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Abstract
Introduction  Neglected tropical diseases (NTDs), such as lymphatic filariasis, mimic other chronic conditions and 
share common risk behaviors with parallel health system issues that require unique interventions. Multiple long-term 
conditions (MLTCs or multimorbidity), defined as two or more chronic conditions has become increasingly common 
in low- and middle-income countries (LMICs) such as India. However, data on the prevalence of the interface between 
NTDs and other chronic conditions are lacking. We estimated the prevalence and correlates of MLTC, assessed the 
commonly occurring patterns, and investigated the association between self-rated health (SRH) and the number of 
chronic conditions among patients with lymphatic filariasis.

Methods  A cross-sectional study was conducted in Odisha, India, using a prevalidated MLTC assessment tool. We 
employed systematic random sampling to recruit 584 participants aged ≥ 18 years having lymphatic filariasis. MLTC 
was defined as the coexistence of one or more chronic conditions along with lymphatic filariasis. A multivariable 
logistic regression model was used to identify the correlates presented as adjusted odds ratios (AORs) with 95% 
confidence intervals (CIs). A hierarchical cluster analysis was conducted to identify the major clusters of chronic 
conditions. An ordinal regression model was used to assess the association between SRH and the number of chronic 
conditions.

Results  The overall prevalence of MLTC was 68.8% (95% CI: 64.9–72.6), while the mean number of chronic conditions 
was 2 ± 2.3. The chance of having MLTCs was greater among males [AOR: 3.9 (95% CI: 2.1–7.3)] than females. 
Participants with education at the primary and secondary school levels had greater odds of having MLTC [AOR: 2.2 
(95% CI: 1.3–3.7)] and [AOR: 2.3 (95% CI: 1.3–3.8)], respectively. The commonly observed triad was lymphatic filariasis 
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Introduction
The syndemic of both prevailing chronic infectious 
diseases and increasing non-communicable diseases 
(NCDs) is peculiar to low- and middle-income countries 
(LMICs), which have become a significant public health 
issue, especially for vulnerable populations [1]. Neglected 
Tropical Diseases (NTDs) such as chronic lymphatic 
filariasis closely resemble clinical manifestations of the 
NCDs and disproportionately affects the extreme poor 
living among the wealthy (The Blue Marble Health Effect) 
leading to long-term disability [2]. Additionally, overlap 
of symptoms makes differential diagnosis hard, along 
with high likelihood of these diseases being syndemic 
in the community and the individual patient as well [3]. 
The overlapping clinical manifestations could be lower 
extremities/scrotal edema (differential diagnosis: heart 
failure, cirrhosis with ascites, malnutrition), myoskeletal 
pain due recurrent inflammatory episodes (differential 
diagnosis: arthritis, and other acute infections such as 
dengue), pulmonary eosinophilia (differential diagnosis: 
asthma, and chronic obstructive pulmonary disease) [4]. 
Furthermore, it places an additional burden on health 
systems along with economic and societal consequences, 
including inability to work, loss of wages, debt due to cat-
astrophic health expenditures, stigma and a reduced soci-
etal role [5, 6]. Additionally, these individuals also require 
a lifelong continuity of care that further compounds the 
challenges for both the health system and care givers [7].

Nearly half of the world’s cases of lymphatic filariasis 
are found in South Asia, with India having more than 
23  million cases and 650  million people at risk [8, 9]. 
The National Filaria Control Program in India adopts a 
dual strategy of annual mass drug administration (MDA) 
and morbidity management and disability prevention 
(MMDP) with the aim of eliminating the disease by 2027 
[10]. The program may achieve its goal of halting further 
transmission of the infection, but individuals with the 
disease will live for many years to come. Although there 
is a paucity of evidence on the link between NCDs and 
lymphatic filariasis, certain risk factors, such as reduced 
mobility and physical activity due to pain and swelling, 
are known causes of obesity and other cardiometabolic 
diseases [11, 12]. Previous studies suggest that 5.09 mil-
lion disability-adjusted life years (DALYs) are liable to the 

burden of depression among lymphatic filariasis patients 
[13]. Moreover, studies have also documented the asso-
ciation of diabetes with lymphatic filariasis [14]. Hence, 
the interaction between lymphatic filariasis and NCDs 
contributes to the emergence of syndemics that lead to a 
greater risk of having other chronic conditions that may 
lead to multiple long-term conditions (MLTCs).

Multiple long-term conditions (MLTC or multimorbid-
ity), the simultaneous existence of two or more chronic 
conditions, may include an NCD such as hypertension 
or a chronic infectious disease such as tuberculosis or a 
mental health condition such as depression in an individ-
ual that has led to an increase in triple burden of diseases 
[15]. A systematic review reported that the prevalence of 
MLTCs in individuals with chronic communicable and 
non-communicable diseases varied from 13 to 87%, while 
another meta-analysis reported that the overall preva-
lence of MLTC was approximately 20% in India [16, 17]. 
MLTC is significantly associated with poorer patient-
reported outcome measures, deteriorated physical and 
mental functioning, and compromised health-related 
quality of life (HRQoL) [18–21]. Additionally, it also con-
tributes to a significant overload on already swamped 
healthcare systems along with out-of-pocket expendi-
tures [22]. Nonetheless, patients with MLTC visit mul-
tiple healthcare providers and specialists for each chronic 
condition, as existing guidelines as well as care at the 
public health facilities are fragmented and do not focus 
on managing multiple long-term conditions concurrently 
[23]. These challenges compound among lymphatic fila-
riasis patients and thus call for both resources and plan-
ning to identify complex and effective interventions. 
However, this could be limited by the constraint of data 
on the prevalence of MLTC among lymphatic filariasis 
patients; hence, we aimed to estimate the prevalence of 
MLTC and assess its risk factors among adults with lym-
phatic filariasis. We also identified the commonly occur-
ring patterns of MLTC and assessed the association of 
self-rated health (SRH) with the number of chronic con-
ditions in these individuals.

with arthritis and peptic ulcer disease (1.5%), while the most common tetrad was lymphatic filariasis, hypertension, 
diabetes and peptic ulcer disease (0.7%). There was a per unit decrease in SRH with each additional chronic condition.

Conclusion  We observed a high prevalence of MLTC among people with lymphatic filariasis. The findings of this 
study will not only be useful for both resource and planning in India but also in similar LMICs with a high burden of 
lymphatic filariasis.

Keywords  Lymphatic filariasis, Multiple long-term conditions, Chronic conditions, Neglected tropical diseases, India, 
Multimorbidity
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Methods
Study design and setting
A cross-sectional study was conducted in the Cuttack 
district of Odisha from April 2023 to October 2023. 
Odisha is a coastal state in the Eastern part of India 
with a population of approximately 45  million. Odisha 
is endemic for lymphatic filariasis, with recent evidence 
suggesting 13.8% filarial antigenicity in the region [5].

Study population
This study was conducted among individuals aged 18 
years and above with chronic lymphatic filariasis. We 
included participants who provided informed writ-
ten consent. We excluded bedridden patients, those 
with severe cognitive impairment (approximately < 5% 
of the sampled population) and those unable to provide 
consent.

Sample size and sampling
The calculation of the sample size was predicated on 
specific parameters, including the population size (N) 
with a finite population correction factor, a hypothe-
sized 50% frequency of the prevalence of MLTC among 
lymphatic filariasis patients (p), 95% confidence lim-
its (Z1 − α/2 = 1.96), precision (d = 0.1), and the design 
effect for cluster surveys (DEFF = 1.4). The sample size 
(n) was determined using the following equation: n = 
[DEFF*Np(1-p)]/[(d 2/Z 2 1-α/2 *(N-1) + p*(1-p)] [24]. 
The resulting minimum sample size was determined to 
be 538. Furthermore, a 10% nonresponse rate was added, 
resulting in a final sample size of approximately 592.

The Cuttack district is divided into 14 blocks that 
receive mass drug administration (MDA) for lymphatic 
filariasis elimination. We conducted a survey to esti-
mate the coverage and compliance of MDA in Cuttack 
during 2021, where we received a line list of all chronic 
lymphatic filariasis patients from the State National Vec-
tor Borne Disease Control Programme (NVBDCP) [25]. 
Following a multistage systematic random sampling 
method, we randomly selected one village from each of 
the 14 blocks for this study. Furthermore, from the list 
of all the lymphatic filariasis patients in each village, we 
systematically selected every third patient. We identified 
and contacted these patients through community health 
workers (Accredited Social Health Activist, ASHA).

Data collection and management
The data were collated using a pre-validated tool, the 
Multimorbidity Assessment Questionnaire for Primary 
Care (MAQ-PC) [26]. The MAQ-PC was developed 
iteratively to assess self-reported chronic conditions and 
has been used in diverse settings, including commu-
nity surveys. All twenty-six included chronic conditions 
were self-reported in nature and were triangulated with 

the help of ASHA. The participants were interviewed 
face-to-face via Open Data Kit Collect (ODK), a mobile 
application based on Android. If any participant was not 
available on the day of the survey, we fixed a prior time 
with the help of ASHA for a follow-up visit. A pre-spec-
ified standard protocol was followed to train all the data 
collectors who were from a public health background. 
The investigators also personally oversaw the data collec-
tion and checked that the methodology was adhered to. 
In addition, 10% of the data were verified at random to 
guarantee correctness.

Variables
The ages of the participants were recorded in years and 
grouped as 18–30 years, 31–45 years, 46–60 years, 61–80 
years and ≥ 81 years. Various other sociodemographic 
attributes, such as sex (male/female), residence (urban/
rural), caste/social class (scheduled caste, scheduled 
tribe, other backward class, and general), marital status 
(currently married, never married, separated/widow, 
and live-in), education (no formal education, primary, 
secondary, and higher), occupation (currently working, 
currently not working, homemaker, retired), economic 
status (deprived, middle, affluent), and health insurance 
(yes/no), were included in the analysis.

Statistical analysis
An Excel spreadsheet with the data was downloaded 
from the server. Outliers, duplicates, and missing values 
were removed from the data. We used Stata v. 17.0 (Stata 
Corp., Texas) to analyze the data. The mean and standard 
deviation (SD) of age were reported. Both the MLTC 
and the prevalence of each chronic illness were reported 
using the frequency and percentage. Furthermore, we 
included 95% confidence intervals (CIs) for each propor-
tion as a way to quantify uncertainty. The primary focus 
was on the prevalence of MLTC, which was determined 
by counting the number of chronic conditions that an 
individual reported on their own. Individuals with lym-
phatic filariasis and at least one other chronic ailment 
were included in the working definition of MLTC. The 
associations between MLTC and other sociodemo-
graphic variables were evaluated using a bivariate logis-
tic regression model. The strength of this association was 
indicated by the odds ratios (ORs) and 95% confidence 
intervals (CIs). Additionally, the risk factors were identi-
fied using a multivariable logistic regression model that 
was adjusted for several sociodemographic attributes 
such as age, sex, residence, caste, education, occupation, 
marital status, economic status, and health insurance. 
The results were shown as adjusted odds ratios (AORs) 
with 95% confidence intervals.

Pattern analysis was used as a simple matrix approach 
with exhaustive analysis of all possible combinations 
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of chronic conditions with lymphatic filariasis using a 
descriptive statistical method [27]. All conditions with 
a prevalence of more than 0.5% were included in the 
analysis. The combinations of two chronic conditions/
dyad, three conditions/triad, and four conditions/tetrad 
(of which one was lymphatic filariasis) were reported. 
Furthermore, a hierarchical cluster analysis using Gow-
er’s dissimilarity matrix was conducted to identify the 
major clusters of chronic conditions [28]. Furthermore, 
we followed the hierarchical agglomerative ward linkage 
method to obtain the hierarchy of clusters by grouping 

the conditions belonging to the same cluster, presented 
as a dendrogram [28].

We used an ordinal regression model to assess the 
association between self-rated health (SRH) and the 
number of chronic conditions grouped as none, one, two, 
three, or four or more conditions expressed as AORs 
with 95% CIs. This model was adjusted for age, sex and 
health insurance.

Ethical considerations
The Institutional Human Ethics Committee of the ICMR-
Regional Medical Research Centre, Bhubaneswar, gave 
its approval to this study (reference no: ICMR-RMRCB/
IHEC-2021/51). The State Research and Ethics Com-
mittee, the Directorate of Health Services, and the Gov-
ernment of Odisha granted approval for the study to 
be carried out. Prior to participation, all subjects pro-
vided written, informed consent. The anonymity of the 
data was preserved, and each participant’s privacy was 
protected.

Results
A total of 627 patients who had lymphatic filariasis were 
enrolled, 584 consented to participate in the study, for a 
response rate of 93%. The main reasons for not partici-
pating in the survey were lack of time and non-availabil-
ity of any direct benefits. The participants’ mean age was 
62.1 ± 11.1 years. 51.7% of the participants were female, 
and 47.8% of the participants were between the ages of 61 
and 80. Most of the participants (43%) did not have any 
formal education, and approximately 60% belonged to 
deprived socioeconomic strata. A majority of the respon-
dents (84.8%) had health insurance. Table 1 displays the 
respondents’ complete sociodemographic profile.

With a prevalence of 29.3%, hypertension was the most 
common chronic condition, followed by peptic ulcer dis-
ease (26.9%), visual impairment (people who have vision 
problems even when wearing glasses) (23.9%), arthri-
tis (21.9%), and diabetes (14.1%). Supplementary Table 
1 lists each chronic condition’s prevalence. The average 
number of long-term conditions was 2 ± 2.3, and overall 
68.8% (95% CI: 64.9–72.6) of patients had MLTC. Those 
over the age of 81 years had a higher prevalence of MLTC. 
Males had MLTC at a higher rate than females (76.2% vs. 
61.9%, respectively). The prevalence of MLTC was greater 
among those living in deprivation than among their afflu-
ent counterparts (68.6% vs. 63.5%, respectively). Par-
ticipants with or without health insurance had an almost 
equal prevalence of MLTC (Table 2).

Age above 60 years [OR: 14.9 (95% CI: 1.7-129.9)], 
male sex [OR: 1.9 (95% CI: 1.4–2.8)], and fewer years of 
education [OR: 2.1 (95% CI: 1.3–3.3)] were found to be 
significant predictors of MLTC in the bivariate logistic 
regression model (Table  2). The multivariable logistic 

Table 1  Sociodemographic profile of the study participants 
(N = 584)
Attributes n (%)
Age (years)
18–30 6 (1.1)
31–45 79 (13.5)
46–60 184 (31.5)
61–80 279 (47.8)
≥ 81 36 (6.2)
Sex
Female 302 (51.7)
Male 282 (48.3)
Residence
Rural 558 (95.5)
Urban 26 (4.4)
Caste
Scheduled Caste 66 (11.3)
Scheduled Tribe 12 (2.1)
Other Backward Class 240 (41.1)
General 266 (45.5)
Education
No formal education 251 (42.9)
Primary 156 (26.7)
Secondary 166 (28.4)
Higher 11 (1.9)
Occupation
Currently working 131 (22.4)
Currently not working 202 (34.6)
Homemaker 239 (40.9)
Retired 12 (2.1)
Marital Status
Never Married 18 (3.1)
Currently Married 396 (67.8)
Separated/Widow 169 (28.9)
Live-in 1 (0.1)
Economic Status
Deprived 350 (59.9)
Middle 182 (31.2)
Affluent 52 (8.9)
Health Insurance
Yes 495 (84.7)
No 89 (15.2)
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regression model showed that increasing age was sig-
nificantly associated with higher odds of having MLTCs, 
after adjusting for various sociodemographic factors 
(Table  2). Participants over 80 years of age had higher 
odds of MLTC [AOR: 50.9 (95% CI: 3.9-651.9)] than 
those in younger age groups. Males had a higher odds 
of MLTC than females [AOR: 3.9 (95% CI: 2.1–7.3)]. Pri-
mary and secondary school participants were more likely 
to have MLTC [AOR: 2.2 (95% CI: 1.3–3.7)] and [AOR: 
2.3 (95% CI: 1.3–3.8)], respectively, than those without 
formal education. Participants who did not currently 

work [AOR: 5.4 (95% CI: 1.4–21.2)] were observed to 
have higher odds of having MLTC than their retired 
counterparts.

The most commonly observed triads included lym-
phatic filariasis with arthritis and peptic ulcer disease, 
and lymphatic filariasis with hypertension and diabetes, 
each with a prevalence of 1.54%, followed by lymphatic 
filariasis with hypertension and peptic ulcer disease 
(1.2%). The most common tetrads were lymphatic fila-
riasis with hypertension, diabetes, and peptic ulcer dis-
ease, and lymphatic filariasis with arthritis, peptic ulcer 

Table 2  Prevalence of MLTC and its association across various sociodemographic attributes
Factors MLTC

N, % (CI)
Odds Ratio
(95% CI)

Adjusted Odds Ratio (95% CI)

Age (years)
18–30 1, 16.7 (0.4–64.1) Reference* Reference
31–45 43, 54.4 (42.8–65.7) 5.9 (0.7–53.5) 11.5 (1.1-130.1)
46–60 120, 65.2 (57.9–72.1) 9.4 (1.1–81.9) 20.3 (1.8-225.1)
61–80 209, 74.9 (69.4–79.9) 14.9 (1.7-129.9) 33.1 (2.9-371.6)
≥ 81 29, 80.6 (63.9–91.8) 20.7 (2.1-206.6) 50.9 (3.9-651.9)
Sex
Female 187, 61.9 (56.2–67.4) Reference Reference
Male 215, 76.2 (70.8–81.1) 1.9 (1.4–2.8) 3.9 (2.1–7.3)
Residence
Rural 15, 57.7 (36.9–76.6) Reference Reference
Urban 387, 69.3 (65.3–73.2) 0.6 (0.3–1.3) 0.5 (0.2–1.1)
Caste
Scheduled Caste 50, 75.8 (63.6–85.5) 2.1 (1.1–3.8) 2.4 (1.2–4.7)
Scheduled Tribe 7, 58.3 (27.7–84.8) 0.9 (0.3–2.9) 1.4 (0.4–4.9)
Other Backward Class 185, 77.1 (71.2–82.2) 2.2 (1.5–3.3) 2.1 (1.3–3.1)
General 160,60.1 (53.9–66.1) Reference Reference
Education
No formal education 156, 62.1 (55.8–68.2) Reference Reference
Primary 121, 77.6 (70.2–83.8) 2.1 (1.3–3.3) 2.2 (1.3–3.7)
Secondary 116, 69.9 (62.3–76.7) 1.4 (0.9–2.1) 2.3 (1.3–3.8)
Higher 9, 81.8 (48.2–97.7) 2.7 (0.6–12.9) 8.3 (1.4–50.4)
Occupation
Currently working 84, 64.1 (55.3–72.3) 1.3 (0.4–4.2) 3.2 (0.8–12.9)
Currently not working 149, 73.8 (67.1–79.7) 2.1 (0.6–6.6) 5.4 (1.4–21.2)
Homemaker 162, 67.8 (61.4–73.7) 1.5 (0.5–4.9) 11.6 (2.7–49.9)
Retired 7, 58.3 (27.7–84.8) Reference Reference
Marital Status
Never Married 8, 44.4 (21.5–69.2) Reference Reference
Currently Married 276, 69.7 (64.9–74.2) 2.9 (1.1–7.5) 1.3 (0.4–4.1)
Separated/Widow 118, 69.8 (62.3–76.6) 2.9 (1.1–7.7) 1.8 (0.5–5.7)
Live-in 0 Empty Empty
Economic Status
Deprived 240, 68.6 (63.4–73.4) 1.3 (0.7–2.3) 1.1 (0.5–2.1)
Middle 129, 70.9 (63.7–77.4) 1.4 (0.7–2.7) 1.3 (0.6–2.6)
Affluent 33, 63.5 (48.9–76.4) Reference Reference
Health Insurance
Yes 341, 68.9 (64.6–72.9) 0.9 (0.6–1.6) 1.1 (0.6–1.8)
No 61, 68.5 (57.8–77.9) Reference Reference
*Reference: The baseline group against which other categories are compared in the regression
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disease, and visual impairment, each with a prevalence 
of 0.7% (Table  3). The dendrogram represents the most 
common clusters (Fig. 1).

With each additional chronic disease, there was a sig-
nificant per-unit decline in self-rated health, according 
to the ordinal regression model adjusted for age, sex, and 
health insurance (Table 4).

The greatest deterioration was observed among par-
ticipants with four or more chronic conditions [AOR: 5.9 
(95% CI: 3.5–9.9)].

Discussion
This is the first study to use a random sample to look 
into the prevalence of MLTC in patients with lymphatic 
filariasis. We observed hypertension to be the most com-
mon comorbid chronic condition, followed by peptic 
ulcer disease, visual impairment, arthritis, and diabetes, 
which is in contrast with the findings of another study 
conducted among 323 tuberculosis patients in two states 
of India that reported depression to be the most preva-
lent condition, followed by diabetes, peptic ulcer dis-
ease, and hypertension [29]. Nonetheless, hypertension, 

diabetes, and peptic ulcer disease had the highest preva-
lence across both studies that looked at the interface of 
chronic infectious disease with non-communicable dis-
eases. A probable reason for this could be that patients 
with lymphatic filariasis share the exposure to the drivers 
of NCDs in India. Moreover, a few studies also highlight 
that lymphatic filariasis patients have chronic inflamma-
tion due to lymphedema and elephantiasis, which may 
contribute to the development of cardiometabolic dis-
eases, as proinflammatory immune responses increase 
the onset of these conditions [30]. Additionally, arthritis 
attributable to Wuchereria bancrofti has been reported 
among Indian patients, and its pathogenesis is linked to 
immune complex deposition or inflammation due to the 
presence of adult worms in the joint space [31].

The prevalence of MLTC in our study was greater than 
that reported in a study conducted in two states of India 
i.e. Telangana and Odisha, in which the prevalence of 
multimorbidity among tuberculosis patients was approxi-
mately 52% [29]. Additionally, a study conducted among 
human immunodeficiency virus (HIV) patients reported 
that the prevalence of multimorbidity was approximately 
48% [32]. Nonetheless, the prevalence of MLTC among 
lymphatic filariasis patients is greater than the global 
pooled prevalence of multimorbidity, which is approxi-
mately 37%, as reported by a recent systematic review 
based on 126 peer-reviewed studies [33].However, it is 
worth noting that that the mean age of participants in 
our study was around 62.1 years which may be one of 
the reasons for higher prevalence of MLTCs in this study. 
However, this highlights the need for the assessment of 
MLTCs among lymphatic filariasis patients to design evi-
dence-based policies in the future to provide continuity 
of care for these individuals.

The chances of having MLTC increased with increas-
ing age, which is consistent with the findings of a sys-
tematic review that identified older age to be a risk factor 
for multimorbidity [34], while another systematic review 
conducted with the aim of identifying risk factors for 
multimorbidity also showed that increased age was posi-
tively associated with multimorbidity [35]. A study con-
ducted in Delhi, India also reported that multimorbidity 
increased with age, which is in agreement with the find-
ings of our study [36]. This finding highlights two major 
areas to be focused upon, the first being the demographic 
shift, which will lead to the addition of an aging popula-
tion who will require healthcare services. Second, India 
is attempting to eliminate lymphatic filariasis by 2027 
(three years ahead of the global target), which means 
that further transmission will be interrupted with no new 
cases [10]. However, patients with existing lymphatic fila-
riasis can survive for many years. Additionally, the bur-
den of MLTC, as indicated by the present study, is high 
in this group; hence, these individuals will require quality 

Table 3  Patterns (frequently occurring combinations) of 
diseases among patients having lymphatic filariasis (N = 584)
S. No Pattern with Lymphatic Filariasis Prevalence

n (%)
Dyad
1 Hypertension 34 (5.8)
2 Diabetes 17 (2.9)
3 Peptic Ulcer Disease 15 (2.6)
4 Arthritis 10 (1.7)
5 Chronic Alcoholism 8 (1.4)
6 Chronic Lung Disease 7 (1.2)
7 Visual Impairment 4 (0.7)
8 Chronic heart disease 4 (0.7)
9 Sleep Disorder 4 (0.7)
10 Leprosy 3 (0.5)
11 Thyroid Disease 3 (0.5)
12 Cancer 3 (0.5)
13 Psoriasis 3 (0.5)
Triad
1 Hypertension + Diabetes 9 (1.5)
2 Arthritis + Peptic Ulcer Disease 9 (1.5)
3 Hypertension + Peptic Ulcer Disease 7 (1.2)
4 Visual Impairment + Peptic Ulcer Disease 5 (0.9)
5 Arthritis + Hypertension 4 (0.7)
6 Visual Impairment + Arthritis 4 (0.7)
7 Visual Impairment + Hearing Impairment 4 (0.7)
8 Chronic Lung Disease + Peptic Ulcer Disease 3 (0.5)
9 Hypertension + Visual Impairment 3 (0.5)
10 Arthritis + Chronic Lung Disease 3 (0.5)
Tetrad
1 Hypertension + Diabetes + Peptic Ulcer Disease 4 (0.7)
2 Arthritis + Peptic Ulcer Disease + Visual Impairment 4 (0.7)
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healthcare facilities, thus warranting the strengthening of 
primary care.

In our study, males were identified to be at a greater 
risk of having MLTC than their female counterparts, 
which is incongruous with the existing MLTC literature 
in India [21, 22, 36]. All studies to date have reported that 
females are at greater risk of having MLTC, whereas the 

present study showed that males are at greater risk of 
having MLTC, which is a novel finding. A probable rea-
son for this could be the gender roles assigned by society 
in India and other similar cultures. Despite having lym-
phatic filariasis, females perform household chores that 
involve physical activity, whereas males will rest if they 
are diagnosed with a disease leading to reduced physi-
cal activity, increased obesity and other risk factors for 
developing MLTC.

We observed that participants with more years of 
schooling had a greater chance of having MLTC, which 
is consistent with the findings of a systematic review that 
also revealed higher education to be directly associated 
with multimorbidity in Southeast Asia [37]. A prob-
able reason for this could be that with education, people 
tend to be more health conscious and hence have bet-
ter chances of being diagnosed and self-reported with 
chronic conditions. Nonetheless, this finding implies that 

Table 4  Ordered logistic regression showing association 
between self-rated health with number of chronic conditions 
among lymphatic filariasis patients
Attribute AOR (95% CI)
Number of chronic conditions
None Reference
One 2.1 (1.1–3.8)
Two 2.7 (1.5–4.7)
Three 5.5 (3.2–9.4)
Four or more 5.9 (3.5–9.9)
*adjusted for age, sex and health insurance

Fig. 1  Dendrogram representing the clustering of chronic conditions among lymphatic filariasis patients
*Footnotes: 1: Arthritis, 2: Diabetes, 3: Hypertension, 4: Chronic lung disease, 5: Peptic ulcer disease, 6: Chronic back pain, 7: Chronic heart disease, 8: 
Stroke, 9: Visual impairment, 10: Hearing impairment, 11: Dementia, 12: Chronic alcoholism, 13: Cancer, 14: Chronic kidney disease, 15: Epilepsy, 16: Thyroid 
disorders, 17: Tuberculosis, 18: Leprosy, 19: Irritable bowel syndrome, 20: Chronic constipation, 21: Sleep disorder, 22: Chronic liver diseases, 23: Psoriasis, 
24: Eczema, 25: Chronic rhinitis, 26: Depression
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health literacy should be provided to people with no for-
mal education or fewer years of education.

We observed that participants who did not work were 
at a greater risk of having MLTC, which is consistent with 
the findings of a systematic review that reported that not 
working or being unemployed increased the risk of hav-
ing multimorbidity, particularly substance use patterns 
[38]. Moreover, studies have reported that socioeco-
nomic marginalization increases the risk of multimor-
bidity, which stands true for patients with lymphatic 
filariasis, as this disease mostly affects the poorest people 
of the poor population and often leads to disability, con-
tributing to a loss of livelihood opportunities [20–22, 39]. 
Hence, it is crucial to identify the care-seeking pathways 
of these patients to make the existing programmes more 
equitable.

The most commonly occurring pattern among patients 
with lymphatic filariasis was hypertension and diabe-
tes, which is congruent with the findings of a systematic 
review that reported that cardiovascular and metabolic 
diseases were the most commonly observed multimor-
bidity patterns in Asia [40]. Our findings also align with 
the findings of another systematic review showing hyper-
tensive diseases were the most frequent condition in all 
dyads, followed by gastrointestinal conditions, arthropa-
thies and diabetes mellitus, in India and China [41].

There was a per unit decrease in self-rated health with 
an increase in the number of chronic conditions, which 
is in agreement with the findings of a systematic review 
that reported a mean decrease of -1.5% to -4.4% (varied 
depending on the scale used) in health-related quality of 
life (HRQoL) per added disease [42]. Notably, poor qual-
ity of life among our study population was a cumulative 
effect of MLTC, along with existing disability and func-
tional decline due to chronic lymphatic filariasis, which 
needs to be addressed.

Implications for policy and practice
The findings suggest MLTC to be common among lym-
phatic filariasis patients, which calls for linking these 
patients to their nearest Ayushman Arogya Mandir 
(AAM) or primary healthcare centers formerly known 
as Health and Wellness Centers for continuity of care. 
AAMs are established with a vision to strengthen pri-
mary care by providing preventive and curative services 
in the patient’s vicinity with an expanded range of ser-
vices, especially those curated for chronic conditions. 
However, lymphatic filariasis is not included in this list 
despite being prevalent in 339 out of 766 districts across 
20 states and Union Territories of India. Hence, the states 
should be directed to add locally important diseases 
to the list of AAMs, as health is a state subject in India. 
This will help in providing quality care to these patients 

who would eventually help in achieving universal health 
coverage.

Individuals with lymphatic filariasis, as seen in our 
study, mostly belong to deprived strata of society and 
hence need additional support, which may cause them to 
incur out-of-pocket expenditures and the risk of impov-
erishment during treatment. Hence, MLTC among these 
patients is far more challenging and requires additional 
efforts to combat. Here, patient-centered holistic care for 
all ailments at one point/facility is of utmost importance 
as multiple (self-) referrals to a variety of specialists is not 
realistic due to disability and low socio-economic status.

Community health workers (newly recruited cadre of 
trained nurses) can play a major role in keeping track of 
these patients by regularly screening for common chronic 
conditions and managing multiple morbidities through 
periodical investigations, motivating regular physician 
visits and helping them in procurement as well as tak-
ing their medications. This could be brought under the 
ambit of the existing Morbidity Management and Dis-
ability Prevention (MMDP) component of the Lymphatic 
Filariasis Elimination Programme by further increasing 
its scope. Moreover, diabetes (via polyneuropathy) and 
hypertensive disease (via heart failure ) might aggravate 
disability of lower extremities in LF patients making 
effective control of these co-morbidities essential for long 
term success of LF care.

Additionally, there is a need for family-based 
approaches for reducing shared risk factors for MLTC-
that may require behavioral change interventions. Future 
studies should develop interventions to manage MLTC 
in this population. Addressing disparities in accessing 
healthcare and improving access to integrated healthcare 
services at a single platform may help in mitigating the 
burden of multiple chronic conditions among lymphatic 
filariasis patients [43].

Strengths and limitations
This novel study has a number of strengths, including 
the use of a random sample, the assessment of common 
MLTCs, a high response rate, and associations with a 
number of risk factors, but it was conducted in only one 
state of India. We used a pre-validated tool to assess 
MLTC, which was also one of the strengths of this study, 
but our data were limited by self-reported chronic condi-
tions that may have resulted in recall bias. Nonetheless, 
we triangulated the self-reported data with those of com-
munity healthcare workers. We did not include pheno-
typic measurements, which was another limitation of the 
study. Additionally, we could not establish causality, as 
our study was cross-sectional in nature.
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Conclusion
We observed a high prevalence of MLTC among lym-
phatic filariasis patients, which cannot be overlooked. 
The results of the present study will not only be useful for 
both resource and planning and for identifying effective 
interventions in India but also in similar LMICs with a 
high burden of lymphatic filariasis. Although more stud-
ies are required to explore the link between lymphatic fil-
ariasis and other chronic conditions, we must address the 
common risk factors and adopt integrated approaches for 
healthcare delivery for those with lymphatic filariasis and 
MLTC to prevent the onset of disease and improve over-
all quality of life among these individuals. Additionally, a 
majority of these individuals are from deprived sections 
of society, and thus, focusing on their continuum of care 
will also help in achieving universal health coverage.
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