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Abstract

Introduction: Alzheimer’s pathology is a neurodegenerative disease characterized by cognitive impairment and functional disability that causes
progressive restrictions in daily activities. The present study associates nutritional status with cognitive and clinical aspects of the elderly with
mild, moderate and severe Alzheimer’s disease (AD).

Methods: data from the Mini Nutritional Assessment (MNA), bioelectrical impedance (BIA), anthropometric measurements, and physical activity
indicators were associated with clinical and cognitive aspects of 43 elderly patients with AD. The data were compared to a paired control group
(NC) (n = 51) at a significance level of p < 0.05.

Results: elderly patients with AD presented lower cognitive performance, higher risk of malnutrition (p = 0.001), lower weight (t-test, p= 0.017)
and body mass index (BMI) (o = 0.006), and higher sedentarity (Chi-square, p = 0.040) when compared with the NC. The elderly with AD pre-
sented significant reduction in lean body mass (LM) and increased fat mass (FM). As dementia progresses, significant impairment of nutritional
indicators is observed. Elderly patients with severe AD present lower weight, BMI, MNA scores and increased body fat mass index and fat mass
when compared with those with mild/moderate AD. A correlation was observed between better cognitive performance and weight, BMI, calf
circumference and triceps skinfold thickness.

Conclusion: elderly patients with AD present high sedentarity, risk of malnutrition, lower weight, BMI and LM, and increased FM. There was
progressive impairment of nutritional status and cognition as the disease progressed. There is an association between the nutritional variables
and cognitive aspects.

Resumen

Introduccion: la enfermedad de Alzheimer (EA) es una enfermedad neurodegenerativa caracterizada por incapacidad funcional, generalmente
progresiva y con restricciones en la vida diaria. El objetivo de este estudio es valorar la asociacion entre el estado nutricional y los aspectos
cognitivos y clinicos en las personas mayores con EA leve, moderada y grave.

Métodos: se relacionaron los datos del Mini Nutritional Assessment (MNA), la impedancia hioeléctrica (BIA), las medidas antropométricas y los
indicadores de actividad fisica con los aspectos clinicos y cognitivos de 43 personas mayores con EA. Los datos se compararon a los de un
grupo control (GC) pareado de 51 individuos, con un nivel de significacion p < 0,05.

Resultados: las personas mayores con EA tuvieron peores resultados en la evaluacion cognitiva, un mayor riesgo de desnutricion (Mann-Whitney
test; p = 0,001), menor peso (t test; p = 0,017) y menor indice de masa corporal (IMC) (p = 0,006), aunque un mayor sedentarismo (x? p =
0,040), en comparacion al GC. Las personas mayores con EA presentan, de manera significativa, menores medidas de masa magra (MM) y
mayores medidas de masa grasa (MG). Segun evoluciona la demencia los indicadores nutricionales empeoran. Las personas mayores con EA
grave presentan menor peso, IMC y puntuacion del MNA, pero mayores indices de masa grasa y masa magra cuando se comparan con los de
EA leve y moderado. Hubo una correlacion significativa entre un mejor desempefio cognitivo con el peso, IMC y medidas de la circunferencia de
la pantorrilla ¢ y el grosor del pliegue tricipital.

Conclusion: las personas mayores con EA son mas sedentarias, presentan mayor riesgo de desnutricion, menor peso, IMC y MM, y un aumento
de la MG seguin va empeorando la enfermedad. Hay relacion entre las variables nutricionales y los aspectos cognitivos.
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INTRODUCTION

Alzheimer’s disease (AD) is the leading cause of dementia
and it is characterized by insidious, chronic, and usually pro-
gressive onset of cognitive and/or behavioral decline associated
with cerebral pathological changes that begin in the entorhinal
cortex and parahippocampal region, following involvement of the
neocortex (1).

Cognitive impairment in AD is characterized by changes in
memory, language, praxis, executive functions as well as gradual
restrictions in daily activities. It may be associated with nutrition-
al inadequacies, reduced food intake, decreased appetite and
perception of taste, which can lead to serious impairment of the
individual’s health conditions with significant individual and social
repercussions (2,3).

Despite the relevance of the subject, there are gaps in the
knowledge of the nutritional status in AD and a shortage of data on
the moderate and severe stages of the disease. Another relevant
aspect that has been poorly studied is the relationship between
nutritional variables and cognitive aspects in AD (2,3).

The hypothesis of the study is that progressive changes in the
nutritional variables may be associated with greater cognitive
impairment and/or severity of dementia.

In view of the increase in the elderly population in Brazil and
worldwide as well as the high prevalence and incidence of demen-
tia diseases, the aim of this study was to assess the nutritional
status of the elderly with mild, moderate, and severe AD and to
associate it with cognitive aspects and disease severity.

METHODS

PARTICIPANTS

This is a cross-sectional, prospective and observational study
involving 43 elderlies (65.1% women) above the age of 65 years
who were diagnosed with AD according to the criteria of the Diag-
nostic and Statistical Manual of Mental Disorders (4), the National
Institute of Neurological and Communicative Disorders and Stroke
and Alzheimer’s disease and Related Disorders Association (1) in
accordance with the recommendations of the National Consensus
criteria for the diagnosis of probable AD (5). The elderlies were
attended at the neurology outpatient clinic of a teaching hospital
in the state of S&o Paulo, Brazil. The author LCF was responsible
for diagnosing AD.

Al participants and/or guardians signed the informed consent,
which was prepared according to the Declaration of Helsinki in
2013, after they were informed of the ethical and methodological
aspects of the research. The study was approved by the Human
Research Ethics Committee of PUC-Campinas.

Exclusion criteria included the presence of other serious diseas-
es that caused life expectancy reduction, inability to respond to
the instruments of cognitive assessment, impossibility of perform
anthropometric measurements, or cardiac pacemaker implanta-
tion.
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The normal control group (NC) consisted of 51 individuals
(72.5% women) with no history of cognitive decline or prior neu-
rological or psychiatric disorders, matched for age, educational
and sociodemographic levels.

STUDY PROTOCOL

Clinical, cognitive, and physical activity
assessment

— Neurological and cognitive assessments: an objective inter-
view with the patient and informant, analysis of routine
laboratory exams and application of the following cognitive
batteries: Mini-Mental State Examination (MMSE) (6,7), cat-
egory fluency test (animals in one minute) (animal VF) (8),
clock-drawing test (9) and simple memory drawing test (8).
The Clinical Dementia Rating (10) was applied for staging
the severity of dementia.

— International physical activity questionnaire - short form
(IPAQ-SF): instrument used to measure physical activity,
estimate time spent on different daily activities and quantify
sedentary activities. The total score was as follows: seden-
tarity; irregular physical activity; active; and very active. The
IPAQ-SF was adapted and validated in Brazil in 2001 (11).

Assessment of nutritional status

— Mini Nutritional Assessment (MNA) (12): questionnaire used
to detect malnutrition in the elderly that is composed of:
screening and global assessment. Maximum scores during
screening is 14; a score lower than or equal to 11 indi-
cates possible “malnutrition” and above 12 indicates “no
risk of malnutrition”. Individuals with possible “malnutrition”
are submitted to the global assessment composed of 12
questions. The global assessment differentiates nutritional
status into three classifications: a) no risk of malnutrition:
MNA > 24; b) risk of malnutrition: MNA of 17-23.5; and c)
malnutrition: MNA < 17 (13).

— Anthropometric data: the following measures and indicators
were analyzed: height (cm); weight (kg); body mass index
(BMI, kg/m?) (14,15); waist circumference (WC, cm) (15-
19); calf circumference (CC, cm) (14,16); arm circumference
(AC, cm) (15-17); subscapular skinfold (SSF, mm) (16-19);
triceps skinfold thickness (TST, mm) (16-19); fat-free mass
(FFM, kg) (20); fat-free mass index (FFMI) (20); body fat
mass index (BFMI) (20); resistance (Q)) (21); reactance (Xc)
(21); and adductor pollicis muscle thickness (APMT, mm)
(22). The arm muscle circumference (AMC, cm) (16,18,19)
and the circumference of the corrected arm muscle area
(AMA, cm?) (16,18,23) were calculated using the TST and
AC measurements. Reactance, resistance, FFM (kg), FFMI
and BFMI were calculated from anthropometric data and
bioelectrical impedance analysis (BIA). Measurements were
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taken on the right side of the body in triplicate, and mean
values were used for analysis. A flexible and inextensible
measuring tape, digital weighing scale, vertical stadiometer,
and body fat meter (Lange adipometer) were used to collect
the data. Data was then calculated and classified according
to the technique and criteria established in the literature for
the age group and adjusted for gender.

STATISTICAL ANALYSIS

Continuous variables were expressed as mean, standard devi-
ation and percentiles. Categorical variables were expressed in
number of cases (N) and percentage (%).

Pearson’s chi-square test was used to compare the categor-
ical variables between the groups. To compare the continuous
variables, the Mann-Whitney test or Student’s t-test was used,
depending on the situation. Analysis of Variance (ANOVA) was
used to compare the means of NC with those of the individuals
with different stages of AD. Spearman’s correlation coefficient was
used to analyze the relationship between the numerical variables
and absence of normal distribution.

The analyses were performed using the IBM SPSS 22.0 soft-
ware at a 5% significance level (p < 0.05).

RESULTS

T.B. N. Santos et al.

Table I. Sociodemographic, cognitive

and lifestyle aspects of elderly with

Alzheimer’s disease and the normal
control group

AD NC p
n 43 51
Age (y) mean + SD 80.6 (x7.0) | 78.3(x7.9)| 0.1471
Education (y) 34(x29 | 3024 | 0120

Women 28 (65.1%) | 37 (72.5%) | 0.437¢
MMSE, mean + SD 12.9 (= 5.9) | 245 (3.5 | 0.000™

Simple memory drawing

Immediate 6 (5-7) 10.0 (0-0.3) | 0.000%*
Late 0.5(0-1.0) 8 (6-8) 0.000%*
Animal VF, mean + SD 55 (x3.6) | 11.7 (£ 5.4) | 0.000™
Clock drawing, mean +SD | 1.0 (0-3.0) 8 (3-9) 0.000%*
CDR

Mild 16 (37.2%)

Moderate 17 (39.5%)

Severe 10 (23.3%)
IPAQ-SF

Sedentarity 26 (60.5%) | 20 (39.2%) | 0.040%
E}‘;“;:;'E'”g/ perdaysin | 24,39 | 4429 | 0000

SOCIODEMOGRAPHIC, CLINICAL, COGNITIVE
AND LIFESTYLE ASPECTS

The sociodemographic, clinical, cognitive and lifestyle aspects
of the elderly with AD and NC are shown in table I. There was no
significant difference in age, education and gender between the
groups. The elderly with AD presented significant lower perfor-
mance in the cognitive assessment when compared to the NC
(p=0.000).

In the classification of dementia severity, a discrete predom-
inance of the elderly in the moderate stage of the disease was
observed (39.5%), according to the CDR (Table I).

A significant difference related to the practice of physical activ-
ities according to the IPAQ-SF, higher sedentarity, and longer “sit-
ting hours/per days in the week” was observed in the elderly group
with AD (p = 0.040 and p = 0.000 respectively) (Table I).

NUTRITIONAL STATUS AND SEVERITY OF AD

A significant difference in the MNA scores (screening and global
assessment) suggests higher risk of malnutrition in the elderly
with AD when compared to the NC (p= 0.000). For question ‘A’ in
the MNA, the elderly with AD complained significantly more about
“decreased food intake due to appetite loss, digestive problems,
chewing or swallowing difficulties” (p = 0.007). The “intake of
at least one daily portion of milk or dairy products, two or more

AD: Alzheimer's disease; NC: normal control group;, MMSE: Mini-mental state
examination score,; animal VF: category fluency test; CDR: Clinical Dementia
Rating; IPAQ-SF: International physical activity questionnaire. “p < 0.05.
Tt-test; *Chi-square; SMann-Whitney U Test.

weekly servings of vegetables or eggs, meat, fish or poultry” (p =
0.005) was higher in the elderly with AD (Table I).

The elderly with AD presented significantly lower weight (p =
0.017) and BMI (p= 0.006) and were more frequently classified
as lean/eutrophic (p = 0.013), while the NC presented weight
excess. The elderly with AD presented lower AC, CC, SSF, AMC
and AMA measurements (p= 0.013, p=0.021, p=0.001, p=
0.004 and p = 0.003, respectively) when compared to NC, which
reveals depletion of lean mass (LM), indicating protein malnutri-
tion and suggesting loss of muscular reserve associated with the
disease (Table Ill).

The elderly with AD presented significantly lower APMT scores
(p = 0.0004) and were classified as ‘at nutritional risk” when
compared to NC, suggesting that muscular depletion is related to
the pathophysiology of the disease (Table Ill).

The indicator of resistance, which is a bioelectrical pattern of
inflammatory disease, was higher in the elderly with AD, con-
firming excessive fat deposition in these individuals (Table IlI).
However, the BIA test did not reveal any significant differences for
the reactance measurements between the groups.

The values of the nutritional variables according to the severity
of AD are shown in table IV. Body weight (p = 0.010), BMI (p =

[Nutr Hosp 2018;35(6):1298-1304]
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Table Il. Values in the Mini Nutritional
Assessment (MNA) of elderly with
Alzheimer’s disease and the normal
control group

Table lll. Nutritional indicators and
anthropometric data of the elderly with
Alzheimer’s disease and the normal
control group

AD NC p AD NC
p-value
Screening n=43 n=>51 n=43 n =51
MNA screening score | 11.0(9.0-12.0) | 13.0(13.0-14.0) | 0.000™ Weight 620 (x132) | 679105 | 0.017"
- — Height 1541 (£9.4) | 154.4(x82) | 0.888
Eizsgtmamumt'on 32 (744%) 5(08%) | 0.000™ Body mass index 26.0 (+4.4) | 286(x47) | 0.006™
MNA global evaluation n=32 n=>5 BMI: Classification
MNA total score 22.5(19.5-24.4) | 24.5 (22.8-26.3) | 0.648" Lean/eutrophy 28 (16.3%) 20 (5.9%) 0013
Nutritional status Weight excess 15 (34.9%) 31 (60.8%)
— Adequate 10 (31.3%) 3(60%) 0.000" WC (cm) 94.3 (=11.3) | 98.1(=10.1) | 0.091
— Risk of malnutrition 21 (65.6%) 2 (40%) AC (cm) 28.5 (+4.2) 30.7 (x4.1) 0.013™
— Malnutrition 13.1%) 0 CC (cm) 33.7(£34) | 354(x37) | 0.021™
Questions n=43 n=>51 AMC (mm) 227.4 (+28.9) | 244.8 (+ 28.6) | 0.004™
A)- Intake reduction in 15 (34.9% 6(118% |0.007+ AVA (cm?) 34.1(x109) | 40.1 (x11.5) | 0.003"
the last three months TST (mm) 184(x88) | 19775 | 0446
K) 'r:ﬁ‘;ep‘;fr;zrne: or 23(53.5% | 13255% |0.005* SSF (mm) 16.2(£6.2) | 206(+6.00 | 0.001™
- - — APMT (mm) 423.0-7.1) | 7.3(5.0-9.3) | 0.004%*
AD: Alzheimer's disease; NC: normal control group; MNA: Mini Nutritional
Assessment. *p < 0.05, *Mann-Whitney U Test: *Chi-square. Resistance 5415 (+ 81.0) | 497.2 (x 73.1) | 0.006™
Reactance 49.4 (£10.5) | 50.1 (x11.3) | 0.736
BFMI 33.3(£7.3) | 31.3(x107) | 0.287'

0.010), BIA and %FFM (p = 0.012) values were lower (p = 0.012),
but resistance (p = 0.014) and body fat (p = 0.030) were higher
as the disease progressed.

Significant differences were observed when the nutritional vari-
ables in the elderly with mild and moderate AD were compared
with those in the NC, as follows: lower AMC (p = 0.028), AMA (p
= 0.025), SSF (p = 0.012) and APMT 0.001), higher resistance
by BIA (p = 0.014) (Table IV).

Nutritional indicators and anthropometric data were lower in
the elderly with severe AD when compared to those with mild
and moderate AD, which suggests a significant impairment of the
nutritional status as the disease progresses (Table V).

COGNITIVE ASPECTS AND NUTRITIONAL
STATUS

A significant correlation was observed between weight and WC
measurements with the highest total score in MMSE and the clock
drawing test (p < 0.05 and p < 0.001) (Table V). A significant
positive correlation was observed between the best performance
in the clock drawing test and weight, BMI, and TST measurements
(p < 0.05and p < 0.001) (Table V). A significant positive correla-
tion was observed between the best performance in the animal
VF (naming of as many animals as possible in 60 seconds) and
weight (p < 0.05) (Table V).

These data suggest that better cognitive performance (MMSE,
clock drawing test and animal VF) is associated with higher body

[Nutr Hosp 2018;35(6):1298-1304]

AD: Alzheimer's disease; NC: normal control group, WC: waist circumference;
AC: arm circumference; CC: calf circumference; AMC: arm muscle
circumference; AMA: circumference of the corrected arm muscle area; TST:
triceps skinfold thickness; SSF: subscapular skinfold; APMT: adductor pollicis
muscle thickness. BFMI: body fat mass index. *p < 0.05; *t-test; *Chi-square;
SMann-Whitney U Test.

weight, BMI, and lean body mass. The progression of cognitive
disorders (worsening of dementia) leads to increased weight and
LM loss.

DISCUSSION

The present study is pioneer in our country because it
assessed the nutritional indicators of elderly with different stag-
es of AD (mild, moderate and severe), confirming the hypothe-
sis of increased risk of malnutrition, progressive impairment of
nutritional variables as the disease progresses, and a relation-
ship between nutritional status and cognitive aspects. We expect
that these findings contribute to the treatment and prevention
of Alzheimer’s disorders.

Concerning physical activity, the research found that a seden-
tarity was higher in the elderly with AD. The practice of physical
activities is imperative for health promotion and disease preven-
tion, as there is a positive association between higher cognitive
capacity and regular physical activity (24).
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Table IV. Values of nutritional indicators and anthropometric data of the elderly with
Alzheimer’s disease (mild, moderate and severe) and comparisons

AD AD (mild/ AD (mild/
Mild Moderate Severe moderate) vs moderate) vs

(n=16) (n=17) (n=10) NC severe
MAN — screening 10.8 (1.34) 10.4 (1.4) 8.6 (1.9) 0.1547 0.002™
MAN — total score 23.6 (2.6) 23.1(2.3) 19.6 (2.7) 0.1541 0.002"
Weight 63.7 (14.0) 63.7 (12.4) 52.7 (9.8) 0.223¢ 0.010*
BMI 27.0(4.2) 27.0(4.2) 22.6 (3.7) 0.100¢ 0.005*
WC 95.0 (12.2) 94.7 (11.3) 90.1(10.3) 0.306* 0.177¢
AC 29.2 (4.7) 29.1(3.8) 26.0 (3.0) 0.135¢ 0.029*
AMC 230.8 (33.6) 228.0 (26.4) 218.0 (24.3) 0.028* 0.245
AMA 36.0 (12.0) 34.1(9.1) 30.3(7.6) 0.025" 0.183*
cc 34.0 3.4) 34.3(3.2) 31.5(3.0 0.179¢ 0.018*
TST 19.6 (7.9) 20.0(10.3) 13.4(5.7) 0.905¢ 0.040*
SSF 17.4 (5.8) 16.6 (6.9) 13.4 (5.4) 0.012% 0.113¢
APMT 6.0 (3.1) 4.4(1.7) 5.8 (3.4) 0.001™ 0.554"
Resistence 535.9 (80.2) 548.2 (72.5) 550.1 (99.5) 0.014# 0.707*
Reactance 50.4 (9.6) 48.2 (6.6) 49.6 (16.6) 0.715* 0.939*
FFM (kg) 41.0(9.9) 38.6(7.9) 36.0(8.2) 0.157¢ 0.242°
FFMI 62.3 (7.1) 60.6 (5.9) 68.0 (8.9) 0.474 0.012*
FM (%) 37.7(7.1) 39.3(5.9 32.0(8.0 0.574 0.012*
Body fat (%) 34.0(7.2) 35.6 (5.9 29.0(7.8) 0.116* 0.030*

AD: Alzheimer’s disease; NC: normal control group, MNA: Mini Nutritional Assessment; BMI: body mass index; WC: waist circumference; AC: arm circumference; AMC:
arm muscle circumference; AMA: circumference of the corrected arm muscle area, CC: calf circumference; TST. triceps skinfold thickness, SSF: subscapular skinfold;

APMT: adductor pollicis muscle; FFM: fat-free mass, FM: Fat mass. “p < 0.05. "Mann-Whitney U Test; *t-test.

Table V. Correlations between
performance in MMSE, clock drawing
test and animal VF with nutritional
indicators and anthropometric data of

the elderly with Alzheimer’s disease

MMSE Clock drawing | Animal VF
Weight 0.303* 0.335* 0.312*
BMI 0.284 0.355* 0.255
WC 0.126 0.179 0.117
AC 0.192 0.297 0.092
AMC 0.136 0.098 0.110
AMA 0.137 0.124 0.075
cC 0.370* 0.409° 0.196
TST 0.223 0.430f 0.042
SSF 0.171 0.255 0.135
APMT -0.168 -0.162 -0.013

MMSE: Mini-mental state examination score; animal VF: category fluency
test; IMC: BMI: body mass index; WC: waist circumference; AC: arm
circumference; AMC: arm muscle circumference; AMA: circumference of
the corrected arm muscle area; CC: calf circumference, TST: triceps skinfold
thickness,; SSF: subscapular skinfold; APMT: adductor pollicis muscle.
Spearman’s correlation. *p < 0.05; 'p < 0.001.

NUTRITIONAL STATUS AND CLINICAL

ASPECTS

A high risk of malnutrition was observed, which is possibly

related to the pathophysiological mechanisms of the disease. Sim-
ilar data are described in other studies in elderly with cognitive
impairment (3,25,26).

The elderly with AD presented lower weight and BMI than the
NC. Weight loss in AD is frequent and it occurs in approximately
40% of cases, in addition to several other factors involved in the
pathophysiology such as increased energy needs, absorption dis-
turbances, nutritional inadequacies, and low food intake (3,26,27).
However, there is still no consensus in the literature about these
mechanisms.

The LM evaluation revealed greater loss of muscular reserve
and AC, AMA, AMC and APMT measurements in the elderly with
AD, like the findings of other studies (28). In our literature review,
we did not any find studies assessing APMAT in AD. Like other
studies (29), higher resistance in the bioelectrical impedance
evaluation was observed in the elderly with AD, which indicates
low body cell mass.

We observed a progressive risk of malnutrition as the severity
of AD increased, suggesting a greater trend of malnutrition in the

[Nutr Hosp 2018;35(6):1298-1304]
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more severe stages of the disease, which is in accordance with
the findings of other studies (27,30).

Greater impairment of the nutritional indicators, lower weight,
BMI, AC, CC and TST measurements, and increased fat mass were
observed in the elderly with severe AD when compared to those
with mild and moderate AD.

Progressive weight and BMI loss suggest that the worsening of
the disease is a risk factor for weight loss. Other studies reported
reduction in BMI in the severe stage of AD when compared to the
mild and moderate stages of the disease when analyzing patients
in the three stages of the disease (27,30). Weight loss can occur
at all stages of AD and even before the onset of cognitive com-
plaint, which is the marker of incipient dementia (26).

As the disease progresses, in the comparison with the elder-
ly with mild/moderate AD and those with severe AD, there was
depletion of LM (AC and CC), reduction of body fat (%) and subcu-
taneous adipose tissue, and higher FFMI values, possibly associ-
ated to the pathophysiological mechanisms of the disease, which
were similar to the findings reported in the literature (27,29,30).

NUTRITIONAL STATUS AND COGNITIVE
VARIABLES

The best cognitive performance was correlated with higher
weight, increase in lean mass reserve and fat mass, suggest-
ing that there is a correlation between better cognitive perfor-
mance, nutritional status, and increased LM and FM. In a study
that assessed women with dementia, worse cognitive status was
reported as lean mass loss increased (28). Previous studies have
described a positive relationship between LM and cognition in
healthy elderly people (31). In middle-aged adults, the relationship
between the presence of central adiposity and lower cognitive per-
formance in almost all domains and increased risk of dementia is
acknowledged, however, in the elderly, there is no clear evidence
of this association (32-34).

CONCLUSION

Elderly people with AD are more sedentary, present higher risk
of malnutrition, lower weight and BMI, reduced LM and increased
FM. Progressive impairment of nutritional indicators as the dis-
ease progressed and poorer relationship between nutritional vari-
ables and cognitive performance were observed.
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