
RESEARCH ARTICLE Open Access

Racial and socioeconomic disparities in
multimorbidity and associated healthcare
utilisation and outcomes in Brazil: a cross-
sectional analysis of three million
individuals
Thomas Hone1* , Jonathan Stokes2, Anete Trajman3, Valeria Saraceni4, Claudia Medina Coeli5, Davide Rasella1,6,
Betina Durovni7 and Christopher Millett1,8

Abstract

Background: Evidence is limited on racial/ethnic group disparities in multimorbidity and associated health
outcomes in low- and middle-income countries hampering effective policies and clinical interventions to address
health inequalities.

Methods: This study assessed race/ethnic and socioeconomic disparities in the prevalence of multimorbidity and
associated healthcare utilisation, costs and death in Rio de Janeiro, Brazil. A cross-sectional analysis was carried out
of 3,027,335 individuals registered with primary healthcare (PHC) services. Records included linked data to
hospitalisation, mortality, and welfare-claimant (Bolsa Família) records between 1 Jan 2012 and 31 Dec 2016.
Logistic and Poisson regression models were carried out to assess the likelihood of multimorbidity (two or more
diagnoses out of 53 chronic conditions), PHC use, hospital admissions and mortality from any cause. Interactions
were used to assess disparities.

Results: In total 13,509,633 healthcare visits were analysed identifying 389,829 multimorbid individuals (13%). In
adjusted regression models, multimorbidity was associated with lower education (Adjusted Odds Ratio (AOR): 1.26;
95%CI: 1.23,1.29; compared to higher education), Bolsa Família receipt (AOR: 1.14; 95%CI: 1.13,1.15; compared to
non-recipients); and black race/ethnicity (AOR: 1.05; 95%CI: 1.03,1.06; compared to white). Multimorbidity was
associated with more hospitalisations (Adjusted Rate Ratio (ARR): 2.75; 95%CI: 2.69,2.81), more PHC visits (ARR: 3.46;
95%CI: 3.44,3.47), and higher likelihood of death (AOR: 1.33; 95%CI: 1.29,1.36). These associations were greater for
multimorbid individuals with lower educational attainment (five year probability of death 1.67% (95%CI: 1.61,1.74%)
compared to 1.13% (95%CI: 1.02,1.23%) for higher education), individuals of black race/ethnicity (1.48% (95%CI: 1.41,
1.55%) compared to 1.35% (95%CI: 1.31,1.40%) for white) and individuals in receipt of welfare (1.89% (95%CI: 1.77,
2.00%) compared to 1.35% (95%CI: 1.31,1.38%) for non-recipients).
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Conclusions: The prevalence of multimorbidity and associated hospital admissions and mortality are greater in
individuals with black race/ethnicity and other deprived socioeconomic groups in Rio de Janeiro. Interventions to
better prevent and manage multimorbidity and underlying disparities in low- and middle-income country settings
are needed.
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Background
Noncommunicable diseases (NCDs) remain the leading
cause of death and disability worldwide. However, 77%
of NCD deaths and 82% of NCD DALYs lost globally
are in low- and middle-income countries (LMICs) [1].
The estimated economic burden of leading NCDs be-
tween 2011 and 2030 is USD $47 trillion (2010 USD $)
with nearly half (USD $21 trillion) in LMICs [2]. Appro-
priate prevention and management of risk factors and
chronic conditions is essential to address the NCD bur-
den [3].
Multimorbidity (two or more chronic conditions)

strains health systems attempting to manage the growing
burden of NCDs. Multimorbid individuals report worse
quality of life [4] and increased functional decline [5],
incur higher healthcare costs [5], and are at increased
risk of death [6]. Individuals with deprived socioeco-
nomic status and low educational attainment have a
higher prevalence of multimorbidity [7–13], including in
LMICs [14–16]. Accumulation of risk factors, chronic
stress, and poorer healthcare access in deprived socio-
economic groups drive these disparities. Multimorbidity
onset can be up to 15 years earlier in deprived popula-
tions compared to affluent populations [17].
Research on multimorbidity in LMICs is extremely

limited [18, 19] – particularly examining racial/ethnic
and socioeconomic group disparities. Studies in high-
income countries show higher rates of multimorbidity
among Hispanics and African Americans in the USA
[8–11], South-Asian and black individuals in the UK
[12], and ethnic minorities in the Netherlands [13]. Simi-
larly, evidence from the USA [11] and cross-country
studies in LMICs [14–16] show those with lower educa-
tion have higher rates of multimorbidity. Studies from
LMICs almost exclusively rely on household surveys
which are subject to recall bias and are often underpow-
ered to detect disparities.
Brazil is an important setting for evaluating multimor-

bidity. It is a large middle-income country that has ex-
panded universal health services in the context of stark
disparities in health outcomes between socioeconomic
and race/ethnic groups [20]. Brazil’s GINI index of in-
come inequality was 53 in 2019 - one of the most un-
equal in the world. More than half of Brazilians aged 25
or older have not completed secondary school [21].
Nearly a third (32.9%) of black or pardo Brazilians earn

less than US$5.50 a day (compared to 15.4% of white
Brazilians), whilst 9.1% of black/pardo Brazilians are
illiterate compared to 3.9% of white Brazilians [22]. Pri-
mary health care (PHC), under the Family health Strat-
egy, have been expanded nationally since the mid 1990s
covering around 60% of the population in 2018 [23].
PHC services are publicly-funded and free at the point
of care, and include comprehensive preventative and
acute care provided by multidisciplinary teams [24].
With a sizeable private sector, PHC in Brazil generally
covers low and middle-income populations. However,
there are major health system fragilities [23] and grow-
ing NCD risk factors [25]. Nationally, an estimated 42
million individuals (22–23% of adults) are multimorbid
[26, 27], rising to 68% for those over 50 years of age [28],
with higher rates of multimorbidity for those with lower
education [26–28]. Brazilian studies utilising medical re-
cords with statistical power to examine disparities in
multimorbidity prevalence and outcomes are scarce.
This study uses a large dataset of three million individ-
uals of all ages over the life course registered with
PHC services in the city of Rio de Janeiro. It firstly as-
sesses the prevalence of multimorbidity and associated
risk factors, and secondly explores the association of
multimorbidity with healthcare utilisation, patients’
healthcare costs, and death between race/ethnicity and
socioeconomic groups.

Methods
Study design
A cross-sectional analysis of PHC registered individuals
with linked welfare, PHC, hospitalisation, and mortality
records.

Data sources
PHC registration records of 3,027,335 individuals of all
ages in Rio de Janeiro city were obtained - covering 47%
of the city population. The study population is low-
income as PHC services are focused in poorer areas. All
individuals who registered with PHC up to 31 Dec 2016
were included. Records were linked to welfare claimant
records (Cadastro Unico), PHC electronic medical re-
cords, hospitalisation admission records (Sistema de
Informações Hospitalares; SIH), and mortality records
(Sistema de Informações sobre Mortalidade; SIM) - all
covering the five-year period from 1 Jan 2012 to 31 Dec
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2016. Datasets were obtained from the Secretariat for
Health in Rio de Janeiro and linked using tax numbers,
date of birth, and phonetic matching of names. The link-
age methods involved deterministic and probabilistic
processes with manual review. Probabilistic matching
varied from 8 to 15%, depending on the databases being
linked. Details on the linkage are published elsewhere
[29, 30].
From PHC registration records, individuals’ characteris-

tics were collated including age, sex, race/ethnicity, high-
est educational attainment, and private insurance usage.
Welfare claimant records identified individuals in receipt
of welfare (conditional cash transfers; Bolsa Família) and
monthly expenditures on medicines. From PHC consulta-
tions, hospitalisation admission records, and mortality re-
cords, ICD-10 codes and PHC procedure codes were
obtained. There were 3,173,289 individuals in the original
dataset (registered up to 31 Dec 2016), of which 145,954
(4.6%) were removed - 76,418 due to missing data on sex,
race, date of birth or date of death; 67,170 duplicates; and
2366 records with deaths before 1 Jan 2012.
To assess multimorbidity, 53 chronic conditions were exam-

ined (Additional File 1 for conditions and ICD-10/procedure
codes based on previous studies [17, 19, 31, 32]). Individuals
were assigned chronic disease diagnoses based on criteria re-
lating to timing of diagnoses (e.g. diagnoses within last 2
years), although for most conditions this was if any relevant
diagnosis was ever recorded. Multimorbidity was defined as
having two or more chronic disease diagnoses.
The resulting dataset contained PHC registered individ-

uals and their chronic disease diagnoses, demographic and
socioeconomic characteristics, counts of PHC consulta-
tions (all consultations including treatment and preventa-
tive care) and hospital admissions (emergency and
elective) and mortality outcomes. Hospital admissions due
to childbirth were excluded (ICD10 O00-O99.9, Z32-
Z39.9). For a subset of the population (welfare claimants),
household monthly expenditure on medicines was avail-
able. This was the reported monthly household expend-
iture on medicines (R$s). Demographic and
socioeconomic characteristics were encoded as: sex (male;
female); 5 year age groups; self-reported race/ethnicity
(white; black; pardo (mixed race); Asian (Amarelo); or in-
digenous); the individual’s highest educational attainment
(none, pre-school or literacy class; elementary School
(Grades 1–4); elementary School (Grades 5+); high-
school; higher education; or missing); if individual was in
a Bolsa Família recipient household (yes; no); and if indi-
vidual had private insurance (yes; no).

Statistical analysis
Prevalence of multimorbidity and associated risk factors
The prevalence of multimorbidity across race/ethnicity
and socioeconomic groups was reported. The most

common chronic conditions and those chronic condi-
tions that contributed most to hospitalisations and
deaths were reported. Logistic regression was employed
to explore risk of multimorbidity by race/ethnicity and
socioeconomic factors. Covariates were sex, age, race,
educational group, Bolsa Família receipt, private insur-
ance, and if individuals had any PHC use or hospitalisa-
tion. Adjusted odds ratios (AOR) were reported. Due to
the high level of missing data on education (26.9%), ana-
lyses were conducted including the missing category for
comparison.

Associations between multimorbidity, healthcare use,
expenditures and death, and disparities across race/ethnic
and socioeconomic groups
Regression modelling examined association between
multimorbidity and PHC and hospital usage, health ex-
penditures and mortality. Models were adjusted for sex,
age, race/ethnicity, educational group, Bolsa Família re-
ceipt, and private insurance. Logistic regression was
employed for death (binary outcome), Poisson models
for counts (PHC consultations and hospital admissions),
and linear regression for household health expenditures
(subset of population with available data). AOR were re-
ported for logistic regressions and adjusted rate ratios
(ARR) reported for Poisson regression models.
The models were expanded with interactions to test

whether the associations between multimorbidity and
healthcare use, death and expenditures were different
across race/ethnicity, educational attainment, and Bolsa
Família status groups (i.e. three interactions per out-
come). Post-regression probabilities (of death), rates (of
PHC consultation and hospital admissions), and average
household expenditures were predicted for the three so-
cioeconomic groups and by multimorbidity status. These
are interpreted relative to the five-year study period (i.e.
five-year probability of death).
All analyses used robust standard errors and carried

out in STATA® Statistical Software 15 (StataCorp LLC).

Sensitivity analyses
Overall prevalence estimates of multimorbidity from all
PHC registrants were compared to estimates from a sub-
sample of those that used PHC services. Potential biases
from high levels of missing education data were tested
through multiple imputation where 10 imputations were
made based on individuals’ recorded age, sex, education
status, race/ethnicity, Bolsa Família receipt, insurance
coverage, and PHC and hospital usage.

Results
There were 3,027,335 individuals in the dataset regis-
tered with PHC (Table 1). Of these, 1,722,477 (56.9%)
had at least one consultation with PHC between 1 Jan
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2012 and 31 Dec 2016 (PHC users) whilst 226,255
(7.5%) had at least one hospital admission. Over half (1,
693,999; 56.0%) of the population was female. By race/

ethnicity, 51.5% were pardo (mixed race), 35.8% white
and 12.0% were black. Over one-fifth (21.3%) were Bolsa
Família recipients. Most (1,633,095; 54.0%) had

Table 1 Characteristics of the study population and prevalence of multimorbidity

All (N (%)) Multimorbidity (N (%))

Sex

Male 1,333,336 (44.0%) 128,545 (33.0%)

Female 1,693,999 (56.0%) 261,284 (67.0%)

Age group

< 5 years 237,889 (7.9%) 2628 (0.7%)

5–9 years 158,402 (5.2%) 2221 (0.6%)

10–18 years 380,705 (12.6%) 5850 (1.5%)

19–24 years 284,701 (9.4%) 6458 (1.7%)

25–34 years 447,611 (14.8%) 18,343 (4.7%)

35–44 years 426,648 (14.1%) 39,273 (10.1%)

45–54 years 384,462 (12.7%) 71,719 (18.4%)

55–64 years 343,700 (11.4%) 102,293 (26.2%)

65–79 years 275,939 (9.1%) 107,709 (27.6%)

80+ years 87,278 (2.9%) 33,335 (8.6%)

Ethnicity/race

White 1,083,884 (35.8%) 150,340 (38.6%)

Black 362,228 (12.0%) 57,923 (14.9%)

Asian (Amarelo) 18,624 (0.6%) 2049 (0.5%)

Pardo (mixed) 1,559,686 (51.5%) 179,135 (46.0%)

Indigenous 2913 (0.1%) 382 (0.1%)

Bolsa Família recipient family

No 2,381,612 (78.7%) 327,010 (83.9%)

Yes 645,723 (21.3%) 62,819 (16.1%)

Education level

None/Pre-school/Literacy class 487,860 (16.1%) 47,246 (12.1%)

Elementary School (Grades 1–4) 601,595 (19.9%) 129,992 (33.4%)

Elementary School (Grades 5+) 425,643 (14.1%) 65,956 (16.9%)

High-School 605,857 (20.0%) 107,566 (27.6%)

Higher Education 91,656 (3.0%) 18,448 (4.7%)

None reported (missing) 814,724 (26.9%) 20,621 (5.3%)

Private insurance?

No 2,742,548 (90.6%) 367,158 (94.2%)

Yes 284,787 (9.4%) 22,671 (5.8%)

Primary care user

No 1,304,858 (43.1%) 1718 (0.4%)

Yes 1,722,477 (56.9%) 388,111 (99.6%)

Public hospital user

No 2,801,080 (92.5%) 315,595 (81.0%)

Yes 226,255 (7.5%) 74,234 (19.0%)

Total 3,027,335 389,829 (12.9%)

PHC primary healthcare
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elementary (grades 1–4 or grades 5+) or high schooling,
whilst 3.0% (91,656) had higher education and 16.1%
(487,860) had no formal education. The mean number
of PHC consultations and hospitalisations per individual
over the five-year period were 4.3 and 0.12 respectively.
In total, 39,385 (1.3%) individuals died. There were 881,
632 individuals (29.1%) with data on expenditures and a
mean household expenditure on medicines of R$ 9.9 per
month (USD $ 3.3 in 2015).

Prevalence of multimorbidity and associated risk factors
To assess chronic condition diagnoses, 13,151,537 PHC
consultations and 358,096 hospital admissions were ana-
lysed. The most common conditions were: hypertension
(445,6901 individuals with diagnosis; 14.7%), diabetes
mellitus (150,276; 5.0%), allergy (74,971; 2.5%), severe vi-
sion reduction (59,108; 2.0%), lipid metabolism disorders
(52,991; 1.8%), and obesity (49,749; 1.6%) (Add-
itional File 2). Over one-quarter of the population (835,
151; 27.6%) had at least one chronic condition, whilst
12.9% (389,829) were multimorbid. Of multimorbid indi-
viduals, 228,153 (73.8%) had hypertension and 130,418
(33.5%) had diabetes mellitus (Additional File 3 and
Additional File 4).
Multimorbidity substantially increased with age (Fig. 1).

Whilst on average the prevalence was 12.9%, it increased
to 16.6% (379,919 individuals) for aged 18 years and
over, 26.1% (337,657) for those aged 40 and over, and
37.0% (194,403) those age 60 and over (Additional File 5).
There were differences by sex (15.4% of females were
multimorbid; 9.6% of men) and race/ethnicity (16.0% of
black, 13.9% of white, 13.1% of indigenous, 11.5% of
pardo, and 11.0% of Asian). Disparities in the prevalence

of multimorbidity by racial and educational groups wid-
ened with age (Fig. 2). The age at which a quarter of in-
dividuals had multimorbidity varied from 51 years for
black individuals to 54 for pardo, 55 for white, and 57
for Asian (Amarelo).
In adjusted analyses, black individuals were 5% more

likely to be multimorbid (AOR: 1.05; 95%CI: 1.03,1.06),
whilst pardo individuals were 6% (AOR: 0.94; 95%CI:
0.93,0.95), Asian 11% (AOR: 0.89; 95%CI: 0.84,0.95), and
indigenous individuals 19% (AOR: 0.82; 95%CI: 0.72,
0.93) less likely to be multimorbid compared with white
individuals (Additional File 6). The highest educated
were 21% (AOR: 0.79; 95%CI: 0.77,0.81) less likely to be
multimorbid than those with no education, whilst Bolsa
Família recipients were 14% (AOR: 1.14; 95%CI: 1.13,
1.15) more likely than non-recipients.

Associations between multimorbidity, healthcare
utilisation, expenditures, death, and disparities across
race/ethnic and socioeconomic groups
Nearly half (44%; 5,727,074) of all PHC consultations,
37% (133,526) of admissions, and a third (13,172) of
deaths were in multimorbid individuals. Households of
multimorbid individuals spent R$ 18.1 per month on
medicines compared to R$ 8.9 for non-multimorbid in-
dividuals. Adjusted logistic and Poisson regression
models found multimorbid individuals had 3.5 times as
many PHC consultations (ARR: 3.46; 95%CI: 3.44,3.47),
2.7 times as many hospitalisations (ARR: 2.75; 95%CI:
2.69,2.81), and were 33% more likely to die (AOR: 1.33;
95%CI: 1.29,1.36) compared to non-multimorbid individ-
uals (Additional File 7).

Fig. 1 Prevalence of number of chronic conditions by age
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Additionally, there were significant interactions be-
tween multimorbidity and race/ethnicity and socioeco-
nomic status (Fig. 3; Additional File 7). Predicted
five-year PHC utilisation rates were higher in individ-
uals with white race/ethnicity, lower educational at-
tainment and those in recipient of welfare.

Multimorbidity was associated with higher predicted
hospitalisation rates among those with lower educa-
tional attainment and welfare recipients. Multimorbid-
ity was associated with a greater risk of death among
black Brazilians, those with lower educational attain-
ment and welfare recipients.

Fig. 2 Prevalence of multimorbidity across ethnicity/racial and educational groups by age. Indigenous racial group omitted due to low numbers.
Lowest education includes individuals with no schooling, literacy classes, preschool or elementary school (Grades 1–4) attainment. Midlevel
education includes individuals with educational attainment of elementary School (Grades 5+) or high-school
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In the subgroup regression analysis of 881,632 individ-
uals with available data, multimorbid individuals spent
$R 2.3 (95%CI: 1.9,2.7) more per month than those with-
out multimorbidity (Additional File 8). The association
of multimorbidity and higher expenditures on medicines
was found across socioeconomic groups (Fig. 4), but the
magnitude of increase varied. Individuals in black racial/
ethnic, lower educational attainment and welfare recipi-
ents had smaller increases in expenditure associated with
multimorbidity.

Sensitivity analyses
The prevalence of chronic conditions was on average
twice as high among PHC users when compared to the
whole registered population (Additional File 2). Preva-
lence estimates for only PHC users (1,722,477) showed
very similar patterns across race/ethnicity and socioeco-
nomic groups (Additional File 9). There were also simi-
lar effect estimates for risk of hospitalisation and death
when examining PHC users only (Additional File 9).

Multiple imputation of missing education data did not
affect the main results (Additional File 10).

Discussion
This study analyses multimorbidity and disparities using
a large clinical dataset of three million individuals with
13.5 million linked healthcare records – a first for a mid-
dle-income country. More than one quarter of registered
individuals had a chronic condition and 13% had multi-
morbidity. Multimorbidity prevalence increased with
age: 17% for those aged 18 years and over, 26% for those
aged 40 and over, and 37% those age 60 and over.
Hypertension and diabetes were leading conditions. Dis-
parities were pervasive with higher rates of multimorbid-
ity and mortality in those with black race/ethnicity,
lower educational attainment and those in receipt of
welfare.
The high burden of hypertension and diabetes identi-

fied in this study is concordant with Brazilian and inter-
national studies [33, 34], and the association between
multimorbidity and hospitalisations, death and health

Fig. 3 Five-year predicted numbers of PHC consultations and hospitalisations and probability of death. Predicted probabilities and rates obtained
from adjusted regression models including age, sex, race, insurance status, education, Bolsa Família recipient status, multimorbidity diagnosis, and
three interactions between multimorbidity status and education, race, and Bolsa Família recipient status. Predicted probabilities and rates
interpreted relative to five-year observation period. MM – Multimorbidity
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expenditures is supported by recent systematic reviews
[6, 35]. The race/ethnicity group and wider socioeco-
nomic patterning of multimorbidity is also concordant
with wider literature [2, 8–14, 24, 28, 34]. In this study,
Bolsa Família receipt, lower education and belonging to
a black or pardo race/ethnic groups are proxies for lower
socioeconomic status. Lower socioeconomic status
drives the accumulation of chronic conditions through

poorer living standards and diets, lower healthcare ac-
cess, exposure to pollutants and environmental stressors,
diminished levels of health literacy and increased likeli-
hood of unhealthier behaviours such as smoking, alcohol
consumption, and low physical activity [36]. In Rio de
Janeiro, there is additionally increased neighbourhood
violence [37] and national issues related to structural ra-
cism and restricted employment and educational

Fig. 4 Predicted monthly household expenditures on medicines. Predicted monthly expenditures obtained from adjusted linear regression model
including age, sex, race, insurance status, education, Bolsa Família recipient status, multimorbidity diagnosis, and three interactions between
multimorbidity status and education, race, and Bolsa Família recipient status
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opportunities [38]. The results indicated that Black Bra-
zilians had generally higher rates of multimorbidity,
lower rates of PHC utilisation, and a higher risk of death
than white Brazilians suggesting greater exposure to
underlying risk factors and increased barriers to acces-
sing healthcare [39, 40].
In this study, multimorbid individuals with black race/

ethnicity and socioeconomically deprived had higher
healthcare use and mortality. Little is known in LMICs
about which factors increase mortality among individ-
uals with multiple chronic conditions. Studies from the
UK suggest behavioural factors are important [41, 42],
but in Brazil and other LMICs deep social inequalities
and barriers to accessing high-quality (and preventative)
healthcare are likely also contributors. The finding that
multimorbidity is associated with higher expenditures on
medicines is concordant with previous evidence [35].
However, multimorbidity-associated expenditures were
greater in higher socioeconomic groups perhaps indicat-
ing forgone medicine consumption (due to cost) in
lower socioeconomic groups or increased discretionary
spend in higher socioeconomic groups where medicines
are subsidised [43].
The findings from this study are pertinent to policy-

makers and clinicians in Brazil and other LMICs. Firstly,
multimorbidity is highly prevalent, although likely
underreported in clinical records – especially for condi-
tions such as depression and chronic back pain. The es-
timated prevalence of multimorbidity in this study is
lower than others in Brazil (22% of adults nationally [26,
27] and 68% for those over 50 years [28]), and differ-
ences may be due to over-reporting in surveys and
under-reporting in clinical records. Secondly, disparities
in multimorbidity reflect wider patterns of structural dis-
advantage and deprivation. Addressing inadequate access
to high quality healthcare among deprived groups is vital
[44, 45], in addition to addressing wider social determi-
nants of multimorbidity [46]. Thirdly, attention to redu-
cing medicine costs in individuals with multimorbidity,
especially among those with limited ability to pay, is an
important priority. Finally, racial/ethnic inequalities per-
sisted following statistical adjustment for socioeconomic
indicators suggesting race/ethnicity may independently
affect health outcomes - particularly the worse outcomes
for black Brazilians. Given there are almost no biological
explanations for these inequalities, this may highlight is-
sues of racial divisions and structural racism.
Using clinical diagnoses from medical records is a

major advancement for LMIC studies. Our study has
sufficient statistical power to examine disparities in
granular detail – not possible in previous studies [45].
However, there are also limitations to consider. PHC-
registered individuals may not use PHC (perhaps seeking
alternative providers or forgoing healthcare) and

therefore the estimated multimorbidity prevalence is likely
an underestimate of the true prevalence. Additionally,
diagnoses are determined from electronic medical records
and the low prevalence of conditions such as chronic back
pain and depression may be due to healthcare access is-
sues or poor recording. Deprived populations experience
greater barriers to healthcare suggesting underestimates
are greater in deprived groups. The study population only
covers PHC-registered individuals (just under half the
population of Rio), and although the non-PHC covered
population is likely to be wealthier due to PHC roll out in
poorer areas, extrapolating findings from this study to the
whole city is inappropriate. Also, data on race and educa-
tional attainment is self-reported with potential for mis-
classification [47], but biases are unlikely to be associated
with multimorbidity or sufficiently large to negate the
findings. As educational attainment was determined at the
individual-level (as opposed to household or parental
level), there may have been biases from including children
in the analysis (because their educational attainment was
related to their current schooling). However, the preva-
lence of multimorbidity was very low for children (less
than 1.5%) and omitting children from analysis did not
alter the results substantially. Moreover, multimorbidity
was assessed cross-sectionally without the timing of diag-
noses or time until outcomes accounted for. Better under-
standing of the temporal nature of multimorbidity,
associated outcomes and mediating factors is an area for
future work – especially in LMICs. This includes using
longitudinal data to model multimorbidity over the life
course and compare these between countries and settings.
Another limitation was the large missing data for educa-
tion, but sensitivity analyses suggest limited impact on the
findings. Lastly, other socioeconomic factors such as in-
come, wealth and housing were not available to analyse
and could provide better understanding of the socioeco-
nomic patterning of multimorbidity in Brazil.

Conclusions
Multimorbidity is prevalent and socioeconomically pat-
terned in Brazil with higher multimorbidity and associ-
ated healthcare usage and mortality greater among more
deprived socioeconomic groups. Interventions to better
prevent and manage multimorbidity and underlying dis-
parities in LMICs are needed. This includes actions tar-
geted towards lower socioeconomic and racial/ethnic
groups who have greater exposure to risk factors for
chronic conditions and who experience higher barriers
to accessing healthcare.

Abbreviations
AOR: Adjusted Odds Ratio; ARR: Adjusted Rate Ratio; ICD: International
classification of diseases; LMIC: low- and middle-income country;
NCD: noncommunicable disease; PHC: primary healthcare
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