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Abstract
Objectives: Increased depression severity has been linked to cognitive impairment
(CI). Importantly, Cl is a known risk factor for impaired balance and falls. Therefore,
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this study aims to explore the relationship between Cl and neuromuscular functions
and secondarily it aims to find out if Cl is a potential predictor for neuromuscular func-
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tions deficits in depressed elderly.

Methods: Eighty-four depressed elderly participated in the study. Assessment for
Cl symptoms were done using Mini Mental Status Examination (MMSE) in subjects
having confirmed depression. Neuromuscular functions such as balance confidence,
static and dynamic balance, functional mobility, and fall risk were subjectively as-
sessed using Activities-specific Balance Confidence (ABC) Scale, Berg Balance Scale
(BBS), Timed Up and Go (TUG) Test, and Performance Oriented Mobility Assessment
(POMA), respectively.

Results: Pearson's analysis revealed that there was moderate positive linear-
correlation between MMSE and BBS (R=0.382, p=<0.001) and between MMSE
and ABC (R=0.229, p=0.036"%). Further, regression analysis (R?) revealed that MMSE
significantly predicted the neuromuscular functions using BBS [F(1, 82)=14.013,
p<0.001, with an R? of 0.146] and ABC [F(1, 82)=4.545, p=0.036*, with an R? of
0.053].

Conclusion: Results of this study points to an impaired Cl as a possible factor in devel-

opment of neuromuscular function impairment in depressed elderly.
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1 | INTRODUCTION

and consequences. According to a recent survey, depression is
thought to afflict more than 300 million individuals worldwide,

The major burden comes from depression, which affects around and between 2005 and 2015, the number of instances rose by

one-third of the older population.® Depressive disorders have 18%.2 Additionally, it was predicted that depression will rank as

a significant social impact and a high likelihood of becoming the second most common health issue in the globe by the year

chronic because of their higher prevalence, functional burden, 2020.°
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Cognition is a function that is altered in depression and has re-
ceived increasing interest.* The prevalence of combined depression
and cognitive impairment in older persons varies, but studies have in-
dicated that it affects about 25% of them.> After the age of 70, the
group with both depressive symptoms and impaired cognition doubles
in size. Neurocognitive dysfunction, such as deficiencies in episodic
memory and executive function, has been associated to increased de-
pression severity.” These deficiencies add to the burden of depression
and are typical signs of depression.8 More precisely, poor psychosocial
functioning is closely correlated with abnormalities in neurocognitive
performance’ and had poor response to treatment.*°

Impaired balance and decreased postural stability are two addi-
tional comorbidities and consequences that have been associated to
greater depression severity.11 According to a recent meta—analysis12
that compiled the results of 17 prospective studies and found an
odds ratio for the association of depression with falls of 1.63 (95%
Cl: 1.361-1.940), depressive symptoms have been frequently linked
to poor mobility and falls in older adults.'®> They also share a sig-
nificant two-way relationship.!* Depressive symptoms have a sig-
nificant impact on motor function, which frequently manifests as
impaired postural control and increased sway regions,14 high risk of
falls,'> slowness of psychomotor function, and slowness of execu-
tive function in older people with depressive symptoms.*

Importantly, cognitive impairment (Cl) is a known risk factor for im-
paired balance!” and falls.?”*® Cognitive processing plays a vital role in
balance functions'’ and gait?° and relationship between them is well
described.?! Motor functions like walking and balancing become less
automatic and more cognitively demanding as people age as their cog-
nitive areas deteriorate.?>%® Some studies also reported bidirectional
relationship, that recurrent balance loss and falling may result in cogni-
tive decline.?* Further, people with postural instability/gait disturbance
(PIGD) have greater impairment on measures of global cognition.?>

Therefore, in this study we primarily aim to explore the relation-
ship between mild cognitive impairment (MCI) and neuromuscular
functions such as static balance, dynamic balance, functional mobility
and fall risk in older adults with depression and secondarily we aim to
find out if the cognitive impairment is a potential predictor for neuro-
muscular functions deficits. To the best of our knowledge, this is the
first study to evaluate the association between post-depression MCI
and neuromuscular functions such as static and dynamic balance,
functional mobility, and fall risk using the mini mental status examina-
tion (MMSE), Berg balance scale (BBS), Timed Up and Go (TUG) Test,
and p=<0.001 Performance Oriented Mobility Assessment (POMA),

respectively, in depressed older adults with MCI.

2 | MATERIALS AND METHODS
2.1 | Samplesize

Number of subjects was determined with Software G. Power 3.1.9.2

using data from a study done by,26 which investigate the associa-
tion between cognitive function and motor functions using MMSE
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and BBS, respectively, in patients with mild to moderate Alzheimer's
dementia.?® A total of 84 subjects were shown to be necessary with
the effect size of 0.3 (medium), alpha level of 0.05, & power (1 - beta)
of 0.80.

2.2 | Procedures

This study was approved by the Institutional-Ethical-Committee
(IEC) (Ethical approval number-24/5/324/JMI/IEC/2021), Jamia
Millia Islamia (A Central University), and this clinical trial has been
registered prospectively on Clinical Trial Registry India (CTRI)
with the identification code-CTRI/2021/09/036539. The study
was communicated to participants during the first contact, and a
preliminary diagnostic interview and evaluation of admission re-
quirements were undertaken, following which written informed
consent was obtained from the participants. Research proce-
dures in the present study were performed in conformity with
the Declaration of Helsinki, 1964 and its updates. Eligible, con-
senting subjects then underwent a SCID-I/NP interview to esti-
mate the DSM-1V diagnosis, followed by a comprehensive mental
clinical interview and physical examination with the help of clini-
cal neurologist. The observer-rated PHQ was administered to the
depressed subjects to verify the degree of depressive symptom
severity as it has 61% sensitivity and 94% specificity in older
adults and takes less time to administer.?” The good psychometric
performance of the PHQ-9, along with its ease of use and rela-
tive brevity, makes it attractive compared with the longer GDS-15
and other tools for use in older adults.?® Further, recent studies
have found that PHQ-9 is more authentic for screening depres-
sion in psychiatric clinics.?? The PHQ-9 is available in over 30 lan-
guages®® and is therefore valid for use in different ethnicities and
is accessed for free.%! Following which, assessment for the MCI
symptoms was done using MoCA in subjects having confirmed de-
pression. Subsequently, neuromuscular functions such as balance
confidence, dynamic balance and static balance, functional mobil-
ity, and fall risk were subjectively assessed using the ABC scale,
BBS, TUG test, and POMA, respectively, by a physical therapist.
Physiotherapists who performed the assessment received training
on conducting the assessments as per standard operating proce-
dure. All tests were administered in a standardized manner and
order of tests was kept the same for all individuals.

2.3 | Participants

Unmedicated depressed older adults, including both males and fe-
males, were recruited from Jamia Nagar, Delhi-India. The subjects
were included based on the following inclusion criteria: (i) age = 60;
(ii) DSM-IV criteria for unipolar major depression based on the
structured clinical interview for DSM Disorders - non-patient ver-
sion (SCID-I/NP)%2; (iii) subjects were in depressive episode at time
of their recruitment with PHQ scores >10%%; (iv) subjects having
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MCI with MMSE score between 18 and 24%% (v) medically healthy
subjects or, if having any chronic medical conditions, these condi-
tions need to be stable; (vi) subjects having general understanding
of English language and ability to provide informed consent. The ex-
clusion criteria were: (i) medical illness; (i) febrile illness; (iii) medica-
tions that could affect cytokine concentrations; (iv) immunizations
within 4 weeks; (v) any psychotropic medication use within previous
6 weeks; (vi) meeting DSM-IV criteria for psychotic, bipolar, or post-
traumatic stress disorder; and (vii) subjects with a diagnosis of schiz-
ophrenia, depression brought on by a medical condition, dementia,
amnestic disease, delirium, substance misuse or dependency within
the past 12months, an active suicidal plan, or a history of suicidal
attempts within the past 12 months. The study participants were 84
depressed older adults with MCI. Demographic details of the partici-

pants are shown in Table 1.

2.4 | Outcome measures

2.4.1 | Mini Mental State Examination (MMSE)

Thirty items make up the MMSE for neurocognitive testing, which is
focused on seven different cognitive domains. The total score ranges
from O to 30, with a score of 18 or less indicating severe impairment,
18-24 indicating mild cognitive impairment, 25 deemed borderline,

and 26 or above indicating cognitive normality.>*

2.4.2 | Activities-specific Balance Confidence
(ABC) scale

The ABC scale was developed by Powell and Myers®>%¢ to assess
confidence in activities involving balance. Sixteen different compo-
nents make up this instrument, each of which represents a variety
of indoor and outdoor activities requiring varied degrees of balance
function. Each item is rated by respondents on a continuous range

TABLE 1 Mean and SD scores for cognitive function status (Mini
Mental Status Examination) and neuromuscular functions status
(Activities-specific Balance Confidence, Berg Balance Scale, Timed
Up and Go test, and Performance Oriented Mobility Assessment).

Test Mean SD

MMSE 23.119 1.034
TUG test 18.833 1.421
POMA 20.619 1.139
BBS 44.000 1.951
ABC 62.531 3.560

Note: Data are presented as mean and SD; Significant difference is
p<0.05.

Abbreviations: ABC, Activities-specific Balance Confidence; BBS,
Berg Balance Scale; MMSE, Mini Mental State Examination; POMA,
Performance Oriented Mobility Assessment; SD, standard deviation;
TUG test, Time Up and Go test.

from 0% (no confidence) to 100% (full confidence), which results in
a final score out of 100%. High internal consistency, test-retest reli-
ability, and convergent validity with the physical activities' subscales
have all been proven to be positive psychometric aspects of the ABC

scale.®®

2.4.3 | BergBalance Scale (BBS)

As a clinical measure of functional balance (both dynamic and static
balance), BBS was created specifically for older people.’” The BBS
consists of 14 tasks, each of which is given a score on a scale of 0 to
4, with O denoting the lowest degree of function and 4 the maximum
level, for a total possible score of 56. Highest possible score -56;
larger risk of falling 45; low fall risk (41-56); medium fall risk (21-40);
and high fall risk (0-20) are the cutoff scores for quantification. It has
been clearly established that scales have reliable and valid psycho-
metric features.3®

244 | Timed Up and Go (TUG) test

TUG test is frequently used to assess senior individual's functional
mobility, balance, risk of falling, and physical fitness. It entails watch-
ing a person stand up from a chair, walk three meters in a straight
line, then go back in the chair and sit down once more. Each person's
performance is rated according to how long it takes them to com-
plete the activity, and this route is timed in seconds. Using the cutoff
score suggested by Podsiadlo & Richardson, total TUG test time was
utilized to compare the groups.” According to these authors, a time
of less than 10s should be taken as normal for healthy, independent
adults who are not at risk of falling, a time of 11-20s for frail or disa-
bled elderly people who have some level of independence and a low
risk of falling, and a time of more than 20s would indicate a signifi-
cant problem with physical mobility and a significant risk of faIIing.39

245 |
(POMA)

Performance Oriented Mobility Assessment

The risk of falling is measured using the POMA scale.*® POMA is a
straightforward clinical balancing test that assesses risk factors for
falls. This exam yields a total score out of 40, with a higher score
indicating better performance, and measures balance with 14 items
(scoring out of 24) and gait with 10 items (score out of 16). Health
practitioners can easily give it at a clinic or at home. In terms of con-

current validity and inter-rater reliability, POMA performs well.*

2.5 | Statistical analysis

SPSS version 28.0. was used for statistical analysis. The normal-
ity distribution of all outcome measures was verified using the
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Shapiro-Wilk test, skewness, and histogram. The outcome vari-
ables that show non-normal distribution were analyzed using a
non-parametric test or log-transformed before proceeding into in-
ferential analysis. The associations between MCI, ABC, BBS, TUG
test, and POMA were calculated using Pearson correlation coeffi-
cient. R values of 0.10 or less are typically regarded as small effect,
>0.10 to <0.50 a moderate effect, and >0.50 a substantial effect.*?
Stepwise method of multiple linear regression was used to identify
whether MCI significantly predicts ABC, BBS, TUG test, and POMA
scores.¢ Age, gender, and body mass index (BMI) were all entered
to the regression analysis along with the cognitive decline level to
examine their predictive role to neuromuscular functions (ABC, BBS,
TUG test, and POMA).

3 | RESULTS

A sample of 84 depressed older adults was assessed for cognitive
functions using MMSE and neuromuscular functions using ABC,
BBS, TUG test, and POMA. All the demographic characteristics
(mean age=62.40+2.27 (years), mean height=163.92+7.24cm,
mean weight=73.44+7.35kg, and mean BMI=27.54+3.07 kg/mz)
were found to be comparable at the baseline, assessed by independ-
ent t test (Table 1).

A correlation analysis was also done in accordance with the
previous study*? for MMSE and TUG test (R=0.145, p=0.189;
Figure 1; Table 2) and for MMSE and POMA (R=-0.145, p=0.188;
Figure 2; Table 2), but no association was found in any of the anal-
ysis. Interestingly, a significant moderate positive linear correlation
was found between the global cognition on MMSE and static and
dynamic balance on BBS (R=0.382, p=<0.001; Figure 3; Table 2),
and between MMSE and balance confidence on ABC (R=0.229,
p=0.036%; Figure 4; Table 2), demonstrating that participants who
score more on MMSE scale performed better on BBS and ABC, and
those who score less on MMSE performed badly on both BBS and
ABC.

Further, we carried out the regression analysis for MMSE and BBS
in accordance with the previous study.?® The dependent variable BBS
was regressed on predicting variable MMSE to test whether MMSE
has a significant impact on BBS. Multiple stepwise linear regression
analysis (R?) revealed that MMSE significantly predicted the neuro-
muscular functions using BBS [F(1, 82)=14.013, p<0.001, with an R?
of 0.146; Table 3] accounting for 14.6% of the variance of BBS total
score of sample. Similarly, we also carried out the regression analysis
for MMSE and ABC. To see if MMSE significantly affects ABC, the
dependent variable ABC was regressed on the predictive variable.
Multiple stepwise linear regression analysis (R?) revealed that MMSE
significantly predicted the neuromuscular functions using ABC [F(1,
82)=4.545, p=0.036*, with an R? of 0.053; Table 3] accounting for

5.3% of the variance of ABC total score of sample.

4 | DISCUSSION

This study examined the association between cognitive func-
tions using MMSE and measures of neuromuscular functions in
depressed older adults. Moreover, we also assessed the predictive
ability of cognitive functions measures for neuromuscular func-
tions in the target sample. Main findings of this study revealed
that cognitive functions score is not associated with TUG test and
POMA measures of neuromuscular functions. These results are
consistent with previous studies that revealed no significant as-
sociation between MMSE and TUG test?®*® and between MMSE
and POMA. However, few contradictions to our studies are there,
which demonstrated a correlation between MMSE and TUG
test*45 and between MMSE and POMA.*¢ These contradictions
may be explained by use of different sample size and different
study populations in present study and the previous studies such
as 30 subjects who are elderly nursing home residents** and 33
subjects who are healthy elderly.*’

Secondly, in the present study, cognitive functions using
MMSE scoring demonstrated a significant correlation with BBS

Scatter Plot of MMSE by TUGT
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that assess both the dynamic and static balance of neuromuscular
functions. Our results are consistent with previous reports exam-
ining moderate samples‘ﬂ"‘m’45 These studies indicate that cogni-
tive dysfunctions negatively impact the neuromuscular and motor
functions particularly when assessed by BBS.2¢4*%> As discussed
before, cognitive impairment is a known risk factor for impaired
balance'” and falling.*® Importantly, cognitive processing along
with a variety of other elements, such as emotional state, visual
feedback, and cerebellar activity, are thought to have an impact
on balance and postural stability. Any of these issues may nega-
tively affect neuromuscular functions and increase the likelihood
of injury and accidental falls.*” However, it is unclear what brain
processes contribute to postural control and falls. Existing re-
search shows that in older persons with and without MCI, lower
gray and white matter volume, white matter lesions, and impaired
functional connectivity are all linked to a history of falls.*®*° Brain

areas involved in executive, motor, and visual functions (e.g.,

TABLE 2 Correlation analysis between mild cognitive
impairment (Mini Mental Status Examination) and Neuromuscular
functions (Activities-specific Balance Confidence, Berg Balance
Scale, Timed Up and Go test, and Performance Oriented Balance
scale) (r and p values are presented).

Cognitive function

status

MMSE
Neuromuscular functions status R p
TUG test 0.145 0.189
POMA -0.145 0.188
BBS 0.382 <0.001*
ABC 0.229 0.036*

Note: *p <0.05.

Abbreviations: ABC, Activities-specific Balance Confidence; BBS,

Berg Balance Scale; MMSE, Mini Mental State Examination; POMA,
Performance Oriented Mobility Assessment; TUG test, Time Up and Go
test.

Scatter Plot of MMSE by POMA

prefrontal cortex, pre- and post-central gyrus, occipital lobe) are
predominantly affected.*®°C Further, elderly fallers with and with-
out MCI have been found to have a lower capacity to deactivate
brain connectivity during a task (i.e., greater functional connec-
tivity in the default mode network, which is typically activated at
rest but deactivated during a task).>>*? Though, according to in-
tervention studies, treating cognitive issues in depressed patients
improved their ability to cope with the disorder.>>*

Our study also demonstrated a significant correlation of MMSE
measuring the cognitive function with that of ABC assessing the bal-
ance confidence. Our results are in line with previous study report-
ing the reduced balance confidence (p<0.05) was associated with
worse global cognition (poorer cognition).>®> Functional ambulation
requires concurrent performance of motor and cognitive tasks in-
volving the processing of multiple cognitive inputs and therefore
problems in either or both may degrade the performance (functional
ambulation) and thus increase the risk of falling.>® Though, few other
studies demonstrated no such correlation between cognitive func-
tion assessed by MMSE and neuromuscular functions assessed by
BBS.>%°7 Again, these contradictions may be explained by different
study populations and the use of different sample size in the other
studies.

Lastly but importantly, our study also documented that impair-
ment in cognitive function is a significant predictor of neuromus-
cular functions (BBS) in depressed older adults even after adjusting
the confounding factors including BMI, gender, and age that can
influence the neuromuscular functions status in humans. This pro-
vides the suggestion that as intensity of cognitive dysfunction in-
creased, the participant's ability in performing functional balance
tasks in their everyday life decreased. It can also be extrapolated
that for participants in our study, decrease in cognitive function was
found to affect the neuromuscular function especially with the fact
that BBS has been shown to reliably predict the neuromuscular and
motor function status.?® Although not backed by sufficient litera-

264445 reported similar ability of

ture, a very few preliminary studies
subjective cognitive function measuring scales to predict the neu-

romuscular functions impairment. Similarly, we also documented

° FIGURE 2 Pearson correlation
coefficients showing no association
between MMSE (Mini Mental Status
Examination) and POMA (Performance
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FIGURE 3 Analysis showing the Scatter Plot of MMSE by BBS
correlation between the MMSE (Mini
Mental Status Examination) and BBS (Berg 26.00 °
Balance Scale) (R=0.382, p=<0.001).
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Scatter Plot of MMSE by ABC TABLE 3 Regression analysis for (Mini Mental Status
Examination and Berg Balance Scale) and for (Mini Mental Status
26.00] o o Examination and Activities-specific Balance Confidence).
Beta
Regression weights  coefficients R? F p-Values
25.004 o
MMSE—BBS 0.721 0.146 14.013 <0.001*
z MMSE—ABC 0.791 0.053 4.545 0.036*
= 24004 oo o o o oo oo oo [} 5 .
Note: R“ and beta coefficients values are presented. *p <0.05.
Abbreviations: ABC, Activities-specific Balance Confidence; BBS, Berg
Balance Scale; MMSE, Mini Mental State Examination.
23.004 o [e o] o o © 00 00O O 00 o
may give a more precise and reliable estimate of overall cognitive
2 e 5500 5000 85,00 7000 function, including both its quantity and quality. Another draw-
ABC

FIGURE 4 Analysis showing the correlation between MMSE
(Mini Mental Status Examination) and ABC (Activities-specific
Balance Confidence) (R=0.229, p=0.036).

that impairment in cognitive function is a significant predictor of
neuromuscular functions (ABC) in depressed older adults, which is
in agreement with another study”® that states that cognitive defi-
cits are associated with an increased fall risk in community-dwelling
older adults. The community-dwelling older adults who have mildly
or severely impaired cognitive functions were more expected to
be fallers or frequent fallers than those who are cognitively intact.
Nevertheless, more relevant is the implication that we may make
from our own and other researchers' findings, which is that sub-
jective cognitive function impairment plays a big part in predicting
changes in neuromuscular functions (BBS) governed by the occipital
lobe.>®

It is advisable to use caution when interpreting the findings
of the current study due to a number of limitations. The primary
drawback of the current study was the dependence of the cogni-
tive function data on accurate participant responses on the MMSE.
Incorporating objective data from neuropsychological battery
tests, event-related potential ERPs, or other biomarkers like BDNF

back of our study is that it may not be generalizable to other pop-
ulations because we included older persons with depression in
our sample. Further, despite the fact that our measurements are
widely accepted measures of neuromuscular functions, people with
cognitive impairment are probably more likely to be prone to self-
report bias on subjective measurements. In the future, self-report
bias may be reduced by using objective measurements and analysis.
Furthermore, we did not record information regarding participant's
use of any drugs that can worsen depression. Additionally, condi-
tions including peripheral polyneuropathy, vitamin B12 and vitamin
E deficiency, cervical and lumbosacral spinal stenosis, and visual
and vestibular impairments should have been ruled out as potential
causes of balance problems. As well, it is unknown how cognitive
impairment and neuromuscular dysfunction are related to one an-
other; therefore, the future studies may address the potential un-

derlying mechanisms.

5 | CONCLUSION

In conclusion, this research offers preliminary evidence for the re-
lationship between cognitive and neuromuscular function tests in

older depressed persons. The results of this study point to a global
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MMSE score between 18 and 24 as a possible factor in the devel-
opment of neuromuscular function impairment in older persons
with depression. However, the potential limitations of our study
are smaller sample size and the reliance on accurate participant re-
sponses on the subjective measures such as PHQ-9 and MoCA, to
determine the presence of depressive symptoms and the degree
of cognitive impairment respectively. Further, it is critical to real-
ize that cognitive deficits may make it more difficult to recover bal-
ance; therefore, it is crucial to have regular assessments of cognitive
functioning performed by rehabilitation specialists. Intervention
programs for older persons with depression may also benefit from
including treatment for both symptoms of cognitive dysfunction
and balance problems. Our study also demonstrates that when a pa-
tient's level of cognitive impairments is known, related health care
professionals can predict the patient's risk of falling, which enables
them to design an efficient and personalized treatment plan and
prevent the development of cognitive functions-related decline in

neuromuscular functions impairment.

ACKNOWLEDGMENTS

The authors would like to acknowledge and appreciate the con-
tinuous efforts and assistance of the Centre for Physiotherapy and
Rehabilitation Sciences (CPRS), Jamia Millia Islamia (JMI), India.

AUTHOR CONTRIBUTIONS

ZK conceived the study, executed the analysis and drafted the
manuscript; NC helps in comprehensive mental clinical examination
and screening of the subjects for this study. AS and AP assisted in
interpreting the results and critically appraised the manuscript. All
authors have read and approved the final manuscript, and agree with

the order of the presentation of the authors.

FUNDING INFORMATION
There is no source of funding for this article.

CONFLICT OF INTEREST STATEMENT

Authors disclose no conflict of interest.

ETHICS STATEMENT

The Institutional Ethical Committee (IEC), Jamia Millia Islamia (A
Central University), gave its approval for this investigation (Ethical
approval number-24/5/324/JMI/IEC/2021).

PATIENT CONSENT STATEMENT

Participants were informed about the study during the initial con-
tact, and after a preliminary diagnostic interview and assessment of
the admission requirements, their written informed permission was
obtained.

CLINICAL TRIAL REGISTRATION
This clinical trial has been prospectively registered on Clinical Trial
Registry India (CTRI) with the number CTRI/2021/09/036539.

ORCID

Adila Parveen " https://orcid.org/0000-0002-9952-6322

REFERENCES

1. Pilania M, Yadav V, Bairwa M, et al. Prevalence of depression
among the elderly (60years and above) population in India, 1997-
2016: a systematic review and meta-analysis. BMC Public Health.
2019;19:1-8. d0i:10.1186/s12889-019-7136-z

2. WHO W, WDT D. World Health Day-Depression. Depression.
2017;3.

3. Reddy MS. Depression: the disorder and the burden. Indian J
Psychol Med. 2010;32(1):1-2. https://journals.sagepub.com/doi/
pdf/10.4103/0253-7176.70510

4. Davidson RJ, Lewis DA, Alloy LB, et al. Neural and behav-
joral substrates of mood and mood regulation. Biol Psychiatry.
2002;52(6):478-502. d0i:10.1016/50006-3223(02)01458-0

5. Arve S, Tilvis RS, Lehtonen A, Valvanne J, Sairanen S. Coexistence
of lowered mood and cognitive impairment of elderly people in five
birth cohorts. Aging Clin Exp Res. 1999;11:90-95. https://pubmed.
ncbi.nim.nih.gov/10386168

6. Morimoto SS, Kanellopoulos T, Alexopoulos GS. Cognitive impair-
ment in depressed older adults: implications for prognosis and
treatment. Psychiatr Ann. 2014;44(3):138-142. https://journals.
healio.com/d0i/10.3928/00485713-20140306-05

7. McDermott LM, Ebmeier KP. A meta-analysis of depression se-
verity and cognitive function. J Affect Disord. 2009;119(1-3):1-8.
doi:10.1016/j.jad.2009.04.022

8. American Psychiatric Association. Diagnostic and statistical man-
ual of mental disorders (DSM-5®). American Psychiatric Pub;
2013.  https://psycnet.apa.org/doi/10.1176/appi.books.97808
90425596

9. Rock PL, Roiser JP, Riedel WJ, Blackwell A. Cognitive impairment
in depression: a systematic review and meta-analysis. Psychol Med.
2014;44(10):2029-2040. doi:10.1017/50033291713002535

10. Roiser JP, Elliott R, Sahakian BJ. Cognitive mechanisms of treat-
ment in depression. Neuropsychopharmacology. 2012;37(1):117-
136. doi:10.1038/npp.2011.183

11. Pieruccini-Faria F, Muir-Hunter SW, Montero-Odasso M. Do de-
pressive symptoms affect balance in older adults with mild cog-
nitive impairment? Results from the “gait and brain study”. Exp
Gerontol. 2018;108:106-111. doi:10.1016/j.exger.2018.04.004

12. laboni A, Flint AJ. The complex interplay of depression and
falls in older adults: a clinical review. Am J Geriatr Psychiatry.
2013;21(5):484-492. doi:10.1016/j.jagp.2013.01.008

13. Brown PJ, Roose SP, Zhang J, et al. Inflammation, depression, and
slow gait: a high mortality phenotype in later life. J Gerontol A Biol
Sci Med Sci. 2016;71(2):221-227. doi:10.1093/gerona/glv156

14. Deandrea S, Lucenteforte E, Bravi F, Foschi R, La Vecchia C, Negri
E. Risk factors for falls in community-dwelling older people: "a sys-
tematic review and meta-analysis". Epidemiology. 2010;21:658-668.
doi:10.3389/fmed.2022.1019094

15. Wei TS, Liu PT, Chang LW, Liu SY. Gait asymmetry, ankle spastic-
ity, and depression as independent predictors of falls in ambulatory
stroke patients. PloS One. 2017;12(5):e0177136. doi:10.1371/jour-
nal.pone.0177136

16. Stordal Kl, Lundervold AJ, Egeland J, et al. Impairment across ex-
ecutive functions in recurrent major depression. Nord J Psychiatry.
2004;58(1):41-47. doi:10.1080/08039480310000789

17. Teasdale N, Simoneau M. Attentional demands for postural con-
trol: the effects of aging and sensory reintegration. Gait Posture.
2001;14(3):203-210. doi:10.1016/50966-6362(01)00134-5

18. Tyrovolas S, Koyanagi A, Lara E, Santini ZI, Haro JM. Mild cogni-
tive impairment is associated with falls among older adults: findings


https://orcid.org/0000-0002-9952-6322
https://orcid.org/0000-0002-9952-6322
https://doi.org//10.1186/s12889-019-7136-z
https://journals.sagepub.com/doi/pdf/10.4103/0253-7176.70510
https://journals.sagepub.com/doi/pdf/10.4103/0253-7176.70510
https://doi.org//10.1016/S0006-3223(02)01458-0
https://pubmed.ncbi.nlm.nih.gov/10386168
https://pubmed.ncbi.nlm.nih.gov/10386168
https://journals.healio.com/doi/10.3928/00485713-20140306-05
https://journals.healio.com/doi/10.3928/00485713-20140306-05
https://doi.org//10.1016/j.jad.2009.04.022
https://psycnet.apa.org/doi/10.1176/appi.books.9780890425596
https://psycnet.apa.org/doi/10.1176/appi.books.9780890425596
https://doi.org//10.1017/S0033291713002535
https://doi.org//10.1038/npp.2011.183
https://doi.org//10.1016/j.exger.2018.04.004
https://doi.org//10.1016/j.jagp.2013.01.008
https://doi.org//10.1093/gerona/glv156
https://doi.org//10.3389/fmed.2022.1019094
https://doi.org//10.1371/journal.pone.0177136
https://doi.org//10.1371/journal.pone.0177136
https://doi.org//10.1080/08039480310000789
https://doi.org//10.1016/s0966-6362(01)00134-5

KHAN ET AL.

Aging Medicine

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

from the Irish longitudinal study on ageing (TILDA). Exp Gerontol.
2016;1(75):42-47. doi:10.1016/j.exger.2015.12.008

Laessoe U, Hoeck HC, Simonsen O, Voigt M. Residual attentional
capacity amongst young and elderly during dual and triple task
walking. Hum Mov Sci. 2008;27(3):496-512. doi:10.1371/journal.
pone.0218371

Al-Yahya E, Dawes H, Smith L, Dennis A, Howells K, Cockburn J.
Cognitive motor interference while walking: a systematic review
and meta-analysis. Neurosci Biobehav Rev. 2011;35(3):715-728.
doi:10.1016/j.neubiorev.2010.08.008

Mirelman A, Herman T, Brozgol M, et al. Executive function and
falls in older adults: new findings from a five-year prospective study
link fall risk to cognition. PloS One. 2012;7(6):e40297. doi:10.1371/
journal.pone.0040297

Schaefer S, Schumacher V. The interplay between cognitive
and motor functioning in healthy older adults: findings from
dual-task studies and suggestions for intervention. Gerontology.
2011;57(3):239-246. d0i:10.1159/000322197

Shumway-Cook A, Woollacott M. Attentional demands and pos-
tural control: the effect of sensory context. J Gerontol A Biol Sci Med
Sci. 2000;55(1):M10-M16. doi:10.1093/gerona/55.1.m10

Padubidri A, Al Snih S, Samper-Ternent R, et al. Falls and cognitive
decline in Mexican Americans 75years and older. Clin Interv Aging.
2014;9:719-726. doi:10.2147/cia.s59448

Verbaan D, Marinus J, Visser M, et al. Cognitive impairment in
Parkinson'sdisease.J Neurol Neurosurg Psychiatry.2007;78(11):1182-
1187. doi:10.1136/jnnp.2006.112367

Lee G. Impaired cognitive function is associated with motor func-
tion and activities of daily living in mild to moderate Alzheimer's
dementia. Curr Alzheimer Res. 2020;17(7):680-686. doi:10.2174/15
67205017666200818193916

Maurer DM. Screening for depression. Am Fam Physician.
2012;85(2):139-144. https://familydoctor.org/familydoctor/en/
diseases-conditions/depression.html

Zhang H, Wang S, Wang L, Yi X, Jia X, Jia C. Comparison of the geri-
atric depression Scale-15 and the patient health Questionnaire-9
for screening depression in older adults. Geriatr Gerontol Int.
2020;20(2):138-143. doi:10.1111/ggi.13840

Inoue T, Tanaka T, Nakagawa S, et al. Utility and limitations of
PHQ-9 in a clinic specializing in psychiatric care. BMC Psychiatry.
2012;12(1):1-6. d0i:10.1186/1471-244X-12-73

De Man J, Absetz P, Sathish T, et al. Are the PHQ-9 and GAD-7
suitable for use in India? A psychometric analysis. Front Psychol.
2021;12:676398. doi:10.3389/fpsyg.2021.676398

Smarr KL, Keefer AL. Measures of depression and depressive symp-
toms: Beck depression inventory-Il (BDI-II), center for epidemio-
logic studies depression scale (CES-D), geriatric depression scale
(GDS), hospital anxiety and depression scale (HADS), and patient
health Questionnaire-9 (PHQ-9). Arthritis Care Res. 2011;63(511):S
454-S466. doi:10.1002/acr.20556

First MB, Spitzer RL, Gibbon M, Williams JBW. Structured Clinical
Interview for DSM-IV-TR Axis | Disorders, Research Version, Non-
Patient Edition. New York State Psychiatric Institute; 2002.
doi:10.1007/978-1-4419-1005-9_66

Manea L, Gilbody S, McMillan D. A diagnostic meta-analysis of the
patient health Questionnaire-9 (PHQ-9) algorithm scoring method
as a screen for depression. Gen Hosp Psychiatry. 2015;37(1):67-75.
doi:10.1016/j.genhosppsych.2014.09.009

Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”
a practical method for grading the cognitive state of pa-
tients for the clinician. J Psychiatr Res. 1975;12(3):189-198.
doi:10.1016/0022-3956(75)90026-6

Powell LE, Myers AM. The activities-specific balance confidence
(ABC) scale. J Gerontol A Biol Sci Med Sci. 1995;50(1):M28-M34.
doi:10.1093/gerona/50a.1.m28

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

e W LEYM

Myers AM, Fletcher PC, Myers AH, Sherk W. Discriminative and
evaluative properties of the activities-specific balance confidence
(ABC) scale. J Gerontol A Biol Sci Med Sci. 1998;53(4):M287-M294.
doi:10.1093/gerona/53a.4.m287

Berg K, Wood-Dauphine S, Williams JI, Gayton D. Measuring bal-
ance in the elderly: preliminary development of an instrument.
Physiother Can. 1989;41(6):304-311. doi:10.3138/ptc.41.6.304
Berg K, Wood-Dauphinee S, Williams JI. The balance scale: reliabil-
ity assessment with elderly residents and patients with an acute
stroke. Scand J Rehabil Med. 1995;27(1):27-36. https://pubmed.
ncbi.nim.nih.gov/7792547

Podsiadlo D, Richardson S. The timed “up & go™: a test of basic
functional mobility for frail elderly persons. J Am Geriatr Soc.
1991;39(2):142-148. doi:10.1111/j.1532-5415.1991.tb01616.x
Tinetti ME. Performance-oriented assessment of mobility problems
in elderly patients. J Am Geriatr Soc. 1986;34:119-126. doi:10.1111/
j.1532-5415.1986.tb05480.x

Cipriany-Dacko LM, Innerst D, Johannsen J, Rude V. Interrater
reliability of the Tinetti balance scores in novice and experienced
physicaltherapy clinicians. Arch Phys Med Rehabil. 1997;78(10):1160-
1164. doi:10.1016/s0003-9993(97)90145-3

Alghwiri AA, Khalil H, Al-Sharman A, El-Salem K. Depression is a
predictor for balance in people with multiple sclerosis. Mult Scler
Relat Disord. 2018;1(24):28-31. doi:10.1016/j.msard.2018.05.013
Hernandez SS, Coelho FG, Gobbi S, Stella F. Effects of physical ac-
tivity on cognitive functions, balance and risk of falls in elderly pa-
tients with Alzheimer's dementia. Braz J Phys Ther. 2010;14:68-74.
https://pubmed.ncbi.nim.nih.gov/20414564

Kose N, Cuvalci S, Ekici G, Otman AS, Karakaya MG. The risk factors
of fall and their correlation with balance, depression, cognitive impair-
ment and mobility skills in elderly nursing home residents. Saudi Med
J.2005;26:978-981. https://europepmc.org/article/MED/15983687
Bortoli CG, Piovezan MR, Piovesan EJ, Zonta MB. Balance, falls and
functionality among elderly persons with cognitive function impair-
ment. Rev Bras Geriatr Gerontol. 2015;18:587-597. doi:10.1590/180
9-9823.2015.14057

Chu JJ, Chen XJ, Shen SS, et al. A poor performance in compre-
hensive geriatric assessment is associated with increased fall risk in
elders with hypertension: a cross-sectional study. J Geriatr Cardiol.
2015;12(2):113-118. doi:10.11909/j.issn.1671-5411.2015.02.006
Redlicka J, Zielinska-Nowak E, Lipert A, Miller E. The relation-
ship between cognitive dysfunction and postural stability
in multiple sclerosis. Medicina. 2022;58(1):6. doi:10.3390/
medicina58010006

Hsu CL, Best JR, Chiu BK, et al. Structural neural correlates of
impaired mobility and subsequent decline in executive functions:
a 12-month prospective study. Exp Gerontol. 2016;80:27-35.
doi:10.1016/j.exger.2016.04.001

Maidan I, Droby A, Jacob Y, Giladi N, Hausdorff JM, Mirelman A.
The neural correlates of falls: alterations in large-scale resting-
state networks in elderly fallers. Gait Posture. 2020;80:56-61.
doi:10.1016/j.gaitpost.2020.05.023

Makizako H, Shimada H, Park H, et al. Poor balance and lower gray
matter volume predict falls in older adults with mild cognitive impair-
ment. BMC Neurol. 2013;13(1):1-8. doi:10.1186/1471-2377-13-102
Hsu CL, Voss MW, Handy TC, et al. Disruptions in brain networks of
older fallers are associated with subsequent cognitive decline: a 12-
month prospective exploratory study. PloS One. 2014;9(4):e93673.
doi:10.1371/journal.pone.0093673

Crockett RA, Hsu CL, Best JR, Beauchet O, Liu-Ambrose T. Head
over heels but | forget why: disruptive functional connectivity in
older adult fallers with mild cognitive impairment. Behav Brain Res.
2019;376:112104. doi:10.1016/j.bbr.2019.112104

Vasques PE, Moraes H, Silveira H, Deslandes AC, Laks J. Acute
exercise improves cognition in the depressed elderly: the


https://doi.org//10.1016/j.exger.2015.12.008
https://doi.org//10.1371/journal.pone.0218371
https://doi.org//10.1371/journal.pone.0218371
https://doi.org//10.1016/j.neubiorev.2010.08.008
https://doi.org//10.1371/journal.pone.0040297
https://doi.org//10.1371/journal.pone.0040297
https://doi.org//10.1159/000322197
https://doi.org//10.1093/gerona/55.1.m10
https://doi.org//10.2147/cia.s59448
https://doi.org//10.1136/jnnp.2006.112367
https://doi.org//10.2174/1567205017666200818193916
https://doi.org//10.2174/1567205017666200818193916
https://familydoctor.org/familydoctor/en/diseases-conditions/depression.html
https://familydoctor.org/familydoctor/en/diseases-conditions/depression.html
https://doi.org//10.1111/ggi.13840
https://doi.org//10.1186/1471-244X-12-73
https://doi.org//10.3389/fpsyg.2021.676398
https://doi.org//10.1002/acr.20556
https://doi.org//10.1007/978-1-4419-1005-9_66
https://doi.org//10.1016/j.genhosppsych.2014.09.009
https://doi.org//10.1016/0022-3956(75)90026-6
https://doi.org//10.1093/gerona/50a.1.m28
https://doi.org//10.1093/gerona/53a.4.m287
https://doi.org//10.3138/ptc.41.6.304
https://pubmed.ncbi.nlm.nih.gov/7792547
https://pubmed.ncbi.nlm.nih.gov/7792547
https://doi.org//10.1111/j.1532-5415.1991.tb01616.x
https://doi.org//10.1111/j.1532-5415.1986.tb05480.x
https://doi.org//10.1111/j.1532-5415.1986.tb05480.x
https://doi.org//10.1016/s0003-9993(97)90145-3
https://doi.org//10.1016/j.msard.2018.05.013
https://pubmed.ncbi.nlm.nih.gov/20414564
https://europepmc.org/article/MED/15983687
https://doi.org//10.1590/1809-9823.2015.14057
https://doi.org//10.1590/1809-9823.2015.14057
https://doi.org//10.11909/j.issn.1671-5411.2015.02.006
https://doi.org//10.3390/medicina58010006
https://doi.org//10.3390/medicina58010006
https://doi.org//10.1016/j.exger.2016.04.001
https://doi.org//10.1016/j.gaitpost.2020.05.023
https://doi.org//10.1186/1471-2377-13-102
https://doi.org//10.1371/journal.pone.0093673
https://doi.org//10.1016/j.bbr.2019.112104

ﬂwl LEY_Aging Medicine

54.

55.

56.

57.

KHAN ET AL.

D

effect of dual-tasks. Clinics. 2011;66(9):1553-1557. doi:10.1590/
$1807-59322011000900008

Gustafsson G, Lira CM, Johansson J, et al. The acute response of
plasma brain-derived neurotrophic factor as a result of exercise in
major depressive disorder. Psychiatry Res. 2009;169(3):244-248.
doi:10.1016/j.psychres.2008.06.030

Rao AK, Uddin J, Gillman A, Louis ED. Cognitive motor inter-
ference during dual-task gait in essential tremor. Gait Posture.
2013;38(3):403-409. doi:10.1016/j.gaitpost.2013.01.006

Caixeta GC, Dona F, Gazzola JM. Cognitive processing and
body balance in elderly subjects with vestibular dysfunc-
tion. Braz J Otorhinolaryngol. 2012;78:87-95. do0i:10.1590/
s1808-86942012000200014

Kaygusuz MH, Oral Tapan O, Tapan U, Genc S. Balance impairment
and cognitive dysfunction in patients with chronic obstructive pul-
monary disease under 65years. Clin Respir J. 2022;16(3):200-207.
doi:10.1111/crj.13469

58.

lyigtin GO, Can Fi, Kirmizigil B, Angin E, Oksiiz SE, Malko¢ ME.
The comparison of different level of cognitive impairment on falls
and fall risks in community dwelling older adults. Physiotherapy.
2016;102:e171-e172. doi:10.1016/j.physio.2016.10.203

How to cite this article: Khan Z, Saif A, Chaudhry N, Parveen
A. Association of impaired cognitive function with balance
confidence, static balance, dynamic balance, functional
mobility, and risk of falls in older adults with depression.
Aging Med. 2023;6:370-378. doi:10.1002/agm?2.12276



https://doi.org//10.1590/S1807-59322011000900008
https://doi.org//10.1590/S1807-59322011000900008
https://doi.org//10.1016/j.psychres.2008.06.030
https://doi.org//10.1016/j.gaitpost.2013.01.006
https://doi.org//10.1590/s1808-86942012000200014
https://doi.org//10.1590/s1808-86942012000200014
https://doi.org//10.1111/crj.13469
https://doi.org//10.1016/j.physio.2016.10.203
https://doi.org/10.1002/agm2.12276

	Association of impaired cognitive function with balance confidence, static balance, dynamic balance, functional mobility, and risk of falls in older adults with depression
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Sample size
	2.2|Procedures
	2.3|Participants
	2.4|Outcome measures
	2.4.1|Mini Mental State Examination (MMSE)
	2.4.2|Activities-­specific Balance Confidence (ABC) scale
	2.4.3|Berg Balance Scale (BBS)
	2.4.4|Timed Up and Go (TUG) test
	2.4.5|Performance Oriented Mobility Assessment (POMA)

	2.5|Statistical analysis

	3|RESULTS
	4|DISCUSSION
	5|CONCLUSION
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	ETHICS STATEMENT
	PATIENT CONSENT STATEMENT
	CLINICAL TRIAL REGISTRATION
	REFERENCES


