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Intrinsic capacity (IC), which comprises all physical and mental capacities
ofindividuals, is a key component in the World Health Organization’s
healthy aging framework. A validated IC measure is lacking in India, the
most populous country in the world. The aim of this study is to develop an
IC measure in older Indian adults using 60,591 participants aged =45 years
from the Longitudinal Ageing Study in India. Confirmatory factor analysis
incorporated 14 items of cognitive, locomotor, psychological, sensory and
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vitality capacities in abifactor structure and estimated IC scores (range
0-100). The mean score was 69.7 (95% confidence interval of 69.6 to 69.8)
and varied across the 36 states and union territories (range 63.4-77.8). A
higher IC score had protective associations with poor self-rated health

and functioning limitations after adjusting for demographic factors,
socioeconomic status and chronic conditions. The score provides a
comprehensive indicator that can be implemented in future aging research
and practicesin India.

Population aging is an important issue across the world, particularly
in low- and middle-income countries. The World Health Organiza-
tion (WHO) expects the number of people aged 60 years or older to
increase from1billionin 2020 to 2.1billion by 2050, with 80% of them
living in low- and middle-income countries’. India, which has the larg-
est population in the world, is estimated to have nearly 150 million
older people (aged 60 years or older) in2022, accounting for 10% of its
total population®. This figure is projected to rise to 347 million (20%)
by 2050°. The large and rapidly increasing numbers of older peoplein
India will have profound implications for many dimension of society
including health and social care systems, intergenerational dynamics
and inclusive economic security®. Given financial and health system
constraints, healthy aging research is vital to inform evidence-based
policies and practices that cater to the needs of older adults and their
families and communities.

In 2015, the WHO proposed a new framework for healthy aging,
which is defined as a “process of developing and maintaining func-
tional ability that enables well-being in older age™. Functional ability,
whichincludes “the capabilities that enable people to be and do what
they have reason to value”, is determined by two other components:
intrinsic capacity (IC), which composites “all the mental and physical
capacitiesthataperson candraw on andincludes their ability to walk,
think, see, hear, and remember”, and environments, which form the
context of individuals’ lives*. This framework moves away from the
traditional disease-based approachinbiomedicine and focuses onthe
positive aspects of aging and health, integrating diverse measurements
ofhealthand capacitiesinto one component (IC)*’. Over the past dec-
ade, alarge body of health research has investigated this component,
including the development of its conceptualization, operationalization
and measurement®”’.
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Table 1| Descriptive information on the study population (N=60,591)

Category N (%) IC items Mean (s.d.)
Age group (years) Cognitive
45-49 12,263 (20.2) Memory (missing, 4,260) 9.3(3.3)
50-54 10,115 (16.7) Verbal fluency (missing, 190) 1.6 (4.4)
55-59 9,301(15.4) Arithmetic (missing, 4,219) 1.9(0.8)
60-64 9,426 (15.6) Orientation (missing, 1,289) 6.9 (1.4)
65-69 8,186 (13.5) Psychology
70-74 5,268 (8.7) Affect (missing, 402) 9.6 (4.0)
75-79 3,110 (5.1) Sleep (missing, 9) 3.5(3.5)
80-84 1,715 (2.8) Sensory
85+ 1,207 (2.0) Hearing (self-rated) (missing, 7) 0.1(0.3)
Sex Eyesight-distal (self-rated) (missing, 24) 3.4(0.8)
Women 32,482 (53.6) Eyesight-near (self-rated) (missing, 75) 3.3(0.8)
Men 28,109 (46.4) Vision (examined) (missing, 124) 0.4 (0.5)
Place of residence Locomotor
Rural 39,770 (65.6) Balance (missing, 2,538) 0.2(0.5)
Urban 20,821(34.4) Walking speed (missing, 1,439) 5.4(1.9)
Marital status Vitality
Currently married/cohabitation 45,271 (74.7) Grip strength (missing, 2,675) 21.5(8.0)
Widowed 13,347 (22.0) Respiratory function (missing, 9,764) 1.9(0.7)
Divorced/separated/deserted 892 (1.5)
Never married 730(1.2)
Education (missing, 1)
Less than primary 35,610 (58.8)
Primary/middle school 13,850 (22.9)
Secondary school 8,177 (13.5)
Higher education 2,953 (4.9)
MPCE quintile (missing, 274)
Quintile 1 (poorest) 11,954 (19.8)
Quintile 2 12,148 (20.1)
Quintile 3 12,188 (20.2)
Quintile 4 12,166 (20.2)
Quintile 5 (richest) 11,861 (19.7)
Multimorbidity (missing, 39)
0 30,889 (51.0)
1 17,046 (28.2)
2 or more 12,617 (20.8)
ADL (missing, 22)
No limitation 52,055 (85.9)
1+ limitations 8,514 (14.1)
IADL (missing, 79)
No limitation 40,682 (67.2)
1+ limitations 19,830 (32.8)
Self-rated health (missing, 30)
Very good/good 25,191 (41.6)
Fair 25,074 (41.4)
Poor/very poor 10,296 (17.0)

‘Affect’ refers to the total score of the ten-item CES-D scale™. ‘Sleep’ refers to the total score on the Jenkins Sleep Scale®. ‘Memory’ refers to the summary score of immediate and delayed
word recall tests®. ‘Verbal fluency’ refers to the total number of unique animals and birds named in 1 min®. ‘Arithmetic’ refers to the total scores of three arithmetic tests®. ‘Orientation’ refers
to a total score of time and place orientation tests®. ‘Hearing’ refers to self-reported hearing problems. ‘Eyesight-distal’ refers to self-reported distance eyesight. ‘Eyesight-near’ refers to
self-reported near eyesight. ‘Vision’ refers to the results of vision tests (normal, low and blindness). ‘Balance’ refers to the results of semi and full tandem tests. ‘Walking speed’ refers to
mean walking speed tests. ‘Grip strength’ refers to the average grip strength of both hands. ‘Respiratory function’ refers to the mean of forced vital capacity and forced expiratory volume
per second.
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Fig. 1| Bifactor model of IC. A total of 60,591 participants from the LASI wave 1
were used to estimate the factor structure of IC. Loadings were derived from the
general factor of IC and from the five domains (psychological, cognition, sensory,
locomotor and vitality). ‘Affect’ refers to the total score of the ten-item CES-D
scale®. ‘Sleep’ refers to the total score on the Jenkins Sleep Scale*’. ‘Memory’
refers to the summary score of immediate and delayed word recall tests®. ‘Verbal’
refers to the total number of unique animals and birds named in 1 min (ref. 36).
‘Arithmetic’ refers to the total scores of three arithmetic tests”. ‘Orientation’
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refers to a total score of time and place orientation tests*. ‘Hearing’ refers to self-
reported hearing problems. ‘Eyesight d’ refers to self-reported distance eyesight.
‘Eyesight n’ refers to self-reported near eyesight. ‘Vision’ refers to the results of
vision tests (normal, low and blindness). ‘Balance’ refers to the results of semi and
full tandem tests. ‘Walking speed’ refers to mean walking speed tests. ‘Grip’ refers
to the average grip strength of both hands. 'Respiratory’ refers to the mean of
forced vital capacity and forced expiratory volume per second.

The theoretical framework of the IC construct has been devel-
oped to include five domains: cognitive, locomotor, psychological,
sensory and vitality'°. To generate a measure for this construct, sev-
eralrecent studies have utilized data from existing cohort studies of
older people and assessed construct validity using measurements
related to the five domains™ . Both reflective (latent factor) and
formative (composite indicator) approaches have been used to test
theIC construct onthe basis of different assumptions. Most existing
studies employed a reflective approach, which considers IC as an
underlying general factor causing changes in observed aspects of
physical, cognitive and psychological health’. Research teams affili-
ated with the WHO" adopted this approach and applied it to cohort
studies in the Gateway to Global Aging platform'>", The bifactor
structure, which was first developed in the English Longitudinal
Study of Ageing (ELSA)", has been identified in other cohort stud-
ies of older populations in China and Brazil'>'*'® with cross-cultural
validation'. The IC measures developed in these studies were found
tobeassociated with established scales of disability and dependence
(thatis, activities of daily living (ADL) and instrumental activities of
daily living (IADL))"*'32° and are considered to be novel indicators
that can provide comprehensive assessments of individual healthin

aging research and clinical practice®.

Following the development and validation of IC measures in
ELSA and its sister cohort studies, this study focuses on the older
population in India, using data from the Longitudinal Ageing Study
in India (LASI), one of the latest and largest studies in the Gateway
to Global Aging platform'?. On the basis of items related to cogni-
tive, psychological and physical health aligned to the WHO healthy
aging framework’, the aim of this study is to develop an IC measure
and establish its construct validity in older Indian adults. The study
further examines variation in levels of IC across subgroups with dif-
ferentsociodemographic and health characteristics and investigates
the associations between the IC measure and established scales of
health and functional limitations.

Results

Table1reportsdescriptiveinformationonthe study population. Among
the 60,591 participants, one-fifth was aged 45-49 years and only 2%
were aged 85 years or older. More than half of the participants were
women, and 75% were married or cohabitated. Most participants were
fromrural areas (66%) and had less than primary education (59%) but
lived with no chronic condition (51%). The sample sizes of the 36 states
and union territories (UTs) ranged from 788 in Chandigarh to 3,930
in Uttar Pradesh (Supplementary Table 3). About 17% reported poor
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Fig. 2| Estimated IC scores and 95% Cls by states and UTs in India (adjusted for age and sex). Using linear regression modeling, adjusting for age and sex, estimated
IC scores (the center points) and 95% Cls (error bars) for the 36 states and UTs in India were generated on the basis of the LASI wave 1 data (N = 60,591).

self-rated health. The percentages of functional limitations were 14%
for ADL and 33% for IADL.

The results of factor analysis based on the 30% subsample are
provided in Supplementary Tables 1and 2. On the basis of the cut-
off of loading of >0.3, most items were loaded in one latent factor
and generally corresponded to the five IC domains in literature
(Supplementary Table 1). The hearing and vision items had weak
loadings for all latent factors. Given the IC theoretical framework™,
these two items were still included in the sensory domain of the con-
firmatory factor analysis (CFA) model. On the basis of goodness-of-fit
indicators, the bifactor model showed the best fit (a CFl of 0.982, a
Tucker-Lewisindex (TLI) of 0.969, aroot mean square error of approxi-
mation (RMSEA) of 0.026 and astandardized root mean square residual
(SRMR) of 0.018) and the lowest Bayesian information criterion (BIC)
and Akaike information criterion (AIC) values among the four types of
factor structure (Supplementary Table 2). When applying the bifactor
model to the whole study population (Fig. 1), the model fit remained
acceptable (a CFl of 0.982, a TLI of 0.969, an RMSEA of 0.026 and an
SRMR 0f 0.018).

The bifactor model was used to estimate the IC scores. The mean
score was 69.4 with astandard deviation of 11.2, while the median score
was 70.7 with an interquartile range between 62.6 and 77.4. Figures 2
and 3 show estimated IC scores by the 36 states and UTs, with adjust-
ment for age group and sex. The weighted mean score was 69.7 (95%
confidence interval (CI) of 69.6 to 69.8) for the overall population.
Higher meanscores were foundin Puducherry (76.5 with a 95% Clof 76.0
to 77.0) and Chandigarh (77.8 with a95% Cl of 77.1t0 78.4), while lower
mean scores were found in Sikkim (63.4 with a 95% Cl of 62.4 to 64.4).

Box plots of the IC scores by subgroup are provided in Supple-
mentary Fig.1. Table 2reportsthe IC scores across subgroups of demo-
graphicfactors, socioeconomic positions and multimorbidity. Lower
IC scores were found in older age groups, women, people with low
education and monthly household per capita consumption expendi-
ture (MPCE) levels, rural residences, those not married and those living
with chronic conditions. Whenincluding all the variables inone model

(model2), the effect sizes became smaller, but the direction of associa-
tions remained the same. Compared to the youngest age group, people
aged 85 years or above had lower IC scores by 14 points (-14.43,95% Cl
of-15.30t0-13.56). People with tertiary education had better ICscores,
by 12 points (11.62, 95% Cl of 11.27 t0 11.97), than those with less than a
primary education. The results of the five domain scores are provided
inSupplementary Table 6.

Table 3 presents the associations between the IC scores, general
health and functional limitations. A higher IC score had protective
associations with poor self-rated health (odds ratio (OR) of 0.97 and
95% Cl of 0.97 to 0.97), ADL limitations (0.96, 95% Cl of 0.96 to 0.97)
and IADL limitations (0.96, 95% CI of 0.96 to 0.96) after adjusting for
the covariates. The associations were generally linear (Fig.4). The ORs
of poor health and functional limitations decreased from the second
to fifth quintiles and the effect size was particularly strong for IADL
limitations (OR of 0.31and 95% Cl of 0.28 t0 0.34).

The distributions of demographic factors, socioeconomic posi-
tions, multimorbidity, general health and functional limitations, and
the estimated latent scores differed across participants withcomplete
(N =41,895; 69%) and incomplete data (V=18,696; 31%) on the 14 IC
variables (Supplementary Table 4). Supplementary Table 5 reports
the results of sensitivity analyses based on multiple imputation. The
associations between IC scores, demographic factors, socioeconomic
positions and multimorbidity remained similar when using the latent
estimated scores and imputed scores.

Discussion

Using a population-based cohort study of more than 60,000
middle-aged and older adultsinIndia,ameasure for ICwas developed to
incorporate 14 variables related to cognitive, locomotor, psychological,
sensory and vitality domains. The bifactor structure, which included
five domain latent factors and one general latent factor, showed the
best model fit. The estimated IC scores were rescaled to arange between
0 and 100. The mean score was estimated to be 69.7 in older Indian
adultsandvaried across states. Higher scores were found in younger age
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Fig. 3 | Estimated mean IC scores across the 36 Indian states and UTs (adjusted
for age and sex). The map shows the estimated mean IC scores across the 36
states and territories adjusting for age and sex. Dark color indicates higher

IC scores. Due to changes in administrative boundaries after the LASI data

o
%

collection, the estimated scores of two UTs (Jammu and Kashmir, Ladakh) were
based on the original Jammu and Kashmir UT. For the newly merged UT of Dadra
and Nagar Haveli and Daman and Diu, the estimated score was based on the
average of the original two UTs.

groups, men, people who were married, urbanresidents, participants
with higher levels of education and economic quintiles, and those who
lived with fewer chronic conditions. A higher IC score had protective
associations with poor self-rated health, ADL and IADL limitations.
The bifactor structure, which allows multidimensionality at the
item level, was the model with the best fit in the LASI study popula-
tion. This correspondsto previous IC workin older populations across
Brazil, Chinaand the UK™'>'*'8, Compared with the earliest model 0of 16
items in ELSA", this study included similar measures in the cognitive,
psychological and sensory domains but fewer items in the locomotor
(N=2) and vitality (V=2) domains. While the latter two domains had
fewer items, the five latent factors were identified in the exploratory
factor analysis (EFA) results. Although several publications commonly
report the bifactor model™*"**#, other types of IC model are examined
inaging cohort studies*?, For example, a publication from ELSA used
theitemresponse theory modelto fitaone-factor model (a unidimen-
sional latent construct of IC) using 4,545 baseline participants aged
60 years or older™. On the basis of data from the Longitudinal Aging
Study Amsterdam, a correlation model of five domains (no overall
latent construct for IC) was validated in 2,333 people aged over 57 years

(ref. 23). These model structures also showed acceptable structural
validity and predictivity of functional limitations and mortality.

The reflective approach, which was widely adopted in this and
other studies, assumes thatICisalatent construct and that thisunder-
lying factor drives the variationinthe observeditems. Arecent review
discussed another approach, the formative model, which assumes that
ICisacompositeindicator of the observeditems and that the variation
in the observed items contributes to the IC scores’. This approach has
also been applied to cohort studies of older adults in the Netherlands
and several lower- and middle-income countries™"*'®. The validation
studies of these composite IC scores showed clear associations with
disability and mortality”’>'°, Given the definition of IC (the compo-
nent that composites all the mental and physical capacities)*, both
approaches are justifiable when incorporating measures related to
the five domains. This study used the reflective approach to consider
IC as a universal construct of health and align with the previous work
in the Gateway to Global Aging platform. Thus, exploring possible
cross-country comparisons would be plausible in future studies”. If the
analyses were based on the formative approach, the IC scores would
be affected by the items selected in modeling.
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Table 2 | Weighted differences in IC scores across subgroups of demographic factors, socioeconomic status

and multimorbidity

Model1 Model 2
Regression coefficient (95% Cl)  Pvalue Regression coefficient (95% Cl)  Pvalue
Age (years)
45-49 Reference <0.0001 Reference <0.0001
50-54 -2.39(-2.72 t0 -2.06) -0.92 (<119 to -0.65)
55-59 -3.84 (-4.18 to -3.50) -1.75 (-2.02 to -1.48)
60-64 -5.50 (-5.84 to -5.16) -2.81(-3.09 to -2.54)
65-69 711 (-7.48 to -6.75) -4.18 (-4.49 to -3.88)
70-74 -9.90 (-10.34 t0 -9.90) -6.32 (-6.69 to -5.95)
75-79 -12.08 (-12.65 to -11.51) -8.06 (-8.54 to -7.58)
80-84 -15.34 (-16.10 to -14.58) -10.60 (-11.3 t0 -9.93)
85+ -19.97 (-20.93 to -19.02) -14.43 (-15.3 to -13.6)
Sex
Women Reference <0.0001 Reference <0.0001
Men 7.91(7.70 to 8.12) 4.50 (4.32t0 4.69)
Education
Less than primary Reference <0.0001 Reference <0.0001
Primary/middle school 9.30 (9.08 t0 9.52) 6.45 (6.23 to 6.66)
Secondary school 13.73 (13.49 t0 13.96) 9.56 (9.31t0 9.80)
Higher education 16.51(16.17 to0 16.84) 11.62 (11.27 to 11.97)
MPCE
Quintile 1 (poorest) Reference <0.0001 Reference <0.0001
Quintile 2 144 (1.09t01.79) 0.74 (0.47 t0 1.01)
Quintile 3 2.50(2.15 t0 2.85) 1.23 (0.96 t0 1.50)
Quintile 4 3.87(3.52t04.22) 1.86 (1.59 t0 2.13)
Quintile 5 (richest) 5.39 (5.03t05.75) 2.31(2.02 t0 2.59)
Place of residence
Rural Reference <0.0001 Reference <0.0001
Urban 5.33(5.10 to 5.57) 2.49 (2.30t0 2.68)
Marital status
Married/cohabitation Reference <0.0001 Reference <0.0001
Windowed -8.62 (-8.89 to -8.34) -1.95 (-2.19 to -1.70)
Divorced/separated/deserted -3.63 (-4.65 to -2.62) -1.50 (-2.24 to -0.75)
Never married -0.88 (-2.16 to 0.40) -2.76 (-3.69 t0 -1.83)
Multimorbidity
0 Reference <0.0001 Reference <0.0001
1 -0.74 (-1.00 to -0.48) -0.18 (-0.38 to 0.02)
2 or more -1.07 (-1.36 to -0.77) -0.54 (-0.78 to -0.31)

Model 1is the univariable model. Model 2 is the multivariable model including all the variables. P values were calculated using the Wald test, two sided, with no adjustment for multiple

comparisons.

The IC scores in LASI showed the expected variation across sub-
groups with different demographic (age and sex) and socioeconomic
characteristics (education and wealth). This aligns with existing evidence
from other studies assessing the associations between socioeconomic
status across the life course and healthy aging®**. The scores were lower
inolder adults living withmultimorbidity thanin those who did not have
any chronic conditions. However, the difference was minimal (a 0.5 point
difference). Similar results were alsoidentified in the analyses of ELSA and
the China Health and Retirement Longitudinal Study™". Inaddition, the
estimated IC scores had independent associations with general health
and functional limitations when accounting for multimorbidity and

other individual covariates. Similar results were found in recent studies
inEast Asia, suggesting thatICis abetter indicator of predicting disability
in later life than multimorbidity®*”. The evidence from empirical data
indicates thatIC, acapacity-centered construct, is relevant but different
from multimorbidity, a traditional disease-based measure, and can be
capturedinolderadults across different settings throughout the world.

The concept of IC and its operationalization and measurement
have been investigated in health and aging research over the past
decade’®. Moving away from a disease-based method, the approach
of capacity-centered, multidimensional assessment was introduced
in the WHO 2015 World Report on Health and Ageing* and further
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Table 3 | The weighted associations between IC scores, poor self-rated health, ADL and IADL limitations

Poor health ADL limitations IADL limitations
OR (95% CI) OR (95% Cl) OR (95% Cl)
Model 1
IC score 0.96 (0.96 to 0.96) 0.95 (0.95 to 0.95) 0.93(0.93t0 0.93)
Model 2
IC score 0.97 (0.97 to 0.97) 0.96 (0.96 to 0.97) 0.96 (0.96 to 0.96)
Age (years)
45-49 Ref. Ref. Ref.
50-54 1.08 (0.96 t0 1.20) 1.22 (1.07 to 1.40) 1.22(112t01.33)
55-59 117 (1.05 to 1.31) 1.44 (1.26 t0 1.65) 1.36 (1.24 t0 1.48)
60-64 1.42(1.27 10 1.58) 1.82 (1.60 to 2.06) 1.70 (1.56 t0 1.85)
65-69 1.55 (1.39 t0 1.73) 2.20(1.93t0 2.50) 2.07 (1.89 to 2.26)
70-74 172 (1.52t01.94) 2.79 (2.431t0 3.20) 2.56 (2.32102.83)
75-79 1.87 (1.63 to 2.15) 3.24(2.79 10 3.78) 3.04 (2.69 to 3.43)
80-84 2.37(2.01t0 2.80) 3.86(3.24t0 4.60) 3.51(3.02 to0 4.09)
85+ 2.41(2.00t0 2.92) 5.0 (4.20 to 6.19) 465 (3.87 t0 5.60)
Sex
Women Ref. Ref. Ref.
Men 1.09 (1.02 t0 1.16) 0.90 (0.84t00.97) 0.63(0.60t0 0.67)
Education
Less than primary Ref. Ref. Ref.
Primary/middle school 117 (1.09 t0 1.27) 115 (1.05 t0 1.25) 0.76 (0.71t0 0.81)
Secondary school 0.87(0.78 t0 0.97) 1.00 (0.88 t0 1.13) 0.55 (0.50 to 0.60)
Higher education 0.57 (0.48 to 0.68) 0.91(0.76 to 1.09) 0.50 (0.43 to0 0.58)
MPCE
Quintile 1 (poorest) Ref. Ref. Ref.
Quintile 2 0.91(0.84t01.00) 0.94 (0.85101.03) 1.02 (0.95 t0 110)
Quintile 3 0.88(0.80 to 0.96) 1.02(0.93t01.12) 0.94 (0.88 t01.02)
Quintile 4 0.94(0.86t01.03) 1.01(0.92t0 1.12) 1.00 (0.92t01.07)
Quintile 5 (richest) 0.95 (0.86 to 1.04) 1.00 (0.90 to 1.11) 0.96 (0.89t0 1.04)
Place of residence
Rural Ref. Ref. Ref.
Urban 0.88(0.82t0 0.94) 0.90(0.84t0 0.97) 0.74 (0.70 t0 0.78)
Marital status
Married/cohabitation Ref. Ref. Ref.
Windowed 1.05 (0.97 t0 1.12) 1.05 (0.97 t0 1.13) 1.11(1.04 t0 117)

Divorced/separated/deserted

1.40 (1Mo 1.77)

1.02(0.78 t01.33)

1.05(0.86 to 1.28)

Never married

1.34(1.02 t0 1.76)

1.43 (1.05 t0 1.93)

111 (0.87 to 1.42)

Multimorbidity

0 Ref. Ref. Ref.
1 2.22(2.07t02.38) 170 (1.58 t0 1.84) 143 (1.35t0 1.51)
2 or more 4.68 (4.35t05.03) 279 (2.59t0 3.02) 210 (1.97 t0 2.23)

Model 1is the unadjusted model. Model 2 is the adjusted model including all sociodemographic and health factors.

supported by the WHO guidelines for person-centered integrated care
forolder peoplein2017?%, as well as the WHO Decade of Healthy Ageing:
baseline reportin collaboration with the United Nations (2021-30)>%.
Development of a valid IC measure may facilitate monitoring and
evaluating healthy aging policies in India as well as assessing the inte-
grated care programs for older people, such as Ayushman Bharat: the
National Health Protection Scheme®’ and the National Programme for

Health Care of the Elderly®. To support this, itisimportant to establish
resources, procedures and infrastructure and enable data collection of
measuresrelated to the five domains. While asummarized IC score has
been estimatedin LASIand other cohort studies of older people, future
research should consider how to implement the complex methods in
clinical and healthcare data and allow meaningful comparisons across
individuals and changes over time.
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Group OR (95% ClI)
Poor self-rated health
Q2 versus Q1 —— 0.73 (0.68 to 0.79)
Q3 versus Q1 — 0.62 (0.57 to 0.68)
Q4 versus Q1 —_— 0.50 (0.45 to 0.55)
Q5 versus Q1 —_— 0.36 (0.32 to 0.41)
ADL
Q5 versus Q1 —— 0.68 (0.63 to 0.75)
Q3 versus Q1 —— 0.58 (0.53 to 0.64)
Q4 versus Q1 — 0.46 (0.41to 0.51)
Q5 versus Q1 —_— 0.33 (0.29 to 0.38)
IADL
Q2 versus Q1 —— 0.76 (0.70 to 0.81)
Q3 versus Q1 —— 0.59 (0.54 to 0.63)
Q4 versus Q1 —— 0.43 (0.39 to 0.46)
Q5 versus Q1 — 0.31(0.28 to 0.34)
T
0.2 1.0
OR

Fig. 4 | Estimated ORs and 95% ClIs of poor self-rated health, ADL and IADL
limitations across quintiles of IC score (Q1 lowest to QS5 highest). Logistic
regression models were used to examine the associations between quintiles
of ICscores and three established measures for self-rated health (V= 60,254),
ADL (N=60,258) and IADL (N = 60,201) limitations, adjusting for age group, sex,
education, MPCE, place of residence, marital status and multimorbidity. ORs are
shown as the center points with 95% Cls as error bars. Q, quintile.

This study included a large number of older adults across differ-
entregions, urban and rural settings in India. As part of the Gateway to
Global Aging cohortstudies, LASIused asimilar study design, procedure
and questionnaires to allow data harmonization. The IC variables were
selected onthebasis of the five domainsinliterature, and the established
model structures were tested in this study population. The estimated
IC scores were associated with demographic factors, socioeconomic
status, multimorbidity and established scales for general health and
functional limitations. This study has some limitations. While the LASI
study populationwas nationally representative with ahigh response rate
(87%), people with poor health may have been less likely to participate
inthe study and/or undertake physical examinations. Participants with
missing data on the IC variables generally had worse health and lower
estimated scores than those with complete data. Yet more than 99% of
the participants had fewer than five missing variables and maximum
likelihood estimation accounted for thisissue. The results of the latent
estimated and imputed scores were also similar in the sensitivity analysis.
Some measures were based on self-reported information (for example,
hearing impairment and multimorbidity) and might be affected by
potential bias. Although standardized measurements (for example,
the ten-item Center for Epidemiological Studies-Depression (CES-D)
scaleand self-rated health) wereembeddedintheinterviews, someitems
showed unusual distributions. For example, most participants reported
low negative and positive affectsinthe CES-D. Older Indian adults might
perceive, understand and respond to these questions differently owing
to cultural differences. This may affect the score distributions and their
cutoff points. However, this study focused on relative differences across
the populationand the impact of thisissue should be limited. This study
did not investigate measurement invariance across subgroups and
assumed that theIC structure applied toall participants. Because no gold
standard measures exist for IC, the criterion validity could not be tested
formally. Yet the IC scores showed linear associations with established
scales of general health and functional limitations.

This study developed a comprehensive indicator of IC in older
Indian adults, incorporating multiple domains of health and func-
tioning. The IC scores appeared to vary across sociodemographic
subgroups and geographical areas and had independent associations
with general health and functional limitations in addition to multi-
morbidity. This capacity-centered measure can be applied in healthy
agingresearch and future research should explore how toimplement
itin public health and clinical practices to support the growing older
populationinIndia.

Methods

Study population

Thisstudy was based on LASI?, a nationwide survey of middle-aged and
older adults aged 45 years and older and their spouses (irrespective
of age), representing India and all its states and UTs. LASIis acompre-
hensive investigation of the health, social and economic well-being of
olderadultsinIndia, harmonized with the Health and Retirement Study
anditssister studiesin more than40 countries. LASIused a multistage
stratified area probability cluster sampling design, adapted to rural and
urban settings in each state, with household and individual response
rates of 96% and 87%, respectively. Household and individual sample
weights were calculated to generate national-level indicators and
produce state-level indicators. Detailed information relating to the
design, tools, process and sample characteristics of LASI is available
elsewhere (www.iipsindia.ac.in/lasi)**.

In addition to data collection through face-to-face interviews by
trained survey investigators, trained health investigators conducted
tests for physical functioning and performance-based markers,
recorded anthropometric measurements, and collected dried blood
spotstotest for select healthmarkers of chronic health conditions?. All
collaboratinginstitutions and the Indian Council of Medical Research
granted ethical approval, with informed consent obtained for each
survey component.

TheLASIbaseline wave (2017-18) included 73,408 people across 36
statesand UTs (participantsin Sikkim were interviewed in 2021 owing
toadministrative delays and the COVID-19 pandemic)®. After excluding
6,789 people aged less than 45 years and 6,028 participants who did not
take partinphysical examinations (that s, tests for locomotor, sensory
and vitality capacities), this study focused on 60,591 older adults.

Measurements of IC

Previous studies on IC have included different measures for the five
domains (cognitive, locomotor, psychological, sensory and vitality)'".
On the basis of literature and expert consensus'® ', 14 relevant meas-
ures were identified in the LASI dataset. The following criteria were
applied to review these measures: (1) availability of prior evidence
supporting an association with at least one domain of capacity, (2)
applicability in various settings (population, community, clinical and
laboratory), (3) ability to distinguish between high and low physical or
mental capacity at older ages and (4) sensitivity to detect change within
and among individuals over time. The following sections describe
specific measures included in these five domains.

Cognitive. This domain included four measures on memory, verbal
fluency, arithmetic and orientation. As part of the Gateway to Global
Aging cohort, the LASIstudy followed the Health and Retirement Study
methods to implement neuropsychological assessments and proce-
dures for cognitive tests****. Two tests, immediate and delayed word
recall tests®, were used to measure episodic memory, which refers to
the ability to recall specific past events and situations consciously.
Participants received scores between zero and ten for each test. A
summary score was calculated for these two tests (range between O
and 20). The verbal fluency test was based on how many unique ani-
mals and birds a participant could name in 1 min (ref. 36). The score
was based on the number of animals and birds that participants could
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name. Three arithmetic testsincluded serial ‘7s’ (ref. 37) and two sim-
ple computation problems. For the serial 7s test, participants were
asked tosubtract 7 from 100 and then again from 93 for five iterations.
The two computational problems focused on calculation in daily life
scenarios: (1) Ashopis having asale and selling all items at half price.
Before the sale, a sari costs 300 Rs. How much will it cost in the sale?
(2) If five people all have the winning numbers in the lottery and the
prizeis1,000 Rs, how muchwilleach of themget? Participants earned
ascoreof one for each correctanswer and a zero for incorrect answers.
The total arithmetic score for the three tests was between zero and
three. Orientation refers to anindividual’s cognitive capacity to know
who they are, where they are, and what day and year it is*®. Participants
were asked to state the current date (day of week, day, month and
year), place of interview and their own home address (street, village
and district). Each correct answer received one point,and anincorrect
answer received zero points. A total score summarized these eight
questions between zero and eight.

Locomotor. This domain included two measures: walking speed and
balance. For walking speed, participants who were able to walk were
asked to walk 4 m at their usual walking pace twice (the use of walking
aidswas permitted). The time for both walks was recorded separately,
and the mean speed (meters per second) of the two trials was calcu-
lated. Static balance was evaluated using semitandem and full tandem
tests. All participants were required to complete the semitandem bal-
ancetest. Those who were able to complete the task were then asked to
take the full tandem test. The balance measure was based on these two
testsand categorized into threelevels: those who completed both semi-
and fulltandem tests, those who completed the semitandem test only
and those who did not complete any one of the tandem balance tests.

Psychological. Thisdomainincluded two measures, affect and sleep.
Affect was measured using the ten-item CES-D scale®. Response
options for eachitem range from ‘rarely or none of the time’ (score of
zero) to ‘all of the time’ (score of three). Total scores ranged from O to
30.Ahigherscoreindicates greater severity of depressive symptoms.
TheJenkins Sleep Scale*’ assessed sleep disturbance. Participants were
asked about the frequency of delay in falling asleep, inability to stay
asleep, waking up tired, disturbed sleep in the previous month and
taking a nap during the day. Response categories were never (score of
0), rarely (one to two nights per week; score of 1), occasionally (three
to four nights per week; score of 2) and frequently (five or more nights
per week; score of 3). The total score was between 0 and 15. A higher
score indicates more sleep disturbance.

Sensory. This domain included one measure for hearing and three
measures for vision. Participants were asked “have you ever been diag-
nosed with any hearing or ear-related problem or condition?” with
possible responses of yes or no. Self-reported eyesight included two
questions. Participants, including those who wore glasses, contacts
or corrective lenses, were asked to rate their distance eyesight (seeing
things atadistance, suchasrecognizingapersonacross the street) and
near eyesight (seeing things up close, such as reading ordinary news-
paper print). Vision tests measured distance and near vision in both
eyes using a computer-assisted personal interview with a Tumbling
E LogMAR chart. Distance vision was measured at a 3-m distanceina
sitting position after ensuring the participant’s eye and the computer
screen were on the same level. A near vision test was conducted ata
40-cmdistance from the near vision Tumbling ELogMAR chart follow-
ingthe procedures used for distance vision. Participants were allowed
totakeavisiontestifthey perceived light and could count their fingers
at 60 cm. Vision tests were performed with the visual aid that provided
the best correction at the time of measurement. The results of vision
tests were used to determine three groups: normal vision, low vision
and blindness.

Vitality. This domain included two measures for grip strength and
respiratory function. Hand grip strength, a test of upper body muscle
strength, was assessed using a handheld dynamometer. Participants
who were unable to stand could perform the test while seated with arm
support. The grip strength of both hands was averaged to generate a
single measure. Respiratory function was assessed usinga THOR Spiro-
Tube handheld spirometer. Participants were allowed a maximum of
eightattempts. Ofthese, three technically acceptable and two repeat-
able attempts were considered for generating outcome measures. The
respiratory function measure was based on the mean of forced vital
capacity and forced expiratory volumein1s.

Demographic factors, socioeconomic status and

chronic conditions

The LASI interviews collected information on demographic factors,
including age, sex, marital status and place of residence (Table 1). Age
was categorized in 5-year age groups (45-49, 50-54, 55-59, 60-64,
65-69,70-74,75-79,80-84 and 85+ years), and sex was categorized as
women and men. The marital status measure included three categories:
currently married, widowed and other (single and divorced/separated/
deserted). The place of residence was categorized into rural and urban.
The two measures used to indicate socioeconomic status were educa-
tion and MPCE. Education was categorized into three levels: less than
primary, intermediate and higher. MPCE, a proxy measure of economic
status, was computed on the basis of self-reported consumption and
divided into quintiles: poorest (Q1), poor (Q2), middle (Q3), richer
(Q4) andrichest (Q5).

The number of chronic conditions was based on self-reported
diagnoses of hypertension, diabetes, cancer, lung disease (for example,
asthma and chronic obstructive pulmonary disease), heart disease (for
example, myocardial infarction and congestive heart failure), stroke,
arthritis or osteoporosis, angina, neurological disease or psychiatric
problems (for example, depression, Alzheimer’s and dementia) and
high cholesterol. The total number of these conditions was categorized
into three groups: none, one, and two or more chronic conditions.

General health and functional limitations

For general health, the participants were asked to rate their overall
healthasverygood, good, fair, poor or very poor. People who reported
poor or very poor health were categorized as having poor self-rated
health. Functional limitations were assessed using ADL and IADL
scales**2, The ADL scale included six items related to self-care (dress-
ing, walking, bathing, eating, getting in/out of bed and toileting),
reflecting the ability to meet basic needs, as done within the baseline
analysis for the UN Decade of Healthy Ageing’. The IADL scale meas-
ured seven tasks for basic needs (preparing a hot meal, shopping for
groceries, making telephone calls, taking medications, doing work
around the house or garden, managing money and getting around or
finding an address). The participants were asked to indicate whether
they had any difficulties with these activities (yes or no). The scales
were categorized into ‘no limitations’ (none) and ‘ADL/IADL limitations’
(one or more difficulties).

Statistics and reproducibility
Descriptive analyses investigated distributions of all the variables. To
facilitate complex modeling of IC, continuous variables (more than
ten categories) were standardized, including memory, affect, sleep,
walking speed, grip strength and respiratory function. Owing to the
skewed distribution of verbal fluency (scores ranged from O to 61),
the score was converted to a logarithmic scale. Data distribution was
assumed to be normal, but this was not formally tested.

To generate IC scores, factor analysis was employed to include
the five domains and a general factor indicating overall levels of IC. A
random sample was created on the basis 0f 30% of the total population
(N=18,090) and used to test the factor structure of IC. An EFA approach
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identified latent factors among the 14 items. Oblique quartimin rota-
tion was applied to the EFA model and a cutoff of loading >0.3 was used
to determine the factor structure®. On the basis of the EFA results, a
CFA model was built to further include a general latent factor for IC.
Four types of models were tested, including a correlation model, with
no general factor; a one-factor model, that had aunidimensional con-
struct; asecond-order model, that added another level incorporating
all five domains; and a bifactor model that included a general latent
factor at the item level and allowed covariance of the five domains.
The variances of latent factors were set at one. Maximum likelihood
estimation was used in allmodels. The model fitness was assessed using
a set of goodness-of-fit indicators, including CFI (>0.95 for good fit),
TLI(>0.95), RMSEA (<0.06), SRMR (<0.08), BIC and AIC***,

The model with the best goodness-of-fitidentified in the 30% sub-
sample was applied to the whole study population and used to estimate
latent scores of the five domains (domain scores) and the general factor
(ICscore) forallthe participants. The estimated scores were computed
usinglinear regression based on the mean vector and variance matrix
from the fitted model. For the participants with missing data on the
observed items, scores were estimated on the basis of the available
items only. The estimated scores were rescaled to a range between O
and 100 to provide amore straightforward interpretation of IC scores.

Since there is no gold standard of measuring IC, this study
focused on examining the construct validity of the IC score, includ-
ing structural (dimensionality of the IC construct), discriminative
(differences between known groups) and convergent/discriminant
(correlations between various measurements and constructs) valida-
tion*®. Structural validity was established using the CFA model and the
aforementioned goodness-of-fit indicators as above, including CFI,
TLI, RMSEA and SRMR. Given that IC comprises “all the physical and
mental capacities™”, the score was expected to be negatively associ-
ated with age-related changes and presence of diseases (for example,
older age and multimorbidity) but positively associated with socio-
economic status (for example, education and household consumption
expenditure). Toinvestigate discriminative validity, linear regression
modeling examined differences in the IC total and domain scores
across subgroups of demographicfactors (age, sex, marital status and
urban), socioeconomic status (education and MPCE) and the number
of chronic conditions. A univariable model was built for each variable
and a multivariable model including all the variables was employed
to investigate their joint associations with the IC scores. Estimated IC
scoresacrossthe 36 Indian states and UTs were calculated on the basis
of the regression model adjusted for age and sex.

Totest convergentand discriminant validity of the IC score, logistic
regression modeling examined its associations with different but rel-
evant measures of general health and functional limitations. A higher
ICscore was expected to be negatively associated with poor self-rated
health, ADL and IADL limitations (that is, protective effects). The
unadjusted models were first fit, and the adjusted models included all
demographicfactors, socioeconomic status and number of chronic con-
ditions. To examine whether the associations were linear, the IC scores
were further divided into quintiles and fitted into the adjusted models.

The individual-level LASI survey weights were applied to the
regression models to account for study design, nonresponse and post-
stratification*. Complete case analysis was carried outin EFA and CFA
butthelatent scores were estimated for all participants on the basis of
available data. Although 31% of the participants (N =18,696) had at least
one missing IC variable, 99.5% had <5 missing items. Thus, the impact
of missing data on latent score estimation was expected to be limited.
Owing tosmall numbers of missing data on covariates (<1%), regression
modeling was based on complete case analysis. Sensitivity analyses
further addressed issues of missing data using multiple imputation by
chained equations. The missing IC scores and covariates were imputed
onthebasis ofall variables used inthe analyses and 30 imputed datasets
were generated to compare the results of estimated latent scores and

imputed scores. Rubin’s rule was used to combine results from the
imputed datasets*®. All the analyses were conducted using Stata18.5*.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

TheLASIdataare available via the International Institute for Population
Sciences website at www.iipsindia.ac.in/lasi, the data webpage of the
Government of Indiaat www.data.gov.in, the Harvard T.H. Chan School
of Public Health website at lasi.hsph.harvard.edu, the University of
Southern California website at lasi-india.org and the website of the
Gateway to Global Aging Data at g2aging.org.

Code availability
Codes will be made available upon reasonable request by the
corresponding author.
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Specimen provenance  Not Applicable
Specimen deposition Not Applicable
Dating methods Not Applicable
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