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Abstract
BACKGROUND: Frailty has been associated with cognitive 
markers of dementia but its relationship with behavioral 
markers of dementia are poorly understood. 
OBJECTIVES: To investigate the association between frailty and 
mild behavioral impairment (MBI), and whether this association 
is moderated by sex.
DESIGN: Cross-sectional observational study. 
PARTICIPANTS/SETTING: 219 non-dementia participants 
(cognitively normal and mild cognitive impairment) from 
the Comprehensive Assessment of Neurodegeneration and 
Dementia (COMPASS-ND) study.
MEASUREMENTS: Frailty was measured using the frailty index 
(FI) with higher scores indicating more health deficits/greater 
frailty. MBI symptoms were derived from Neuropsychiatric 
Inventory Questionnaire scores using a published algorithm 
with a cut-off of >0 indicating MBI symptom presence and 
higher scores indicating greater severity. Multivariable logistic 
and linear regressions adjusted for age, sex, education, and 
cognitive diagnosis were used to test the association between 
FI and MBI symptom presence and severity, respectively, with 
MBI as the outcome variable. An FI-by-sex interaction term was 
included to test for sex-dependent effects. 
RESULTS: The FI mean and SD across the entire cohort was 
0.14 ± 0.06 (median = 0.14, IQR = 0.09–0.17, range = 0.02–
0.38). Higher FI scores were associated with the presence of 
MBI symptoms both globally and in the domains of decreased 
motivation, affective dysregulation, and psychosis. Higher FI 
scores were also associated with more severe MBI symptoms in 
a sex-dependent manner: both sexes reported similarly low MBI 
symptom severity at low (-1 SD) levels of FI but males reported 
1.9x higher MBI symptom severity relative to females at high 
(+1 SD) levels of FI. 
CONCLUSIONS: The FI is associated with both the presence 
and severity of MBI, especially for males. This suggests 
that screening for early dementia risk should incorporate 
assessments of MBI for patients with frailty, and assessments of 
frailty for patients with MBI.

Key words: Frailty, mild behavioral impairment, neuropsychiatric 
symptoms, non-cognitive dementia markers, dementia, Alzheimer’s 
disease. 

Introduction

To facilitate the development and testing of 
new therapeutics designed to treat, alter, 
or even prevent the onset and progression of 

dementia, it is critical for researchers and clinicians to 
be able to identify the disorder during its early stages 
(1, 2). Increasingly, dementia is seen as a multifactorial 
condition that arises in the context of multiple medical 
and social factors which commonly interact (3). This 
likely reflects its strong relationship with age: most cases 
of dementia in Canada are diagnosed in people between 
the ages of 75 and 95 (4). Given these relationships with 
age and a range of associated factors, older adults who 
live with frailty face an increased risk for dementia 
(5-9). Three separate meta-analyses representing over 
15 longitudinal studies have robustly shown that older 
adults who classified as frail are at greater risk of incident 
dementia (7-9). 

Frailty refers to “a state of increased vulnerability to 
poor resolution of homeostasis after a stressor event, 
which increases the risk of adverse outcomes, including 
falls, delirium, and disability” (10). It is often measured 
using a frailty phenotype, which views frailty as a clinical 
syndrome, or a deficit accumulation frailty index (FI), 
which considers frailty as a health state and aims to 
quantify it based on cumulative health deficits (11, 12). 
A growing body of evidence has demonstrated a link 
between the FI and early cognitive deficits indicative of 
an increased risk for incident dementia. In a longitudinal 
study of 625 participants with no cognitive impairment, 
mild cognitive impairment (MCI), or dementia from 
the Rush Memory and Aging Project (MAP), the FI was 
associated with worse cognition and dementia status 
independently of measures of traditional dementia 
neuropathology (6). Likewise, in a study of 14,490 
participants from the National Alzheimer’s Coordinating 
Center (NACC), higher FI values were associated with 
an increased risk of the development of MCI in those 
with no cognitive impairment (5). However, despite 
being the hallmark symptom of prodromal dementia, 
the use of early cognitive symptoms alone to predict 
incident dementia still has much room for improvement 
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(13). Only 10-15% of patients with MCI progress to 
dementia annually, whereas approximately one-third 
revert back to normal cognition or remain stable (14). 
Furthermore, other studies have shown that the link 
between cognitive impairment and Alzheimer’s disease 
(AD) neuropathology remains weak (15). To address this 
concern, it is important to consider how frailty relates 
to other non-cognitive markers of dementia risk, which 
can be assessed non-invasively and efficiently in clinical 
settings by physicians and researchers alike to aid in the 
prediction of incident dementia.

M i l d  b e h a v i o r a l  i m p a i r m e n t  ( M B I )  i s  a 
neurobehavioral syndrome that captures the de novo 
emergence of persistent neuropsychiatric symptoms 
(NPS) in older adults, which represent a change from 
longstanding behavior or personality, as an at-risk state 
for incident cognitive decline and dementia (16, 17). 
MBI symptoms fall into five domains: decreased drive 
and motivation (apathy), affective dysregulation (mood 
and anxiety symptoms), impulse dyscontrol (agitation, 
aggression, impulsivity), social inappropriateness 
(impaired social cognition) and abnormal perception 
or though content (psychotic symptoms including 
hallucinations and delusions). Data from several 
thousands of participants from NACC and PROTECT 
studies have shown that MBI symptoms are not only 
associated with steeper cognitive decline and the 
eventual progression to dementia, but may even precede 
the diagnosis of MCI (18-20). Relevant to prodromal 
dementia, recent evidence has demonstrated that adding 
behavioral risk (i.e., MBI) to cognitive risk (i.e., MCI) 
results in better dementia prognostication. In a sample 
of 739 participants with MCI, MBI was associated with 
a higher likelihood of progression to dementia (14.7% 
vs 8.3 annual progression rate) and a lower likelihood 
of reversion to normal cognition (2.5% vs 5.3% annual 
reversion rate), relative to MCI without MBI (21). 
A number of recent studies have also demonstrated 
associations between MBI and early AD neuropathology 
including β-amyloid and phospho-tau in pre-dementia 
cohorts, suggesting that MBI can enrich samples for 
preclinical and prodromal Alzheimer’s disease (22-24). 

Both the recent Canadian Consensus Conference on 
the Diagnosis and Treatment of Dementia (CCCDTD5) 
(25, 26) and the 2021 World Alzheimer Report (27) have 
recommended incorporating MBI, along with other 
non-cognitive markers of dementia, for more thorough 
dementia risk assessments. Notably, symptoms of 
MBI have been associated cross-sectionally with 
impaired gait (28) and hearing loss (29, 30), two other 
non-cognitive dementia markers (25, 26). While the 
relationship between frailty and cognitive impairment is 
established and growing, significantly fewer studies have 
investigated how frailty relates to early-stage behavioral 
changes that are indicative of increased dementia risk. 
One study has shown cross-sectionally that the frailty 
phenotype is associated with MBI status (31) but, to our 

knowledge, no studies have examined the relationship 
between frailty and MBI using the FI, or the relationship 
between frailty and the severity of MBI symptoms.  

In addition to associations with cognitive decline and 
dementia, both frailty and MBI have demonstrated sex 
differences in prevalence and/or severity. A systematic 
review and meta-analysis of 7 studies found that females 
tended to have higher FI scores than males in every age 
group (32). However, despite having higher FI scores 
than males on average, females still tend to fare better 
by having lower lethality rates at any given level of 
frailty than males, in a  phenomenon that has been 
termed the male-female health-survival paradox (33). In 
contrast, earlier work and preliminary data on MBI and 
its domains have generally concluded the opposite trend: 
MBI symptoms are more prevalent and severe in males 
than in females (34-36). The purpose of this study was 
two-fold: to investigate the association between frailty 
and MBI in a non-dementia cohort and to characterize the 
potential role of sex in this relationship. We hypothesized 
that higher levels of FI would be associated with greater 
MBI total symptom severity and that, given the male-
female health-survival paradox and increased severity of 
MBI in males, this association would be stronger in males 
than in females.  

Methods

Participants

Participant data were drawn from the Comprehensive 
Assessment of Neurodegeneration and Dementia 
(COMPASS-ND) study. COMPASS-ND is a Canada-wide 
multi-center observational cohort study (clinicaltrials.gov: 
NCT03402919) coordinated by the Canadian Consortium 
on Neurodegeneration in Aging. Patients with varying 
cognitive diagnoses and complaints aged 50-90 years 
old are recruited primarily from specialty cognitive 
clinics and non-clinical community-dwelling settings at 
31 sites across Canada. Written informed consent was 
obtained from all participants, and ethics approval was 
obtained from the research ethics committee at each site. 
Additional details for the COMPASS-ND study and its 
participant recruitment methods have been published 
elsewhere (37, 38). This study included only dementia-
free participants (n = 256) from the COMPASS-ND 
February 2020 data release (n = 409) who were classified 
as cognitively normal (CN; n = 10) or diagnosed with 
subjective cognitive decline (SCD; n = 58) or MCI (n = 
188). Participants were excluded if they were missing 
NPI-Q data (n = 37). 

Measures

The COMPASS-ND study collects sociodemographic, 
c l in ica l ,  neuropsychologica l ,  b iomarker,  and 
neuroimaging data from its participants. Of relevance 
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here were baseline demographic variables such as age, 
sex, and education which were recorded during the initial 
screening visit, and cognitive diagnosis (CN, SCD, or 
MCI) which was determined at the same visit by a study 
physician based on all available clinical and research 
information at the time (38).

Frailty was operationally defined using an existing 
COMPASS-ND application of the FI (39). The FI 
quantitatively measures the degree of frailty as a state of 
deficit accumulation (40), and is generally computed as 
the number of health deficits present divided by the total 
number of health deficits considered (41). Values of FI 
therefore range from 0 to 1, with higher values indicating 
a more severe state of health deficit accumulation. The 
COMPASS-ND iteration of the FI contains 81 items that 
fall under the categories of Basic Activities for Daily 
Living (6 items), Instrumental Activities for Daily Living 
(7 items), Quality of Life (6 items), Clinical Assessment 
(61 items), and Low Activity (1 item). To ensure that the 
FI was unbiased across the neurodegenerative spectrum 
of disorders present in the COMPASS-ND cohort, this 
version excluded items related to neurological disease. 
Furthermore, the FI did not contain any of the items that 
were used to approximate MBI in this study. To visualize 
the presence of MBI symptoms across the FI range, MBI 
symptom prevalence was plotted against 0.1 intervals 
of the FI: ≤ 0.10, 0.11–0.20, and ≥ 0.21, which have 
previously been differentially associated with mortality 
in cognitively normal older adults (42). Otherwise, the 
FI was treated as a continuous variable for regression 
modeling. 

The presence and severity of NPS were evaluated using 
the Neuropsychiatric Inventory Questionnaire (NPI-
Q) (43), which was completed by a primary informant 
during the baseline clinical visit. From these data, MBI 
total and domain symptom scores were derived using a 
published algorithm (44). Specifically, the MBI decreased 
motivation domain score (range = 0–3) was derived from 
the NPI-Q apathy subscale; emotional dysregulation 
(range = 0–9) from the NPI-Q depression, anxiety, and 
elation subscales; impulse dyscontrol (range = 0–9) from 
the NPI-Q agitation, irritability, and motor behaviour 
subscales; social inappropriateness (range = 0–3) from the 
NPI-Q disinhibition subscale; and abnormal perception or 
thought content (range = 0–6) from the NPI-Q delusions 
and hallucinations subscales. Global MBI symptom 
severity (range = 0–30) was calculated as the sum of the 
scores from each MBI domain such that larger values 
represented greater MBI symptom burden. These scores 
were used to generate a dichotomous variable (MBI 
symptom status) using a cut-off of >0 to indicate the 
presence of global or domain-specific MBI symptoms, and 
a continuous variable (MBI symptom severity), both for 
incorporation into regression modeling. 

Statistical Analyses

Descriptive statistics (means, standard deviations, 
ranges, counts, percentages) were used to summarize 
participant characteristics for the entire non-dementia 
cohort stratified by sex. Differences between males and 
females in demographic, neuropsychological, frailty, and 
MBI variables were tested using independent-samples 
t-tests for continuous variables or chi-square and Fisher’s 
exact tests for categorical variables, as appropriate. Group 
differences were considered to be significant using a 
statistical significance threshold of p < .05. The same 
tests were also conducted to compare demographic 
characteristics and FI values for participants included 
in the final sample to participants who were excluded 
for missing NPI-Q data. To test the association between 
FI and MBI symptom status, separate multivariable 
logistic regressions were fitted with FI as the primary 
predictor variable and global or domain-specific MBI 
symptom status as the outcome variable. A multivariable 
linear regression was used to test the association 
between FI (predictor variable) and total MBI symptom 
severity (outcome variable). Furthermore, an FI-by-sex 
interaction term was included in the linear regression 
model to identify potential sex-dependent effects, which 
were subsequently broken down across low (-1 SD), 
medium (mean), or high (+1 SD) levels of the FI. For 
every regression model, mean-centered age and years of 
education variables, and effect-coded sex and cognitive 
diagnosis (CN/SCD or MCI) variables, were included 
as covariates. The assumptions of linear regression and 
outliers were evaluated prior to the fitting of each model 
using residuals vs fitted, normal Q-Q, scale-location, and 
residuals vs leverage plots. Outliers in total MBI symptom 
severity were addressed using 90% winsorization. To 
account for multiple comparisons, a Bonferroni correction 
with α = 0.05 and m = 7 resulting in a final statistical 
significance threshold of p < .007 applied to all regression 
models. All analyses were conducted on R version 
4.0.2 and the emmeans R package was used to generate 
estimated marginal means for the FI-by-sex interaction. 

Results

Participant Characteristics

The final sample included for analysis consisted of 
219 participants (49% female) of whom 10 (4.6%) were 
classified as CN, 48 (21.9%) were diagnosed with SCD, 
and 161 (73.5%) were diagnosed with MCI. Descriptive 
summary statistics for participant demographic, frailty, 
MBI, and neuropsychological measures stratified by 
sex are shown in Table 1. Collectively, the participant 
mean and SD for age and education were 72.2 ± 6.5 and 
15.8 ± 3.5 years, respectively. When comparing between 
sexes, males tended to be older, were more likely to be 
diagnosed with MCI, and reported greater MBI global 
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and apathy symptom presence and severity compared 
to their female counterparts, on average. Sex differences 
were not observed for FI values. Participants who were 
excluded on the basis of missing NPI-Q data did not 
differ significantly from the final sample in terms of age, 
sex, education, cognitive diagnosis, or FI values. 

Approximately half (51.1%) of participants had a FI 
score within 0.11-0.20, 35.2% had a score below 0.10, 

and 13.7% had a score greater than 0.21. The mean and 
SD of participant FI scores was 0.14 ± 0.06 (median = 
0.14, IQR = 0.09–0.17). MBI symptoms were present in 
approximately half (51.6%) of participants, and the mean 
and SD of global MBI symptom severity was 1.8 ± 2.7. 
The prevalence of MBI symptoms across the FI is shown 
in Figure 1 and is reported in Table 2. The prevalence 
of global and domain-specific MBI symptoms were 

Table 1. Participant Characteristics
Variable Total Male Female p-value

n 219 112 107
Age (y) 72.2 (6.5); 50.2–87.1 73.2 (6.6); 60.6–87.1 71.2 (6.4); 50.2–84.2 .03
Education (y) 15.8 (3.5); 6–31 15.7 (3.9); 6–31 15.8 (3.3); 11–28 .81
Diagnosis <.001
CN 10 (4.6) 0 (0) 10 (9.3)
SCD 48 (21.9) 10 (8.9) 38 (35.5)
MCI 161 (73.5) 102 (91.1) 59 (55.2)
Frailty Index Prevalence .72
≤ 0.10 77 (35.2) 42 (37.5) 35 (32.7)
0.11-0.20 112 (51.1) 56 (50.0) 56 (52.3)
≥ 0.21 30 (13.7) 14 (12.5) 16 (15.0)
Frailty Index 0.14 (0.06); 0.02 – 0.38 0.13 (0.05); 0.03–0.25 0.14 (0.07); 0.02–0.38 .21
MBI Symptom Prevalence
Total 113 (51.6) 64 (57.1) 49 (45.8) .09
Decreased motivation 35 (16.1) 25 (22.7) 10 (9.3) .007
Affective dysregulation 77 (35.5) 43 (39.1) 34 (31.8) .26
Impulse dyscontrol 71 (32.7) 40 (36.4) 31 (29.0) .25
Social inappropriateness 28 (12.9) 15 (13.6) 13 (12.1) .74
Psychosis 15 (6.9) 11 (10.0) 4 (3.7) .07
MBI Symptom Severity
Total 1.8 (2.7); 0–15 2.2 (3.1); 0–15 1.4 (2.2); 0–12 .02
Decreased motivation 0.2 (0.6); 0–3 0.4 (0.7); 0–3 0.1 (0.4); 0–2 .003
Affective dysregulation 0.6 (1.1); 0–5 0.7 (1.2); 0–5 0.5 (1.0); 0–5 .17
Impulse dyscontrol 0.7 (1.1); 0–6 0.8 (1.3); 0–6 0.5 (0.9); 0–4 .06
Social inappropriateness 0.2 (0.5); 0–3 0.2 (0.6); 0–3 0.2 (0.5); 0–2 .59
Psychosis 0.1 (0.4); 0–2 0.1 (0.4); 0–2 0.1 (0.3); 0–2 .20
Neuropsychological Tests
MoCA 24.5 (3.6); 13–31 23.5 (3.8); 13–31 25.4 (3.1); 17–30 <.001
TMA A (s) 41.1 (18.5); 14.0–137.0 44.1 (20.2); 18.0–128.0 38.1 (16.0); 14.0–137.0 .02
TMA B (s) 105.1 (56.5); 41.0–300.0 116.2 (63.6); 43.0–300.0 93.8 (45.9); 41.0–300.0 .004
RAVLT, delayed recall 6.9 (4.3); 0–15.0 5.1 (3.4); 0–15.0 8.7 (4.3); 0.0–15.0 .001
Digit span 16.7 (3.6) 9.0–26.0 16.2 (3.3); 10.0–26.0 17.2 (3.8); 9.0–26.0 .05
Note. Continuous numeric variables are shown in mean (SD); range. Categorical variables are shown in n (%). All values were rounded to the nearest single decimal place 
except for p- and FI values. p-values correspond to differences between male and female groups and were determined using independent-samples t-tests for continuous 
variables or chi-square and Fisher’s exact tests, as appropriate, for categorical variables. MBI status was classified using a cut-off score of > 0 to determine MBI prevalence 
across the entire cohort. FI values range from 0-1 and total MBI symptom severity values range from 0-30. Abbreviations: FI, frailty index; CN, cognitively normal; SCD; 
subjective cognitive decline; MCI; mild cognitive impairment; MBI, mild behavioral impairment; MoCA, Montreal Cognitive Assessment; TMA A, Trail Making Test A; 
TMA B, Trail Making Test B; RAVLT, Rey Auditory Verbal Learning Test.
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generally highest in those with an FI ≥ 0.21 and lowest 
in those with an FI ≤ 0.10, with the exception of social 
inappropriateness which maintained similar prevalence 
across the FI. 

Values of the FI were categorized into three discrete categories using the following 
cut-offs: ≤ 0.10 (n = 77), 0.11–0.20 (n = 112), or ≥ 0.21 (n = 30). Participants (total n = 
219) were considered to have MBI symptoms based on a cut-off score of >0 in any 
domain.

Association Between FI and MBI

After adjusting for age, sex, education, and cognitive 
diagnosis, higher FI values were associated with the 
presence of MBI symptoms globally and in the domains 
of decreased motivation, affective dysregulation, and 
psychosis [Table 3]. The association was the strongest for 
the affective dysregulation domain such that, for every 
0.1 increase in the FI, there was an increase in odds ratio 
of 4.25 (95% CI 2.32–8.24) for the presence of affective 
dysregulation symptoms. Likewise, there was an increase 
in odds ratio of 3.95 (95% CI 1.57–10.80) for the presence 
of psychosis, 3.14 (95% CI 1.58–6.61) for the presence 
of decreased motivation, and 2.73 (95% CI 1.54–5.05) 
for the presence of any MBI symptom, for every 0.1 
increase in FI. These associations remained statistically 
significant after Bonferroni correction. However, FI 
scores were not associated with the presence of MBI 
symptoms in the domains of impulse dyscontrol and 
social inappropriateness. 

Higher FI values were also associated with higher MBI 
total symptom severity [Table 3; Figure 2A]. For every 
0.1 increase in the FI, total MBI symptom severity rose by 

1.41 (95% CI 0.81–2.01). This association also remained 
statistically significant after Bonferroni correction. 
Furthermore, this association was moderated by sex (B = 
0.64, 95% CI 0.12–1.15, p = .02) such that it was stronger 
in males than in females [Figure 2B]. Both sexes reported 
similar degrees of total MBI symptom severity at low 
levels of FI (male mean and SE = 0.69 ± 0.31; female mean 
and SE = 0.76 ± 0.28). However, males reported 1.6 and 
1.9 times the total MBI symptom severity of females at 
medium (male mean and SE = 1.90 ± 0.27; female mean 
and SE = 1.22 ± 0.21) and high (male mean and SE = 3.12 
± 0.40; female mean and SE = 1.68 ± 0.30) levels of FI, 
respectively.

Discussion

This study demonstrated an association between 
frailty, measured using a deficit accumulation FI, and the 
presence and severity of MBI symptoms measured using 
the NPI-Q in a cohort of 219 pre-dementia participants 
from the COMPASS-ND study. For every 0.1 unit 
increase in FI, participants were more likely to report 
more, and more severe, MBI symptoms. Domain-specific 
associations were observed, with the FI being the most 
strongly associated with affective dysregulation, followed 
by psychosis, and decreased motivation, but not impulse 
dyscontrol or social inappropriateness. Despite observing 
no sex differences in FI, a moderating effect of sex on the 
association between FI and total MBI symptom severity 
was revealed such that at high levels of FI, males tended 
to report nearly twice the severity of MBI symptoms than 
females. 

To our knowledge, these findings are consistent with 
the only other available study to date that characterized 
the relationship between frailty and MBI, in which older 
adults with MBI were shown to be more likely to have 
frailty than those without (31). That study, however, 
dichotomized participants as having frailty or not 
using the frailty phenotype which considered only five 
indicators of frailty. In contrast, our study utilized the FI. 
The deficit accumulation perspective of frailty has been 
demonstrated in multiple settings and yields a robust 
indicator of dementia risk (41). By collapsing dozens of 
health deficits, the FI is able to capture both traditional 
and non-traditional dementia factors known to contribute 
to cognitive decline and dementia risk into single 
variable. Furthermore, that the ability of the FI to predict 
dementia is strongest when including both traditional 

Figure 1. Prevalence of MBI Across the Frailty Index

Table 2. Prevalence of MBI Across the Frailty Index
FI n Any MBI Decreased Motivation Affective Dysregulation Impulse Dyscontrol Social Inappropriateness Psychosis

≤ 0.10 77 (35.2) 32 (41.6) 8 (10.4) 17 (22.1) 25 (32.5) 8 (10.4) 4 (5.2)

0.11–0.20 112 (51.1) 56 (50.0) 14 (12.5) 37 (33.0) 34 (30.4) 16 (14.3) 5 (4.5)

≥ 0.21 30 (13.7) 25 (83.3) 13 (43.3) 23 (76.7) 13 (43.3) 4 (13.3) 6 (20.0)

Note. Table values are shown in n (%). Participants (total n = 219) were considered to have MBI symptoms based on a cut-off score of >0 in any domain. Abbreviations: 
FI, frailty index; MBI, mild behavioral impairment.
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and non-traditional dementia risk markers, suggests that 
the FI captures more information about dementia risk 
than the sum of its individual components (45-47). Hence, 
the FI may be better suited to predict MBI symptoms, 
which precede and persist through the onset of dementia, 
than the frailty phenotype. Another difference is that our 
study modelled MBI as both a categorical and continuous 
measure. This enabled assessments of not only the 
relationship between frailty and MBI status but also 
between frailty and MBI symptom severity. Finally, by 
investigating the moderating role of sex, we demonstrate 
the novel finding that males experience nearly twice the 
burden of MBI symptom severity compared to females at 
high but not low levels of FI.

This study has several implications regarding the 
potential for intervention in older adults living with 

frailty. While these older adults are at greater risk of 
cognitive decline than their non-frail counterparts (7-9), 
our findings indicate that people living with frailty may 
also be at a greater risk of neurobehavioral impairments, 
especially if they are male. In addition to conferring 
dementia risk, the NPS that comprise MBI have been 
associated with greater functional impairment (48), 
caregiver stress (44, 49), risk of death (50), financial 
burden (51), earlier institutionalization (52), and poorer 
quality of life (53). Hence, it may be beneficial to screen 
older adults with higher FI scores for both cognitive 
impairment and behavioral or personality change for two 
reasons. First, to obtain a more comprehensive evaluation 
of dementia risk (25, 54, 55), and second, to enable 
potential treatment options for MBI symptoms, which 
persist and continue to worsen as the disorder progresses. 

Figure 2. Association Between Frailty Index and MBI Symptom Severity

(A) Scatterplot of the unadjusted association between FI and total MBI symptom severity score. (B) Line plot of the moderating effect of sex on the association between FI 
and total MBI symptom severity controlling for age, education, and cognitive diagnosis. FI scores for participants (n = 219) were categorized into low (-1 SD), medium (0 SD), 
or high (+1 SD) levels. Both plots are stratified by sex with females in green (n = 107) and males in orange (n = 112). Abbreviations: FI, frailty index; MBI, mild behavioral 
impairment.

Table 3. Regression Models for the Association Between Frailty Index and MBI
Outcome Variable B or OR 95% CI p-value

MBI Symptom Presencea

     Global 2.73 1.54–5.05 .001
     Decreased Motivation 3.14 1.58–6.61 .002
     Affective Dysregulation 4.25 2.32–8.24 <.001
     Impulse Dyscontrol 1.36 0.81–2.30 .24
     Social Inappropriateness 1.28 0.65–2.56 .47
     Psychosis 3.95 1.57–10.80 .005
MBI Symptom Severityb

     Global 1.41 0.81–2.01 <.001
Note. All unstandardized coefficients reported in the table represent change in odds ratio or MBI symptom severity for every 0.1 increase in FI. All regression models 
controlled for age, sex, education, and cognitive diagnosis. Abbreviations: FI, frailty index; MBI, mild behavioral impairment; OR, odds ratio; CI, confidence interval. 
a. Multivariable logistic regressions were used to test the association between FI and MBI symptom presence. b. Multivariable linear regressions were used to test the 
association between FI and MBI symptom severity. 
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However, where MBI manifests along the temporal 
spectrum of frailty development and the direction of 
causality remains unknown. The health deficits that 
contribute to frailty could contribute to greater MBI 
symptoms through psychosocial mechanisms such as 
social isolation and restricted mobility, or more directly by 
facilitating adverse health events, such as cerebrovascular 
burden or hypoxia, that impact behavioral symptoms. 
It is also conceivable that certain aspects of frailty and 
MBI may also share an underlying etiology involving 
dementia neuropathologies, resulting in concurrent 
presentations. For instance, slower gait speed and worse 
self-reported hearing, which are components of the 
frailty phenotype and FI, respectively (39), and have 
been cross-sectionally associated with more severe MBI 
symptoms in older adults without dementia (28, 29). 
Finally, MBI symptoms may be present before individuals 
are clinically classified as frail and could contribute 
to more severe comorbidities and higher FI scores in 
a sex-dependent manner. Although much remains 
unknown about the direction of effect between frailty 
and MBI and the impacts of treating frailty and MBI on 
incident cognitive decline and dementia, our findings 
encourage further research into this area. Addressing 
the health deficits that characterize frailty may serve 
to simultaneously reduce MBI symptom severity and 
dementia risk, and vice versa.

Our moderation findings suggest that MBI could be 
a potential addition to the male-female health-survival 
paradox as one of the “lethal” effects of frailty that are 
more severe in males than in females with equal levels 
of frailty (32). The observed sex differences in MBI 
symptoms at high levels of frailty may be explained by 
a survival effect. That is, females living with more severe 
frailty and MBI symptoms may be more likely than their 
male counterparts to have been diagnosed with dementia, 
thereby excluding them from our non-dementia sample. 
Consistent with this hypothesis, the incidence and 
prevalence of AD is higher in females than in males 
(56), and NPS are more prevalent and severe in females 
than in males in AD populations (57). Thus, treating the 
symptoms that contribute to MBI may also be a potential 
avenue to mitigate dementia risk. Future research 
utilizing longitudinal designs is necessary to elucidate the 
temporal patterns and causal mechanisms that underlie 
this association and whether the observed sex differences 
can be attributed to survival effects. In addition, it may 
be worth considering whether MBI symptoms should be 
included as one of the many health deficits that define 
frailty in older adults. Existing applications of the FI 
already contain items pertaining to the clinical diagnosis 
of psychiatric disorders such as mood disorders and 
schizophrenia (39), as well as the presence of certain NPS 
over the last month (5), but not later life and persistent 
symptoms of MBI that strictly adhere to the diagnostic 
criteria set by the Alzheimer’s Association International 
Society to Advance Alzheimer’s Research and Treatment 
(ISTAART-AA)(16). 

The application of the FI designed specifically for the 
COMPASS-ND cohort is a strength of this study. Because 
it excluded items related to neurological disorders, 
this FI was unbiased with regards to associations with 
neurodegenerative disease symptoms. Furthermore, the 
FI did not contain any items used to derive MBI so the 
association between FI and MBI symptom prevalence 
and severity was not confounded by having shared 
components used to generate both measures. However, 
several limitations of this study mean that our findings 
should be interpreted with caution. The cross-sectional 
design precludes any insight into the degree of FI at 
which symptoms of MBI begin to manifest and vice 
versa. In addition, there were few participants in this 
cohort who were classified as CN, as the vast majority 
were classified as MCI. This distribution limited our 
statistical power for investigating MBI in cognitively 
unimpaired participants. Similarly, our finding that the 
FI is associated with and increased risk of MBI symptoms 
in the abnormal perception or thought content domain 
should be viewed with caution as few participants 
showed psychotic symptoms. Finally, the study derived 
its measure of MBI by transforming NPI-Q scores. While 
most of the NPI-Q items can be mapped onto one of 
the five MBI domains, this transformation remains a 
crude approximation of MBI. The NPI-Q measures 
symptoms using a timeframe of only one month whereas 
the ISTAART-AA diagnostic criteria for MBI stipulate 
that NPS must emerge de novo in later life and persist 
for over six months before they are considered MBI (16). 
This is an important distinction that separates MBI, which 
is thought to manifest as a consequence of underlying 
dementia neuropathology (58), from other psychiatric 
disorders or reactions to life stressors (59, 60). To address 
this limitation, future studies should utilize the MBI 
Checklist (MBI-C), a validated instrument designed to 
measure MBI in accordance with the ISTAART-AA MBI 
diagnostic criteria (61-63).

Conclusion

Frailty measured using the FI is strongly associated 
with the presence and severity of MBI symptoms in a 
large pre-dementia cohort, especially for males. Males 
report nearly twice the severity of MBI symptoms than 
females at high levels of FI. Older adults who are frail 
may benefit from assessments of both cognitive and 
behavioral impairment to further enhance the detection of 
dementia risk.
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