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Abstract

Objective: To estimate frailty prevalence and its relationship with the socio-economic
and regional factors and health care outcomes.

Methods: In this study, participants from the harmonized Diagnostic Assessment of
Dementia for the Longitudinal Aging Study in India (LASI-DAD) were included. The
frailty index (FI) was calculated using a 32-variable deficit model, with a value of
>25% considered as frail. Data on demographic (including caste and religion) and so-
cioeconomic profiles and health care utilization were obtained. The state-wise health
index maintained by the government based on various health-related parameters was
used to group the participants' residential states into high-, intermediate-, and low-
performing states. Multivariable and zero-inflated negative binomial regression was
used to assess the relationship of frailty index with sociodemographic characteristics,
health index, and health care expenditure or hospitalization.

Results: Among the 3953 eligible participants, the prevalence of frailty was 42.34%
(men=34.99% and women =49.35%). Compared to high-performing states, interme-
diate- and low-performing states had a higher proportion of frail individuals (49.7% vs.
46.8% vs. 34.5%, P<0.001). In the adjusted analysis, frailty was positively associated
with age, female sex, rural locality, lower education level, and caste (scheduled caste
and other backward classes). After adjusting for the socio-economic profile, FI was
inversely associated with the composite health index of a state (P <0.001). Fl was also
significantly correlated with total 1-year health care expenditure and hospitalization
(P<0.001 and 0.020, respectively).

Conclusion: There is a high prevalence of frailty among older Indian adults that
is associated with sociodemographic factors and regional health care perfor-
mance. Furthermore, frailty is associated with increased health care utilization and

expenditure.
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1 | INTRODUCTION

Population aging, that is, increase in the number and proportion of
older adults has shifted the focus of public health policies toward
older adults.! Frailty, a multifactorial clinical syndrome characterized
by a decrease in the homeostatic or physiological reserve, is associ-
ated with increased vulnerability to adverse health outcomes,? such
as falls,® disability,4 institutionalization,” and death.® It is a multidi-
mensional syndrome caused by deficits in physical, psychological,
and/or social domains.” It is also a better predictor of biological age
than chronological age,8 and measuring its prevalence in the com-
munity can play a key role in identifying the true burden of aging.
Along with physiological health, frailty has also been linked to social
determinants of health, and people who are socially disadvantaged
are known to face a higher burden of frailty.?

India, the country with the second largest geriatric population
globally,10 has a unique and complex social structure. Cowling

et al'!

reported differences in the social determinants of health
across different states, castes, sexes, and urbanicity in the Indian
population. This study states that the population belonging to
underdeveloped states, those of the scheduled castes/scheduled
tribes, those living in rural areas, and women face the highest in-
equities. This inequality was then translated into differences in
life expectancy within different castes, religions, and regions.12
To improve population health and reduce regional disparities, a
composite health index is calculated for each Indian state based on
23 indicators grouped into domains of health outcomes (neonatal
mortality rate, tuberculosis [TB], and HIV cases, etc.), governance
and information (medical officer occupancy rate, etc.), and key in-
puts or processes (number of vacant health care providers, etc.).
However, it lacks geriatric specific outcomes.*®

South Asians and, in particular, Indians differ from other popu-
lations in terms of socioeconomic status, health care behavior, atti-
tude, education status, and genotype.i‘"16 At the population level,
there is vast heterogeneity within the Indian population as there
are several regional, sociodemographic, and economic differences
affecting health-related characteristics of older people.” However,
very few studies have investigated the prevalence of frailty in Indian
older adults, and these studies are limited due to their small sam-
ple sizes and designs, therefore lacking generalizability.lg'19 Hence,
a national sample, representative on the population level, is required
to accurately estimate the burden of frailty. Further investigation
of the association between frailty and sociodemographic factors,
health care availability, utilization, and financing will help us in ad-
ministering a targeted approach when managing the geriatric popu-

lation of this largely diverse country.

To bridge this critical knowledge gap, we designed the present
study with the following aims: (1) to construct a frailty index and re-
port its prevalence among older Indian population; (2) to determine
the association between frailty status and determinants of socioeco-
nomic inequalities (income, education status, urbanicity, caste, and
religion) and regional health care performance; and (3) to determine
the correlation between the frailty index and health care-related
outcomes (total health care expenditure and total number of nights
spent in the hospital in the last 12 months).

2 | MATERIALS AND METHODS

2.1 | Settings and study design

The data were obtained from the harmonized Diagnostic
Assessment of Dementia for the Longitudinal Aging Study in India
(LASI-DAD). The Longitudinal Aging Study in India (LASI) is an
ongoing cohort study funded by the National Institute on Aging
(RO1AG042778) and the Government of India. It is a nationally
representative survey of the Indian population aged 45 years and
older. LASI-DAD is a part of the LASI, which includes a subsample
of selected LASI respondents aged 60years and above and is de-
signed to collect data on late-life cognition. It includes a subsam-
ple of selected LASI respondents aged 60years and above from
18 states and union territories of India, thus representing 89%
of the Indian population. Data are collected through a compre-
hensive geriatric assessment, including detailed cognitive inter-
views with both the respondents and caregivers. The LASI-DAD
uses a two-stage stratified random sampling with oversampling
of those at a high risk of cognitive impairment. In the first stage,
LASI participants were stratified based on their state of residence
and risk of cognitive impairment. In the second stage, an equal
number of participants were randomly drawn from the two groups
(high-risk and low-risk cognitive impairment) such that the sample
size from each state was proportional to that included in the par-
ent LASI study. Sample weights were created to account for this
sampling strategy and nonresponders. Post-stratification weights
were computed using a raking algorithm that aligned the sample
distributions of key demographic variables (age, sex, literacy, and
urbanicity) to their population benchmarks (taken from the 2011
Indian Census). These post-stratification weights allowed the
LASI-DAD to represent the population aged 60years and above at
the national level, although the sample was drawn from only 18 of
the 28 states. The complete protocol for the LASI-DAD has been

published elsewhere.?°



SINGHAL ET AL.

ﬂwl LEY_Aging Medicine

D

2.2 | Construction of the LASI-frailty index

There are various approaches to measure frailty.21 We used the
deficit accumulation model, which defines frailty as the accumula-
tion of various deficits across different physiologic systems.?? Its
questionnaire-based structure makes it ideal for use in community
surveys and does not require significant training of interviewers.

Searle et al®®

previously defined a standard procedure for select-
ing deficits and creating a frailty index (Fl). Based on their defini-
tion, the variables selected must be associated with adverse health
outcomes and may include symptoms, signs, disabilities, activities
of daily living (ADL), self-rated health, and comorbidities. The prev-
alence of impairment should generally increase with chronological
age; however, it should not saturate too early. The variables included
should cover a range of physiological systems and should avoid over-
weighing an individual system. Hence, the variables were excluded if
the respective health domains were better represented by another
available variable. The values for the variables must be present in
more than 95% of the sample. Furthermore, the prevalence of the
deficit should be more than 1% but less than 80% in the complete
sample. Finally, the final constructed LASI-FI must include at least
30-40 variables.

2.3 | Scoring of the LASI-FI

Only those participants with available values for 290% of the
LASI-FI variables were included in the final analysis. Each variable
was scored from O to 1, with O indicating the absence and 1 indi-
cating the presence of a deficit. A score of 0.5 was given in some
deficits for an intermediate response. An individual's FI was calcu-
lated as the sum of the scores of individual deficits divided by the
total number of deficits with non-missing values. For simplification,
FI was multiplied by 100. As used in the Rockwood Frailty model,
an individual was considered frail if the FI was =25 and prefrail if FI

was 8-25.24

2.4 | Covariates

Information on sociodemographic factors (age, sex, education,
urbanicity, caste, and religion) and state of residence was ob-
tained from the LASI-DAD study, whereas information on the an-
nual household income, total health care expenditure of the last
12months, and the total number of nights spent being hospitalized
in the last 12months was obtained for the respective participants
from the main LASI study.

2.5 | Healthindex

As mentioned previously, the health index is an annual report card
that measures the performance of the health care sector of various

states. The health-index report released in June 2019, analyzed the
states' performance for the year 2017-2018.12 As the first wave of
LASI-DAD data collection was also done during the same period,
this report card was selected for our study. The six states having the
highest health index were grouped as high-performing states, fol-
lowed by six states that were intermediate-performing states, and,

last, six states that were low-performing states.

2.6 | Statistical analysis

Statistical analyses were performed using the STATA software (re-
lease 12.1, Stata Corp). Statistical significance was set at P<0.05.
We used the LASI-DAD post-stratification sampling weight to adjust
for nonresponse and complex sampling design. The Chi-squared test
was used to compare categorical variables while Wilcoxon rank-sum
test was used to compare continuous variables with frail categories.

As the clustering effect (Intra-class correlation=0.09) on frailty
due to state was negligible in LASI data, we used multivariable lin-
ear regression modeling to establish the relationship among the Fl,
composite health index, and other socioeconomic factors. Model 1
shows the unadjusted relationship between the FI and composite
health index. In model 2, age and sex were added to the regression
model. Household income was added to model 3, and locality and
years of education were further added to model 4. Finally, model 5
included religion and caste.

Count regression analysis was used to evaluate the relationship
of health care expenditure and number of hospitalized nights with
Fl. A zero-inflated negative binomial regression (ZINB) was chosen
for both due to over-dispersion and evidence of excess zeros. ZINB
is a mixture model in which the outcome distribution consists of two
parts. The first part is a logistic model for predicting excessive ze-
roes (zero and not zero) and the second part is a negative binomial
model to account for the over-dispersed counts. Thus, ZINB pro-
vides two sets of coefficients and corresponding P values for models
relating to the logistic and counts parts.?® Further, the performance
of the ZINB model was tested against Negative Binomial (NB) model
using the Akaike information criterion (AIC) and Bayesian informa-

tion criterion (BIC).

3 | RESULTS

A total of 32 variables were included in the final LASI-FI (Table S1).
Figure S1 shows the process for selecting variables for the LASI-FI.
Despite having missing data accounting for 7.8%, body mass index
(BMI) was included in the final index, considering its significant role
in predicting adverse outcomes in older adults.?® Of the 4096 sub-
jects, 143 (3.5%) were excluded due to having missing values for
more than 10% of the LASI-FI variables. Thus, 3953 subjects were
finally included in the study.

Table 1 provides a description of the characteristics of the study
population. The mean age of the population was 69.8 + 0.2 years, and
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individuals with frailty were older compared to non-frail individuals.
The mean Fl of the population was 23.5 + 0.3 (women=25.7+0.4 and
men=21.2+0.4). It increased with age and was higher in female pa-
tients (Figure 1). The prevalence of frailty, pre-frailty, and non-frailty
were 42.34%, 47.64%, and 10.02%, respectively. In addition to older
age and female sex, lower income, lower education, and rural locality
were also associated with a high prevalence of frailty. As regard to
caste, frailty was highest in the scheduled tribes (STs), followed by

the scheduled castes (SCs), other backward classes (OBCs), and least

TABLE 1 Frailty status and baseline

e W LEYJE

in other or no caste. Similarly, regarding religion, the prevalence of
frailty was highest among Hindus, followed by Muslims and other
religions. Both health care expenditure and hospitalization duration
were higher among individuals with frailty, but only differences in
health care expenditure were statistically significant.

As shown in Figure 2, the highest prevalence was observed in
QOdisha (74.06%), whereas the lowest was observed in Maharashtra
(25.36%). The prevalence of frailty and Fl variables are presented

in Table S2. The Fl was higher in low-performing states, followed

characteristics of the Diagnostic Frail, n . . Non-frai!, na
Assessment of Dementia for the Total, n (proportion®) (proportion?) P value
Longitudinal Aging Study in India Total 3953 1769 (42.3) 2184 (57.7)
population. Age,y
Mean + SE® 69.8+0.2 72.1+0.3 68.0+0.2 <0.001
60-69y 2245 817 (32.4) 1428 (67.6) <0.001
70-79y 1242 615 (49.9) 627 (50.1)
>80y 466 337 (71.0) 129 (29.0)
Sex
Female 2130 1089 (49.3) 1041 (50.7) <0.001
Male 1823 680 (35.0) 1143 (65.0)
Annual household income (USD)
Mean + SE” 2832.4+369.2 1741.1+101.8 3635.6+634.3 <0.001
Education
Years of education® 3.8+0.1 2.2+0.1 5.0+0.2 <0.001
Less than lower secondary 2964 1517 (49.6) 1447 (50.4) <0.001
Upper secondary and 826 221(21.7) 605 (78.3)
vocational training
Tertiary 163 31(16.0) 132(84.0)
Locality
Urban 1499 523 (35.5) 976 (64.5) <0.001
Rural 2454 1246 (50.9) 1208 (49.1)
Caste
No caste or other caste 1335 507 (34.0) 828 (66.0) <0.001
Scheduled caste 720 366 (47.7) 354 (52.3)
Scheduled tribe 202 106 (53.0) 96 (47.0)
Other backward class 1677 782 (45.2) 895 (54.8)
Religion
Hindu 3132 1417 (42.8) 1715 (57.2) 0.521
Muslim 505 223(41.3) 282 (58.7)
Other 316 129 (38.5) 187 (61.5)
Total expenditure on health care in last 12mo (USD)
Mean + SE® 118.1+18.0 153.9+38.8 91.8+12.9 0.010
Number of nights spent in the hospital in last 12mo
Mean + SE® 0.66+0.10 0.84+0.20 0.53+0.09 0.069

Note: All bold P values are <0.05 denoting significant results.
Abbreviation: USD, United States dollars.

*Weighted proportions.

bWeighted means +standard error (SE).
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FIGURE 1 Scatter plot with fit-line plot
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FIGURE 2 Prevalence of frailty in different states of India distributed as per the health index.

by intermediate- and high-performing states (Figure S2). The results
from the multivariable linear regression analysis of the Fl on health
index and socioeconomic variables are shown in Table 2. From
model 1 (unadjusted model), we see that the Fl is inversely associ-
ated with the state's composite health, that is, frailty increases with

poor performance of state on health index. After further adjust-
ment for demographic and socioeconomic factors (age, sex, income,
education, locality, caste, and religion) in models 2, 3, 4, and 5, the
health index remained significantly associated with the FI. Similarly,
older age, female sex, lower annual income, rural residence, and
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lower level of education were significantly associated with higher FI
scores. Compared to no/other castes, belonging to SC or OBC was
also associated with a higher FI.

Figure 3 shows the fit-line plot between the frailty index and health
care-related outcomes. Table 3 shows the results of ZINB model of
frailty index predicting number of nights spent in the hospital and
health care expenditure in last 1year. The Fl was found to be signifi-
cantly correlated with both total health care expenditure (P<0.001)
and total hospitalization duration (P=0.020). Increased frailty was
found to be associated with increased odds of both having hospital-
ization and/or health care expenditure in 1year (logit model). Similarly,
increased frailty was also associated with increased nights of hospital-
ization and amount of health care expenditure (count model). This cor-
relation remained significant after adjusting for age and sex (adjusted
P<0.05 for both). As compared to NB model, the ZINB model had
the lowest AIC (NB=56988.38 and ZINB=55619.96) and BIC coef-
ficients (NB=57007.23 and ZINB=55651.36) for health care expen-
diture. Similarly, the ZINB model had the lowest AIC (NB=4390.443
and ZINB=4373.584) and BIC coefficients (NB=4409.263 and
ZINB=4404.951) for hospitalization nights. Thus, indicating ZINB to

be a better performing or more suitable model for both variables.

4 | DISCUSSION

4.1 | Prevalence of frailty

In our study, the weighted prevalence of frailty and pre-frailty
in Indian older adults was 42.34% and 47.64%, respectively. The
prevalence of frailty was relatively high, which is comparable to that
obtained from other Indian studies. The World Health Organization
Study on Global Ageing and Adult Health (WHO-SAGE study), which
is the only other study with national sampling from six Indian states,
reported a similar prevalence of frailty (44.5%).2 A few regional
studies from eastern and southern India have reported a preva-
lence of frailty of as high as 59%.2%2?? Although one study reported a
lower prevalence (26.1%), the study participants only belonged to an
urban Iocality.19 Another study conducted in an outpatient setting
also reported a similar prevalence of 44%."® However, besides the
WHO-SAGE study, all other community-based studies included par-
ticipants from a single state only and hence lacked generalizability.
Although the study population of the WHO-SAGE included partici-
pants from all regions, it included only one state from one region. In

our study, we included multiple states from one region to capture
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FIGURE 3 Fit-line plot showing the relationship between frailty index and (A) number of nights spent in the hospital in last 1year and (B)

total health care expenditure in last 1year.

Total health care
expenditure in last 1y

Logistic portion of model (yes/no)

Number of nights spent
in the hospital in last 1y

TABLE 3 Zero Inflated Negative
Binomial (ZINB) Regression analysis
results for health care expenditure and
hospitalization nights in last 1 year.

Coefficient -0.006 -0.012
95% confidence interval -0.011 to (-)0.001 -0.021 to (-)0.003
P value 0.029 0.009
Counts portion of model (amount/events)
Coefficient 0.013 0.012
95% confidence interval 0.008 to 0.017 0.001 to 0.023
P value <0.001 0.027

Note: All bold P values are <0.05 denoting significant results.
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intra-regional heterogeneity. Furthermore, the Fl used in the WHO-
SAGE study lacks variables from the cognitive domain,?” which is a
major component of geriatric health. By including variables assess-
ing cognitive function, we aimed to create a more robust Fl.
Although the prevalence of frailty varies with the study tool
used, earlier studies have also shown that frailty is more prevalent
in low-middle-income countries (such as India) than in high-income
countries.?°3? Socioeconomic inequalities (lower education and

wealth)32-34

and health care disparities (poor accessibility, quality,
and increased cost)®>3¢ may explain the increased prevalence of
frailty in such countries. Ethnicity also plays an important role in
frailty. An earlier study conducted in the United Kingdom showed a
higher prevalence of frailty among South Asians (including Indians)
compared to White and Black ethnic groups,®” which can be related

to their high cardiovascular risk profile.38

4.2 | Relationship of frailty with
sociodemographic factors

In our study, there was an increase in the prevalence of frailty with
age, as demonstrated by frailty being more prevalent in the oldest
old (2 80years). Frailty was more prevalent among women than men.
A higher proportion of people who were frail also undertook fewer
years of education; there was a decrease in the prevalence of frailty
with an increase in the years of education. These findings are con-
sistent with those of the WHO-SAGE study, where the oldest old
and female participants showed higher levels of frailty than younger
old and male participants. In addition, the mean frailty score dem-
onstrated a strong inverse relationship with education, with lower
levels of education showing higher levels of frailty.’

Individuals living in rural areas were more likely to be frail than
those residing in urban areas. The frailty gap among urban-rural inhab-
itants can be explained by differences in their wealth index, education,
physical activity, community engagement.40 Caste also showed signifi-
cant variability in being frail, with a higher proportion of frail individuals
belonging to SC, followed by ST. The WHO-SAGE data demonstrated
similar results, although they determined frailty based on the pheno-
typic model.*! Further studies are required to understand the reason
for this difference in the prevalence of frailty among various caste
groups. Religion of participants was not found to be significantly asso-
ciated with frailty. However, larger sample size of other religious minori-

ties (Sikhs, Christians, etc.) may be required for better understanding.

4.3 | Relationship of frailty with health
index of states

On comparing the Fl with the health index of the states, we found it
to be inversely correlated, that is, states with a better health index
were more likely to have a lower Fl. On further classification of the
states based on the health index, states with a better health index
(high-performing states) had a lower prevalence of frailty among

e W LEYE

older adults as compared to those with a lower health index (in-
termediate- and low-performing states). This higher prevalence of
frailty in low-performing states could be due to a multitude of rea-
sons, such as poor allocation and utilization of health care resources
and improper implementation of health policies for older individuals.
As frailty is strongly associated with mortality in older adults,® the FI
and health index can help identify states that have more vulnerable
older adults, thus improving the focus on geriatric health care.
However, it is also important to note that the health outcomes
used to develop the health index are primarily pediatric (neona-
tal, under-5 mortality rate, etc.), maternal (institutional deliveries
and total fertility rate), or infection-related (TB and HIV) and do
not have any chronic disease, disability, or other geriatric-related
outcome.*? This can explain the high prevalence of frailty in some
high-performing states and, similarly, the low prevalence in some
low-performance states (Figure 2). Furthermore, because of im-
provements in health and medical care, deaths from infections and
maternal and perinatal causes are decreasing, whereas chronic non-
infectious diseases are becoming more common causes of morbidity
and mortality.*> We need to develop better data systems that can
measure such geriatric-related outcomes (eg, Fl) to understand the
health risks faced by older people. These data systems can be used
for health care policy and decision making to target appropriate pre-
vention and intervention services and strengthen further research.

4.4 | Health care outcomes and frailty index

As seen in the ZINB model (Table 3), the odds and amount of both
health care-related expenditures and duration of hospitalization in-
creases with increased frailty. This finding was simulated by previ-
ous studies,** particularly the ESTHER study,* where frailty was
found to be an important and significant factor for an increase in
health care costs independent of age and comorbidity. Although it
is a well-known fact that frailty increases the risk of hospitalization

among older adults,**%

our study further strengthens the fact that
increasing frailty, as determined by an increase in the Fl, leads to an

increased length of hospital stay.

4.5 | Strengths and limitations

The major strength of this study is its strong sampling strategy. As
mentioned earlier, the LASI-DAD is a nationally representative
weighted survey that recruited subjects from 18 different states and
represented 89% of the population, thereby increasing the gener-
alizability and applicability of our study. As this was designed to be
a longitudinal study, this index can also be used for future analysis.
Furthermore, our study provides an understanding of how regional
health care differences can be associated with frailty in older adults,
which was previously unexplored. Last, sociodemographic factors,
such as caste and religion, which play an important role in determining

|,48

the health status of an individual,™ were also included in this study.
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This study had a few limitations. First, because we used cross-
sectional data, causation could not be established. However, as data
from subsequent waves become available, we will use this model for
further validation. Second, we used the deficit accumulation model
to measure frailty. However, it is known to overestimate preva-
lence as compared to the phenotypic model.2%3! As other data (grip
strength and gait speed) from the LASI-DAD are being collected,
we will, in the future, need to compare prevalence between the two

models for better understanding.

5 | CONCLUSION

India has a high prevalence of frailty among older individuals, and this
is associated with various demographic and socio-economic factors.
Frailty is also inversely associated with the health care performance of
a state. Furthermore, it is associated with increased hospitalization du-
ration and health care expenditure. Using frailty as either a health care
variable or outcome in a state's policymaking strategy can help im-

prove the assessment and delivery of health services to older adults.
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