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ABSTRACT

Syndemics are a framework that documents health
inequities and vulnerabilities in populations with rheumatic
diseases. Compared with other approaches, syndemics
are able to conjunctly consider epidemiological, biological,
sociodemographic and economic factors, and their
interactions.

Objective To estimate health inequity and vulnerability
among Indigenous and non-Indigenous populations with
rheumatic and musculoskeletal diseases (RMD) in Latin
America using the syndemic approach.

Design This is a secondary analysis of a previously
published large-scale study on the prevalence of RMD.
Setting Studies carried out in five Latin American
countries (Argentina, Colombia, Ecuador, Mexico and
Venezuela). Health inequity and vulnerability in RMD were
identified through a syndemic approach using network and
cluster analysis.

Participants A total of 44 560 individuals were studied:
29.78% self-identified as Indigenous, 60.92% were
female, the mean age was 43.25 years. Twenty clusters
were identified in the Indigenous population and 17 in the
non-Indigenous population.

Results The variables associated with RMD among
Indigenous populations were rurality, public health system,
high joint biomechanical stress, greater pain, disability
and alcoholism; and among non-Indigenous people they
were being a woman, urban origin, older age, private
health system, joint biomechanical stress, greater pain and
disability. We identified different health inequities among
patients with RMD (ie, lower educational attainment, more
comorbidities), associated with factors such as Indigenous
self-identification and rural residence.

Conclusions A syndemic approach enables us to identify
health inequities in RMD, as shown by higher prevalence of
comorbidities, disability and socioeconomic factors like lower
educational attainment. These inequities exist for the overall
population of patients with RMD, although it is more evident
in Indigenous groups with added layers of vulnerability.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Syndemics are a framework using strategies from
artificial intelligence to perform complex analyses
that document health inequities.

= The analysis of clusters and networks groups indi-
viduals by variables to document inequity, the prin-
cipal objective of this study.

= The cross-sectional nature of this study is a limita-
tion to establish causality.

INTRODUCTION

Rheumatic and musculoskeletal diseases
(RMD) are a significant cause of morbidity
and mortality worldwide'; they produce
substantial socioeconomic impact and dete-
rioration of quality of life in patients, who
represent approximately 10% of the general
population.” Since 2000, WHO has recognised
RMD as a relevant health problem, due to the
increase in secondary disability and a greater
demand for health resources.”

There is now a greater need to define global
strategies for the timely access of patients with
RMD to health systems," including the evalu-
ation of social determinants, such as gender,
education, work, income level, ethnicity and
place of residence.”

Latin America is an extensive geographic
area made up of 26 countries, characterised by
multiculturalism and great contrasts in polit-
ical, social and economic aspects.* ® Signifi-
cant social inequity has been documented,
with marked disparities in health coverage for
individuals and social groups; these inequities
are observed within and among countries in
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the region.” Epidemiological studies have documented
a prevalence of RMD between 23% and 46.5% in Latin
America, with more aggressive presentations (higher
morbidity and mortality) among Indigenous populations.
Genetic predisposition to systemic lupus erythematosus
has also been identified among Indigenous groups,” as
well as a high prevalence of rheumatoid arthritis (RA)
among Indigenous Mayan groups of Yucatan, Mexico’
and the Qom of Argentina.'’ !

Despite the high prevalence of RMD in the Latin Amer-
ican region, these diseases continue to have a low priority
in the planning of health policies.* Overall, the health-
care system in Latin America is highly fragmented and
disconnected. For rheumatology care specifically, 33.5%
of rheumatologists work in public/government hospitals,
28.8% in private practice, 20.8% in private hospitals and
15.5% in university hospitals, most of them distributed in
large urban areas, with a significant lack in small cities
and none in rural areas.'*"°

These differences in disease prevalence and distribution
of health resources which limit access to rheumatology
care in Latin America can be understood as health ineq-
uities. Health inequity is not synonymous with inequality.
Inequity implies the idea of injustice and of lack of actions
to avoid preventable differences. On the other hand,
inequality describes differences in health outcomes that
are not fundamentally unfair.'* Health inequity is deeply
connected to vulnerability. From a biomedical perspec-
tive, vulnerability means being susceptible to certain
diseases or to environmental risk. However, vulnerability
can also be understood as a product of the interaction
between available resources (personal, family, commu-
nity, cultural, economic, institutional), the sociocultural
context of the patient, structural elements and exposure
to risk.'? """ Therefore, vulnerability is a result of health
inequity.

To document inequity in health, the syndemic model
has proven useful to analyse the interaction of disease
with social determinants that condition inequality in
health, and how these lead to increased physical and
environmental vulnerability.'” '® #' # Syndemics aggre-
gate the interaction of two or more concurrent diseases,
aswell as the sociocultural and healthcare contexts which
can exacerbate the negative effects of this interaction on
the health of individuals, communities and societies.?!
The syndemic framework evaluates the interaction of
any type of disease in conditions of health inequality
caused by poverty, stigmatisation, stress or structural
violence.”"™ Thus, syndemics encompass social deter-
minants, vulnerabilities and inequities and inequalities
in health as well.

Previous studies have shown that syndemics are a
good comprehensive model to document inequity and
inequality in health. In a study of RMD in Indigenous
populations in Latin America, as well as a study of patients
with low back pain, disease is associated with being a
woman, belonging to an indigenous population, and
having low educational attainment. It is also exacerbated

by the presence of comorbidities, especially those within
the mental health domain.®**

Given the intricacy of a syndemic approach, conven-
tional statistical methodologies are insufficient. Instead,
using strategies from graph theory (network analysis)
and machine learning (cluster analysis) is necessary to
perform complex analyses that document health inequi-
ties comprehensively. The syndemic approach is useful to
identify health inequities and vulnerabilities in different
population groups.

We hypothesise that there is a syndemic in Latin Amer-
ican populations suffering from rheumatic diseases,
associated with comorbidities such as diabetes and hyper-
tension, and living in a fragmented healthcare context.
We also hypothesise that this phenomenon is more
significant in vulnerable populations such as Indigenous
peoples. Therefore, we proposed the following study to
measure syndemics comparatively between Indigenous
and non-Indigenous populations with RMD in Latin
America.

MATERIALS AND METHODS

Design

This is a secondary analysis, based on multilevel network
analysis using a syndemic framework, of a previously
published large-scale cross-sectional study on the preva-
lence of RMD in five Latin American countries.

Data sources

We used a database compiled by Grupo de Estudios
Epidemiolégicos de Enfermedades Musculo Articulares,
Community Oriented Programme for Control of Rheu-
matic Diseases-Latin America (COPCORD-LATAM) and
Grupo Latino Americano de Estudios de Enfermedades
Reumaiticas en Pueblos Originarios (GLADERPO).

GLADERPO recorded information on the Qom and
Wichi Indigenous populations of Argentinal,10 % Saraguro
of Ecuador,26 Yucatec-Maya and Mixtec of Mexico® ? and
the Chaimas, Karinas and Warao of Venezuela.”’

COPCORD-LATAM was developed with the results of
epidemiological studies conducted on the non-Indigenous
populations of Colombia,28 Ecuador,29 Mexico™ and
Venezuela,” using COPCORD methodology, culturally
and linguistically adapted to the different communities
studied and subsequently validated in each country.

The COPCORD methodology consists of trained health
personnel administering a questionnaire house to house,
which identifies patients with pain of non-traumatic
origin, historical and in the last 7 days. The participation
of certified rheumatologists allowed for the diagnosis of
RMD 29-33

The same measurements were collected in all the
studies: sociodemographic variables, joint biomechanical
stress, comorbidities, physical disability and accessibility
to local healthcare.

Sociodemographic variables such as age, gender, self-
defined ethnicity according to the laws of each country

2

Granados Y, et al. BMJ Open 2023;13:€069246. doi:10.1136/bmjopen-2022-069246



Table 1 Comparison of sociodemographic characteristics, country, health coverage, rheumatic diagnosis, pain, disability and
comorbidities between Indigenous and non-Indigenous groups

Indigenous Non-Indigenous Total
n=13 269 (29.78) n=31 291 (70.22) n=44 560 (100.00) P value
Gender (female) 8010 (60.37) 19135 (61.15) 27145 (60.92) 0.123
Age (years), mean (SD) 42.23 (18.17) 43.69 (17.94) 43.25 (18.02) <0.001
Urban setting 3877 (29.22) 24331 (77.76) 28208 (63.30) <0.001
Educational level, mean number of years (SD) 7.13 (56.07) 8.46 (4.95) 8.06 (5.02) <0.001
Countries
Argentina 2295 (17.30) 0 (0.00) 2295 (5.15) <0.001
Colombia 234 (1.76) 6454 (20.63) 6688 (15.01) <0.001
Ecuador 2682 (20.21) 4858 (15.53) 7540 (16.92) <0.001
Mexico 6525 (49.17) 16085 (51.40) 22610 (50.74) <0.001
Venezuela 1533 (11.55) 3894 (12.44) 5427 (12.18) <0.01
Health coverage*®
Full 3481 (26.23) 4493 (14.36) 7974 (17.89) <0.001
Partial 7441 (56.08) 18314 (58.53) 25755 (57.80) <0.001
Private 795 (5.99) 1741 (5.56) 2536 (5.69) 0.079
Othert 330 (2.49) 221 (0.71) 551 (1.24) <0.001
Joint biomechanical stress}
High 5000 (37.68) 10199 (32.59) 15199 (34.11) <0.001
Medium 1538 (11.59) 4720 (15.08) 6258 (14.04) <0.001
Low 4014 (30.25) 9213 (29.44) 13227 (29.68) 0.090
Unspecified 1815 (13.68) 2784 (8.90) 4599 (10.32) <0.001
Rheumatic disease
Total 4012 (30.24) 9516 (30.41) 13528 (30.36) 0.721
Osteoarthritis 1433 (10.80) 2257 (7.21) 3690 (8.28) <0.001
Rheumatoid arthritis 278 (2.10) 599 (1.91) 877 (1.97) 0.223
Back pain 1548 (11.67) 1281 (4.09) 2829 (6.35) <0.001
RRPS 505 (3.81) 5595 (17.88) 6100 (13.69) <0.001
Musculoskeletal disorders 521 (3.93) 664 (2.12) 1185 (2.66) <0.001
Fibromyalgia 181 (1.36) 212 (0.68) 393 (0.88) <0.001
Other§ 45 (0.34) 118 (0.38) 163 (0.37) 0.602
Pain
Historical pain 5408 (40.76) 11780 (37.65) 17188 (38.57) <0.001
Non-traumatic pain (7 days) 2258 (17.02) 8024 (25.64) 10282 (23.07) <0.001
Physical disability (HAQ-DI)
HAQ-DI>0.8 761 (5.74) 2558 (8.17) 3319 (7.45) <0.001
Comorbidities
Diabetes mellitus 814 (6.13) 2279 (7.28) 3093 (6.94) <0.001
High blood pressure 1649 (12.43) 5613 (17.94) 7262 (16.30) <0.001
Cardiovascular disease 415 (3.13) 1106 (3.53) 1521 (3.41) 0.033
Smoking 1138 (8.58) 4996 (15.97) 6134 (13.77) <0.001
Alcoholism 1751 (13.20) 1068 (3.41) 2819 (6.33) <0.001
Anxiety/Depression 2304 (17.36) 3727 (11.91) 6031 (13.53) <0.001
No comorbidities 6391 (48.16) 14450 (46.18) 20841 (46.77) <0.001

*Missing data: 1222 (9.21%) Indigenous and 6522 (20.84%) non-Indigenous, total 7744 (17.38%).

1Other: traditional healthcare.

FMissing data: 902 (7.01%) Indigenous and 4375 (13.80%) non-Indigenous.

§Others: Indigenous: 29 ankylosing spondylitis, 9 gout, 4 scleroderma and 3 psoriasis. Non-Indigenous: 39 ankylosing spondylitis, 74 gout, 1 scleroderma
and 4 psoriasis.

HAQ-DI, Health Assessment Questionnaire-Disability Index; RRPS, rheumatic regional pain syndromes.
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(Indigenous and non-Indigenous), formal schooling
(numbers of years studied in the official education
system) and place of residence (urban/rural).

Level of joint biomechanical stress was classified
according to self-reported occupation. Individuals were
asked for a visual recreation of their activity, according
to the degree of effort and the body regions involved.
Following a survey on the level of physical load repeti-
tiveness, each occupation was classified into three levels
of joint biomechanical stress in the workplace: high (eg,
farmers, homemakers, machine operators), medium (eg,
artisans, drivers, technicians) and low (eg, merchants,
professionals, students, teachers, retirees).

Comorbidities were self-reported,™ * while physical
disability was measured with the Health Assessment
Questionnaire-Disability Index (HAQ-DI), validated for
each country and with an established cut-off point of
>0.8.%

Accessibility to the local healthcare system was classi-
fied by conducting an exercise of comparisons and equiv-
alences among the researchers from the five participating
countries.

Considering all characteristics of the healthcare
systems, the three subgroups used to classify accessibility
were: partial coverage, involving a public system that covers
physician appointments, laboratory tests and basic but
not high specialty medications; full coverage, involving a
social security system that covers all health expenses and
private coverage, where patients pay fully for their care.

Analysis
A multiphase analysis was performed.

Phase |

We applied inferential statistics (ie, bivariate analysis) to
explore associations between ethnicity (Indigenous or
non-Indigenous) and country of origin, and sociodemo-
graphic characteristics (ie, age, gender, formal schooling,
urban/rural residence), rheumatic diagnoses, comor-
bidities, disability (HAQ-DI) and levels of accessibility
(partial, total and private coverage).

Phase Il

We performed simple logistic regression models to
identify factors (ie, sociodemographic, comorbidities,
disability, accessibility and joint biomechanical stress)
associated with RMD diagnosis (ie, present or absent)
as a dependent variable by ethnicity (Indigenous vs non-
Indigenous). We estimated ORs, along with 95% CIs and
significance (p).

Phase Il

We used a network analysis approach® to generate
groups with similar characteristics (eg, sociodemo-
graphic, country, comorbidities, diagnoses, etc) called
clusters. These clusters helped to determine the negative
characteristics associated with disease and disability using
the syndemic framework. The network analysis method
requires the definition of a characteristic that allows
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Table 3 Logistic regression

Indigenous Non-Indigenous
OR (95% CI two-sided) P value OR (95% CI two-sided) P value

Intercept 0.02 (0.01 to 0.03) <0.01 0.10 (0.08 to 0.12) <0.01
Gender (female) 1.10 (0.96 to 1.25) 0.164 1.19 (1.11 to 1.27) <0.01
Age (years) 0.49 (0.41 to 0.59) <0.01 1.49 (1.37 to 1.62) <0.01
Urban setting 1.02 (1.02 to 1.02) <0.01 1.00 (1.00 to 1.01) <0.01
Educational level 0.99 (0.97 to 1.00) 0.051 1.01 (1.00 to 1.01) 0.081
Health coverage

Full 1.46 (1.11 t0 1.91) <0.01 0.82 (0.74 to0 0.91) <0.01

Partial 1.15 (0.88 to 1.50) 0.322 0.59 (0.55 to 0.64) <0.01

Private 1.55(1.10 to 2.19) 0.013 1.43 (1.25 to 1.64) <0.01

Other 1.36 (0.87 to 2.13) 0.172 0.98 (0.70 to 1.36) 0.900
Level of joint biomechanical stress

High 1.18 (1.00 to 1.40) 0.054 1.55 (1.41 to 1.69) <0.01

Medium 1.22 (0.96 to 1.56) 0.110 1.31 (1.17 to 1.46) <0.01

Low 1.17 (0.97 to 1.42) 0.101 1.52 (1.38 to 1.66) <0.01
Pain

Historical pain 27.77 (24.09 to 32.01) <0.01 3.84 (3.59 to 4.11) <0.01

Non-traumatic pain (7 days) 2.51 (2.18 t0 2.89) <0.01 2.26 (2.11 t0 2.43) <0.01
Physical disability (HAQ-DI)

HAQ>0.8 1.25 (1.00 to 1.56) 0.045 1.37 (1.283 to 1.52) <0.01
Comorbidities

Diabetes mellitus 0.95 (0.75 to 1.20) 0.653 0.82 (0.73 to 0.93) <0.01

High blood pressure 0.98 (0.82 to 1.18) 0.842 0.95 (0.87 to 1.03) 0.226

Cardiovascular disease 0.83 (0.62 to 1.12) 0.219 1.06 (0.91 to 1.24) 0.433

Smoking 0.93 (0.74 to 1.16) 0.504 1.06 (0.97 to 1.16) 0.217

Alcoholism 0.78 (0.64 to 0.94) <0.01 1.15 (0.97 to 1.37) 0.107

Anxiety/Depression 0.99 (0.84 to 1.17) 0.926 1.05 (0.96 to 1.16) 0.266

No comorbidities 0.87 (0.74 to 1.03) 0.111 0.73 (0.67 to 0.80) <0.01

Dependent variable: a rheumatic disease. Independent variables: gender, place of residence, age, schooling, health coverage,

biomechanical stress, pain, functional capacity and comorbidities.
HAQ-DI, Health Assessment Questionnaire-Disability Index.

creation of connections between subjects; a measure
of similarity was defined to create these. The similarity
measure determined the relationships between the
different subjects within the database. The measure of
similarity evaluated the number of similarities between
two subjects regarding the results of their evaluations. To
construct the first part of the similarity measure, a vector
was defined with the following variables: (a) accessibility
level, (b) level of joint biomechanical stressand (c) urban/
rural residence. Using the cosine similarity method, this
vector was used to calculate a similarity index for each
individual concerning the rest of the population.”® The
final similarity index was obtained by applying a weighted
difference by years of education between each individual.

The similarity index was used to determine an individu-
al’s degree of similarity to the rest of the population and
to build the relations between individuals. In the network

definition, each individual is a node; an axis of relations
is generated when the similarity index between two indi-
viduals is greater than the average of the similarity indices
plus the SD of the whole population.37 The network
obtained is simulated in Gephi38 and the final position of
the nodes or individuals is used to define the new groups
using the Density-Based Spatial Clustering of Applications
with Noise (DBSCAN) method.*

Due to the complexity of the representation of the
clusters, we conducted a consensus process among all
researchers to select the most relevant clusters regarding
socio-economic and clinical impact, which included
healthcare access, disability, educational level and type of
RMD. Selected clusters were further analysed in network
analysis, including the following factors in a hierarchical
order of importance: (1) prevalence of RMD, (2) preva-
lence of RA and (3) the number of individuals comprising
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Figure 1 Network and cluster analysis to describe groups

with shared variables according to the syndemic framework
in the Indigenous population. HAQ-DI cut-off point of >0.8.
*Age and formal schooling show mean value (SD). Circle
size represents the number of individuals per cluster for
visual comparison. The cluster positions are the result of the
network simulation; the position of each cluster is obtained
during the simulation depending on the similarity of the
individuals. HAQ-DI, Health Assessment Questionnaire-
Disability Index; RRPS, rheumatic regional pain syndromes.

the cluster. All researchers assigned every cluster a
weighted score for each of the three selected variables.
Finally, six clusters were selected per group (ie, Indige-
nous and non-Indigenous) according to their amount of
representation of health inequity factors.

Phase IV

We conducted a sensitivity analysis to confirm no biases
using a randomly selected weighted sample of Indig-
enous/non-Indigenous populations from the three
countries that studied both at the same time (Ecuador,
Mexico and Venezuela), and two countries that only had
samples of Indigenous (Argentina) or non-Indigenous
(Colombia) populations. The clusters obtained through
this analysis were defined by factors such as living in a
rural setting, lower health coverage and greater disability,
which  went beyond our initial Indigenous/non-
Indigenous classification and impacted the management
of rheumatic diseases. These emerging differences can be
used to document inequity insofar as they highlight the
variables which negatively affect the health of people with
RMD.
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Figure 2 Network and cluster analysis to describe groups
with shared variables according to the syndemic framework
in the non-Indigenous population. HAQ-DI cut-off point of
>0.8. *Age and formal schooling show mean value (SD).
Circle size represents the number of individuals per cluster
for visual comparison. The cluster positions are the result

of the network simulation; the position of each cluster is
obtained during the simulation depending on the similarity of
the individuals. HAQ-DI, Health Assessment Questionnaire-
Disability Index; RRPS, rheumatic regional pain syndromes.

Patient and public involvement

Patients or the public were not involved in the design
or conduct, or reporting, or dissemination plans of our
research. The members of the public were involved at
original stages of each study including as cultural liaisons.
We disseminated the main results to all participants and
health authorities to improve health conditions.

RESULTS
A total of 44560 individuals from five Latin American
countries (Argentina, Colombia, Ecuador, Mexico and
Venezuela) were studied. Of these, 29.78% (13 269)
self-identified as Indigenous and 27145 (60.92%) were
female, with an average age of 43.25 (SD=18.02) years
and a mean of 8.06 (SD=5.02) years of schooling. RMD
was diagnosed in 13528 (30.36%) individuals. Rheumatic
regional pain syndromes (RRPS) was the rheumatic diag-
nosis with the highest prevalence (6100, 13.69%) followed
by osteoarthritis (3690, 8.28%), while RA was reported in
(877, 1.97%) individuals (table 1).

A lower urban origin (18.71%) and less years of
formal schooling (6.74, SD=5.71) were observed in the
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Figure 3 Inequities and vulnerabilities in RMD: a palimpsest
model. A model of vulnerability in layers analyses how the
determinants of health at different levels—genetic, biological,
psychological, social and political —interact over time,
creating barriers that lead to health inequity.

Indigenous population, while the non-Indigenous popu-
lation had a predominance of private coverage (10.89%).
High joint biomechanical stress (47.01%) and historical
pain (39.99%) were more frequent in Indigenous popu-
lations. The prevalence of RMD was similar between
populations studied; RA was more prevalent in Indig-
enous people (2.26% vs 1.74%), but not significantly.
Non-Indigenous people had greater disability (8.15%
with  HAQ>0.8) and higher prevalence of diabetes
mellitus, high blood pressure and smoking (7.09%,
18.59% and 15.16%, respectively). Among Indigenous
people, alcohol consumption and anxiety/depression
were more prevalent (13.98% and 19.55%) (see online
supplemental table).

In terms of the subanalysis by country, Argentina had
the youngest individuals (35.98, SD=14.25); Ecuador and
Colombia recorded a higher level of schooling (9.31,
SD=5.49) and a higher prevalence of RMD (47.69% and
40.76%); Argentina and Mexico had the highest preva-
lence of RA (3.01% and 2.22%); Colombia had a higher
prevalence of historical and non-traumatic pain (73.95%
and 43.94%) and Ecuador had the highest number of
disabled people (8.70% with HAQ>0.8) (table 2).

A logistic regression analysis was performed by
ethnicity. In the Indigenous population, the variables
significantly associated with RMD diagnosis were living in
a rural setting, younger age, relying on the public health
system for treatment, high levels of joint biomechan-
ical stress, greater pain and greater disability. In turn,
the variables associated with RMD diagnosis in the non-
Indigenous population were being a woman, living in
an urban setting, older age, relying on the private sector
for treatment, more frequent joint biomechanical stress

regardless of the level, greater pain, greater disability and
less association with having diabetes mellitus (table 3).

Twenty clusters were identified in the Indigenous popu-
lation and 17 in the non-Indigenous population. In order
to best represent the results, six clusters were selected for
each group, using consensus and weighing as described
in the methodology.

The six clusters selected from the Indigenous popula-
tion were: cluster 1 was represented by individuals with
partial coverage, younger, with lower educational attain-
ment, higher prevalence of RA and low back pain and
higher pain and smoking. Cluster 11 included individ-
uals with full coverage, greater functional limitation and
higher prevalence of RA and anxiety/depression. Cluster
13 was represented by individuals with less schooling and
a high percentage of smoking and alcoholism. Cluster 14
was represented by individuals with full coverage, high
prevalence of RMD and higher percentage of anxiety/
depression and pain. Cluster 15 was the largest, with
partial coverage, high level of joint biomechanical stress
and higher prevalence of RMD and associated pain.
Lastly, cluster 16 was the smallest and included individ-
uals with private coverage, high level of joint biomechan-
ical stress, older age, anxiety/depression and alcoholism
and the highest prevalence of RMD and associated pain
out of all the clusters (figure 1).

In the non-Indigenous population, the six selected
clusters were: cluster 4 was the largest, represented by
individuals with partial coverage, high level of joint
biomechanical stress, higher percentage of pain and
higher prevalence of RMD, high blood pressure and
anxiety/depression. Cluster 7 was the smallest, with a
low percentage of pain and RMD, but greater physical
disability. Cluster 8 included individuals with less years of
formal schooling, partial health coverage, higher preva-
lence of RMD and anxiety/depression, medium level of
joint biomechanical stress and high physical disability.

Cluster 9 included individuals with higher educational
attainment, full coverage, higher prevalence of RRPS,
greater pain, greater level of smoking and less disability.
Cluster 10 was represented by individuals with partial
coverage, and lower prevalence of RMD and associated
pain, but with greater limitation. Cluster 17 included only
Mexican individuals with partial coverage, high level of
joint biomechanical stress, lower educational attainment
and higher prevalence of RA, diabetes mellitus and high
blood pressure (figure 2).

DISCUSSION

The syndemic approach analyses the synergistic inter-
relationship between different biological and non-
biological factors that lead to disease. The application of
this approach to the area of health is relatively recent.
Multiple studies describe how epidemiological and socio-
economic factors are related to disability and inequity
in patients with RMD.*’ However, there are few publica-
tions that evaluate inflammatory joint diseases and other
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chronic musculoskeletal conditions from a broader social
and biocultural context, taking into consideration how
the socioeconomic characteristics of the environment
interact with the disease.

In the present study, a syndemic approach was used to
identify factors associated with health inequity."' The results
obtained through a complex analysis of networks showed
a greater clustering of patients with rheumatic diseases
who shared common social determinants, such as rural
setting and lower schooling. This coincides with the results
published by Norton et al, who have described that the
greater the comorbidities, the greater the risk of a negative
impact on the evolution of RMD* and, consequently, the
greater the difficulty to adequately control the disease.*

This study identified factors associated with inequity
in individuals with RMD in five Latin American coun-
tries with a syndemic approach. The clusters obtained
through our analysis show differential negative impacts
in the groups that were formed. The relevant emerging
factors are living in rural communities, having lower
educational attainment and depending on the public
healthcare system, described as fragmented in all partic-
ipating countries. Comorbidities such as smoking, alco-
holism and those related to mental health (anxiety/
depression) are most prevalent overall, and greater in
the Indigenous population. The differences detected
through the clusters can be considered health inequities,
since they constitute avoidable differences such as low
schooling and a healthcare system without full coverage.
Furthermore, the clusters that have greater impact are
those which include Indigenous people. All of the above
attests to the inequity in RMD in low-income and middle-
income countries in general, and even more so in histor-
ically vulnerable populations, such as Indigenous groups.

Multiple reports describe disparity and inequity among
patients with RMD. Although they contemplate the
interaction of disease with epidemiological, biological
and socioeconomic factors, most of the research of this
phenomenon does not include a conjunct and compre-
hensive analysis of all factors as is achieved by syndemics.*’

Another important finding of the study is the clusters
with higher prevalence of comorbidities, particularly
high blood pressure, tobacco and alcohol consumption,
and those related to mental health (anxiety/depression).
As previously reported, the greater the comorbidity, the
greater the risk of negative impact on the evolution of
RMD.*” The coexistence of two or more conditions
prevents the proper control of disease activity, hindering
the achievement of therapeutic goals like those proposed
by the treat-to-target recommendations.*’

The coexistence of several chronic conditions involving
systemic inflammatory processes and deterioration in
functional capacities leads to a greater impact on the
quality of life and greater demand of health services,
to which many populations in Latin America have no
universal access. Indeed, the results of this analysis iden-
tified several clusters with partial or no access to medical
care coinciding with greater comorbidity (clusters 1, 10,

11). The association between RMD severity and comorbid-
ities as biological interactions is clear, but it is important
to correlate these at a social level, since not having access
to timely diagnoses or specialised care increases the possi-
bility of greater comorbidity and complications. Addition-
ally, it is important to address the interaction of certain
prevalent comorbidities (smoking, alcoholism and mental
health disorders) which contribute to the syndemic as
both social and biological factors. While there is sufficient
evidence to suggest the possibility of common pathophys-
iological mechanisms with inflammatory joint diseases, it
has also been shown that states of anxiety and depression
can be triggered by non-biological factors such as social
isolation, poverty, mental health worldview or cultural
stigmatisation and/or lack of access to healthcare.**

When comparing inequity between population groups,
the poverty rate in Indigenous and rural communities is
higher, as reported in this study: 29.78% of the population
self-identified as Indigenous, with a higher level of indi-
viduals from rural areas and fewer years of schooling. The
prevalence of RA specifically was more pronounced in the
Indigenous population, with the highest rates in Argentina
and Mexico (3.01% and 2.22%).* ' Previous research has
similarly found that RMD are more frequent in the Indige-
nous populations than in the non-Indigenous populations of
Canada, Australia, New Zealand and the USA.Y

The Indigenous population had a lower prevalence of
disability despite presenting greater high level of joint biome-
chanical stress, historical pain and RA, which may be related
to a worldview favouring normalisation or underestimation
of symptoms. In addition, the interpretation of these symp-
toms may be one of the causes of delay in seeking special-
ised care." The relationship between ethnicity and health
outcomes seems to be influenced by acculturation, that is,
when one ethnic group is forced to adopt the beliefs and
practices of another, the members develop negative health
behaviours as coping mechanisms.*

Health systems in Latin America are diverse and
complex. Individuals in this study are distributed among
the spectrum of public (partial or full) and private
systems. Most Indigenous communities have public
health coverage, though this does not guarantee access
or continuity of care and treatment. Limited access is due
to economic barriers, and related to ethnic, cultural and
geographical factors, among others.® ** * ** Indigenous
communities are among the most vulnerable groups and,
due to the conditions described above, their inclusion
into the healthcare system is complex.' ***/

The inaccessibility of the healthcare system, socioeco-
nomic conditions, presence of comorbidities involving
mental health and RMD disease activity are all factors that
exist in interacting layers to create specific conditions of
vulnerability for different patient populations. A model of
vulnerability in layers, called a palimpsest design,'* analyses
how the determinants of health at different levels—genetic,
biological, psychological, social and political—interact
over time, creating barriers that lead to health inequity.
The syndemic approach, in taking into consideration all
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factors and their interactions conjunctly, corresponds with
a palimpsest model, providing evidence for the vulnerability
of patients with RMD associated with social factors such as
rurality, low educational attainment and greater reliance on
the public health system (figure 3).

Limitations

The cross-sectional nature of our study is a limitation to
establish causality. However, the network and cluster anal-
ysis allowed the grouping of individuals by variables to
document inequity, the principal objective of this study.

Another limitation is the documentation of comor-
bidities through selfreporting, which can condition a
measurement error. However, an attempt was made to
verify these reports through the medications that individ-
uals informed having taken.

In conclusion, the complex analysis from a syndemic
approach allowed us to identify the greatest inequity in
the clusters that group younger individuals, residents of
rural areas, those who self-identify as Indigenous, have
lower educational attainment, higher prevalence of RMD
and RA specifically, greater comorbidities especially
related to mental health and high blood pressure and
partial coverage in the public healthcare system. Given
the above, we can assume that these social vulnerabilities
and comorbidities lead to health inequities for popula-
tions living in countries in which RMD are not considered
a priority, resulting in lack of coverage for prevention,
diagnosis and management.
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