (2.7) 27.2 (2.7) 27.4 (2.9) 0.18

Memory immediate recall, z-scoree −0.5 (1.2) −0.5 (1.2) −0.5 (1.2) 0.89

Memory delayed recall, z-scoree −0.5 (1.3) −0.5 (1.4) −0.4 (1.2) 0.70

Animal fluency, wordsf 15.2 (4.9) 14.9 (4.8) 16.3 (5.2) 0.03

TMT-A, secf 72.8 (38.5) 64.7 (33.8) 93.8 (42) <0.01

Digit span backward, digitsf 5.5 (1.9) 5.5 (2.0) 5.5 (1.7) 0.96

Handgrip strength females, kg 11.8 (5.1) 11.6 (5.3) 12.1 (4.6) 0.53

Handgrip strength males, kg 21.4 (7.4) 21.1 (7.7) 21.9 (7.0) 0.55

SPPB, points 7.0 (2.9) 6.8 (2.9) 7.7 (2.8) 0.01

Gait speed, m/s 0.7 (0.3) 0.6 (0.3) 0.8 (0.3) <0.01

Hippocampal volume, % ICVg 0.43 (0.1) 0.43 (0.1) 0.42 (0.1) 0.04

WM lesion volume, % ICVg 0.9 (0.7) 0.9 (0.7) 0.9 (0.6) 0.94

Gray matter volume, % ICVg 36.6 (2.9) 37.1 (2.6) 35.3 (3.3) <0.01

Values are presented as mean (SD), unless stated otherwise. CIND, cognitive impairment no dementia;
EMIF-AD, European Medical Information Framework for Alzheimer’s disease; ICV, intracranial volume; IQR,
interquartile range; m/s, meter per second; GDS, Geriatric Depression Scale; MCI, mild cognitive impairment;
MMSE, Mini-Mental State Examination; N, number; N/A, not applicable; SPPB, Short Physical Performance
Battery; TMT, Trail Making Test; UCI, University of California, Irvine; WM, white matter; y, years. ap values
compare the UCI 90+ participants with the EMIF-AD 90+ participants and are determined using t-tests, chi-
square tests, or Wilcoxon tests where appropriate. bUCI 90+ low = less than college, average = some college
or college degree, high = beyond college; EMIF-AD 90+ low = at most primary school, average = junior
vocational training, high = senior vocational or academic training. cDifference in educational level was not
assessed as school systems differ too much to give a relevant result. dClinical diagnosis, in the UCI 90+ Study
described as CIND, in the EMIF-AD 90+ Study as MCI. eAssessed by the 9-words version of the California
Verbal Learning Test version II (CVLT-II) in UCI 90+ and by the CERAD 10-words test in EMIF-AD 90+. fIn the
analyses, z-scores are used. gThese are the MRI measures before applying ComBat.
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function at baseline and cognitive decline (Tables 2) and 6
showed a significant association between cognition at
baseline and physical decline (Table 3).

Association of Brain MRI Measures with Cognition
and Physical Function
Better brain health (defined as greater hippocampal or

gray matter volume or fewer WM lesions) was associated
with better cognitive functioning and less cognitive de-
cline on all cognitive tests (p values ranging from <0.01 to
0.05), except for the digit span backward (p values ranging
from 0.09 to 0.97; online suppl. Table S3). In addition,
better brain health was associated with better perfor-
mance on all physical function parameters (p values
ranging from <0.01 to 0.02; online suppl. Table S4). Also,
hippocampal and gray matter volume were associated
with less decline on the SPPB and/or gait speed (p values
ranging from <0.01 to 0.02). All significant associations
between cognition and physical function remained sig-
nificant after adding hippocampal volume, WM lesions,
or gray matter volume as confounder in the analyses. The
only exception was the association between memory
delayed recall and decline in gait speed, which became
borderline significant when adding hippocampal or gray
matter volume as confounder to the analyses (with
hippocampal volume as confounder: β = 0.01, p value =
0.07; with gray matter volume as confounder: β = 0.01, p
value = 0.07).

Sensitivity Analyses
One cross-sectional and two longitudinal associa-

tions showed a significant interaction with cognitive
diagnosis: gait speed with TMT-A, handgrip strength
with decline on memory immediate recall, and gait
speed with decline on MMSE. When performing these
analyses separately in the cognitively normal and im-
paired group, both groups showed significant results,
but estimates were higher in the cognitively impaired
group (data not shown).

One cross-sectional and two longitudinal associations
showed a significant interaction with cohort: memory
delayed recall with gait speed and SPPB and gait speed
with animal fluency decline. When performing these
analyses separately per cohort, the cross-sectional asso-
ciation of memory delayed recall with gait speed was

present in both cohorts, but the estimate was higher in the
EMIF-AD 90+ Study. The two longitudinal associations
were only present in the UCI 90+ Study (data not shown).

Discussion

Overall Findings
In individuals aged 90 years and older (the oldest-old),

this study showed that physical function and cognition
are inherently intertwined. The association of better
physical function at baseline with less cognitive decline
was more pronounced than the association between
better cognition at baseline with less physical decline. Of
the different cognitive tests, slower performance on the
TMT-A was most evident associated with physical im-
pairment and decline. Of the tests for physical function,
the SPPB and gait speed showed more associations with
cognition at baseline than handgrip strength. All mea-
sures for brain health (hippocampal, WM lesion, and gray
matter volume) were related to physical and cognitive
functioning at baseline and during follow-up. However,
when controlling for brain health in the significant as-
sociations between physical and cognitive function, these
associations did not change. This suggests that the as-
sociations between cognition and physical function were
independent of brain health.

(Temporal Order of the) Association between Physical
Function and Cognition
Most prior studies assessing physical functioning in

relation to cognition were performed in groups aged
65–80 years [34]. A few studies focused on older indi-
viduals, but studies in individuals aged 90 years and older
remain scarce [15, 35]. It has been suggested that the
association between physical function and cognition is
especially present and more pronounced in the oldest-
old, highlighting the importance of the present study [2].
Our study confirmed the strong interrelation between
physical function and cognition in this age-group. Results
about the temporal order in which physical function and
cognition were related vary and might depend on the age-
group in which it has been studied [2, 36]. However,
mixed results have also been found in individuals aged 85
and older. In the Leiden 85-plus Study, better baseline

Fig. 2. Association of physical function with cognitive decline.
Lines are the predicted trajectories for a participant with the most
common characteristics: women, age 92.2 years (median age of
study population), from the UCI 90+ Study, with an average
education level and a GDS score of 2 (median of study population).

The cognitive scores are Z-scores except for MMSE. For all
physical and cognitive tests, higher scores represent better per-
formance, except for the TMT-A (for which lower scores are
better). MMSE, Mini-Mental State Examination; SPPB, Short
Physical Performance Battery; TMT, Trail Making Test.
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cognition was associated with slower decline in handgrip
strength and gait speed, whereas baseline handgrip
strength and gait speed were not associated with cognitive
decline, except for handgrip strength with MMSE [2, 35].
In a former study performed in the UCI 90+ Study, poor
physical performance was associated with greater risk of
incident dementia [3]. The present study found associ-
ations in both directions; however, the association be-
tween physical function at baseline with cognitive decline
seemed to be more pronounced than the other way
around. A possible explanation for the difference in re-
sults between our study and the Leiden 85-plus study is
that our range of follow-up was larger, which might
correlate with more cognitive decline in our study
population and therefore more chance to find an asso-
ciation with cognitive decline. Our results are in line with
studies indicating that physical exercise may improve
cognition (through both biological and psychological
effects) and suggest that this may also be true for the
oldest-old [11].

Differences between the Physical and Cognitive
Domains
Of the different cognitive tests included in our study,

TMT-A showed the most consistent association with
physical function. This is in line with earlier studies
indicating that processing speed and attention, two
cognitive domains assessed with TMT-A, are important
cognitive abilities in relation to physical function [2, 9].
With regard to the different tests used for physical
function, handgrip strength showed the fewest associa-
tions with cognition at baseline. Mainly the absence of a
cross-sectional association between global cognition (as
assessed with the MMSE) and memory with handgrip
strength does not seem to be in line with earlier studies
[37]. If we compare the mean handgrip strength in our
study (11.8 kg for female and 21.4 kg for men) with that in
individuals aged 85 years old in another study (22.0 kg for
females and men together), our values were lower [2].
Potentially, loss of muscle strength at the age of 90 years
and older is rather inevitable and therefore less dis-
criminating between individuals with a normal or im-
paired cognition. This is line with research showing that,
when using an arbitrary cutoff point for handgrip
strength, most individuals aged 90 years and older per-

form below this cutoff point [38]. In addition, physical
performance (as measured by gait speed or the SPPB)
seems to decline later in life and might therefore dis-
criminate better at an older age [38]. This may indicate
that gait speed and SPPB are more relevant measures to
use in clinical practice for the oldest-old than handgrip
strength.

Brain Pathology as Potential Common Underlying
Driver
Although most associations we found were between

physical function at baseline and cognitive decline, there
were also some associations in the opposite direction.
This bidirectional association between cognitive and
physical function suggests a common underlying driver
[39]. Several studies suggest that brain pathology may be
this common underlying etiology, driving both physical
and cognitive impairment and decline [2, 5]. In the
present study, MRImeasures for brain health were related
to both physical function and cognition; however, they
were not identified as common drivers. This is in line with
postmortem studies showing that the association between
physical function and cognition did not change when
controlling for brain pathologies and that only a minority
of dual cognitive and physical decline was explained by
brain pathologies [7, 8]. Perhaps, volume loss in more
specific brain regions (and other than the hippocampus)
underlies both physical and cognitive impairment, for
example, the frontal area, which is specifically affected by
aging and an important structure for processing speed
and attention [6, 9, 39]. Or a common driving factor
needs to be found in different research areas, for example,
in genetics (apolipoprotein E ε4 carriership has been
found to be more present in individuals who experience
both physical and cognitive decline) or in metabolics
(alterations in lipid metabolites were more extensively
present in individuals with both physical and cognitive
decline) [40]. Additionally, inflammation and mito-
chondrial dysfunction have been suggested as potential
contributing factors [40].

Strengths and Limitations
Themost important strength of the present study is the

large number of oldest-old individuals included, which is
achieved by combining the two largest imaging cohort

Fig. 3.Association of cognition with physical decline. Lines are the
predicted trajectories for a participant with the most common
characteristics: women, age 92.2 years (median age of study
population), from the UCI 90+ Study, with an average education
level and a GDS score of 2 (median of study population). The

cognitive scores are Z-scores except for MMSE. For all physical
and cognitive tests, higher scores represent better performance,
except for the TMT-A (for which lower scores are better). MMSE,
Mini-Mental State Examination; SPPB, Short Physical Perfor-
mance Battery; TMT, Trail Making Test.
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studies worldwide that specifically focus on cognition in
individuals aged 90 years and older. Most of the cognitive
tests and all physical parameters and brain measures were
derived in the same manner in both cohorts. To allow
pooling of the data of the two cohorts, z-scores of the
cognitive data were calculated per cohort by using the
cognitively normal individuals of each cohort as reference
population. For the MRI data, only FreeSurfer segmen-
tations of the T1 sequences were used to optimize
comparison and the MRI data were harmonized with
ComBat, which has shown satisfactory results in earlier
papers [25]. However, the limitations of the present study
are also related to the fact that we combined data of two
different cohorts as these two cohorts differ on the fol-
lowing aspects (Table 1): the percentage of participants
with dementia at baseline, the frequency of follow-up
visits (every 6 months in the UCI 90+ Study and yearly in
the EMIF-AD 90+ Study), raw scores on animal fluency
and TMT-A, the SPPB and gait speed at baseline (both
higher in the EMIF-AD 90+ Study), and the level of brain
health (higher hippocampal and gray matter volume in
the UCI 90+ Study). The difference in physical function at
baseline may be explained by the more demanding study
protocol of the EMIF-AD 90+ Study than that of the UCI
90+ Study potentially leading to the selection of physical
healthier participants and that the faster gait speed of two
attempts was used in the EMIF-AD 90+ Study whereas it
was measured only once in the UCI 90+ Study (online
suppl. Table S1) [14, 15]. It is important to take these
differences into account when interpreting our results.
However, when performing separate analyses per cohort
(when appropriate according to a significant interaction
with cohort) only two of all the associations tested
showed differences per cohort. In our opinion, this does
not outweigh the advantage of the large number of in-
dividuals by combining the two cohorts and therefore
justifies our approach. In addition, due to differences in
the protocols of the UCI and EMIF-AD 90+ Study, we
were not able to include measures for physical activity,
nutrition, and quality-of-life in our study. Another
limitation is that study samples of both cohorts were
mostly white, highly educated, and probably physically
healthier than the average 90+ year old due to demanding
study protocols. This limits the generalizability of our
results. Last, we explicitly decided to not make composite
scores of the cognitive and physical tests as each measures
a different aspect of someone’s cognitive and physical
functioning. Consequently, we performed a substantial
number of tests, for which we corrected by indicating the
significant results after Holm’s sequential Bonferroni
correction in Tables 2 and 3. Given the explorative nature

of this study, we described the uncorrected results. In line
with this, we focused in the Discussion on the direction of
the significant associations and not on the magnitude of
the regression coefficients.

Conclusion and Implications

In the present study, we showed that physical and
cognitive function is strongly related in the oldest-old and
that this association is independent of brain health. Also,
the association between physical function and cognitive
decline was more pronounced than the other way around,
which suggests there may be the potential for restraining
cognitive decline by optimizing physical function. As
diminished brain health was not found to be a common
driving factor for physical and cognitive impairment in
the present study, future research should focus on the
identification of other possible common underlying eti-
ologies, which will aid in finding modifiable factors to
preserve physical and cognitive function in the oldest-old.

Acknowledgments

The authors thank all study participants.

Statement of Ethics

The study protocol of the UCI 90+ Study was reviewed and
approved by the Institutional Review Board at the University of
California, Irvine (registration No. 2001–2029). The study pro-
tocol of the EMIF-AD 90+ Study was reviewed and approved by
the Medical Ethical Committee of the Amsterdam UMC (regis-
tration No. 2015.374). All participants provided written informed
consent.

Conflict of Interest Statement

HR performs contract research for Combinostics; all funding is
paid to her institution. The other authors declare no conflicts of
interest.

Funding Sources

This work was supported by grants from the National Institutes
of Health (R01AG021055); the EU/EFPIA Innovative Medicines
Initiative Joint Undertaking EMIF (Grant agreement No. 115372);
the Alzheimer Nederland InterACT grant (project No. WE.08-
2023-01 to N.L. and project No. WE.08-2022-06 to H.R.); the
JPND-funded E-DADS project (ZonMw project No. 733051106 to

The UCI 90+ Study and EMIF-AD 90+
Study

Gerontology
DOI: 10.1159/000542395

13

D
ow

nloaded from
 http://karger.com

/ger/article-pdf/doi/10.1159/000542395/4306558/000542395.pdf by U
niversity C

ollege London user on 03 January 2025

https://doi.org/10.1159/000542395


V.V.); the NIHR Biomedical Research Centre at UCLH (to F.B.);
the Memorable Dementia Fellowship 2021 (ZonMw project No.
10510022110004 to H.R.); and the Horizon 2022 project
PROMINENT (project No. 101112145 to H.R.).

Author Contributions

All authors have made substantial contributions to the man-
uscript and contributed to and approved the final version. C.K.,
P.J.V., M.C., M.M., H.R., and N.L. created the design and concept
of the study. N.L., J.S.V., and H.R. performed or supervised the
data analyses. V.V., D.W., F.O., and F.B. performed or supervised

the MRI analyses. M.B. made a substantial contribution to the data
collection. N.L. drafted the first and final versions of the
manuscript.

Data Availability Statement

The data of the EMIF-AD 90+ Study are available for reuse
through the EPND portal (https://discover.epnd.org). The data of
the UCI 90+ Study that support the findings of this study are not
publicly available as this could compromise the privacy of the
participants; however, the data are available from M.C. upon
reasonable request.

References

1 Legdeur N, Badissi M, Yaqub M, Beker N,
Sudre CH, Ten Kate M, et al. What de-
termines cognitive functioning in the
oldest-old? The EMIF-AD 90+ Study.
J Gerontol B Psychol Sci Soc Sci. 2021;
76(8):1499–511. https://doi.org/10.1093/
geronb/gbaa152

2 Stijntjes M, Aartsen MJ, Taekema DG,
Gussekloo J, Huisman M, Meskers CGM,
et al. Temporal relationship between cogni-
tive and physical performance in middle-
aged to oldest old people. J Gerontol A
Biol Sci Med Sci. 2017;72(5):662–8. https://
doi.org/10.1093/gerona/glw133

3 Bullain SS, Corrada MM, Perry SM, Kawas
CH. Sound body sound mind? Physical
performance and the risk of dementia in the
oldest-old: the 90+ study. J Am Geriatr Soc.
2016;64(7):1408–15. https://doi.org/10.1111/
jgs.14224

4 Legdeur N, Heymans MW, Comijs HC,
Huisman M, Maier AB, Visser PJ. Age de-
pendency of risk factors for cognitive decline.
BMC Geriatr. 2018;18(1):187–10. https://doi.
org/10.1186/s12877-018-0876-2

5 Buchman AS, Yu L, Wilson RS, Boyle PA,
Schneider JA, Bennett DA. Brain pathology
contributes to simultaneous change in
physical frailty and cognition in old age.
J Gerontol A Biol Sci Med Sci. 2014;69(12):
1536–44. https://doi.org/10.1093/gerona/
glu117

6 Holtzer R, Epstein N, Mahoney JR, Izzetoglu
M, BlumenHM. Neuroimaging of mobility in
aging: a targeted review. J Gerontol A Biol Sci
Med Sci. 2014;69(11):1375–88. https://doi.
org/10.1093/gerona/glu052

7 Buchman AS, Wang T, Oveisgharan S,
Zammit AR, Agrawal S, Yu L, et al. Corre-
lated decline of cognitive and motor phe-
notypes and ADRD pathologies in old age.
Alzheimers Dement. 2023;19(9):4150–62.
https://doi.org/10.1002/alz.13347

8 Buchman AS, Yu L, Wilson RS, Lim A, Dawe
RJ, Gaiteri C, et al. Physical activity, common
brain pathologies, and cognition in
community-dwelling older adults. Neurol-

ogy. 2019;92(8):e811–22. https://doi.org/10.
1212/WNL.0000000000006954

9 Yogev-Seligmann G, Hausdorff JM, Giladi N.
The role of executive function and attention
in gait. Mov Disord. 2008;23(3):329–472.
https://doi.org/10.1002/mds.21720

10 Zanto TP, Gazzaley A. Aging of the frontal
lobe. 1st ed Elsevier B.V.; 2019. https://doi.
org/10.1016/B978-0-12-804281-6.00020-3

11 Mandolesi L, Polverino A, Montuori S, Foti
F, Ferraioli G, Sorrentino P, et al. Effects of
physical exercise on cognitive functioning
and wellbeing: biological and psychological
benefits. Front Psychol. 2018;9(APR):
509–11. https://doi.org/10.3389/fpsyg.
2018.00509

12 Woodworth DC, Scambray KA, Corrada
MM, Kawas CH, Sajjadi SA. Neuroimaging in
the oldest-old: a review of the literature.
J Alzheimers Dis. 2021;82(1):129–47. https://
doi.org/10.3233/JAD-201578

13 Paganini-Hill A, Ross RK, Henderson BE.
Prevalence of chronic disease and health
practices in a retirement community. J Chron
Dis. 1986;39(9):699–707. https://doi.org/10.
1016/0021-9681(86)90153-0

14 Melikyan ZA, Greenia DE, Corrada MM,
Hester MM, Kawas CH, Grill JD. Re-
cruiting the oldest-old for clinical research.
Alzheimer Dis Assoc Disord. 2018;11(4):
2016–7.

15 Legdeur N, Badissi M, Carter SF, de Crom S,
van de Kreeke A, Vreeswijk R, et al. Resilience
to cognitive impairment in the oldest-old:
design of the EMIF-AD 90 + study. BMC
Geriatr. 2018;18(1):289–16. https://doi.org/
10.1186/s12877-018-0984-z

16 Guralnik JM, Ferrucci L, Simonsick EM, Salive
ME, Wallace RB. Lower-extremity function in
persons over the age of 70Years as a predictor of
subsequent disability. N Engl J Med. 1995;
332(9):556–61. https://doi.org/10.1056/
NEJM199503023320902

17 Folstein MF, Folstein SE, McHugh PR.
“Mini-mental state”. A practical method for
grading the cognitive state of patients for the
clinician. J Psychiatr Res. 1975;12(3):189–98.

https://doi.org/10.1016/0022-3956(75)
90026-6

18 Morris JC, Heyman A, Mohs RC, Hughes JP,
van Belle G, Fillenbaum G, et al. The con-
sortium to establish a registry for Alzheimer’s
disease (CERAD). Part I. Clinical and neu-
ropsychological assessment of Alzheimer’s
disease. Neurology. 1989;39(9):1159–65.
https://doi.org/10.1212/wnl.39.9.1159

19 Reitan RM, Wolfson D. The Halstead-Reitan
neuropsychological test battery: theory and
clinical interpretation. 2nd ed. Tucson, AZ:
Neuropsychology Press; 1993.

20 Wechsler D. The Psychological Corporation.
San Antonia, TX; 1997.

21 Delis DC, Kramer JH, Kaplan E, Ober B.
California verbal learning test: adult version
(CVLT-II-A): manual. 2nd. San Antonio, TX:
Psychological Corporation; 2000.

22 Melikyan ZA, Corrada MM, Dick MB,
Whittle C, Paganini-Hill A, Kawas CH.
Neuropsychological test norms in cognitively
intact oldest-old. J Int Neuropsychol Soc.
2019;25(5):530–45. https://doi.org/10.1017/
S1355617719000122

23 Fischl B, Salat DH, Busa E, Albert M, Diet-
erich M, Haselgrove C, et al. Whole brain
segmentation: automated labeling of neuro-
anatomical structures in the human brain.
Neuron. 2002;33(3):341–55. https://doi.org/
10.1016/s0896-6273(02)00569-x

24 Wei K, Tran T, Chu K, Borzage MT, Braskie
MN, Harrington MG, et al. White matter hy-
pointensities andhyperintensities have equivalent
correlations with age and CSF β-amyloid in the
nondemented elderly. Brain Behav. 2019;9(12):
e01457–9. https://doi.org/10.1002/brb3.1457

25 Orlhac F, Lecler A, Savatovski J, Goya-Outi J,
Nioche C, Charbonneau F, et al. How can we
combat multicenter variability in MR ra-
diomics? Validation of a correction proce-
dure. Eur Radiol. 2021;31(4):2272–80.
https://doi.org/10.1007/s00330-020-07284-9

26 American Psychiatric Association. APA.
Diagnostic and statistical manual of mental
disorders: DSM-IV. 4th ed. Washington, DC;
1994.

14 Gerontology
DOI: 10.1159/000542395

Legdeur et al.

D
ow

nloaded from
 http://karger.com

/ger/article-pdf/doi/10.1159/000542395/4306558/000542395.pdf by U
niversity C

ollege London user on 03 January 2025

https://discover.epnd.org
https://doi.org/10.1093/geronb/gbaa152
https://doi.org/10.1093/geronb/gbaa152
https://doi.org/10.1093/gerona/glw133
https://doi.org/10.1093/gerona/glw133
https://doi.org/10.1111/jgs.14224
https://doi.org/10.1111/jgs.14224
https://doi.org/10.1186/s12877-018-0876-2
https://doi.org/10.1186/s12877-018-0876-2
https://doi.org/10.1093/gerona/glu117
https://doi.org/10.1093/gerona/glu117
https://doi.org/10.1093/gerona/glu052
https://doi.org/10.1093/gerona/glu052
https://doi.org/10.1002/alz.13347
https://doi.org/10.1212/WNL.0000000000006954
https://doi.org/10.1212/WNL.0000000000006954
https://doi.org/10.1002/mds.21720
https://doi.org/10.1016/B978-0-12-804281-6.00020-3
https://doi.org/10.1016/B978-0-12-804281-6.00020-3
https://doi.org/10.3389/fpsyg.2018.00509
https://doi.org/10.3389/fpsyg.2018.00509
https://doi.org/10.3233/JAD-201578
https://doi.org/10.3233/JAD-201578
https://doi.org/10.1016/0021-9681(86)90153-0
https://doi.org/10.1016/0021-9681(86)90153-0
https://doi.org/10.1186/s12877-018-0984-z
https://doi.org/10.1186/s12877-018-0984-z
https://doi.org/10.1056/NEJM199503023320902
https://doi.org/10.1056/NEJM199503023320902
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1212/wnl.39.9.1159
https://doi.org/10.1017/S1355617719000122
https://doi.org/10.1017/S1355617719000122
https://doi.org/10.1016/s0896-6273(02)00569-x
https://doi.org/10.1016/s0896-6273(02)00569-x
https://doi.org/10.1002/brb3.1457
https://doi.org/10.1007/s00330-020-07284-9
https://doi.org/10.1159/000542395


27 Graham JE, Rockwood K, Beattie BL, Eastwood
R, Gauthier S, Tuokko H, et al. Prevalence and
severity of cognitive impairment with and
without dementia in an elderly population.
Lancet. 1997;349(9068):1793–6. https://doi.org/
10.1016/S0140-6736(97)01007-6

28 Petersen RC. Mild cognitive impairment as a
diagnostic entity. J Intern Med. 2004;256(3):
183–94. https://doi.org/10.1111/j.1365-2796.
2004.01388.x

29 McKhann G, Drachman D, Folstein M,
Katzman R, Price D, Stadlan EM. Clinical
diagnosis of Alzheimer’s disease: report of the
NINCDS-ADRDA work group under the
auspices of department of health and human
services task force on Alzheimer’s disease.
Neurology. 1984;34(7):939–44. https://doi.
org/10.1212/wnl.34.7.939

30 Yesavage JA, Brink TL, Rose TL, Lum O,
Huang V, Adey M, et al. Development and
validation of a geriatric depression screening
scale: a preliminary report. J Psychiatr Res.
1982;17(1):37–49. https://doi.org/10.1016/
0022-3956(82)90033-4

31 Holm S. A simple sequentially rejective multiple
test procedure. Scand J Stat. 1979;6(2):65–70.

32 R Core Team. _R: a language and environ-
ment for statistical computing_. Vienna,
Austria: R Foundation for Statistical Com-
puting. [Internet]. 2023 Available from:
https://www.r-project.org/

33 Kuznetsova A, Brockhoff PB, Christensen
RHB. lmerTest package: tests in linear mixed
effects models. J Stat Softw. 2017;82(13).
https://doi.org/10.18637/jss.v082.i13

34 Clouston SAP, Brewster P, Kuh D, Richards
M, Cooper R, Hardy R, et al. The dynamic
relationship between physical function and
cognition in longitudinal aging cohorts. Ep-
idemiol Rev. 2013;35(1):33–50. https://doi.
org/10.1093/epirev/mxs004

35 Taekema DG, Ling CH, Kurrle SE, Cameron
ID, Meskers CG, Blauw GJ, et al. Temporal
relationship between handgrip strength and
cognitive performance in oldest old people.
Age Ageing. 2012;41(4):506–12. https://doi.
org/10.1093/ageing/afs013

36 Fritz NE, McCarthy CJ, Adamo DE. Hand-
grip strength as a means of monitoring
progression of cognitive decline: a scoping
review. Ageing Res Rev. 2017;35:112–23.
https://doi.org/10.1016/j.arr.2017.01.004

37 Kobayashi-Cuya KE, Sakurai R, Suzuki H,
Ogawa S, Takebayashi T, Fujiwara Y. Ob-
servational evidence of the association be-
tween handgrip strength, hand dexterity, and
cognitive performance in community-
dwelling older adults: a systematic review.
J Epidemiol. 2018;28(9):373–81. https://doi.
org/10.2188/jea.JE20170041

38 Cruz-Jentoft AJ, Bahat G, Bauer JM, Boirie Y,
Bruyère O, Cederholm T, et al. Sarcopenia:
revised European consensus on definition
and diagnosis. Age Ageing. 2018;48:16–31.
https://doi.org/10.1093/ageing/afy169

39 Tian Q, Studenski SA, Montero-Odasso M,
Davatzikos C, Resnick SM, Ferrucci L.
Cognitive and neuroimaging profiles of older
adults with dual decline in memory and gait
speed. Neurobiol Aging. 2021;97:49–55.
https://doi.org/10.1016/j.neurobiolaging.
2020.10.002

40 Tian Q, Montero-Odasso M, Buchman AS,
Mielke MM, Espinoza S, DeCarli CS, et al.
Dual cognitive andmobility impairments and
future dementia: setting a research agenda.
Alzheimers Dement. 2023;19(4):1579–86.
https://doi.org/10.1002/alz.12905

The UCI 90+ Study and EMIF-AD 90+
Study

Gerontology
DOI: 10.1159/000542395

15

D
ow

nloaded from
 http://karger.com

/ger/article-pdf/doi/10.1159/000542395/4306558/000542395.pdf by U
niversity C

ollege London user on 03 January 2025

https://doi.org/10.1016/S0140-6736(97)01007-6
https://doi.org/10.1016/S0140-6736(97)01007-6
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1212/wnl.34.7.939
https://doi.org/10.1212/wnl.34.7.939
https://doi.org/10.1016/0022-3956(82)90033-4
https://doi.org/10.1016/0022-3956(82)90033-4
https://www.r-project.org/
https://doi.org/10.18637/jss.v082.i13
https://doi.org/10.1093/epirev/mxs004
https://doi.org/10.1093/epirev/mxs004
https://doi.org/10.1093/ageing/afs013
https://doi.org/10.1093/ageing/afs013
https://doi.org/10.1016/j.arr.2017.01.004
https://doi.org/10.2188/jea.JE20170041
https://doi.org/10.2188/jea.JE20170041
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1016/j.neurobiolaging.2020.10.002
https://doi.org/10.1016/j.neurobiolaging.2020.10.002
https://doi.org/10.1002/alz.12905
https://doi.org/10.1159/000542395

	The Temporal Relation of Physical Function with Cognition and the Influence of Brain Health in the Oldest-Old
	Introduction
	Methods
	Study Population
	Physical Function
	Cognition
	Brain Imaging
	Cognitive Status Evaluation
	Comorbidity Variables
	Statistical Analyses

	Results
	Association of Physical Function at Baseline with Cognition at Baseline and during Follow-Up
	Association of Cognition at Baseline with Physical Function at Baseline and during Follow-Up
	Association of Brain MRI Measures with Cognition and Physical Function
	Sensitivity Analyses

	Discussion
	Overall Findings
	(Temporal Order of the) Association between Physical Function and Cognition
	Differences between the Physical and Cognitive Domains
	Brain Pathology as Potential Common Underlying Driver
	Strengths and Limitations

	Conclusion and Implications
	Acknowledgments
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


