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NUTRITIONAL ASSESSMENT IN PATIENTS WITH EARLY-ONSET
AUTOSOMAL DOMINANT ALZHEIMER'’S DISEASE DUE TO
PSEN1- E280A GENETIC VARIANT: A CROSS-SECTIONAL STUDY

M. Gémez-Vega'?, E. Garcia-Cifuentes®®, D. Aguillon'?, |.E. Velez?, A. Jaramillo-Jimenez'**,
D. Vasquez *°, C. Gémez-Henck?, C. Andrés Tobon', G.C. Deossa Restrepo’, F. Lopera?

Abstract: Background: Weight loss and malnutrition are frequent findings in late-onset and sporadic presentations of Alzheimer’s
Disease (AD). However, less is known about nutritional status in Early-Onset Autosomal Dominant AD (EO-ADAD). Objective:
To analyze the association between nutritional status and other clinical and sociodemographic characteristics in individuals with
a genetic form of EO-ADAD. Design, settings, and participants: Cross-sectional study with 75 non-institutionalized participants
from a cohort of Autosomal Dominant AD (13 with mild cognitive impairment and 61 with dementia, ages from 38 to 67 years)
underwent a structured clinical assessment with emphasis on nutritional status. Measurements: Primary outcome was nutritional
status and it was measured using the Mini Nutritional Assessment (MNA). Patients were categorized according to MNA total score,
as undernourished (MNA <23.5) and well-nourished (MNA = 24). Sociodemographic and clinical variables identified as potential
predictors or confounders of nutritional status were also collected. Results: Undernourishment by MNA was present in 57.3% of
the sample. Forty-two percent of participants had abnormal BMI values considered lower than 18.5 or higher than 24.9 kg/m?
Total BMI values were similar in well and undernourished patients (median 24.2 IQR 3.59 and median 23.9 IQR 4.42, respectively,
p=0.476). When comparing well and undernourished groups, we found statistically significant differences for variables: severity of
dementia (p=0.034), frailty (p=0.001), multimorbidity (p=0.035) and, polymedication (p=0.045). Neither adjusted logistic regression
nor the Poisson regression showed that any clinical or sociodemographic variables explained undernourishment. Conclusions:
Undernourishment was a frequent finding in our sample of EO-ADAD, especially in later stages of the disease. Patients with
polymedication, multimorbidity, frailty and severe dementia show differences in their nutritional status with a tendency to be more
frequently undernourished. Further studies with larger sample sizes are needed to establish this association.
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Introduction

Alzheimer’s Disease (AD) is the main cause of
dementia worldwide (1). Less than 1% of all AD cases
are due to a genetic variant with familial aggregation.
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However, these forms of dementia are usually more
severe and have an earlier onset (before age 65) (2). As a
case in point, the Group of Neurosciences of Antioquia
(GNA by its name in Spanish: Grupo de Neurociencias
de Antioquia) in Colombia, has longitudinally followed
around 6000 individuals at risk of Early-Onset Autosomal
Dominant AD (EO-ADAD), 20% of them potentially
carrying a single genetic variant, E280A (Glu280Ala) in
Presenilin 1 (PSEN1), responsible for the disease (3). In
this population, the mean age of onset for Mild Cognitive
Impairment (MCI) is 44 years of age and 49 years of
age for dementia (4), which is approximately 20 years
younger than in late-onset AD (2).

Changes in nutritional status and weight loss
have been widely studied before the onset and
during the course of sporadic AD (5) representing a
mortality predictor (6). Some mechanisms involved
are neurodegeneration of specific brain regions (7),
inflammatory processes (8) and, olfactory and taste
dysfunction (9). Besides, some dementia-specific
symptoms such as executive function and planning
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impairments, amnesia, behavioral and neuropsychiatric
disorders (10, 11) dysphagia, side effects of
pharmacotherapy (12), among others, lead to reduced
dietary intake and malnutrition.

Malnutrition is related to modification of many
epigenetic markers, resulting in the development of
complex systemic disorders such as diabetes, obesity and
hypertension: all related to higher cardiovascular risk and
greater progression of AD (13-15). Malnutrition increases
mortality rates in adults with dementia, causes reduced
muscle mass, loss of autonomy, increased falls, decubitus
ulcers, systemic infections (11) and rapid cognitive
decline (16).

Approximately 44% of cognitively impaired elderly
subjects are at risk of malnutrition and 15% suffer from
it, albeit with variations in measurement from one region
to another (17). Despite wide availability of information
on malnutrition in late and sporadic forms of AD, only
a few studies have assessed nutritional variables either
in early-onset AD or in preclinical stages of ADAD (18-
22). Studying the relationship between nutrition and
EO-ADAD may provide a basis for effective preventive
strategies as a public health priority against malnutrition,
as well as a better understanding of morbimortality risk,
due more to dementia than aging itself.

The purpose of the current study is to analyze the
association between nutritional status in individuals
with a genetic form of EO-ADAD and some clinical and
sociodemographic potential determinants of malnutrition.

Methods

Study design and population

This is a cross-sectional study with a convenience
sample of 75 individuals. The study population
consisted of a sub-group of the longitudinal cohort of
participants with EO-ADAD due to a genetic variant in
PSEN1 (E280A) followed by the GNA. Major eligibility
criteria included: diagnosis of cognitive impairment
provided by an expert neurologist based on clinical and
neuropsychological aspects (23, 24), carrier status of the
PSEN1-E280A genetic variant and written informed
consent from the participant or authorized proxy.
Exclusion criteria were: functional limitation defined as
a Global Deterioration Scale =6 (25) and clinical diagnosis
of cerebrovascular disease.

Data was collected from records of 75 non-
institutionalized patients (13 with MCI and 62 with
dementia) participating in the ongoing project of the
GNA called “Characterization of frailty syndrome in a
population with early-onset Alzheimer’s Disease due to
a genetic variant in PSEN1-E280A, using the evaluation
methodology: Multimodal Approach for the Patient
with Alzheimer’s and other Dementias (AMPAD)”, in
Spanish: “Caracterizaciéon del sindrome de fragilidad
en poblacién con Enfermedad de Alzheimer de inicio
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precoz por variante genética PSEN1- E280A usando la
metodologia de evaluaciéon: Abordaje Multimodal al
Paciente con Alzheimer y otras Demencias (AMPAD)".
The genotypification of PSEN1-E280A variant is
regularly conducted by the GNA using the molecular
method PCR-RFLP (26), in all the members of the kindred
that is being longitudinally followed since the 1990s (3).

Written informed consent was obtained from
participants and their caregivers before study enrollment.
The study was approved by the ethics committee of the
Institute of Medical Research - School of Medicine of the
University of Antioquia act 005 /2020.

Clinical assessment

Demographic and clinical data were obtained by
a trained physician with a simultaneous interview of
both participants and their caregivers. Polymedication
was defined as taking = 3 medications (24) and
multimorbidity as having > 2 chronic conditions (29).
Hypertension, dyslipidemia and diabetes mellitus 2 were
assessed by having it recorded in a previous medical
record.

Frailty status was assessed through the Short Physical
Performance Battery (SPPB) and the Timed Up and Go
Test following standardized methods. The SPPB classifies
individuals as non-frail or pre-frail/frail with a total
score > 9, and < 9, respectively (30). Participants who
could not complete the SPPB because of major cognitive
impairment were assessed using gait speed, classifying
those with speed on a 6 meter walk < Im/s as pre-frail/
frail (31).

Anthropometric measures included brachial, calf and
abdominal circumference obtained with a measuring tape
SECA 101 (sensibility 0.1 cm). The abdominal perimeter
was measured at the midpoint between the last rib and
the upper border of the iliac crest and was categorized
as normal or at risk of metabolic syndrome (women
> 80, men =90 cm) (32). Weight was measured in light
clothing to the nearest 0.1 kg using SECA 813 electronic
scale (sensibility 0.1 kg) and height using a wall-mount
SECA 206 stadiometer. World Health Organization's
classification was used for Body Mass Index (BMI) (body
weight [kg] divided by body height squared [m2]):
underweight <18.5, normal weight 18.5 — 24.9, overweight
25-29.9 and obesity =30 (33).

Main outcome measure

Main outcome for nutritional status was the total score
on the Mini Nutritional Assessment® Guideline (MNA)
questionnaire (including both screening and assessment).
MNA has been validated for the evaluation of nutritional
status of frail elderly including those with AD (17, 34).
It has shown high sensitivity, specificity, and positive
predictive value (96%, 98% and, 97% respectively)
(35). MNA has also been used in younger populations



Table 1

NUTRITIONAL ASSESSMENT IN EO-ADAD

Demographic and clinical characteristics of the sample according to nutritional status

n (%)
Variable Well-nourished, 32 (42.6) Undernourished, 43 (57.3) Overall, 75 (100) p-value*
Gender 0.101
Female 14 (43.8) 27 (62.8) 41 (54.7) -
Male 18 (56.2) 16 (37.2) 34 (45.3) -
Severity of dementia 0.034
MCI 9(28.1) 4(9.3) 13 (17.3) vs. Mild: 0.768"
vs. Moderate: 0.238
vs. Severe: 0.035
Mild 11 (34.4) 10 (23.3) 21 (28.0) vs. Moderate: 0.724
vs. Severe: 0.163
Moderate 8 (25.0) 14 (32.6) 22 (29.3) vs. Severe: 0.706
Severe 4(12.5) 15 (34.9) 19 (25.3) -
Frailty 0.001
Non-frail 27 (84.4) 19 (44.2) 46 (61.3) -
Pre-frail/frail 5(15.6) 22 (51.2) 27 (36.0) -
Missing 0(0) 2(4.7) 2(2.7) -
Multimorbidity (=2 chronic conditions) 0.035
No 22 (68.8) 19 (44.2) 41 (54.7) -
Yes 10 (31.2) 24 (55.8) 34 (45.3) -
Polymedication (=3 medications) 0.045
No 25 (78.1) 24 (55.8) 49 (65.3) -
Yes 7 (21.9) 19 (44.2) 26 (34.7) -
BMI classification % (kg/m?) 0.294
Underweight, (<18.5) 0(0) 2(4.7) 2(4.7) -
Normal weight, (18.5-24.9) 19 (59.4) 24 (55.8) 43 (57.3) -
Overweight, (25--29.9) 12 (37.5) 13 (30.2) 25(33.3) -
Obesity (=30) 1(3.1) 4(9.3) 5(6.7) -
Hypertension 0.181
No 26 (81.2) 29 (67.4) 55 (73.3) -
Yes 6(18.8) 14 (32.6) 20 (26.7) -
Dyslipidemia 0.340
No 27 (87.5) 34 (79.1) 62 (82.7) -
Yes 4(12.5) 9(20.9) 13 (17.3) -
Diabetes mellitus 2 0.179
No 29 (90.6) 42(97.7) 71 (94.7) -
Yes 3(94) 1(2.3) 4(5.3) -
At risk of metabolic syndromex 0.307
No 7(21.9) 14 (32.5) 21 (28.0) -
Yes 21 (65.6) 24 (55.8) 45 (60.0) -
Missing 4(12.5) 5(11.6) 9(12.0) -
Median (IQR
Variable Well-nourished Undernourished Overall p-Value
Age 49 (7.5) 49 (7.5) 49 (8) 0.699
Years of education 8.00 (7.00) 6.00 (7.00) 7.00 (6.50) 0.211
BMI (kg/m?) 24.2 (3.59) 23.9 (4.42) 24.1 (4.37) 0.476

BMI: Body Mass Index; MCI = Mild Cognitive Impairment, IQR=Interquartile Range. *p-Values for differences between Well-nourished and Undernourished groups using independent
samples T-test, and Chi-squared, multiple comparisons for severity of dementia were adjusted with Tukey test. + BMI classification using the World Health Organization reference values.

xRisk of metabolic syndrome was defined as an abdominal perimeter >80 cm for women and >90 c¢m for men.
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(36). Brachial and calf circumferences were measured
as described in the MNA guideline (37). It classifies
patients into well-nourished (MNA score >23.5), at risk
of malnutrition (MNA score=17.0-23.5), or malnourished
(MNA score <17).

Neuropsychological assessment

All participants evaluated in the longitudinal follow-
up of the Group of Neurosciences of Antioquia undergo
a standardized neuropsychological assessment by a
trained clinician based on the research group protocol
(38). For the dementia stage grading, we collected
neuropsychological data from visits in the prior three
months to the clinical evaluation. We included: Mini-
Mental State Examination from 0 to 30, where higher
values indicate a better cognitive function (39), Global
Deterioration Scale used to establish cognitive and
functional impairment ranging from 1 to 7, and Barthel
Index (40) for impairment in basic activities of daily
living, lower scores indicating greater dependency.

Statistical analysis

Absolute and relative measures of demographic and
clinical variables were obtained for qualitative data,
central tendency and dispersion measures were evaluated
using median and interquartile range. For statistical
purposes, we categorized subjects according to the MNA
total score into well-nourished (MNA score >23.5), and
undernourished (MNA score <23.5) groups. Therefore,
the undernourished group consisted of both: subjects at
risk of malnutrition (n = 37) as well as those classified as
malnourished (n = 6) according to the MNA total score.

To compare demographic and clinical variables
between the well-nourished and undernourished groups,
group differences in demographic (i.e. age, gender, and
years of education) and clinical variables (i.e. severity
of dementia, frailty, multimorbidity, polymedication,
BM]I, diagnosis of diabetes mellitus type 2, hypertension,
dyslipidemia and risk of metabolic syndrome) were
evaluated with independent samples Mann-Whitney U
or T-test (depending on normal distribution according to
Shapiro Wilk test) and Chi-square test for continuous and
categorical variables, respectively.

To analyze the association between nutritional
status and clinical and demographic characteristics, we
performed a bivariate and multivariate analysis using
logistic regression models. Unadjusted models included
each clinical and demographic variable as explicative
variables and nutritional status as a binary outcome (i.e.
well-nourished and undernourished categories). The
variables included in the bivariate analysis were used
to adjust the estimators in the multivariate analysis and
all of them had Variance Inflation Factors (VIF) values
smaller than 2. Thus, an adjusted model included relevant
demographic and clinical predictors mutually adjusted,
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and nutritional status as a binary outcome. Besides, these
results were also verified by estimating the Prevalence
Ratios (instead of Odds ratios) for undernutrition and
well-nourishment groups, thus, Poisson regressions with
robust variance estimation using the White’s estimator
with an Omega value of 1 (Supplementary material 1),
following previously published recommendations for
cross-sectional designs with a binary outcome (41, 42).
However, no major differences were evidenced between
both methods. All the hypothesis tests were performed
using an alpha value of 0.05 and a confidence interval
of 0.95. The statistical analysis was performed using R
software (version 3.6.1) (43).

Results

The demographic and clinical characteristics of the
sample are shown in Table 1. Ages varied from 38-67
years with a median of= 49 years of age, IQR=8. We
found an overall frequency of undernutrition of 57.3%
(n=43) in patients with EO-ADAD by MNA. Of those in
the undernourished group, 67.5% (n=29) were in later
stages of AD (moderate and severe dementia). Forty-two
percent (n=32) of the sample had abnormal BMI values
distributed as underweight n=2, overweight n=25, obesity
n=5. BMI values were similar in well and undernourished
patients (median =24.2 IQR = 3.59 and median=23.9 IQR=
4.42, respectively, p=0.476).

There were statistically significant differences for the
variables: severity of dementia, frailty, multimorbidity
and, polymedication when comparing well and
undernourished groups. Undernourished patients tend
to be more commonly frail (n=22, 52.1%) than well-
nourished patients (n=5, 15.6%) p=0.001. Likewise, the
differences between the groups regarding severity of
dementia were significant (p=0.034), particularly when
comparing MCI vs. severe dementia (p = 0.035). For
the other variables, we found no statistically significant
differences (see Table 1).

Associations between clinical variables and
nutritional status

In the unadjusted bivariate analysis, the variables
moderate or severe dementia, frailty, polymedication,
and multimorbidity were associated with the
undernourished category. However, after adjusting for
all clinical variables included in the analysis, there was no
significant association for any of the variables (Table 2).

Discussion

Our study analyses the association between
nutritional status in individuals with a genetic form
of EO-ADAD (median age 49 years) and some clinical
and sociodemographic characteristics. Overall, we found
undernutrition to be present in 57.3% (n=43) of the
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Table 2
Associations between clinical and sociodemographic variables with undernourishment

Adjusted”
OR 95% CI p value OR 95% CI p value

Gender, male 0.71 (0.47; 1.09) 0.121 0.95 (0.59; 1.51) 0.814
Age 0.99 (0.96; 1.03) 0.720 0.97 (0.93;1.01) 0.110
Years of education 0.97 (0.92; 1.01) 0.168 0.98 (0.93; 1.04) 0.576
Moderate or severe dementia 1.72 (1.09; 2.7) 0.019 1.50 (0.86; 2.62) 0.149
Pre-frailty/frailty 1.97 (1.33;2.93) 0.001 1.48 (0.9; 2.46) 0.124
Multimorbidity (= 2 chronic condi- 1.52 (1.02; 2.27) 0.039 1.23 (0.68; 2.25) 0.495
tions)

Polymedication (> 3 medications) 1.49 (1.03; 2.17) 0.036 1.06 (0.67; 1.68) 0.798
Hypertension 1.33 (0.9;1.95) 0.150 1.11 (0.63; 1.98) 0.713
Dyslipidemia 1.26 (0.82;1.95) 0.291 1.11 (0.66; 1.89) 0.688
At risk of metabolic syndrome 0.80 (0.53;1.21) 0.291 0.78 (0.46; 1.34) 0.367

OR = Odds Ratio; 95%CI = 95% confidence interval. * All the variables included in the bivariate analysis were used to adjust the estimators in the multivariate analysis.

sample. We did not find other studies that use MNA in
any kind of early-onset dementia. Nevertheless, these
results are comparable to previous studies conducted
in elderly adults with cognitive impairment due to AD,
which show a similar frequency of undernutrition by
MNA score similar to the one found: in Korea (46%)
(44), Japan (57%) (10), Netherlands (14.1% ) (45), in
France (21-25%) (17,34), and as high as 96% in Italy
(46). These differences might be explained by disease
duration, clinical-stage, study design and culture.
However, considering that dementia is a common
variable between these studies and our study, we suggest
that undernutrition might be present independently
from age of onset, and perhaps it is attributable
by different mechanisms to the dementia syndrome.

Thirty-two patients (42.6%) had abnormal BMI
values (including under/overweight and obesity),
which is consistent with a study of cardiovascular
risk factors of a French cohort of early-onset AD (18).
Furthermore, it is remarkable that n=13 (40%) of these
patients with abnormal BMI values were part of the
well-nourished group, which could be probably
explained because the BMI cut-off values of the MNA
differ from the WHO reference values for middle-aged
adults. After analyzing BMI as a continuous variable,
we did not observe any differences between the well-
nourished and undernourished groups. Likewise, we did
not find any differences when comparing brachial, calf
and abdominal circumferences. Therefore, despite the
common use of BMI and other anthropometric variables
to classify nutritional status, these results suggest, that
anthropometric variables (as an independent measure)
are not well related to nutritional status according to
MNA in this population of middle-aged adults with
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dementia. For clinical purposes, we suggest, the
importance of complementing the nutritional evaluation
with both MNA and BMI in this population. Future
studies are needed to address results adapting thresholds
of BMI, brachial, and calf circumferences on the MNA
in early-onset dementia, to increase its sensibility.

The tendency of frail patients to be more likely in
the undernourished group found in our study has
been previously proven in older adults, leading to the
consideration of MNA as an appropriate tool to measure
frailty (47). Likewise, multimorbidity and therefore
polypharmacy have been postulated, by different
mechanisms, to exert a negative impact on nutrition,
due to disorders in food intake, insufficient absorption
of nutrients and indirect metabolic effects (21, 48).
Nevertheless, in the multivariate analysis, no association
was found when adjusting for all variables included. This
result could be partly attributable to the underestimation
of any significant difference caused by grouping
participants “at risk of malnutrition” and “malnutrition”
as one variable, since those “at risk of malnutrition” could
be differentiated to a lesser extent with the comparison
group “well-nourished”. Another explanation may be
given by other variables not included in our analysis that
have been proven to have a relation with malnutrition
in dementia, such as nutrient intake, Apolipoprotein E
status and inflammation (49, 50) or due to the sample size.

The frequency of multimorbidity, polymedication,
and frailty in our sample was consistent with the
prevalence of the same geriatric syndromes in older
patients (51). An in-vitro study of our group in carriers
of the same E280A genetic variant found that cholinergic
neurons (differentiated from multipotent mesenchymal
cells) display high levels of reactive oxygen species,
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loss of mitochondrial membrane potential and DNA
fragmentation unlike other mesenchymal-derived
cells (52). Therefore, to date, we cannot attribute the
similarities between the geriatric syndromes in our
middle-aged adults and older people only to the genetic
variant. On the other hand, neuropathology that leads to
cognitive impairment has been proven to directly affect
indicators of frailty, which could be in our case, a possible
explanation for our findings (53). Thus, the novelty of our
study lies in the high frequency of geriatric syndromes,
including undernutrition, in a group of patients with
EO-ADAD, raising the importance of a complete clinical
assessment with emphasis on nutrition of middle-aged
adults with dementia.

Strengths and limitations

We analyzed a convenience sample (N=75) which
causes a lack of adequate statistical power. The sampling
methodology and cross-sectional design do not allow
us to establish causality and therefore, results and
conclusions should be read with precaution for other
populations. Nevertheless, we acknowledge the value
of our findings given the infrequent presentation of
EO-ADAD. Healthy control groups should be desirable
to contrast our hypothesis in further studies. Other
forms of evaluation such as food-frequency and food-
security questionnaires and the measurement of plasma
levels of nutrients should be applied in future research.
Some limitations of the MNA in our context, are the
questionable reliability and validity of responses from
participants with dementia regarding self-perception,
and the applicability of the thresholds of anthropometric
variables validated in elderly populations but not in
middle-aged adults. The MNA is a useful tool for grading
nutritional status, but adaptations in anthropometric and
self-graded parameters may be required for its use in
EO-ADAD.

Conclusion

Undernourishment, determined by MNA score, is a
frequent finding in patients with EO-ADAD, especially
in those at later stages of the disease or those who are
frail. However, BMI, brachial and calf circumferences
as independent measures are not different between
well and under-nourished groups. Polymedication and
multimorbidity seem to have a direct relationship with
an altered nutritional status. Likewise, frail patients with
ADAD and those with severe dementia are more likely to
be undernourished. Understanding the specific aspects of
nutritional status that better describe this population may
potentially improve diagnosis, treatment, and prognosis,
slow cognitive decline, reduce comorbidity and impact
quality of life and caregiver burden.
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