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ABSTRACT

Objective This study aims to identify the unique
multimorbidity combinations (MMCs) and their
associations with the functional disability of Indian older
adults. Moreover, the population attributable fractions
(PAFs) were calculated to assess the potential impact of
additional diseases in the nested groups on disability.
Design A cross-sectional data were analysed in this
study.

Setting and participants The present study uses data
from the first wave of the Longitudinal Ageing Study in
India (2017-2018). The sample for the study consists of
27753 aged 60 years and over.

Primary and secondary outcome measures The
primary outcome variable was functional disability,
measured by the combined activities of daily living (ADL)-
instrumental activities of daily living (IADL) index.

Results Out of 197 uniquely identified MMCs, the
combination of hypertension and high depressive
symptoms (HDS) was the most prevalent (10.3%). Overall,
all MMCs were associated with increased functional
limitation. Specifically, the combination of hypertension,
arthritis and HDS was associated with greater ADL-IADL
disability than any other MMC. The addition of HDS

in group 3 (hypertension and arthritis) (incidence rate
ratios (IRR)=1.44; 95% Cl 1.26 to 1.64) and the addition
of arthritis in group 1 (hypertension, HDS) (IRR=1.48;
95% Cl 1.28 to 1.71) and group 2 (hypertension, diabetes)
(IRR=1.49; 95% Cl 1.22 to 1.82) significantly increases
the rates of ADL-IADL disability. The estimated PAFs of the
group 1 (hypertension and HDS), group 3 (hypertension
and arthritis) and group 4 (arthritis and HDS) for ADL-IADL
disability were 22.5% (19.2-25.5), 21.6% (18.7-24.4) and
23.5% (20.6-26.3), respectively.

Conclusion The findings from this study underscore the
importance of addressing the morbidity combinations
which are more disabling than the others in older adults.
Understanding the somatic and psychological relevance of
the morbidities in functional health is necessary and can
help reduce disabilities among older adults.

BACKGROUND
Multimorbidity, generally defined as the
presence of two or more chronic ailments
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= First study that estimated the different multimorbid-
ity combinations (MMCs) and their association with
the functional disabilities in India.

= The usage of the national representative sample of
older adults is a strength of the study.

= Population attributable fractions were derived to
assess the potential impact of additional diseases.

= The inability to establish the causal relationship be-
tween variables of interest is the limitation of the
study.

= The inclusion of self-reported chronic diseases may
underestimate the true prevalence of these diseas-
es, therefore, may alter the MMCs.

in an individual,' is considered as the signif-
icant predictor of poor quality of life,* *
lower selfrated health,'® greater likelihood
of disability® 7 and hence, mortality.*!
The average rise in life expectancy due to
improvement in healthcare, rapid urbanisa-
tion and lifestyle changes have increased the
likelihood of proportion of individuals with
multiple chronic diseases.'” Multimorbidity
is increasingly common with advancing age,
possibly attributable to common pathophys-
iological and aetiological pathways of some
age-related conditions." A recent systematic
review of seventy community-based studies
in both high-income countries and low/
middle-income countries found that more
than 50% of individuals aged 65 and over had
multimorbidity, and it further increases with
increasing agf:.14 Moreover, a recent system-
atic analysis based on South Asian countries
reported a range of prevalence of multimor-
bidity between 24% and 83%, where hyper-
tension, arthritis, diabetes, skin diseases, and
cardiac problems were the leading chronic
diseases.'
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Multiple studies have investigated the association
between single diseases and disability'®"®; however,
recent clinical guidelines have advocated the shifting
of research and clinical practice from single diseases to
multimorbidity.'” * Rather than merely counting the
number of chronic diseases, an investigation of the impact
of different combinations of chronic health diseases on
health-related outcomes such as disability have been
recommended.®” ?' Specific chronic diseases are strongly
associated with disability than others, and individuals
with particular combinations of chronic diseases become
more functionally impaired than individuals with fewer
chronic diseases.”

The importance of studying the chronic diseases in
terms of forms of combination has been mentioned
as different combinations of chronic diseases impact
disability differently.”®' For instance, a study based on US
older adults,6 after including nine chronic diseases, found
291 unique combinations of these chronic diseases, and
reported that arthritis and hypertension were most prev-
alent and as compared with individuals with no chronic
disease has associated with higher disability than any
other combinations. Study based on older adults in Euro-
pean countries®' found 380 unique combinations based
on 10 chronic diseases, and suggested that those multi-
morbidity combinations, including depressive symptoms,
were associated with increased rates of disability. However,
depression is considered as a comorbid condition asso-
ciated with other chronic diseases. Multiple studies have
included depressive symptoms in the operational defini-
tion of multimorbidity and shown significant impact on
health-related outcomes.*' ****

In recent decades, India experienced an unprece-
dented change in the demographic structure character-
ised by increasing share of the older adults. The number
of individuals aged over 60 years is expected to grow from
8% in 2011 to 19% by 2050 in India.”’ Also, India is expe-
riencing an epidemiological transition from predomi-
nant infectious diseases to non-communicable diseases
(NCDs).?* #" This transition in the disease patterns along
with population ageing poses new challenges for the poli-
cymakers and public health experts. A study showed that
more than half of the burden on NCDs occurred in the
individuals aged 45 years and older in India.”® Changing
lifestyles and rapid urbanisation may be contributed to
the high burden of NCDs in India.” With increasing prev-
alence of the chronic conditions, there is an urgent need
of understanding the pattern of morbidities in older
people in India to develop effective responses for the
upcoming challenges and requirements of the healthcare
services.

A study found that the prevalence of multimorbidity in
Indian older adults was 24%.%" The same study reported
that arthritis, high blood pressure and cataract were the
most prevalent diseases in the older people. Another
study based on selected Indian states found that hyper-
tension and arthritis were the most common cluster
of morbidities followed by cataract and arthritis, and

hypertension and diabetes.”” However, inferences based
on some states of India cannot be generated at national
level, therefore, by overcoming this limitation and this
study used the national representative sample to derive
the national-level estimates of the multimorbidity combi-
nations (MMCs).

A recent study based on Indian older adults has found
thatincrease in the number of pre-existing chronic condi-
tions significantly positively associated with the functional
limitations.” However, the study focused largely on the
association between the number of chronic diseases
and disability.”* Considering chronic diseases as a count
and deriving a measure of multimorbidity by adding the
number of chronic diseases may be inadequate for clin-
ical purposes because the patients in these indices may
not exhibit all or most diseases or disease combinations.
Therefore, to determine the predictors of disability,
recent studies started focusing on the clustering or co-oc-
currence of the diseases in population. A higher number
of chronic diseases lead to disability in older adults.” **
Measurement of disability often performed by consid-
ering the restriction in functional activities i.e. activities
of daily living (ADL) and instrumental activities of daily
living (IADL) in the surveys despite several models of
disability evoke different dimensions of measurement.”

Previously, most studies examining the relation-
ship between combination of multimorbid conditions
and disability were conducted in high-income coun-
tries.” *' There is a lack of understanding of the associa-
tion between combinations of multimorbidity conditions
and disability in Asian countries, especially in India. Thus,
the study aims to examine the association of different
multimorbidity patterns with ADL and IADL disability
among older adults in India. Moreover, we investigated
how each MMC impacts ADL/IADL disability relative to
healthy older adults (with no disease) and those with a
single chronic disease. Furthermore, we examined the
marginal contribution of specific chronic diseases. Finally,
population attributable fractions (PAFs) were calculated
to assess the potential impact of additional diseases in the
nested groups on disability.

METHODS

Data source

We have used the first wave of Longitudinal Ageing Study
in India (LASI) conducted during 2017-2019, which is
available on public forum. LASI is a nationally represen-
tative longitudinal survey that collects vital information
on the physical, mental and social well-being of older
adults in India. It collects data of over 72000 individuals
aged 45 years and over, and their spouses across all states
and union territories of India (excluding Sikkim). LASI
adopted the multistage stratified cluster sampling design
for collecting the unitlevel data, including three stages
in rural areas and four stages in urban areas. The details
of the sample design, survey questionnaires, fieldwork,
data collection and processing were published in the
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LASI report.”® The Indian Council of Medical Research
extended the ethical approval and necessary guidelines
for conducting the LASI survey. In the fieldwork, all
participants were provided with information brochures
explaining the purpose of the survey and the safety of
health assessments. Moreover, the consent forms were
also administered to each participant.

Our initial sample size consists of 31464 older adults
aged 60 years and over. We excluded 1094 respondents
with one or more missing chronic disease responses.
Moreover, 42 and 2575 respondents were excluded with
missing data on ADL and selected covariates, respectively.
Our final analysis sample included 27753 older adults.

Variable description

Outcome variable

Assessment of the disability

In LASI, the participants were asked if they had any
limitations in the ADL with a duration longer than
3months. The participants reported about six basic and
seven instrumental ADLs. The six basic ADLs included
dressing, bathing, walking across the room, eating diffi-
culties, getting in or out of bed, and using the toilet. The
seven instrumental ADLs included telephone use, taking
medications, shopping for groceries, preparing a hot
meal (cooking and serving), doing housework, managing
money and getting around or finding an address in unfa-
miliar place. Our study created ADL and IADL summary
indices by summing the number of basic ADLs (0-6)
and instrumental IADLs (0-7), respectively. Moreover,
the ADL-IADL summary index ranging from 0 to 13
was assessed by adding both ALDs and IADL disability
counts.”” The higher number indicates a greater ADLs
disability.

Explanatory variables

Chronic diseases

Participants were asked about the diagnosis of nine
chronic health diseases by asking the question: ‘Has any
health professional ever diagnosed you with the following
chronic diseases or diseases?’. We have used nine health
diseases associated with disability: hypertension, diabetes,
cancer, chronic lung disease, chronic heart disease,
stroke, arthritis, neurological problems and high choles-
terol. As per suggestions by the previous studies,”*' we
also included a mental health condition—depression.
In our study, depressive symptoms were assessed using
a 10-item Centre for Epidemiologic Studies Depression
(CES-D) scale with four option categories. The 10-items
included seven negative symptoms (feeling depressed,
low energy, trouble concentrating, feeling alone, both-
ered by things, fear of something and everything is an
effort) and three positive symptoms (feeling happy, satis-
fied and hopeful). The possible responses included rarely
or never (less than 1day), sometimes (1 or 2days), often
(3 or 4days) and most or all the time (5-7days) in the
last 7days before the interview. For analysis, for negative
symptoms, rarely or never (<l day) and sometimes (1 or

2days) were scored as 0, and often (3 or 4days) and most
or all the time (5-7days) categories were scored as 1.
Scoring was reversed for positive symptoms. The overall
score lies between 0 and 10. The respondents with four
or more responses indicating the depressive symptom on
the 10-item CES-D instrument were considered as having
high depressive symptoms (HDS).*

Sociodemographic factors

We have included selected individual characteristics
including, age (60-69, 70-79 and 80+ years), sex (male,
female), education (no education, primary, secondary
and higher), marital status (currently married, widowed,
divorced/separated/deserted) and working status (never
worked, currently working and not currently working) in
the analysis. LASI provides information about the current
use of smoke or smokeless tobacco (1=current smoke or
chew tobacco). Body mass index (BMI) was calculated
by using the formula (weight (kg)/heigth (m?)). More-
over, various household-level factors were also included,
such as religion (Hindu, Muslim, Christian and others),
caste (Scheduled Tribe, Scheduled Caste, Other Back-
ward Class and others) and place of residence (rural
and urban). Moreover, we classified India into six broad
geographical regions—North, Central, East, Northeast,
West and South.

Statistical analysis

To examine the association between multimorbidity and
ADL-IADL disability, we determined the prevalence of
combinations of two or more chronic diseases. Most prev-
alent combinations were rank ordered according to their
proportions. We have used the criterion of >2% preva-
lence of multimorbidity group in the study population,
to ensure a sufficient sample size in each multimorbidity
group which can allow for the valid regression estimates.
Mean ADL, IADL and ADL-IADL indices were calculated
for each multimorbidity group. Since the dependent vari-
ables, disability indices (ADL, IADL and ADL-IADL), were
over-dispersed (when the variance exceeds the mean), we
employed negative binomial regression analysis. Negative
binomial regression models are used when the count data
is over-dispersed, and their parameter estimates in terms
of rate ratios can be interpreted as the relative difference
in incidence rates between groups. We reported the inci-
dence rate ratios (IRR) and 95% CIs, and a p value of
<0.05 was considered significant. We had three depen-
dent variables: ADL (0-6), IADL (0-7) and ADL-IADL
(0-13). In the regression analysis, across all three depen-
dent variables, we have examined two different reference
groups: (1) healthy participants with no chronic disease
(n=9597) and (2) participants who reported having only
one chronic disease (n=9065). Also, we evaluated these
associations among the nested groups (one additional
chronic disease to the existing combination) to assess
the marginal impact of the additional chronic disease
between groups. For instance, a multimorbidity group
thatincludes both hypertension, diabetes and HDS would
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be compared with the group that includes only diabetes
and HDS to examine the marginal impact of hyperten-
sion on the combination.

Both unadjusted and adjusted regression models were
determined to assess the association between multimor-
bidity and ADL-IADL disability. We considered various
explanatory variables including sex, age, smoking status,
education, working status, marital status, BMI, wealth
index, residence, religion, caste and region were used
as the controlling variables in all adjusted regression
models. Moreover, while conducting statistical analysis,
we used the ‘svyset’ command in Stata accounting for the
complex survey design of LASI.

For quantifying the potential impact of additional
diseases in the nested groups on ADL-IADL disability, the
PAF was calculated. PAF accounts for both the prevalence
of exposure and strength of association and estimates
the proportion of cases with disease attributable to expo-
sure of interest in the population. PAFs were estimated
from the multivariable logistic regression models using
the maximum likelihood estimates method.” The PAFs
reflect the proportional reduction in ADL-IADL disability
would occur if the exposure to the risk would reduce to
counterfactual scenario (elimination of the additional
disease from the nested disease groups).

The PAF was calculated as:

Px (RR—1
PAF = m

Here, P is the population distribution of exposure,
and RR is the relative risk in the exposed compared with
the unexposed group. The greater magnitudes of PAFs
indicate greater potential reduction in the ADL-IADL
disability. PAFs were calculated from the final regression
model using the ‘punaf Stata command. We conducted a
sensitivity analysis to check the robustness of the findings.
For instance, we compared the characteristics of the indi-
viduals who were included in the final analytical sample
of the study with those who were excluded because of
missing information on the explanatory variables using
the %* test (online supplemental table S1).

Patient and public involvement
No patient was involved.

RESULTS

The final sample size consists of 27753 older adults aged
60 years and above. Table 1 summarises the sample char-
acteristics of the selected participants. Just over half of the
sample are women (51.9%). Around 60% of the individ-
uals were in the age group 60-69 years. Around 34% of the
participants currently smoke or chew tobacco products,
more than half were with no education (56.1%), nearly
42% were not currently working and 35% were widowed at
the time of the survey. The mean BMI, mean difficulties in
ADLs and mean difficulties in IADLs were 21.8 (SD=4.8),
0.5 (SD=1.2) and 1.6 (SD=2.2), respectively. Self-reported

Table 1 Sample characteristics of the study population,
Longitudinal Ageing Study in India, 2017-2018

Characteristics N* (%1)/meant (SD)
Individual factors
Sex, N (%)

Male 13360 (48.1)

Female 14393 (51.9)

Age groups, N (%)

60-69 years 17067 (59.7)

70-79 years 7990 (29.4)

80+ years 2696 (10.9)
Currently smoke/chew tobacco, N (%)

No 18842 (66.0)

Yes 8911 (34.0)

Education level, N (%)

No education 14809 (56.1)

Primary 6784 (22.7)

Secondary 4100 (13.6)

Higher 2060 (7.6)
Working status, N (%)

Never worked 7710 (26.4)

Currently working 8420 (32.1)

Not currently working
Marital status, N (%)

Currently married

11623 (41.5)

17778 (63.3)

Widowed 9277 (34.5)
Otherst 698 (2.2)
Body mass index, mean (SD) 21.8 (4.8)
ADLs (0-6), mean (SD) 0.5(1.2)
IADLs (0-7), mean (SD) 1.6 (2.2)
ADLs and IADLs (0-13), mean (SD) 2.1 (3.0

Chronic diseases, N (%)
Hypertension 9616 (32.4)
Diabetes 4256 (14.2)
Cancer 202 (0.6)
Chronic lung disease 2089 (8.1)
Chronic heart disease 1397 (5.2)
Stroke 628 (2.3)
Arthritis 4918 (18.8)
Neurological problem 674 (2.6)
High cholesterol 1060 (2.9)
High depressive symptoms** 7638 (29.5)

Household factors

Wealth index, N (%)
Poorest 5656 (21.5)
Poorer 5744 (21.5)
Middle 5714 (21.6)
Richer 5469 (18.7)
Richest 5170 (16.6)

Continued
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Table 1 Continued

Characteristics N* (%t)/meant (SD)

Place of residence, N (%)

Rural 18484 (72.3)
Urban 9269 (27.7)
Religion, N (%)
Hindu 20317 (82.6)
Muslim 3279 (10.8)
Christian 2799 (2.9)
Others§ 1358 (3.7)
Caste, N (%)
SC 4540 (18.8)
ST 4576 (8.1)
OBCY| 10575 (45.6)
Others 8062 (27.4)
Regions, N (%)
North 5177 (13.1)
Central 3750 (21.4)
East 5225 (24.6)
Northeast 3319 (2.8)
West 3661 (15.8)
South 6621 (22.3)
Total 27753 (100.0)

*Values are unweighted counts.

TValues are weighted percentages.

FDivorced, separated and deserted.

§Includes Sikh, Buddhist/neo-Buddhist, Jain, Parsi/Zoroastrian and
others.

§|Other Backward Classes.

**Based on the Centre for Epidemiologic Studies Depression scale,.
ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily
Living.

hypertension was the most prevalent chronic diseases
(32.4%), followed by HDS (29.5%), arthritis (18.8%)
and diabetes (14.2%). Moreover, cancer (0.6%), stroke
(2.3%) and neurological problems (2.6%) were among
the least reported chronic health conditions. Around
one-fourth of participants lived in urban areas (27.4%).
Out of total 1013 combinations, we identified 197
unique morbidity combinations with varying numbers
of participants ranging from 1 to 2820. Out of these, we
kept the top 13 morbidity combinations with at least 2%
of the respondents. Table 2 presents the prevalence of
morbidity combinations ranked from 1 to 13 and average
ADL-IADL disability in these groups. Among chronic
diseases, the combination of hypertension and HDS
(10.3%) was the most prevalent, followed by hypertension
and diabetes (9.7%), hypertension and arthritis (8.3%),
and arthritis and HDS (6.7%). Eight of the thirteen most
prevalent groups included hypertension, six included
either depressive symptoms or arthritis and five included
diabetes. None included cancer, stroke, neurological
problem or high cholesterol. Mean ADL-IADL disability
was highestin the 10th group (hypertension, arthritis and

HDS) (mean=4.27), followed by the 4th group (arthritis
and HDS) (mean=4.04) and 13th group (chronic lung
diseases and arthritis) (mean=3.71). Moreover, the mean
ADL-TADL disability in the 10th group is 6%-101% higher
than any other morbidity combination group. Mean ADL-
IADL disability according to background characteristics
is presented in online supplemental table S2. Figure 1
shows the top 13 morbidity combinations according
to different regions of India. Older adults in southern
India represented most of the individuals in 10 out of
13 morbidity combinations, and older adults in eastern
India represented most of the participants in 3 out of 13
groups. Overall, northeast India had low representations
across all the MMCs.

Table 3 presents the unadjusted and adjusted negative
binomial regression results of ADL-IADL disability on
multimorbidity groups. By keeping healthy older adults
(with no chronic disease) as a reference, all 13 MMCs
were associated with higher rates of ADL-JADL disability
in unadjusted and adjusted models. Various background
characteristics, including sex, age, smoking status, educa-
tion, working status, marital status, BMI and wealth index,
were controlled in all the models. After keeping individ-
uals with exactly one chronic disease as a reference, all
multimorbidity groups except 2, 5 and 9 were related to
higher rates of ADL-IADL disability. Even after adjusting
for selected covariates, except for group 2 (hypertension,
diabetes), different morbidity combinations were signifi-
cantly at the risk of an increase in the rates of ADL-IADL
disability relative to individuals with a single chronic
disease. All MMCs were associated with increased rates
of ADL-IADL disability when compared with participants
with only one chronic disease, except for group 2. Similar
results were obtained for ADL and IADL disability indices.

Table 4 presents the head-to-head adjusted and unad-
justed results from the nested group comparisons. In the
nested comparisons, we examine the marginal effect of
additional chronic disease in the base MMC. The inclu-
sion of hypertension in different dyads of chronic diseases,
including group 9 (diabetes, HDS), group 10 (arthritis,
HDS) and group 12 (diabetes, arthritis) does not exert
any significant impact on the ADL-IADL disability. Rela-
tive to having only hypertension and diabetes (group 2),
in the adjusted model, the inclusion of HDS to hyperten-
sion and diabetes (group 9) was significantly associated
with increased rates of ADL-JADL disability (IRR=1.30;
95% CI 1.05 to 1.61); however, the results were not statis-
tically significant in the unadjusted model. Moreover, the
addition of HDS in group 3 (hypertension and arthritis)
significantly increases the rates of ADL-IADL disability in
unadjusted (IRR=1.61; 95% CI 1.39 to 1.87) and adjusted
(IRR=1.44; 95% CI 1.26 to 1.64) models. The inclusion
of diabetes in group 1 (hypertension, HDS) and group 3
(hypertension, arthritis) was not significantly associated
with the ADL-IADL disability. Assessing the added contri-
bution of diabetes with comparison to group 1 (hyper-
tension, HDS) and group 3 (hypertension, arthritis), the
result shows that the inclusion of diabetes in these groups
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Table 2 Most prevalent multimorbidity combination groups and mean ADL-IADL, Longitudinal Ageing Study in India, 2017-

2018
ADLs IADLs Mean (ADLs and IADLs)

Group Morbidity combination N* %t Mean (95% CI) Mean (95% CI) Mean (95% CI)
1 Hypertension+HDS 2800 10.3 0.90 (0.84, 0.96) 2.23 (2.14,2.32) 3.13 (2.99, 3.26)
2 Hypertension+diabetes 2820 9.7 0.57 (0.52, 0.62) 1.54 (1.47,1.62) 2.12 (2.00, 2.23)
3 Hypertension-+arthritis 2273 83 0.98 (0.91, 1.04) 2.27 (2.17, 2.36) 3.24 (3.10, 3.39)
4 Arthritis+HDS 1642 6.7 1.28 (1.20, 1.37) 2.76 (2.64, 2.88) 4.04 (3.86, 4.22)
5) Diabetes+HDS 1166 4.3 0.73 (0.64, 0.82) 1.74 (1.62, 1.87) 2.48 (2.28, 2.67)
6 Hypertension+chroniclung disease 890 385 0.65 (0.56, 0.74) 2.18 (2.03, 2.33) 2.83 (2.62, 3.04)
7 Hypertension+heart disease 941 385 0.73 (0.64, 0.82) 2.07 (1.93, 2.21) 2.80 (2.60, 3.00)
8 Diabetes+arthritis 957 3.5 0.76 (0.67, 0.86) 2.20 (2.06, 2.34) 2.96 (2.76, 3.16)
9 Hypertension+diabetes+HDS 803 3.2 0.76 (0.65, 0.87) 1.72 (1.56, 1.87) 2.48 (2.24,2.72)
10 Hypertension+arthritis+HDS 785 3.0 1.43 (1.30, 1.57) 2.84 (2.67, 3.01) 4.27 (4.00, 4.55)
11 Chronic lung disease+HDS 722 2.8 1.06 (0.93, 1.19) 2.57 (2.39, 2.76) 3.63 (3.36, 3.91)
12 Hypertension+diabetes+arthritis 661 2.5 0.78 (0.67, 0.90) 2.27 (2.11, 2.44) 3.06 (2.81, 3.30)
13 Chronic lung disease+arthritis 517 2.4 0.99 (0.86, 1.13) 2.71 (2.53, 2.90) 3.71 (3.42, 3.99)

HDS is based on the Centre for Epidemiologic Studies Depression scale.
*Values are unweighted counts.
TValues are weighted percentages.

ADL, activities of daily living; HDS, high depressive symptoms; IADL, instrumental activities of daily living.

does not exert any significant impact on the ADL-IADL
disability. The addition of arthritis in group 1 (hyperten-
sion, HDS) and group 2 (hypertension, diabetes) was
significantly associated with an ADL-IADL count 1.48
times greater (IRR=1.48; 95% CI 1.28 to 1.71) and 1.49
times greater (IRR=1.49; 95% CI 1.22 to 1.82) in adjusted
models, respectively.

The PAF of the added chronic diseases in different
groups for ADL-IADL disability are given in table 5. The
estimated PAF of HDS in group 9 (hypertension, HDS and
diabetes) and group 10 (hypertension, arthritis and HDS)

was 8.9% (95% CI 1.2 to 16.0) and 14.6% (95% CI 9.3 to
19.7) for ADL-IADL disability. In other words, nearly 9%
and 15% of older adults would have been prevented from
ADL-TIADL disability if HDS was eliminated from groups 9
and 10, respectively. Moreover, around 13.5% and 12.7%
of older adults would have been averted from ADL-IADL
disability if arthritis was eliminated from group 10 (hyper-
tension, arthritis and HDS) and group 12 (hypertension,
diabetes and arthritis). Moreover, PAF of the different
morbidity combinations relative to healthy older adults
for ADL-IADL disability is shown in online supplemental

Morbidity combinations North Central East  Northeast West South
Hypertension + HDS 14.6 15.6 25.8
Hypertension + Diabetes 10.7 10.8 16.7
Hypertension + Arthritis 12.6 83 26.2
Arthritis + HDS 10.9 13.6
Diabetes + HDS 8.5 14.8
Hypertension + Chronic lung disease 18.4 12.3
Hypertension + Heart disease 14.5 8.5
Diabetes + Arthritis 8.9 9.4
Hypertension + Diabetes + HDS 94 1352
Hypertension + Arthritis + HDS 13.1 10.1
Chronic lung disease + HDS 16.6 21.1
Hypertension + Diabetes + Arthritis 7.8 2
Chronic lung disease + Arthritis 11.7 10.2
Note. HDS: high depressive symptoms; Red color represents high prevalence and green color represents low
prevalence.
Figure 1 Prevalence of different multimorbidity combinations according to different Indian regions, Longitudinal Ageing Study

in India, 2017-2018, reported as weighted percentages.
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Table 3 Unadjusted and adjusted negative binomial regression of ADL-IADL index on multimorbidity group, Longitudinal

Ageing Study in India, 2017-2018

IRR (95% CI)

IRR (95% ClI)

IRR (95% Cl)

IRR (95% Cl)

No chronic disease (n=9597)

One chronic disease (n=9065)

Unadjusted

Adjusted*

Unadjusted

Adjusted*

ADLs/IADLs (0-13)

1

0o N O o A W DN

: Hypertension+HDS

: Hypertension+diabetes

: Hypertension+arthritis

: Arthritis+HDS

: Diabetes+HDS

: Hypertension+chroniclung disease
: Hypertension+heart disease

: Diabetes+arthritis

9:

Hypertension+diabetes+HDS

10: Hypertension+arthritis+HDS

11: Chronic lung disease+HDS

12: Hypertension+diabetes-+arthritis

13: Chronic lung disease+arthritis
ADLs (0-6)

9

1: Hypertension+HDS

2: Hypertension+diabetes
3: Hypertension+arthritis

4: Arthritis+HDS

5.
6
7
8

Diabetes+HDS

: Hypertension+chronic lung disease
: Hypertension+heart disease
: Diabetes+arthritis

: Hypertension+diabetes+HDS

10: Hypertension+arthritis+HDS

11: Chronic lung disease+HDS

12: Hypertension+diabetes+arthritis

13: Chronic lung disease+arthritis
IADLs (0-7)

1:

o N O o A W DN

Hypertension+HDS

: Hypertension+diabetes

: Hypertension+arthritis

: Arthritis+HDS

: Diabetes+HDS

: Hypertension+chroniclung disease
: Hypertension+heart disease

: Diabetes+arthritis

9:

Hypertension+diabetes+HDS

10: Hypertension+arthritis+HDS

11: Chronic lung disease+HDS

12: Hypertension+diabetes+arthritis

13: Chronic lung disease+arthritis

HDS is based on the Centre for Epidemiologic Studies Depression scale

2.20t (1.93 to 2.50)
1.49t (1.30 to 1.70)
2.28t (2.06 to 2.53)
2.841 (2.54 to 3.18)
1.741 (1.35 t0 2.23)
1.991 (1.75 to 2.26)
1.971 (1.63 to 2.38)
2.08t (1.84 to 2.35)
1.741 (1.26 to 2.41)
3.001 (2.64 to 3.42)
2.55t (2.23 to 2.92)
2.15% (1.88 to 2.45)
2.611 (2.28 to 2.99)

3.331 (2.80 to 3.96)
2.12t (1.66 to 2.72)
3.62t (3.02 to 4.33)
4.761 (3.93 to 5.75)
2.71t (2.02 to 3.63)
2.411 (1.77 to 3.30)
2.70t (1.93 to 3.78)
2.83t (2.11 to 3.80)
2.821 (1.96 to 4.05)
5.301 (4.34 to 6.48)
3.921 (3.16 to 4.88)
2.911 (1.99 to 4.25)
3.68t (2.50 to 5.42)

1.931 (1.70 to 2.20)
1.341 (1.19 to 1.51)
1.971 (1.77 t0 2.18)
2.39t (2.17 to 2.64)
1,511 (1.18 to 1.94)
1.89t (1.63 t0 2.19)
1.801 (1.46 to 2.21)
1.911 (1.65 to 2.20)
1.49t (1.08 to 2.06)
2.46t (2.19 to 2.78)
2.23t (1.97 to 2.53)
1.971 (1.69 to 2.31)
2.35t (2.08 to 2.66)

2171 (1.96 to 2.39
1.801 (1.58 to 2.04
2.311 (2.08 to 2.56
2.601 (2.3510 2.88
2171 (1.81 to 2.59)
1.891 (1.67 to 2.15)
2.461 (2.09 to 2.89)
2.431 (2.08 to 2.83)
2.221 (1.78 to 2.76)
2.921 (2.56 to 3.33)
2.2371 (1.96 to 2.55)
2.451 (2.07 to 2.90)
2.641 (2.31 to 3.03)

)
)
)
( )
(
(
(
(
(
(
(
(
(

3.18t (2.73 to 3.71)
2.361 (1.94 to 2.86)
3.591 (3.04 to 4.23)
4.341 (3.65 to 5.15)
3.211 (2.52 to 4.09)
2.08t (1.61 to 2.70)
2.99t (2.24 to 3.98)
3.13t (2.39 to 4.09)
3.30t (2.50 to 4.36)
5.15t (4.16 to 6.36)
3.371 (2.73 to 4.17)
3.12t (2.26 to 4.30)
3.49t (2.50 to 4.87)

1.94t (1.77 t0 2.13)
1.65t (1.46 to 1.85)
1.99t (1.80 to 2.20)
2.191 (2.00 to 2.40)
1.941 (1.65 to 2.29)
1.84t (1.61 t0 2.10)
)
)
)
)
)

—

2.281 (1.95 to 2.67
2.251 (1.94 to 2.61

1.991 (1.62 to 2.43
2421 (21410 2.74
2.021 (1.79t0 2.28
2.311 (1.94 to 2.76)
2.451 (2.12 to 2.84)

~ e~ o~ S~ o~~~ —~

1.48t (1.24 10 1.78)
1.00 (0.84 to 1.20)

1.541 (1.36 to 1.74)
1.921 (1.67 to 2.20)
1.17 (0.86 to 1.60)

1.341 (1.18 to 1.53)
1.331 (1.07 to 1.65)
1.401 (1.23 to 1.60)
1.18 (0.80 to 1.73)

2.031 (1.74 to 2.35)
1.721 (1.46 to 2.03)
1.45t (1.25 to 1.68)
1.761 (1.47 t0 2.10)

1.901 (1.57 to 2.31)
1.21 (0.94 to 1.57)

2.07t (1.68 to 2.54)
2.72% (2.19 to 3.38)
1.55t (1.15 to 2.09)
1.381 (0.99 to 1.92)
1.541 (1.08 to 2.20)
1.621 (1.19 to 2.20)
1.611 (1.11 to 2.33)
3.03t (2.43 to 3.78)
2.241 (1.74 to 2.90)
1.661 (1.12 to 2.46)
2.1t (1.38 to 3.21)

1.361 (1.12 to 1.66)
0.94 (0.81 to 1.10)

1.391 (1.25 to 1.54)
1.691 (1.48 to 1.92)
1.07 (0.77 to 1.48)

1.331 (1.20 to 1.48)
1.271 (1.04 to 1.55)
1.341 (1.21 to 1.49)
1.05 (0.70 to 1.57)
1.741 (1.50 to 2.01
1571 (1.35t0 1.83
1.39t (1.25 to 1.54

(

)
)
)
1.661 (1.48 to 1.86)

1,521 (1.32 to 1.75)
1.23 (1.00 to 1.46)

1.641 (1.48 to 1.80)
1.841 (1.67 to 2.03)
1.431 (1.10 to 1.86)
1.361 (1.21 to 1.53)
1.661 (1.44 to 1.91)
1,671 (1.46 t0 1.92)
1.461 (1.05 to 2.02)
2.051 (1.82 to 2.32)
1.591 (1.39 to 1.83)
1.711 (1.48 t0 1.97)
1.911 (1.66 t0 2.19)

1.99t (1.74 t0 2.27)
1511 (1.27 t0 1.78)
2.341 (2.02 to 2.71)
2.73t (2.33 to 3.20)
1.931 (1.54 to 2.41)
1.35t (1.07 to 1.69)
1.821 (1.45 to 2.29)
2.081t (1.65 to 2.61)
2.02t (1.57 to 2.60)
3.311 (2.77 to 3.96)
2.001 (1.59 to 2.53)
2.1t (1.61 to 2.75)
2.29t (1.68 to 3.12)

1.401 (1.21 to 1.62)
1.14 (0.96 to 1.36)

1.441 (1.31 to 1.58)
1,591 (1.46 to 1.74)
1.30 (1.00 to 1.69)

1.351 (1.20 to 1.51)
1,571 (1.37 to 1.80)
1.561 (1.37 to 1.76)
1.31(0.94 to 1.83)
1.73t (1.54 t0 1.95
1.491 (1.32 to 1.69
1,601 (1.39 to 1.84

(

)
)
)
1.78t (1.57 t0 2.02)

*Adjusted for sex, age, smoking status, education, working status, marital status, body mass index, wealth index, residence, religion, caste and region.
1p<0.05.

ADL, activities of daily living; HDS, high depressive symptoms; IADL, instrumental activities of daily living; IRR, incidence rate ratios.
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Table 5 Estimated population attributable fraction (PAF) of added hypertension, HDS, diabetes and arthritis for ADL-IADL
index in Indian older adults, Longitudinal Ageing Study in India, 2017-2018

Comparison group Reference group

Population attributable fraction (PAF) (95% CI)

ADLs/IADLs (0-13)

ADLs (0-6) 1ADLs (0-7)

Addition of hypertension to the combination

9: Hypertension+diabetes+HDS 5: Diabetes+HDS

10: Hypertension-+arthritis+HDS 4: Arthritis+HDS

12: Hypertension-+diabetes+arthritis 8: Diabetes+arthritis
Addition of HDS to the combination

9: Hypertension+diabetes+HDS 2: Hypertension+diabetes

«@

10: Hypertension+arthritis+HDS Hypertension+arthritis

Addition of diabetes to the combination

9: Hypertension+diabetes+HDS 1: Hypertension+HDS

12: Hypertension-+diabetes-+arthritis 3: Hypertension-+arthritis
Addition of arthritis to the combination

10: Hypertension+arthritis+HDS 1: Hypertension+HDS

12: Hypertension+diabetes+arthritis 2: Hypertension+diabetes

-1.4 (-26.1 to 18.4)
5.0 (-0.8 to 10.5)
1.7 (-17.2t0 17.6)

8.9% (1.2 to 16.0)
14.6* (9.3 to 19.7)

-3.2(-7.3100.8)
0.4 (-3.6 t0 4.3)

13.5* (8.1 to 18.5)
12.7* (5.8 to 19.0)

4.8 (-28.2 to 29.4)
9.1(-0.6t0 17.8)
3.8 (-28.6 to 28.0)

0.6 (-20 to 17.8)
4.0 (-1.3t09.0)
1.4 (-15.5 t0 15.8)

17.9* (8.6 to 26.2)
24.0% (14.9 to 32.1)

7.1* (-0.2 to 13.8)
11.7* (6.5 to 16.5)

-2.0(-7.8 10 3.6)
-5.4 (-11.4 10 0.3)

-3.1 (-7.0 10 0.6)
3.0 (-1.0t0 6.9)

24.7* (17.2 to 31.5)
13.5* (3.8 to 22.3)

8.7* (4.1 to 13.1)
11.6* (4.9 to 17.8)

*p<0.05;.HDS is based on the Centre for Epidemiologic Studies Depression scale; PAF (per cent of cases in the population attributable to exposure) of addition of diseases
(hypertension, HDS, diabetes and arthritis) was estimated based on negative binomial regression models for the cases of ADL/IADL index, adjusted for sex, age, smoking status,
education, working status, marital status, body mass index, wealth index, residence, religion, caste and region.

ADL, activities of daily living; HDS, high depressive symptoms; IADL, instrumental activities of daily living; IRR, incidence rate tatio.

table S3. The estimated PAF of the group 1 (hypertension
and HDS), group 3 (hypertension and arthritis), group
4 (arthritis and HDS), group 10 (hypertension, arthritis
and HDS) for ADL-IADL disability were 22.5% (19.2—
25.5), 21.6% (18.7-24.4), 23.5% (20.6-26.3) and 15.4%
(12.8-17.8), respectively.

Sensitivity analysis

The results from the sensitivity analysis suggest that the
characteristics were significantly different each other
except gender, mean BMI, diabetes, cancer, chronic lung
disease, chronic heart disease, arthritis and religion.
Moreover, the inclusion of the participants who were
excluded due to incomplete data in the final sample had
minimal effect on the results (online supplemental table
S4).

DISCUSSION

This study investigated the prevalence of MMCs and their
association with functional limitations in the national
representative sample of Indian older adults aged 60
years and over. We identified 197 unique MMCs among
the people who reported at least two chronic diseases.
Using the criterion of >2% prevalence of the multimor-
bidity group, we identified the 13 most prevalent groups.
Multimorbidity is highly prevalent among older adults
in India, with around 55% of the sample reporting two
chronic diseases and 9% of the reported three chronic
diseases. We found that the combination of hypertension
and HDS was the most prevalent MMC. Moreover, hyper-
tension, HDS and arthritis were present in most of the
multimorbidity groups separately. Overall, all MMCs were
associated with increased functional limitation. Specif-
ically, the combination of hypertension, arthritis and

HDSs was associated with greater ADL-IADL disability
than any other MMC. The pattern for chronic diseases
and their effect on the functional restrictions in this study
has been consistent with studies done in Europe and the
USA.°#! Interestingly, the risks for functional restrictions
are much higher for the ADL than IADL found in the
study.

A regional pattern for the nesting of multimorbidity
conditions is recognised in this study. These are concen-
trated in the southern and eastern regions of the country,
reflecting a demographic and epidemiological relevance
to the disease outcome. States in the southern and few in
the eastern region have a higher share of the older adult
population than other regions,” hence, possibly contrib-
uting to a higher burden of diseases. In our study, in the
eastern region, group 10 (hypertension, arthritis, HDS),
group 11 (chronic lung diseases, HDS) and group 4
(arthritis, HDS) are more prevalent multimorbid clusters.
While in the southern region, almost all multimorbidity
groups are highly prevalent except group 11 (chronic
lung disease, HDS).

The result from the nested comparison of multimorbid
conditions suggests that there is a commonality in the
disease pattern among older adults in India. Particularly
in combinations with hypertension, few diseases such
as diabetes and arthritis are occurring most frequently.
The accumulation of cardiometabolic risk factors results
into metabolic syndrome in the body. It further encour-
ages the incidence of higher rates of oxidative stress at
the younger ages and hence, the pathophysiological
changes led to faster ageing."' There are several life-style
factors such as food habits, stressful life situations, lack
of exercise, etc increases the multiple metabolic risk
factors among individuals. It has a linear and significant

Kumar M, et al. BMJ Open 2023;13:€062554. doi:10.1136/bmjopen-2022-062554

9


https://dx.doi.org/10.1136/bmjopen-2022-062554
https://dx.doi.org/10.1136/bmjopen-2022-062554
https://dx.doi.org/10.1136/bmjopen-2022-062554

association with the functional restrictions. With an
increase in urbanisation, the metabolic risk factors are
multiplying to great extent. The presence of higher share
of increase triglyceride found among rural elderly living
in Southern India is evident. Since two-thirds of the popu-
lation in India is rural, therefore, high burden of hyper-
tension can be a cause of concern.”” Along with those
other diseases like diabetes, which is highly undiagnosed,
is a prime disease to form a cluster. Additionally, ageing is
associated with several physiological changes that trigger
the multimorbidity to develop once an individual reaches
40 years® and that grows up to the age 70 years and later
odds of multimorbidity remains stagnant.** Metabolic
abnormalities at early ages and neglect to that impart a
long-term effect on the individuals. Metabolic diseases
can aggravate the loss of serotonergic innervations as the
individual ages, which increases the chances of depres-
sion as well.” Our study has mainly considered hyperten-
sion in the disease clustering to understand the probable
effect of other diseases on the functional activities among
older adults (table 4). Hypertension with other combi-
nation of chronic diseases is occurring frequently and
shows a higher likelihood for declining functions,
however, combination such as arthritis and HDSs are no
less. It is highly strong in declining functional activities
among elderly than any other clustering of diseases. In
a study among elderly in China, clustering of hyperten-
sion with other diseases are found most frequently.*®
The literatures investigating on the association between
depressive symptoms and functional limitations suggests
an existence of a bidirectional relationship."” ™ People
with depression generally face retarding effects, due to
less physical activity and lower compliance with treatment
recommendations, which increases the risk of functional
limitations.” Alternatively, the experience of functional
limitations may aggravate the stress level, as a result,
increases the risk of depression.”® On the other hand,
arthritis poses persistent difficulties in ADLs or rnobility.54
Controlling all other demographic, health and socio-
economic factors, introduction of arthritis in the disease
combination of hypertension and arthritis, and hyperten-
sion and diabetes show a higher PAF among elderly in
India. Though study claims that an addition of depressive
symptoms in the disease clusters are affecting the func-
tional restriction more than addition of somatic condi-
tions.” However, this pattern is not followed among older
adults in India. Perhaps, there is a significant regional
difference in the epidemiological and lifestyle transitions
in India, which led to mixed outcome on the functional
activities. A study supports a regional difference exists in
India in terms of burden of metabolic disorders.”” Sher-
idan et al’' also find the odds for functional restrictions
due to multimorbidities are much higher in the case of
ADL than IADL. It explains that more restrictions in
performing the basic activities at the later ages when
instrumental activities can be performed by the support
of caregivers in case of their inabilities.

The higher share of older adults in the population
shows a higher likelihood for clustering of dyad and triad
of multimorbid conditions. Very few studies estimated the
combinations of the most prevalent clusters of diseases
at a national level. However, the presence of arthritis
and hypertension with other combinations is distin-
guishable from the study conducted at the local level.”®
This commonality of clustering of specific diseases is
explained by the fact that risk factors for metabolic path-
ways are similar for diseases like diabetes and cardiovas-
cular diseases.

This study found that older adults with HDSs have a
greater odds of functional limitations at all levels of multi-
morbidity.”” Our study presents evidence that the combi-
nations of arthritis, HDS and hypertension are the most
severe in nature, resulting in higher restrictions in ADL
and IADL. Depressive symptoms can be developed inde-
pendently of other chronic diseases; however, the devel-
opment of depression along with chronic morbidities is
less clinically recognised, though often found to a large
extent. Schifer et al’® find that vascular problems such as
cardiac insufficiency affects the development of vascular
dementia. The same study also mentioned that the pres-
ence of anxiety or depression could be found in 30% of
the cases having any somatic condition. It is commonly
found that diabetes and arthritis together occur due to a
similar risk factor.

Previously, multiple studies have reported the posi-
tive association between multiple chronic illnesses and
disability.”*® The present study is an extension because it
associates the most prevalent MMCs with functional limita-
tions. The study has several limitations worth mentioning.
First, all the diseases except HDS were diagnosed in the
past. We assessed HDSs with the help of the CES-D scale.
The nine out of ten chronic diseases (except depressive
symptoms) included in the study were self-reported,
therefore, subject to recall bias. Clinical diagnosis of the
depression would provide a better chance to identify the
depression among the targeted population. Second, it has
also been seen that population-based data sources have a
subjective bias to the intensity of the functional restric-
tion one suffers. The severity of chronic diseases on the
functional limitations (ADL/IADL) cannot be measured
by the present source of data and the method followed
to identify the disease. Third, this dataset does not offer
an analysis to differentiate on mild, acute/chronic, early,
or advanced stage of disease, degenerative diseases. A
detailed study must be recommended across different
population clusters to measure the burden of disease or
disability in the context of a particular population subset.
Fourth, we excluded the clinically diagnosed neurological
diseases (ie, neurological, or psychiatric problems such
as depression, Alzheimer’s/Dementia, unipolar/bipolar
disorders, convulsions and Parkinson’s) from the anal-
ysis due to a very low prevalence (0.89%) in the dataset.
LASI also provides information on measured cognition,
and since there is no well-established algorithm that
can determine the clinical cognitive impairment in the
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Indian scenario, we have not included cognitive impair-
ment in the chronic diseases. Finally, due to unavailability
of information on other causes of disability including,
instability, immobility, incontinence, polypharmacy and
iatrogenic disease in LASI data, the incorporation of
such risk factors was not possible. Since a high degree of
variation is observed across regions of India due to their
relative position of demographic, epidemiological and
economic transitions, putting together all those contexts
would be comprehensive to fathom the impact of disease
clustering. The future studies must highlight the other
health indicators such as medications, therapeutic inter-
vention, caregiving support to understand the severity of
multimorbidity. Moreover, these studies can also address
the causal linkage between the clusters of diseases consid-
ering similar risk factors. Though different studies on a
similar issue have highlighted the utility of longitudinal
survey in regard to the progress of the diseases, buffer
effects, and protective effects.’*! However, we also suggest
including the verbatim of other diseases influence the
risk factors for functional restrictions among older adults.
Moreover, analysis based on gender, age groups, educa-
tional and wealth categories would capture a more vivid
picture of incidence and clustering of certain kinds of
disease.

CONCLUSIONS

The study aims to determine the combinations of chronic
morbidities and their association with functional health
among older adults in India. We find that MMCs are highly
prevalent in India and are associated with an increased
risk of disability. Chronic diseases like hypertension, HDS
and arthritis were present in majority of the MMCs. More-
over, the addition of arthritis and HDS in different MMGCs
can be more disabling. The incidence of these kinds of
degenerative diseases requires in-depth and long-term
analysis considering the somatic and psychological rele-
vance of the morbidities on the well-being of older adults.
This study portrays the importance of studying the combi-
nations of the chronic diseases with respect to functional
disability rather than focusing on merely one or two
chronic diseases. In clinical settings, priority should be
placed on identifying the HDSs in older adults with other
chronic diseases, particularly hypertension and arthritis.
Also, arthritis coupled with hypertension and diabetes is
significantly positively associated with functional disability
in older adults. Future research may use longitudinal data
to study morbidity transitions and to establish the causal
association between different morbidity combinations
and functional disability.
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