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Abstract

Background

Mild Behavioural Impairment (MBI), an “at risk” state for incident cognitive declin, is charac-
terized by late onset, sustained neuropsychiatric symptoms of any severity which cannot be
accounted for by other formal medical and psychiatric nosology. There is no study related to
MBI from India.

Methods and findings

In this cross-sectional observational study 124 subjects 60 years and above were recruited
between March 2017 to October 2018, from memory clinic of department of Geriatric medi-
cine with memory or behavioural complains. Subjects with major neurocognitive impairment
(CDR score of 1 or more), major depressive disorder, generalized anxiety disorder and
impaired activities of daily living (ADL) were excluded. Subjects with Mild Cognitive
impairment (MCI) (CDR- 0.5), and Subjective cognitive impairment (SCI) (CDR- 0) were
included. Neuropsychiatric Inventory Questionnaire (NPI-Q) was used to identify the pres-
ence of NPS. The ISTAART-MBI (International Society of Advance Alzheimer’s Research
and Treatment-Alzheimer’s Association) diagnostic criteria was used to diagnose MBI. All
the participants underwent a geriatric assessment using standardised screening. The objec-
tives of this study was to determine the frequency of mild behavioural impairment (MBI), and
its domains, in MCI or SCI and its association with comorbidities and geriatric syndromes.
The mean age of the participants was 69.21, 71.77% (89) were male and 28.23% (35) were
female. 41.13% (51) of these individuals were diagnosed with MBI. The MBI and non MBI
group differed significantly in marital status, cognitive status and MCI subtype. The propor-
tion of domains involved are as follows: decreased motivation 60.78%(31), emotional dysre-
gulation 54.90% (28), impulse dyscontrol 68.63% (35), social inappropriateness 21.57%
(11), abnormal perception 2 (3.93%). Presence of multi-morbidity, and diabetes, were statis-
tically significant between the groups.

PLOS ONE | https://doi.org/10.1371/journal.pone.0234514  June 10, 2020

1/10


http://orcid.org/0000-0002-3260-2458
https://doi.org/10.1371/journal.pone.0234514
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234514&domain=pdf&date_stamp=2020-06-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234514&domain=pdf&date_stamp=2020-06-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234514&domain=pdf&date_stamp=2020-06-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234514&domain=pdf&date_stamp=2020-06-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234514&domain=pdf&date_stamp=2020-06-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234514&domain=pdf&date_stamp=2020-06-10
https://doi.org/10.1371/journal.pone.0234514
https://doi.org/10.1371/journal.pone.0234514
https://doi.org/10.1371/journal.pone.0234514
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Behavioural issues in late life may be the precursor of dementia

Funding: The authors received no specific funding
for this work.

Competing interests: The authors have declared
that no competing interests exist.

Conclusion

This study presents the first clinic-based prevalence estimates of MBI from Asia. Findings
indicate a relatively high prevalence of MBI in predementia clinical states, impulse dyscon-
trol was the most commonly involved MBI domain. Multimorbidity, diabetes, urinary inconti-
nence were other determinants of MBI.

Introduction

Mild Behavioural Impairment (MBI) is identified as an “at-risk” state for incident cognitive
decline and dementia. It might be the index manifestation of neurodegeneration in a substan-
tial number of individuals who would eventually progress to develop dementia[1]. MBI is
characterised by late-onset, impactful and sustained neuropsychiatric symptoms (NPS) of any
severity which cannot be accounted for by other formal medical and psychiatric nosology.
MBI distinguishes between formal psychiatric illness and chronic psychiatric symptomatology,
from new-onset psychiatric symptoms in older adults. The MBI diagnostic criteria was pro-
posed by the International Society of Advance Alzheimer’s Research and Treatment-Alzhei-
mer’s Association, (ISTAART-AT). It classifies MBI into five domains which include
decreased motivation or drive, emotional/affective dysregulation, impulse dyscontrol and agi-
tation, social inappropriateness, and delusions and hallucinations.

There is increasing evidence which links the presence of NPS prior to the onset of cognitive
symptoms to a greater likelihood of cognitive impairment[2]. NPS presents as the first indicator
of impending dementia in many individuals. In the past, the early presentation of NPS in the
course of the neurodegenerative disease would make the clinician suspect behavioural variant
Frontotemporal Dementia (bvFTD), but Tarango et al. [3] observed that NPS could emerge in
advance of any dementia syndrome. In a prospective observational study of nondemented indi-
viduals with NPS, it was seen that 36% of individuals developed FTD, 28% developed AD, 18%
progressed to Vascular Dementia (VaD) and 18% other types dementia. A link exists between
NPS in MCI and non-MCI[4-6] and increased risk of progressing to dementia, and MBI has
been found to be common with the prevalence ranging between 14.15-81.5%(7,8].

It is undeniable that dementia would be the future epidemic of ongoing demographic transi-
tion in India[9]. So there is a dire need for identification of pre-dementia state and their risk fac-
tors which intern will allow for primary and secondary prevention of dementia. So, we intended
to find the epidemiology of MBI in the health-seeking older adults and its determinants.

Materials and methods
Participants

A written informed consent was taken from all participants. Subjects attending memory clinic
with the complaint of memory impairment, or behavioural changes were recruited. This clinic
is held on every Wednesday, in the department of Geriatric medicine, in a tertiary health cen-
tre with the purpose of detailed evaluation of patients who are referred for assessment of cogni-
tive decline. It caters to people from New Delhi as well as nearby cities and states. The clinic is
manned by the multidisciplinary team, which includes, Geriatrician, neuropsychologist, occu-
pational therapist, physiotherapist and dietician, to provide comprehensive assessment and
care for older adults with cognitive decline. This study was conducted from January 2017 till
October 2018. Of the total 366 new subjects who attended memory clinic, 124 subjects were
included. Clinical Dementia Rating (CDR) scale was used to assess cognitive status. A certified
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CDR rater conducted the interview. Subjects with dementia, as diagnosed by a CDR score of 1
or more, and impaired activities of daily living (ADLs) were excluded. Subjects with a CDR
score of 0.5 were diagnosed as Mild cognitive impairment (MCI), and those with a CDR score
of 0 were diagnosed as Subjective cognitive impairment (SCI).

Measures

Neuropsychiatric Inventory Questionnaire (NPI-Q) was used to identify the presence of Neu-
ropsychiatric Symptoms (NPS). The form was completed by a psychologist with five years of
experience in assessing dementia patients.

To identify the five ISTAART-AA MBI domains, ten NPS domains from the NPI-Q were
used. Decreased motivation was identified by NPI-Q apathy; emotional dysregulation by the
NPI-Q depression, anxiety, elation; impulse dyscontrol by NPI-Q agitation, irritability, motor
disturbance; social inappropriateness by NPI-Q disinhibition; and abnormal perception by
NPI-Q delusions, hallucinations. It was indicated as “yes” if the symptoms had been present
for at least past six months. 15 item Geriatric depression scale (GDS) and 7 item generalized
anxiety disorder (GAD-7) were used to identify depression and anxiety.

The ISTAART-MBI diagnostic criteria was used to diagnose MBI. To determine criterion
one NPI-Q was administered, and six-month symptom duration was enquired. For criterion
two, information was obtained from the informant. For criterion three Mini International
Neuropsychiatric Interview (MINI) version 5.0.0 was used to diagnose psychiatric disorders
like generalised anxiety disorder, major depression, manic or psychotic disorders.

Various geriatric syndromes like vision, hearing, mobility/risk of fall, urinary incontinence,
and nutrition were assessed using standardised screening tool.

The vision was assessed by a screening question “Do you have any difficulty in seeing a car
from long distance or reading or difficulty in doing any of your daily activities because of your
eyesight?” The replay was considered as positive if the subject replied as yes, and negative if the
answer was no. Hearing was assessed by the whisper test. It was administered by first standing
behind the subject to prevent speech reading, the subject was asked to cover one ear, and then
three random words (with two-syllable) were whispered at a distance of 12 inches from the
person's ear and then the subject was asked to repeat the words. Inability to repeat all the
words in both ears or either ear was considered as positive. Leg mobility and risk of fall was
assessed by the time taken by the subject in seconds to rise from an armchair, walk a distance
of three metres with no obstacles at a comfortable pace, turn around and return to the chair
and sit. Total time of more than equal to 13.5 seconds taken to complete this task was consid-
ered as positive. Urinary incontinence was assessed by asking two questions “In the last year,
have you ever lost your urine and gotten wet?” If the subject says yes, the next question was
“Have you lost urine on at least six separate days?” If the subject replies yes to both the ques-
tions, it was considered as positive. Nutrition/weight loss was assessed by asking “Have you
lost 5% of your total body weight over the past six months without trying to do so?”.

Participants were enquired about various co-morbidities, including the presence of hyper-
tension, diabetes, hypothyroidism, coronary artery disease, cerebrovascular accident, chronic
obstructive airway disease and hyperlipidaemia.

Statistical analysis

Data were analysed using STATA 13. Categorical variables were described in terms of fre-
quency and percentage. Non-categorical variables were described as mean, median, standard
deviation, quartiles. Association between two categorical variables were assessed using the
Pearson Chi-square test/Fisher exact test. To compare quantitative variables between MBI and
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non-MBI unpaired t-test/Wilcoxon rank-sum test were used. The level of significance was set
at p<0.05.

Results

Sample characteristics are presented in Table 1 (n = 124). Among the study subjects, MCI was
diagnosed in 68.54%, and SCI was diagnosed in 31.45%. Neuropsychiatric symptoms were
present in 55.65% of the total participants, and 51 (41.12%) had the diagnosis of MBI. The
MBI and non-MBI groups differed significantly (p<0.05) in marital status(p = 0.024), cogni-
tive status (0.048) and MCI subtype (0.030). Statistically significant difference was noted in
GDS, NPI-Q and MBI Checklist total scores between the groups. There was no significant dif-
ference with gender, age, literacy status, socioeconomic status. The mean age in the MBI and
non-MBI groups were comparable (68.5 vs 69.7 years), 29.33% of men and 45.71% of women
had MBI. The participants in both the group belonged to upper middle (33.33% vs 43.83%),
lower middle (33.33% vs 36.98%) and upper lower (31.37% vs 19.17%) socioeconomic status
in the Kuppuswamy scale. The median years of education was 10 years in both the group, 13%
had no formal education. The smoking and alcohol consumption history were similar between
the groups. In MBI and non-MBI froup, 96% and 95% had memory impairment as their chief
complaints. 64.7% participants or their relative had behavioural changes as their chief com-
plain in the MBI group as compared to 15.06% in non-MBI group. The median score of Geri-
atric depression scale was 4 in MBI group and 3 in non-MBI group. The NPI-Q score was 4
and 0 and the MBI checklist score was 7 and 0 respectively.

The most common neuropsychiatric symptoms noted was Impulse dyscontrol (68.63%),
followed by decreased motivation (60.78%) and emotional dysregulation (54.90%) (Table 2).
Social inappropriateness and abnormal perception were relatively uncommon (21.57% and
3.92% respectively).

Amongst the Geriatric syndromes (Table 3) and comorbidity (Table 4), urinary inconti-
nence (p = 0.001) and diabetes was significantly higher in the MBI subjects (Table 3). Visual
impairment (47.06% vs 42.47%) and hearing impairment (31.37% vs 31.51%) were similar
between groups. The mean time taken for TUG was 13.25 and 12.80 seconds (p = 0.252). Risk
of malnutrition, though was different, it was not statistically significant (15.69% vs 8.22%;

p = 0.196). 58.82% of participants with MBI had two or more co-morbidities when compared
to 35.62% participants without MBI (p = 0.037). Hypertension (64.7% vs 56.16%), hypothy-
roidism (13.73% vs 6.85%), CAD (11.76 vs 63.83%), CVA (9.80% vs 6.85%), COPD (9.80% vs
10.96%) and hyperlipidemia (5.88% vs 5.48%) were not significantly different between the
groups. Figure in S1 Fig.

Discussion

This study is the first to determine the epidemiology of MBI in a memory clinic setting from
Asia. The findings stressed the fact that MBI is highly prevalent (41.12%) in subjects with
amnestic MCI, multimorbidity had a significant association with MBI and impulse dyscontrol
was the most commonly involved neuropsycholofical symotpm.

It was noted that the prevalence of MBI, using the ISTAART-AA MBI diagnostic criteria, in
subjects with MCI and SCI in memory clinic setting was 47.06% and 28.20% respectively.
Interestingly the frequency of MBI was increasing with cognitive decline in the study partici-
pants. A study with a similar methodology in memory clinic found the prevalence of MBI to
be 81.5%(7], whereas it was 3.5% in a psychiatric outpatient clinic[10]. This difference could
be due to differences in demography, study settings and instruments selected to identify NPS.
The NPI-Q requires one month of symptoms as the reference frame. But for this study, we
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Table 1. Descriptive parameter of the participants.

Variables MBI (n =51) Non-MBI (n = 73) p-value
Frequency (%) Frequency (%)

Age

<75 43 (84.31%) 57 (78.08%) 0.387

>75 8 (15.69%) 16 (21.92%)

Mean age + SD 68.50 = 6.66 69.71 £ 6.64 0.323

Gender

Male 35 (39.33%) 54 (73.97%) 0.515

Female 16 (45.71%) 19 (26.02%)

Body mass index (BMI) [kg/mz]

<18.5 4 (7.84%) 4 (5.47%) 0.398

18.5-22.9 26 (50.98%) 30 (41.09%)

>23 21 (41.17%) 39 (53.42%)

Socioeconomic status

Upper 1 (1.96%) 0 (0.00%) 0.238

Upper Middle 17 (33.33%) 32 (43.83%)

Lower Middle 17 (33.33%) 27 (36.98%)

Upper Lower 16 (31.37%) 14 (19.17%)

Literacy status

No formal Education 7 (13.73%) 10 (13.70%) 0.505

ITtoX 26 (50.98%) 30 (41.10%)

X and above 18 (35.29%) 33 (45.21%)

Years of Education

Median 10 10 0.533

Range 0-20 0-18

Marital Status

Married 47 (92.15%) 56 (76.71%) 0.024

Widow/Widower 4(7.85%) 17 (23.28%)

Retired/still working

Retired 23 (45.09%) 35 (47.94%) 0.870

Still working 14 (27.45%) 21 (28.76%)

Home maker 14 (27.45%) 17 (23.28%)

History of smoking

Current 7 (13.72%) 7 (9.58%) 0.562

Ex-smoker 13 (25.49%) 15 (20.54%)

Never 31 (60.78%) 51 (69.86%)

History of Alcohol

Yes 9 (17.64%) 11 (15.06%) 0.393

No 42 (82.35%) 62 (84.93%)

Chief complains

Memory impairment 49 (96.07%) 70 (95.89%) 0.958

Behavioural changes 33 (64.70%) 11 (15.06%) 0.000

Neuropsychiatric symptoms

Present | 50 (98.04%) ‘ 19 (26.03%) 0.000

Cognitive status

SCI (n = 39) 11 (28.20%) 28 (71.80%) 0.048

MCI (n = 85) 40 (47.06%) 45 (52.94%)

MCI Subtype

(Continued)
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Table 1. (Continued)

Variables MBI (n = 51) Non-MBI (n =73) p-value
Frequency (%) Frequency (%)

Amnestic MCI 31 (77.5%) 41 (91.11%) 0.030

Non-amnestic MCI 9 (22.5%) 4(8.89%)

GDS

Median (range) 4 (0-13) 3(0-9) 0.001

NPI-Q Score

Median (Range) 4(3-7) 0 (0-5) 0.000

MBI Checklist

Median (Range) 7 (1-26) 0 (0-15) 0.000

Abbreviations: MBI: Mild behavioural impairment; SCI: Subjective cognitive impairment; MCI: Mild cognitive impairment; GDS: Geriatric depression scale; NPI-Q

Neuropsychiatric inventory questionnaire

https://doi.org/10.1371/journal.pone.0234514.t001

considered at least six months or more NPS symptoms to define positive. We found that
among the subjects with NPS, 72.46% met the criteria for MBI, which was lower in comparison
t0 90.3% and 95.43% reported in previous studies [7]. The prevalence rate of MBI was signifi-
cantly (p = 0.048) higher in subjects with MCI(48.9%) as compared to (28.20%) SCI. Previous
studies show similar findings for MCI[11,12]. But our study was one of the few to compare the
prevalence with subjects with SCI. None of these previous studies found a statistically signifi-
cant difference in the prevalence of MBI between MCI and non-MCIA study which aimed to
see the progressive changes in neuropsychological performance in subjects with MBI and with-
out significant cognitive impairment[13] reported that MBI was associated with a faster
decline in working memory and attention. On enquiring the subjects and their caregiver about
the presence of personality changes 44 (35.48%) responded affirmatively, out of which two-
thirds had MBI

The socio-demographic parameters were comparable between MBI and non-MBI subjects
except for marital status. There was significant difference in marital status between MBI and
non-MBI group (91% vs 76%, p = 0.024), which is a unique finding of this study. A study
which examined marital quality among spouses of subjects with MCI showed that various
behaviours exhibited as a part of cognitive impairment were frequent and were distressing to
spousal caregivers[14]. The finding in our study could reflect an increased identification of
behavioural changes by a spouse when compared to a sibling or other caregivers.

Impulse dyscontrol, which involved two-thirds of the subjects, was the most commonly
involved domain amongst the NPS. This was followed by decreased motivation (60.78%), emo-
tional dysregulation (54.90%), social inappropriateness (21.57%) and abnormal perception
(3.92%).

Table 2. Frequency of MBI domains.

MBI Domains Frequency Percentage (%)
Decreased motivation 31 60.78
Emotional dysregulation 28 54.90

Impulse dyscontrol 35 68.63

Social inappropriateness 11 21.57
Abnormal perception 2 3.92

Abbreviations: MBI: Mild behavioural impairment

https://doi.org/10.1371/journal.pone.0234514.t1002
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Table 3. Geriatric syndromes and MBI.

CGA

Vision

Hearing

Risk of fall

Mobility score

Mean + SD [95% CI]
Urinary incontinence
Nutrition

Memory

Depression

MBI Without MBI p-value
24 (47.06%) 31 (42.47%) 0.612
16 (31.37%) 23 (31.51%) 0.987
21 (41.18%) 21 (28.77%) 0.151
13.25 +2.28 [12.61-13.89] 12.80 +2.011 [12.33-13.27] 0.252
17 (33.33%) 7 (9.49%) 0.001
8 (15.69%) 6 (8.22%) 0.196
26 (50.98%) 31 (42.47%) 0.349
26 (50.98%) 20 (27.40%) 0.007

Abbreviation: MBI: Mild behavioural impairment

https://doi.org/10.1371/journal.pone.0234514.t003

Table 4. Association with comorbidities.

Comorbidities
No Co morbidities
One co morbidity
Two or more co morbidities
Hypertension
Diabetes
Hypothyroidism
CAD

CVA

COPD
Hyperlipidemia

Previous studies[7,10] indicated affective dysregulation as the most common domain. The
higher incidence of impulse dyscontrol in our study could be due to higher reporting of irrita-
bility and aggression by relatives and higher proportion of male, seconded by other study
which reported male predominance [15]. As the caregivers may consider impulse dyscontrol

as hormonal dysregulation or normal ageing changes, it may not be brought to medical atten-
tion early in the course. We also found that affective dysregulation and decreased motivation
domains were more likely to be seen in subjects with MCI. Previous studies suggested that anx-
iety[16] and apathy[17] predict a future decline in cognition. In keeping with the conceptuali-
sation of NPS as makers of neurodegenerative disease, it is speculated that depression and
anxiety may be manifestations of executive dysfunction. However, we did not find any statisti-
cally significant association between individual MBI domains and MCI.

Visual impairment[18], hearing loss[19], low gait speed[20], are few geriatric syndromes
(GS), known to be risk factors for dementia as per previous literature. This study found a sta-
tistically significant association between urinary incontinence(p = 0.001) and MBI, mirroring
the studies which showed an association between UT and depression[21] and anxiety[22].Uri-
nary incontinence leads to distressing symptoms in older individuals[23] and is associated
with dementia and frailty. But there are no studies which report association between UI and
predementia states. This study is the first to report such an association, though the causal asso-
ciation cannot be determined.

MBI (n = 51) (%) Without MBI (n = 73) (%) p-value
11 (21.57%) 23 (31.51%) 0.037
10 (19.61% 24 (32.88%)

)
30 (58.82%) 26 (35.62%)
)
)

33 (64.71% 41 (56.16%) 0.340
23 (45.10% 15 (20.55%) 0.004
7 (13.73%) 5 (6.85%) 0.203
6 (11.76%) 5 (6.85%) 0.343
5 (9.80%) 5 (6.85%) 0.552
5 (9.80%) 8 (10.96%) 0.836
3 (5.88%) 4 (5.48%) 0.924

Abbreviation: MBI: Mild behavioural impairment, CAD: Coronary artery disease; CVA: Cerebrovascular accident; COPD: Chronic obstructive pulmonary disease.

https://doi.org/10.1371/journal.pone.0234514.t1004
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Our study also revealed that more than half the subjects with MBI had multimorbidity (two
or more comorbidities) when compared to one-third of the subjects without MBI. This associ-
ation was statistically significant(0.037). Study by Mortby ME et al. did not report any associa-
tion between the number of comorbidities and MBI[24]. Among the comorbidities, the
prevalence of hypertension, diabetes, hypothyroidism, coronary artery disease, cerebrovascular
accident and hyperlipidemia were higher in subjects with MBI. However, diabetes was signifi-
cantly high(p = 0.004) in MBI. A study on subjects with Alzheimer’s disease which aimed to
examine the association between the presence of neuropsychiatric symptoms and vascular risk
factors such as hypertension, diabetes and hypercholesterolemia[25] found that these comor-
bidities were associated with a higher prevalence of specific NPS. The NPS which were specifi-
cally associated with diabetes were delusion, hallucinations, agitation, irritability and sleep
disturbances. There are numerous mechanisms which try to explain the cognitive decline in
individuals with diabetes mellitus, these include insulin dysregulation, pro-inflammatory path-
ways, vascular risk factors, oxidative stress and lipoprotein receptors[26], which are similar to
the causal pathway between NPS and cognitive decline[27]. Our study is the first to report an
association between diabetes and MBI.

This study has strengths and limitations like any other cross sectional study. We have
enrolled patients referred to a tertiary care memory clinic for cognitive concerns, which caters
a heterogeneous population. Thus, the data can be considered as representative sample. For
the purpose of diagnosing Mild Cognitive Impairment, CDR was used, which can identify
mild but significant cognitive impairment. To make the diagnosis of MBI more accurately, all
the four ISTAART-AA diagnosis criteria was used. It is also the first study on MBI from Indian
sub-continent.

As it was a cross-sectional study, it is not possible to make a conclusion about changes in
the prevalence of MBI over time. The risk of progression to cognitive impairment could not be
determined.

Conclusion

In a population attending memory clinic, with the diagnosis of SCI and MCI, we determined
the prevalence of MBI using the ISTAART-MBI criteria. The prevalence of MBI was high, and
significantly more prevalent in subjects with MCI, especially with amnestic MCI subgroup.
Impulse dyscontrol was the most frequent MBI domain involved. These finding stressed upon
the importance of assessing neuropsychological symptoms in subjects without dementia
attending memory clinic. Multimorbidity, diabetes and urinary incontinence were signifi-
cantly associated with MBI. So optimal management of multimorbidity, especially the cardio-
vascular morbidity (HTN, DM) might be potential preventive strategies and need further
prospective study in large sample.

Supporting information

S1 Fig. Comorbidities in MBI and non-MBI subjects. Bar diagram showing proportion of
comorbidities in subjects with MBI and without MBI. Abbreviation: CAD: Coronary artery
disease; CVA: Cerebrovascular accident; COPD: Chronic obstructive airway disease.

(EPS)

S1 File. De-identified data file.
(XLSX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0234514  June 10, 2020 8/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234514.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234514.s002
https://doi.org/10.1371/journal.pone.0234514

PLOS ONE

Behavioural issues in late life may be the precursor of dementia

Acknowledgments

This study was carried out at the Memory Clinic of the Department of Geriatric Medicine, All
India Institute of Medical Sciences, New Delhi. Special acknowledgment goes to the team of
Memory Clinic, which includes geriatricians (Dr Gaurav Desai, Dr Vijay Kumar, Dr Saroj),
neuropsychologist (Dr Swati), nurses, physiotherapists and dietitian.

Author Contributions

Conceptualization: Abhijith Rajaram Rao, Prasun Chatterjee, Aparajit Ballav Dey.
Data curation: Abhijith Rajaram Rao.

Formal analysis: Prasun Chatterjee, S. N. Dwivedi.

Investigation: Abhijith Rajaram Rao, Meenal Thakral.

Methodology: Abhijith Rajaram Rao, Meenal Thakral, S. N. Dwivedi.

Project administration: Prasun Chatterjee, Aparajit Ballav Dey.

Resources: Aparajit Ballav Dey.

Writing - original draft: Abhijith Rajaram Rao, Prasun Chatterjee, Aparajit Ballav Dey.

Writing - review & editing: Abhijith Rajaram Rao, Prasun Chatterjee, Meenal Thakral, Apar-
ajit Ballav Dey.

References

1. Ismail Z, Smith EE, Geda Y, Sultzer D, Brodaty H, Smith G, et al. Neuropsychiatric symptoms as early
manifestations of emergent dementia: Provisional diagnostic criteria for mild behavioral impairment.
Alzheimers Dement J Alzheimers Assoc. 2016 Feb; 12(2):195-202.

2. Mortby ME, Burns R, Eramudugolla R, Ismail Z, Anstey KJ. Neuropsychiatric Symptoms and Cognitive
Impairment: Understanding the Importance of Co-Morbid Symptoms. J Alzheimers Dis JAD. 2017; 59
(1):141-53. https://doi.org/10.3233/JAD-170050 PMID: 28598846

3. TaraganoF, Allegri R, Krupitzki H, Sarasola D, Serrano C, Lofi L, et al. Mild behavioral impairment and
risk of dementia. J Clin Psychiatry. 2009 Apr; 70(4):584—92. https://doi.org/10.4088/jcp.08m04181
PMID: 19323967

4. Rosenberg PB, Mielke MM, Appleby BS, Oh ES, Geda YE, Lyketsos CG. The association of neuropsy-
chiatric symptoms in MCI with incident dementia and Alzheimer disease. Am J Geriatr Psychiatry Off J
Am Assoc Geriatr Psychiatry. 2013 Jul; 21(7):685-95.

5. Peters ME, Rosenberg PB, Steinberg M, Norton MC, Welsh-Bohmer KA, Hayden KM, et al. Neuropsy-
chiatric symptoms as risk factors for progression from CIND to dementia: the Cache County Study. Am
J Geriatr Psychiatry Off J Am Assoc Geriatr Psychiatry. 2013 Nov; 21(11):1116-24.

6. Acostal, Borges G, Aguirre-Hernandez R, Sosa AL, Prince M. Neuropsychiatric symptoms as risk fac-
tors of dementia in a Mexican population: A 10/66 Dementia Research Group study. Alzheimers
Dement. 2018 Mar 1; 14(3):271-9. https://doi.org/10.1016/}.jalz.2017.08.015 PMID: 29028481

7. Sheikh F, Ismail Z, Mortby ME, Barber P, Cieslak A, Fischer K, et al. Prevalence of mild behavioral
impairment in mild cognitive impairment and subjective cognitive decline, and its association with care-
giver burden. Int Psychogeriatr. 2018; 30(2):233—44. https://doi.org/10.1017/S104161021700151X
PMID: 28879833

8. Mallo SC, Ismail Z, Pereiro AX, Facal D, Lojo-Seoane C, Campos-Magdaleno M, et al. Assessing Mild
Behavioral Impairment with the Mild Behavioral Impairment-Checklist in People with Mild Cognitive
Impairment. J Alzheimers Dis JAD. 2018; 66(1):83-95. https://doi.org/10.3233/JAD-180131 PMID:
30175974

9. Sathianathan R, Kantipudi SJ. The dementia epidemic: Impact, prevention, and challenges for India.
Indian J Psychiatry. 2018 Apr 1; 60(2):165. https://doi.org/10.4103/psychiatry.IndianJPsychiatry_261_
18 PMID: 30166671

10. Prevalence of Mild Behavioral Impairment and Risk of Dementia in a Psychiatric Outpatient Clinic [Inter-
net]. [cited 2020 Apr 27]. Available from: https://www.ncbi.nim.nih.gov/pmc/articles/PMC6700628/

PLOS ONE | https://doi.org/10.1371/journal.pone.0234514  June 10, 2020 9/10


https://doi.org/10.3233/JAD-170050
http://www.ncbi.nlm.nih.gov/pubmed/28598846
https://doi.org/10.4088/jcp.08m04181
http://www.ncbi.nlm.nih.gov/pubmed/19323967
https://doi.org/10.1016/j.jalz.2017.08.015
http://www.ncbi.nlm.nih.gov/pubmed/29028481
https://doi.org/10.1017/S104161021700151X
http://www.ncbi.nlm.nih.gov/pubmed/28879833
https://doi.org/10.3233/JAD-180131
http://www.ncbi.nlm.nih.gov/pubmed/30175974
https://doi.org/10.4103/psychiatry.IndianJPsychiatry_261_18
https://doi.org/10.4103/psychiatry.IndianJPsychiatry_261_18
http://www.ncbi.nlm.nih.gov/pubmed/30166671
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6700628/
https://doi.org/10.1371/journal.pone.0234514

PLOS ONE

Behavioural issues in late life may be the precursor of dementia

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Lyketsos CG, Lopez O, Jones B, Fitzpatrick AL, Breitner J, DeKosky S. Prevalence of Neuropsychiatric
Symptoms in Dementia and Mild Cognitive Impairment: Results From the Cardiovascular Health Study.
JAMA. 2002 Sep 25; 288(12):1475-83. https://doi.org/10.1001/jama.288.12.1475 PMID: 12243634

Geda YE, Roberts RO, Knopman DS, Petersen RC, Christianson TJH, Pankratz VS, et al. Prevalence
of neuropsychiatric symptoms in mild cognitive impairment and normal cognitive aging: population-
based study. Arch Gen Psychiatry. 2008 Oct; 65(10):1193-8. https://doi.org/10.1001/archpsyc.65.10.
1193 PMID: 18838636

Creese B, Brooker H, Ismail Z, Wesnes KA, Hampshire A, Khan Z, et al. Mild Behavioral Impairment as
a Marker of Cognitive Decline in Cognitively Normal Older Adults. Am J Geriatr Psychiatry. 2019 Aug 1;
27(8):823-34. https://doi.org/10.1016/j.jagp.2019.01.215 PMID: 30902566

Garand L, Dew MA, Urda B, Lingler JH, DeKosky ST, Reynolds CF. Marital Quality in the Context of
Mild Cognitive Impairment. West J Nurs Res. 2007 Dec; 29(8):976—-92. https://doi.org/10.1177/
0193945907303086 PMID: 17984481

Tamam L, Bican M, Keskin N. Impulse control disorders in elderly patients. Compr Psychiatry. 2014
May; 55(4):1022—8. https://doi.org/10.1016/j.comppsych.2013.12.003 PMID: 24405774

Lanctoét KL, Agliera-Ortiz L, Brodaty H, Francis PT, Geda YE, Ismail Z, et al. Apathy associated with
neurocognitive disorders: Recent progress and future directions. Alzheimers Dement J Alzheimers
Assoc. 2017; 13(1):84-100.

Gulpers B, Ramakers |, Hamel R, Kéhler S, Oude Voshaar R, Verhey F. Anxiety as a Predictor for Cog-
nitive Decline and Dementia: A Systematic Review and Meta-Analysis. Am J Geriatr Psychiatry Off J
Am Assoc Geriatr Psychiatry. 2016; 24(10):823—42.

Davies-Kershaw HR, Hackett RA, Cadar D, Herbert A, Orrell M, Steptoe A. Vision Impairment and Risk
of Dementia: Findings from the English Longitudinal Study of Ageing. J Am Geriatr Soc. 2018 Sep; 66
(9):1823-9. https://doi.org/10.1111/jgs. 15456 PMID: 30098017

Gurgel RK, Ward PD, Schwartz S, Norton MC, Foster NL, Tschanz JT. Relationship of Hearing loss
and Dementia: a Prospective, Population-based Study. Otol Neurotol Off Publ Am Otol Soc Am Neuro-
tol Soc Eur Acad Otol Neurotol. 2014 Jun; 35(5):775-81.

Dumurgier J, Artaud F, Touraine C, Rouaud O, Tavernier B, Dufouil C, et al. Gait Speed and Decline in
Gait Speed as Predictors of Incident Dementia. J Gerontol A Biol Sci Med Sci. 2017 May 1; 72(5):655—
61. https://doi.org/10.1093/gerona/glw110 PMID: 27302701

Steers WD, Lee KS. Depression and incontinence. World J Urol. 2001 Nov; 19(5):351-7. https://doi.
org/10.1007/s003450100227 PMID: 11760784

Bogner HR, O Donnell AJ, de Vries HF, Northington GM, Joo JH. THE TEMPORAL RELATIONSHIP
BETWEEN ANXIETY DISORDERS AND URINARY INCONTINENCE AMONG COMMUNITY-
DWELLING ADULTS. J Anxiety Disord. 2011 Mar; 25(2):203-8. https://doi.org/10.1016/j.janxdis.2010.
09.003 PMID: 20951542

Bogner HR, Gallo JJ, Sammel MD, Ford DE, Armenian HK, Eaton WW. Urinary Incontinence and Psy-
chological Distress in Community-Dwelling Older Adults. J Am Geriatr Soc. 2002; 50(3):489-95. https://
doi.org/10.1046/j.1532-5415.2002.50115.x PMID: 11943045

Mortby ME, Ismail Z, Anstey KJ. Prevalence estimates of mild behavioral impairment in a population-
based sample of pre-dementia states and cognitively healthy older adults. Int Psychogeriatr. 2018; 30
(2):221-32. https://doi.org/10.1017/S1041610217001909 PMID: 28931446

Anor CJ, Hu B, Multani N, Tartaglia MC. EXAMINING THE ASSOCIATION BETWEEN NEUROPSY-
CHIATRIC SYMPTOMS, HYPERTENSION, HYPERCHOLESTEROLEMIA, AND DIABETES IN ALZ-
HEIMER’S DISEASE. Alzheimers Dement J Alzheimers Assoc. 2014 Jul 1; 10(4):P364.

Jayaraman A, Pike CJ. Alzheimer’s Disease and Type 2 Diabetes: Multiple Mechanisms Contribute to
Interactions. Curr Diab Rep. 2014 Apr; 14(4):476. https://doi.org/10.1007/s11892-014-0476-2 PMID:
24526623

Ismail Z, Gatchel J, Bateman DR, Barcelos-Ferreira R, Chantillon M, Jaeger J, et al. Affective and emo-
tional dysregulation as pre-dementia risk markers: exploring the mild behavioral impairment symptoms

of depression, anxiety, irritability, and euphoria. Int Psychogeriatr. 2018 Feb; 30(2):185-96. https://doi.

org/10.1017/S1041610217001880 PMID: 28899446

PLOS ONE | https://doi.org/10.1371/journal.pone.0234514  June 10, 2020 10/10


https://doi.org/10.1001/jama.288.12.1475
http://www.ncbi.nlm.nih.gov/pubmed/12243634
https://doi.org/10.1001/archpsyc.65.10.1193
https://doi.org/10.1001/archpsyc.65.10.1193
http://www.ncbi.nlm.nih.gov/pubmed/18838636
https://doi.org/10.1016/j.jagp.2019.01.215
http://www.ncbi.nlm.nih.gov/pubmed/30902566
https://doi.org/10.1177/0193945907303086
https://doi.org/10.1177/0193945907303086
http://www.ncbi.nlm.nih.gov/pubmed/17984481
https://doi.org/10.1016/j.comppsych.2013.12.003
http://www.ncbi.nlm.nih.gov/pubmed/24405774
https://doi.org/10.1111/jgs.15456
http://www.ncbi.nlm.nih.gov/pubmed/30098017
https://doi.org/10.1093/gerona/glw110
http://www.ncbi.nlm.nih.gov/pubmed/27302701
https://doi.org/10.1007/s003450100227
https://doi.org/10.1007/s003450100227
http://www.ncbi.nlm.nih.gov/pubmed/11760784
https://doi.org/10.1016/j.janxdis.2010.09.003
https://doi.org/10.1016/j.janxdis.2010.09.003
http://www.ncbi.nlm.nih.gov/pubmed/20951542
https://doi.org/10.1046/j.1532-5415.2002.50115.x
https://doi.org/10.1046/j.1532-5415.2002.50115.x
http://www.ncbi.nlm.nih.gov/pubmed/11943045
https://doi.org/10.1017/S1041610217001909
http://www.ncbi.nlm.nih.gov/pubmed/28931446
https://doi.org/10.1007/s11892-014-0476-2
http://www.ncbi.nlm.nih.gov/pubmed/24526623
https://doi.org/10.1017/S1041610217001880
https://doi.org/10.1017/S1041610217001880
http://www.ncbi.nlm.nih.gov/pubmed/28899446
https://doi.org/10.1371/journal.pone.0234514

