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ABSTRACT
Objective In the absence of adequate nationally- 
representative empirical evidence on multimorbidity, the 
existing healthcare delivery system is not adequately 
oriented to cater to the growing needs of the older 
adult population. Therefore, the present study identifies 
frequently occurring multimorbidity patterns among older 
adults in India. Further, the study examines the linkages 
between the identified patterns and socioeconomic, 
demographic, lifestyle and anthropometric correlates.
Design The present findings rest on a large nationally- 
representative sample from a cross- sectional study.
Setting and participants The study used data on 58 975 
older adults (45 years and older) from the Longitudinal 
Ageing Study in India, 2017–2018.
Primary and secondary outcome measures The study 
incorporated a list of 16 non- communicable diseases 
to identify commonly occurring patterns using latent 
class analysis. The study employed multinomial logistic 
regression models to assess the association between 
identified disease patterns with unit- level socioeconomic, 
demographic, lifestyle and anthropometric characteristics.
Results The present study demonstrates that older 
adults in the country can be segmented into six patterns: 
‘relatively healthy’, ‘hypertension’, ‘gastrointestinal 
disorders–hypertension–musculoskeletal disorders’, 
‘musculoskeletal disorders–hypertension–asthma’, 
‘metabolic disorders’ and ‘complex cardiometabolic 
disorders’. Additionally, socioeconomic, demographic, 
lifestyle and anthropometric factors are significantly 
associated with one or more identified disease patterns.
Conclusions The identified classes ‘hypertension’, 
‘metabolic disorders’ and ‘complex cardiometabolic 
disorders’ reflect three stages of cardiometabolic 
morbidity with hypertension as the first and ‘complex 
cardiometabolic disorders’ as the last stage of disease 
progression. This underscores the need for effective 
prevention strategies for high- risk hypertension group. 
Also, targeted interventions are essential to reduce the 
burden on the high- risk population and provide equitable 
health services at the community level.

BACKGROUND
Estimates generated by the World Bank 
suggest that life expectancy at birth has 
increased by 28 years in the past six decades in 

India.1 Despite hypothesising this increased 
life expectancy as a byproduct of improved 
living conditions and advancement in the 
healthcare infrastructure and health delivery 
services, the past two decades have been 
fettered by the increasing morbidity burden, 
with a preponderance of non- communicable 
diseases (NCD) in the country.2 Despite 
the ever- growing healthcare sector, India 
is still not adequately positioned to deal 
with the mounting NCD prevalence. The 
major reason for this shortfall is that NCDs 
result from shared pathophysiologies and 
risk factors. Thus, they tend to interact and 
coexist, commonly referred to as associative 
morbidities.3

The vast majority of the existing morbidity 
research in India still explores various realms 
of single chronic conditions,4–6 with scarce 
focus on the simultaneous occurrence of 
multiple morbid conditions, also known as 
multimorbidity.2 7–9 Moreover, the studies 
on multimorbidity in India are based on 
one- dimensional indices like simple count 
or score, which suffers from the limitation 
of ill- defined cut- offs.8 10 In addition to 
this ongoing debate, these crude measures 
specifically focus on quantity rather than 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The study provides empirical evidence on non- 
communicable disease patterns using a large 
nationally- representative sample of older adults.

 ⇒ The study explored emerging non- communicable 
multimorbidity classes using a probability- based 
classification method.

 ⇒ Non- communicable diseases included in the study 
are based on self- reporting, leading to misclassifi-
cation bias.

 ⇒ Considering the geographical and contextual varia-
tions in disease burden and profiling, these results 
should be explicitly apprehended for the older adults 
in India.

 ⇒ The findings were based on a single round of a lon-
gitudinal survey; thus, no causality was tested.
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the nature of chronic conditions and how they interact. 
Consequently, the evidence generated by the method 
above (multimorbidity score) can estimate the multi-
morbidity burden but is not adequate to form policies 
or design interventions, majorly due to its deficiencies 
in understanding the complexities related to multimor-
bidity.2 9 11 In the absence of this, it is challenging for 
a low resource economy like India to satisfy the multi-
faceted service requirements of the multimorbid older 
adults in the country.

Recent studies suggest harnessing the advantages of 
latent class analysis (LCA) to deal with this.12–14 These 
studies propose that chronic NCDs are disproportion-
ately distributed in any community setting. Therefore 
various subgroups of the population have varied health-
care priorities and needs.14–16 Thus, the disease patterns 
identified through LCA can be used to reorient the 
existing healthcare delivery system from a disease- centred 
model to a more patient- centred approach.9 Therefore, 
the present study aims to bridge this knowledge gap 
and identify frequently occurring NCD multimorbidity 
patterns among older adults in India. Further, the study 
would examine the linkages between socioeconomic, 
demographic, lifestyle and anthropometric factors and 
the identified non- communicable disease patterns.

MATERIALS AND METHODS
Data source, ethical consideration and sample size
The present study is based on the Longitudinal Ageing 
Study in India (LASI), 2017–2018. LASI was conducted 
under the stewardship of the Ministry of Health and 
Family Welfare, Government of India.17 The survey 
included information on individuals aged 45 years or 
older and their spouses dwelling in the same household, 
unrelated to age.17 LASI implemented a multistage strat-
ified probability cluster sampling design to draw nation-
ally representative data from 35 states/union territories 
(except Sikkim). A detailed account of the survey design 
and sample size can be seen elsewhere.17

LASI received ethical approval from the Indian Council 
of Medical Research and Institutional Review Board 
held at International Institute for Population Sciences 
(IIPS), India. Additional written informed consent was 
administered from all the study participants.17 The data 
were downloaded from the public repository of LASI 
held at IIPS, Mumbai. The study used merged data sets 
(N=65 900) containing information from the individual, 
biomarker and household data files. The final analysis 
is based on 58 975 individuals aged 45 years or older 
obtained from this merged data set.

Patient and public involvement
It was not appropriate or possible to involve patients or 
the public in our research’s design, conduct, reporting or 
dissemination plans.

Measures
The question commissioned to measure each disease 
based on self- reported medical diagnoses was, ‘Has any 
health professional ever diagnosed you with the following 
chronic conditions or diseases?’. The list included infor-
mation on 16 diseases, namely asthma, cancer, chronic 
bronchitis, chronic heart disease, chronic renal failure, 
chronic obstructive pulmonary disease, diabetes, gastro-
intestinal disorder, high cholesterol, hypertension, 
musculoskeletal disorder, neurological and psychi-
atric disorders, skin disease, stroke, thyroid disease and 
urinary incontinence. The diseases mentioned above 
were recoded as no (1) or yes (2) in accordance to the 
statistical package used.

The socioeconomic, demographic, lifestyle and anthro-
pometric variables evaluated based on the existing 
literature included age (45–49/50–54/55–59/60–64/65–
69/70–74/75–79/80 years or older), sex (men/women), 
residence (urban/rural), religion (Hindu/Muslim/
Christian/Others), social group (Scheduled Caste (SC)/
Scheduled Tribes (ST)/Other Backward Class (OBC)/
Others), level of education (no education/less than 
5 years/5–9 years/10 years or more), wealth status (poor/
non- poor), current marital status (in union/not in a 
union), current working status (never worked/worked 
in the past but not currently working/currently work), 
tobacco consumption (never used tobacco/quit tobacco/
currently consuming), ever consumed alcohol (no/yes), 
physical activity (physically active/physically inactive), 
body mass index (BMI) (underweight/normal/over-
weight/obese) and waist–hip ratio (WHR) (low risk/high 
risk).

Religion and social group (which comprises four major 
caste categories) are essential, as they build the social 
structure in the context of India. They play a decisive 
role in the social acceptance, cultural and dietary aspects 
of any individual. Four major social groups included in 
the study are SC, ST, OBC and Others (this comprises all 
other caste groups). Based on social stratification, SC, ST 
and OBC are considered socially disadvantaged, while the 
‘others’ category mostly includes the socially accepted 
‘upper’ castes.18

Physical activity was categorised into two categories: 
physically inactive and active. Physically inactive individ-
uals were those who were not engaged in any moderate 
or vigorous physical activity throughout the week. On the 
contrary, physically active individuals satisfied one of the 
three criteria:
1. Only vigorous activities: Those who perform at least 

75 min of vigorous- intensity physical activity through-
out the week.

2. Only moderate activities: Those who perform at 
least 150 min of moderate- intensity physical activity 
throughout the week.

3. Both vigorous and moderate activities: Those who are 
engaged in a combination of moderate- intensity and 
vigorous- intensity activity.
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LASI included information on weight, height, waist and 
hip circumference. We used BMI, calculated as weight (in 
kgs) divided by the square of height (in m2) and WHR, 
calculated as waist circumference (in cm) divided by 
hip circumference (in cm). BMI was categorised into 
four, namely underweight (BMI ≤18.4 kg/m2), normal 
(18.5 kg/m2 ≤BMI ≤24.9 kg/m2), overweight (25.0 kg/
m2 ≤BMI ≤29.9 kg/m2) and obese (BMI ≥30 kg/m2). 
WHR was categorised into high and low risk after strat-
ifying for the sex of the individual. Low risk included 
WHR <0.90 for men and WHR <0.85 for women, while 
high risk included WHR ≥0.90 for men and WHR ≥0.85 
for women.

Statistical analysis
We calculated descriptive statistics, including unweighted 
frequency and weighted percentages. In addition to 
this, disease profile, that is, the prevalence of all NCDs 
included in the study, was also reported. To identify the 
recurrent disease combinations, all possible two- way 
combinations (16C2=120) were explored. Further, these 
were supplemented with χ2 p values to identify statistically 
significant associations or associative morbidities.

LCA was used to identify frequently occurring disease 
patterns. LCA is a statistical procedure used to identify 
unobserved homogeneous (latent) subgroups within a 
population.19 20 These subgroups are identified based on 
the categorical responses collected from the study popu-
lation. An array of latent class models was fitted before 
selecting the optimal number of latent classes (say, n 
classes). The existing literature defines no definitive way 
of the best criteria; therefore, the most widely accepted 
statistical criteria were used.21 This included reporting 
multiple fit statistics, along with parsimony and theoret-
ical interpretability.12 15 19 20 Thus, the selection criterion 
was based on multiple model fit indices, Akaike infor-
mation criterion (AIC), Bayesian information criterion 
(BIC), adjusted Bayesian information criterion (aBIC), 
consistent Akaike information criterion (cAIC).12 13 Parsi-
mony and theoretical interpretability were preferred in 
identifying the optimum number (n) of disease classes. 
Furthermore, χ2 goodness of fit, G2 statistics, entropy 
and likelihood ratio tests were reported in addition to the 
smallest class count and their respective percentage were 
also reported.19 22

These ‘n’ classes were labelled based on the item- 
response probabilities of the selected chronic morbidi-
ties included in the study.12 13 Existing literature suggests 
that item- response probabilities are similar to factor 
loadings.23 Given this, it is recommended that a standard 
loading of 0.3 or above should be employed to define a 
particular factor.24–26 Thus, a cut- off of 0.3 was chosen to 
assign labels. A particular item (or disease) with an item- 
response probability of 0.3 or above depicts a strong associ-
ation with the identified latent pattern or class. Thus, this 
item was most informative and was used to assign labels 
to a specific latent class. Once the optimal number of 
latent classes was selected, the entire study population was 

segregated into ‘n’ classes (identified disease classes).12 14 
Finally, a multivariable multinomial logistic regression 
(posterior analysis) was performed to identify the factors 
associated with the multimorbidity patterns identified.

Analysis for this study was done using ‘poLCA’ package 
in RStudio V.1.1.463 (R Studio).21 The study followed the 
Strengthening the Reporting of Observational Studies in 
Epidemiology reporting guideline (online supplemental 
file 1). All the estimates generated in the study were 
presented after suitable application of sampling weights 
provided by LASI, 2017–2018.17

RESULTS
Sample description and distribution of selected chronic 
conditions
The present analysis is based on 58 975 individuals in age 
45 years and above from LASI, wave- 1, 2017–2018. Table 1 
describes the study population, which comprised 19% of 
the individuals in the age group 45–49 years. Around 54% 
of the individuals were women, and 71% lived in rural 
areas. Around 82% followed the Hindu faith and 45% 
belonged to the OBC group. Fifty- one per cent received 
no education, and 74% were currently married. Around 
62% never consumed tobacco, 85% were lifetime alcohol 
abstainers and 29% led a physically inactive lifestyle. 
Furthermore, 20% were overweight, 7% were obese and 
77% had a high- risk WHR.

Disease profile and association between selected NCDs
Figure 1 illustrates the disease profile, linkages and prev-
alence of all possible two- way combinations between 
selected NCDs among older adults in India. The values 
in the diagonal cells (coloured in light blue) represent 
the prevalence of all the diseases included in the study. 
Findings suggest that 14 diseases had a prevalence greater 
than 1%, whereas 11 had a prevalence of greater than 
2%. Hypertension (26.9%), gastrointestinal disorders 
(18.4%), musculoskeletal disorders (16.2%), diabetes 
(11.7%) and skin diseases (5.2%) were commonly occur-
ring among older adults in India.

The off- diagonal values represent the prevalence rates 
(in %) of all- possible two- way combinations. In addition, 
the colours yellow and green indicate the degree of asso-
ciation between the two diseases in any specific combi-
nations. The study explored 120 diseases combinations 
(16C2=120), out of which 110 were statistically signifi-
cant and 20 had a prevalence of more than a per cent. 
The most prevalent disease combinations identified in 
the present study were ‘diabetes- hypertension’ (7.8%), 
‘musculoskeletal disorders- hypertension’ (6.4%), ‘gastro-
intestinal disorders- hypertension’ (6.1%), ‘gastroin-
testinal disorders- musculoskeletal disorders’ (3.9%), 
‘musculoskeletal disorders- diabetes’ (2.7%) and ‘chronic 
heart disease- hypertension’ (2.5%). Hypertension was 
present in five statistically significant associations (links); 
similarly, gastrointestinal disorders and diabetes were 
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Table 1 Socio- demographic, lifestyle and anthropometric characteristic of the study population (45 years or older), 
Longitudinal Ageing Study in India, wave- 1, 2017–2018

Correlates Categories
Unweighted frequency 
(N=58 975) Weighted percentage

Age (in years) 45–49 11 917 18.86

50–54 9863 15.88

55–59 9057 15.09

60–64 9195 15.39

65–69 7981 14.45

70–74 5126 9.45

75–79 2990 5.53

80+ 2846 5.34

Sex Male 27 374 46.21

Female 31 601 53.79

Place of residence Rural 38 715 70.68

Urban 20 260 29.32

Religion Hindu 43 238 82.45

Muslim 6968 11.07

Christian 5984 2.99

Others 2785 3.50

Social group Scheduled Castes 9959 19.64

Scheduled Tribes 10 348 8.70

Other Backward Class 22 243 45.27

Others 16 425 26.40

Level of education No education 27 766 50.93

Less than 5 years 10 959 17.79

5–9 years 9380 13.98

10 years or more 10 870 17.30

Wealth status Poor 23 537 42.74

Non- poor 35 438 57.26

Current marital status In union 44 427 74.39

Not in union 14 548 25.61

Current working status Never worked 16 115 25.74

Worked in past but not currently 
working

15 510 27.15

Currently working 27 350 47.11

Tobacco consumption Never used tobacco 46 028 61.90

Quit tobacco 1471 4.92

Currently consuming 11 476 33.18

Ever consumed alcohol No 48 354 84.81

Yes 10 621 15.19

Physical activity Physically active 41 295 71.27

Physically inactive 17 680 28.73

Body mass index Underweight 10 822 21.39

Normal 30 529 51.31

Overweight 12 651 19.62

Obese 4298 6.69

Do not know/Not measured 675 1.00

Continued
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present with four links, making them the most interactive 
diseases.

Latent classes of multimorbidity
Table 2 illustrates the LCA model fit results. AIC, BIC, 
cAIC and aBIC decreased up to the six- class model. Class 
7, 8 and 9 models were not well identified, that is, they 
could not attain a maximum likelihood even after 10 000 
iterations. A six- class model was selected as optimum 
based on the lowest BIC value (in addition, all other fit 
indices were in agreement) along with model’s theo-
retical interpretability. Furthermore, a six- class model 
reported an acceptable level of entropy (entropy=0.62). 
The selected model had a minimum class count of 457, 
covering 0.78% of the study sample.

The results from class proportion and item- response 
probabilities (ρ) are presented in table 3. These esti-
mated item- response probabilities (ρ≥0.3) were employed 
to assign labels to the six- class model identified. Class 1 
comprised individuals with low probabilities for all 16 
NCDs compared with other classes. This group comprised 
65% of the study population and was labelled as relatively 
healthy. Multimorbidity prevalence in this group was 3.4%, 
and the average number of chronic conditions was 0.4.

Class 2 comprised 23.6% of the study population was 
labelled as hypertension and reported high probabilities 

(0.76) for hypertension. Multimorbidity prevalence 
in this group was 61.76%, and the average number of 
chronic conditions was 1.8.

Class 3 comprised 6.6% of the study population was 
labelled as gastrointestinal disorders–hypertension–muscu-
loskeletal disorders and reported high probabilities for 
gastrointestinal disorders (0.53), hypertension (0.35) and 
musculoskeletal disorders (0.30). Multimorbidity preva-
lence in this group was 100.0%, and the average number 
of chronic conditions was 2.8.

Class 4 comprised 0.8% of the study population and 
was labelled as musculoskeletal disorders–hypertension–asthma 
and reported high probabilities for musculoskeletal 
disorders (0.30), hypertension (0.33) and asthma (0.30). 
Multimorbidity prevalence in this group was 100.0%, and 
the average number of chronic conditions was 3.0.

Class 5 comprised 2.6% of the study population and was 
labelled as metabolic disorders and reported high probabil-
ities for hypertension (0.75), high cholesterol (0.57) and 
diabetes (0.48). Multimorbidity prevalence in this group 
was 100.0%, and the average number of chronic condi-
tions was 3.2.

Class 6 comprised 1.5 % of the study population and was 
labelled as complex cardiometabolic disorders and reported 
high probabilities for hypertension (0.85), along with 

Correlates Categories
Unweighted frequency 
(N=58 975) Weighted percentage

Waist- hip ratio Low risk 11 763 22.72

High risk 47 212 77.28

Table 1 Continued

Figure 1 Disease profile and association between all possible two- way combinations of selected non- communicable diseases 
among older adults, Longitudinal Ageing Study in India, wave- 1, 2017–2018. AS, asthma; CA, cancer; CB, chronic bronchitis; 
CHD, chronic heart disease; COPD, chronic obstructive pulmonary disorder; CRF, chronic renal failure; DM, diabetes; GD, 
gastrointestinal disorders; HC, high cholesterol; HYP, hypertension; MKS, musculoskeletal disorder; NPD, neurological and 
psychiatric disorders; SD, skin disease; ST, stroke; THY, thyroid disorder; UI, urinary incontinence.

 on A
pril 15, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-053981 on 12 July 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


6 Puri P, et al. BMJ Open 2022;12:e053981. doi:10.1136/bmjopen-2021-053981

Open access 

musculoskeletal disorders (0.51), diabetes (0.50), gastro-
intestinal disorders (0.43), high cholesterol (0.28) and 
heart disease (0.27). It is worth mentioning that item- 
response probabilities for hypertension, musculoskeletal 
disorders, diabetes and gastrointestinal disorders are 
higher than the prescribed cut- off of 0.3. However, the 
item- response probabilities for high cholesterol (0.28) 
and chronic heart disease (0.27) can be considered as 0.3 
if rounded off to one decimal. Multimorbidity prevalence 
in this group was 100.0%, and the average number of 
chronic conditions was 5.1. A detailed description of the 
socio- demographic, lifestyle and anthropometric char-
acteristics of six identified latent classes is presented in 
online supplemental file 2.

Posterior analysis
Table 4 depicts multinomial logistic regression analysis 
findings considering relatively healthy class as the base 
outcome. The findings suggest that higher age increased 
the likelihood of belonging to any of the five multimor-
bidity classes. In particular, being woman increased the 
likelihood of belonging to hypertension, gastrointestinal 
disorders–hypertension–musculoskeletal disorders, metabolic 
disorders and complex cardiometabolic disorders class. Residing 
in the urban areas increased the likelihood of belonging 
to class: hypertension, metabolic disorders and complex 
cardiometabolic disorders compared with class relatively 
healthy. The likelihood of belonging to class: hypertension, 
gastrointestinal disorders–hypertension–musculoskeletal disor-
ders, metabolic disorders and complex cardiometabolic disorders 
was higher for respondents belonging to the Muslim faith 
compared with the relatively healthy class.

Belonging to the ST decreased the likelihood of 
belonging to class gastrointestinal disorders–hyperten-
sion–musculoskeletal disorders, musculoskeletal disorders–hyper-
tension–asthma, metabolic disorders and complex cardiometabolic 
disorders compared with relatively healthy class.

In particular, the educated respondents were associated 
with a higher likelihood of belonging to class hypertension, 
metabolic disorders and complex cardiometabolic disorders than 
respondents from a relatively healthy class. Respondents 
belonging to the wealthy class were more likely to belong 
to any of the five multimorbidity class than the relatively 
healthy class.

The findings suggest that currently working was associ-
ated with a lower likelihood of belonging to hypertension, 
gastrointestinal disorders–hypertension–musculoskeletal disor-
ders, musculoskeletal disorders–hypertension–asthma and meta-
bolic disorders.

Considering the lifestyle and anthropometric predic-
tors, individuals who have quit smoking were more 
likely to belong to any of the five multimorbid classes as 
compared with relatively healthy. Consumption of alcohol 
increased the likelihood of belonging to the class meta-
bolic disorders. Overweight increased the likelihood of 
belonging to class hypertension, gastrointestinal disorders–hy-
pertension–musculoskeletal disorders, metabolic disorders and 
complex cardiometabolic disorders compared with the relatively Ta
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healthy class. Obesity increased the likelihood of belonging 
to class any of the five multimorbid classes compared with 
the relatively healthy class. Furthermore, being physically 
inactive increased the likelihood of belonging to class 
hypertension and complex cardiometabolic disorders. High- risk 
WHR increased the likelihood of belonging to class hyper-
tension, gastrointestinal disorders–hypertension–musculoskeletal 
disorders, metabolic disorders and complex cardiometabolic disor-
ders compared with relatively healthy class.

DISCUSSION
This study used LCA to investigate the emerging multi-
morbidity patterns and identify its predictors among 
older adults in India. Based on a nationally representative 
sample of 58 975 individuals, the study included informa-
tion on 16 NCDs.

LCA identified six multimorbidity classes, including a 
predominant relatively healthy (65.0%) class, hypertension 

(23.6%), gastrointestinal disorders–hypertension–musculo-
skeletal disorders (6.6%), musculoskeletal disorders–hyper-
tension–asthma (0.78%), metabolic disorders (2.58%) and 
complex cardiometabolic disorders (1.45%). Considering 
329 775 000 (approximately 0.33 billion) older adult popu-
lation as per World Population Prospects (2019),27 we can 
infer that approximately 0.12 billion individuals belonged 
to one of the five multimorbidity classes (35.0%).

These resultant classes hinted towards a quantitative 
distinction, but three of these patterns were quite similar 
qualitatively. Considering the quantitative aspect, it is 
clear that complex cardiometabolic disorders followed by meta-
bolic disorders were the most complicated disease patterns, 
with many NCDs coexisting simultaneously. Hypertension 
emerged as the most prevalent NCD with a high member-
ship probability in five multimorbid classes. In addition, 
the disease patterns hypertension, metabolic disorders and 
complex cardiometabolic disorders reflect three stages of 

Table 3 Class proportions and item- response probabilities from six- latent class model of chronic morbidities, Longitudinal 
Ageing Study in India, wave- 1, 2017–2018

Latent class 1 2 3 4 5 6

Assigned labels
Relatively 
healthy Hypertension

Gastrointestinal 
disorders–
hypertension–
musculoskeletal 
disorders

Musculoskeletal 
disorders–
hypertension–
asthma

Metabolic 
disorders

Complex 
cardiometabolic 
disorders

Class proportion 65.03 23.59 6.57 0.78 2.58 1.45

Non- communicable diseases

Asthma 0.02 0.03 0.06 0.30 0.03 0.12

Cancer 0.00 0.01 0.01 0.01 0.01 0.03

Chronic bronchitis 0.00 0.00 0.01 0.14 0.01 0.05

Chronic heart disease 0.01 0.06 0.03 0.11 0.18 0.27

Chronic renal disease 0.00 0.01 0.02 0.02 0.01 0.06

Chronic obstructive 
pulmonary disease

0.00 0.01 0.01 0.18 0.01 0.06

Diabetes 0.04 0.28 0.10 0.04 0.48 0.50

Gastrointestinal disorder 0.12 0.16 0.53 0.19 0.19 0.43

High cholesterol 0.00 0.00 0.02 0.03 0.57 0.28

Hypertension 0.04 0.76 0.35 0.33 0.75 0.85

Musculoskeletal 
disorders

0.08 0.16 0.30 0.34 0.19 0.51

Neurological and 
psychiatric disorder

0.01 0.02 0.05 0.08 0.01 0.16

Skin disorder 0.03 0.03 0.16 0.07 0.05 0.13

Stroke 0.00 0.04 0.01 0.01 0.03 0.15

Thyroid disorder 0.01 0.03 0.05 0.03 0.14 0.17

Urinary incontinence 0.01 0.02 0.11 0.06 0.01 0.19

Multimorbidity (in %) 3.44 61.76 100.00 100.00 100.00 100.00

Average number of 
diseases

0.38 1.82 2.75 3.00 3.20 5.12

The bold values depict the diseases which are used in asssigning labels to the identified latent classes.
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cardiometabolic morbidity. It can be hypothesised that if 
individuals are affected with hypertension, they are more 
likely to accumulate other cardiometabolic morbidities, 
like diabetes, high cholesterol and heart diseases. From a 
programmatic standpoint, the study findings underscore 
an urgent need for effective prevention and management 
strategies for individuals affected with hypertension.

As the present study is the first attempt to explore 
prominent disease patterns among older adults in 
India, comparison with other studies is taxing, primarily 
due to the ambiguities in the operational definition of 
multimorbidity, differences in the age groups involved 
and other methodological differences. However, recent 
studies proposed cardiovascular and metabolic disorders 
as frequently occurring diseases in the country.18 28 It is 
worth mentioning that the studies above included fewer 
chronic morbidities. In addition, identified disease clus-
ters are in concordance with the systematic review based 
on 14 studies set in different geographical settings.29

Age originated as one of the primary predictors of all 
identified multimorbidity patterns among older adults. 
Ageing is a universal process characterised by unescap-
able alterations in various biological and neurological 
processes, resulting in progressive functional decline at 
cellular levels.30 These alterations might also reflect an 
added predisposition towards chronic diseases. However, 
ageing is not synonymous with ill- health or multimor-
bidity. Consciously employing healthful dietary patterns, 
incorporating an active lifestyle including physical activi-
ties and managing other behavioural aspects and environ-
mental exposures can alter the situation.31

Similarly, belonging to the affluent class was signifi-
cantly associated with all multimorbidity patterns, 
whereas being educated increased the likelihood of 
belonging to hypertension, metabolic disorders and complex 
cardiometabolic disorders. At the same time, residing in 
urban areas increased the likelihood of belonging to 
hypertension, metabolic disorders and complex cardiometabolic 
disorders. This hints toward the preponderance of multi-
morbidity among individuals with better availability and 
accessibility to early screening, diagnoses and treatment 
services.18 32 Through ‘Ayushman Bharat’, the government 
of India has established health and wellness centres across 
the country for timely detection, prevention and effec-
tive management of diseases.33 Despite this, there are 
issues like improper referral networks, inefficient supply 
chain management and staff.18 In addition, healthcare 
providers’ poor behaviours and low- personal competence 
have been highlighted by recent studies.34 This majorly 
affects the quality of government- managed public health 
centres. Thus, the individuals who do not have economic 
or non- economic resources like lack of transportation 
facilities, having a disability, living in rural areas and work 
timings face challenges in accessing affordable quality 
healthcare. However, this might not thoroughly explain 
the higher disease burden among affluent, educated 
and urban residents. Additional reasons could be better 
access to health information and education in this group, 

enabling them to identify early symptoms of NCDs and 
better compliance with treatment regimens.35

Women were more prone to being in disease class hyper-
tension, gastrointestinal disorders–hypertension–musculoskel-
etal disorders, metabolic disorders and complex cardiometabolic 
disorders. Our study findings are in concordance with the 
existing literature, which suggests that India is experi-
encing feminisation of multimorbidity,7 18 36 primarily due 
to increased life expectation and prolonged exposure to 
social isolation.8 18

Belonging to the ST social group decreased the 
likelihood of belonging to class gastrointestinal disor-
ders–hypertension–musculoskeletal disorders, musculoskeletal 
disorders–hypertension–asthma, metabolic disorders and complex 
cardiometabolic disorders. Similar findings have also been 
highlighted in recent studies.8 37 In a way, this could indi-
cate better health among the ST population. However, as 
the data used in the present study is self- reported diag-
noses, the estimates generated are primarily based on 
individual’s perception and awareness. They thus could 
indicate an underdiagnosed NCD burden among this 
population.38 Tribal population is considered the most 
disadvantaged population subgroup in India.39 They 
reside in remote locations, have inadequate awareness 
about health risks and have limited access to good quality 
healthcare.40 41 Another issue is the low acceptability of 
healthcare among this social group which is highlighted 
as a significant cause of low diagnoses and treatment 
rates. These findings, therefore, hint toward unequal 
access to healthcare, which in turn suggests an urgent 
need for adequate awareness, accessibility, affordability, 
availability and acceptability of the healthcare services by 
this population.39 42 43

The lifestyle predictor: quitting tobacco increased the 
likelihood of belonging to the five multimorbid classes. 
As tobacco cessation is the key to NCD reduction, the 
medical practitioner recommended that multimorbid 
individuals quit tobacco.44 Obesity increased the likeli-
hood of belonging to class any of the five multimorbid 
classes. Furthermore, being physically inactive increased 
the likelihood of belonging to class: hypertension and 
complex cardiometabolic disorders, whereas high- risk WHR 
increased the likelihood of belonging to hypertension, 
gastrointestinal disorders–hypertension–musculoskeletal disor-
ders, metabolic disorders and complex cardiometabolic disor-
ders. These findings indicate the importance of lifestyle 
and anthropometric dynamics in intensifying exposure 
to associative chronic morbidities in any community, 
as already highlighted in existing literature for various 
subsections of the population.9 18

The study’s major strength is that it provides empir-
ical evidence on recurrent disease patterns using a large 
nationally- representative sample of older adults. However, 
the NCDs included in the study are based on self- reporting, 
which can lead to misclassification bias. No causality was 
tested in the study as findings are based on a single round 
of a longitudinal survey. In addition, the methodolog-
ical limitations of LCA, a data driven technique cannot 
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be denied. Class assignment is based on the probability- 
based classification method, which is a potential source of 
bias. In addition, as the designated class labels are based 
on the author’s discretion thus, subjectivity and naming 
fallacy cannot be ruled out. Furthermore, considering 
the geographical and contextual variations in disease 
burden and profiling, these results should be explicitly 
apprehended for the older adults in India.

CONCLUSIONS
These findings can recognise associated diseases among 
patients affected with one or more morbidities during 
hospital visits. The classes ‘hypertension’, ‘metabolic 
disorders’ and ‘complex cardiometabolic disorders’ 
reflect three stages of cardiometabolic morbidity, with 
hypertension as the first and ‘complex cardiometabolic 
disorders’ as the last stage of disease progression. This 
underscores the need for an effective prevention strategy. 
These findings can assist physicians and policymakers 
in devising practical strategies for control, prevention 
and management for individuals belonging to a specific 
disease class not to accumulate additional diseases. Thus, 
advocating policies to reorganise the existing healthcare 
services in a way to accommodate the rising requirements 
of the older adult population (45 years and older), which 
is estimated to reach 0.66 billion by 2050.27 Alternatively, 
targeted interventions in the form of equitable preven-
tion strategies, are essential to reduce the burden on 
the high- risk hypertensive older adult population in the 
country.
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Supplementary File 1. STROBE cross-sectional checklist for the study.  

  Reporting Item Page No. 

Title and abstract    

Title #1a Indicate the study’s design with a commonly used term in the title or the abstract 1 

Abstract #1b Provide in the abstract an informative and balanced summary of what was done and what 

was found 

2 

Introduction    

Background / 

rationale 

#2 Explain the scientific background and rationale for the investigation being reported 4-5 

Objectives #3 State specific objectives, including any prespecified hypotheses 4-5 

Methods    

Study design #4 Present key elements of study design early in the paper 5 

Setting #5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection 

5-6 

Eligibility criteria #6a Give the eligibility criteria, and the sources and methods of selection of participants. NA 

 #7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable 

5-7 

Data sources / 

measurement 

#8 For each variable of interest give sources of data and details of methods of assessment 

(measurement). Describe comparability of assessment methods if there is more than one 

group. Give information separately for for exposed and unexposed groups if applicable. 

5-7 

Bias #9 Describe any efforts to address potential sources of bias NA 

Study size #10 Explain how the study size was arrived at 5 

Quantitative 

variables 

#11 Explain how quantitative variables were handled in the analyses. If applicable, describe 

which groupings were chosen, and why 

5-7 

Statistical methods #12a Describe all statistical methods, including those used to control for confounding 7-8 

Statistical methods #12b Describe any methods used to examine subgroups and interactions 7-8 

Statistical methods #12c Explain how missing data were addressed NA 

Statistical methods #12d If applicable, describe analytical methods taking account of sampling strategy NA 

Statistical methods #12e Describe any sensitivity analyses NA 

Results    

Participants #13a Report numbers of individuals at each stage of study—eg numbers potentially eligible, 

examined for eligibility, confirmed eligible, included in the study, completing follow-up, 

and analysed. Give information separately for for exposed and unexposed groups if 

applicable. 

8 

Participants #13b Give reasons for non-participation at each stage NA 

Participants #13c Consider use of a flow diagram NA 

Descriptive data #14a Give characteristics of study participants (eg demographic, clinical, social) and 

information on exposures and potential confounders. Give information separately for 

exposed and unexposed groups if applicable. 

8 

Descriptive data #14b Indicate number of participants with missing data for each variable of interest NA 

Outcome data #15 Report numbers of outcome events or summary measures. Give information separately for 

exposed and unexposed groups if applicable. 

8 

Main results #16a Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 

and why they were included 

8-11 

Main results #16b Report category boundaries when continuous variables were categorized 7 
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Main results #16c If relevant, consider translating estimates of relative risk into absolute risk for a 

meaningful time period 

NA 

Other analyses #17 Report other analyses done—e.g., analyses of subgroups and interactions, and sensitivity 

analyses 

NA 

Discussion    

Key results #18 Summarize key results with reference to study objectives 12 

Limitations #19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias. 

3, 15 

Interpretation #20 Give a cautious overall interpretation considering objectives, limitations, multiplicity of 

analyses, results from similar studies, and other relevant evidence. 

12-15 

Generalizability #21 Discuss the generalizability (external validity) of the study results 12-15 

Other 

Information 

   

Funding #22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based 

16 
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Supplementary File 2.  Socio-demographic, lifestyle and anthropometric characteristic of the six identified latent classes, Longitudinal Ageing Study in India (LASI), wave-1, 2017-18. 

Predictors 

Latent Class 

1  2 3 4 5 6 

Relatively 

Healthy 
Hypertension 

Gastrointestinal 

Disorders-Hypertension-

Musculoskeletal Disorders 

Musculoskeletal 

disorders-

Hypertension-Asthma 

Metabolic 

disorders 

Complex cardiometabolic 

disorders 

Age (in years)             

45-49  9029 (75.76) 1893 (15.88) 654 (5.49) 53 (0.44) 211 (1.77) 77 (0.64) 

50-54 6899 (69.95) 1995 (20.23) 574 (5.82) 50 (0.51) 251 (2.54) 94 (0.95) 

55-59 5972 (65.94) 2093 (23.11) 558 (6.16) 60 (0.66) 255 (2.82) 119 (1.31) 

60-64 5763 (62.68) 2305 (25.07) 623 (6.78) 72 (0.78) 298 (3.24) 134 (1.45) 

65-69 4619 (57.88) 2324 (9.12) 566 (7.09) 79 (0.99) 239 (2.99) 154 (2.49) 

70-74 2854 (55.68) 1551 (30.26) 388 (7.57) 54 (1.05) 151 (2.94) 128 (2.49) 

75-79 1633 (54.62) 910 (30.43) 247 (8.26) 42 (1.40) 82 (2.74) 76 (2.54) 

80+ 1573 (55.27) 844 (29.66) 267 (9.38) 49 (1.72) 40 (1.41) 73 (2.57) 

Sex             

Male  18897 (69.03) 5627 (20.56) 1627 (5.94) 233 (0.85) 637 (2.32) 353 (1.29) 

Female 19445 (61.53) 8288 (26.23) 2250 (7.12) 226 (0.72) 890 (2.82) 502 (1.59) 

Place of Residence             

Rural  26953 (69.62) 7858 (20.29) 2592 (6.70) 304 (0.79) 604 (1.56) 404 (1.04) 

Urban 11389 (56.21) 6057 (29.90) 1285 (6.34) 155 (0.77) 923 (4.56) 451 (1.59) 

Religion             

Hindu 28644 (66.25) 9890 (22.87) 2870 (6.63) 363 (0.84) 880 (2.04) 591 (1.37) 

Muslim 3976 (57.07) 1907 (27.37) 546 (7.84) 59 (0.85) 327 (4.69) 153 (2.20) 

Christian 4145 (69.27) 1316 (21.99) 269 (4.49) 25 (0.42) 162 (2.71) 67 (1.12) 

Others 1577 (56.62) 802 (28.80) 192 (6.89) 12 (0.43) 158 (5.67) 44 (1.58) 

Social group             

Scheduled Castes  6744 (67.72) 2175 (21.84) 711 (7.13) 78 (0.78)  145 (1.46) 106 (1.06) 

Scheduled Tribes 7832 (75.68) 1821 (17.60) 418 (4.03) 46 (0.44) 163 (1.58) 68 (0.65) 

Other Backward Classes 14392 (64.70) 5329 (23.96) 1477 (6.64) 204 (0.92) 540 (2.43) 301 (1.35) 

Others 9374 (57.07) 4590 (27.95) 1271 (7.74) 131 (0.80) 679 (4.13) 380 (2.31) 

Level of Education             

No education  19080 (68.72) 6057 (21.81) 1825 (6.57) 222 (0.80) 309 (1.11) 273 (0.98) 

Less than 5 years 6882 (62.80) 2645 (24.14) 815 (7.44) 108 (0.99) 317 (2.89) 192 (1.75) 

5-9 years 5956 (63.49) 2254 (24.03) 616 (6.57) 72 (0.77) 311 (3.32) 171 (1.82) 

10 years or more  6424 (59.09) 2959 (27.22) 621 (5.71) 57 (0.52) 590 (5.43) 219 (2.01) 

Wealth Tertile             

Poor  16734 (71.09) 4746 (20.16) 1328 (5.64) 170 (0.72) 357 (1.52) 202 (0.85) 

Non-poor 21608 (60.97) 9169 (25.87) 2549 (7.19) 289 (0.82) 1170 (3.30) 653 (1.84) 
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Current Marital Status             

In union  29735 (66.93) 9736 (21.91) 2855 (6.43) 321 (0.72) 1175 (2.64) 605 (1.36) 

Not in union 8607 (59.16) 4179 (28.73) 1022 (7.03) 138 (0.95) 352 (2.42) 250 (1.72) 

Current Working Status             

Never worked 9141 (56.72) 4674 (29.00) 1233 (7.65) 123 (0.76) 625 (3.88) 319 (1.98) 

Worked in past but not 

currently working 8727 (56.27) 4551 (29.34) 1185 (7.64) 188 (1.21) 482 (3.11) 377 (2.43) 

Currently Working 20474 (74.86) 4690 (17.15) 1459 (5.33) 148 (0.54) 420 (1.54) 159 (0.58) 

Tobacco Consumption             

Never used Tobacco 174 (1.23) 9698 (68.61) 2255 (15.95) 242 (1.71) 1190 (8.42) 575 (4.07) 

Consumed in past but not 

currently 1886 (57.54) 817 (24.92) 280 (8.54) 63 (1.92) 129 (3.94) 103 (3.14) 

Currently Consuming  13282 (71.56) 3400 (18.32) 1342 (7.23) 154 (0.83) 208 (1.12) 177 (0.95) 

Ever consumed alcohol             

No 30750 (63.59) 11970 3240 (6.70) 361 (0.75) 1296 (2.68) 737 (1.52) 

Yes 7592 (71.48) 1945 637 (5.99) 98 (0.92) 231 (2.17) 118 (1.11) 

Physical Activity             

Physically Active  27730 (67.15) 9071 2722 (6.59) 285 (0.69) 1017 (2.46) 470 (1.13) 

Physically Inactive 10612 (60.02) 4844 1155 (6.53) 174 (0.98) 510 (2.88) 385 (2.18) 

Body Mass Index             

Underweight  8425 (77.85) 1533 634 (5.85) 122 (1.13) 46 (0.42) 62 (0.57) 

Normal 20985 (68.74) 6576 1909 (6.25) 215 (0.70) 526 (1.72) 318 (1.04) 

Overweight 6775 (53.55) 3977 925 (7.31) 78 (0.62) 610 (4.82) 286 (2.26) 

Obese 1799 (41.86) 1620 362 (8.42) 40 (0.93) 325 (7.56) 152 (3.54) 

Don't Know 358 (53.04) 209 47 (6.96) 4 (0.59) 20 (2.96) 37 (5.48) 

Waist-Hip Ratio             

Low Risk  8959 (76.16) 1891 661 (5.62) 99 (0.84) 72 (0.61) 81 (0.69) 

High Risk 29383 (62.24) 12024 3216 (6.81) 360 (0.76) 1455 (3.08) 774 (1.63) 

Total 38342 (65.01) 13915 (23.59) 3877 (6.57) 459 (0.78) 1527 (2.58) 855 (1.45) 
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