
Original Contribution

Disability and Chronic Disease Among Older Adults in India: Detecting

Vulnerable Populations Through the WHO SAGE Study

Sanjay Basu* and Abby C. King

* Correspondence to Dr. Sanjay Basu, Stanford University School of Medicine, Medical School Office Building, X322, 1265 Welch Road,

Mail Code 5411, Stanford, CA 94305-5411 (e-mail: basus@stanford.edu).

Initially submitted May 14, 2013; accepted for publication July 16, 2013.

Chronic noncommunicable diseases (NCDs) are now prevalent in many low- and middle-income countries and

confer a heightened risk of disability. It is unclear how public health programs can identify the older adults at highest

risk of disability related to NCDs within diverse developing country populations. We studied nationally representative

survey data from 7,150 Indian adults older than 50 years of age who participated in the World Health Organization

Study on Global Aging and Adult Health (2007–2010) to identify population subgroups who are highly disabled.

Using machine-learning algorithms, we identified sociodemographic correlates of disability. Although having 2 or

more symptomatic NCDs was a key correlate of disability, the prevalence of symptomatic, undiagnosed NCDs

was highest among the lowest 2 wealth quintiles of Indian adults, contrary to prior hypotheses of increased NCDs

with wealth. Women and persons from rural populations were also disproportionately affected by nondiagnosed

NCDs, with high out-of-pocket health care expenditures increasing the probability of remaining symptomatic from

NCDs. These findings also indicate that NCD prevalence surveillance studies in low- and middle-income countries

should expand beyond self-reported diagnoses to include more extensive symptom- and examination-based

surveys, given the likely high rate of surveillance bias due to barriers to diagnosis among vulnerable populations.

chronic disease; developing countries; disability; India; vulnerable populations

Abbreviations: NCD, noncommunicable diseases; SAGE, Study on Global Ageing and Adult Health; WHO, World Health

Organization; WHODASi, World Health Organization Disability Assessment Schedule 2.0, inverted.

India is expected to face a higher burden of chronic disease
than any other country in the world over the next decade. The
rapid decline in the infant mortality rate since the early 1950s,
as well as improved control of some key infectious diseases,
has produced a significantly aging population in India, with
over 16% of the population being older than 50 years of age as
of 2010; the proportion over 50 years of age is expected to rise
to 33% by the year 2050 (1). Within the next 2 decades, older
adults (defined as those 50 years of age or older) are expected
to bear nearly half of the total disease burden in India,mostly due
to noncommunicable diseases (NCDs) (2).
To date, the data that have been used to evaluate who is most

at risk for disability in developing countries like India and China
has been criticized for being limited and of poor quality (3).

Most assessments have used projections from small surveys
conducted in isolated populations, generating criticism thatmany
of our statistics about aging, disability, andNCDs do not reflect
which subpopulations are most affected within highly hetero-
geneous countries (4). The dilemma of which populations
should be targeted for assistance is a major problem facing pub-
lic health departmentswith limited resources. A number of alter-
native theories have been put forth regarding the optimal public
health response to aging, NCDs, and disability in developing
countries. On one hand, it has been argued that NCDs and asso-
ciated disabilities among older populations are diseases of afflu-
ence that are more common among high-income populations
(5, 6). Conversely, it has been argued that populations such as
the urban poor and rural women have not commonly been the
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subjects of NCD prevalence studies; the lack of access to health
care among such groups may produce surveillance biases in
surveys that rely on self-reported diagnostic history (7).

Our goal in the present study was to find and characterize
which older adults in India face the highest burden of dis-
ability by identifying their sociodemographic characteristics to
help public health programs target the most affected popula-
tions, particularly given the high rate of yet-undiagnosedNCDs.
Our approach was to analyze individual-level longitudinal data
fromwave 1 of the recent World Health Organization (WHO)
Study on Global Ageing and Adult Health (SAGE) to isolate
the relationships between disability and chronic disease among
adults older than 50 years of age in India (8). SAGE offers
data on NCDs, disability, and sociodemographic characteris-
tics in a nationally representative manner, using innovative
techniques to detect previously undiagnosed NCDs (1).

MATERIALS AND METHODS

Survey methods

The SAGE survey was a standardized, validated household
and individual survey conducted among adults aged 50 years
or older with a comparison sample of younger adults aged
18 to 49 years. Amultistage, stratified clustered sample design
was used, as detailed in the Web Appendix (available at http://
aje.oxfordjournals.org/); household clusters were sampled to
reflect data from the Indian Census in terms of age, sex, level
of wealth/local economic development, and urban/rural resi-
dency (9). Institutionalized populations were excluded. We
examined the first wave of SAGE (the most current data avail-
able), which was conducted from 2007 to 2010, followed
by data-checking and synthesis by WHO from 2011 through
2012 and public use data release in February 2013. Hence,
our analysis is cross-sectional in nature.

The survey instrument consisted of a household roster
with questions ondwelling characteristics, assets, and expend-
itures; an individual questionnaire on health status, risk fac-
tors, disability, work history, and chronic conditions; and a
proxy questionnaire for individuals judged by the interviewer
to require a proxy response from other members of the house-
holdbecauseof sensory,motor, orcognitive limitations.Ques-
tionnaires were piloted in 2005 as part of a SAGE pretest
among 469 respondents in India (8). Wealth was assessed
through a tabulation of household ownership of durable goods
(chairs, tables, cars, television, telephone,orwashingmachineor
access to electricity), dwelling characteristics (type of floors,
walls, and cooking stove), and access to services such as
clean water, sanitation, and cooking fuel. This metric is less
biased by respondent inconsistencies than simple reporting
of income (10). Disability was assessed using the composite
World Health Organization Disability Assessment Schedule
2.0, inverted (WHODASi) disability questionnaire, which
captures 6 domains of day-to-day functioning in the last 30
days: understanding and communicating, getting around, self-
care, getting along with people, life activities, and participa-
tion in society (see Web Appendix 1 for the full question
list, which includes functional status questions for activities
of daily living and instrumental activities of daily living).
The instrument was validated in India prior to use (11).

To assess chronic disease status, SAGE included 3 sets of
measurements. First, previously diagnosed NCDs, which are
subject to diagnostic and recall biases, were assessed using
the question, “Have you ever been told by a health profes-
sional that you have . . .?” or “Have you ever been diag-
nosed with . . .?” for each of 9 NCDs: angina, osteoarthritis,
asthma/reactive airway disease, cataracts, chronic obstruc-
tive lung disease (chronic obstructive pulmonary disease/
emphysema/chronic bronchitis), diabetes, depression, hyper-
tension, and stroke. Commonly accepted terms in local lan-
guages, with explanations, were provided and validated in
the pilot study against medical histories. Second, symptom-
based diagnoses were assessed using validated symptom scales
forangina (aRosequestionnaire (12,13)),osteoarthritis (based
on a receiver operating characteristic curve analysis what
generated an algorithm for osteoarthritis diagnosis by symp-
toms (14)), depression (the Composite International Diag-
nostic Interview for depression (15)), and stroke (also through
receiver operating characteristic curve analysis, (14)). Third,
examination-based diagnoses were made during the survey
itself using standardized protocols for visual problems using
a Tumbling “E” logMAR chart (with corrective lenses on, if
applicable), for chronic obstructive pulmonary disease using
a series of 3 spirometry tests, and for hypertension through 3
repeated blood pressure assessments with an automated sphyg-
momanometer (16, 17). Web Appendix 1 contains full details
of the validated symptom-based and examination-based diag-
nostic algorithms. The diagnosis of diabetes was not assessed
by symptoms (given the absence of a validated symptomatic
algorithm) or examination testing (given the absence of lab-
oratory testing facilities). Respondents were also asked if they
had ever received medical therapy for each chronic condition
they reported, received therapy in the past year, and were cur-
rently taking medication or other treatment for each condi-
tion at the time of the interview. Further questions included
metrics of out-of-pocket cost, as specified in Table 1.

The questionnaire was translated from English into 8 local
languages and administered face-to-face at participants’ homes
via trained mobile survey staff. Standardized training, inter-
view protocols, and quality assurance procedures were used
across all participating sites (8). Each survey team comprised
1 male and 1 female interviewer and an additional person to
conduct the anthropometric measurements. Site-based train-
ing for surveystaff averaged4.5days across the sites.Themedian
interview time was approximately 40 minutes for the house-
hold questionnaire and 120 minutes for the individual question-
naire. One household questionnairewas completed per household.
A total of 12,198 individuals in 10,424 households were inter-
viewed, including 7,150 individuals 50 years of age or older,
with a 92% questionnaire response rate.

Statistical analysis

The goal of the present analysis was to identify sociodemo-
graphic correlates of disability as measured on the WHODASi
scale. We first performed standard multivariate regressions
on disability against the metrics in Appendix Table 1, which
includedmetrics of sociodemographic status, chronic disease,
and health care access/utilization. Furthermore, we adopted
a machine-learning/data-mining algorithm known as regression
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tree analysis that does not become potentially biased in the
presence of multiple collinear variables (e.g., wealth and edu-
cation) (18). The algorithm tests multiple complex combina-
tions of interactions among variables to identify a logical
sequence of sociodemographic and health variables that are
associated with higher or lower disability scores. As detailed
in the prior literature (19), the algorithm sequentially parti-
tions the sampled population to identify subgroups with sig-
nificantly higher or lower disability scores than others using

recursive partitioning to find an optimal factor that can divide
the population into higheror lower disability score valueswith
at least 50% sensitivity and 50% specificity. After choosing
and splitting on the first optimal factor, the algorithm then sep-
arately searches each subgroup or branch of the first split for
the next most optimal factor on which to divide the popula-
tion, using all factors as potential candidates. This procedure
is repeated to build subsequent branches to the tree until the
subgroup samples become small (n < 100) or no further sig-
nificant discriminating variables are found (at a conservative
2-sided P < 0.001 threshold, using a Bonferroni correction to
prevent multiple testing error). The analysis was performed
in R, version 2.15.1 (R Foundation for Statistical Comput-
ing, Vienna, Austria), and further details and associated stat-
istical code for replication is provided in Web Appendix 1.
For the analysis, we used all metrics listed in Appendix

Table 1 as regressors (includingmetrics). Participants withmiss-
ing data were excluded, but SAGE survey sampling weights
were applied to construct a nationally representative sample,
taking into account unequal probabilities of sample selection
resulting from the survey design, nonresponse, and noncov-
erage. Reported prevalence rates for the studied NCDs were
age-standardized using the direct method against United
Nations population estimates (20).

RESULTS

Table 1 provides summary statistics of sociodemographic
characteristics among the analyzed cohort of Indian adults 50
years of ageorolder (seeWebTable 1 for disaggregationbysex).
The table reveals a relatively even split among age, sex, and
wealth categories, a higher sampling of rural (71%) than urban
respondents, a large (>20%) number of widows, and the major-
ity of the population (>95%) without health care insurance
coverage, all of which are consistent with Indian Census esti-
mates of the country’s population characteristics among adults
50 years of age or older (21).
Figure 1 provides the data on NCD prevalence (previously

diagnosed and symptom/examination-based) in the studied
cohort, as well as levels of disability and details on the socio-
economic distribution of NCD prevalence. Arthritis was the
most common previously diagnosedNCD (18.2% prevalence
in adults aged 50 years or older), followed by cataracts (17.7%)
and hypertension (17.0%). The prevalence of NCDs based
on the survey’s symptom-based and examination-based algo-
rithms was, expectedly, higher than previously diagnosed
NCD prevalence, given limited health care access in India. As
shown in Figure 1, among the diagnoses for which symptom- or
examination-based metrics were directly comparable to pre-
vious diagnoses (angina, arthritis, depression, hypertension,
and stroke), the symptom/examination-based and previous-
diagnosis metrics were most different for hypertension (17.0%
of the sample with a previous diagnosis versus 34.7% hyper-
tensive on examination; the examination did not detect those
diagnosed with hypertension that was adequately controlled
via medical therapy at the time of the examination) and osteo-
arthritis (18.2% of the sample with a previous diagnosis versus
32.6%whomet osteoarthritis criteria by the validated symptom-
based diagnostic algorithm).

Table 1. Summary Sociodemographic Characteristics of the

Studied Cohort, World Health Organization Study on Global Ageing

and Adult Health, India, 2007–2010a

Characteristic No. %

Age, years

50–59 3,492 48.8

60–69 2,183 30.5

≥70 1,475 20.6

Sex

Male 3,666 51.3

Female 3,484 48.7

Wealth quintile

Lowest 1,275 17.9

Second 1,374 19.3

Middle 1,335 18.8

Fourth 1,385 19.5

Highest 1,738 24.5

Residence

Urban 2,100 29.4

Rural 5,050 70.6

Marital status

Never married 60 0.8

Currently married 5,484 76.7

Separated/divorced 40 0.6

Widowed 1,566 21.9

Health care insurance

Yes, mandatory 143 2.0

Yes, voluntary 122 1.7

Yes, both mandatory
and voluntary

14 0.2

No, none 6,872 96.1

Total 7,150 100.0

a All estimates used sample weights to correct for sampling probabil-

ity and nonresponse. Web Table 5 provides the estimates disaggre-

gated by sex. Note that wealth quintiles are imperfect when using the

World Health Organization sampling weights because the weights were

calculated using an older version of the Indian Census than was appli-

cable during actual sampling; we chose not to recode the weights to

force wealth quintile equality, as this recoding would generate subtle

biases in the sex and residential (urban/rural) distributions rather than

the more transparent skew towards higher wealth quintiles which is eas-

ier to interpret, as per World Health Organization guidelines and recent

analyses (9, 23).
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There was surprisingly little overlap between individuals
who reported previously diagnosed NCDs and those who
screened positive on the symptom/examination-basedNCDdiag-
nosticmetrics. For example, only 88 individuals who reported
previously diagnosed angina met the clinical criteria for angina
on symptom screening, whereas 274 others met symptom/
examination-based criteria but denied being diagnosed pre-
viously (see Web Table 2 for correspondence tables by diag-
nosis). Less surprisingly, there was a significant wealth gradient
between the 2 metrics, as shown in Figure 1 (P < 0.001 in the
wealth-by-diagnosis interaction). Although previously diag-
nosed NCDs were most prevalent in the top 2 wealth quin-
tiles, previously undiagnosed NCDs that were first diagnosed
through the SAGE symptom/examination-based algorithms
were most prevalent in the bottom 2 wealth quintiles.

Both previously diagnosed and previously undiagnosed per-
sons had significantly greater disability scores than did those
without anyNCDs.Having1ormorepreviouslydiagnosedNCD
(48.9% of the studied population) was associated with a 9.6-
point lower WHODASi score (worse disability) than having
no diagnosed NCDs (P < 0.001) after incorporation of the
sociodemographic control variables fromTable 1 into the regres-
sion (see Table 2 for regression results). An approximately

5-point difference in WHODASi score corresponded to
clinically meaningful variations in disability (22). Persons with
more than 2 previously diagnosed NCDs (19.8% of the studied
population) had a 10.6-point worse WHODASi score than did
those with 1 or no NCDs after incorporation of the socio-
demographic control variables (P < 0.001). Upon analysis of
individual NCDs, stroke was associated with the greatest degree
of disability (−12.6 points) and cataracts was associated with
the lowest degree of disability (−4.5 points), although all indi-
vidual NCDs were associated with significantly worse dis-
ability scores (see Web Tables 3 and 4 for disaggregated tables
by individual NCD). When re-running the regressions using
the symptom/examination-based metrics rather than previous
diagnosis as ametric, thekeydifferences in the resultswerehigher
prevalences ofNCDs in persons with lower wealth and in more
rural populations, but there was still a significant correlation
between disability and having symptom/examination-based
NCDs (Table 2 and Web Table 4).

To further identify the best correlates of disability and
their interactions, we performed a regression tree analysis on
WHODASi disability scores (Figure 2A and Web Table 5).
This data-mining approach revealed that the largest subdivi-
sion within the studied cohort using the regressors in Table 1
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Figure 1. Noncommunicable diseases and disability among Indian adults aged 50 years or older, World Health Organization Study on Global
Ageing and Adult Health, India, 2007–2010. A) Participants previously diagnosed angina, arthritis, asthma, cataracts, chronic obstructive pulmo-
nary disease (COPD), diabetes, depression, hypertension, and stroke. B) Results of a symptom-based algorithm suggesting the presence of
angina, arthritis, depression, or stroke and examination-based diagnosis of visual deficits, chronic lung disease, and hypertension. C) Rates of dis-
ability on transformed World Health Organization Disability Assessment Schedule 2.0 scale (0 indicates maximum disability/worst functioning
ability and 100 indicated minimum disability/best functioning ability) among those who reported 0 noncommunicable diseases, 1–2 noncommuni-
cable diseases, or 3 or more noncommunicable diseases (based on symptom/examination-based diagnosis), with error bars reflecting the inter-
quartile range. D) Wealth disparities in previously diagnosed versus symptom/examination-based previously undiagnosed noncommunicable
disease prevalence (% of population aged 50 years or older with at least 1 of the measured noncommunicable diseases).
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was between people experiencing more than 2 symptom/
examination-based NCD diagnoses versus those experienc-
ing fewer than 2, as depicted in Figure 2A. This metric
separated the cohort into persons with a more severe mean
disability score (36.2 or less for those with 2 or more symptom/
examination-based diagnoses) and those with a less severe score
(53.7 or higher). A second branch of the tree (shown on the
left of Figure 2A) further separated individuals by age (greater
or less than 65 years), such that the older group with more
than 2 symptom/examination-based NCD diagnoses had the
highest levels of overall disability (lowest mean WHODASi
score of 29.9; labeled group 1 in Figure 2A). Those who had
more than 2 NCD diagnoses but were less than 65 years of
agewere significantly less disabled (meanWHODASi score =
41.5; group 2). On the right side of the tree were the less dis-
abled groups. Sex was a key branching correlate of disability
among those with fewer than 2 symptom/examination-based
NCD diagnoses. Women were significantly more disabled
than were men (among women with less than 2 NCDs (group
3), WHODASi score = 47.1; among men, mean WHODASi
score = 58.9), as shown in the second branch on the right in
Figure 2A. Among men with fewer than 2 NCDs, age was
the final correlate of disability, with respondents more than
73 years of having significantly more disability (WHODASi
score = 40.9; group 4) than younger men (WHODASi score =
61.0; group 5). We further characterized the major socio-
demographic characteristics of the groups having highest and
lowest disability scores. As shown in Table 3, both groups

were disproportionately rural, although the higher disability
group was also older and predominantly female.
Given that the regression tree analysis revealed that having

at least 2 symptom/examination-basedNCDswas a key corre-
late of disability, we further examined which sociodemographic
factors would best predict who would fall into this category.
Running the data-mining algorithm against the presence of
2 or more symptom/examination-based NCDs (Figure 2B),
we found that not having been diagnosed with an NCD in the
past was a significant determinant of the probability of having
2 ormore symptom/examination-basedNCDdiagnoses. Among
persons with undiagnosed NCDs, out-of-pocket expenditures
comprised the next most explanatory correlate, with higher-
than-median expenditures increasing the probabilityof having
at least 2 symptom/examination-based NCDs to 0.79 (group
1 in Figure 2B), compared with a probability of 0.52 among
those previously diagnosed (group 3) and 0.21 among those
undiagnosedbuthaving lowoutofpocket expenditures (group
2 in Figure 2B). The most susceptible group (group 1) was
predominantly rural (74%) and in the lowest wealth quintile,
with a 47% higher chance of being undiagnosed and having
high out-of-pocket expenditures than the top wealth quintile
even though all groups were almost universally uninsured.

DISCUSSION

In the present study, we detected and characterized which
older adults in India face the highest burden of disability and

Table 2. Multivariate Regression on Disability (n = 6,521 Observations), World Health Organization Study on

Global Ageing and Adult Health, India, 2007–2010a

Model 1b Model 2c

β 95% CI β 95% CI

Presence of >1 NCD vs. none −9.78*** −11.6, −7.99 −8.64*** −10.8, −6.48

Age −0.71*** −0.80, −0.62 −0.73*** −0.83, −0.63

Sexd −10.9*** −12.8, −8.95 −10.6*** −12.6, −8.58

Wealth quintilee 3.19*** 2.57, 3.81 2.76*** 2.13, 3.39

Urban/rural residencef −3.73** −6.30, −1.17 −3.15* −5.88, −0.43

Marital statusg −2.53* −4.74, −0.32 −2.64* −4.93, −0.34

Health insurance statush −5.04* −9.36, −0.72 −3.52 −7.86, 0.82

R2 0.215 0.200

Abbreviations: CI, confidence interval; NCD, noncommunicable diseases; WHODASi, World Health Organization

Disability Assessment Schedule 2.0, inverted.

* P < 0.05, **P < 0.01, ***P < 0.001.
a Difference in WHODASi disability scale scores among those with and without NCDs, where lower values of the

WHODASi indicate worse disability. Regression coefficients for age and wealth quintiles represent differences in disability

score per category change. Significant interactions between sex and age were not observed in further analysis; using

Akaike’s Information Criterion, the addition of such interactions did not explain a significantly higher portion of the variance.
b Based on previous diagnosis of NCDs.
c Using symptom/examination-based diagnosis of NCDs.
d Dichotomized as 0 for male, 1 for female.
e Higher quintiles indicated wealthier subjects.
f Dichotomized as 0 for urban, 1 for rural.
g Dichotomized as 0 for married, 1 for not married.
h Dichotomized as 0 for insured, 1for uninsured.
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identified their sociodemographic characteristics to help pub-
lic health programs target the most affected populations. In
addition to performing standard multivariate regressions on
disability againstmetrics of sociodemographic and health var-
iables, we used a machine-learning/data-mining algorithm,

which does not become potentially biased in the presence of
multiple collinear variables, to test all complex combinations
of interactions among variables and to identify a logical sequence
of variables that are associated with higher or lower disabil-
ity scores. We found high levels of NCDs in the population

Figure 2. Regression tree analysis of disability among older Indian adults (A) and probability of having 2 or more symptom/examination-based
noncommunicable diseases (B), World Health Organization Study on Global Ageing and Adult Health, India, 2007–2010. Note that in the regres-
sion tree, the age cut points were determined by the algorithm. Age was entered as a continuous variable and the algorithm found optimal points
for separation of the population into subgroups. A lower World Health Organization Disability Assessment Schedule 2.0, inverted (WHODASi)
score reflects worse disability.
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of Indian adults who were 50 years of age or older, with pre-
viously diagnosed NCDs most prevalent in the top 2 wealth
quintiles and previously undiagnosed NCDs most prevalent
in the bottom 2 wealth quintiles. Having at least 2 symptom/
examination-based NCDs was a key correlate of disability.
Among thosewith previously undiagnosedNCDs, out of pocket
expenditures were also an important explanatory factor for
having symptomatic/examination-detectable NCDs. Women
and rural populations were particularly affected by disability,
underscoring the importance of including them in this research
area. These groups have been excluded or undersampled in
many NCD studies to date (4).

These results contribute significant new insights to the lit-
erature on disability in low- and middle-income countries such
as India. Although there are notable variations among low-
and middle-income countries, India serves as a health policy
model for several other developing countries because of its
rapid development and the extensive internal heterogeneity,
which make it a natural country for understanding aging in
low- and middle-income countries. Although prior studies in
such countries have found that disability is common among
older adults with chronic diseases, they did not clarify which
subpopulations were particularly affected and required further
public health investigations. Our use of a nationally represent-
ative survey adds detailed, comparable data across a broad
spectrum of social variables to simultaneously analyze large,
heterogeneous populations. In fact, our results suggest that sur-
veys based on self-reported diagnoses of NCDs alone may be
biased towards finding NCDs among wealthier groups in a
manner that misses key lower-income groups with significant
undiagnosed NCD burdens. The fact that the disease–disability
relationship was similar whether NCDs were self-reported or
symptom/examination-based, however, suggests that collection
of less expensive self-reports (without symptom/examination)
may be adequate for understanding correlates of disability, even
thoughprevalence estimates are biased. Furthermore, the prior
literature on disability has acknowledged that numerous social
factors interact to produce chronic disability. Here, by apply-
ing the novel machine-learning approaches to regression to
identify key correlates and their interactions, we were able to
characterize complex interactions further and examine which
commonly collected variables from sociodemographic and
health surveysmaybeoptimal for Indianpublichealthofficials
to note as they conduct wider-scale screening to identify targets
for disability support programs.
Aswith any survey-based study, however, the results of our

study have several notable limitations. First, although symptom-
and examination-based screenings are validated approaches for
the detection of some NCDs, they were not possible for other
NCDs, such as diabetes, and may not be directly comparable
to office-based diagnostic approaches supplemented by labo-
ratory study. Furthermore, low language or health literacy in
some Indian populations may mean that self-reported NCD
metricsmaybebiaseddownwards; thiswould serve to strengthen
our concern that self-reported surveys alone may miss much of
the NCD burden, artifactually producing the wealth dispari-
ties we noted between previously diagnosed and previously
undiagnosed disease. Nevertheless, it is logical that differen-
tial health care access may also be playing a role.
Another limitation is that, although SAGE is a longitudinal

study, here we only have data from symptom- and examination-
basedmetrics thatwereperformed inwave1of the study, aswave
2 and later waves remain to be completed and data from them
have not yet been publicly released. Hence, we cannot attribute
unidirectional causality between variables; we can only iden-
tify sociodemographic and health variables as associations and
indicators of disability. There is likely a reverse causal pathway
by which disability also contributes to higher NCD risk (e.g.,
disability increasing the risk of sedentary lifestyles, which in
turn could increase the risk of additional NCDs), producing
a vicious cycle between NCDs and disability. From a public
health perspective, the “chicken or egg” issue of unidirectional

Table 3. Sociodemographic Characteristics of Groups 1 (Greatest

Disability) and 5 (Least Disability),a World Health Organization Study

on Global Ageing and Adult Health, India, 2007–2010

Characteristic
Group 1 Group 5

No. % No. %

Presence of >1 NCD vs. none

Previously diagnosed 406 28.5 697 40.5

On symptom/examination-
based screening

1,423 100.0 956 55.5

Age, years

50–59 0 0 950 55.2

60–69 534 37.5 489 28.4

≥70 889 62.5 283 16.4

Sex

Male 636 44.7 1,722 100.0

Female 787 55.3 0 0

Wealth quintile

Lowest 338 23.8 246 14.3

Second 304 21.4 288 16.7

Middle 234 16.4 325 18.8

Fourth 241 16.9 367 21.3

Highest 299 21.0 484 28.1

Residence

Urban 345 24.2 516 30.0

Rural 1,078 75.8 1,206 70.0

Marital status

Never married 9 0.6 19 1.1

Currently married 801 56.3 1,589 92.3

Separated/divorced 13 0.9 3 0.2

Widowed 600 42.1 111 6.4

Health care insurance

Yes, mandatory 12 0.8 54 3.2

Yes, voluntary 25 1.7 45 2.6

Yes, both mandatory and
voluntary

2 0.1 2 0.1

No, none 1,385 97.3 1,621 94.1

Abbreviation: NCD, noncommunicable disease.
a Groups are from Figure 2.
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causality can be viewed separately from the issue of how to
identify and intervene among populations most vulnerable to
chronic disability. Hence, our focus was on identifying and
characterizing the indicators of disability that are commonly
available in national health surveys that omit detailed func-
tional assessments but include basic symptom and sociode-
mographic data. Commonly used theoretical frameworks for
disability assume the main association is in the direction we
have tested in this article (i.e., NCDs to disability) (10).

Despite these limitations, SAGE offers novel opportunities
to investigatepathwaysof interactionbetweensocialvariables,
health states, and disability. As data from the longitudinal com-
ponentofSAGEbecomeavailable in the future, itwill bepossible
to answer a few key hypotheses through further research. A
keydimensionfor futureresearch,givenour results, istounder-
stand what variations in social and health care circumstances,
in addition to health behavior practices, may lead to variabil-
ity betweenmen andwomen in disability, aswell aswhat factors
particularly affect rural groups and determine out-of-pocket
health care expenditures. This may require further ethno-
graphic analysis and understanding of local health systems,
which is not possible through the survey framework we adopted
here.

In summary, the present study provides critical insights into
the vast heterogeneity of disability within India, which is likely
also relevant to other low- and middle-income countries in
which disability and NCD prevalence studies to-date have typ-
ically focused on national average statistics without distin-
guishing the causes of varied vulnerability. As SAGE and other
studies take place, we can identify factors that contribute to
vulnerability and resilience, with the aim of targeting public
health programs toward those most likely to suffer from chronic
disabling states.
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Appendix Table 1. Parameters Used in the Analysis, World Health Organization Study on Global Ageing and Adult

Health, India, 2007–2010a

Parameter Type Metrics

Sociodemographic
characteristics

Age (50–59, 60–69, or ≥70 years), sex, wealth quintile, urban/rural residence,
educational level, and marital status

Noncommunicable
diseases

(1) Self-reported prior diagnosis of angina, arthritis, asthma, cataracts, chronic lung
disease (chronic obstructive pulmonary disease), diabetes, depression,
hypertension, or stroke and (2) symptom-based prevalence of angina, arthritis,
depression, and stroke supplemented by examination-based diagnosis of visual
deficits, chronic lung disease, and hypertension. Further indicator variables were
used to describe these diagnoses as undiagnosed but symptomatic on interview
or evident on examination or diagnosed but untreated.

Disability WHODAS 2.0, which evaluates 6 domains (2 items per domain) of day-to-day
functioning in the last 30 days: understanding and communicating, getting around,
self-care, getting along with people, life activities, and participation in society.
Results from the 12 items were summed to get an overall WHODAS score, which
was then transformed to a 0–100 scale, 0 indicating maximum disability/worst
functioning ability and 100 indicating minimum disability/best functioning ability.

Health care Whether the respondent had received outpatient care and/or inpatient care and how
frequently, how often care was needed and how often was it sought, reasons for
not going to health care providers despite perceived need, amount of out-of-pocket
payment for last hospitalizations, and sources for health care payment, including
self, spouse/partner, son/daughter, other family member, nonfamily member,
insurance, and free of charge

Abbreviation: WHODAS, World Health Organization Disability Assessment Schedule.
a Further details of the parameters shown and their definitions are presented in Web Appendix 1.
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