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A B S T R A C T

Objective: Alzheimer’s disease (AD) is usually accompanied by impairments to mobility, performance of the basic
activities of daily life (ADL), and progressive cognitive decline. We analyzed the relationship between cognitive
performance and related cognitive subdomains and mobility.
Patients and Methods: All AD patients of the recruited individuals were living in nursing homes; they underwent
a blood analysis, cognitive examination by using the Mini-Mental State Examination, functional evaluation of
independence in the ADLs with Barthel score and Katz index, and mobility assessment with the elderly mobility
scale.
Results: The mean sample age was 84 years and majority were women; more than 60% of the participants had
severe cognitive impairment. Statistically significant relationships were found between the severity of cognitive
impairment and functional capacity (p < 0.01) and their degree of mobility (p < 0.05). Among the different
domains, memory impairment was not associated with impaired mobility or ability to perform the ADLs. Women
had lower scores in the ADL and mobility assessments (p < 0.05) and an increased ratio of severe cognitive
impairment (OR = 3.03 95% CI: [1.30, −7.05]) compared to men. Being overweight or obese and high blood
levels of HDL cholesterol were directly (p < 0.05) and inversely (p < 0.01) associated with poor cognitive
performance in individuals with mild to moderate cognitive dysfunction, respectively.
Conclusions: This study shows that better functional capacity and mobility are generally, but not exclusively,
correlated with better cognitive function, depending on the severity of cognitive impairment. In contrast, lipid
profile alterations might play a role in cognitive deficits in individuals with mild to moderate cognitive im-
pairment who are overweight. Further longitudinal studies will be required to explore this possibility.

1. Introduction

Neurocognitive disorders (DMS-V) formerly called dementias, are a
group of diseases which are of increasing public health concern because
of their huge economic and social burden and the resulting poor quality
of life they generate both for patients and their caregivers [1,2]. It is
estimated that in the next few decades the number of people with
neurocognitive disorders will reach 130 million worldwide [3]. A
higher incidence of cognitive impairment is observed among older
people who are institutionalized in nursing homes [4,5]. According to
the RESYDEM study, a recent multicenter study of 852 residents of
public, private, and state-assisted nursing homes throughout Spain, the
prevalence of cognitive impairment because of neurodegenerative dis-
eases in older institutionalized people is more than 60%. Alzheimer’s
disease (AD) the most prevalent acquired cognitive impairment [5,6]

and is more common among women, e.g. among Spanish in-
stitutionalized individuals, its prevalence is 23% in females and 5% in
males [4].

Apart from deficits in cognition and behavior [7], deficits in mo-
bility, balance, gait, and movement coordination are also found in
people with cognitive impairment due to neurodegenerative diseases
[8–11] and these lead to an increased disease burden and huge socio-
economic costs. Individuals with cognitive impairment caused by de-
mentias are less likely to participate in regular physical exercise com-
pared to their counterparts with normal cognitive function because of
lack of motivation [12]. Furthermore, physical inactivity can give rise
to further decline in physical functioning [13]. These factors may
partially explain the higher risk of falls and hip fractures in people with
dementia compared with their peers without dementia [14]. An accu-
rate level of mobility and the ability to perform any kind of physical
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activity has both mental and physical beneficial effects [15–17] and so
interventions and rehabilitation are important in the maintenance of
mobility and for the performance of the activities of daily life (ADLs). It
is also important to study their relationship in individuals with acquired
cognitive impairment whose leading cause among older in-
stitutionalized individuals is AD.

According to one study, there is a significant association between
the autonomy and independence of older adults and their impairment
as a result of institutionalization [18]. In other words, in-
stitutionalization is harmful and is linked to an increased probability of
suffering impaired mobility and autonomy from the time individuals
are institutionalized. So far, no studies have directly analyzed the re-
lationship between the severity of cognitive impairment, mobility, and
the ability to perform the ADLs in institutionalized older individuals
with AD [19,20]. Such analyses are crucial to be able to tailor different
rehabilitative interventions, increase mobility, and the level of in-
dependence among individuals with cognitive impairment. Although
cognitive impairment is irreversible, strengthening mobility and im-
proving functional ability would help to slow down the progression of
cognitive disorders. Indeed, responses in terms of the improved per-
formance of the ADLs have been demonstrated among patients with
different cognitive abilities in response to rehabilitation programs [21].

The main aim of our study was:
To determine the relationship between mobility status and func-

tional ability in institutionalized individuals with AD.
Secondary aims were:
To evaluate mobility status and functional ability as a function of

age, sex, the pathology causing cognitive impairment, polymedication,
body mass index (BMI), and blood biochemical parameters.

To determine the how these aforementioned associations relate to
the basic cognitive subdomains e.g. orientation, fixation, memory,
language, and concentration.

2. Material and methods

2.1. Sample

The study sample was recruited between 2015 and 2016 at four
nursing homes in the Valencia province (Spain). In accordance with the
requirements established by the Declaration of Helsinki, written con-
sent was obtained from each person (or from their relatives when the
patient was unable to understand), after having been informed in a
clear and simple way of the purpose of the study and the procedures
involved. The study protocol was approved by the Human Research
Ethics Committee at the University of Valencia (Reference:
H38417528).

2.1.1. Inclusion criteria
The following inclusion criteria were established: adults of both

sexes, aged 65 and over, outpatients or people living in a nursing home;
stable drug treatment for at least three months; and known diagnosis of
AD. The severity of the cognitive impairment was assessed by the Lobo
test (adapted Spanish version of the Mini-Mental State Examination
[MMSE]). The exclusion criteria were: current or recent (< 3 months)
hospitalization; diagnosis of cancer; or blindness.

2.1.2. Sociodemographic variables
The sociodemographic variables recorded were sex, age, marital

status, place of residence, BMI, and polymedication status.

2.1.3. Functional and cognitive evaluation
Each individual underwent a complete clinical, geriatric, and

functional assessment. Four validated scales were used to evaluate the
functional and cognitive areas: the Barthel Index [22], Katz index [23],
elderly mobility scale [24], and the ‘Mini-Examen Cognoscitivo’ [25].
The Barthel Index assesses the ability to perform the ADLs (Cronbach's

alpha 0.90-0.92), and measures independence with 10 items, with a
score range of 0–100. The items assessed are: feeding, bathing,
grooming, dressing, urine and fecal continence, toilet use, transfers
(bed to chair and back), mobility (on level surfaces), and ability to use
stairs. The Barthel index represents the actual (not potential) func-
tioning [22]. A lower score indicates greater dependence, while a
higher score indicates greater independence, with 0 representing total
dependence and 100 total independence.

Preservation of independence in functional abilities: independence
in ADLs was assessed by nurse-reported difficulties with the basic ac-
tivities of daily living (bathing, dressing, using the toilet, transfers,
continence, and eating) over the previous 30 days [26]. The Katz Index
(Cronbach's alpha 0.90-0.92), ranks the adequacy of the patient’s per-
formance and assigns a yes/no score for independence in each of the six
ADL functions. The Katz test score can be categorized as follows: “No
inability/mild inability” for groups A and B, “Moderate inability” for
groups C and D, and “Severe inability” for groups E, F, and G.

Mobility was assessed using the EMS (Cronbach's alpha 0.90), a 20-
point validated tool for assessing the frailty of elderly subjects [24]. The
EMS assesses gait based on the type of assistance the patient requires to
walk: maximum points are assigned if the individual can safely walk
with no aid or if they use one walking stick. Those who use a frame,
rollator, 2 walking sticks, or crutches receive lower scores. This dif-
ferentiation is important because frame and rollator users have been
shown to have weaker lower limbs (in terms of leg extensor power), and
poorer functional performance in terms of walking speed, stair
climbing, and chair raises [27]. Patients whose EMS score is under 10
are generally dependent on mobility maneuvers; require help with the
basic ADLs such as transfers, using the toilet, and dressing; patients
with EMS scores between 10 and 13 are usually borderline in terms of
safe mobility and ADL independence i.e., they require some help with
some mobility maneuvers; those with EMS scores over 14 can generally
perform mobility maneuvers alone and safely and are independent in
the basic ADLs.

The MEC is the Spanish version of MMSE and comprises 11 items
that screen cognitive impairment by assessing 5 cognitive areas: or-
ientation (temporal and spatial), attention and calculation, word recall,
language, and visuospatial abilities. The maximum MEC score is 35
points and scores lower than 30 points suggest the presence of cognitive
impairment. Specifically, normal cognitive function scores 30–35
points, borderline cognitive deficits score 29–25 points, mild cognitive
impairment scores 24–20 points, moderate cognitive impairment scores
15–19 points, and severe cognitive impairment receive ≤ 14 points
[25,28].

2.1.4. Blood analytical parameters
Blood samples were obtained from each patient between 7:30 a.m.

and 10 a.m. after at least 8 h in fasting conditions; 10mL of blood was
collected from each patient into BD Vacutainer tubes (Becton
Dickinson). After extraction, the blood samples were allowed to stand
for 15min and were centrifuged at 1500 rpm for 10min at room tem-
perature. Subsequently the serum supernatants were aliquoted and
stored at −20 °C until analysis. After thawing, the samples were cen-
trifuged at 1500 rpm for 10min at room temperature to completely
remove all cells. For all other analytical determinations, residential
center control blood extractions were used. Biochemical parameters
(hemoglobin, glucose, urea, HDL cholesterol, LDL cholesterol, trigly-
cerides, total proteins, creatinine, glutamic oxaloacetic transaminase
[GOT], serum glutamic pyruvic transaminase [GPT], calcium, sodium,
and potassium) were measured in clinical laboratories belonging to
local public health centers. Serum analytic values were determined on a
laboratory chemistry analyzer (Dimension Xpand Plus Integrated
Chemistry System, Siemens, Erlangen, Germany).

2.1.5. Statistical analysis
The quantitative variables were subjected to a descriptive analysis
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using central tendency and dispersion measures. Likewise, a descriptive
analysis was also performed for the qualitative variables, based on
frequency distributions. The Kolmogorov–Smirnov test was used to
estimate the normal distribution of quantitative variables and thus, to
define the type of test to be used (parametric or nonparametric). The
differences between the means of two or more groups were analyzed
using nonparametric tests (Mann–Whitney U or Kruskal–Wallis tests).
The confidence level used for all the analyses was 95%, with a statis-
tical significance of p < 0.05. The IBM SPSS statistical package (ver-
sion 24.0) was used for all the statistical analyses.

3. Results

3.1. Characteristics of the simple

The main characteristics of the study sample (N=91) are shown in
Table 1. Male patients consumed a significantly higher number of drugs
per day (8.3 ± 1.4 drugs) compared to women (6.4 ± 0.6 drugs, p <
0.05 Mann–Whitney U test). No significant differences were observed
between men and women for age (p= 0.18, Mann–Whitney U test), or
BMI (p= 0.95, Mann–Whitney U test). Regarding the BMI, 3.8%
(n=3) were underweight (BMI < 18.5), 30.8% (n=28) had a normal
weight (BMI 18.5–24.9), 30.8% (n=28) were overweight (BMI
25–29.9), and 35.2% (n=28) were obese (BMI > 30). There were no
significant differences in the distribution of the BMI groups (p= 0.90,
Chi-square test) or polypharmacy (p= 0.39, Kruskal–Wallis test) in
terms of the diagnostic classes.

3.2. Analysis of functional mobility and cognitive impairment

The results of our evaluation of mobility using the EMS scale and
ability to perform the ADLs using the Barthel index and Kats scale, as
well as cognitive function and cognitive subdomain data are shown in
Table 2. There was a significant difference between women and men in
their ability to perform the ADLs (39.8 ± 3.7 women and 60.2 ± 5.4
men, p < 0.05, Mann–Whitney U test) and for the EMS (10.6±0.8
women and 16.4± 0.8 men, p < 0.001, Mann–Whitney U test). No
significant differences were observed between the sexes for the number
of drugs administered daily for chronic conditions (p= 0.07, Man-
n–Whitney U test). Regarding the cognitive subdomains, compared to
women, men showed significantly better overall scores (p < 0.05,

Mann–Whitney U test) and MMSE concentration subdimension scores
(p < 0.01, Mann–Whitney U test).

3.3. Correlation between mobility, performance of daily activities, and
cognitive function

There was a significant correlation between performance of the
ADLs (Barthel index) and mobility (EMS scale; Rho= 0.78, p < 0.001,
Spearman test; Fig. 1A). In addition, the different levels of in-
dependence in the ADLs were also significantly different (expressed as
categories on the Katz scale) and Barthel index score (p < 0.001
Kruskal–Wallis test) or mobility (EMS scale; p < 0.001 Kruskal–Wallis
test). Moreover, these correlations or group differences remained sig-
nificant after controlling for covariables such age, sex, polypharmacy,
and BMI (p < 0.05 in all cases). There was a significant positive
correlation between cognitive function and ADL performance (Barthel
index; Rho = 0.52, p < 0.001, Spearman test, Fig. 1B), and mobility
(EMS scale; Rho= 0.42, p < 0.001, Spearman test, Fig. 1C). The
different levels of independence in the ADLs (expressed as categorized
variables based on the Katz scale) and cognitive function (p < 0.01
Kruskal–Wallis test) were also significantly different.

Analysis of the different cognitive subdomains revealed a significant
correlation between the Barthel index and the orientation (Rho=0.52,
p < 0.001, Spearman test), fixation (Rho = 0.51, p < 0.001,
Spearman test), concentration (Rho = 0.49, p < 0.001, Spearman
test), and language scores (Rho = 0.56, p < 0.001, Spearman test). In
contrast, no significant correlation was observed between the Barthel
index score and memory score (Rho = 0.09, p= 0.39, Spearman test).
Analysis of the different cognitive subdomains revealed a significant
correlation between mobility (EMS scale) and the orientation (Rho =
0.45, p < 0.001, Spearman test), fixation (Rho = 0.41, p < 0.001,
Spearman test), concentration (Rho = 0.35, p < 0.001, Spearman
test), and language scores (Rho = 0.46, p < 0.001, Spearman test). In
contrast, no significant correlation was observed between mobility
(EMS scale) and the memory score (Rho = 0.02, p= 0.82, Spearman
test). These associations remained significant or non-significant
(memory score) after controlling for age, sex, polypharmacy, and BMI
covariables (data not shown).

3.4. Analysis of individuals with mild to moderate cognitive impairment

Because 63.7% of the sample had severe cognitive impairment
which was strongly correlated with low or absent mobility and a high
level of dependence, next we analyzed the relationship between mo-
bility, performance of the basic ADLs, and cognitive function in in-
dividuals with AD with mild to moderate cognitive impairment. In this
analysis, there was no significant correlation between cognitive func-
tion and performance of the ADLs (Barthel index, Rho=−0.09, p=
0.42, Spearman test, Fig. 2A), and mobility (EMS scale, Rho=−0.04,
p= 1.0, Spearman test). In contrast, there was an inverse and sig-
nificant correlation between cognitive function and BMI in individuals
with moderate cognitive impairment (Rho = −0.31, p < 0.05,
Spearman test, Fig. 2B), but not with age (Rho=−0.5, p= 0.75,
Spearman test) or polypharmacy (Rho = 0.9, p= 0.58, Spearman
test), and there were no sex differences (p= 0.09 Mann–Whitney U
test). Within the cognitive areas, the BMI index inversely correlated
with orientation (Rho =−0.33, p < 0.05, Spearman test, Fig. 2C) and
memory (Rho=−0.30, p < 0.05, Spearman test, Fig. 2D), although
other cognitive subdomains were not significantly correlated with BMI
(Rho= 0.0, p= 1.0 for the fixation score; Rho = 0.40, p= 0.80 for
the concentration score; and Rho = −0.16, p= 0.31 for the language
score). BMI was not significantly associated with mobility (EMS scale)
or performance of the basic ADLs (Barthel index or Katz scale, data not
shown).

Table 1
Main characteristics of the sample.

Age Mean ± SE: 83,8 ± 5.5 years
(Minimum 64 –Maximum 95)

Polypharmacy Mean ± SE: 11.6 ± 4.7
(Minimum 4 –Maximum 23)

BMI Mean ± SE: 28.2 ± 5.6 years
(Minimum 17 –Maximum 43)

n (%)
Gender Man 21 (23.1%)

Woman 70 (76.9%)

Table 2
Mobility, ability to perform basic daily activities and cognitive function.

EMS Scale 11.9 ± 6.9 (0-20)*
Katz scale A-B (mild inability) 20 (22.0%)

C-D (moderate inability) 14 (15.4%)
E-F-G (severe inability) 57 (62.6%)

Barthel index 44.5 ± 31.1 (0-100)
Total cognitive score 10.2 ± 9.0 (0-28)
Orientation score 2.4 ± 2.6 (0-10)
Fixation score 1.9 ± 1.3 (0-3)
Concentration score 1.3 ± 2.0 (0-7)
Memory score 0.2 ± 0.4 (0-2)
Language score 4.6 ± 3.9 (0-11)
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3.5. Biochemical parameters

Biochemical parameters in blood are shown in Table 3. There were
no significant associations between biochemical parameters (he-
moglobin, glucose, urea, HDL or LDL cholesterol, triglycerides, total
proteins, creatinine, GOT, GPT, calcium, sodium, or potassium) and
mobility or cognitive impairment (data not shown). However, when
considering individuals with moderate cognitive impairment, a sig-
nificant correlation was found between the HDL cholesterol con-
centration and cognitive function (Rho= 0.52, p < 0.01, Fig. 3A) but
not between LDL cholesterol and cognitive function (Rho= 0.23, p=
0.21, Fig. 3B). The other biochemical parameters were not correlated

with cognitive impairment in individuals with moderate cognitive im-
pairment.

4. Discussion

New and significant findings in this study are that mobility and
performance in the basic ADLs are associated with cognitive function in
older institutionalized individuals with dementias, the leading cause of
acquired cognitive impairment. This work does not replicate similar
previous studies, because the specific features of our sample, i.e., very
old (the mean sample age was 83 years) institutionalized individuals.
The following main results were obtained: (1) the severity of

Fig. 1. Correlation between ability to perform basic activities of daily life (Barthel Index) and the (A) mobility (EMS scale), (B) cognitive function (MEC score) and
(C) between cognitive function with mobility. The p value of Spearman correlation analysis are represented in each panel.

Fig. 2. Correlation between doy mass index (BMI) and cognitive function in all AD individuals (A) and (B) only in those AD individuals with mild/moderate cognitive
impairment (B). Panels (C) and (D) represent the association between BMI and orientation and memory subdomains in those AD individuals with mild/moderate
cognitive impairment. The p value of Spearman correlation analysis are represented in each panel.
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impairment in mobility and the ADLs are closely associated with global
cognitive impairment; (2) the results significantly differ according to
the cognitive subdomains; (3) overweight individuals and those with
low HDL blood cholesterol concentrations tend to have poorer cognitive
performance than individuals with mild to moderate cognitive im-
pairment. These findings are discussed in greater detail below.

Performance in the ADLs and mobility were significantly associated
in this sample, indicating that these factors are dependent on patient
mobility. Age, polymedication, or BMI did not modify the strength of
this association, but the performance of the ADLs and mobility was
significantly more impaired in women compared to men. Interestingly,
this difference was not due to an increase in global disease burden in
women, because the men in our sample were significantly more poly-
medicated that the women, thus indicating the presence of more
pathologies among men. Several authors interpret the sex differences in
terms of performing the ADLs and mobility in older individuals in the
context of the prevalence of different disease types in men and women.
Women live longer and older women outnumber older men, but they
tend to develop more chronic diseases and conditions such as osteoar-
thritis, osteoporosis, anemia, and depression [29,30], which does not
usually increase their mortality but does reduce their mobility and
performance in the ADLs. Our study extends these findings to in-
stitutionalized individuals and, moreover, replicated findings from an
elderly population admitted to internal medicine and geriatric wards in
Italy in which the mean Barthel index scores obtained by women was
significantly lower than for men [31]. Similarly, a study by the Amer-
ican Community Survey and the National Nursing Home Survey showed

that the rates of basic ADL disabilities among community-dwelling
adults aged 65 and older is increased in women [32].

Compared to women, older males more frequently affected by
chronic obstructive pulmonary and coronary artery diseases and ma-
lignancies, which likely result in increased recurrent hospital admis-
sions and higher in-hospital and post-hospitalization mortality, even
though these diseases do not tend to impair their ability to perform the
ADLs. Both our study and that of Corrao et al. [31]. showed that men
were more impaired than women in terms of cumulative illness burden
with respect to the number of comorbidities and thus, polymedication.
Among males, disease frequency is obviously associated with sex dif-
ferences in terms of risk-factor distribution; indeed, men are more often
smokers and former smokers, in a context where such tobacco use
strongly influences the appearance and outcomes of each of the
abovementioned diseases. In contrast, the more chronic conditions
which tend to affect women contribute to their more sedentary life-
styles and higher levels of discomfort [29,30,32,33] and, as we found in
this present study, this leads to an age-related female profile char-
acterized by a reduced capacity to perform the ADLs.

Even though many chronic diseases (such as neurological disease,
rheumatoid arthritis, and cancer) are strongly associated with poor self-
rated health, common symptoms (such as tiredness or weakness and
musculoskeletal pains) as well as depression contribute more to these
self-assessments of poor health [33]. Therefore, more preventive mea-
sures should be directed against these conditions, especially when they
are not consequences of other diseases [33]. Regarding cognitive
function, we observed a more severe impairment in global cognitive
function in women compared to men, especially in the concentration
subdomain. The reason for this is unknown, but it could be linked to co-
morbid depression whose prevalence is higher in female populations at
every age [29,34] and which could contribute to the major decline in
physical and functional impairment in older women, as seen in our
study.

There was a correlation between cognitive function and mobility
and performance of the ADLs; this could be explained by the fact that
the more impaired the brain functions are, the more the motor ability
and motivation for moving are reduced [35]. However, the same as-
sociation was not present for the memory subdomain, indicating that it
was not related to performance of the ADLs or mobility [35]. Others
have reported that impaired visuospatial cognition decreases the ability
to perform the basic ADLs [36]. We did not find a significant re-
lationship between ADL and memory, which agrees with the results
from a sample of AD patients in which short-term memory was not
correlated with the ability to perform self-care ADLs [37]. When con-
sidering only the individuals with mild to moderate cognitive impair-
ment, there were no significant associations between cognitive function

Table 3
Mean values of biochemical parameters in blood. Mean and
standard error of the mean, as measurements unit are reported.
GOT: glutamic oxaloacetic transaminase; GPT: glutamic-pyr-
uvate transaminase; HDL: high-density lipoproteins; LDL: low-
density lipoproteins.

Haemoglobin (g/dL) 12.5 ± 1.8
Glucose (mg/dL) 90 ± 13
Urea (mg/dL) 48 ± 7
GOT (U/L) 29 ± 3
GPT (U/L) 24 ± 3
HDL cholesterol (mg/dL) 38 ± 8
LDL cholesterol (mg/dL) 120 ± 9
Triglycerides (mg/dL) 124 ± 23
Total Proteins (g/dL) 6.5 ± 0.9
Creatinine (mg/dL) 0.92 ± 0.16
Calcium (mg/dL) 8.9 ± 1.2
Sodium (mEq/L) 138 ± 4.3
Potassium (mEq/L) 4.4 ± 0.7

Fig. 3. Correlation between cognitive function in individuals with mild/moderate cognitive impairment and HDL cholesterol (A) and LDL-cholesterol. The rho and p
value of Spearman correlation analysis (A and B) are represented in each panel.
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and mobility or the performance of ADLs. All these results suggest that
memory impairment does not affect ADL results and the ability to
perform ADLs is maintainable until severe cognitive impairment occurs.
The association between mobility or ADL performance and cognitive
function is maintained after controlling for age, neurocognitive disease
type, polymedication, and BMI. However, the BMI index was a sig-
nificant factor associated with cognitive function in individuals with
mild to moderate cognitive impairment.

The number of obese and overweight people is reaching epidemic
proportions worldwide, including among older individuals living in
nursing homes [38,39]. Among the adverse consequences of such high
BMIs, the relationships between obesity and cognitive function, as well
as the risk of dementias such as AD, have more recently come to at-
tention [40,41]. The association between BMI and cognitive function
(e.g. orientation and memory) in individuals with mild to moderate
cognitive impairment agree with clinical and experimental evidence
which indicates that obesity and/or high fat diets are associated with
deficits in learning, memory, and executive functioning [42–45]. On
the one hand, inflammation has been proposed as an important pa-
thophysiological mechanism underlying cognitive impairment [46,47]
and has also been implicated in the neuropathological hallmarks of AD
(i.e., the presence and formation of amyloid plaques and neurofibrillary
tangles) [48]. On the other hand, obesity is associated with low-grade
inflammation in peripheral tissues and interestingly, interventions to
treat obesity and central inflammation, such as calorie restriction, ex-
ercise, and bariatric surgery are already showing promise in improving
some aspects of cognitive function [44,49,50].

While many genetic and environmental factors contribute to a
healthy aging process, recent studies indicate that HDL may play a
significant role in maintaining cognitive function during aging.
Different studies have shown that plasma HDL levels are strongly po-
sitively correlated with cognitive function [51]. Moreover, the Leiden
85-plus study which included 561 subjects also reported that low HDL
levels were associated with cognitive impairment, independent of
atherosclerotic disease [52]. A population-based study, the Long-
itudinal Aging Study Amsterdam, further associated high HDL with
better memory performance in people aged 65 years and older [53].
Moreover, low HDL levels were associated with poor memory and a
decline in memory in middle-aged adults and cognitively-normal el-
derly individuals in the Whitehall II study and the Sydney Memory and
Aging study, respectively [54,55]. These findings underscore the pro-
tective effects of increased plasma HDL and its role in maintaining
superior cognition, both during biological aging and in dementias. In
addition, HDL cholesterol was found to have a protective effect on
hippocampal volume [56], dementia risk [52,57], and cognitive func-
tioning [52,58,59].

In conclusion, these results have important clinical consequences for
health-care programs because they indicate that interventions such as
physical activity programs which could benefit people with mild to
moderate cognitive impairment should be encouraged [50–62]. Such
programs will likely help patients control weight increases and would
have positive physical, functional, and psychological effects in older
institutionalized people.
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