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Abstract: Research has been conducted on the prevalence of health consequences of falls among
older adults (aged >60 years) in India, and our systematic review and meta-analysis aimed to synthe-
size the existing evidence on this topic. The JBI guideline was followed for conducting this review
work. Several databases were searched, and eight studies were included. The critical appraisal
scores (“yes” responses) for the included studies ranged from 56% to 78%. Among older adults in
India who fell, the pooled prevalence of injuries was 65.63% (95% confidence interval [38.89, 87.96]).
Similarly, head and/or neck injuries was 7.55% (4.26, 11.62), upper extremity injuries was 19.42%
(16.06, 23.02), trunk injuries was 9.98% (2.01, 22.47), lower extremity injuries was 34.36% (24.07, 45.44),
cuts, lacerations, abrasions, grazes, bruises and/or contusions was 37.95% (22.15, 55.16), fractures
was 12.50% (7.65, 18.30), dislocations and/or sprains was 14.31% (6.03, 25.26), loss of consciousness
was 5.96% (0.75, 15.08), disabilities was 10.79% (7.16, 15.02), and hospital admissions was 19.68%
(15.54, 24.16). Some of the high figures indicate the need for prioritizing and addressing the problem.
Furthermore, high-quality studies on this topic should be conducted, including on psychological
health consequences, health-related quality of life, length of hospital stay, and death. PROSPERO
registration: CRD42022332903.
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1. Introduction

Various types of falls have been included in the International Classification of Diseases
10th Revision (ICD-10) [1], and a common one among older adults is when the person
comes to rest inadvertently at a lower level [2]. Poor balance is a major contributor to falls
among older adults. Balance requires the complex integration of sensory information about
the body’s position relative to the surroundings and the ability to generate appropriate
motor responses to control the body’s movement. The sensory component requires contri-
bution from vision, peripheral sensation, and vestibular sense, whereas the motor compo-
nent requires muscle strength, neuromuscular control, and reaction time. Linking these
two components together are the higher-level neurological processes enabling anticipatory
mechanisms responsible for planning a movement and adaptive mechanisms responsible
for the ability to react to changing demands of a particular task. With increasing age,
there is a progressive loss of functioning of sensory, motor, and central processing systems
and an increased likelihood of falls. Instability and falls in older adults can be due to the
impairment of any of these systems [3].

Falls can harm physical health (such as injuries and fractures), psychological health
(such as depression and fear), and health-related quality of life and can even lead to
death [4,5]. Social consequences include the lack of social interaction, leading to isolation [5].
Economic consequences include increased health and social care costs [5]. All these can
be long-term consequences and inter-related and can ultimately take a toll on the overall
quality of life [5,6].
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India, a lower-middle-income country, is the second most populated country in the
world, and the number of older adults aged >60 years is projected to increase to 198
million by 2030 and 323 million by 2050 [7]. Previous systematic reviews have reported the
prevalence of falls among older adults in India to be around 26% to 37% and the pooled
prevalence to be around 31% (95% confidence interval (CI) [23, 39]) [8,9]. Another systematic
review reported the risk factors for falls among older adults in India and highlighted the
significance of sociodemographic factors, environmental factors, health conditions, and
medical interventions [10]. Research has been conducted on the health consequences of falls
among older adults in India [11-14]. However, no systematic review has been conducted
on this topic. Thus, this systematic review and meta-analysis aimed to synthesize the
existing evidence on the prevalence of health consequences of falls among older adults
in India. The findings of this review could provide a complete picture of the problem
in India and help key stakeholders (including research-, policy-, and practice-related
stakeholders) to prioritize the problem for addressing through the development, evaluation,
and implementation of primary, secondary, and tertiary prevention interventions to prevent
falls and manage its health consequences (including rehabilitation).

2. Methods

The JBI guideline for prevalence systematic reviews was followed for conducting
this review work [15]. The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline was used for reporting purposes [16]. The systematic review
protocol was registered with PROSPERO (CRD42022332903).

2.1. Eligibility Criteria

Condition: Studies on the health consequences of falls were included. Studies re-
porting falls occurring due to intentional actions such as self-harm or domestic violence
were excluded.

Context: Studies conducted in India and any setting, such as community, residential
care, primary care, secondary care, and tertiary care, were included.

Population: Studies conducted among older adults (aged >60 years) were included.
The National Policy for Older Persons was formulated in India in 1999, and it focuses on
people aged 60 years and above [17]. The United Nations (UN) uses the same cut-off to
define older adults [18]. If the study findings were stratified by age, data on >60 years were
extracted. If it was not possible to extract the relevant data, the study was excluded. Studies
were included if both the numerator data (i.e., the total number of health consequences of
falls) and the denominator data (i.e., the total number of falls) were extractable.

Types of studies: Observational prevalence studies (e.g., cross-sectional studies)
were included.

2.2. Search Strategy

An initial limited search was carried out on MEDLINE and Embase databases using
the following keywords: “health consequences”, “falls”, and “India”. The titles and
abstracts were screened for keywords, and the index terms used to describe the article
were identified. The search results were inspected to ensure that relevant articles were
identified. Based on this, the search strategies were developed in consultation with a Senior
Research Librarian (Appendix A). The following databases were searched for published
studies: MEDLINE (Ovid; since 1946), Embase (Ovid; since 1974), CINAHL (EBSCOHost;
since 1945), and PsycINFO (Ovid; since 1806). ProQuest Dissertations and Theses was
searched for unpublished studies. These databases were searched on 30 May 2022. No
date or language restrictions were applied. The reference list of all the studies selected
for inclusion in the systematic review and previous relevant reviews was screened for
additional studies.
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2.3. Study Selection

Following the searches, the identified records were collated and uploaded onto End-
Note X9 (Clarivate Analytics, Philadelphia, PA, USA) [19]. After the removal of duplicate
records, the titles and abstracts were screened for eligibility using the inclusion criteria by
two reviewers independently (I.B. and B.A.). Studies identified as potentially eligible or
those without an abstract had their full text retrieved. In case the full text of a study was
unavailable even through the interlibrary loan service/British Library, the corresponding
author and journal editor were approached (at least two times through email). Full texts of
the studies were assessed for eligibility using the same inclusion criteria by two reviewers
independently (I.B. and B.A.). Full-text studies that did not meet the inclusion criteria were
excluded, and the reasons for exclusion are reported (Appendix B). During the process, any
disagreements that arose between the two reviewers were resolved through discussion. If a
consensus was not reached, then a third reviewer (K.C.) was involved.

2.4. Methodological Quality Assessment

The included studies were critically assessed independently by two reviewers (LB. and
B.A.) using the standardized JBI checklist for prevalence studies [20]. Any disagreements
that arose were resolved through discussion or with the help of a third reviewer (K.C.) if a
consensus was not reached. All the studies, irrespective of their methodological quality,
underwent data extraction and synthesis, where possible.

2.5. Data Extraction

Data were extracted from the included studies using a pre-developed and pre-tested
data extraction tool. Data extraction was performed independently by two reviewers (I.B.
and B.A.). Any disagreements that arose between the reviewers were resolved through
discussion. If a consensus was not reached, then a third reviewer (K.C.) was involved. The
corresponding author of the study was contacted through email (at least two times) to
request any missing data for clarification.

2.6. Data Synthesis

A narrative synthesis was initially conducted. Meta-analysis was conducted to esti-
mate the pooled prevalence of health consequences of falls, along with 95% CI, using the
random effects model. STATA 16 (Stata Corp LLC, College Station, TX, USA) was used for
this purpose [21], and the metaprop command was used for this purpose [22]. The statistical
heterogeneity was quantified using the I? statistic. I is a percentage, and its value lies
between 0% (i.e., indicates no observed heterogeneity) and 100% (i.e., indicates substan-
tial heterogeneity). The meta-analyses of prevalence often present high I values. The I2
statistic is not an absolute index for the amount of variability observed, and its estimation
can be impacted by factors such as the number of studies included in the meta-analysis or
the pooled estimate. Similarly, a low I? value is not always an indicator of consistent and
homogenous results [23].

3. Results
3.1. Study Selection

The literature search identified 4375 records. After removing the duplicates, 3715 records
were screened for eligibility. Forty-four full-text studies were screened for eligibility. Fi-
nally, eight studies were included in the systematic review and meta-analysis [11-14,24-27].
Figure 1 shows the PRISMA flow diagram of the identification, screening, and eligibility of
included articles.
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Figure 1. PRISMA flow diagram of the identification, screening, and eligibility of included articles.

3.2. Characteristics of Included Studies

The characteristics of included studies are presented in Table 1. All the studies were
cross-sectional and conducted in and after 1999 [11-14,24-27]. Five studies were con-
ducted in the northern states of India [11,14,24,26,27], and three in southern India [12,13,25].
Six studies were conducted in community settings [11,13,14,24,25,27], one was conducted in
a residential setting (old age home) [26], and one was conducted in community and institu-
tionalized long-term care (LTC) facilities (nursing homes) [12]. Two studies were conducted
in rural India [24,25], four in urban India [12-14,26], and two in both rural and urban
India [11,27]. Seven studies recruited both male and female participants [11,13,14,24-27],
and one recruited only female participants [12]. The sample size of the included studies
varied from 55 to 240. The standard definition of falls was used, except in four studies that
did not mention the definition [12,14,25,27]. However, there were variations in how falls
were measured. For example, two studies collected data on the history of falls in the past
12 months [14,24], two studies in the past 6 months [13,26], and the remaining four studies
did not report any such criteria [11,12,25,27]. Four studies mentioned the location of falls,
such as inside or outside the home [12-14,25]. Three studies collected data on recurrent
falls but with varying definitions [12,13,26]. Two studies used the definition of recurrent
falls as >2 falls in the last six months [13,26] whereas the other study used the definition
of recurrent falls as >2 falls in the last year [12]. Falls were self-reported by participants
in six studies [12-14,24,26,27]. Falls were reported by family members in one study [11]
and by carers in the other study [25]. In addition, physical examination was performed
in three studies [11,13,14], and three studies used medical records [11,24,25]. The health
consequences of falls were self-reported by participants [11-14,24,26,27] and by carers [25].
Two of these studies also used medical records [13,25], and one study performed a physical
examination [14].
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Table 1. Characteristics of included studies.

Author Study

Indian

Study

Study

Data Collection on

Data Collection on

Number

Health Consequences of Falls and

and Year Design Period State Setting Rural/Urban Sex Definition of Falls Falls of Falls Health Efop:ﬁ:luences Numbers
Self-reported by
Joshi, 2003 Cross- 1999~ . Rural Male and Ending up on the famll.y members, Self-reported by Fractures = 21
sec- Haryana Community and floor or ground medical records, 103 c. o
[11] . 2000 female . ; . participants Other fall-related injuries = 82
tional urban unintentionally physical
Examination
Injuries sustained:
Community pain =25
and fractures = 15
institu- minor (cuts, bruises) = 11
Cross- tionalized Area of injury:
ggggs[?;]’ sec- 2002 Kerala long-term Urban Female Not defined Self_ifip ?rt?i by 73 Self-i:ip ?rtendt by head injury =7
tional care (LTC) participants participants back/neck injury =7
facilities chest injury =2
(nursing hand/arm injury =9
homes) hip injury =3
leg/knee/ankle injury = 17
Inadvertently
coming to rest on Fall-related injuries = 101
the ground, floor, Self-reported by Head/ back / fa_ce_ injuries = 19
. Cross- or other lower o Self-reported by Upper limb injuries = 26
Patil, 2015 2010- . Male and . participants and .. . Lo
sec- Karnataka Community = Urban level excluding . 124 participants and Lower limb injuries = 56
[13] . 2011 female . . physical . . . S
tional intentional change Examinati medical records Bruises/internal injuries = 49
. o xamination -
in position to rest Sprains/grazes/cuts/others = 38
on furniture, wall, Fractures = 14
or other objects
Fall-related injury = 62
Head /neck injury =9
Trunk injury = 4
Upper extremity injury = 18
Tri Cross- Self-'re.p orted by Self-reported by Spine ynry = 8
ripathy, sec- 2011- Puniab  Community  Urban Male and Not defined participants and 9 articipants and Lower extremity injury = 23
2015 [14] . 2012 ) y female physical p . p L Cut/bruise/abrasion = 33
tional o physical examination . . o
examination Dislocation/sprain = 16

Fracture =5

Loss of consciousness after falls = 8

Disability = 13
Hospital admission =7
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Table 1. Cont.

Data Collection on

Author Stu.dy Stu.dy Indian Stufly Rural/Urban Sex Definition of Falls Data Collectionon ~ Number Health Consequences Health Consequences of Falls and
and Year Design Period State Setting Falls of Falls of Falls Numbers
Head injuries = 10
Upper extremity injuries = 35
An event that Spine injuries = 17
results in a person Pelvis injuries = 25
Sirohi, Cross- . 1 Male and _coming to 1rest Self-'re.ported by Self-reported by Lower extre?1ty 11.1]uries =70
2017 [24] sec- 2015 Haryana Community  Rura female inadvertently on participants and 167 participants Internal injuries = 1
tional the ground or floor medical records Cut/laceration/abrasion/bruise = 91
or other Joint dislocation/sprain = 11
lower level Fractures = 10
Loss of consciousness after fall = 18
Disability due to fall = 14
Padmavath Cross- Male and Medical records and Medical records and Head and neicrl;j;ld_uggp er extremity
V' sec- 2017 Puducherry Community ~ Rural Not defined self-reported 156 self-reported by Jury =<7
2018 [25] . female Lower extremity injury = 81
tional by carers carers .
Contusion = 95
An event which Fall-related injuries = 30
resulted in a Head injury =7
. Cross- Residential person coming to 3 3 Neck injury =1
Pathania, sec- 2015 Delhi care (old Urban Male and rest inadvertently Self rep Qrted by 55 Self ep 9rt9d by Upper limb injury = 12
2018 [26] . female participants participants o
tional age home) on the ground or Spine injury =2
floor or other Lower limb injury = 8
lower level Disability after fall =7
Head injury =9
Internal injuries = 12
Bruises/cuts = 63
Kaur, 2019 Cross- 2016— . . Rural Male and . Self-reported by Self-reported by D1slocat10n. of joints =11
sec- Punjab  Community and Not defined A 240 F. Sprains = 39
[27] . 2017 female participants participants
tional urban Fractures = 37

Loss of consciousness after fall = 3
Post-fall syndrome = 6
Hospitalization = 61
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3.3. Methodological Quality of the Included Studies

Table 2 presents the critical appraisal scores for the included studies. The scores
ranged from 56% (five “yes” responses) to 78% (seven “yes” responses), out of a total of
nine questions. All the studies had an appropriate sample frame to address the target
population, as all of them only included older adults in India who fell. All the studies
reported an appropriate sampling of participants, except two in which it was unclear [12,25].
Six studies reported the sample size calculation, but these sample sizes did not seem to be
adequate [11,13,14,24,26,27]. These studies were neither national surveys nor large enough
(the sample size ranged from 55 to 240 in these six studies) to estimate the prevalence of
health consequences of falls among older adults in India, and the assumptions made in the
sample size estimation were questionable. It was unclear in two studies, as the sample-size-
estimation-related information was missing [12,25]. The study participants and settings
were described in detail in all the studies. The data analysis was conducted with sufficient
coverage of the identified sample (i.e., older adults in India who fell). Only one study
reported using a valid method for the identification of the condition (i.e., a standardized
scale for disabilities after falls) [11]. Four studies reported using a standard and reliable
way to measure the health consequences of falls in all the participants (i.e., reported details
about the data collectors, such as their training and experience) [12,14,24,25]. In terms of
appropriateness of the statistical analysis, none of the included studies directly reported
the prevalence (and 95% CI) of health consequences of falls, as the primary aim of some of
these studies was different from that of this systematic review. However, raw data reported
in these studies were used to calculate the prevalence and 95% CI. Five studies reported
high response rates (from 92.1% to 98%) [11,13,14,24,26], but the other three studies did not
provide enough information [12,25,27].

Table 2. Critical appraisal of included studies.

Total % of “Yes” to Critical

Author and Year Q1 Q Q3 Q4 Q5 Q6 Q7 Q8 QI Appraisal Questions
Joshi, 2003 [11] Y Y N Y Y Y U Y Y 78
Johnson, 2006 [12] Y U U Y Y U Y Y U 56
Patil, 2015 [13] Y Y N Y Y U U Y Y 67
Tripathy, 2015 [14] Y Y N Y Y U Y Y Y 78
Sirohi, 2017 [24] Y Y N Y Y U Y Y Y 78
Padmavathy, 2018 [25] Y U U Y Y U Y Y U 56
Pathania, 2018 [26] Y Y N Y Y U U Y Y 67
Kaur, 2019 [27] Y Y N Y Y U U Y U 56

Total % of “yes” to each critical
appraisal question

100 75 0 100 100 13 50 100 63

Y =yes, N =no, U = unclear. Q1. Was the sample frame appropriate to address the target population? Q2. Were
study participants sampled in an appropriate way? Q3. Was the sample size adequate? Q4. Were the study
subjects and the setting described in detail? Q5. Was the data analysis conducted with sufficient coverage of the
identified sample? Q6. Were valid methods used for the identification of the condition? Q7. Was the condition
measured in a standard, reliable way for all participants? Q8. Was there appropriate statistical analysis? Q9. Was
the response rate adequate, and if not, was the low response rate managed appropriately?

3.4. Meta-Analysis
All the studies were included in the meta-analysis.

1. Prevalence of injuries after falls

The pooled prevalence of injuries among older adults in India who fell was 65.63%
(95% CI [38.89, 87.96]) (Figure 2). The statistical heterogeneity was 98.6% (p < 0.05).
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Study Prevalence (95% CI) Weight (%)
|
1

Joshi,2003 : 79.61 (70.83, 86.26) 1250
|

Johnson,2006 —o—— 61.64 (50.17, 71.95) 1242
1
|

Patil,2015 ! 81.45 (73.70, 87.31) 1253
|
1

Tripathy,2015 —— 6739 (57.28,76.11) 12.47
|
i

Sirohi, 2017 ! —*= 94,61 (90.08, 97.14) 1258
1
|

Padmavathy,2018 —— 7051 (62.93, 77.11) 12.57
|
1

Pathania,2018 —_— 5455 (41.52, 66.97) 12.33
|
1

Kaur,2019 —-— ! 8.75 (5.79, 13.01) 12.61
1

Overall (I"2 = 98.6%, Q 65.63 (38.89, 87.96) 100.00

p =0.000)
|
1
i
:

T T
0 579 97.1
Prevalence of injuries after falls

Figure 2. Pooled prevalence (in %) of injuries among older adults in India who fell. The dashed line
represents the overall pooled prevalence. Joshi reported other fall-related injuries. Johnson separately
reported leg/knee/ankle injury, hand/arm injury, head injury, back/neck injury, hip injury, and
chest injury. Patil separately reported lower limb injuries, upper limb injuries, and reported head,
back, and face injuries, altogether. Tripathy separately reported head /neck injury, trunk injury, spine
injury, upper extremity injury, and lower extremity injury. Sirohi separately reported lower extremity
injuries, upper extremity injuries, pelvis injuries, spine injuries, head injuries, and internal injuries.
Padmavathy reported head and neck and upper extremity injury and lower extremity injury. Pathania
separately reported upper limb injury, lower limb injury, head injury, spine injury, and neck injury.
Kaur reported head injury and internal injuries. Refs. [11-14,24-27].

2. Prevalence of head and/or neck injuries after falls

The pooled prevalence of head and/or neck injuries among older adults in India who fell
was 7.55% (95% CI [4.26, 11.62]) (Figure 3). The statistical heterogeneity was 62.26% (p < 0.05).

3. Prevalence of upper extremity injuries after falls

The pooled prevalence of upper extremity injuries among older adults in India who fell
was 19.42% (95% CI [16.06, 23.02]) (Figure 4). The statistical heterogeneity was 0% (p > 0.05).

4. Prevalence of trunk injuries after falls

The pooled prevalence of trunk injuries among older adults in India who fell was
9.98% (95% CI[2.01, 22.47]) (Figure 5). The statistical heterogeneity was 90.64% (p < 0.05).

5. Prevalence of lower extremity injuries after falls

The pooled prevalence of lower extremity injuries among older adults in India who
fell was 34.36% (95% CI [24.07, 45.44]) (Figure 6). The statistical heterogeneity was 88.12%
(p < 0.05).
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Study Prevalence (95% CI) Weight (%)
i
Johnson,2006 E 9.59 (4.72, 18.50) 17.04
i
Tripathy,2015 ! 9.78 (5.23, 17.56) 18.94
i
Sirohi,2017 — 5.99 (3.28, 10.67) 23.50
i
i
Pathania 2018 r 14.55 (7.56, 26.16) 1470
|
Kaur,2019 —— | 3.75(1.99, 6.97) 2582
Overall (12 = 62.26%, <> 7.55 (4.26, 11.62) 100.00
p=0.03)
i
i
i
T : T T T T
-10 0 10 20 30 40
Prevalence of head and/or neck injuries after falls

Figure 3. Pooled prevalence (in %) of head and/or neck injuries among older adults in India who fell.
The dashed line represents the overall pooled prevalence. Johnson and Kaur reported head injury.
Tripathy reported head /neck injury. Sirohi reported head injuries. Pathania separately reported head
injury and neck injury. Refs. [12,14,24,26,27].

Study Prevalence (95% CI) Weight (%)
Johnson 2006 —_— 12.33 (6.62, 21.80) 1431
Sirohi 2017 —_— 2096 (1547, 27.79) 3262
Pathania 2018 ; 21.82 (1295, 3437) 1081
Patil 2019 —_— 2097 (14.73,28.95) 2425
Tripathy 2019 —_— 19.57(12.75, 28.82) 18.01
Overall (1"2 = 0.00%, @ 19.42 (16,06, 23.02) 100.00
p=033) ‘
r T T ]
5, 0 20 40 60
Prevalence of upper extremity injuries after falls

Figure 4. Pooled prevalence (in %) of upper extremity injuries among older adults in India who
fell. The dashed line represents the overall pooled prevalence. Johnson reported hand/arm injuries.
Sirohi reported upper extremity injuries. Pathania reported upper limb injury. Patil reported upper
limb injuries. Tripathy reported upper extremity injury. Refs. [12-14,24,26].
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Study

Johnson, 2006

Tripathy, 2015

Sirohi 2017

Pathanis 2018

p=000)

Overall (I"2 = 90.64%,
0

Prevalence (93% CI) Weight (%)

2.74(0.75,945) 24.65

1304 (762,2143) 2524

25.15(19.18,3224) 2633

3.64(1.00,1232) 2378

9.98(2.01,22.47) 100.00

0
Prevalence of trunk injuries after falls

Figure 5. Pooled prevalence (in %) of trunk injuries among older adults in India who fell. The dashed

line represents the overall pooled prevalence. Johnson reported chest injury. Tripathy separately

reported trunk injury and spine injury. Sirohi separately reported pelvis injuries and spine injuries.

Pathania reported spine injury. Refs. [12,14,24,26].

Stuady

Johnson 2006

Patil 2015

Tripathy 2015

Sirohi,2017

Padmavathy 2018

Pathania 2013

Overall ("2 = 88.12%,

p=0.00)

|

S

Prevalence (95% CI) Weight (%)

14.35 (7.56,26.16)

T 27.40 (18.49, 38.56)

1

| —-——— 45.16 (36.68, 33.93)
—— 25.00 (17.28, 34.73)

—_— 41.92 (34.70, 49.50)

- ————— 51.92(34.13,59.62)

:

3436 (24.07, 45.44)

1598

17.63

17.33

15.17

100.00

T
-50

|
Prevalence of lower extremity injuries after falls

Figure 6. Pooled prevalence (in %) of lower extremity injuries among older adults in India who

fell. The dashed line represents the overall pooled prevalence. Johnson separately reported

leg/knee/ankle injury and hip injury. Patil reported lower limb injuries and Pathania reported

lower limb injury. Tripathy reported lower extremity injury. Sirohi reported lower extremity injuries.

Padmavathy reported lower extremity injury. Refs. [12-14,24-26].

6.  Prevalence of cuts, lacerations, grazes, bruises, and/or contusions after falls

The pooled prevalence of cuts, lacerations, abrasions, grazes, bruises, and/or contu-
sions among older adults in India who fell was 37.95% (95% CI [22.15, 55.16]) (Figure 7).
The statistical heterogeneity was 95.33% (p < 0.05).
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Study Prevalence (95% CI) Weight (%)
i

Johnson, 2006 — | 15.07 (8.63, 25.00) 19.31

Tripathy.2013 —_— 35.87(26.82, 46.05) 19.66

|
Sirohi 2017 ————  5449(4692,6186) 2028
Padmavathy,2018

———— (090(53.07,6821) 2023

Kaur 2019 — 2625(21.09,3216)  20.53
:

Owe(liati]lj)ﬁ"2=93.33“.h__ @ 3795(2215,5516)  100.00
= 0.

I I
30 0 30 100
Prevalence of cuts, lacerations, abrasions, graze. bruises, and/or contusion after falls

Figure 7. Pooled prevalence (in %) of cuts, lacerations, abrasions, grazes, bruises, and/or contusions
among older adults in India who fell. The dashed line represents the overall pooled prevalence.
Johnson reported minor cuts and bruises. Tripathy reported cut/bruise/abrasion. Sirohi reported
cut/laceration/abrasion/bruise. Padmavathy reported contusion. Kaur reported bruises/cuts.
Refs. [12,14,24,25,27].

7.  Prevalence of fractures after falls

The pooled prevalence of fractures among older adults in India who fell was 12.50%
(95% CI [7.65, 18.30]) (Figure 8). The statistical heterogeneity was 79.91% (p < 0.05).

Study Prevalence (95% CI) ~ Weight (%)

Joshi, 2003 Y 2136(1455,3023) 16.17

Johnson, 2006 20.55(12.87,31.17) 1474

Patil 2015 —_— 1129 (6.85,18.06) 1685
i
i

Tripathy,2015 — 5.43 (2.34,12.10) 1573
|

Sirohi 2017 —_— 5.99 (3.28,10.67) 17.80
|
i

Kaur,2019 e — 1542 (1140,2053) 1872

Overall (12 = 79.91%, <> 12,50 (7.65,18.30)  100.00
p=0.00)

Figure 8. Pooled prevalence (in %) of fractures among older adults in India who fell. The dashed line
represents the overall pooled prevalence. Joshi, Johnson, Patil, Sirohi, and Kaur reported fractures.
Tripathy reported fracture. Refs. [11-14,24,27].
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8.  Prevalence of dislocations and/or sprains after falls

The pooled prevalence of dislocations and/or sprains among older adults in India
who fell was 14.31% (95% CI [6.03, 25.26]) (Figure 9). The statistical heterogeneity was 89%
(p < 0.05).

Study Prevalence (95% Cl) Weight (%)
i
Tripathy,2015 17.39 (11.00, 26.40) 31.23
Sirohi, 2017 o — : 6.59 (3.72, 11.41) 33.84
i
Kaur,2019 E - 20.83 (16.17, 26.41) 34.93

Overall (12 = 89.0%, <>‘ 14.31 (6.03, 25.26) 100.00
p = 0.000)

|
|

'
L

T T
0 372 i ) ) 26.4
Prevalence of dislocations and/or sprains after falls

Figure 9. Pooled prevalence (in %) of dislocations and/or sprains among older adults in India who
fell. The dashed line represents the overall pooled prevalence. Tripathy reported dislocation/sprain.
Sirohi reported joint dislocation/sprain. Kaur separately reported sprains and dislocation of joints.
Refs. [14,24,27].

9.  Prevalence of loss of consciousness after falls

The pooled prevalence of loss of consciousness among older adults in India who fell was
5.96% (95% CI [0.75, 15.08]) (Figure 10). The statistical heterogeneity was 90.7% (p < 0.05).

Study Prevalence (95% Cl) Weight (%)
Tripathy,2015 V 8.70 (4.47,16.23) 3155
Sirohi, 2017 ‘ 10.78 (6.93, 16.39) 33.77
Kaur,2019 o ; 1.25(0.43,3.61) 34.68

Overall (12 =90.7%, p =0.000 <> 5.96 (0.75,15.08)  100.00

T T
00.426 16.4
Prevalence of loss of consciousness after falls

Figure 10. Pooled prevalence (in %) of loss of consciousness among older adults in India who fell.
The dashed line represents the overall pooled prevalence. Refs. [14,24,27].
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10. Prevalence of disabilities after falls

The pooled prevalence of disabilities among older adults in India who fell was 10.79%
(95% CI [7.16, 15.02]) (Figure 11). The statistical heterogeneity was 16.4% (p > 0.05).

Study Prevalence (95% Cl) Weight (%)

i

i

I
Tripathy,2015 * 14.13 (8.45, 22.69) 30.83
Sirohi, 2017 * ! 8.38 (5.06, 13.58) 49.41

I

i
Pathania, 2018 L 12.73 (6.30, 24.02) 19.76
Overall (12 = 16.4%, <> 10.79 (7.16, 15.02) 100.00
p=0.302) i

i

f

T : T
0 5.06 24

Prevalence of disabilities after falls

Figure 11. Pooled prevalence (in %) of disabilities among older adults in India who fell. The dashed
line represents the overall pooled prevalence. Tripathy reported disability. Sirohi reported disability
due to fall. Pathania reported disability after fall. Refs. [14,24,26].

11. Prevalence of hospital admissions after falls

The pooled prevalence of hospital admissions among older adults in India who fell was
19.68% (95% CI [15.54, 24.16]) (Figure 12). The statistical heterogeneity was 0% (p < 0.05).

Study Prevalence (95% CI) Weight (%)
Tripathy,2015 —_— | 7.61(3.73, 14.88) 27.78
Kaur,2019 i * 25.42(20.33,31.28) 72.22

Overall (I"2 = 0.0%, 0 19.68 (15.54, 24.16) 100.00
p=0.00)

T * T
0 BK78] 3.3
Prevalence of hospital admissions after falls

Figure 12. Pooled prevalence (in %) of hospital admissions among older adults in India who fell. The
dashed line represents the overall pooled prevalence. Tripathy reported hospital admission. Kaur
reported hospitalization. Refs. [14,27].
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4. Discussion

The pooled prevalence of a range of health consequences of falls among older adults
in India, including head and/or neck injuries, upper extremity injuries, trunk injuries,
lower extremity injuries, cuts, lacerations, abrasions, grazes, bruises, and/or contusions,
fractures, dislocations and/or sprains, loss of consciousness, disabilities, and hospital
admissions, were reported. The findings are in line with studies conducted in various
countries [28-31]. The USA’s Centers for Disease Control and Prevention (CDC) reported
head injuries, fractures, and hospitalizations as serious consequences of falls among older
adults [28]. Similarly, fall-related injuries and fractures were reported in studies conducted
in Switzerland [29] and Spain [30]. A systematic review reported falls as a major contributor
to spinal cord injuries among older adults [31]. Literature reviews conducted in India have
also reported similar findings [32,33]. For example, a national review reported that every
year nearly 1.5 to 2 million older people are injured and 1 million succumb to death due
to falls [33]. The actual prevalence of fall-related health consequences could be much
higher, and there could be under-reporting of the health consequences of falls. The findings
indicate the seriousness of the problem and the need for interventions to prevent falls and
manage their health consequences (including rehabilitation). It has been recommended
that older adults, depending on their needs, should be offered multifactorial interventions
(i.e., interventions targeting more than one risk factor) to prevent falls [34-37].

To the best of our knowledge, this was the first systematic review and meta-analysis
to synthesize the existing evidence on the prevalence of health consequences among older
adults in India. A robust systematic review process was followed using JBI and PRISMA
guidelines. The chances of missing relevant articles were minimal, as a comprehensive
search for both published and unpublished studies without any date or language restric-
tions was conducted. The included studies were conducted in community and residential
care settings, and hence, the pooled prevalence might be more representative of the actual
population. The findings could be generalizable to neighboring nations due to similari-
ties in population, setting, and context. The case definition of falls and individual health
consequences of falls was not always clear and consistent across studies. However, the
authors tried their best to pool together the prevalence. This case definition issue could
have also led to double counting, leading to an overestimation of the pooled prevalence of
the health consequences of falls. The prevalence was pooled among older adults in India
who fell and not among older adults in India in general, and thus, more primary research
needs to be conducted before attempting such a systematic review. Although hospital
admissions and length of hospital stay were included in this review, some experts may have
a different view and do not consider these as direct health consequences of falls. Two of the
included studies were conducted more than two decades ago [11,12], and the prevalence
reported in these studies could be different from the current prevalence due to changes in
India’s population characteristics and socioeconomic context. A meta-analysis could not
be conducted on several health consequences of falls, as either these were not reported in
any study (e.g., psychological health consequences, health-related quality of life, length of
hospital stay, and death) or these were reported in single studies (e.g., pain (34.24%) [12]
and post-fall syndrome (2.50%) [27]). Thus, more primary research on this topic needs
to be conducted. The included studies were mostly conducted in the northern states of
India, and thus, primary studies need to be conducted in other parts of the country for a
more complete picture. In addition, the methodological limitations of the included studies
should be addressed in future studies, such as small sample sizes and unstandardized data
collection processes and tools.

In conclusion, the pooled prevalence of a range of health consequences of falls among
older adults in India was reported, including the high prevalence of injuries, and indi-
cating the need for prioritizing and addressing the problem. At the same time, given the
limitations of the available evidence and to strengthen the evidence base, high-quality
observational prevalence studies on this topic should be conducted and reported, including
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on psychological health consequences, health-related quality of life, length of hospital stay,
and death.
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Appendix A Search Strategies
MEDLINE (Ovid)—Date of search: 30 May 2022; 1129 records

exp Accidental falls/

(Fall* or fell* or slip* or trip* or stumble*).mp.
exp Gait/

exp Postural balance/

lor2or3or4

exp Morbidity /

exp Mortality /

exp Wounds/ and injuries/

exp Death/

exp Hospitalization/

exp Patient admission/

exp Patient readmission/

exp Length of stay/

(Consequence* or impact* or outcome* or implicat* or effect* or morbidit* or injur* or
trauma or morbidit* or mortalit* or death* or hospitali* or admission or readmission
or length of stay).mp.

15 6or7or8or9orl0or1lorl12or13or14

16  exp Adult/ or Adult.mp.

17 exp India/

18 (India* or Bharat* or Hindustan*).mp.

19 17o0r18

20 5and 14 and 16 and 19

Embase (Ovid)—Date of search: 30 May 2022; 2243 records

O 0 NI ONUl LN -

—_
_ O

[
= W N

exp falling/
(Accidental fall* or slip* or trip* or stumble* or fell).mp.
exp gait/

(Galit or balance).mp.
lor2or3or4

exp morbidity/

exp mortality /

exp wound/

exp injury/

exp Death/

exp Hospitalization/

O 0 NN Ol W=

—_ =
= O
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12 exp Patient admission/

13 exp Patient readmission/

14  exp Length of stay/

15  (Consequence* or impact* or outcome* or implicat* or effect* or morbidit* or injur* or
trauma or morbidit* or mortalit* or death* or hospitali* or admission or readmission
or length of stay).mp.

16 6or7or8or9orl0orllorl2ori13orl4or15

17 exp Adult/ or Adult.mp.

18  exp India/

19  (India* or Bharat* or Hindustan*).mp.

20 18or19

21 5and 16 and 17 and 20

PsycINFO (Ovid)—Date of search: 30 May 2022; 107 records

exp Falls/

(fall* or fell or slip* or trip* or stumble*).mp.

exp Gait/

(Balance or gait).mp.

lor2or3or4

exp Morbidity /

(Death and dying).mp.

exp Wounds/ and injuries/

Death.mp.

Patient admission.mp.

Patient readmission.mp.

exp Length of stay/

(Consequence* or impact* or outcome* or implicat* or effect* or morbidit* or injur* or
trauma or morbidit* or mortalit* or death* or hospitali* or admission or readmission
or length of stay).mp.

14 6or7or8or9ori10orllorl2orl3

15  exp Adult/ or Adult.mp.

16  (India* or Bharat* or Hindustan*).mp.

17 5and 14 and 15 and 16

CINAHL (EBSCOHost)—Date of search: 30 May 2022; 614 records

S1 (MH “Accidental falls”) OR “fall”

S2  “Slip* or trip* or stumble* or fell”

53  (MH “Outcomes (health care)”) OR “consequence or effect or outcome or impact”
5S4 (MH “India”) OR “India*”

S5 S10RS2

S6 S3 AND S4 AND S5

ProQuest Dissertations and Theses (ProQuest Central)—Date of search: 30 May 2022;
282 records

((Accidental falls OR fall* OR fell* OR slip* OR trip* OR stumble*) AND (Outcome*
OR consequence* OR impact* OR effect* OR injur* OR morbidit* OR mortalit* OR implicat*
OR trauma* OR hospitali* OR admission* OR readmission* OR length of stay OR death)
AND (India* OR Bharat* OR Hindustan*) AND (Adult OR old* adult*))

Filters applied: public health, older people.

3O Ul WD -

[ N SV
W N = O
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Appendix B Excluded Studies Following Full-Text Screening

Study

Reason for Exclusion

Subhashraj K, Ravindran C. Maxillofacial intervention in
trauma patients aged 60 years and older. Indian Journal of
Dental Research. 2008;19(2):109-11.

Ineligible condition

Ahuja K, Sen S, Dhanwal D. Risk factors and
epidemiological profile of hip fractures in Indian

population: a case-control study. Osteoporosis Sarcopenia.

2017;3(3):138-48.

Ineligible condition

Lalwani S, Mathur P, Kumar M, et al. Profile of fatal
geriatric trauma at a level 1 trauma centre of India. Journal
of Patient Safety and Infection Control. 2018;6(2):51-3.

Ineligible condition

Abhilash KPP, Tephilah R, Pradeeptha S, et al. Injury
patterns and outcomes of trauma in the geriatric
population presenting to the emergency department in a
tertiary care hospital of south India. Journal of
Emergencies, Trauma, and Shock. 2019;12(3):198-202.

Ineligible condition

Prinja S, Jagnoor J, Sharma D, et al. Out-of-pocket
expenditure and catastrophic health expenditure for
hospitalization due to injuries in public sector hospitals in
north India. PLoS One. 2019;14(11): e0224721.

Ineligible condition

Lahiri A, Jha SS, Chakraborty A. Elders suffering recurrent
injurious falls: causal analysis from a rural tribal
community in the eastern part of India. Rural Remote
Health. 2020;20(4):6042.

Ineligible condition

Singh JK, Lateef M, Khan MA, et al. Clinical study of
maxillofacial trauma in Kashmir. Indian Journal of
Otolaryngology and Head and Neck Surgery.
2005;57(1):24-7.

Ineligible population

Dhingra N, Yunus Mhod, Sinha SN, et al. Trauma patients
in an Indian hospital. Journal of the Royal Society of
Health. 1990;110(2):67-9.

Ineligible population

Kohli A, Banerjee KK. Pattern of injuries in fatal falls from
buildings. Medicine, Science and the Law.
2006;46(4):335—-41.

Ineligible population

Venkatesh VT, Kumar MV, Jagannatha SR, et al. Pattern of
skeletal injuries in cases of falls from a height. Medicine,
Science and the Law. 2007;47(4):330-4.

Ineligible population

Bither S, Mahindra U, Halli R, et al. Incidence and pattern
of mandibular fractures in rural population: a review of
324 patients at a tertiary hospital in Loni, Maharashtra,
India. Dental Traumatology. 2008;24(4):468-70.

Ineligible population

Behera C, Rautji R, Dogra TD. Patterns of injury seen in
deaths from accidental falls down a staircase: a study from
south Delhi. Medicine, Science and the Law.
2009;49(2):127-31.

Ineligible population

Sachdeva S, Menon S. Magnitude of unintentional injuries:

record-based hospital study. Indian Pediatrics.
2009;46(5):439.

Ineligible population

Gosavi SV, Deshmukh PR. Epidemiology of injuries in
rural Wardha, central India. Medical Journal Armed
Forces India. 2014;70(4):380-2.

Ineligible population
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Study

Reason for Exclusion

Lalwani S, Singh V, Trikha V, et al. Mortality profile of
patients with traumatic spinal injuries at a level I trauma
care centre in India. Indian Journal of Medical Research.
2014;140(1):40-5.

Ineligible population

Mathur N, Jain S, Kumar N, et al. Spinal cord injury:
scenario in an Indian state. Spinal Cord. 2015;53(5):349-52.

Ineligible population

Ghiya MN, Murty S, Shetty N, et al. A descriptive study of
hand injuries presenting to the adult emergency
department of a tertiary care center in urban India. Journal
of Emergencies, Trauma and Shock. 2017;10(1):19-25.

Ineligible population

Shreedhara K, Gouda C, Sidramappa. A study on pattern
of injuries in fatal cases of fall from height in the rural
areas of Mandya district. Medico-Legal Update.
2018;18(2):151-4.

Ineligible population

Das B. Prevalence of work-related occupational injuries
and its risk factors among brickfield workers in West
Bengal, India. International Journal of Industrial
Ergonomics. 2020;80:103052.

Ineligible population

Jagnoor J, Suraweera W, Keay L, et al. Childhood and
adult mortality from unintentional falls in India. Bulletin
of the World Health Organization. 2011;89(10):733—40.

Ineligible study design

Ahuja R, Singh K, Gani R, et al. Fatal trauma: death
analysis from September 2011 to December 2013, at Fortis
hospital, Noida, India. International Journal of Emergency

Medicine. 2015;8(1).

Ineligible study design

Patel JC. Falls in elderly. Indian Journal of Medical
Sciences. 2000;54(8):350-2.

Full-text not available

Sharma R, All L, Ubbot M. The epidemiology of fractures
and dislocations at district hospital Kathua (Jammu and
Kashmir). JK Practitioner. 2007; 14:114-7.

Full-text not available

Thirunaaukarasu D, Srikanth S, Susiganeshkumar E, et al.
Unintentional injuries: burden and risk factors in rural
areas of Puducherry. Indian Journal of Medical specialities.
2013;4(2):229-33.

Full-text not available

Singhal D. A study of head injury and its pattern in Surat
region: a prospective study. International Journal of
Medical Toxicology and Legal Medicine. 2019;22(1):53-5.

Full-text not available

Cardona M, Joshi R, Ivers RQ, et al. The burden of fatal
and non-fatal injury in rural India. Injury Prevention.
2008;14(4):232-7.

Denominator data not extractable

Dandona R, Kumar GA, Ivers R, et al. Characteristics of
non-fatal fall injuries in rural India. Injury Prevention.
2010;16(3):166.

Denominator data not extractable

Gulati D, Aggarwal AN, Kumar S, et al. Skeletal injuries
following unintentional fall from height. Ulusal travma ve
Acil Cerrahi Dergisi. 2012;18)2):141-6.

Denominator data not extractable

Jagnoor ], Keay L, Ganguli A, et al. Fall related injuries: a
retrospective medical review study in North India. Injury.
2012;43(12):1996-2000.

Denominator data not extractable
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Study Reason for Exclusion

Vidua R. How much safe are our elders in south Delhi.
Journal of Forensic Medicine and Toxicology. Denominator data not extractable
2012;29:113-6.

Weihsin H, Thadani S, Agrawal M, et al. Causes and
incidence of maxillofacial injuries in India: 12-year
retrospective study of 4437 patients in a tertiary hospital Denominator data not extractable
in Gujarat. British Journal of Oral and Maxillofacial
Surgery. 2014;52(8):693—6.

Dash SK, Panigrahi R, Palo N, et al. Fragility hip fractures
in elderly patients in Bhubaneswar, India (2012-2014): a
prospective multicenter study of 1031 elderly patients. Denominator data not extractable
Geriatric Orthopaedic Surgery and Rehabilitation.
2015;6(1):11-5.

Joseph A, Bagavandas M. Non-fatal home injuries among
the elderly in Tamil Nadu, India. Indian Journal of Denominator data not extractable
Community Medicine. 2019;44(1):81-4.

Kulshrestha V, Sood M, Kumar S, et al. Outcomes of
fast-track multidisciplinary care of hip fractures in
veterans: a geriatric hip fracture program report. Clinics in
Orthopedic Surgery. 2019;11(4):388-95.

Denominator data not extractable

Naveen Kumar T, Jagannatha SR, Venkatesha VT. Rise in
deaths due to fall from height: a 3-year retrospective study. ~ Denominator data not extractable
Medico-Legal Update.2019;19(2):113-6.

George J, Sharma V, Farooque K, et al. Factors associated
with delayed surgery in elderly hip fractures in India. Denominator data not extractable
Archives of Osteoporosis. 2021;16(1):7.
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