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Abstract

Mild Behavioral Impairment (MBI) constitutes a late-life transition state that is associated with an
increased risk of cognitive impairment and dementia. Herein, we described the MBI construct and its
relationship with cognitive status in Mexican-Mestizos (MM) older adults. Participants were
classified according to their cognitive and behavioral statuses using tests administered to older adults
and their informants. APOE_rs429358/rs7412 variants were genotyped by real-time PCR.
Multivariate correlation and Principal Components Analysis (PCA) were used in statistical analysis.
246 participants were included, 13.0% had subjective cognitive decline and 30.9% mild cognitive
impairment. 37% (91/246) of participants from all the cognitive spectrums met the MBI criteria;
among this group, being carrier of APOEe4 was associated with two subdomains of the MBI
Subjective cognitive complaint, symptoms of depression and cognitive decline reported by the
informant were associated with an increased risk for MBI (ORs in the range of 4.7-15.89). The first
three components of PCA explained 68.0% of the variance of the data set, including MBI-checklist
total score as a main contributor. Well-known risk factors for dementia also correlated with this PCA.
MBI could be a relevant marker for cognitive decline in non-demented MM elderly people.

Keywords: mild behavioral impairment; APOE gene; subjective cognitive decline; mild cognitive
impairment; normal cognition

1. Introduction

Research on neurodegenerative disorders, including Alzheimer’s disease (AD) has focused on
early detection through clinical markers in pre-dementia states [1-3]. In 2024, the first Mexican survey
regarding early diagnosis of dementia in primary care revealed that only 17% of patients receive early
diagnosis of dementia in primary care centers in the Mexican public health sector. This emphasizes
the need to boost early detection rates to ensure the timely referral of patients with dementia to
specialized centers [4].
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In pre-dementia stages, neuropsychiatric symptoms (NPS) are highly prevalent and have a
strong relationship with AD biomarkers, particularly those related to beta-amyloid pathology, across
different stages of the cognitive continuum [5-8]. It is imperative to recognize the role of NPS in the
diagnostic criteria for neurodegenerative diseases; their integration in research and clinical practice
allows a more accurate detection and facilitates the comprehension of the biological substrate and
their relationship with other variables, such as the cognitive component [1]. The International Society
to Advance Alzheimer’s Research and Treatment (ISTAART) introduced Mild Behavioral
Impairment (MBI) as a diagnostic construct for pre-dementia stages, given its potential for early
detection of individuals at risk for developing dementia, and its predictive value for AD [2]. MBI can
appear at all stages of the cognitive continuum, i.e., in individuals with normal cognition (NC),
subjective cognitive decline (SCD) or mild cognitive impairment (MCI) [2,9]. The Mild Behavioral
Impairment-Checklist (MBI-C) operationalizes the concept of MBI from ISTAART, measures a
selected list of NPS and can aid in predicting the risk for AD and other neurodegenerative diseases
[10,11].

A longitudinal study in 1273 participants with NC or MCI found that those meeting MBI criteria
had faster progression to dementia than non-MBI NPS (i.e., NPS that are transient or attributable to
psychiatric conditions). Participants with MBI showed a broader pattern of neurodegeneration and
additional associations with AD structural biomarkers of interest, including lower bilateral
hippocampal volume, and cortical thickness in AD meta-region with the exception of the entorhinal
cortex for participants with NC, whereas non-MBI NPS did not [12]. Therefore, MBI could be
considered as a diagnostic entity that improves the prognostic accuracy of neurodegenerative
diseases in individuals with NC and MCI [12,13].

MBI-C includes five domains: decreased motivation, affective and emotional dysregulation,
impulse dyscontrol, social inappropriateness, and abnormal perception or thought content
manifesting as delusions and/or hallucinations [2,10,14]. The most frequently reported domains are
affective and emotional dysregulation or impulse dyscontrol, followed by decreased motivation in
samples of individuals over 50 years of age [15-17].

The overall prevalence of MBI in non-demented older adults >55 years of age has been
documented between 33.5 and 37.2%, this prevalence range varies according to the population
studied, recruitment methods, settings, and the specific evaluation scales used [16-18]. However, the
stratification of individuals by cognitive status shows the following prevalence in MBI: 16.1-27.6% in
individuals with NC, 35.8-43.1% in SCD, and 45.5-52.7% in MCI [24-26]. MBI is associated with lower
cognitive performance, cognitive decline, and an increased risk of progression to dementia [6,18-24].
The domains of affective and emotional dysregulation and impulse dyscontrol being the most
predictive of future diagnoses [11].

The gene encoding for the apolipoprotein E (APOE) is known as the most important modulator
of the AD risk, the inheritance of the €4 allele of APOE significantly increases the AD risk [25]. In
Mexican-Mestizo population (MM), the APOEe4 carrier status increases up to two times the risk of
cognitive decline [26]. APOE¢4 status has been associated with affective and emotional dysregulation
[22,27,28]; but no evidence has been found of its association with other subdomains or severity of
MBI [23,27]. It has been suggested that APOEe4 status could mediate the relationship between MBI
and cognitive decline [22,27,28].

MBI could be conceptualized as a mediator of cognitive decline or product of multifactorial risk,
i.e.,: depression, diabetes and vascular conditions associated with AD biomarkers [22,29]. Therefore,
this highlights the inquiry of a biopsychosocial and multifaceted approach to detect, manage and
prevent MBI [22,29,30]. It is plausible that MBI can serve as an early marker or prodromal state of AD
given the strong evidence linking MBI to cognitive decline, altered brain function, neuropathological
alterations, and genetic etiology [6,11,12,31]; consequently, the MBI is considered the
neurobehavioral axis of pre-dementia risk states, and complementary to the traditional
neurocognitive axis [6,9,11,24]. Besides, the MBI has been used as a classification strategy for older
adults without dementia, to identify a group at higher risk for AD [31]. The working group of the

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1247.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 December 2025 d0i:10.20944/preprints202512.1247.v1

3 of 17

Clinical Trials on Alzheimer’s Disease Conference (CTAD) recommends using MBI as a paradigm
shift in the assessment and management of NPS; it also provides recommendations for an MBI
assessment in AD prevention trials [3]. Therefore, the MBI represents a breakthrough in research on
cognitive decline associated with pathological aging. However, the reports about MBI in the Latin
American populations are scarce. We aimed to characterize MBI in MM older adults and explore its
potential associations with cognitive, clinical and sociodemographic parameters, along with APOE
genotype. Their contribution to the dimensionality of the data set is relevant to describing the
cognitive health of MM older adults.

2. Materials and Methods

Mexican older adults aged 260 years, who have finished at least the elementary education level,
no dementia, no history of traumatic brain injury, neurological disease, or psychiatric illness except
for mild or moderate depression and anxiety were enrolled in this study. In addition, each participant
was required to have an informant, defined as a family member or partner with =5 years of
relationship with the older adult. For blood sampling and the analysis of APOE genotype,
participants were required to be MM, defined as descending individuals, on both maternal and
paternal lines, from parents and grandparents born in Mexico

A cross-sectional, descriptive, and correlational study was conducted. Participants were invited
through the institution’s social media channels and through visits to cultural centers for elderly
people of Instituto Nacional de las Personas Adultas Mayores (INAPAM) in Mexico City. The
procedure and evaluations were conducted in a single in-person session, lasting =120 minutes as
described in Figure 1. Two clinical neuropsychologists conducted telephone interviews with
informants using the Informant Questionnaire on Cognitive Decline (IQCODE) and the Mild
Behavioral Impairment Checklist (MBI-C) [10,32]. The research protocol was approved by the
Research and Ethics Committees of the Instituto Nacional de Neurologia y Neurocirugia
(INNN_139/2023). This study followed the ethics principles contained at the Declaration of Helsinki
for research with human participants.

Participants .
‘ Neuropsychological assessment
completed online . . . .
» Questionnaire for sociodemographic data
« Cognitive Complaint Questionnaire (CCQ
Cog e F e €

« Montreal Cognitive Assessment (MoCA)

registration

Neuropsychiatric assessment
Meet the selection Informed « Medical history
* S « Beck Depression Inventory (BDI)

criteria consent
« Beck Anxiety Inventory (BAI)

Genetic assessment
« Participant’s genealogy
« Participant’s blood sample for APOE
genotyping

Figure 1. Flow chart illustrating the procedures and assessments carried out on the participants.

2.1. Instruments

Questionnaire for Sociodemographic data and Medical History. This instrument contains items to
collect sociodemographic and medical history information.

Cognitive Complaint Questionnaire (CCQ). To explore cognitive complaints in older adults in the
domains of attention, orientation, memory, language, executive functions, praxis, and gnosis. It
consists of 24 items, 4 per cognitive domain, and its response format is a Likert scale, namely: 0, never;
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1, almost never; 2, sometimes; 3, frequently; 4, always. A cut-off point of 22 is considered for
significant subjective cognitive complaint [33].

Montreal Cognitive Assessment (MoCA). It is a screening tool for cognitive function among older
adults by assessing the domains of verbal episodic memory, visuospatial ability, executive function,
attention/working memory, language, and orientation [34,35]. In this study, scoring of 25 was used
as a cut-off point for cognitive impairment, with a sensitivity ranging from 74-83.8% and specificity
ranging from 70-70.8% [36,37].

The Beck Depression Inventory (BDI). BDI measures the severity of somatic and cognitive
symptoms of depression. It consists of 21 Likert-scale items; 0 represents the absence of symptom:s;
and 3 represents high symptom frequency and severity. For mild depression, the cut-off point is 10
[38].

Beck Anxiety Inventory (BAI). Consists of 21 Likert-based items, where 0 indicates minimal or no
anxiety symptom level; 1=mild anxiety; 2=moderate anxiety; and 3= severe anxiety, with a mild level
of anxiety considered to be 6 points or higher [39].

Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE). This questionnaire explores
the informant’s report on the changes in the older adults over the past five years regarding
performance in areas requiring memory skills and other cognitive domains. This is a 26-item
questionnaire with a Likert-based response option: 1, much improved; 2, a bit improved; 3, not much
change; 4, a bit worse; 5, much worse [40]. There is a Spanish version validated, 87 is the cut-off point
for MCI [32].

The Mild Behavioral Impairment Checklist (MBI-C). MBI-C operationalizes the MBI ISTAART
criteria for its measurement [2]. It is a 34-item scale, and its structure is directly aligned with the five
domains of the MBI criteria. The scoring system consists of indicating the severity of the behavioral
change assessed by the item (0= absent; 1= mild; 2= moderate; 3= severe); these are added together to
generate a score for each domain and a total score (ranging from 0 to 102) [10]. Herein, the version of
the MBI-C for the Spanish population was used [41], and the cut-off point for MBI was set at 6, as
reported elsewhere [42,43].

2.1. Classification of Cognitive Status

The criteria for determining the cognitive status were as follows: NC, participants with normal
cognitive performance (MoCA2>25) and absence of significant cognitive complaint (CCQ<22 and/or
IQCODE 87/88); SCD, significant subjective cognitive complaint (CCQ>22) and normal cognitive
performance (MoCA>25) [44—46]; MCI, significant cognitive complaint either subjective (CCQ>22)
and/or reported by the informant (IQCODE >87/88) and low cognitive performance (MoCA<25)
[47,48]. For the multivariate analysis, the cognitive status was considered as an ordinal variable, as
follows: 1=NC, 2= SCD and, 3=MCI.

2.2. Genetic Analysis

DNA was extracted from peripheral blood samples using a commercial kit in an automated
QIAcube (QIAGEN, Hilden, Germany) system. The qualitative and quantitative analysis of genomic
DNA was assessed by agarose gel electrophoresis and using the NanoDrop™ spectrophotometer
(Thermofisher, Waltham, MA, USA), respectively. The single nucleotide variants (SNV) rs7412 and
rs429358 (c.604C>T: p.Argl76Cys and c.466T>C: p.Cysl30Arg, respectively) of APOE were
genotyped by real-time PCR (polymerase chain reaction) using a QuantStudio Real-Time PCR system
(Thermofisher, Waltham, MA, USA), and allelic discrimination. Commercial TagMan probes
(Thermofisher, Waltham, MA, USA) were used to discriminate €2, €3, and ¢4 alleles; reference DNA
samples of known APOE genotype (confirmed by direct sequencing) and a non-template control were
included in each run to validate the method. Then, to facilitate the analysis, the samples with €2/e2
and €2/e3 genotypes were classified as allelic group €2, the £3/e3 genotype as allelic group €3, and
the €3/e4 and €4/e4 genotypes as allelic group ¢4. APOEe4 carrier status was classified as absent,
heterozygous, and homozygous (e4/e4) (i.e., 0, 1, or 2 copies of €4 allele, respectively).
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2.3. Statistical Analysis

Frequencies and dispersion measures were used for descriptive statistics. The normality of the
variables was assessed by Kolmogorov-Smirnov test. To identify differences between groups based
on sociodemographic, clinical, and genetic variants, different tests were used, as appropriate,
including Chi-square test, Fisher’s exact test, the Mann-Whitney U or Kruskal-Wallis test. To
determine Hardy-Weinberg (HW) equilibrium, expected genotype frequencies were calculated from
observed allele frequencies. The Chi-square (x2) test was used to compare observed vs. expected
genotype frequencies; if this test shows a p-value> 0.05 then, the population is considered to be in
HW equilibrium.

Odds ratios (ORs) with 95% confidence intervals (CI95%) were calculated to identify associations
between variables of interest and presence of MBI. A p-value less than 0.05 was considered
statistically significant. Multivariate correlation analysis was used to establish the magnitude of the
association between the variables identified as risk factors for MBI Additionally, Principal
Component Analysis (PCA) was carried out to identify the variables with the highest contribution to
the data variance, as determined by cognitive status. In accordance with the Kaiser criterion, only
components with eigenvalues >1 were considered [49]. A scree plot was considered to determine the
number of principal components (PC) to be extracted in the PCA performed. Each PC explains a
percentage of the total variance in the data. Statistical analysis of the data was carried out with
Statistical Package for the Social Sciences (SPSS) version 27 and R version 4.5.1 [50].

3. Results

3.1. Sociodemographic, Cognitive, Clinical and Genetic Characteristics of the Sample

The sample included 246 MM older adults. 83.3% (N=205) of participants were women, mean
age was 69.88+6.58 years and they reported having 13.56+3.57 years of education. The MoCA mean
score was 25.06+3.14 and the levels of cognitive status of participants were distributed as follows:
56.1% (N=138) were classified as individuals with NC, 13.0% (N=32) SCD, and 30.9% (N=76) MCI
(Table 1).

Table 1. Sociodemographic, cognitive, clinical and genetic characteristics according to the cognitive status of the
participants (N=246).

NC SCD MCI

(N=138) (N=32) (N=76) p-value
Sex (%)
Male 22 (15.9) 4 (12.5) 15 (19.7) 0.616
Female 116 (84.1) 28 (87.5) 61 (80.3)
Age (in years)
u +SD 69.42+6.27 69.4+74.08 70.91+6.40 0.277
Range 60 —87 60 —87 60 —85
Y. education
u£SD 14.11+£3.22 14.05+2.70 12.34+4.19 0.004**
Range 6—22 9-19 6-22
Marital status (%)
W/o partner 81 (58.7) 23 (71.9) 40 (52.6) 0179
With partner 57 (41.3) 9 (28.1) 36 (47.5)
MoCA <0.0071***
u+SD 26.72+1.65 26.94+1.41 21.26+2.31 SCD vs MCI<0.001***
Range 25-30 25-30 12-24 NC vs MCI<0.001***
ccQ <0.001%+
u+SD 10.04+6.04 28.31+£5.99 18.07+12.57
Min-Max 0-21 22 -43 0-54
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IQCODE <0.007%***
u+SD 81.67+5.12 83.88+9.79 86.70+8.57 NC vs SCD=0.004**
Range 66— 117 40 -101 78 - 125 NC vs MCI<0.001***
BDI <0.007%***
u+SD 4.31+4.31 8.22+5.98 7.78+6.50 NC vs SCD<0.001***
Range 0-22 1-23 0-25 NC vs MCI<0.001***
BAI <0.007***
u+SD 3.18+4.19 8.09+6.32 5.66+5.95 NC vs SCD<0.001***
Range 0-23 0-21 0-29 NC vs MCI=0.004**
APOE N (%)
Allele ¢2 5 (1.81) 2(3.13) 3(1.97) 0.793
Allele ¢3 250 (90.58) 51 (79.69) 129 (84.87) NC vs SCD&MCI=0.021
Allele ¢4 21 (7.61) 11 (17.18) 20 (13.16) SCD vs NC&MCI=0.018

Kruskal-Wallis and post-hoc tests were used for comparisons of three groups. Fisher (two groups) and x2 (=3
groups) tests were used for categorical variables, **p<0.01, ***p<0.001. NC, normal cognition; SCD, subjective
cognitive decline; MCI, mild cognitive impairment; N, number; , mean value; SD, standard deviation; Y, years;
MoCA: Montreal Cognitive Assessment; CCQ, Cognitive Complaint Questionnaire; IQCODE: Informant

Questionnaire on Cognitive Decline in the Elderly; Beck Depression Inventory; BAIL: Beck Anxiety Inventory.

Participants with NC had significantly lower BDI and BAI scores (p<0.001) and a higher APOEe3
allele frequency (p>0.05) compared to the SCD and MCI groups. The frequency of the APOE¢#4 allele
was higher in the SCD group than in the MCI and NC groups (p=0.018). The group with MCI had
fewer years of education and the lowest MoCA scores compared to the other groups (p<0.05).
IQCODE and CCQ scores were similar between SCD and MCI groups, but significantly different to
the group with NC (Table 1).

Regarding the allelic frequency of APOE, 87.40%, 2.03% and 10.57% of the samples were carriers
of APOEe3, APOEe2 and APOEe4 alleles, respectively (Table 1). The distribution of the genotypes
was, as follows: APOEe3/e3 (N=190, 77.2%), APOEe3/e4 (N=43, 17.5%), APOEe2/e3 (N=8, 3.3%),
APOEe4/e4 (N=4, 1.6%), one participant showed APOEe2/e4 genotype (0.4%), and the genotype
APOEe2/e2 was not observed. The relative frequencies of APOE were in the range of equilibrium of
Hardy-Weinberg (p>0.05) and were similar to those previously reported MM population values [51-
53].

3.2. MBI Characteristics and its Frequency in the Cohort

The frequency of each MBI domain reported in the entire cohort (N=246) in descending order
was: 59.3% (N=146) for impulse dyscontrol, 49.2% (N=121) affective and emotional dysregulation,
38.6% (N=95) decreased motivation, 26.0% (N=64) social inappropriateness, and 12.2% (N=30)
abnormal perception/thought content. Scoring of total and particular domains of MBI-C were similar
between the SCD and MCI groups and higher than those of individuals with NC (Table S1).

3.3. Sociodemographic, Clinical Characteristics and APOEe4 Status Between Participants With and Without
MBI

37.0% (91/246) of participants met criteria for MBI (cut-off point 26.0 in MBI-C); 26.1% (N=36)
out of them had NC, while 59.4% (N=19) and 47.4% (N=36) were considered in the groups of SCD
and MCI, respectively. The frequency of MBI was higher in SCD vs. MCI group, but this was
nonsignificant (p=0.256). From highest to lowest, the reported frequency of the five MBI-C domains
within the group of participants with MBI was: impulse dyscontrol (95.6%), affective and emotional
dysregulation (89.0%), decreased motivation (84.6%), social inappropriateness (58.2%) and abnormal
perception/thought content (31.9%). The group with MBI presented higher levels of cognitive
complaints and a higher frequency of depression and anxiety symptoms (p<0.001) than the non-MBI
group. Participants with MBI were younger (68.48+6.42 vs. 70.70£6.60 years, p=0.009) and showed
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higher percentages of depression (53.8% vs. 32.9%, p=0.002) and anxiety history (36.3% vs. 23.9%,
p=0.041) than non-MBI group. In contrast, sex, years of education, marital status, cognitive

performance (MoCA), and APOE allele distribution were similar in both groups (Table 2).

Table 2. Comparison of sociodemographic, cognitive, and clinical characteristics, as well as APOE status,

between participants with and without MBL

Lo Total p-value
Characteristic (N=246) _ Yes(N=91) __ No (N=155)
Cognitive status (%) <0.001***
NC 138 36 (26.1) 102 (73.9) <0.001***
SCD 32 19 (59.4) 13 (40.6) 0.006**
MCI 76 36 (47.4) 40 (52.6) 0.032*
Sex (%)
Male 41 19(46.3) 22 (53.7) 0.215
Female 205 72 (35.1) 133 (64.9)
Age (years) u+SD 68.48+6.42 70.70£6.60 0.009%
Range 60 — 84 60 - 87
Y. education u+SD 13.73+3.79 13.46+3.44 0.379
Range 6-22 6-22
Marital status (%)
With partner 102 44 (48.4) 58 (37.4) 0.108
W/o partner 144 47 (51.6) 97 (62.6) '
Antecedents (%)s
Depression 100 49 (53.8) 51 (32.9) 0.002*
Anxiety 70 33 (36.3) 37 (23.9) 0.041*
Diabetes type 2 61 22 (24.2) 39 (25.2) 1.000
Hypertension 106 46 (50.5) 60 (38.7) 0.083
COVID-19 139 56 (61.5) 83 (53.5) 0.234
Clinical scales (u+SD)
MoCA 25.06+3.14 24.85+3.24 25.19+3.09 0.440
CCQ 14.89+10.64 20.12+11.77 11.83+8.58 <0.001***
IQCODE 83.51+7.38 88.5618.36 80.54+4.66 <0.001***
BDI 5.89+5.57 8.58+6.36 4.31+4.36 <0.001***
BAI 4.59+5.37 6.70+6.17 3.34+4.40 <0.001***
APOE alleles (%)
&2 10 3 (1.65) 7 (2.26) 0.751
3 430 157 (86.26) 273 (88.06) 0:57 6
&4 47 22 (12.09) 30(9.68) 0.448
# copies of €4 allele
0 198 72 (79.1) 126 (81.3)
1 44 16 (17.6) 28(18.1)
2 4 3(3.3) 1 (0.67) 0-284

Data were analyzed by Mann-Whitney test for continuous variables with 2 groups. Fisher and x? tests were used
when 2 or >3 groups of categorical variables were compared, respectively. *p<0.05, **p<0.01, **p<0.001. N,
number; 1, mean value. SD, standard deviation. Y, years. W/o, without. NC: normal cognition; SCD, subjective
cognitive decline; MCI, mild cognitive impairment; MoCA: Montreal Cognitive Assessment; CCQ, Cognitive
Complaint questionnaire; IQCODE: Informant Questionnaire on Cognitive Decline in the Elderly; BDI, Beck
Depression Inventory; BAI: Beck Anxiety Inventory. SSome participants reported >2 antecedents, therefore the
percentages add up to >100. The intervals of confidence of APOE allele frequencies for the group with MBI were
(ICos%) €2=0.62-8.77, £3=104.96-150.02 and €4=9.90-27.22. In the group without MBI were, as follows: (ICos%)
£2=2.81-14.42, £3=232.17-296.78 and £4=20.24-42.83.
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3.4. Comparison of MBI-C Domain Scores According to the Participants” APOEe4 Carrier Status

Regarding total or individual domains of MBI-C scoring, no differences were found between
APOE¢4 carriers vs. non-carriers (Table 3). Then, the comparison of MBI-C domain scores by number
of APOEe4 alleles (i.e., absence vs. heterozygous vs. homozygous or 0-1-2 alleles) demonstrated
differences in the domains of decreased motivation (0 vs. 2 alleles, p=0.013) and abnormal perception
or thought content (0 vs. 2 alleles, p= 0.027 and 1 vs. 2 alleles, p= 0.021) domains (Table 3 and Figure
2).

Table 3. Domains of the Mild Behavioral Impairment-Checklist (MBI-C) compared by APOE¢4 carrier status of

participants.
) Carrier of APOEe4 allele Number of copies of APOE&4 allele
MBI-C scoring
(uxSD) Yes No P 0 ! 2 -value
= (N=48)  (N=198) value (N=198)  (N=44)  (N=4 '
Total MBI-C 9.46+12.58 7.21+11.17 0109  7.21£11.17 8.55+11.70 19.50+19.28 0.114

Decreased motivation 1.75+2.92 1.33+292  0.129 1.3342.92 1.61+2.80  3.25+2.87 0.039**
Affective and emotional

) 2.50+3.81 224+3.67 0716  2.24+3.67  2.34+3.74  4.25+4.79 0.456
dysregulation

Impulse dyscontrol ~ 4.21+540 2.72+4.06 0.054  2.72+4.03  3.70+4.85 9.7548.66 0.069
Social inappropriateness 0.56+1.17 0.57 +1.24  0.848 0.57+1.23 0.55+¢1.19  0.75 +0.58 0.626
Abnormal perception or

0.44+1.54 0.36 £1.19 0.932 0.36+1.19 0.34+1.44 1.50+2.38 0.063*
thought content

Data were analyzed by Mann-Whitney test or Kruskal-Wallis and post-hoc test, accordingly. *p<0.05. 1, mean
value. SD, standard deviation. *Comparison between 0 vs 2 alleles, p=0.013. *Comparison between 0 vs 2 alleles,
p=0.027* and 1 vs 2, p=0.021.%.

* * '
—

Ay

Decreased motivation Emotional dysregulation Impulse dyscontrol Soclal inappropriateness Abnormal perception/thought content

Figure 2. Boxplots showing the score for each domain of the Mild Behavioral Impairment-Checklist according
to the APOEe¢4 carrier status of participants. Each bar corresponds to the APOEe¢#4 carrier status: absence (white),
one allele (light gray) or two APOEe4 alleles (dark gray), respectively. *p<0.05.

3.5. Risk Association and Multivariate Correlation Analysis

To explore the association between all the variables and the presence of MBI, ORs were
calculated only for statistically significant variables. This analysis revealed that SCD and MCI groups,
scoring of cognitive complaints (IQCODE and CCQ), depression or anxiety (BDI, BAI), as well as
history of depression or anxiety were associated with an increased risk for MBI (Table 4). On the
contrary, NC and being older than 70 years were found to be protective factors. The multivariate
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analysis showed correlations between MBI-C total score and IQCODE (r=0.66, p<0.01), CCQ (r=0.41,
p<0.01) and BDI (1r=0.41, p<0.01) (Figure 3).

Table 4. Association between variables of interest and presence of mild behavioral impairment.

Variable Odds Ratio [CI 95%] p-value
NC 0.340[0.199 - 0.581] <0.001**

SCD 2.883 [1.348 - 6.166] 0.006**

MCI 1.882 [1.082 - 3.272] 0.025*

Age=>70 years 0.550[0.325 - 0.929] 0.025*

Age <70 years 1.819[1.076 - 3.074] 0.025*
Subjective Cognitive Complaint (by CCQ) 4.706 [2.569 - 8.623] <0.001***
Informant Cognitive Complaint (by IQCODE) 15.889 [7.729 - 32.665] <0.001***
Antecedent of depression 2.379 [1.399 - 4.047] <0.007***
Depression (by BDI) 4.905 [2.595 - 9.271] <0.001***

Antecedent of anxiety 1.815[1.032 - 3.192] 0.039*
Anxiety (by BAI) 2.833 [1.625 - 4.939] <0.001***

CIL: confidence interval; NC: normal cognition; SCD, subjective cognitive decline; MCI, mild cognitive
impairment; CCQ, Cognitive Complaint Questionnaire; IQCODE: Informant Questionnaire on Cognitive
Decline in the Elderly; BDI, Beck Depression Inventory; BAIL: Beck Anxiety Inventory. Cut-off values for BDI and
BAI were 10 and 6, respectively. *p<0.05, **p<0.01, **p<0.001.

Magnitude
Correlation
BDI_Score - -
* ww
cea_Score W S0E 40 s 1 0.55 0.56
- * .k
Depression_Antecedent 331 0; 0.3
** R *x o
Anxiety_Antecedent 0.27 0.21 0.16 0.23
* i *x ok
MBI_Score 0.1 025 041 041 0.37
* o - o
IQCODE_Score . 0.07 0.15 0.34 0.27 0.24
- * - Ed * o
Cognitive_Status 035 03 0.05 0.09 039 0.28 0.25
* . * *x *
Age 0.09 -0.04 -0.16 0.02 -0.2 -0.14 -0.18 -0.14
Q <) 2 Q Q Q& Q@ Q
W P O @ ® & S &
e a7 F & o~ S
“27 QY 8 5 PR
& OOQ NS /o (iR R
' Q,Q&%
Q

Figure 3. Multivariate correlation analysis of age, antecedents of depression or anxiety, and psychological
variables evaluated in the participants. Pearson’s correlation was used. *p<0.05, **p<0.01. CCQ, Cognitive
Complaint Questionnaire; IQCODE: Informant Questionnaire on Cognitive Decline in the Elderly; BDI, Beck
Depression Inventory; BAI: Beck Anxiety Inventory. Cognitive status was codified as follows: 1=NC, 2= SCD
and, 3=MCI.

3.6. Principal Component Analysis (PCA)

PCA applied to cognitive status was used to explore the contribution of included variables to
the variance of the data set. The PCA revealed three components (PC1, PC2 and PC3) with

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1247.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 December 2025 d0i:10.20944/preprints202512.1247.v1

10 of 17

eigenvalues greater than 1.0, explaining 68.0% of the total variance of data (Table 5). Participants with
NC clustered around PC2, while the group with SCD was distributed between dimensions PC1 and
PC2. The group with MCI showed a more dispersed distribution in the PCA biplot of cognitive status
(Figure 4A). The PC1 explained 34.3% of the variance, and the variables with the highest load to this
dimension were CCQ, BDI, MBI-C, and BAI. The contribution of PC2 to the total variance of data was
19.3% (Figure 4A). The correlation of PCA with other covariates showed that depression or anxiety
history, APOEe4 status, COVID-19, and diabetes were significantly correlated with PC1 (p<0.05)
(Figure 4B). The variables that contributed to the greatest variance in PC2 were age, years of
education, MoCA, hypertension, and antecedents of COVID-19 (p<0.05). In addition, depression
history also correlated with PC2 (p<0.05) (Figure 4B). The variables with the greatest contribution to
PC3 (14.4% of contribution to the total variance) were IQCODE, BAI/BDI, MBI-C, sex, and anxiety
history (p<0.05).

Table 5. Principal component analysis (PCA) applied to cognitive status of Mexican older adults.

. Component
Variable 1 > 3
Eigenvalue 2.74 1.55 1.15
% Variance Component 34.3 19.3 14.4
% Variance Variable

CCQ 20.276 1.940 1.359
BDI 20.146 1.982 14.992
MBI-C 20.113 0.204 19.506
BAI 18.293 2.865 20.181
IQCODE 15.323 2.337 35.246
MoCA 3.800 28.340 0.313

Years of education 1.328 29.767 3.173
Age 0.719 32.564 5.231

CCQ, Cognitive Complaint Questionnaire; BDI, Beck Depression Inventory; MBI-C, Mild Behavioral
Impairment-Checklist; BAI: Beck Anxiety Inventory; IQCODE: Informant Questionnaire on Cognitive Decline
in the Elderly; MoCA: Montreal Cognitive Assessment.

_ Years_Education
MoCA_S'tore

0001
I
P e Contribution (%) -
+* __.BAl_Score *
- - BDI_Score . L - Depression_Antecedent
& 13 ‘

. +,.CCQ.Score

Anxiety_Antecedent

=, x
g . [+ MBI C Total Score COVID_19_Antecedent
~ N e T 2 2 °
% . . . C C 2
4 ',J/ e " + IQCODE_Score Cognitive Status ke
REIN e . . Hypertension
s Jiie S x 2
. APOEed_Carner
o b --""e . .3
! . PCt PC2 PC3 PC4 PCS
e
Age
PC1 (34.3%)
(@) (b)

Figure 4. Principal Component Analysis (PCA) applied to cognitive status of participants. (a) PCA biplot of
cognitive status, coded as follows: 1=normal cognition (red), 2= subjective cognitive decline (green) and 3=mild
cognitive impairment (blue). Colored arrows indicate the percentage of contribution of variables, the code for
this color gradient is depicted in the right bar. Principal Components, PC1 and PC2, contributed with 34.3% and
19.3% of variance, respectively. (b) Heatmap of the correlation analysis of PCA vs covariables. Five PCs are
shown. The color gradient bar on the right indicates the magnitude of the correlation and its significance is
symbolized by asterisks, *p<0.05, **p<0.01, ***<0.001. BDI, Beck Depression Inventory; BAIL: Beck Anxiety
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Inventory, Cognitive Complaint Questionnaire; IQCODE: Informant Questionnaire on Cognitive Decline in the
Elderly; MBI-C, Mild Behavioral Impairment-Checklist; MoCA: Montreal Cognitive Assessment.

4. Discussion

There is scarce research regarding MBI within the Latin Americans, including the Mexican
population. This is the first integrative study addressing sociodemographic, clinical and cognitive
characteristics along with APOE genotype and their association with MBI in MM older adults.

A meta-analysis has reported that the prevalence of MBI is 17.0% in individuals with NC, 35.8%
in SCD, and 45.5% in MCI [18]. The frequency of MBI in our sample was 37.0%, which agrees with
what has been documented in other populations (33.5%-37.2%) [16—18]. Our participants with NC
showed the lowest frequency of MBI (26.1%), followed by the group with MCI (57.4%) and by the
group with SCD (59.4%). Participants with NC vs. MCI or SCD showed differences in MBI-C; while
participants with SCD or MCI exhibited a similar frequency of MBI (p=0.256), which is in accordance
with a prior study carried out in a memory clinic [54]. In the same line, there is a study performed in
a community-based Southeast Asian cohort in which authors did observe differences between
participants with MCI and NC; however, they did not find differences in total or any domain scores
of MBI-C between participants with SCD or MCI suggesting that behavioral symptoms emerge before
than cognitive ones [55]. One possible explanation for the similar MBI frequencies observed between
the SCD and MCI groups could be that the participants with SCD came to this study because of
concerns about their cognitive health, as reported elsewhere [54], as opposed to what might have
been found in a randomly selected sample or population study.

The most frequently reported domains of MBI-C in the entire cohort (N=246) and in the group
with MBI were impulse dyscontrol (59.3% and 95.6%, respectively), preceded by affective and
emotional dysregulation (49.2% and 89.0%, respectively). These data are in agreement with what has
been previously documented [11,17,56]. There are some reports with differences in the frequencies of
the five domains of the MBI-C, but this may be influenced by the age of participants included [15] the
type of relationship between the informant and the older adult, cultural beliefs, educational level,
and other factors that contribute to the informant’s denial/minimization [17].

Contrary to what is documented in MCI and dementia, herein MBI was non-dependent on sex,
years of education, and marital status. The participants with MBI were younger than those of the
non-MBI group (p=0.009) (Table 2). The variability in the range of age of participants included in the
studies may be a reason for the reported mixed effects of age on MBI [22]. Herein, we included
participants with a wider age range (60-87 years) than other studies of MBI (i.e., participants of 72-79
years in Mortby et al. 2018) [17]; therefore, the association of age with MBI could be identified. Two
research studies done with older adults cognitively unimpaired found that between 55% and 59% of
individuals with emergent NPS convert to MCI [57,58]. In one of these studies, the group of patients
with emergent NPS was younger than patients without NPS, and the clinically significant NPS were
associated with a 3.92-fold increased risk of developing MCI [58]. Interestingly, in this study, being
younger than <70 years doubled the risk of MBI compared to older participants.

In our sample, a subjective cognitive complaint, and cognitive complaints reported by the
informants increased the risk of MBI >4-fold and >15-fold, respectively (p<0.001) (Table 4).
Consequently, MBIl is related to cognitive and functional decline [9,19], and is positioned as an early
indicator of neurodegenerative disorders in which, as time progresses, behavioral symptoms are
accompanied by cognitive symptoms [2,24,57-59]. Therefore, behavioral changes, which often
present with cognitive complaints, might be early signs/symptoms of neurocognitive disorders [55].

We did not find differences in the MoCA total score between the groups according to the
presence of MBI. This may be due to the fact that 69.12% of the older adults included were cognitively
unimpaired (NC+SCD), since the correlation between MBI-C and MoCA total scores becomes
stronger as cognitive impairment progresses [24].
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SCD and MCI were associated with an increased risk for MBI (p<0.05), in which the cognitive
complaint, a common feature of both cognitive states, also was a risk factor for MBI. These findings
support that MBI and cognitive status are interconnected conditions [22].

Depression assessed with BDI, and depression history increased the risk of MBI five- and three-
fold, respectively(p<0.001) (Table 4). This agrees with previous studies that found association
between depressive symptoms or depression history, and increased risk of MBI [22,60,61]. In this
regard, the involvement of shared and bidirectional mechanisms between MBI and depression has
been suggested [22]. In this context, clinicians should be aware of differentiate the symptoms of
depression and anxiety from those MBIl-associated symptoms, taking into account the age of onset
and its evolution with cognitive decline [14].

Anxiety history and symptoms assessed with BAI increased twofold and threefold the MBI risk,
respectively (Table 4). Anxiety is a risk factor for AD and vascular dementia [62]; besides, MBI is
related with AD biomarkers and greater volume of white matter hyperintensities, a sign of
cerebrovascular disease [11,58,63,64]. Thus, the association between MBI and anxiety supports the
hypothesis that this construct could be a clinical manifestation of these diseases.

A higher prevalence of two MBI subdomains were observed in APOEe4 carriers: decreased
motivation and abnormal perception or thought content. An association between APOE genotype
and affective and emotional dysregulation has been previously documented; however, findings
regarding the domain of decreased motivation are inconsistent [27,28]. The subdomain of decreased
motivation has been associated with an increased risk of all-cause dementia in adults with NC over
55 years of age [16], suggesting a common biological substrate for these behavioral symptoms of pre-
dementia stages with cognitive and functional aspects [22].

In a longitudinal study with 8.1 years of follow-up, the APOE¢4 carriers with emergent NPS had
the highest rate of conversion to cognitive impairment compared to the other groups with a
combination of presence/absence of NPS and APOE¢#4 carrier status [58]. MBI is a multifactorial state
that considers genetic predisposition (e.g., APOE¢#4 allele) and other AD and cerebrovascular disease-
related factors [22,64]. Therefore, the risk association of MBI with age under 70 years and higher
cognitive complaints without a significant relationship with cognitive performance (MoCA score)
identified in this study could suggest that MBI is an even earlier clinical marker than cognitive
impairment.

The variables accounting for the greatest variance of the dataset were CCQ, BDI, BAI, MBI-C,
MoCA, age, and years of education. The first dimension of the PCA (PC1) explains the set of affective-
behavioral symptoms (neuropsychiatric axis) and cognitive complaints; while PC2 corresponds to
the cognitive performance and associated sociodemographic variables (cognitive axis) (Figure 4B).

Additionally, a history of depression or anxiety, APOEe4 carrier status, and hypertension were
covariates significantly correlating in both PC1 and PC2. Our results indicate that these variables are
common to both MCI and MBI, therefore they could be complementary syndromes [24,59]. Another
approach is to consider MBI as a mediator state to explain the relationship between risk factors of
brain health and cognitive decline [30]

There is evidence of an association between hypertension and an increased risk of MBI [22,30].
MBI in turn has been associated with a greater number of white matter hyperintensities in non-
demented individuals (NC and MCI) from memory clinics [29,65]. It has been suggested that
hypertension is one of the causal factors of this imaging sign [66]; and that both hypertension and
white matter hyperintensities are risk factors for dementia [66,67]. Thus, hypertension, a common
condition in MBI and cognitive impairment, might have potential implications for cognitive or brain
health aspects [30].

The strengths of the present integrative study are the inclusion of APOE genotype and other
known AD risk factors in non-demented participants, the cognitive status and their stratification by
presence of MBI. This is the first report of MBI in MM older adults, analyzing its contribution to the
variance of the dataset by using PCA. The main limitation is the low inclusion of male participants
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in our cohort (N=41, 16.7%) limiting generalizability of study findings; however, comparative
analyses could be performed.

Our findings support the inclusion of the MBI in the protocols of assessment of nondemented
older adults, as well as in combination with AD biomarkers and other neurodegenerative diseases
[22,58,64]; in addition, it would be useful to improve risk stratification for older adults with cognitive
complaints and symptoms of depression and/or anxiety. Longitudinal future research should delve
deeper into 1) establishing differences in MBI profile regarding risk of cognitive decline in MM
population; 2) to identify MBI subtypes and to determine whether their profiles are associated with
the etiology of some neurodegenerative diseases; 3) to evaluate MBI as an early detection marker of
neurodegenerative diseases in the context of health primary care; 4) to determinate cognitive and
imaging correlates of MBI; and 5) to explore MBI evolution and cognitive impairment, and their
interactions with other factors.

5. Conclusions

The PCA applied to cognitive status in non-demented MM elderly people revealed a two-
component structure describing the variance of the dataset: PC1, a behavioral and affective
component along with cognitive complaint, in which MBI has a significant loading, and PC2
corresponded to the cognitive dimension. Our findings suggest that MBI could be an early clinical
marker of risk for cognitive decline.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1: Comparison of MBI characteristics between the different cognitive

status of the participants.
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Abbreviations

The following abbreviations are used in this manuscript:

AD Alzheimer’s disease

APOE Apolipoprotein E

BAI Beck Anxiety Inventory

BDI Beck Depression Inventory

CCQ Cognitive Complaint Questionnaire

CTAD Clinical Trials on Alzheimer’s Disease Conference

INAPAM Instituto Nacional de las Personas Adultas Mayores
INNNMYVS  Instituto Nacional de Neurologia y Neurocirugia, Manuel Velasco Sudrez

IQCODE Informant Questionnaire on Cognitive Decline

ISTAART International Society to Advance Alzheimer’s Research and Treatment
MBI Mild Behavioral Impairment

MBI-C Mild Behavioral Impairment Checklist

MCI Mild Cognitive Impairment

MM Mexican-Mestizos

MoCA Montreal Cognitive Assessment

NC Normal Cognition

NPS Neuropsychiatric symptoms

PCA Principal Components Analysis

SCD Subjective cognitive decline

SECIHTI Secretaria de Ciencia, Humanidades, Tecnologia e Innovacién
SNV Single Nucleotide Variants

UAM Universidad Auténoma Metropolitana

UNAM Universidad Nacional Auténoma de México
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