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Abstract 

Background: Falls and related injuries in older ages have become a major public health problem. This study aims to 
identify the prevalence of self-reported fall-related injury and to describe risk factors associated with fall-related injury 
among older adults in India.

Method: The study used data from the "Building Knowledge Base on Population Ageing in India" (BKPAI), which was 
carried out in seven major states in India (2011). Bivariate and multivariable logistic regression analyses were con-
ducted to examine the prevalence and risk factors of fall-related injury among older people.

Results: The study found that 3.6% of older adults had a fall-related injury. Older adults with walk difficulty had a 
significantly higher likelihood of reporting fall-related injuries in comparison to their counterparts [adjusted odds ratio 
(AOR):1.80; confidence interval (CI): 1.38–2.36]. Older adults who consumed alcohol had significantly higher odds 
of reporting fall-related injuries than those who did not consume alcohol [AOR: 1.97; CI: 1.31–2.97]. Poor self-rated 
health was another risk factor for fall-related injury [AOR: 1.24; CI: 1.05–1.61]. Further, older adults with dementia were 
2.15 times significantly more likely to report fall-related injuries than older adults with no dementia [AOR: 2.15; CI: 
1.03–5.05]. Also, older women compared to men were 98% significantly more likely to report fall-related injury [AOR: 
1.98; CI: 1.43–2.75]. The odds of reporting fall-related injury was significantly higher among those who had a second-
ary level education compared to those with no education [AOR: 1.44; CI: 1.01–2.06].

Conclusions: Walking disabilities, alcohol consumption, poor self-rated health, dementia, and female gender were 
found to be the risk factors for fall-related injury among older adults. The results highlight the importance of improv-
ing physical as well as mental health of older individuals including dementia in terms of reducing the risk of experi-
encing fall-related injury.
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Background
With rapid aging of the global population, falls in older 
ages have become a major public health problem. Such 
falls among older adults are highly susceptible to injury 
due to high prevalence of diseases and age-related 

physiological changes later in life [1]. Fall-related injuries 
cause discomfort and disability for older adults as well as 
stress for caregivers [2]. Independent of other morbidity 
conditions, falls are associated with restricted mobility, 
decline in the ability to carry out day-to-day activities 
and an increased risk of admission in a nursing home [3].

A growing body of literature shows that falling limits 
an individual’s physical activity, social performance and 
increases the fear of falling and risk of repeated falling 
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that ultimately leads to depression and reduction in qual-
ity of life [4–6]. Walking problems and having poor body 
balance were found as strong predictors of falls [7, 8]. 
Besides, inadequate use of materials, stumbling or slip-
ping, and gait disturbances were also found as the com-
mon causes of falls in later ages [9]. Further, a review 
suggests that most falls occur due to multiple factors, 
including disorders of gait, balance, strength, and vision 
[10]. Since vision makes an important contribution to 
balance, impaired vision resulting from eye disease is a 
significant independent risk factor for falls and fractures 
in older people [11].

The use of excessive alcohol, on the other hand, is 
another risk factor for falls and related injuries. The study 
found that alcohol may interact with certain drugs to 
increase the risk of falls by producing changes in aware-
ness, balance, and gait in older adults [12]. A longitudi-
nal cohort study also revealed that consumption of 14 
or more drinks per week is associated with an increased 
risk of subsequent falls in older adults [13]. Regardless of 
the amount of alcohol consumption, evidence shows that 
when alcohol is added to the equation of multiple medi-
cations and age-related disabilities, it can be dangerous to 
potentiate falls [14].

Cognitive impairment is another established risk fac-
tor for falls among older population [15]. Previous stud-
ies found that older adults with more severe forms of 
Alzheimer’s disease or dementia are presumably more 
likely to fall [9, 16]. Cognitive fluctuation, especially cog-
nitive down periods, may also raise the incidence of falls 
and related injuries among older adults [17]. An analysis 
of the Study on global AGEing and adult health (SAGE) 
wave 1 data reveals that those who reported multiple 
chronic conditions and poor cognitive ability had a signif-
icantly higher likelihood of falling and report more fall-
related injuries [18]. Those who reported falls in another 
study also had significantly higher chances of reporting 
poor self-rated health and more chronic conditions [19]. 
Although years lived by people have been increasing, 
they live with chronic conditions such as cardiovascular 
diseases, diabetes, and arthritis. These, along with the 
medication drugs used to treat them, can increase the fall 
risk among older individuals [20].

Although a few falls have a single cause, the majority 
result from interactions between long-term or short-
term predisposing factors [21]. A study in Japan found 
that arthritis in the legs was significantly associated 
with falls among community-dwelling older men and 
women [22]. Similarly, long-term diseases such as dia-
betes and arthritis [23–25] and short-term factors such 
as stroke and other diseases and declines in functioning 
across short periods in later years of life [26–28] have 
been shown to increase the risk for fall-related injuries. 

Further, as evidence suggests, low socioeconomic status 
is associated with fall as it could lead to a poor household 
environment and untreated health conditions in older 
individuals [8, 29, 30]. A couple of community-based 
studies in India at different regional levels have also 
found female sex and increasing age to be major risk fac-
tors of falls among older population [31–33].

The prevalence of falls in Indian older adults in a 
review of 19 studies found to be ranging from 14 to 53% 
[34]. Although there is mounting evidence of the high 
burden of fall-related injuries in older people, there are 
only a few population-based studies that explored the 
prevalence and associated factors of fall-related injuries 
in India [35–37]. Thus, the present study aims to identify 
the prevalence of self-reported fall-related injury and to 
describe risk factors associated with fall-related injury 
among older adults using a large country-representative 
survey data in India.

Data and methods
Data
Data for this study were derived from “Building Knowl-
edge Base on Population Ageing in India” (BKPAI), which 
was carried out in seven major states of India (Himachal 
Pradesh, Punjab, West Bengal, Odisha, Maharashtra, Ker-
ala, and Tamil Nadu) that covered a total of 9852 older 
adults from 8329 households in rural and urban areas. 
The survey was conducted in 2011 [38]. These states had 
a higher percentage of population aged 60 years or older 
compared to the national average and also represent all 
regions of the country [38]. The individual questionnaire 
was used, which covers the socio-demographic profile, 
work history and benefits, income, and assets, living 
arrangement, social activities, the health status of older 
adults and social security-related question [38].

The BKPAI sample design entails a two-stage probabil-
ity sampling where, first, villages were classified into dif-
ferent strata based on population size, and the number of 
Primary Sampling Units (PSUs) to be selected was deter-
mined in proportion to the population size of each stra-
tum. Using probability proportional to population size 
(PPS) technique, the PSUs were chosen, and within each 
selected PSU, households were selected through system-
atic sampling [38]. Being the survey of older adults, the 
sample size was equally split between urban and rural 
areas, irrespective of the proportion of urban and rural 
population. Eighty Primary Sampling Units (PSU) (vil-
lages or urban wards) – 40 urban and an equal number 
of rural – with 16 households per PSU having an older 
person were covered in the survey [38] (UNFPA, 2012). 
The questionnaires for each state were bilingual, with 
questions in both the primary language of the states and 
in English. The survey was reviewed by the institutional 
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review board, and informed consent was taken from the 
respondents before the survey. All the interviews were 
conducted in person. Out of total selected households, 
i.e., 8792 households, the response rate was 94.73%, and 
out of total selected individuals, i.e., 10,604 individuals, 
the response rate was 92.9%. In all, 9850 older adults 
who are aged 60 years and above were interviewed from 
8329 households [38]. The final sample size for the analy-
sis after removing missing cases (473 cases) and outliers 
(203 cases) was 9174 older adults (Fig. 1).

Variable description
Outcome variable
The outcome variable, fall-related injury was measured 
by the question, “Has a doctor or nurse ever told you that 
you have a fall-related injury in the last year?” Thus, the 
reported fall-related injury among older adults in the 
current study was diagnosed by a doctor or nurse. The 
response was coded as “no” and “yes”.

Explanatory variable
Explanatory variables were selected according to the 
existing literature. Walking and vision disability was 
assessed through the questions “whether having diffi-
culty in walking or vision?” The response was recoded as 
“no” and “partial/complete”. The walking and vision dis-
ability was diagnosed by a medical professional (doctor 
or nurse). Alcohol consumption was coded as “no” and 
“yes”. Self-rated health (SRH) was coded as “good”, which 
includes (excellent, very good, and good) and “poor”, 
which includes (fair and poor). Cognitive ability was 
measured using word recall and coded as high and low 
[39]. To measure cognitive ability, a scale of 0 to 10 was 
prepared, representing higher the score, better the cogni-
tive ability [39]. Higher scores represent lower cognitive 

impairment and vice-versa. The words used for testing 
cognitive impairment were Bus, House, Chair, Banana, 
Sun, Bird, Cat, Saree, Rice, and Monkey [39]. Five or 
more words were recoded as 0, “high” representing better 
cognitive ability, and a score of four or less was recoded 
as 1 “low”, representing low cognitive ability [39, 40]. 
Further, Alzheimer’s and dementia were recoded as “no” 
and “yes”. Alzheimer’s and dementia were diagnosed by 
a medical professional (doctor or nurse). Diabetes and 
Arthritis were coded as “no” and “yes”. Both were diag-
nosed by medical professionals (doctor or nurse).

Furthermore, age was categorized as 60–69, 70–79, and 
80 + years. Gender was categorized as men and women. 
Marital status was categorized as “not in union” included 
never married, widowed, divorced and separated, and 
“currently in a union”. Educational status was categorized 
as no education, below 5 years of schooling, 6–10 years 
of schooling, and 11 and above years of schooling [41]. 
Working status for the last year was categorized as no, 
yes and retired. Co-residence with children was catego-
rized as “no” and “yes”.

Wealth status was computed using 30 household assets 
and was divided into five quintiles as poorest, poorer, 
middle, richer, richest [42]. Religion was categorized as 
Hindu, Muslim, Sikh, and others. Caste was categorized 
as Scheduled Caste, Scheduled Tribes, Other Backward 
Class, and others. Place of residence was categorized as 
rural and urban. Data for seven states were available in 
the data as mentioned in the data section.

Statistical analysis
Descriptive statistics and bivariate analysis was used 
to find the initial results. A Chi-square test [43–45] 
was used to check the significance level between the 
prevalence of fall-related injury. Further, multivariable 

Fig. 1 Sample selection for the present study
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logistic regression analysis [46] was used to fulfil the 
objective of the study. All the covariates were adjusted 
in the model, and the model thus provides the adjusted 
estimates. The outcome variable ‘fall-related injury’ 
was recoded as 0 “no” and 1 “yes”. The results were 
presented in the form of adjusted odds ratio (AOR) 
with a 95% confidence interval (CI).

The model is usually put into a more compact form 
as follows:

Where, β0, …. . , βM are regression coefficients indi-
cating the relative effect of a particular explanatory 
variable on the outcome variable. These coefficients 
change as per the context in the analysis of the study.

The regression diagnostics for heteroscedastic-
ity [47], multicollinearity [48], and outliers were per-
formed via computation of variance inflation factors 
(VIFs) and visual inspection of residual plots for the 
regression models. The complex survey design effects 
were adjusted by using STATA svyset command. 
The whole statistical analyses were performed using 
STATA version 14 [49].

Results
Socio‑demographic profile of older adults
The socio-demographic profile of older adults is pre-
sented in Table  1. It was found that 3.6% of older 
adults reported a fall-related injury. Nearly 23% of 
older adults had a partial or complete walking-related 
disability. About 59% of older adults had a partial or 
complete vision-related disability. Almost 8 % of older 
adults consumed alcohol. About 55% of older adults 
had poor SRH, and 60% of older adults had low cogni-
tive ability. About 1 % of older adults had Alzheimer’s, 
and 1 % had dementia.

About one-tenth of older adults were from the age 
group 80 years and above. Almost 53% of older adults 
were women, and 47% were men. About 60% of older 
adults were currently in a union. Nearly 51% of older 
adults had no education, whereas 6 % had 11 and more 
years of education. Nearly 67% of older adults had 
not worked in the last year. About three in ten older 
adults were not residing with their children. About 
24% of older adults belonged to households with poor-
est wealth quintile, and about 15% of older adults 
belonged to households with richest wealth status. 
Almost 80% of older adults were from the Hindu reli-
gion, and 21% were from the Scheduled Caste category. 
About 26% of older adults were from urban areas.

ln

(

Pi

1− Pi

)

= β0 + β1x1 + · · · + βMxm−1,

Table 1 Socio-demographic profile of older adults

Variables Sample Percentage

Fall‑related injury
 No 8844 96.4

 Yes 330 3.6

Walking disability
 No 7076 77.1

 Partial/complete 2098 22.9

Vision disability
 No 3751 40.9

 Partial/complete 5423 59.1

Alcohol consumption
 No 8474 92.4

 Yes 700 7.6

Self‑rated health
 Good 4094 44.6

 Poor 5080 55.4

Cognitive ability
 High 3668 40.0

 Low 5506 60.0

Alzheimer’s
 No 9059 98.8

 Yes 115 1.3

Dementia
 No 9094 99.1

 Yes 80 0.9

Diabetes
 No 8230 89.7

 Yes 944 10.3

Arthritis
 No 6511 71.0

 Yes 2663 29.0

Age (years)
 60–69 5665 61.8

 70–79 2525 27.5

 80+ 984 10.7

Gender
 Men 4337 47.3

 Women 4837 52.7

Marital Status
 Not in Union 3632 39.6

 Currently in Union 5542 60.4

Education
 No education 4654 50.7

 Below 5 years 1890 20.6

 6–10 years 2070 22.6

 11+ years 559 6.1

Working status (last one year)
 No 6172 67.3

 Yes 2208 24.1

 Retired 794 8.7
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Percentage of older adults suffering from fall‑related injury 
by their background characteristics
Table 2 represents the percentage of older adults report-
ing fall-related injury by their background characteris-
tics. It was found that the prevalence of fall-related injury 
was high among older adults with a partial or complete 
walking-related disability (6.1%) and partial or complete 
vision-related disability (4.2%). The prevalence of fall-
related injury was high among older adults who con-
sumed alcohol (5.7%). Older adults with poor SRH had 
a higher prevalence of fall-related injury (4.3%). Older 
adults with low cognitive ability (4.0%), with Alzheimer’s 
(7.3%), and with dementia (10%) had a higher prevalence 
of fall-related injury.

Age did not show a significant association with fall-
related injury among older adults. Older women had a 
higher prevalence of fall-related injuries (4.3%). Older 

Table 1 (continued)

Variables Sample Percentage

Co‑reside with children
 No 2700 29.4

 Yes 6474 70.6

Wealth Status
 Poorest 2168 23.6

 Poorer 2024 22.1

 Middle 1903 20.8

 Richer 1708 18.6

 Richest 1370 14.9

Religion
 Hindu 7297 79.5

 Muslim 644 7.0

 Sikh 847 9.2

 Others 386 4.2

Caste
 Scheduled Caste 1896 20.7

 Scheduled Tribe 515 5.6

 Other Backward Class 3352 36.5

 Others 3411 37.2

Residence
 Rural 6783 73.9

 Urban 2391 26.1

State
 Kerala 1340 14.6

 Himachal Pradesh 1456 15.9

 Punjab 1240 13.5

 West Bengal 1127 12.3

 Orissa 1453 15.8

 Maharashtra 1229 13.4

 Tamil Nadu 1329 14.5

Total 9174 100.0

Table 2 Percentage of older adults suffering from fall-related 
injury by their background characteristics

Variables % p < 0.05

Walking disability *

 No 2.9

 Partial/complete 6.1

Vision disability *

 No 2.7

 Partial/complete 4.2

Alcohol consumption *

 No 3.4

 Yes 5.7

Self‑rated health *

 Good 2.7

 Poor 4.3

Cognitive ability *

 High 3.0

 Low 4.0

Alzheimer’s *

 No 3.6

 Yes 7.3

Dementia *

 No 3.5

 Yes 10.0

Diabetes *

 No 3.5

 Yes 4.6

Arthritis *

 No 3.3

 Yes 4.4

Age (years)
 60–69 3.7

 70–79 3.4

 80+ 3.9

Gender *

 Men 2.8

 Women 4.3

Marital Status *

 Not in Union 4.1

 Currently in Union 3.3

Education
 No education 3.4

 Below 5 years 4.1

 6–10 years 3.8

 11+ years 2.9

Working status (last one year) *

 No 3.8

 Yes 3.9

 Retired 0.9

Co‑reside with children *

 No 3.0

 Yes 3.9
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adults who were not in a union had a higher prevalence of 
fall-related injury (4.1%). Older adults who worked in the 
last 1 year had a higher prevalence of fall-related injury 
(3.9%). Co-residence with children increased the risk 
of fall-related injury among older adults (3.9%). Older 
adults from the richest wealth quintile had the lowest 
prevalence of fall-related injury (2.8%). Older adults from 
Maharashtra (7.8%) and Kerala (5.7%) had the highest 
prevalence of fall-related injuries.

Multivariable logistic regression estimates for fall‑related 
injury among older adults by their background 
characteristics
Multivariable logistic regression estimates for fall-
related injury among older adults by their background 
characteristics are presented in Table  3. Older adults 
with walk-related disability had an 80% significantly 
higher likelihood to suffer from fall-related injuries 
in comparison to their counterparts [AOR: 1.80; CI: 
1.38–2.36]. Older adults who consumed alcohol had a 

Table 2 (continued)

Variables % p < 0.05

Wealth Status *

 Poorest 3.2

 Poorer 4.5

 Middle 4.7

 Richer 2.6

 Richest 2.8

Religion *

 Hindu 3.4

 Muslim 5.6

 Sikh 2.1

 Others 7.5

Caste
 Scheduled Caste 3.7

 Scheduled Tribe 2.7

 Other Backward Class 3.1

 Others 4.2

Residence
 Rural 3.6

 Urban 3.5

State *

 Kerala 5.7

 Himachal Pradesh 2.3

 Punjab 2.2

 West Bengal 5.3

 Orissa 1.7

 Maharashtra 7.8

 Tamil Nadu 1.0

*if p < 0.05 based on chi-square test

Table 3 Multivariable logistic regression estimates for fall-related 
injury among older adults by their background characteristic

Variables AOR (95%CI)

Walking disability
 No Ref.

 Partial/complete 1.80*(1.38,2.36)

Vision disability
 No Ref.

 Partial/complete 1.06(0.81,1.38)

Alcohol consumption
 No Ref.

 Yes 1.97*(1.31,2.97)

Self‑rated health
 Good Ref.

 Poor 1.24*(1.05,1.61)

Cognitive ability
 High Ref.

 Low 1.09(0.83,1.42)

Alzheimer’s
 No Ref.

 Yes 1.26(0.57,2.82)

Dementia
 No Ref.

 Yes 2.15*(1.03,5.05)

Diabetes
 No Ref.

 Yes 1.25(0.89,1.77)

Arthritis
 No Ref.

 Yes 1.15(0.88,1.49)

Age (years)
 60–69 Ref.

 70–79 0.91(0.68,1.21)

 80+ 0.96(0.64,1.43)

Gender
 Men Ref.

 Women 1.98*(1.43,2.75)

Marital Status
 Not in Union Ref.

 Currently in Union 0.99(0.75,1.31)

Education
 No education Ref.

 Below 5 years 1.20(0.87,1.65)

 6–10 years 1.44*(1.01,2.06)

 11+ years 1.73(0.95,3.17)

Working status (last one year)
 No Ref.

 Yes 1.02(0.74,1.41)

 Retired 0.88(0.51,1.53)

Co‑reside with children
 No Ref.

 Yes 1.29(0.97,1.71)
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97% significantly higher likelihood to suffer from fall-
related injuries in comparison to those who do not con-
sume alcohol [AOR: 1.97; CI: 1.31–2.97]. Older adults 
who reported poor SRH had a 24% significantly higher 
likelihood to report fall-related injuries in comparison 
to those who reported good SRH [AOR: 1.24; CI: 1.05–
1.61]. Older adults with Alzheimer’s had a higher likeli-
hood to report fall-related injuries in comparison to older 
adults who did not have Alzheimer’s; however, the result 
was not significant. Dementia was a prime risk factor for 
fall-related injuries among older adults, i.e., older adults 
with dementia were 2.15 times significantly more likely 
to report fall-related injuries than older adults with no 
dementia [AOR: 2.15; CI: 1.03–5.05].

Older women had 98% significantly higher likelihood of 
reporting fall-related injuries in comparison to older men 
[AOR: 1.98; CI: 1.43–2.75]. Older adults with 6–10 years 
of schooling had a 44% significantly higher likelihood for 
fall-related injuries in comparison to older adults with no 
education [AOR: 1.44; CI: 1.01–2.06]. Older adults with 

richest wealth status had a lower likelihood to report 
fall-related injuries, but the results were not significant. 
Older adults in Maharashtra had a 71% higher likeli-
hood to report fall-related injuries in comparison to older 
adults from Kerala [AOR: 1.71; CI: 1.19–2.46].

Discussion
Fall-related injury in later years of life is a major health 
concern, especially for those who have chronic condi-
tions. Gait problems, a major contributor to the risk of 
falls and related injuries, can occur due to simple age-
related changes in gait and balance as well as specific dys-
functions following a period of inactivity in old age [1]. 
Study shows that problems with mobility, balance, and 
loss of muscle strength contribute to the increased like-
lihood of falling [50]. Consistently, self-reported walking 
difficulty in the present study also emerged as an inde-
pendent risk factor for fall-related injury among older 
adults. A couple of retrospective studies have also shown 
that imbalance and dizziness increased the risk of falling 
both among older men and women [51, 52]. Moreover, 
the bivariate analysis found that the older adults were 
prone to fall-related injuries if they had partial or com-
plete vision difficulty. Similar findings have also been 
reported in studies that claimed that poor vision was a 
predictor of falls [53–55]. Even though, the multivariate 
analysis showed no statistical significance in the associa-
tion of vision impairment and fall-related injuries in the 
present study.

Further, previous studies have shown that regular alco-
hol consumption may increase the fall risk in older adults 
through multiple mechanisms such as imbalance after 
acute alcohol ingestion, decreased cognitive function, 
and long-term impaired balance [56, 57]. In concordance 
with this, our finding also suggests that alcohol consump-
tion increased the likelihood of fall-related injury among 
older people. Moreover, fall-related injury was signifi-
cantly associated with poor self-rated health in the pre-
sent study. In line with our finding, in a pooled analysis 
of two large Malaysian epidemiological studies, it was 
revealed that a lower rating of health was associated with 
an increased risk of falls [58]. Evidence also suggests that 
higher fall efficacy was more closely associated with bet-
ter self-rated health [59].

Studies have shown severe cognitive impairment as an 
important risk factor for serious falls, and falls are asso-
ciated with loss of independence in demented patients 
[15, 16, 60]. Nonetheless, as evidence suggests, the dif-
ferentials in walking and balance might have partially 
accounted for the finding that older adults with Alzhei-
mer’s disease/dementia were more likely to fall [17, 61]. 
Although we could not find a significant association of 
cognitive ability and Alzheimer’s disease with fall-related 

Table 3 (continued)

Variables AOR (95%CI)

Wealth Status
 Poorest Ref.

 Poorer 1.19(0.81,1.74)

 Middle 1.28(0.85,1.92)

 Richer 0.74(0.46,1.18)

 Richest 0.60(0.36,1.02)

Religion
 Hindu Ref.

 Muslim 1.21(0.81,1.81)

 Sikh 0.74(0.34,1.60)

 Others 1.12(0.71,1.78)

Caste
 Scheduled Caste Ref.

 Scheduled Tribe 0.73(0.39,1.37)

 Other Backward Class 0.78(0.54,1.14)

 Others 0.94(0.68,1.3)

Residence
 Rural Ref.

 Urban 0.96(0.74,1.24)

State
 Kerala Ref.

 Himachal Pradesh 0.43*(0.26,0.71)

 Punjab 0.52(0.27,1.01)

 West Bengal 0.68(0.44,1.05)

 Orissa 0.36*(0.21,0.60)

 Maharashtra 1.71*(1.19,2.46)

 Tamil Nadu 0.17*(0.08,0.34)

Ref: Reference; *if p < 0.05; AOR Adjusted Odds Ratio, CI Confidence Interval
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injury in our study population, dementia had shown a 
statistically significant association with fall-related injury 
in the multivariate regression model. Again, studies in 
India and other countries have shown that the fallers 
tended to have a greater prevalence of multiple chronic 
illnesses [22, 62, 63]. However, our study disclosed that 
there are no statistically significant differences in physi-
cal illnesses such as diabetes and arthritis between those 
who had fall-related injury and those who did not have.

Worldwide, in the older ages, sex difference was found 
in falling and women were more likely than men to be 
injured due to falls [30]. In a cohort-based study in South 
India, one in four older women fell compared with one 
in six men during the follow-up [31]. In line with the 
results of earlier studies, the present analysis also shows 
that there exists a statistically significant association of 
gender with a fall-related injury. Again, it is shown that a 
significant sex difference exists in the circumstances and 
injury potential when older adults fall indoors and out-
doors [64]. The results of the current study also showed 
that people with 6–10 years education had 44% greater 
risk of fall-related injuries than those without any edu-
cation. And those with 11+ years of education seem to 
have an even higher risk of fall-related injuries (although 
this is not significant but the 95% CI is relatively wider). 
The finding is at variance with multiple studies that show 
that the individuals with a lower educational level are 
particularly prone to falls and increased mortality due to 
fall injuries [34, 65, 66], indicating the need for further 
investigation.

Besides, factors such as religion, caste and household 
wealth status were not significant in the present study 
consistent with some previous studies [37, 67]. However, 
the low prevalence of fall-related injury among older 
adults who belonged to rich wealth quintiles observed in 
bivariate analyses shows the protective effect of higher 
socioeconomic status against falls and related injuries 
which is in parallel with past studies in India [8, 30, 34]. 
Huge regional variations in the prevalence of fall-related 
injury were also observed in our study. The states of 
Kerala, Maharashtra, and West Bengal were found to be 
the major states with a higher prevalence of fall-related 
injury among older population. This implicates that fall 
interventions have to be developed after identifying the 
different fall risks among older populations across states.

The study has certain limitations. Firstly, the cross-
sectional design of the study does not necessarily dem-
onstrate a causal relationship. Further, the reported 
fall-related injury might have recall bias where the partic-
ipants, especially those cognitively impaired older adults, 
might have forgotten the fall-related injury or reported 
it more than once. Thus, under or over-reporting might 
have affected the current findings. Finally, the factors 

such as psychological problems and several chronic con-
ditions are not considered in the present study. Although 
any strategy to reduce severe falls resulting in injuries 
requires assessing the critical behavioral determinants 
of an older individual’s risk for falling, due to unavailabil-
ity of information, the physical activity, dietary patterns, 
and other behavioral factors also could not be analyzed 
in the present study. However, the strength of this study 
is its relatively large number of participants, which is rep-
resentative at the national level. Also, the data with such 
comprehensive information is scarce in poor-resource 
settings like India, and the present study utilized such 
survey information for understanding the prevalence 
and risk factors of severe falls and related injuries among 
older Indian population.

Conclusion
In this study, walking disabilities, alcohol consumption, 
poor self-rated health, dementia, and female gender were 
found to be the risk factors for fall-related injury among 
older adults. Hence, researchers and health practitioners 
should develop gender-based fall prevention strategies 
in older age especially among those who are at increased 
risk. The findings also highlight the importance of 
improving physical as well as mental health of older indi-
viduals including dementia in terms of reducing the risk 
of experiencing fall-related injury. Further retrospective 
and prospective studies are required for assessing several 
risk factors and their associations and planning appropri-
ate prevention and control programs. Future studies are 
also warranted on cultural and behavioral factors that 
contribute to the differences in risk for falls and related 
injuries among several sub-populations in India.

Abbreviations
BKPAI: Building Knowledge Base on Population Ageing in India; PSUs: Primary 
Sampling Units; PPS: Probability Proportional To Population Size; SRH: Self-
Rated Health; VIF: Variance Inflation Factors; AOR: Adjusted Odds Ratio; CI: 
Confidence Interval.

Acknowledgements
Not applicable.

Authors’ contributions
Conceived and designed the research paper: SS and TM; analyzed the data: 
SS; Wrote the manuscript: TM; Refined the manuscript: SS and TM. Both the 
authors read and approved the final manuscript for possible publication.

Authors’ information
Shobhit Srivastava
He completed M.Phil. in Population studies and currently pursuing his Ph.D. 
in Population studies from International Institute for Population Sciences, 
Mumbai. His area of interest is ageing and mental health.
T. Muhammad
He completed M.Phil. in Population studies and currently pursuing his Ph.D. 
in Population studies from International Institute for Population Sciences, 



Page 9 of 10Srivastava and Muhammad  BMC Public Health          (2022) 22:550  

Mumbai. His areas of interest include health disparities among vulnerable 
populations and population ageing.

Funding
Authors did not receive any funding to carry out this research.

Availability of data and materials
The study utilizes a secondary data which is available only on request from 
direc tor@ isec. ac. in or india. office@ unfpa. org.
The questionnaire and datasets generated and analysed during the current 
study are also available in the institute repository and accessible on request 
through http:// www. isec. ac. in/.

Declarations

Ethics approval and consent to participate
Ethical approval for the data has been obtained from the Ethics Committee in 
the University of Southampton. Informed written consent was obtained from 
each participant, who were ensured that data would remain confidential and 
used for research purposes only. All methods were carried out in accordance 
with relevant guidelines and regulations.
Local ethics committee of Institute for Social and Economic Change, Banga-
lore, ruled that no formal ethics approval was required to carry out research 
from this data source.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 4 July 2021   Accepted: 14 March 2022

References
 1. Rubenstein LZ. Falls in older people: epidemiology, risk factors and strate-

gies for prevention. Age Ageing. 2006;35:37–41.
 2. Tinetti ME, Kumar C. The Patient Who Falls. Jama. 2010;303:258.
 3. Krishnaswamy B, Usha G. Falls in older people national / regional review; 

2003.
 4. Gill TM, Murphy TE, Gahbauer EA, et al. Association of injurious falls with 

disability outcomes and nursing home admissions in community-living 
older persons. Am J Epidemiol. 2013;178:418–25.

 5. Öztürk ZA, Özdemir S, Türkbeyler İH, et al. Quality of life and fall risk in frail 
hospitalized elderly patients. Turk J Med Sci. 2017;47:1377–83.

 6. Vieira ER, Palmer RC, Chaves PHM. Prevention of falls in older people 
living in the community. BMJ Online. 2016;353. https:// doi. org/ 10. 1136/ 
bmj. i1419.

 7. Jia H, Lubetkin EI, DeMichele K, et al. Prevalence, risk factors, and burden 
of disease for falls and balance or walking problems among older adults 
in the U.S. Prev Med. 2019;126:105737.

 8. Tripathy NK, Jagnoor J, Patro BK, et al. Epidemiology of falls among 
older adults: a cross sectional study from Chandigarh, India. Injury. 
2015;46:1801–5.

 9. van Dijk PTM, Meulenberg OGRM, Habbema JDF, et al. Falls in Dementia 
Patients. Gerontologist. 1993;33:200–4.

 10. Moylan KC, Binder EF. Falls in Older Adults: Risk Assessment, Management 
and Prevention. Am J Med. 2007;120(493):e1–493.e6.

 11. Lord SR, Smith ST, Menant JC. Vision and falls in older people: risk factors 
and intervention strategies. Clin Geriatr Med. 2010;26:569–81.

 12. Public Health Agency of Canada. Report on Seniors’ Falls in Canada 2014.
 13. Mukamal KJ, Mittleman MA, Longstreth WT, et al. Self-reported alcohol 

consumption and falls in older adults: cross-sectional and longitu-
dinal analyses of the cardiovascular health study. J Am Geriatr Soc. 
2004;52:1174–9.

 14. Sheahan SL, Coons SJ, Robbins CA, et al. Psychoactive medication, alco-
hol use, and falls among older adults. J Behav Med. 1995;18:127–40.

 15. Muir SW, Gopaul K, Montero Odasso MM. The role of cognitive impair-
ment in fall risk among older adults: a systematic review and meta-analy-
sis. Age Ageing. 2012;41:299–308.

 16. Morris JC, Rubin EH, Morris EJ, et al. Senile dementia of the Alzheimer’s 
type: an important risk factor for serious falls. J Gerontol. 1987;42:412–7.

 17. Imamura T, Hirono N, Hashimoto M, et al. Fall-related injuries in dementia 
with Lewy bodies ( DLB ) and Alzheimer’s disease; 2000. p. 77–9.

 18. Stewart Williams J, Kowal P, Hestekin H, et al. Prevalence, risk factors and 
disability associated with fall-related injury in older adults in low- and 
middle-incomecountries: results from the WHO study on global AGEing 
and adult health (SAGE). BMC Med. 2015;13:1–12.

 19. Florence CS, Bergen G, Atherly A, et al. Medical costs of fatal and nonfatal 
falls in older adults. J Am Geriatr Soc. 2018;66:693–8.

 20. Division of Health Promotion and Disease Prevention Institute of Medi-
cine. Falls in Older Persons: Risk Factors and Prevention. 1992.

 21. Ek S, Rizzuto D, Fratiglioni L, et al. Risk Factors for Injurious Falls in Older 
Adults : The Role of Sex and Length of Follow-Up; 2018. p. 1–8.

 22. Mizukami S, Arima K, Abe Y, et al. Falls are associated with stroke, arthritis 
and multiple medications among community-dwelling elderly persons 
in Japan. Tohoku J Exp Med. 2013;231:299–303.

 23. Chang VC, Do MT. Risk factors for falls among seniors: implications of 
gender. Am J Epidemiol. 2015;181:521–31.

 24. Hung CH, Wang CJ, Tang TC, et al. Recurrent falls and its risk factors 
among older men living in the veterans retirement communities: a cross-
sectional study. Arch Gerontol Geriatr. 2017;70:214–8.

 25. Vinik AI, Vinik EJ, Colberg SR, et al. Falls risk in older adults with type 2 
diabetes. Clin Geriatr Med. 2015;31:89–99.

 26. Ku YC, Liu ME, Tsai YF, et al. Associated factors for falls, recurrent falls, and 
injurious falls in aged men living in Taiwan veterans homes. Int J Gerontol. 
2013;7:80–4.

 27. Damián J, Pastor-Barriuso R, Valderrama-Gama E, et al. Factors associated 
with falls among older adults living in institutions. BMC Geriatr. 2013;13:6.

 28. Steinman BA, Pynoos J, Nguyen AQD. Fall Risk in Older Adults. J Aging 
Health. 2009;21:655–76.

 29. Krishnaiah S, Ramanathan RV. Impact of blindness due to cataract in 
elderly fallers: findings from a cross-sectional study in Andhra Pradesh, 
South India. BMC Res Notes. 2018;11:4–9.

 30. Johnson SJ. Frequency and nature of falls among older women in India. 
Asia Pac J Public Health. 2006;18:56–61.

 31. Sasidharan DK, Vijayakumar P, Raj M, et al. Incidence and risk factors for 
falls among community-dwelling elderly subjects on a 1-year follow-up: 
a prospective cohort study from Ernakulam, Kerala, India. BMJ Open. 
2020;10:1–9.

 32. Sirohi A, Kaur R, Goswami AK, et al. A study of falls among elderly persons 
in a rural area of Haryana. Indian J Public Health. 2017;61:99–104.

 33. Jindal HA, Duggal M, Jamir L, et al. Mental health and environmental 
factors associated with falls in the elderly in North India: a naturalistic 
community study. Asian J Psychiatry. 2019;39:17–21.

 34. Dsouza SA, Rajashekar B, Dsouza HS, et al. Falls in Indian older adults: a 
barrier to active ageing. Asian J Gerontol Geriatr. 2014;9:33–40.

 35. Keay L, Praveen D, Salam A, et al. A mixed methods evaluation of yoga as 
a fall prevention strategy for older people in India. Pilot Feasibility Stud. 
2018;4:1–7.

 36. Jagnoor J, Keay L, Ganguli A, et al. Fall related injuries: a retrospective 
medical review study in North India. Injury. 2012;43:1996–2000.

 37. Dandona R, Anil Kumar G, Ivers R, et al. Characteristics of non-fatal fall 
injuries in rural India. Inj Prev. 2010;16:166–71.

 38. United Nations Population Fund (UNFPA). Report on the status of elderly 
in selected states of India 2011. New Delhi: United Nations Population 
Fund (UNFPA); 2012.

 39. Muhammad T, Govindu M, Srivastava S. Relationship between chewing 
tobacco, smoking, consuming alcohol and cognitive impairment among 
older adults in India: a cross-sectional study. BMC Geriatr. 2021;21:85.

 40. Srivastava S, Muhammad T. Violence and associated health outcomes 
among older adults in India: a gendered perspective. SSM Popul Health. 
2020;12:100702.

 41. Muhammad T, Srivastava S. Why rotational living is bad for older adults? 
Evidence from a cross-sectional study in India. J Popul Ageing. 2020. p. 
1–18.

 42. Srivastava S, Chauhan S, Muhammad T, et al. Older adults’ psychological 
and subjective well-being as a function of household decision making 

director@isec.ac.in
india.office@unfpa.org
http://www.isec.ac.in/
https://doi.org/10.1136/bmj.i1419
https://doi.org/10.1136/bmj.i1419


Page 10 of 10Srivastava and Muhammad  BMC Public Health          (2022) 22:550 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

role: evidence from cross-sectional survey in India. Clin Epidemiol Glob 
Health. 2021;10:100676.

 43. Connelly L. Chi-square test. MEDSURG Nursing. Epub ahead of print; 
2019. https:// doi. org/ 10. 5455/ jmood. 20160 80311 0534.

 44. McHugh ML. The Chi-square test of independence. Biochem Medica. 
Epub ahead of print; 2012. https:// doi. org/ 10. 11613/ BM. 2013. 018.

 45. McHugh ML. The chi-square test of independence. Biochemia medica. 
2013;23(2):143–9.

 46. Osborne JW, editor. Best practices in quantitative methods. Sage; 2008.
 47. Webster A. Introductory regression analysis: With computer application 

for business and economics. Routledge; 2013.
 48. Alin A. Multicollinearity. Wiley Interdiscip Rev Comput Stat. 2010;2:370–4.
 49. StataCorp LP. Stata statistical software: Release 13.(2013). College Station: 

StataCorp LP. 2013.
 50. Tinetti ME. Preventing falls in elderly persons. N Engl J Med. 

2003;348:42–9.
 51. Dokuzlar O, Koc Okudur S, Soysal P, et al. Factors that increase risk of fall-

ing in older men according to four different clinical methods. Exp Aging 
Res. 2020;46:83–92.

 52. Dokuzlar O, Koc Okudur S, Smith L, et al. Assessment of factors that 
increase risk of falling in older women by four different clinical methods. 
Aging Clin Exp Res. 2020;32:483–90.

 53. Kulmala J, Viljanen A, Sipilä S, et al. Poor vision accompanied with other 
sensory impairments as a predictor of falls in older women. Age Ageing. 
2009;38:162–7.

 54. Marmamula S, Barrenkala NR, Challa R, et al. Falls and visual impair-
ment among elderly residents in ‘homes for the aged’ in India. Sci Rep. 
2020;10:1–8.

 55. Marmamula S, Narsaiah S, Shekhar K, et al. Visual Impairment in the South 
Indian State of Andhra Pradesh: Andhra Pradesh - Rapid Assessment of 
Visual Impairment (AP-RAVI) Project. PLoS One. 2013;8. https:// doi. org/ 10. 
1371/ journ al. pone. 00701 20.

 56. Topiwala A, Allan CL, Valkanova V, et al. Moderate alcohol consumption as 
risk factor for adverse brain outcomes and cognitive decline: longitudinal 
cohort study. Dtsch Med Wochenschr. 2017;142:1190–2.

 57. Sinforiani E, Zucchella C, Pasotti C, et al. The effects of alcohol on cogni-
tion in the elderly: from protection to neurodegeneration. Funct Neurol. 
2011;26:103–6.

 58. Singh DKA, Shahar S, Vanoh D, et al. Diabetes, arthritis, urinary incon-
tinence, poor self-rated health, higher body mass index and lower 
handgrip strength are associated with falls among community-dwelling 
middle-aged and older adults: pooled analyses from two cross-sectional 
Malaysian Datas. Geriatr Gerontol Int. 2019;19:798–803.

 59. Tiernana C, Lysackb C, Neufeldb S, et al. Falls efficacy and self-rated health 
in older African American adults. Bone. 2014;23:1–7.

 60. Montero-Odasso M, Speechley M. Falls in cognitively impaired older 
adults: implications for risk assessment and prevention. J Am Geriatr Soc. 
2018;66:367–75.

 61. Allan LM, Ballard CG, Burn DJ, et al. Prevalence and severity of gait dis-
orders in Alzheimer’s and non-Alzheimer’s dementias. J Am Geriatr Soc. 
2005;53:1681–7.

 62. Dhargave P, Sendhilkumar R. Prevalence of risk factors for falls among 
elderly people living in long-term care homes. J Clin Gerontol Geriatr. 
2016;7:99–103.

 63. Grundstrom AC, Guse CE, Layde PM. Risk factors for falls and fall-related 
injuries in adults 85. Arch Gerontol Geriatr. 2013;54:421–8.

 64. Duckham RL, Procter-Gray E, Hannan MT, et al. Sex differences in circum-
stances and consequences of outdoor and indoor falls in older adults in 
the MOBILIZE Boston cohort study. BMC Geriatr. 2013;13. Epub ahead of 
print. https:// doi. org/ 10. 1186/ 1471- 2318- 13- 133.

 65. Li YH, Song GX, Yu Y, et al. Study on age and education level and their 
relationship with fall-related injuries in Shanghai, China. Biomed Environ 
Sci. 2013;26:79–86.

 66. Romli MH, Tan MP, Mackenzie L, et al. Falls amongst older people in 
Southeast Asia: a scoping review. Public Health. 2017;145:96–112.

 67. Peter R, Joseph A, John K, et al. A community-based case–control study 
on the risk of fall among the elderly in rural Kattankulathur block, Tamil 
Nadu. Indian J Community Med. 2019;44:277.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.5455/jmood.20160803110534
https://doi.org/10.11613/BM.2013.018
https://doi.org/10.1371/journal.pone.0070120
https://doi.org/10.1371/journal.pone.0070120
https://doi.org/10.1186/1471-2318-13-133

	Prevalence and risk factors of fall-related injury among older adults in India: evidence from a cross-sectional observational study
	Abstract 
	Background: 
	Method: 
	Results: 
	Conclusions: 

	Background
	Data and methods
	Data
	Variable description
	Outcome variable
	Explanatory variable

	Statistical analysis

	Results
	Socio-demographic profile of older adults
	Percentage of older adults suffering from fall-related injury by their background characteristics
	Multivariable logistic regression estimates for fall-related injury among older adults by their background characteristics

	Discussion
	Conclusion
	Acknowledgements
	References


