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Longitudinal association of hypertension and diabetes
mellitus with cognitive functioning in a general
70-year-old population: the SONIC study
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Both hypertension and diabetes in middle-aged individuals have been suggested to be predictive indicators of cognitive decline.

However, the association of hypertension, diabetes and their combination with cognitive functioning is still controversial in older

people. The purpose of this study was to investigate the association between cognitive decline and hypertension, diabetes, and their

combination in 70-year-old people based on a 3-year longitudinal analysis. Four hundred and fifty-four people aged 70 (±1) years
who participated in the Japanese longitudinal cohort study of Septuagenarians, Octogenarians and Nonagenarians Investigation with

Centenarians (SONIC) were recruited randomly from a general population and were monitored for 3 years. The data, including most

of the demographics, cognitive functioning measured by the Montreal Cognitive Assessment Japanese version (MoCA-J), blood

pressure, blood chemistry and other medical histories, were collected at baseline and during the follow-up. The prevalence of

hypertension noted in the follow-up survey was significantly higher than than noted at baseline. The mean MoCA-J score at follow-

up was not significantly different from the score obtained at baseline. However, the participants with diabetes, especially combined

with hypertension at baseline, had significantly lower MoCA-J scores than those without lifestyle-related diseases. The combination

of hypertension and diabetes was still a significant risk factor for cognitive decline, considering the MoCA-J scores obtained during

the follow-up after adjustments at baseline, relative to sex, body mass index, dyslipidemia, smoking, excessive alcohol intake,

antihypertensive treatment and education level (β=−0.14; Po0.01). Our findings indicate that diabetes and the combination of

hypertension and diabetes are clear risk factors for future cognitive decline in elderly individuals who are 70 years of age.
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INTRODUCTION

Midlife hypertension (HT) is thought to be associated with lower

cognitive functioning in later life, and HT-related changes in cognition

have been well-documented.1–4 In contrast, it is still controversial

whether HT affects cognitive decline at an older age based on the

results of most cross-sectional analyses.1,2,5–7 In a cross-sectional

investigation, our group recently reported that HT might be associated

with cognitive decline at ~ 70 years of age but not in individuals

~ 80 years of age.5 This finding may indicate that aging influences

cognitive decline in the presence of lifestyle-related diseases, such as

HT and diabetes mellitus (DM).

According to several longitudinal studies, high blood pressure (BP)
in midlife significantly increases the risk of cognitive decline in

later life.1,2,8–10 Meanwhile, several reports have indicated that the

influence of HT and elevated BP on the progression of cognitive

decline was attenuated in general populations of those aged 70 years or

older.1,2,5–7,11,12

Similar findings were reported in several previous studies of HT,
obesity and cognitive performance, in which the effects of these
risk factors on cognitive decline were additive.1,13,14 Regarding the
relationship between DM and cognitive decline, there have been many
population-based longitudinal studies, including both middle-aged
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and older populations.15,16 With the finding of significant multi-
plicative interactions between HT and DM in previous studies,
the combined presence of these lifestyle-related diseases might be
associated with lower-level cognitive functioning compared with the
presence of either alone. However, the majority of studies were limited
to Caucasians and involved elderly populations, in which these
associations tended to be weak.1,13,17–19

The aim of this study was to investigate the 3-year longitudinal
effect of HT and additive risk factors on cognitive functioning in
individuals ~ 70 years of age. There was a clear influence of high BP on
cognitive decline in our previous study, involving a general Japanese
population in a narrow age range cohort study: the Septuagenarians,
Octogenarians and Nonagenarians Investigation with Centenarians
(SONIC) study, a longitudinal cohort study targeting older ages.5,20–22

METHODS

Study population
This study was a longitudinal examination involving a 3-year follow-up
investigating health and longevity. Named the SONIC study, our longitudinal
cohort study targeted older individuals aged 70, 80, 90 and over 100 years,
and included medical and social variables.5,20–22 The participants were
1000 independently living volunteers (excluding institutionalized individuals)
aged 69–71 years (52.1% were women) from the following four areas of Japan:
Itami City, Hyogo (Western-urban); Asago City, Hyogo (Western-rural);
Itabashi ward, Tokyo (Eastern-urban); and Nishitama County, Tokyo
(Eastern-rural). The participants were selected randomly from the local resident
registration performed in 2010. We invited 4307 people among the targeted
age range in the four surveyed regions. We estimated the participation ratio
for the 70 s cohort as 25%. Consequently, 1000 people participated in our
survey.23 Six hundred and thirty-four people (50.5% were women) participated
in the baseline and 3-year follow-up survey. We excluded 180 participants from
our analyses who had histories of stroke, cardiovascular disease, kidney disease
and dementia. We examined 454 people (53.7% were women) who participated
in the baseline and 3-year follow-up surveys.
The study protocol was approved by the Institutional Review Board of

Osaka University Graduate School of Medicine, Dentistry, Human Sciences,
and Tokyo Metropolitan Geriatric Hospital and Institute of Gerontology
(approval numbers 266, H22-E9, 22018 and 38, respectively). All of the
subjects provided their written informed consent to participate in the study.

Measurements
BP measurement and classification. A physician or trained nurse, using
a mercury sphygmomanometer or electronic monitor two times, obtained
BP measurements from the left and right arms of the patients while they sat
after at least 1 min of rest, and the mean of the 2 measurements of both arms
were used in the analysis. According to the criteria of the Japanese Society
of Hypertension guidelines for the management of HT (JSH 2014), the
diagnosis of HT was based on BP values 4140/90 mm Hg and use of
antihypertensive treatment at the time of the first contact.4 BP measurements
were classified into 2 categories: the uncontrolled BP group was defined as
individuals with systolic BP (SBP) values of 140 mm Hg or greater and diastolic
BP (DBP) values of 90 mm Hg or greater, and the controlled BP group was
defined as individuals with SBP values o140 mm Hg and DBP values
o90 mm Hg according to the guidelines. Individuals receiving antihypertensive
treatment at the time of the first contact were classified as treated, and of these
subjects, those having SBP values o140 mm Hg or DBP o90 mm Hg were
considered to be hypertensive but controlled. The pulse pressure (PP) was
calculated by subtracting DBP from SBP.

Other factor measurements. The participants were interviewed at the time
of the study enrollment and follow-up using questionnaires covering
demographics, clinical information and psychosocial characteristics. The
blood samples were drawn after overnight fasting. The levels of total
cholesterol, high-density lipoprotein cholesterol, triglycerides, serum albumin
and fasting/casual blood glucose were determined by biochemical examinations.

DM was defined by fasting blood glucose concentrations ⩾ 7.0 mmol l− 1

(126 mg dl− 1), casual blood glucose concentrations ⩾ 11.1 mmol l− 1

(200 mg dl− 1), HbA1c (NGSP) ⩾ 6.5% or taking medications for diabetes
according to the World Health Organization criteria for epidemiologic studies
of DM. Dyslipidemia was defined as low-density lipoprotein cholesterol
⩾ 3.62 mmol l− 1 (140 mg dl− 1), high-density lipoprotein cholesterol
o1.03 mmol l− 1 (40 mg dl− 1), triglyceride ⩾ 1.69 mmol l− 1 (150 mg dl− 1)
and medications for dyslipidemia. Smoking behavior was based on
a questionnaire, which classified subjects into the following three categories:
never, past and current. Alcohol consumption was also classified into the
following three categories by ethanol units: never, current (1–3 days o3 units
per week) and excessive current (⩾3 days and ⩾ 3 units per week).

Assessment of cognitive functioning
We used the Japanese version of the Montreal Cognitive Assessment (MoCA-J)
as a general index of the cognitive status.24 MoCA is a brief cognitive screening
tool for detecting mild cognitive impairment in elderly people.25 MoCA
consists of a 1-page 30-point test administered by trained geriatricians
and psychologists, with higher scores reflecting more favorable cognitive
functioning. MoCA assesses the following domains of cognition: visuospatial
abilities (3 points), naming task (3 points), attention task (6 points), language
(3 points), abstraction task (2 points), delayed recall (5 points) and orientation
(6 points). The MoCA-J showed a favorable reliability and better validity
for predicting mild cognitive impairment than conventional cognitive tests.24

We used the MoCA-J total score as a predictor of cognitive functioning.5

Statistical analyses
At baseline and follow-up examination, the descriptive data were summarized
and presented as the mean± s.d. values and proportions. Student’s t-test for
two independent groups and the paired t-test for two dependent groups were
used, and the comparison of proportions between the baseline and follow-up
was performed using the McNemar test. Multiple linear regression models were
produced for each group to calculate the standardized regression coefficients
(β) expressing independent associations between the variables. In these analyses,
the data were stratified by the diagnosis of HT and DM, BP category
and antihypertensive treatment. When analysis of covariance indicated the
effect of the BP category and antihypertensive treatment, pairwise comparisons
were used to identify significant differences. All of the statistical analyses
were performed using SPSS Statistics 22 (IBM Japan, Tokyo, Japan). All of the
reported P-values are two-tailed, and Po0.05 was considered to be statistically
significant.

RESULTS

Characteristics of participants
The characteristics of participants at baseline and follow-up are
shown in Table 1. The proportions of those with HT, dyslipidemia
and HT medication use were significantly higher in participants at the
time of follow-up than in those at baseline. The proportion of those
with DM was not significantly different; In addition, the proportion of
DM participants with HT at the time of follow-up was not
significantly different at baseline. DBP at the time of follow-up
was significantly lower than at baseline. The number of patients with
new-onset of HT was 56 (41.5% of normotensives at baseline). Serum
total cholesterol, low-density lipoprotein cholesterol and high-density
lipoprotein cholesterol at the time of follow-up were significantly
lower than at baseline, whereas triglyceride and BMI were higher than
those at baseline.
The MoCA-J total score at the time of follow-up was not

significantly different from the baseline score not only in the total
participants but also in the participants with combination of HT and
DM (Table 1 and Figure 1). However, those with HT, especially
combined with DM at baseline, had a significantly lower MoCA-J total
score at the time of follow-up after adjusting for sex and dyslipidemia
in the analysis of covariance model (Figure 1). The MoCA-J total score
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at baseline was not significantly different between the combinations of
HT and DM. In addition, the MoCA-J total score according to
the combinations of HT and DM was not significantly different
between the baseline and the follow-up scores. According to the
SBP category at baseline, the MoCA-J total score of people with
stage 3 HT at the time of follow-up was significantly lower than those
with optimal, normal, high-normal and stage 1 HT after adjusting for
sex, DM and dyslipidemia (Figure 2). The MoCA-J total score at

baseline was not significantly different between the SBP categories
at baseline. In addition, the MoCA-J total score according to the
SBP categories was not significantly different between the baseline and
the follow-up scores. According to the BP control level and the
treatment status at baseline, the MoCA-J total score at the time
of follow-up was not significantly different after adjusting for sex,
DM and dyslipidemia; however, there was a marginal difference
between those individuals with no HT and those with BP uncontrolled
no treatment (Supplementary Figure S1). The distribution of the
3-year change in the MoCA-J total score is shown in Supplementary
Figure S2 (skewness=− 0.029, kurtosis= 0.383).

Multiple regression analysis
Table 2 shows the standardized univariate coefficients and multi-
regression coefficients as predictors of the MoCA-J total score at
the time of follow-up. In model 1, the combination of HT and
DM was a significant risk factor for the MoCA-J total score at the
3-year follow-up after adjusting for the MoCA-J total score at the
baseline, sex, BMI, dyslipidemia, smoking, excessive alcohol intake,
antihypertensive medications and educational level at baseline
(β=− 0.14; Po0.01). In model 2, DM at baseline correlated
significantly with the MoCA-J total score at the time of follow-up
(β=− 0.12; Po0.01). DM at baseline was a significant predictor of the
MoCA-J total score at the time of follow-up in the multi-regression
analyses, whereas SBP and PP at baseline were not significant
predictors (models 3 and 4). Table 3 shows DM at baseline was
a significant predictor of the change in the MoCA-J total score
between baseline and follow-up scores (models 2, 3 and 4).

DISCUSSION

Previous cross-sectional studies, including our report, indicated
a significant correlation between a high SBP and an increased risk
of cognitive decline.1,5–7,26 The present longitudinal study indicated
that DM and the combination of HT and DM but not HT only in later
life at ~ 70 years of age might be a risk factor for cognitive decline after
a 3-year follow-up. In our results, the prevalence of HT at the time of
follow-up was significantly higher than at baseline in the community-
dwelling Japanese participants ~ 70 years old, whereas SBP was not
significantly different and the mean SBP was controlled. This finding
may be due to the significantly increasing use of antihypertensive
medication at the time of follow-up compared with HT medication
use at baseline; therefore, BP control of follow-up participants might
be adequate in the present study. One of the previous studies on
the relationship between HT and dementia suggested that a higher
SBP developed 4 years before the onset of Alzheimer’s disease in
community-dwelling people aged 75 or younger.27 In addition, several
previous studies using longitudinal observation performed a longer

Table 1 Characteristics of study population

N=454 Baseline Follow-up (3 years) Changes

SBP (mmHg) 139.5±18.9 137.9±18.2 −1.6±17.7

DBP (mmHg) 79.3±10.4 77.9±11.1 −1.4±10.2**

PP (mmHg) 60.3±15.0 60.0±14.4 −0.2±14.3

HTN (%) 64.8 71.4 +6.6*

Taking medication for

HTN (%)

33.1 43.0 +9.9***

DM (%) 18.4 17.1 −1.3

Combined HTN (%) 68.4 73.7 +5.3

Dyslipidemia (%) 63.6 74.3 +10.7***

Serum total cholesterol

(mg dl−1)

213.3±37.0 207.6±34.4 −5.7±50.5*

LDL-C (mg dl−1) 124.8±29.5 119.5±30.2 −5.2±26.9***

HDL-C (mg dl−1) 63.8±15.7 60.4±14.9 −3.3±8.6***

TG (mg dl−1) 132.5±77.0 139.6±84.4 +7.0±79.9

BMI (kg m−2) 22.7±2.8 22.9±3.0 +0.2±1.5*

Serum albumin (g dl−1) 4.4±0.3 4.4±0.3 −0.1±0.4**

MoCA-J total score (0–30) 24.0±3.1 24.1±3.0 +0.1±2.8

Visuospatial/executive (0–5) 4.4±0.8 4.3±0.9 −0.1±0.9

Naming task (0–3) 2.9±0.4 2.9±0.4 +0.0±0.4

Attention (0–6) 5.1±1.0 5.0±1.1 −0.0±1.0

Language (0–3) 1.6±0.9 1.5±0.8 −0.1±1.0

Abstraction (0–2) 1.4±0.7 1.8±0.5 0.4±0.8***

Delayed recall (0–5) 2.1±1.6 2.1±1.6 +0.0±1.8

Orientation (0–6) 5.9±0.4 5.8±0.5 −0.0±0.6

Current smoking (%) 10.6 13.3 +2.7*

Alcohol consumption (%)
Never 61.4 60.5 −0.9

Current 32.9 35.4 +2.5

Current excessive 5.7 4.1 −1.6

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; DM, diabetes mellitus;
HDL-C, high-density lipoprotein-cholesterol; HTN, hypertension; LDL-C, low-density lipoprotein-
cholesterol; MoCA-J, Japanese version of Montreal Cognitive Assessment; PP, pulse pressure;
SBP, systolic blood pressure; TG, triglyceride.
At both the baseline and follow-up, 454 participants were analyzed after excluding those with
missing data.
*Po0.05, **Po0.01 and ***Po0.001.

Figure 1 MoCA-J total score at the time of follow-up and at baseline associated with the combination of hypertension (HT) and diabetes mellitus (DM) at
baseline after adjusting for sex and dyslipidemia in the analysis of covariance model. †Po0.1, **Po0.01 and ***Po0.001.
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follow-up and included subjects with higher BP values at baseline than
in our study; therefore, the results of the present study might not be
concordant with those of previous studies.11,27 Another reason for the
discrepancy with previous studies involves the characteristics of

participants in the SONIC study, whereas the participants in this
study may be healthier than those in previous studies because most are
community dwellers, and they were able to come to the investigation
site by themselves.

Figure 2 Sex-, diabetes mellitus- (DM) and dyslipidemia-adjusted MoCA-J total scores at the time of follow-up and at baseline according to the systolic blood
pressure (SBP) category at baseline using analysis of covariance. *Po0.05.

Table 2 Standardized multi-regression coefficients (β) as predictors of MoCA-J total score at follow-up

Multi-regression coefficients (β)

Univariate coefficients Model 1 Model 2 Model 3 Model 4

Combination of HT and DM −0.18*** −0.14** – – –

HT −0.10* – −0.07 – –

DM −0.15** – −0.12** −0.12** −0.12**

SBP −0.08 – – −0.03 –

PP −0.10* – – – −0.05

Abbreviations: BMI, body mass index; DM, diabetes mellitus; HT, hypertension; MoCA-J, Japanese version of the Montreal Cognitive Assessment; PP, pulse pressure; SBP, systolic blood pressure.
We defined the categorical variables as following; non-HT and non-DM=0, HT or DM=1, HT and DM=2.
The covariates of models 1 are including MoCA-J total score at the baseline, sex, dyslipidemia, BMI, smoking, excessive alcohol intake, antihypertensives and educational level.
The covariates of models 2 are including MoCA-J total score at the baseline, sex, dyslipidemia, BMI, smoking, excessive alcohol intake, antihypertensives and educational level.
The covariates of models 3 are including MoCA-J total score at the baseline, sex, dyslipidemia, BMI, smoking, excessive alcohol intake, antihypertensives and educational level.
The covariates of models 4 are including MoCA-J total score at the baseline, sex, dyslipidemia, BMI, smoking, excessive alcohol intake, antihypertensives and educational level.
Parameter estimates (β) can be interpreted as differences in MoCA-J total scores for each 10-mmHg increase in SBP and PP.
*Po0.05, **Po0.01, ***Po0.001.

Table 3 Standardized multi-regression coefficients (β) as predictors of change of MoCA-J total score between baseline and follow-up

Multi-regression coefficients (β)

Univariate coefficients Model 1 Model 2 Model 3 Model 4

Combination of HT and DM −0.05 −0.09 – – –

HT 0.02 – −0.02 – –

DM −0.08 – −0.11* −0.11* −0.11*

SBP 0.03 – – 0.00 –

PP 0.01 – – – −0.02

Abbreviations: BMI, body mass index; DM, diabetes mellitus; HT, hypertension; MoCA-J, Japanese version of the Montreal Cognitive Assessment; PP, pulse pressure; SBP, systolic blood pressure.
We defined the categorical variables as following: non-HT and non-DM=0, HT or DM=1, and HT and DM=2.
Models 1–4 are adjusted for sex, dyslipidemia, BMI, smoking, excessive alcohol intake, antihypertensives and educational level.
Parameter estimates (β) can be interpreted as differences in MoCA-J total scores for each 10-mmHg increase in SBP and PP.
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Interestingly, HT, DM and PP at baseline were correlated with the
MoCA-J total score at the time of follow-up, as shown in Table 2;
however, in multi-regression models, DM and its combination with
HT were significantly correlated with the cognitive functioning
evaluated by MoCA-J in community-dwelling elderly aged ~ 70 years
after adjusting for the MoCA-J total score and other confounders
excluding stroke, cardiovascular disease, kidney disease and dementia
at baseline (Table 2). These findings are novel. From these results, we
suggest that DM combined with HT may have a stronger influence on
future cognitive decline compared with DM only. Comparing
the findings of significant multiplicative interactions between
HT and DM in previous studies, we note that our results indicated
that the combination of HT and DM had a more additive effect,
but not a more interactive effect, than the presence of a higher BP and
DM alone.1,11,17 Previous longitudinal studies, which reported on the
association of combined HT and DM in community-dwelling elderly,
suggested that HT and DM were associated with different cognitive
domains.11,17 Our study examined cognitive functioning using
MoCA-J, which is appropriate for the evaluation of early and mild
cognitive decline. Since we could not perform imaging examinations,
such as MRI, to determine subtypes of dementia because the survey
was conducted at a community center and not a hospital, we could
not discuss the causes of cognitive decline. However, our study
may support additive effects whereby the combination of HT and
DM impairs the cognitive functioning in different domains. In
addition, the standardized multi-regression coefficient as a predictor
of the MoCA-J total score at the time of follow-up was larger than
those of previous cross-sectional and longitudinal studies; therefore,
the prevention of both HT and DM was more effective for the
prevention of cognitive decline at the 3-year follow-up in later life at
approximately age 70.5,7,17

The key strength of our SONIC study was that we investigated
a cohort study involving community-dwelling participants within
a narrow age range to specify predictors under conditions that
minimize the influence of age.5,20–22 We could consider the influence
of age, and to our knowledge, this narrow age approach in
a longitudinal study may clarify the differences in the influence of
aging on the association between HT and cognitive functioning in later
life. The age range of participants in previous studies was relatively
wide; therefore, one of our hypotheses was that the results were
controversial because of the study design. The design of our SONIC
study enabled us to clarify the differences in the association of HT and
cognitive functioning among participants ranging in age between
70 and 80 years.5 In addition, the MoCA-J score was sensitive
compared with Mini Mental State Examination; therefore, we
provided additional outcomes to examine the longitudinal association
between HT and cognitive functioning.
Our study has several limitations. First, DM, especially combined

with HT, did not predict the change of the MoCA-J total score
between baseline and follow-up. Our results showed that DM,
especially combined with HT at baseline, predicted the mean of the
MoCA-J total score at the time of follow-up after adjusting for the
MoCA-J total score and other confounders at baseline, whereas HT at
baseline did not predict how the MoCA-J total score would change for
3 years. Second, the total follow-up participants (n= 634) had
significantly lower SBP values (P= 0.006), a lower proportion of
participants with DM (P= 0.003), a lower prevalence of being house-
bound (P= 0.004) and a higher MoCA-J total score (Po0.001) after
the follow-up examination than the excluded participants and
Japanese national survey data from the Ministry of Health, Labour
and Welfare (Supplementary Table S1).28 This finding might

underestimate the influence of SBP and DM on the cognitive
functioning of participants in our cohort study. In fact, people
with SBP in stage 3 HT at baseline had a lower MoCA-J total score
at the time of follow-up than those who were normotensive or had
stage 1 HT (Figure 2). In addition, the follow-up rate in our study
seemed to be low (634/1000) because there were several expected
reasons for dropout from the follow-up survey, such as the following:
they had no time to participate in the study, they moved out of the
area we surveyed or they could not participate in the follow-up study
because of poor health conditions. It is also likely that we missed a few
cases in the participants who died or were institutionalized in nursing
homes before the follow-up survey. This situation would tend to bias
our results toward an underestimation of the influence of HT and
DM on cognitive functioning. Third, our study did not clarify the
period of HT and DM, considering midlife HT and DM in relation to
later-life cognitive decline. Consequently, our study helps to clarify the
association between a later-life onset of HT and DM and cognitive
decline over the age of 70 years. Fourth, we examined the association
between SBP and cognitive functioning for participants aged 80;
however, the longitudinal results for participants aged 80 were
not reported.5 Because no association of HT, DM and SBP with
cognitive functioning was observed longitudinally, we excluded
the results. Fifth, since we could not perform any imaging examina-
tions to diagnose the subtypes of dementia, we could not discuss
the causes of cognitive decline and the mechanism for such a link
to cognitive functioning. One likely mechanism is that both HT and
DM reduce the hippocampal volume and increase a white matter
hyperintensity.29–31 In previous cohort studies of subjects aged
70 years and older, a high BP was associated with an increased
progression of structural changes in the brain.29,31 In addition,
a longer duration of DM is a risk factor for brain atrophy, particularly
hippocampal atrophy.30 Our results might suggest that based on these
mixed findings, the association between HT and DM and cognitive
functioning is complex, depending on coexisting vascular diseases,
which we excluded in our analyses. Finally, the differences in the
MoCA-J total score between baseline and follow-up among HT and
DM participants were significant but not strong because of the
standardized regression coefficients. However, we compared our
results with previous cross-sectional and longitudinal studies; larger
coefficients were observed with similar and larger sample sizes.5,7,11

Our interpretation is also based on the epidemiological meaning; that
is, replication analyses were needed for community-dwelling elderly to
assess the inconsistencies of association between HT and cognitive
functioning on stratifying the age range. In addition, the differences of
the MoCA-J total score between baseline and follow-up could be
observed for only 3 years because of the favorable reliability and better
validity for predicting mild cognitive impairment than conventional
cognitive tests.24,25 Although the duration of the follow-up was not
longer than in previous studies, the follow-up of people with both
HT and DM would be important to prevent cognitive decline.8–10,15,16

In conclusion, our present study indicated that people with DM,
especially combined with HT, had a longitudinal risk factor of
cognitive decline in those aged 70 years after a 3-year follow-up.
Thus, we recommend the treatment of HT and DM for not only the
prevention of cardiovascular diseases but also the attenuation of
cognitive decline in the elderly population ~ 70 years of age.
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