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ABSTRACT

Objectives Few studies have examined frailty in Indian
adults, despite an increasing population of older adults
and an escalating burden of chronic diseases. We aimed
to study the prevalence and correlates of frailty in middle-
aged and older Indian adults.

Setting Cross-sectional data from Wave 1 of Longitudinal
Ageing Study in India, conducted in 2017—-2018 across all
states and union territories, were used.

Participants The final analytical sample included 57 649
participants aged 45 years and above who had information
on frailty status.

Primary outcome measure The deficits accumulation
approach to measuring frailty was employed, creating

a frailty index between 0 and 1, based on 40 deficits.
Individuals with a frailty index of 0.25 or more were
defined as ‘frail’.

Results Prevalence of frailty among 45+ adults was
30%. 60+ women were two times as likely to be frail
compared with 60+ men, after adjusting for a wide range
of sociodemographic, economic and lifestyle factors.

The sex difference was more pronounced in adults aged
45-59years. 0dds of hospitalisation in the last 12 months,
and having falls in the past 2 years, were two times as
high in frail adults compared with non-frail adults. Frail
middle-aged and older adults had 33% and 39% higher
odds, respectively, of having poor cognition than non-frail
adults. The relative increase was higher in women for all
three outcomes, although not statistically significant.
Conclusions There needs to be careful consideration of
sex differences when addressing frailty, particularly for
optimising frailty interventions. Frailty, although typically
assessed in older adults, was shown in this study to be
also prevalent and associated with adverse outcomes in
middle-aged Indian adults. More research into assessment
of frailty in younger populations, its trajectory and
correlates may help develop public health measures for
prevention of frailty.

BACKGROUND
Frailty is characterised by a decline in func-
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The analyses were based on a nationally represen-
tative sample of 45+ years old Indian adults from all
states and union territories except Sikkim, allowing
for estimation of national, as well as state-level, es-
timates of prevalence of frailty.

= We examined prevalence of frailty, its risk factors
and association with adverse outcomes in middle-
aged adults, in addition to older adults.

= Our frailty index was constructed using 40 deficits,
including deficits pertaining to mental impairment
and instrumental activities of daily living aimed at
assessing cognitive functioning, thus capturing the
multidimensionality of frailty.

= Due to cross-sectional nature of data, we were un-
able to look at temporal associations between frailty
and adverse health outcomes.

= We were not able to define other frailty measures
such as the frailty phenotype, based on the available
data.

exposed to stressors than non-frail people.”
A frailty score can help identify people with
unique health needs, who need interven-
tion to address the causes of poor health and
improve outcomes in them. It can therefore
be useful in clinical and community settings
for risk stratification. However, there are
multiple approaches and various tools to
measure frailty and there is considerable
disagreement between these instruments.’
This is, in part, responsible for the marked
variation in prevalence estimates across coun-
tries, and even within countries.?

Most studies on frailty are from high-
income countries (HICs).! There exist
several systematic reviews across geographical
regions, but studies from low/middle-income

London, UK tioning across multiple physiological systems,  countries (LMICs) are limited and have used
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In contrast, a multicounty study comparing 14 HICs and 6
LMICs (China, Ghana, India, Mexico, Russian Federation
and South Africa) reported a higher mean frailty index
in HICs compared with the LMICs.” However, interpre-
tation of differences in prevalence between countries or
regions is limited by the few data from LMICs. In a recent
systematic review on the prevalence of frailty in LMICs,
only one of the 56 studies was from a low-income country
(Tanzania) and only two were from alower middle-income
country (India); the rest were from upper middle-income
countries—Brazil, Colombia, Mexico, Chile, Cuba,
China, Malaysia, Russia, Turkey and Lebanon.® Robust
disaggregated data on frailty in the Indian population are

11 \hile no studies have provided subnational esti-
mates on the prevalence of frailty.

Further, while there are many frailty studies among
adults aged 60 years and above,””® "7 the extent of the
problem and its significance in adults less than 60 years is
poorly understood. Studies have shown that frailty is prev-
alent in younger adults and suggested that it be exam-
ined across the adult age spectrum.'®’ This is especially
true for India where chronic diseases develop a decade
earlier than in HICs.?! Furthermore, studies character-
ising sex differences in frailty, and how frailty differently
impacts health outcomes in women and men are rare in
LMICs, 2 22-26

With a rapidly ageing population and a fragmented
healthcare system, there is an urgent need to quantify
frailty in India reliably, so as to inform the development
of interventions and plan targeted service delivery. In this
study, we examine frailty prevalence, its state-level and
socioeconomic patterning and association, including sex-
specific association, with key health outcomes in middle-
aged (45-59years old) and older (60+ years) Indian
adults.

METHODS

Data

We used data from Wave 1 of the Longitudinal Ageing
Study in India (LASI), conducted in 2017-2019 in all of
India’s states and union territories.”” Detailed descrip-
tions of sampling design, participants, questionnaires and
response rates and are available elsewhere.*® Briefly, LASI
is a nationwide panel survey of adults aged 45 and older
and their spouses, designed to provide longitudinal data
on the broad domains of social, health and economic
well-being of the elderly Indian population. Data include
demographics, household economic status, mental
health, functional health, biomarkers, health insurance
and healthcare usage, family and social networks, welfare
programmes, work and employment, retirement, and life
satisfaction. While measures in LASI are specific and sensi-
tive to the Indian context, they have been harmonised
with international surveys on ageing and retirement. LASI
adopted a multistage stratified cluster sampling design.
Data from LASI Wave 1 include 65 562 45+ individuals
from all states and union territories except Sikkim. Data

are available in the public domain and can be accessed by
filling out the form available online (https://iipsindia.ac.
in/sites/default/files/LASI_DataRequestForm_0.pdf) 2

Variables

Assessment of frailty

We used the frailty index measure based on a deficit
accumulation approach, proposed by Rockwood and
Mitnitski.”> We included 40 deficits across different
domains®—general health (1 deficit), diagnosed
conditions (9 deficits), medical symptoms (4 deficits),
mobility restrictions (9 deficits), basic activities of daily
living (ADL) and instrumental activities of daily living
(IADL) limitations (13 deficits), any mental impairment
(1 deficit), body mass index (1 deficit), grip strength
(1 deficit) and gait speed (1 deficit). All deficits were
assigned scores between 0 and 1, with one indicating
complete deficit and 0 lack of any deficit. A detailed
description is presented in online supplemental S1 table.
The frailty index is the sum of deficit scores divided by
the total number of deficits considered (40 in our case),
yielding a continuous score between 0 and 1. This index
will be missing for an individual with missing data on any
deficit. We used a cut-off of 0.25 to define presence or
absence of frailty’***—individuals with frailty index >0.25
were defined as ‘frail’ and others as ‘non-frail’.

In sensitivity analyses, we explored another commonly
used frailty index cut-off, 0.21.%% Also, an alternative
approach to calculating the frailty index that accounts for
missing deficit scores was examined—up to three deficits
were allowed to be missing and the frailty index for an
individual was calculated by summing the non-missing
health deficit scores and then dividing by the total
number of deficits measured in that individual.

Covariates

Demographic, socioeconomic and lifestyle factors were
included as covariates—age, sex, place of residence,
educational status, living arrangement, monthly per
capita consumption expenditure (MPCE), working status,
food constraint, religion, caste, tobacco use, alcohol use
and region. Food constraint referred to household food
unavailability in the past 12 months. MPCE was defined
as total monthly household consumption expenditure
divided by household size. Expenditure here includes the
household’s per capita spending on food and non-food
items, including spending on health, education and utili-
ties. We used consumption expenditure as our economic
indicator as we consider this a better measure of living
standards and poverty than income. Also, household
income information was missing for 1216 45+ adults. As
part of sensitivity analyses, we examined annual per capita
household income as the economic indicator.

Adverse outcomes

The respondents were asked about number of hospital-
isations and number of nights spent in the hospital in
the last 12 months. In addition to these count outcome
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variables, a binary outcome variable, ever hospitalised
in last 12 months, was defined based on the number
of hospitalisations (online supplemental S2 table).
Another binary outcome variable, any fall in past 2
years, was defined based on responses to questions
about having fallen down or sustaining a major injury
from a fall in the past 2 years (online supplemental S2
table).

Cognitive measures in LASI were derived from the
cognition module of the Health and Retirement Study—
Harmonised Cognitive Assessment Protocol.”® A detailed
description of the different cognitive domains measured
in LASI is presented in online supplemental S3 table.
A composite cognition score, ranging from 0 to 43, was
constructed by combining scores across five domains:
memory, orientation, arithmetic function, executive
functioning skills and object naming. A higher score
indicated better cognitive ability and poor cognition was
defined as a score below the 10th percentile, which was
18.

Statistical analyses

Continuous variables were summarised as mean and SD
or median and interquartile interval (IQI) and categor-
ical variables as frequencies and percentages. State-level
and national-level sampling weights were used to produce
weighted prevalence estimates. Multivariable logistic
regressions were used to obtain ORs, with 95% Cls for
the association between frailty status (frail vs non-frail)
and individuals’ background characteristics—sex, age,
place of residence, education, consumption expenditure,
living arrangement, work status, food constraint, tobacco
use, alcohol use, religion and caste, separately for the
middle-aged and older participants. Age was analysed as a
continuous variable, and all other variables were treated
as categorical. Logistic and linear regressions were used
to study associations between frailty status (frail vs non-
frail) and binary and continuous adverse outcomes,
respectively. Poisson hurdle models were used for count
outcomes with a high percentage of zeros—number of
hospitalisations and number of nights spent in hospital
in last 12 months. The Poisson hurdle model specifies a
logistic regression for the zero counts and a truncated (at
zero) Poisson model for the positive counts.”” The associ-
ation between frailty status and cognition score was exam-
ined using linear regression. All regressions examining
associations between frailty and adverse outcomes were
adjusted for participants’ background characteristics.
Sex differences in the associations with binary adverse
outcomes were studied using the full interaction model,
with all main effects and sex interactions with frailty as
well as each confounding variable; sex-specific ORs
were compared through women-to-men ratios of ORs
(RORs).”® All regressions were adjusted for state fixed
effects to account for state-level variation. All statistical
analyses were carried out using Stata V.13 (StataCorp)
and RV.4.2.0.%*

Patient and public involvement
Patients or the public were not involved in this secondary
analysis of publicly available survey data.

RESULTS

Description of study participants

LASI included 34098 middle-aged adults (45-59 years)
and 31464 older adults (60 years and above). 7913 partic-
ipants for whom information related to frailty was missing
were excluded from analyses, resulting in a total sample
of 57649 participants. Participants were further excluded
while studying associations with outcomes, because of
missing outcome data (online supplemental Sl figure).
There were small differences between participants with
missing frailty information and those included in analyses
(online supplemental S4 table). Participants with missing
frailty data (n=7913) were more likely to be older, residing
in urban areas, living with children and/or others and
not working currently. Of the 57649 study participants,
55% of middle-aged adults and 52% of older participants
were female (table 1). Around 60% of the participants
had no or less than 5 years of schooling, 66% lived in the
rural areas, around a quarter had never worked, and 82%
and 63% reported never consuming alcohol and never
using any tobacco product, respectively.

Prevalence of frailty

The observed frailty index values ranged between 0 and
0.83, with a median of 0.14 (IQI=0.08-0.25) and mean of
0.18 (SD=0.13) (online supplemental S2 figure, panel A).
Using the cut-off of 0.25, the prevalence of frailty among
adults 45 years and older was 29.5% (95% CI 28.7 to 30.4).
Prevalence was higher among older adults compared with
middle-aged adults (43.2% vs 16.2%) and among women
compared with men (36.1% vs 21.7%) (online supple-
mental S5 table). For middle-aged adults, prevalence of
frailty among females was double that in males (21.4%
vs 9.6%). For older participants, frailty prevalence was
almost 20percentage points higher in females than in
males (52.2% vs 33.2%).

There was substantial geographical variation in the
prevalence of frailty, ranging between 8.8% in Arunachal
Pradesh and 38.2% in West Bengal (figure 1). Among
older males, the prevalence varied between 11.8% in
Nagaland and 42.7% in West Bengal. In 14 out of 35
states, more than 50% of the older women were frail, with
the highest prevalence in Jammu and Kashmir (69%).
Region-wise, five out of the seven north-eastern states
covered always appeared among the bottom eight states
with lowest prevalence, for both the age groups and sexes.

Sociodemographic, economic and lifestyle factors associated
with frailty

Frailty prevalence varied widely across different social
strata (online supplemental S5 table). Females had
higher odds of being frail than males (OR (95% CI)=2.3
(2 to 2.5) among middle-aged adults and 2.0 (1.8 to 2.1)
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Table 1 Characteristics of study participants

Characteristic

Overall, N=57649 45-60 years, N=30568 60+ years, N=27 081

Sex
Female
Male
Age, median (Q1, Q3)*
Place of residence
Rural
Urban
Educational status
No schooling
Less than 5 years
5-9 years
10 years or more
MPCE fifthst
Poorest
Poorer
Middle
Richer
Richest
Living arrangement
Living alone
Living with spouse with or without children
Living with children and others
Living with others only
Employment
Currently workingt
Worked in the past
Never worked
Food constraint§
No
Yes
Tobacco use
Never used tobacco
Current/past user
Missing
Alcohol use
Never consumed
Less than once a month in past 3 months
1-3days per month or more frequently
Missing
Caste
Scheduled caste
Scheduled tribe
Other backward class

None of the above/no caste or tribe/do not know/

missing

30874 (54%)
26775 (46%)
58 (50, 66)

37805 (66%)
19844 (34%)

26961 (47%)
6738 (12%)

13280 (23%)
10670 (19%)

20%

(20%)
(20%)
11676 (20%)
(20%)
(20%)
2034 (3.5%)
42607 (74%)
10709 (19%)
2299 (4.0%)

28939 (50%)
13045 (23%)
15665 (27%)

53801 (93%)
3848 (6.7%)

36252 (63%)
21373 (37%)
24

47218 (82%)
6024 (10%)
4397 (7.6%)
10

9695 (17%)
10140 (18%)
21813 (38%)
16001 (28%)

16912 (55%)
13656 (45%)
51 (48, 55)

19730 (65%)
10838 (35%)

12562 (41%)
3404 (11%)
7995 (26%)
6607 (22%)

5846 (19%)
6067 (20%)
6081 (20%)
6276 (21%)
6298 (21%)

627 (2.1%)
25346 (83%)
3641 (12%)
954 (3.1%)

19365 (63%)
2961 (9.7%)
8242 (27%)

28624 (94%)
1944 (6.4%)

19919 (65%)
10633 (35%)
16

24848 (81%)
3123 (10%)
2591 (8.5%)
6

5278 (17%)
5656 (19%)
11461 (37%)
8173 (27%)

13962 (52%)
13119 (48%)
67 (63, 72)

18075 (67%)
9006 (33%)

14399 (53%)
3334 (12%)
5285 (20%)
4063 (15%)

5512 (20%)
5606 (21%)
5595 (21%)
5357 (20%)
5011 (19%)
1407 (5.2%)
17261 (64%)
7068 (26%)
1345 (5.0%)

9574 (35%)
10084 (37%)
7423 (27%)

25177 (93%)
1904 (7.0%)

16333 (60%)
10740 (40%)
8

22370 (83%)
2901 (11%)
1806 (6.7%)
4

4417 (16%)
4484 (17%)
10352 (38%)
7828 (29%)

Continued
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Table 1 Continued

Characteristic

Overall, N=57649 45-60 years, N=30568 60+ years, N=27 081

Religion
Hindu 42322 (73%) 22482 (74%) 19840 (73%)
Muslim 6806 (12%) 3625 (12%) 3181 (12%)
Christian 5802 (10%) 3069 (10%) 2733 (10%)
Other 2719 (4.7%) 1392 (4.6%) 1327 (4.9%)
Region
North 10537 (18%) 5536 (18%) 5001 (18%)
Central 7975 (14%) 4257 (14%) 3718 (14%)
East 10443 (18%) 5344 (17%) 5099 (19%)
Northeast 7551 (13%) 4285 (14%) 3266 (12%)
West 7580 (13%) 3977 (13%) 3603 (13%)
South 13563 (24%) 7169 (23%) 6394 (24%)

Numbers presented in table are unweighted.
*Q1: first quartile, Q3: third quartile.

TMPCE (monthly per capita expenditure) which is defined as total monthly household consumption expenditure divided by household size. It
includes household’s per capita spending on food and non-food items including spending on health, education, utilities, etc.

FIncludes temporarily laid off, on sick or other leave, or in job training.

§Household food unavailability in the past 12 months, where household members either reduced their meal size, did not eat even though they
were hungry, or did not eat for a whole day because enough food was not available in the household.

among older adults), after adjusting for other background
characteristics (figure 2). Among middle-aged partic-
ipants, Muslims had 32% (95% CI 18%to 48%) higher
odds of being frail, compared with Hindus; the difference
was attenuated in the older ages (OR (95% CI)=1.1 (1 to
1.2)). Adjusted odds of being frail increased by 23% and
12% with 1lyear increase in age, among middle-aged and
older participants, respectively. While higher education
was negatively associated with frailty, with more educated
people having lower odds, the individuals in the two
highest expenditure fifths were likely to be frailer than
those in the lowest 20%. The odds of being frail were
higher among participants from rural areas compared
with urban areas, tobacco users compared with non-users,
infrequent drinkers compared with abstainers and among
participants facing food constraint.

Association with adverse health outcomes

Six per cent of the middle-aged and 8% of the older adults
were hospitalised in past 12 months (table 2). Fall in the
past 2 years was recorded among 16% of middle-aged
adults and 20% of older adults. The median cognition
score was 27 (IQI=22-32) and 7% and 15% of the middle-
aged and older populations, respectively, had poor cogni-
tion, that is, were in the lowest 10% (online supplemental
S2 figure, panel B). In both age groups, these adverse
outcomes were more frequent, often double, among
the frail participants compared with the non-frail. After
adjusting for background characteristics of partici-
pants, frailty was associated with higher odds of all three
outcomes studied—hospitalisation in the last 12 months
(OR (95% CI)=2.4 (2.1 to 2.7) among middle-aged adults

and 2.2 (2.0 to 2.4) among older adults), fall in the past
2years (OR (95% CI)=2.17 (2.01 to 2.36) and 1.9 (1.77
to 2.03) in middle-aged and older adults, respectively)
and poor cognition (OR (95% CI)=1.33 (1.16 to 1.53)
and 1.39 (1.26 to 1.54) in middle-aged and older adults,
respectively) (table 2).

Being frail was associated with a 74% (95% CI 45%
to 109%) and 122% (95% CI 83% to 170%) increase in
mean number of hospitalisations in the last 12 months
and a 15% (95% CI 10% to 21%) and 18% (95% CI 13%
to 23%) increase in mean number of nights spent in
the hospital in last 12 months, among the middle-aged
and older adults, respectively (table 3). Frailty was asso-
ciated with one-unit lower cognition scores in both the
age groups—the mean difference, for frailty versus not,
was —1.02 (-1.2 to —0.84) in middle-aged adults and -1.05
(-1.2 to —=0.89) in the older adults.

Sex differences
Of the 40 deficits that were considered, men fared worse
than women only for grip strength, stroke, chronic
obstructive pulmonary disease and asthma; whereas more
women than men had poor general health, most diag-
nosed conditions, medical symptoms, mobility restric-
tions, difficulties with normal daily self-care activities
and needed supervision or assistance, were either under-
weight, overweight or obese, and had slow gait speed
(online supplemental S6 table). The sex differences in
mobility restrictions and ADL/IADL limitations were
especially pronounced, even in the middle-aged adults.
The adjusted odds of hospitalisation in the past
12months, falls in the past 2years and poor cognition
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Figure 1 State-wise prevalence of frailty, by sex and age group. Individuals with frailty index >0.25 are defined as ‘frail’.
Prevalence estimates are weighted, using state-level individual sampling weights provided in data.

were higher for frail compared with non-rail adults, in
both women and men. In women the ORs were higher
than in men, in both the age groups. Women-to-men
RORs were thus higher than unity for all three outcomes,
although their Cls included zero, except for falls in past
2years in the 60+ age group, so that chance findings
could not be ruled out (online supplemental S7 table).

Sensitivity analyses

Of the 40 deficits considered, all deficits, except body mass
index, grip strength and gait speed, were missing in <2%
of the 45+ participants; and these three measurements
were missing in 10%-11% of participants (online supple-
mental S3 figure). The frailty index calculated using
non-missing health deficit scores allowed up to three defi-
cits to be missing and therefore could be calculated for

64331 participants, resulting in <2% with missing frailty
index (n=1231). There were small differences between
participants with frailty index missing (n=1231) or not
(n=64331) (online supplemental S4 table). This alterna-
tive construction made no difference to the prevalence
estimates—17% of middle-aged adults and 44% of older
participants were frail using this metric (online supple-
mental S8 table). ORs for the association between frailty
and adverse outcomes were also similar (online supple-
mental S9 table), suggesting that findings hold true irre-
spective of the proportion missing frailty information.
Using an alternative cut-off value of 0.21,”*' the prev-
alence of frailty increased to 37%. Even though frailty
prevalence was inevitably higher using this cut-off (online
supplemental S8 table and S4 figure), the associations
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with adverse outcomes were similar (online supplemental
S9 table).

No association between frailty and income was found
after adjusting for other factors, when using household
income instead of consumption expenditure as the
economic indicator in analysis exploring sociodemo-
graphic, economic and lifestyle factors associated with
frailty (online supplemental S5 figure).

DISCUSSION

Our study provides national, as well as state-level, esti-
mates of prevalence of frailty and its association with
outcomes across the age spectrum among 45+ Indian
adults. Our study showed that frailty is common among
45+ Indian adults and it varies across the states. We found
that women were more than two times as likely to be frail
than men, after adjusting for a wide range of factors. We

Factor
Age (in years)
Female vs. Male

Urban vs. rural
Education (vs. no schooling)
Less than 5 years —i—
5-9 years —
10 or more years -
MPCE fifths (vs. poorest) :
Poorer —"«"'——
Middle =
Richer =
Richest e
Living arrangement (vs. living alone)
Living with spouse T
—

Living with children
Living with others
Work status (vs. currently working)

showed that frailty, usually assessed only in older adults,
was also prevalent in 45-59years old middle-aged adults,
and was associated with hospitalisation, falls and poor
cognitive functioning (box 1).

Frailty prevalence in LMICs

Based on a nationally representative sample of 45+ years
old Indian adults, we estimated a frailty prevalence of
29.5%, using a frailty index with 40 deficits. A recent
systematic review in 62 countries across the world reported
a pooled frailty index prevalence of 24% (95% CI22% to
26%) based on 71 studies. Region-wise, these estimates
were 38% (95% CI37% to 39%) in sub-Saharan Africa,
30% (95% CI28% to 31%) in Latin America and the
Caribbean, 25% (95% CI119% to 32%) in Asia, 22% (95%
CI20% to 24%) in Europe and 21% (95% CI11% to 33%)
in Northern America. Another systematic review focus-
sing on LMICs reported a pooled prevalence of 18.0%

OR (95% Cl)

45-59 years
22(2,24)
2.3(2,25)
0.9(0.8,1)

1(0.9, 1.2)
0.9(0.8, 1)
0.5 (0.5, 0.6)

1(0.9,1.2)

1.1(0.9, 1.2)
12 (1.1, 1.4)
1.3 (1.1, 1.4)

1(0.8,1.2)
1.1(0.8, 1.4)
0.9(0.7,1.3)

60-plus years
2511(29222)
2(1.8,2.1)
0.9 (0.8, 0.9)

1(0.9,1.1)
0.8 (0.7, 0.8)
0.5 (0.4, 0.5)

1(0.9,1.1)
1(0.9, 1.1)
121(=153)
1:2/(1.9;,1.3)

1(0.9, 1.1)
1.2 (1, 1.3)

1.1 (0.9, 1.3) Age group

W45-59 years

Worked in past —_— T 24 (21,26) 2(1.8,21) #60-plus years

Never worked : —_—— 1.4(1.3,1:5) 1.6/(1.5,1.7)
Faces food constraint vs. not —_— 1.911.7,2.2) 1.9(1.7,2.1)
Tobacco user vs. non-user o 122 (@Al 4 alal (@l 1k2)
Alcohol use (vs. abstainer)

Infrequent user _.:'— 1S, 148) 1l (@l 1:2)

Frequent user ——t 0.9(0.8,1.1) 0.9(0.8,1)
Religion (vs. Hindu)

Muslim _,_._—-— 1.31(1:2, 1.5) 1.1.(1,1.2)

Christian —'m— 0.9(0.8,1.1) 1.1(1,1.3)

Other —_— 1.1(0.8,1.3) 0.9(0.7, 1)
Caste (vs. no caste/general/missing)

Scheduled caste _—.!._— 1(098.11) 09(08. 1)

Scheduled tribe — —— 0.9(0.8,1.1) 0.9(0.8,1)

Other backward class — 1(0.9,1) 1(0.9,1.1)

0.5 1i0 1?5 2{0 215

Less frail More frail

Figure 2 Forest plot of adjusted ORs (95% ClI) for frailty, by participants’ background characteristics. MPCE (monthly per
capita expenditure) is defined as total monthly household consumption expenditure divided by household size. Food constraint
refers to household food unavailability in the past 12 months, where household members either reduced their meal size, did not
eat even though they were hungry, or did not eat for a whole day because enough food was not available in the household.
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Box 1 Key findings

1. Frailty, typically assessed in older adults, was also prevalent in
middle-aged Indian adults (43.2% in 60+ vs 16.2% in 45-59 years
old).

2. The odds of frailty were two times as high in women than in men,
after adjusting for background characteristics.

3. In both age groups, after adjusting for background characteristics
of participants, frailty was associated with higher odds of all three
outcomes studied—nhospitalisation in the last 12 months (OR=2.4
and 2.2 in middle-aged and older adults, respectively), fall in the
past two years (2.17 and 1.9) and poor cognition (1.33 and 1.39).

4. Associations between frailty and adverse outcomes were consist-
ently stronger for women relative to men, although not statistically
significant.

(95% CI5.8% to 35.0%) based on four studies using a
frailty index approach.” Comparison, however, is difficult
because prevalence estimates vary greatly by frailty assess-
ment method, and estimates from studies using frailty
indices are available only from few LMICs.*” It is further
compounded by differences in the cut-off value and the
type of study population.

Factors associated with frailty

Our findings are in line with associations observed in
other studies—female sex,22 lower education'? and
tobacco use* are well-known determinants of frailty.
Our analyses pointed out that sex-differences in mobility
restrictions and ADL/IADL limitations were especially
pronounced, even among the middle-aged adults. Inter-
estingly, we found frailty to be more prevalent in upper
fifths of consumption expenditure, while many studies
have shown an inverse gradient with economic well-
being. We hypothesise that this may be because frail
people tend to incur more healthcare expenditure,
resulting in higher consumption expenditure. The
positive association, however, was no longer present
when per capita household income was instead used
as the economic indicator. Another intriguing finding
was that infrequent drinking was associated with higher
odds of frailty compared with abstaining, but the same
was not true for frequent drinking. Other studies have
shown similar associations with infrequent and frequent
alcohol intakes compared with zero consumption.20 4544
This, however, should be treated with caution, as it can
be due to residual confounding or healthy survivor bias.
Our results suggest that vulnerable groups should be
targeted when developing interventions to prevent and
mange frailty. For achieving best results, the interventions
should be customised per their needs.”® For this, knowl-
edge of underlying mechanisms is essential and should be
explored in future frailty research.

Outcomes associated with frailty

Frailty was associated with hospitalisation, falls and poor
cognition, across both the age groups and sexes. A system-
aticreview of 13 prospective studies in community-dwelling

older adults found physical frailty to be a predictor of
hospitalisation.*® The authors speculated that fall-related
injuries could be one of the contributors. Another system-
atic review of 11 studies showed that frailty, however
defined, is a significant predictor of future falls among
community-dwelling older people. Fall risk according to
frailty was found to be higher in men than in women. A
prospective population-based study, using data from the
Canadian Study of Health and Ageing, showed that frailty
status, defined using various criteria, is strongly associated
with changes in cognition.*’

Frailty in middle-aged adults

Inclusion of over 34000 adults aged 45-59years in LASI
allowed us to examine frailty, its risk factors and its asso-
ciation with adverse outcomes for the first time in the
middle-aged Indian population. The association between
frailty and hospitalisation and falls was even stronger in
middle-aged adults compared with older adults. Although
the prevalence of frailty increases with age, it is not
limited to the elderly. Studies looking into associations
between frailty and adverse outcomes in middle-aged
adults are rare, and they highlight the need to identify,
manage and prevent frailty across the age spectrum.* ***
The frailty index has been validated in young and middle-
aged adults in few studies and there exits limited evidence
of predictive validity of frailty index in younger popula-
tions.?? %! However, it is not clear if frailty, as a construct,
is similar for older and younger adults.”* Comparison of
distribution of deficits in middle-aged and older adults
(online supplemental S10 table) suggests that frailty in
middle-aged adults is probably due to long-term health
problems that adversely affect their overall functioning.
More studies are needed to understand how frailty can
be conceptualised and measured in middle-aged and
younger adults, and whether assessing frailty in them
makes any difference to their health or the care they
receive.

Our study has many strengths. First, our study provides
frailty prevalence estimates among 45+ adults for all Indian
states and union territories (except Sikkim), in addition
to a national prevalence estimate. Second, we examined
prevalence of frailty, its risk factors and association with
adverse outcomes in middle-aged adults, in addition to
older adults. Third, our frailty index was constructed
using 40 deficits, 30 being the minimum number to
ensure sufficient accuracy in predicting adverse events.
We included deficits pertaining to mental impairment
and IADL aimed at assessing cognitive functioning, thus
capturing the multidimensionality of frailty. Finally, the
sensitivity analyses helped demonstrate that our findings
about variation in frailty and its association with outcomes
are robust to the cut-off used to define frailty.

We also recognise certain limitations. First, we were not
able to define other frailty measures such as the frailty
phenotype, based on available data. Given that preva-
lence estimates vary widely depending on the assessment
method,4 5 4L 4t would have been more informative if
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we were able to compare our findings using other frailty
measures. Second, our cross-sectional study is unable to
look at temporal associations between frailty and adverse
health outcomes. LASI is designed as a panel study and
data from subsequent waves will allow for examina-
tion of temporal associations in the future. Third, LASI
employed a multistage cluster sampling design but vari-
ables identifying participants belonging to the same
cluster have not been made publicly available, limiting
our ability to account for the cluster sampling design
in analyses and generate robust SEs.”® Fourth, there is
but limited evidence to support the use of frailty index
in middle-aged adults™ °* ** and future research should
explore suitable frailty measures and cut-offs.

CONCLUSION

Our study has implications for healthcare delivery plan-
ning. We show that women are significantly more likely
to be frail compared with men, across both age groups
studied. These high levels of frailty among women will
have a significant impact on patient-reported and clinical
outcomes. Strategies to mitigate frailty should consider
these sex differences. Also, we have demonstrated that
frailty is prevalent in 45-59years old middle-aged adults,
exhibits social patterning and is associated with adverse
outcomes, suggesting that younger adults may be iden-
tified as frail and may benefit from early detection and
delivery of timely care. In a resource-constrained setting
such as India, the focus must be on prevention and early
detection of frailty. Both management of risk factors and
screening for frailty have to be implemented, preferably
at the primary care level. Given the strong links between
social inequalities and frailty, marginalised populations
must be prioritised.
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