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Abstract
Objective There is sparse data on the prevalence of
frailty from rural parts of India. Our aim was to estimate
prevalence of frailty among community-dwelling older
people in rural South Indian population and explore sociodemographic factors associated with frailty. We further
explored the associations between frailty with fear of
falling and falls.
Design Community based cross-sectional study.
Setting Four villages in Thanjavur district of Southern
India.
Participants Random sample of adults aged 60 years and
above from four villages.
Methods We sampled community-dwelling older adults
from the electoral list of four villages using stratified
random sampling. We report prevalence of frailty as
defined by physical definition (Fried’s Phenotype),
accumulation of deficits (Frailty Index) and multi-domain
definition (Tilburg Frailty Indicator). We report proportion
of agreement of frailty status between the frailty tools. We
used logistic regressions with robust SEs to examine the
associations between socio-demographic determinants
with frailty and the association between frailty with fear of
falling and falls.
Results Among the 408 participants, the weighted (nonresponse and poststratification for sex) prevalence and
95% CI of frailty was 28% (18.9 to 28.1) for physical
definition, 59% (53.9 to 64.3) for accumulation of deficits
and 63% (57.4 to 67.6) for multi-domain definition. Frailty
Index and Tilburg Frailty Indicator had good agreement
(80%). Age, female, lower education, lower socioeconomic
status, minimum physical activity in routine work were
independently associated with frailty irrespective of the
frailty definitions. Frail elderly had higher odds of falls as
well as fear of falling compared with non-frail, irrespective
of the definitions.
Conclusion Prevalence of frailty among older people
in rural Thanjavur district of South India was high
compared with low-income and middle-income countries.
Understanding the modifiable determinants of frailty can
provide a valuable reference for future prevention and
intervention.

Background
Frailty is a dynamic multidimensional geriatric syndrome and its risk increases with age

Strengths and limitations of this study
►► We compared the prevalence of frailty measured us-

ing three definitions.
►► Households were randomly sampled to minimise

selection bias.
►► Though the response rate was 60%, there were no

differences in the characteristics (age and gender)
between responders and non-responders.
►► Cognition, an important confounder of frailty was not
adjusted in the analysis for Fried’s Phenotype and
Frailty Index models.
►► Our sample comprised older adults from rural
Southern India who predominately engage in agricultural activities.

and is characterised by higher vulnerability to
external stressors.1 Frailty is conceptualised
based on three definitions. Physical frailty
definition considers frailty as ‘a biological
syndrome of decreased reserve and resistance to stressors resulting from decline
across multiple physiological systems, and
causing vulnerability to adverse outcomes’.1
The second definition deems frailty as the
accumulation of the deficits from various
domains including but not limited to physical health, cognition, self-rated health status
and activities of daily living (ADLs).2 The
third approach involves a multidimensional
definition of frailty including physiological,
psychological, cognition, nutrition and social
domains.3 4 Different models of frailty due
to their different theoretical construct yield
varied prevalence estimates that pose a major
challenge in comparing the results across
different studies.5
Over the past decade, interest in frailty
has substantially grown among geriatric
researchers because of its predictive nature
of death, hospitalisation and postoperative
complications.6 Falls-related injuries or fractures are known to have an adverse health
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impact on the community dwelling frail older adults and
are the leading cause of mortality and morbidity among
such individuals.7 Since frailty is a reversible condition, early identification can help in averting falls and
related complications among older adults.8 Community
screening programmes can also be useful in preventing
the adverse outcomes through group physical exercise
programme, nutrition supplements, cognitive training or
a combination of these. Such health interventions have
been found effective in delaying frailty.9
India is witnessing an increase in the percentage of
older adults due to the demographic transition. It is
expected that the proportion of older adults would
increase from 8% in 2015 to 19% in 2050.10 It is important
to quantify the burden of frailty to inform policymakers
on the evolving issues and the needs of the rising geriatric
population. Previous studies from India have reported
the prevalence of frailty that ranged from 11% to 58%
using different frailty measurement tools.11–13 However,
the prevalence of frailty in rural settings were unaddressed in these studies. Therefore, the main objective
of this study was to measure and compare the prevalence
of frailty among the rural South Indian population using
tools from the three theoretical constructs of frailty. We
explored the socio-demographic determinants of frailty
among community-dwelling older people. We further
explored the associations between frailty with fear of
falling and falls.

Methods
Study setting and study population
We conducted a cross-sectional study in four contiguous
villages in Southern India. The average population in the
selected villages was 17 109 as per Census 2011 with almost
equal sex ratio. We included older adults aged 60 years
and above, permanently residing in the villages and were
able to provide voluntary informed consent. We excluded
older adults with terminal illness, bedridden or wheelchair bound, severe hearing or visual impairment and any
acute illness at the time of the survey. We sought verbal
approval from the community leaders of the respective
villages for conduct of the study.
Sample size estimation and sampling strategy
We estimated sample size using Confidence Interval (CI)
method in nMaster 2.0 software. The expected proportion of frailty was 57% as per accumulation of deficit
definition.12 A total of 623 individuals were required to
measure the prevalence with an absolute precision of 5%,
10% non-response and 1.5 design effect (to account for
clustering within household). We assumed design effect
at household level to be 1.5 as previous studies from India
did not report ntracluster correlation coefficient (ICC)
at the household level required for calculation of exact
design effect. The selection of villages was by convenient
sampling. We randomly sampled 35% of the households
2

with older adults from the electoral list stratified by village
that yielded 689 individuals from 532 households.
Data collection
We conducted face-to-face interviews at their households
between February 2019 and April 2019 using pretested
questionnaire. The questionnaire was administered
in Tamil, the local language. We measured handgrip
strength using handheld dynamometer (CAMRY 200
Lbs/90 kgs Digital Hand Dynamometer), height using
ultrasonic stadiometer (CAMRY MCP Handheld Ultrasonic Stadiometer) and weight using calibrated weighing
scale (Hesley Inc). All measurements were administered
by a single field investigator (KK) who was trained in
measuring all parameters in a standardised manner.
Definition and assessment of frailty
Frailty was measured using validated tools from the three
definitions of frailty. Fried’s Phenotype (FP) and Frailty
Index (FI) were chosen because they were extensively
used in literature.14 Tilburg Frailty Indicator (TFI) was
chosen based on its favourable psychometric properties.15
The list of variables collected and scoring for each of the
definition is provided in online supplementary file 1.
Physical definition of frailty: FP is a five-item questionnaire with components including shrinking, exhaustion, low physical activity, slowness and weakness. Each
of the component was scored as 0 or 1 as per Cardiovascular Health Study (CHS) criteria.1 Frail score was an
unweighted sum of the components and ranged from 0
to 5. Participants were categorised into three categories;
frail (3 to 5), pre-frail (1 to 2) and robust (0).
Accumulation of deficits: FI was constructed using 40
deficit variables from eight domains namely general
health, medically diagnosed conditions, medical symptoms, functional activities assessment, ADLs, Body Mass
Index (BMI), grip strength and gait speed.2 The index
score ranged from 0 to 1. The participants were classified into two categories; robust if score was less than 0.2
and frail if the score ranged between 0.2 to 1.0. Instead
of 70-item Frailty Index, we used 40-item tool so as not to
overburden the participants.
Multi-domain definition of frailty: TFI is a 15-item self-reported questionnaire comprising physical, psychological
and social component.3 Frail category was calculated by
an unweighted sum of the domain scores and the score
ranged from 0 to 15. Participants were categorised into
two categories; frail if the score ranged between 5 and 15
and not frail (0 to 4).
Falls
Falls in the last 1 year was measured using a single item
question ‘Did you ever fall down in the past year?’ The
response was dichotomised as no fall versus one or more
falls.
Fear of falling
Short Falls Efficacy Scale tool, a 7-item questionnaire, was
used to measure fear of fall.16 Total score ranged from 7
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take stratified sampling into account. Goodness of fit was
tested using Hosmer-Lemeshow test. All statistical tests
used a two-sided hypothesis with significance level set at
0.05.
Patient and public involvement
We did not involve any elderly community-dwelling individuals or patients while developing the research question. However, when the tool and the logistics of data
collection was pilot tested, we took feedback from the
elderly living in the community. The study results are not
planned to be disseminated to the participants, but the
anthropometric, blood pressure, grip strength and BMI
readings taken during the survey were provided to the
participants.

Figure 1

Demographic characteristics of study participants.

to 28 (no concern to high concern) that was categorised
into three groups namely low concern of falling (7 to 8),
moderate concern of falling (9 to 13) and high concern
of falling (14 to 28).
Statistical analyses
We performed data processing and statistical analysis
using Stata 14 (StataCorp, USA). We derived socioeconomic scores (SES) using Principle Component Analysis
(PCA) technique17 using household assets and dwelling
characteristics. The SES scores were categorised into
tertiles (poor, middle income and rich). Unweighted
and weighted (for non-response, poststratification for
sex) prevalence estimates were reported along with 95%
CI after taking clustering at household level and stratified sampling by village (using survey (.svy) command in
Stata).
We considered a priori, socio-demographic determinants of frailty that included age, gender,18 socioeconomic
status,19 education, nature of their routine work,20 living
arrangement21 and alcohol consumption22 based on the
plausible relevance to the outcome from previous literature. For FP, a multinomial logistic regression was used
as the proportional odds assumption underlying ordinal
logistic regression model was not valid. We report, OR
with 95% CI after testing for Independence of Irrelevant
Alternatives (IIA) assumption. For the other two tools (FI
and TFI) binary logistic regressions were performed.
We used binary logistic regression to estimate the association (OR with 95% CI) of frailty on history of falls.
An ordinal logistic regression was used to estimate the
effect of frailty as an exposure with fear of falling (ordinal
outcome). We report OR with 95% CI after testing for the
proportional odds assumption. For all analyses, robust SE
was used to account for clustering at household level and
village was added as one of the independent variable to

Results
Socio-demographic characteristics
Out of 689 randomly selected participants, 408 participants completed the interview (figure 1) and were
included in the analysis (response rate 60%). The average
older people per household in the study was 1.2. The
mean age was 67.5 years (SD 6.62), BMI 22.3 (SD 4.8)
with slightly higher proportion of women (56.9%) and
higher proportion of them living alone compared with
men. Among the study participants, 38.8% had a fall at
least once in the past year of which one-fifth (20.4%) of
the participants experienced a fracture due to the fall.
Almost half (48.3%) of the participants had high concern
of falling (table 1).
Prevalence of frailty
The unweighted prevalence of frailty as per physical definition (FP), accumulation of deficits (FI) and multi-domain definition (TFI) was 25.9% (95% CI: 21.9 to 30.5),
62.5% (95% CI: 57.7 to 67.1) and 62.7% (95% CI: 57.9
to 67.3), respectively. The weighted prevalence of frailty
(accounted for non-response and poststratification to
adjust for sex distribution) for FP, FI and TFI was 27.6%
(95% CI: 18.9 to 28.1), 59.2% (95% CI: 53.9 to 64.3) and
62.6% (95% CI: 57.4 to 67.6), respectively. Though the
response rate was 60%, there were no differences in the
characteristics (age and gender) between responders
and non-responders. Despite the high non-response
rate (40%), the weighted and unweighted estimates
were almost similar (online Supplementary figure – 1).
We excluded the 21 participants who were interviewed
through convenient sampling and the prevalence estimates were not affected (data not shown).
The prevalence of frailty was higher among women
compared with men irrespective of definitions (figure 2).
The unconditional ICC at household level (with an
average cluster size of 1.2) for frailty using FP, FI and
TFI was 0.051 (95% CI: 0.000 to 0.993), 0.086 (95% CI:
0.002 to 0.775) and 0.125 (95% CI: 0.010 to 0.681). The
proportion of agreement between FP and FI was 58%.
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Table 1 Demographic characteristics of the participants

Characteristics
Age (mean, SD)
Religion (N, %)
 Hindu
 Christian

Overall

Male

Female

n=408

n=176

n=232

n=322 HHs

n=167 HHs

n=155 HHs

67.52±6.62
 

66.55±6.58
 

66.73±6.56
 

265 (82.3)

130 (77.84)

135 (87.10)

48 (14.9)

29 (17.37)

19 (12.26)

 

 

 

 Rich

141 (34.56)

66 (37.50)

75 (32.33)

 Middle category

136 (33.33)

66 (37.50)

70 (30.17)

 Poor

131 (32.11)

Socioeconomic status* (N, %)

Marital status (N, %)

 

44 (25.00)

87 (37.50)

 

 

 Married

159 (49.38)

131 (78.44)

28 (18.06)

 Widow/widower

163 (50.62)

36 (21.56)

127 (81.94)

Living arrangement (N, %)
 Children/other family
 With spouse only

 

 

 

184 (57.14)

91 (54.49)

93 (60.0)

71 (22.05)

61 (36.53)

10 (6.45)

 Alone

67 (20.81)

15 (8.98)

52 (33.55)

Education level (n, %)

 

 

 

 Upper secondary/graduate

41 (10.05)

34 (19.32)

 Lower secondary
 No formal education/primary
Employment status (n, %)
 Salaried

7 (3.02)

83 (20.34)

35 (19.89)

48 (20.69)

284 (69.61)

107 (60.80)

177 (76.29)

 

 

 

5 (1.70)

3 (1.70)

2 (0.86)

293 (71.81)

138 (78.41)

155 (66.81)

 Retired with pension

26 (6.37)

22 (12.50)

4 (1.72)

 Currently not working

31 (7.60)

13 (7.39)

18 (7.76)

 Never worked for money

53 (12.99)

 Self-employed

–

53 (22.84)

Physical activity in daily routine (n, %)

 

 

 

 Strenuous physical labour

89 (21.81)

32 (18.18)

57 (24.57)

 Moderate physical activity

219 (53.68)

80 (45.45)

139 (59.91)

 Some physical activity

67 (16.42)

42 (23.86)

25 (10.78)

 Desk job with no or minimal

33 (8.09)

22 (12.50)

11 (4.74)

BMI (mean, SD)

22.3±4.8

21.9±4.6

22.6±4.9

Smoking status (n, %)

 

 

 

 Never used
 Have used in past
 Smoke/smokeless form of tobacco
Alcohol consumption (n, %)
 Never used

147 (36.03)

45 (25.57)

102 (43.97)

29 (7.11)

21 (11.93)

8 (3.45)

232 (56.86)

110 (62.50)

122 (52.59)

 

 

 

289 (70.83)

61 (34.66)

228 (98.28)

 Have used in past

36 (8.82)

33 (18.75)

3 (1.29)

 Currently using

83 (20.34)

82 (46.59)

1 (0.43)

Current comorbidities (n, %)

 

 

 

 Arthritis

116 (28.43)

37 (21.02)

79 (34.10)

 Stroke
 Angina

11 (2.70)
60 (14.71)

4 (2.27)
27 (15.34)

7 (3.02)
33 (14.22)
Continued
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Table 1 Continued
Overall

Male

Female

n=408

n=176

n=232

n=322 HHs

n=167 HHs

n=155 HHs

9 (2.21)

3 (1.70)

6 (2.59)

 Diabetes

116 (28.43)

41 (23.30)

75 (32.33)

 Hypertension

155 (37.99)

65 (36.93)

90 (38.79)

 Did not have any comorbidities

105 (25.7)

50 (28.4)

55 (23.7)

Characteristics
 COPD

History of fall in last 1 year (n, %)

(n=406)

(n=175)

(n=231)

 None

249 (61.0)

110 (62.5)

139 (59.9)

 Once

131 (32.11)

58 (32.9)

73 (31.5)

7 (3.9)

19 (8.2)

 More than once

26 (6.4)

Fracture (n=157)

32 (20.1)

13 (20.0)

19 (20.7)

Fear of fall (n, %)

 

 

 

 Low concern of fall

136 (33.3)

78 (44.3)

58 (25.0)

 Moderate concern of fall
 High concern of fall

75 (18.4)
197 (48.3)

35 (19.9)
63 (35.8)

40 (17.2)
134 (57.8)

*Socioeconomic scores were derived using principle component analysis technique using household assets and dwelling characteristics. The
scores were categorised into tertiles.
BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; HHs, households; n, number of individuals.

Agreement between FP and TFI was 59% whereas agreement between FI and TFI was 80%.
Determinants of frailty
Factors associated with frailty – physical definition (FP)
In the adjusted analysis, the odds of being frail was significantly higher by 1.9 times with every 5 years increase in
age (online Supplementary table – 1). The odds of frailty
were independently higher with no formal education
(OR 2.83, 95% CI: 1.38 to 5.79), poorer SES (OR 3.55,

95% CI: 1.30 to 9.68) and routine work with minimum
physical effort (OR 2.52, 95% CI: 1.12 to 5.67). Figure 3A
displays the ORs of pre-frailty and frailty for all the factors
considered in the regression model.
Factors associated with frailty – accumulation of deficits (FI)
The odds of frailty significantly increased by 1.51 times
with every 5 years increase in age (95% CI: 1.20 to 1.89).
Female and minimum physical activity in routine work
were independently associated with increased odds of
frailty (figure 3B) (online Supplementary table – 2).
Factors associated with frailty – multi-domain definition (TFI)
The odds of frailty were independently higher with every
5 years increase in age, in female and those with no formal
education (figure 3B) (online Supplementary table – 3).
Association of frailty and falls
The odds of falling were statistically significantly higher
among the frail elderly when compared with the robust
elderly after adjusting for age, gender, alcohol, fear of
falls and living arrangement across the frailty definitions
(table 2).

Figure 2 Weighted prevalence of frailty by gender for the
three definition of frailty. Unconditional ICC for frailty in
FP, FI and TFI were 0.051 (95% CI: 0.000 to 0.993), 0.086
(95% CI: 0.002 to 0.775) and 0.125 (95% CI: 0.010 to
0.681), respectively. FI, Frailty Index; FP, Fried’s Phenotype;
ICC, intracluster correlation coefficient; TFI, Tilburg Frailty
Indicator.

Association of frailty and fear of falling
The odds of fear of falling was statistically significantly
higher among the frail elderly when compared with the
non-frail/robust elderly in all the frailty models after
adjusting for age, gender, living arrangement, history
of falls and alcohol consumption (table 3). Higher age,
female sex and history of falls were independently associated with fear of falling.
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Figure 3 Panel – 3a: Determinants of pre-frailty and frailty defined by physical definition (FP). Panel – 3b: Determinants of
frailty defined by accumulation of deficits (FI) and multi-domain definition (TFI). FI, Frailty Index; FP, Fried’s Phenotype; TFI,
Tilburg Frailty Indicator.

Discussion
Summary of key findings
The prevalence of frailty among the community-dwelling
older people in rural Southern India was 28% using physical definition of frailty (FP), 62% using accumulation of
deficits (FI) and 64% using multi-domain definition of
frailty (TFI). FI and TFI had a good agreement (80%).
Increase in age, no formal education, poor SES and
routine work with minimum physical activity were significantly associated with higher odds of frailty defined by
FP. While in FI, factors like increase in age, female and
minimum physical activity in routine work were significantly associated with frailty. In TFI model, increase in
age, female gender, and no formal education were significantly associated with increased odds of frailty. In FP
model, gender was not significantly associated with frailty
but showed a positive trend of association. Education and
SES had shown a positive trend but not significant association in FI model. In TFI model, determinants like living
alone and minimum physical activity in routine work

shown a positive trend. With higher sample size, these
factors might show a significant association with frailty.
Frail older adults were more likely to report falls and fear
of falling compared with robust older adults.
There are several strengths of this study. Households
were selected by simple random sampling method hence
minimising selection bias. Although the response rate
was 60%, there were no differences in the characteristics
(age and sex) of the non-responders and responders. The
non-response rate was high particularly in one village due to
cultural inhibition. A single investigator performed all the
anthropometric measurements and conducted the household survey that might minimise the measurement error.
This study is unique as we compared the prevalence of
frailty measured using three definitions in the same sample.
Comparison with existing literature
Prevalence of frailty
Physical definition of frailty (FP): The prevalence of frailty
in our study was 28% (95%CI: 24.0 to 33.0) which was

Table 2 Association of frailty (defined by three definitions) and falls
Crude analysis

Adjusted analysis*

(n=406)
Falls

OR

(n=406)
95% CI

P value

OR

95% CI

Physical definition (FP)
 Robust

<0.001
1

1

1

1

 Pre-frail

2.47

1.42 to 4.31

1.94

1.04 to 3.59

 Frail

3.72

2.03 to 6.81

2.33

1.13 to 4.80

Accumulation of deficits (FI)
Multi-domain (TFI)

2.51
2.64

1.64 to 3.87
1.70 to 4.11

1.77
1.86

1.04 to 3.00
1.10 to 3.14

<0.001
<0.001

P value
0.05

0.04
0.02

*Adjusted for age, gender, alcohol, fear of falls, living arrangement, nature of routine work and village.
FP, Fried’s Phenotype; FI, Frailty Index; TFI, Tilburg Frailty Indicator.
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Table 3 Effect of frailty on fear of falling
Crude analysis

Adjusted analysis*

(n=406)
Fear of fall
Physical definition (FP)
 Robust
 Pre-frail
 Frail
Accumulation of deficits (FI)
Multi-domain (TFI)

OR

(n=406)
95% CI

P value

OR

95% CI

<0.001
1

1

<0.001
1

1

3.33

2.08 to 5.33

2.79

1.64 to 4.73

19.24

9.71 to 38.12

13.26

6.30 to 27.93

9.97
7.14

6.37 to 15.57
4.81 to 10.58

7.48
5.14

4.49 to 12.45
3.28 to 8.08

<0.001
<0.001

P value

<0.001
<0.001

*Adjusted for age, female, falls, alcohol, living arrangement, nature of routine work and village.
FP, Fried’s Phenotype; FI, Frailty Index; TFI, Tilburg Frailty Indicator.

similar to the prevalence estimates (26%, 95% CI: 20.5 to
31.5) from a cross-sectional study conducted in an urban
city in Western India.11 Another cross-sectional study
conducted in urban cities of Southern India reported
prevalence of 11.4% (95%CI: 9.1 to 13.7).13 However, in
this study authors excluded grip strength while defining
frailty that could have underestimated the prevalence.
A recent cross-sectional study among the rural elderly
from Sri Lanka using CHS criteria for defining frailty had
reported a prevalence of 34.6% (95% CI: 29.3 to 40.4),
which is almost similar to our study findings.23
Accumulation of deficits (FI): The prevalence of frailty in
our study defined by this index was 62% (95% CI: 56.4
to 66.4). A large multi centric study from India (n=7150)
with a national representative sample reported a prevalence of 57% (95% CI: 54.4 to 59.4) which supports our
findings.12
Multi-domain definition of frailty (TFI): The prevalence
of frailty was 64% (95%CI: 59.3 to 69.1). We could not
find any published report from India or any of the
neighbouring countries using this tool. However, a study
conducted among the community-dwelling elderly in
Netherlands reported a prevalence of 40.2% (95%CI:
31.0 to 50.0).24 But the prevalence percentage cannot be
compared with our study results due to the variation in
the study population, setting and ethnicity. Hence, it is
reasonable to conclude that prevalence of frailty is higher
in India, compared with other low-income and middle-income countries (LMICs) irrespective of its definition.25
Agreement between the tools
Given that each definition measures various domains
of frailty, it is crucial to compare the studies that use
tools that agree well with each other. We found a good
agreement (80%) between FI and TFI. The proportion
of agreement between FP with FI and TFI was 58% and
59%, respectively. Therefore, the prevalence estimates
measured using FI and TFI may be comparable.
Clustering of frailty by household
It can be argued that the frailty could be related to the
household characteristics and elderly living in the same

household could have similar risk of frailty. Out of 322
households, there were 86 households from which more
than one older adult participated in the study. The
unconditional ICC for frailty defined using TFI was 0.125
(95% CI: 0.010 to 0.681). However, the ICC was closer to
zero after adjusting for SES of the household suggesting
the role of SES of HH in this condition. This finding is
important while planning for community-based interventions towards reducing frailty.
Factors associated with frailty
Age and frailty: Age is a well-known risk factors of frailty.18
We found a positive association between age and frailty
across the three definitions which is similar to the
cross-sectional studies from India11–13 and a recent systematic review of 21 cohort studies from high-income countries (HICs).18 The influence of ageing on frail syndrome
is related due to the decline in the physiological reserve
with ageing26 and other age-related pathological conditions.1 Even though ageing is a risk factor for frailty, not
all older people are frail27 suggesting that the onset of
frailty requires other reasons for augmenting this condition than normative process of ageing.28
Sex and frailty: Women had higher prevalence of
frailty compared to men after adjusting for potential
confounders. This is similar to a cross-sectional study
from India that showed twice the odds of frailty in women
compared with men.12 A recent systematic review of
cohort studies reported both positive29 30 and no association31 32 with gender. Higher prevalence of frailty among
women may be due poor grip strength, lower average
amounts of lean body mass and increased risk of sarcopenia compared with men.33
Education, SES and frailty: The prevalence of frailty
is higher in lower education level and this finding is
similar to the findings from cross-sectional studies.11 34
We observed a positive but non-significant association
between frailty and lower education level in the accumulation of deficits definition. But a study from India
using the same definition reported education as one
of the protective factors of frailty.12 The non-significant
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association may be due to the smaller proportion (30%)
of educated participants in our study compared with the
other study from India (53%). The prevalence of frailty
was higher among poorer compared with richest SES
which corroborates with the findings of the studies from
India11 12 and a systematic review of cohort studies from
HICs.18 Though education and income do not have a
direct impact in the pathophysiology of frailty, it might
interfere in the individual’s lifestyle that could influence
the frailty progression.35
Physical activity in routine work and frailty: We found that
moderate-to-strenuous physical activity in routine work as
a protective factor of frailty among elderly. This finding
is reinforced by the many cross-sectional studies.11 23
However, the directionality of this association cannot be
deciphered due to cross-sectional nature of the studies.

Limitations of the study
The findings of our study should be viewed in light of
certain limitations. Lack of validation of frailty assessment tools specific to the Indian population is one of the
key limitations. Cognition an important determinant of
frailty which was not measured in the study. Critical items
in the frailty assessment tools were self-reported that
might have led to imprecision. Causality of frailty due to
socio-demographic characteristics cannot be established
because of cross-sectional design. Though we could not
meet the target sample size of 625, the prevalence estimates were reasonably precise but may be underpowered
for the regression analyses. Finally, our study included
only rural community dwelling elderly who were predominantly engaged in agricultural activities. Therefore, the
study results are not likely generalisable to other settings.

Frailty, falls and fear of falling
Falls and fear of falling are interdepended problems and
their directionality is not clear.36 Both fall and fear of
falling has a complex aetiology with frailty. It is hypothesised that chronic diseases and polypharmacy in the
elderly lead to develop anxiety and fear of falling which in
turn cause imbalance in gait and leading to falls.37–39 Many
older adults who fall develop a fear of falling, despite of
the injury/fracture, that may lead to restricted activity
in daily routine, dependency for ADLs, social isolation,
depression and increased risk of future falls.40 Across the
frailty definitions, we found that the frail elderly were at
1.8 times higher risk of falls compared with the robust
elderly. To the best of our knowledge, there were no
studies neither from India nor from the neighbouring
LMIC countries studying the association of frailty on falls.
However, a meta-analysis of 10 cohort studies from HICs
concluded that frailty is a significant risk factor of future
falls among community-dwelling elderly.41
After adjusting for the major confounders (age,
gender, falls, alcohol and living arrangement), we found
that odds of fear of falling was higher among the frail
participants compared with the robust irrespective of the
frailty models. Previous study from India hypothesised
fear of falling as a determinant of frailty and concluded
that odds of frailty were higher among the participants
with fear of falling compared with those not having fear
of falling.11 Directionality of this association cannot be
derived from these cross-sectional studies and cohort
studies are needed to comment on the causality.
Given the higher prevalence of frailty and its association with falls and fear of falling, it is important to identify frailty among elderly.42 43 Since, frailty is a reversible
condition, early screening in primary care centre is
recommended and the provision of the preventative
interventions like nutrition fortification, physical exercise
programme, cognitive treatment or combination of these
can help in reversing frailty.9 A recent systematic review
reported the aforementioned interventions targeted
for frailty were also associated with lowered risk of falls
among older adults.44

Implications on future research
In India, frailty is less explored. Due to geographical diversity in India, we need more studies to derive a national
representative prevalence of frailty. Future studies are
recommended to validate the frailty measuring tools in
Indian settings. Since frailty is a dynamic condition, there
is a need to develop a community based interventions
including physical activity, nutrition fortification and
cognitive therapy to treat frail elderly that is suitable to
Indian social and cultural context. Future prospective
research is recommended in Indian context to assess the
effectiveness of interventions evaluated in Western population, in reducing falls or improving routine activities
among frail older population.
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Conclusion
The prevalence of frailty in the rural Thanjavur of South
India is higher in comparison with LMICs and HICs.
Factors associated with frailty are age, gender, socioeconomic status, physical activity in routine work and education level. Understanding the modifiable risk factors of
frailty can provide a valuable reference for future prevention and intervention.
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