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Table 1
Characteristics of subjects in quartiles based on the level of IGF-1
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Variables All Level of IGF-1 (ng/mL) p Value for trend
Cl<84 C2 85-100 C3 101120 C4>121
Age,y 714 £5.2 73.5+5.9 713 £ 5.0 70.7 + 44 701 £ 4.6 <0.001
Sex, % (F) 535 644 57.1 48.8 43.2 <0.001
BMI, kg/m? 233 £3.1 227 £33 233 £341 234+29 240+29 <0.001
Medication use, n 19+£20 20+21 19+19 1.7+19 19 +20 0.406
Education, y 116 £ 25 11.1+£25 11.7 £ 25 118+ 24 120+ 25 <0.001
Sleep quality, % (good) 533 484 55.5 53.8 55.9 0.006
GDS, score 27+25 3.0+27 26+24 2.6+ 25 26+24 0.044
Physical activity, min/d 2857 + 159.9 288.3 + 1582 282.7 £ 1619 288.1 £ 157.8 2832 + 1619 0.554

Data are shown as mean =+ standard deviation or percentage. Variables were compared among IGF-1 levels (C1—C4). p Values are from a Cochran-Armitage or Jonckheere-

Terpstra trend test.

Key: BMI, body mass index; F, female; GDS, Geriatric Depression Scale; IGF-1, insulin-like growth factor-1.

2.6. Statistical analyses

To examine the association of IGF-1 with subject characteristics,
gait speed, and cognitive function, the subjects were divided into
quartiles based on the levels of IGF-1 (C1—C4). Comparisons among
these groups were conducted by Cochran-Armitage trend test for
the categorical data (Mikami et al., 2008) and Jonckheere-Terpstra
trend test for the continuous variables (Bansal et al., 2007). To
examine the association of the level of IGF-1 with gait and cognition
statuses, subjects were first categorized into 4 groups based on
their functional status: no cognitive impairment including MCI and
no slow gait (control group), slow gait without cognitive impair-
ment (SG group), MCI without slow gait (MCI group), and MCI and
slow gait (MCI + SG group). Associations were tested using multi-
nomial logistic regression analysis in a crude model (Model 1) and
an adjusted model (Model 2), and odds ratios (ORs) and 95% con-
fidence intervals (CIs) were calculated. The Cochran-Armitage trend
test was performed using JMP9.0] (SAS Institute, Tokyo, Japan), and
other tests were performed using SPSS, version 20 (IBM Corp,
Chicago, IL, USA). Statistical significance was set at p < 0.05 in all the
analyses.

3. Results

Subjects were classified into quartiles based on the IGF-1 levels
(C1, <84 ng/mL [n = 892]; C2, 85-100 ng/mL [n = 800]; C3,
101-120 ng/mL [n = 834]; and C4, >121 ng/mL [n = 829]). A
comparison of characteristics between these groups is shown in
Table 1. There were trends for an older age, higher proportion of
women, lower BMI, and lower educational history with a decreased
level of IGF-1 (p < 0.001). Sleep quality increased (p = 0.006) and
the Geriatric Depression Scale score decreased (p = 0.044) with
increasing IGF-1, whereas physical activity was not significantly
related to the IGF-1 level (p = 0.554). Medication use was not

Table 2
Gait speed and cognitive function among quartiles based on level of IGF-1

associated with the IGF-1 level. The proportion of subtypes in MCI
cases (aMCI vs. naMCI) also had no significant association with the
IGF-1 level (p = 0.845).

Comparisons of gait speed and cognitive functions in the 4
groups based on the IGF-1 levels are shown in Table 2. Subjects with
higher IGF-1 had a trend of walking faster (p < 0.001). All cognitive
functions were reduced with decreased IGF-1 (p < 0.001). The
distributions of SG, MCI, and MC! + SG subjects in groups C1-C4
differed significantly with that of controls (all p < 0.001, Fig. 1):
control (C1, 60.4%; C2, 68.0%; C3, 69.2%; and C4, 71.9%), SG (C1,
11.6%; C2, 7.0%; C3, 7.1%; and C4, 7.1%), MCI (C1, 20.6%; C2,19.6%; C3,
19.8%; and (4, 18.1%), and MCI with SG (C1, 7.4%; C2, 5.4%; C3, 4.0%;
and (4, 2.9%).

Multinomial logistic regression analysis was conducted with
adjustment for subject characteristics as potential confounders.
These results are summarized in Table 3. A crude model (model 1)
showed that the IGF-1 level in quartiles C1—C3 relative to the C4
quartile was associated with SG (C1: OR = 1.94, 95% CI = 1.38—2.72,
p < 0.001), MCI (C1: OR = 1.35, 95% CI = 1.06—1.73, p = 0.015), and
MCI + SG (C1: OR = 3.05, 95% Cl = 1.89-4.94, p < 0.001; C2: OR =
1.97, 95% CI = 1.18—3.28, p = 0.010) compared with controls. A
refined multivariate model (model 2) with adjustment for age, sex,
BMI, medication, educational years, sleep quality, physical activity,
and depressive symptoms indicated that the IGF-1 level in quartiles
C1—C3 relative to the C4 quartile remained associated with MCI
(C1: OR = 1.34, 95% CI = 1.04—1.75, p = 0.027) and MCI + SG (C1:
OR = 1.81, 95% CI = 1.07-3.05, p = 0.027; C2: OR = 1.79, 95% Cl =
1.05—3.07, p = 0.034) compared with controls.

4. Discussion

This population-based survey showed that serum IGF-1 levels
are related to gait speed and cognitive function in multiple do-
mains. Compared with controls, higher percentages of subjects

Variables Level of IGF-1 (ng/mL) p Value for trend
Cl<84 C2 85—-100 C3101-120 C4>121
Gait speed, m/s 1.18 +: 0.22 123 +£0.21 1.24 + 0.21 1.25 £+ 0.20 <0.001
Cognitive function
TMT-A, s 2140 + 646 20.13 £ 5.68 19.81 £ 4.84 19.41 + 523 <0.001
TMT-B, s 4292 + 1599 39.81 + 16.17 38.64 + 14.08 37.55 +13.23 <0.001
SDST, score 3724 £7.92 40.08 + 7.79 40,49 + 7.54 41.21 £ 6.99 <0.001
Figure selection, score 522+ 144 537 + 141 546 + 1.39 554+ 142 <0.001
Word recall, score 3.82 + 186 4,09 + 1.88 427 + 1.74 420+ 1.79 <0.001
Story memory, score 6.66 £ 1.78 7.04 +1.78 720+ 1.73 7.36 £ 1.63 <0001

Variables were compared among IGF-1 levels (C1-C4). p values are from a Jonckheere-Terpstra trend test.
IGF-1, insulin-like growth factor-1; SDST, Symbol-Digit Substitution Task; TMT-A, Trail-Making Test Part A; TMT-B, Trail-Making Test Part B.
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Fig. 1. Quartiles of insulin-like growth factor-1 (IGF-1) levels (C1, <84 ng/mL; C2,
85~100 ng/mL; C3, 101-120 ng/mL; and C4, >121 ngfmL) and percentages of control,
slow gait without cognitive impairment (SG), MCI without slow gait (MCI), and MCI
and slow gait (MCI + SG) subjects in each quartile.

with SG, M(J, and MCI + SG had lower levels of IGF-1. The associ-
ation between serum IGF-1 levels and slow gait was not significant
after adjusting for covariates, but those for MCI and MCI + SG
remained after adjustment.

All domains of cognitive function, including attention, executive
function, processing speed, visuospatial skill, and memory, were
related to IGF-1 levels. Most studies of the relationship of cognitive
function with IGF-1 have focused on global cognition using, for
example, the MMSE. Lower levels of IGF-1 are predictive of global
cognition (Kalmijn et al.,, 2000), and changes of IGF-1 over time are
related to changes of global cognition (Sanders et al., 2014).
Regarding specific cognitive domains, there are conflicting results
on the association with IGF-1. Lower IGF-1 has been associated with
orientation, memory, praxis, and frontal functions (Angelini et al,,
2009), whereas Dik et al. (2003) found that a reduced level of
IGF-1 is predictive for a decline in the processing speed alone. These
results were discussed in the context of the sensitivity of neuro-
psychological measures against biological factors (Dik et al., 2003).
Our results showed a trend in the association between cognitive
function and IGF-1 that was not related to a specific cognitive
domain. Additionally, subtypes of MCI (aMCI vs. naMCI) were not
associated with the IGF-1 level. In a human study, a higher serum
IGF-1 level was related to a larger total cerebral brain volume
(Westwood et al., 2014). An autopsy study suggested a role of IGF-I
in compensatory plasticity and survival of susceptible neurons in
the frontal cortex and hippocampus of AD brains (Jafferali et al.,
2000). IGF-I receptors are widely expressed not only in the brain,
specifically in the hippocampus and parahippocampal areas, ol-
factory bulb, and cerebellar cortex, but also in the amygdala, pre-
frontal cortex, and hypothalamus and dorsal thalamic nuclei (Adem
et al., 1989; Bondy and Cheng, 2004). Studies regarding multiple-
domain neuropsychological assessments also tend to have been

conducted in relatively small cohorts and have produced some
conflicting results (Aleman and Torres-Aleman, 2009: Angelini
et al., 2009; Arwert et al., 2005). Our findings from a population-
based survey with a large sample size may help to clarify these
previous results.

Our results showed that serum IGF-1 levels are associated with
MCI after adjusting for covariates. This is the first evidence of an
association between IGF-1 and MCL In human studies, a lower IGF-
1 level has been associated with AD (Duron et al., 2012), and lon-
gitudinal population studies have also shown that lower IGF-1 is a
risk factor for dementia and AD (Watanabe et al., 2005; Westwood
et al.,, 2014). IGF-1 also promotes neuronal survival in the hippo-
campus and entorhinal cortex, decreases regulation of tau phos-
phorylation (Hong and Lee, 1997), and reduces protection against
the neurotoxic effects of Af (Dore et al.,, 1997). IGF-I also increases
clearance of AB in the brain and upregulates brain levels of AB
carriers and transport of AP carrier protein complexes (Carro et al.,
2002, 2006). On the contrary, some studies have indicated that an
increased serum IGF-1 level is associated with AD (Johansson et al,,
2013 van Exel et al., 2014; Vardy et al., 2007), This discrepancy may
be partly dependent on study design, samples, and disease course.
Most of these studies were conducted in small samples, although a
few population-based surveys have used large samples (Watanabe
et al., 2005; Westwood et al., 2014). Additionally, the discrepancy
may be attributable to disease course. Vardy et al. (2007) indicated
that the linkage between serum IGF-1 level and AD may depend on
disease course based on the idea that IGF-I decreases with the
progressive stages of the disease. Studies of IGF-1 levels among MCl
subjects have been based on clinical cohorts, rather than population
cohorts, and have used relatively small samples (Duron et al.,, 2012;
Johansson et al.,, 2013). MCI has heterogeneity in pathology and
clinical signatures and thus is vulnerable to effects of sampling bias.
To avoid the influence of heterogeneity in MCI, a standardized
protocol to define MCl and population studies with a large cohort
are required.

The association of MCI + SG with IGF-1 had a higher OR than
that for MCI alone, and both of these associations remained after
adjusting for covariates. However, the association between lower
levels of serum IGF-1 and slower gait speed only was not significant
after adjusting for covariates. These results partially support our
hypothesis. There are limited evidences for an association between
IGF-1 and gait speed. Lower IGF-I in older women is associated with
poor knee extensor muscle strength and slow gait speed (Cappola
et al, 2001), and higher IGF-I is associated with robust gait
among older adults with obesity (Onder et al., 2006). On the con-
trary, a prospective study of the relationships of changes in several
biomarkers with physical and cognitive function showed that
changes in IGF-1 were associated with cognition, but not with gait
speed (Sanders et al., 2014). However, in our study, the combination
of MCI and slower gait was more sensitive to the IGF level than
either condition alone. Robust gait represents the capacity for

Table 3 .

Multinomial logistic regression analysis of the relationship between status (SG, MCI, or MCI + SG) and IGF-1 levels compared with the control group
IGF-1 level Model 1 Model 2

SG Ma - M + SG SG M MCI + SG

C1 (lowest) 1.94 (1.38-2.72)" 1.35 (1.06—1.73)° 3.05 (1.89—4.94)" 1.27 (0.87-1.85) 1.34 (1.04-1.75)° 1.81 (1.07-3.05)"
c2 1.04 (0.71-1.53) 1.15 (0.89-1.48) 1.97 (1.18—3.28)* 0.90 (0.60—1.35) 1.16 (0.89—1.50) 1.79 (1.05-3.07)*
c3 1.03 (0.71-1.51) 1.14 (0.89—1.46) 1.42 (0.83—2.43) 1.01 (0.68—1.51) 1.13 (0.87-1.46) 143 (0.81-2.51)
C4 (highest) Reference Reference Reference Reference Reference Reference

Data are shown as odds ratio (95% confidence interval). Model 1: crude model; model 2: adjusted for age, sex, body mass index, medication, years of education, sleep quality,

physical activity, and depressive symptoms.

IGF-1, insulin-like growth factor-1; MCI, mild cognitive impairment without slow gait; MCI + SG, MCI and slow gait; SG, slow gait without cognitive impairment,

2 p<0.05.
b p < 0.01.
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physical activity, and decreasing mobility induces a vicious cycle of
reduced physical activity among older adults. Our results further
support the idea of an effect of IGF-1 on mediating exercise and
cognition. Both brain and muscle are regarded as major target or-
gans for blood-borne IGF-I (Trejo et al, 2001), and IGF-1 is
increased in the periphery by exercise and crosses the blood-brain
barrier to enter the brain (Lopez-Lopez et al,, 2004; Trejo et al.,
2001). This peripheral increase in IGF-1 appears to be essential
for exercise-induced neurogenesis in the brain. In fact, blocking
entrance of circulating IGF-l into the brain prevents exercise-
induced proliferation of neural precursors (Trejo et al, 2001), and
serum IGF-I-deficient mice do not show cognitive enhancement
after exercise unless they are treated with IGF-I (Trejo et al., 2008).
Thus, serum IGF-1 may have mediation effects on the association
between exercise and cognition. The mechanisms underlying this
linkage are unclear, but our findings suggest a possible pathway.
Further studies are required to examine this possible linkage be-
tween physical and cognitive functions.

The present study had not only several strong points but also
some limitations. The cohort was large, and MCI was defined using
a validated neuropsychological assessment tool, but the cross-
sectional design does not allow examination of causal relation-
ships. Next, IGF-1 is not commonly measured in a large cohort, but
the role of IGF-1 in older adults is still uncertain, and improved
examination of cognition among older adults requires brain neu-
roimaging to identify age-related changes based on brain atrophy or
white-matter hyperintensities. Within these limitations, we found
that the serum IGF-1 level was associated with cognitive functions
in multiple domains, gait speed, and MCIL The associations of serum
IGF-1 with MCI alone and MCI + SG were retained in multivariate
models but that between serum IGF-1 and slow gait alone was not
significant. A further study is required to examine the mechanisms
underlying the linkages among serum IGF-1, gait, and cognition. In
addition, other biomarkers, for example, brain-derived neuro-
trophic factor and vascular endothelial growth factor, may mediate
the association between cognition and physical exercise (Voss et al.,
2013). To compare these markers, an understanding of the media-
tion effects of biomarkers is required. Furthermore, it is unclear if
the IGF-1 level is related to reversion from MCI to dementia,
although combined gait and cognitive impairment is thought to be
a high risk factor for dementia (Verghese et al., 2014; Waite et al.,
2005). A longitudinal study is required to examine the relation-
ship between IGF-1 level and future risk of dementia, in comparison
with established disease markers such as AB and tau.
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ABSTRACT

Background: Cognitive function is an important contributor to health among elderly adults. One reliable measure
of cognitive functioning is information processing speed, which can predict incident dementia and is longitudinally
related to the incidence of functional dependence. Few studies have examined the association between information
processing speed and mortality. This 8-year prospective cohort study design with mortality surveillance examined the
longitudinal relationship between information processing speed and all-cause mortality among community-dwelling
elderly Japanese.

Methods: A total of 440 men and 371 women aged 70 years or older participated in this study. The Digit Symbol
Substitution Test (DSST) was used to assess information processing speed. DSST score was used as an independent
variable, and age, sex, education level, depressive symptoms, chronic disease, sensory deficit, instrumental activities
of daily living, walking speed, and cognitive impairment were used as covariates.

Results: During the follow-up period, 182 participants (133 men and 49 women) died. A multivariate Cox
proportional hazards model showed that lower DSST score was associated with increased risk of mortality (hazard
ratio [HR] = 1.62, 95% CI=0.97-2.72; HR = 1.73, 95% CI=1.05-2.87; and HR = 2.55, 95% CI=1.514.29, for
the third, second, and first quartiles of DSST score, respectively).

Conclusions: Slower information processing speed was associated with shorter survival among elderly Japanese.

Key words: all-cause mortality; cognition; community elderly; information processing speed

INTRODUCTION

Cognitive function is an important contributor to health among
elderly adults. Recent studies have identified a longitudinal
association between cognitive function and mortality among
older adults.!? One reliable measure of cognitive functioning
is information processing speed, which refers to how quickly
an individual can accurately process new input from the
environment and retrieve stored information from memory.3
It can be assessed objectively by measuring reaction time* or
by using tests such as the Digit Symbol Substitution Test
(DSST).> Information processing speed is closely correlated
with chronologic age® Slow processing speed predicts
incident dementia’ and is longitudinally related to the
incidence of functional dependence in activities of daily
living (ADL) and instrumental ADL (JADL).® In addition,

recent studies reported that information processing speed
among elderly adults can be increased by interventions that
improve cognitive functioning.>'® Thus, because information
processing speed has a central role in cognitive aging, is
closely associated with incidence of functional dependence,
and is responsive to intervention strategies, further study of its
relationship to mortality could aid development of longevity-
promoting strategies.

Although a few studies have assessed the relationship
between information processing speed and all-cause mortality
among elderly adults,>!"!? the mechanisms underlying this
relationship remain unclear. Various factors such as physical
health status and cognitive impairment are thought to
influence this relationship. Cognitive performance among
elderly adults is reported to be adversely affected by physical
health problems!? such as functional disability, hearing loss,
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and chronic disease, all of which are closely related to
mortality.'* 16 Thus, individuals with slower information
processing speed may be more likely to have shorter life
spans because of their poor physical health. In the present
study, we adjusted our statistical model for physical health
status—including chronic disease, sensory deficit, IADL,
and walking speed—to determine if the relationship between
information processing speed and all-cause mortality is
independent of physical health status.

Regarding the effect of cognitive impairment on the
relationship between information processing speed and all-
cause mortality, elderly individuals with early dementia were
reported to have slower information processing speed.’
Additionally, elderly adults with dementia have shorter life
spans than cognitively intact individuals.!” Thus, individuals
with slower processing speed may have shorter life spans,
due to dementia. We also performed a statistical adjustment
for cognitive impairment to determine if the relationship
between information processing speed and all-cause mortality
is independent of cognitive impairment.

In this study, we examined the longitudinal relationship
between information processing speed (as measured by the
DSST) and all-cause mortality among Japanese community-
dwelling elderly adults. Additionally, we sought to determine
if the longitudinal relationship was independent of physical
health status and cognitive impairment.

METHODS

Participants

The data for the present study were collected during mass
health checkups for community-dwelling older adults
(Otasha-Kenshin),'®'° which were conducted by the Tokyo
Metropolitan Institute of Gerontology. The Japanese term
Otasha-Kenshin translates as “health checkups for successful
aging.” The study was conducted in Itabashi ward, in northern
Tokyo, Japan. The Itabashi ward authorities granted access to
the registration files of municipal residents. At the baseline,
participants took part in a face-to-face interview with
trained research assistants. The study was approved by the
Ethics Committee of the Tokyo Metropolitan Institute of
Gerontology. The study was described to all participants, who
were advised that their participation would be entirely
voluntary, that they could withdraw from the study at any
time, and they would not be disadvantaged in any way if they
chose to withdraw or not participate. As of 2002, a sample of
1945 residents (age 70-84 years) was randomly obtained from
the registration files of municipal resident, and we acquired
847 complete datasets (43.5% participation) for the baseline
survey.

Of those who participated in the baseline survey, 36 were
excluded from the analysis because they had missing DSST
scores. Thus, 811 participants (440 men and 371 women;
mean age at baseline, 76.1 + 3.6 years) with complete datasets

163

were included, and their data ‘were used for the 8-year
mortality surveillance (Figure 1).

Mortality follow-up

The survey was completed at the end of 2002, and the date of
the survey was defined as the baseline for the follow-up period
in the present study. Thus, we carried out the 8-year mortality
surveillance from the date of the survey to January 1, 2011.
Current residency in Itabashi ward on January 1, 2011 was
determined using the municipal resident registration files for
Itabashi ward. The dates on which residents moved away or
died were identified from the registration files and used to
calculate survival times. The certifications and dates of all
decedents and those moving away were obtained from the
Itabashi ward authorities. The dependent variable in the
analyses was survival time, calculated as the number of days
between the baseline and the date of death or censoring
(including survivors and dropouts due to migration from
Itabashi ward). Survivors were censored on January 1, 2011.
Dropouts were censored on the date of migration from Itabashi
ward.

Measurement of information processing speed

We used the DSST to assess information processing speed
among elderly adults. The DSST is a paper-and-pencil task.
The participants receive a test sheet paper and are asked to do
a timed translation of numbers to symbols, using a key given
at the top of the test page, and write as many symbols as
possible into the empty boxes below each digit. The test is
scored as the number of correct translations completed within
90 seconds, with a potential range of 0 to 93. We divided the
participants into 4 groups using quartiles of the DSST score.

Other measurements

Data for baseline characteristics were used as covariates in the
analysis of the association between cognitive performance
and mortality and to describe the characteristics of the study
participants. Data for age, sex, education level, chronic
disease, sensory deficit, depressive symptoms,?’ IADL
(measured according to the Tokyo Metropolitan Institute
of Gerontology Index of Competence?!), self-rated health,
walking speed, and Mini-Mental State Examination
(MMSE??) score were included. Chronic disease was self-
reported by the participants and was defined as having at least
1 of the following diseases: stroke, heart disease, or diabetes
mellitus. Sensory deficit was self-reported by the participants
and was defined as experiencing at least 1 of the following:
hearing loss or eyesight problems. To assess IADL,
participants were asked to assess whether they were
independent with respect to the 5 daily IADL tasks (eg,
using public transportation and preparing meals).?! Higher
scores reflect a higher level of functioning in IADL. In this
study, a cut-off score of 4/5 (ie, a score of <4 was classified as
IADL-dependent) was used to determine whether participants

J Epidemiol 2014;24(1):52-59



Information Processing Speed and Mortality

. Non participation

(n = 1098)

Investigated at
baseline (n = 847)

Missing values

- (n = 36)
Data used for the
analysis (n = 811)
\ 4 N4 y
Survivors Deceased Moved away |
(n = 568) (n=182) (n=61) ﬁ

Figure 1. Study flow diagram.

were dependent with respect to IADL.2* To test usual walking
speed, participants walked at their usual pace along a straight
11-meter walkway on a flat floor. A stopwatch was used to
measure the time taken to walk 5 meters, from the time the
foot touched the ground after the 3-meter line to when the foot
touched the ground after the 8-meter mark.?* The MMSE was
used to discriminate participants who had a possible cognitive
impairment, using a cutoff score of 23/24, meaning that
participants with a score of 0 to 23 points were classified as
possibly cognitively impaired.'®

Statistical analysis

‘We used Cox proportional hazards models to test longitudinal
relationships between DSST performance and all-cause
mortality. In model 1, we adjusted for age, sex, education
level, and depressive symptoms at baseline. Model 2 was
adjusted for the covariates in model 1 plus chronic disease,
sensory deficit, IADL, and walking speed at baseline. In
model 3, we adjusted for the covariates in model 2 plus
cognitive impairment at baseline. All statistical procedures
were performed using SPSS for Windows (version 17.0;
SPSS, Inc., Chicago, IL, USA).

RESULTS

During the 8-year follow-up of the 811 adults, 182 (133 men
and 49 women) died and 61 (30 men and 31 women) moved
to a different region of Japan and were lost to follow-up.
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Table 1. Characteristics of study participants (N=811)

Age, mean  SD (years) 76.1+3.6
Sex (female), n (%) 371 (45.7)
Years of education, mean + SD 10.7£3.1
Depressive symptoms, n (%) 19 (2.3)
Chronic disease?, n (%) 308 (38.0)
Sensory deficit, n (%) 99 (12.2)
instrumental activities of daily living (dependent), n (%) 123 (15.2)
Walking speed, mean + SD (m/s) 1.2+0.3
Cognitive impairment®, n (%) 46 (5.7)
Digit Symbol Substitution Test score, mean + SD 352+10.9
Self-rated health (fair/poor), n (%) 167 (20.6)

aChronic disease was defined as 21 of the following diseases: stroke,
heart disease, or diabetes mellitus.

BA cutoff score of 23/24 on the Mini-Mental State Examination was
used to discriminate participants with possible cognitive impairment.

Table 1 shows the characteristics of the members of the
follow-up cohort, collected in 2002, including age, sex,
education level, depressive symptoms, chronic disease,
sensory deficit, IADL, walking speed, cognitive impairment,
DSST scores, and self-rated health.

Figure 2 shows the distribution of DSST scores at baseline.
The mean score was 35.2 + 10.9 (range: 5 to 73).

Figure 3 shows the Kaplan—Meier survival curves for
mortality according to quartile of DSST score. Mortality risk
was significantly higher among lower-functioning individuals
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Figure 2. Distribution of DSST scores at baseline.
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Figure 3. Unadjusted Kaplan—Meier survival curves for all-cause mortality according to DSST quartile at baseline, during
an 8-year follow-up period. Mortality risk significantly differed according to DSST quartile (log-rank test:
P <0.001). The vertical axis indicates survival probability; the horizontal axis indicates survival time (days).
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