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Abstract

Objectives: The study investigated the prevalence of multimorbidity among older adults and
its association with socioeconomic context and individual characteristics.

Methods: This cross-sectional study was based on data from the 2019 National Health
Survey. Multimorbidity was assessed using a list of 14 physical and mental morbidities, with
the cut-off considered > 2 simultaneous conditions. The Municipal Human Development
Index represented the contextual factors. The association between multimorbidity, individual
characteristics, and socioeconomic context was assessed through multilevel logistic regression
with random intercepts.

Results: The overall prevalence of multimorbidity was 58.12% (95% CI 57.00-59.23).
Individual factors associated with multimorbidity were: female sex, older age, divorced/single
marital status, lower education level, physical inactivity, and non-smoking status. The likelihood
of multimorbidity was 24% higher among residents of more developed areas (95% CI 1.07-1.44).
Conclusion: According to our results, over half of older Brazilians have multimorbidity.
One noteworthy finding of this study is the association between multimorbidity and
socioeconomic context, i.e., residents of states with a higher Municipal Human Development
Index had higher odds of multimorbidity.
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Socioeconomic context and multimorbidity

INTRODUCTION

In developing countries, population aging, which began
around the 1960s, was driven by increased life expectancy
and improved basic health conditions.! Nevertheless, signi-
ficant inequalities persist across different geographic regions,
particularly in environmental and socioeconomic contexts.?

'The increased life expectancy observed in modern socie-
ties does not necessarily guarantee healthy aging or a lack of
non-communicable chronic diseases (NCDs). Age is a cru-
cial factor in this context, since health issues are positively
associated with age and worsen over time. Multimorbidity,
defined as > 2 simultaneous NCDs, is also more prevalent
in older age groups.®

'The health of older adults is shaped by 3 key factors:
individual intrinsic capacity (both mental and physical),
environmental context, and their interaction.* The socioe-
conomic context is influenced by historical and social cir-
cumstances, which contribute to health inequalities and are
related to health events, such as multimorbidity, regardless
of individual characteristics.®

Concerning individual characteristics, prior research has
demonstrated that women are more susceptible to multimor-
bidity than men, which may be due to inherent biological
and hormonal disparities.® Furthermore, unhealthy lifestyle
habits, such as obesity, physical inactivity, and excessive
alcohol consumption, also increase risk of multimorbidity.”

Given the challenges posed by the demographic and epi-
demiological transitions, as well as the fact that health con-
ditions and behaviors are not randomly distributed across
regions and populations, an understanding of the occurrence
and patterns of multimorbidity is relevant for financial and
human resource management in the National Health System.

Thus, identifying and understanding both the socioeco-
nomic context and individual disparities in multimorbidity
prevalence is essential to enable policy makers to prioritize
health initiatives and interventions that are relevant to mul-
timorbidity management.® The aim of the present study was
to investigate the prevalence of multimorbidity among older
adults and its association with individual characteristics and

socioeconomic context.

METHODS

This cross-sectional observational study, which followed the
Strengthening the Reporting of Observational Studies in
Epidemiology protocol, was based on data from the 2019
National Health Survey (Pesquisa Nacional de Saiide— PNS),
which was conducted by Instituto Brasileiro de Geografia e
Estatistica. The PNS is a national population-based survey

conducted by the Ministry of Health. The first and second
editions took place in 2013 and 2019, respectively, to collect
data on the determinants, conditioning factors, and health
needs of the Brazilian population.’

The 2019 PNS sample was selected in 3 stages: first, as
primary sampling units of individual census tracts or groups
of census tracts; second, households within each census tract
were drawn; third, simple random selection of a resident aged
=15 years in each selected household.’

Special census tracts were excluded from the sample,
namely: subnormal clusters, military bases, barracks, lod-
gings, boats, camps, indigenous villages, ships, penitentiaries,
asylums, penal colonies, convents, prisons, jails, rural settle-
ments, orphanages, and hospitals.

The total number of primary sampling units was 8036;
the total number of households was 108 525, and the final
sample was 94 114, with a 6.4% non-response rate. For the
present analysis, only data from individuals aged = 60 years
who answered the individual questionnaire for the selected
residence were used, so the final sample for this study was
22 728 individuals.’ Further information on the methodo-
logy of the 2019 PNS is available elsewhere.’

'The multimorbidity outcome was assessed through a list of
14 selt-reported morbidities in the PNS. Of these, 11 morbidities
were identified in “Module Q - Chronic Diseases” through the
following question: “Has a doctor ever diagnosed you with...»”
(each condition). The following morbidities were included:
diabetes, high blood pressure, arthritis or rheumatism, asthma,
hypercholesterolemia, work-related musculoskeletal disorders,
heart problems, lung diseases, cerebrovascular accidents, can-
cer, and chronic kidney disease. Among women, episodes of
diabetes and hypertension during pregnancy were excluded.

For depression or other mental morbidities, the question
was: “Has a doctor or mental health professional (psychiatrist
or psychologist) ever diagnosed you with...?” To identify spinal
column problems, the question was: “Do you have any chronic
spine problems, such as chronic back or neck pain, low back
pain, sciatica, vertebrae, or disc problems?” The cut-off point
to define multimorbidity was = 2 chronic health conditions,
according to World Health Organization recommendations.

To analyze the associations between the outcome and
individual exposure variables in the present study, studies'"
that identified the complexity of the variables associated with
multimorbidity in older adults were considered. The most
frequently associated variables were sociodemographic cha-
racteristics (age and sex), precarious socioeconomic condi-
tions, unhealthy lifestyle, etc.

Therefore, the following variables were investigated in the

present study: sociodemographic variables — sex; age range
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(60 to 69, 70 to 79, and 80 years or older), race (White or
Black/mixed); years of education (none or incomplete pri-
mary education [< 9 years], complete primary or incomplete
secondary education [9 to 11 years], complete secondary or
incomplete higher education [12 to 15 years, complete higher
education (= 16 years); family income per capita, classified
as multiples of the federal minimum wage, assuming the
minimum wage to be approximately USD 253 in 2019 (< 1
minimum wage [USD 0-253], 1-3 x the minimum wage
[USD 253-759], > 3 x the minimum wage [> USD 759]);
and marital status (married, divorced/single, or widowed).

The selected health-related behaviors were: respondents
with sufficient leisure-time physical activity (150 minutes per
week of light or moderate activity, or 75 minutes per week of
vigorous activity, regardless of the number of days per week)
were considered active;® current smoking (yes or no); exces-
sive alcohol consumption (defined as > 15 alcoholic drinks
per week for men and > 8 for women)."

'The Municipal Human Development Index (MHDI),
provided by the Atlas of Human Development® was used to
evaluate the respondents’socioeconomic context, aggregated
by state. The data were incorporated into the PNS database
to perform the analyses. States were chosen because they
represent a minimum level of aggregation while preserving
the entire sample.

'The MHDI is a summary measure of long-term progress
that considers 3 basic components related to human develo-
pment (education, income, and longevity). Scores range from
0 to 1, with higher values indicating better human develo-
pment in the municipality. This index is a methodological
adaptation of the Human Development Index based on the
same 3 dimensions (health, education, and income) but adap-
ted to national indicators. The present study considered the
2021 MHDI — the latest available update of the index —
for the included states. The MHDI was categorized accor-
ding to tertiles (first = lowest; third = highest).

Descriptive statistics were calculated for individual and
socioeconomic context variables. Multilevel logistic regres-
sion with random intercepts was used to examine the asso-
ciation between multimorbidity, individual characteristics,
and socioeconomic context, with individuals as the first level
and state of residence as the second level.

'The empty model was tested (with random intercepts and
without covariates) to estimate the proportion of the total
variance of multimorbidity that can be attributed to the dif-
ferences between state contexts (IMHDI) (level 2). The effects
of level 2 (state) on the outcome were determined by calcula-
ting the intraclass correlation. Mixed-eftects multilevel models
were then constructed. The variables were gradually included in

multivariable regression models — 3 in total. First, unadjusted
associations between multimorbidity and MHDI were tested
(Model 1). Second, demographic variables (sex, age,and marital
status) were included, followed by socioeconomic (education),
and lifestyle and health status variables (leisure-time physical
activity and smoking status) (Model 2) to analyze the asso-
ciation between individual characteristics and the outcome.
Variables with p > 0.20 were excluded from the models (race
and per capita family income).

'The final adjusted model was then run to test the associa-
tion between the outcome and socioeconomic context, con-
trolling for individual variables (Model 3). All analyses were
performed in Stata 14.0, and the sample weights and sam-
pling design were accounted for in all analyses. The results are
expressed as odds ratios (OR) and 95% confidence intervals

(95% CI), with p < 0.05 considered statistically significant.

RESULTS

The final sample consisted of 22 728 participants. The ove-
rall multimorbidity prevalence in this population was 58.12%
(95% CI 57.00-59.23). Table 1 shows the participants’indi-
vidual characteristics and socioeconomic context according
to sample weights. The majority of the sample was women
(56.68%) and self-declared as White (51.45%). The mean age
was 70.05 years (standard deviation [SD] = 8.08, range 60-112
completed years). About half of the respondents were married
(50.65%). In terms of education, the majority of participants
had no education or complete primary education (63.27%),
while 11.30% had completed higher education. The most
frequent per capita household income was 1-3 times the
federal minimum wage (42.67%). Regarding healthy beha-
viors, about 4 out of 5 participants were considered physically
inactive, 88.56% were not current smokers, and about half of
the sample did not excessively consume alcohol.

The mean number of comorbidities was 3.13 (SD = 1.30).
'The most common morbidities were high blood pressure
(56.42%), spinal problems (31.06%), and hypercholestero-
lemia (27.97%) (Table 2). Table 3 describes the prevalence
of the outcome according to individual characteristics and
socioeconomic context.

'The results of the multilevel analysis are shown in Table 4.
Significant variability in multimorbidity was found between
states in the null model (Model 1); the outcome variation
explained by state-to-state differences was approximately
1.0% (intraclass correlation = 0.007, p < 0.001). There was
a positive association between multimorbidity and state
MHDI. There was a reduction in intraclass correlation value
when the socioeconomic context variable was entered into
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Sample sociodemographic, heath characteristics
and socioeconomic context.

Characteristics n % 95% CI
Individual level
Sex 22728
Male 10 193 43.32 42.25-44.39
Female 12 535 56.68 55.60—-57.74
Age (years) 22728
60 — 69 12 555 56.30 55.21-57.39
70-79 7157 30.14 29.17-31.13
>80 3016 13.56 18.82—14.33
Race 22 357
White 9901 51.45 50.27-52.61
Brown/black 12 456 48.55 47.38-49.72
Marital status 22728
Married 9946 50.65 49.55-51.76
Divorced/single 6698 24.30 23.40-25.22
Widowed 6084 25.05 24.14-25.99
Education level (years) 22728
<9 14987 63.27 62.09 — 64.44
9-11 2011 9.53 8.88-10.21
12-15 3322 1590 15.05-16.78
>16 2408 11.30 10.52-12.13
Per capita family income* 22725

10250 41.73 40.56 — 42,92
8904 42.67 41.55-43.79
3571 15.60 14.68 —16,55

22728

18 517 80.54 79.60 —81.44

<1 x the minimum wage

1 - 3 x the minimum wage

> 3 x the minimum wage
Leisure physical activity

Insufficiently active

Physically active 4211 19.46 18.56 —20.40
Current smoking 22728

Yes 2680 11.44 10.76 - 12.14

No 20 048 88.56 87.86—89.23
Alcohol consumption 3755

Not excessive 3119 83.97 81.84-85.82

Excessive 636 16.03 14.18-18.06
Multimorbidity 21725

9682 41.88 40.77 —43.00
12 043 58.12 57.00-59.23

< 2 simultaneous NCDs
> 2 simultaneous NCDs
Contextual level

MHDI tertile 22728
1 (lower) 7703 2391 23.15-24.69
2 (middle) 7359 26.89 26.10-27.70
3 (higher) 7666 49.20 48.18 —50.22

*The Brazilian minimum wage = ~USD 253. CI: confidence interval; NCDs:
Noncommunicable Diseases; MHDI: Municipal Human Development Index.

Prevalence rates of morbidities among older

adults (n = 21 725).

Noncommunicable disease % 95% CI
High blood pressure 56.42 55.35-57.48
Spinal column problem 31.06 29.97-32.18
Hypercholesterolemia 27.97 26.92-29.04
Diabetes 20.84 19.95-21.75
Arthritis/rheumatism 18.17 17.24-19.12
Heart problem 13.15 12.41-13.92
Depression 11.82 11.10-15.57
Cancer 6.78  6.23-7.38
Cerebrovascular accident 5.60 5.14-6.10
Continue...

Continuation.

Noncommunicable disease
Other mental diseases
Asthma

Other lung diseases
Chronic kidney disease

Work-related muscle-skeletal disorder ~ 2.21

95% CI: 95% confidence interval.

% 95% CI
468  4.21-520
456 4.10-5.06
290 2.50-3.36
255  223-2.92
1.83 - 2.66

Multimorbidity prevalence according to individual
characteristics and socioeconomic context among older adults

(n=21725).
Characteristics

Individual level

Sex
Male
Female

Age range (years)
60—69
70-79
>80

Race
White
Black/mixed

Marital status
Married
Divorced/single
Widower

Education level

No education/incomplete

primary education
Complete primary/
incomplete secondary
education

Complete secondary/
incomplete higher
education

Complete higher education

Per capita family income
<1
1-3
>3

Leisure activity
Insufficiently active

Prevalence of

multimorbidity % p-value
(95% CI)
49.06 (47.42 - 50.70) 0.0001

64.86 (63.37 — 66.31)
55.42 (53.91 -56.92)
61.66 (59.76 — 63.52) 0.0001
61.48 (58.57 — 64,31)

58.00 (56.39 - 59.58)

57.99 (56.43 — 59.53) 0.9930

56.72 (55.15 - 58.27)
55.66 (53.53 —57.78) 0.0001
63.30 (61.19 — 65.35)

60.15 (58.81 - 61.48)

55.70 (52.20 - 59.15)
0.0001

55.72 (52.94 - 58.47)
52.47 (49.02 - 55.90)
58.87(57.19 - 60.53)
58.71 (56.99 — 60.41) 0.0234
54.56 (51.68 —57.41)

59.07 (57.82 - 60.32)

Physically active 54.25 (51.62 — 56.86) 0.0012
Current smoking

Yes 49.59 (46.33 — 52.85)

No 59.16 (57.99 — 60.33) UL
Alcohol consumption

Not excessive 49.88 (46.94 — 52.83) 0.5972

Excessive 47.84 (40.85 -54.91)

Contextual level

MHDI tertile

1 (lower) 54.85 (52.79 — 56.89)

2 (middle) 55.79 (54.06 — 57.51) 0.0001

3 (higher) 60.93 (59.13 — 62.70)

95% CI: 95% confidence interval, MHDI: Municipal Human Development Index.

8
Geriatr Gerontol Aging. 2025;19:¢0000254

www.ggaging.com


http://www.ggaging.com

Rodrigues JV, Farias-Antunez S, Corseuil CW, Giehl MWC

Multilevel logistic regression models for multimorbidity and individual and socioeconomic context (Municipal
Human Development Index) characteristics among older adults (n = 21,725)

Characteristics

Individual level

Sex
Male
Female

Age range (years)
60—69
70-79
>80

Marital status
Married
Divorced/single
Widower

Education level

model

No education/incomplete primary education
Complete primary/incomplete secondary education
Complete secondary/incomplete higher education
Complete higher education

Leisure physical activity
Insufficiently active
Physically active

Current smoking
No
Yes

Contextual level

MHDI tertile
1 (lower)
2 (middle)
3 (higher)

Variance components
Level 2 variance (95% CI)
ICC%
AIC
BIC

0.02
0.007

Empty

29,781.1
29,797.1

Model 1
OR (95% CI)

1
1.07 (0.94 - 1.23)
1.23(1.06 —1.41)

0.02
0.005
29,778.2
29,810.15

Model 2f
OR (95% CI)

1
2.04(1.92-2.16)

1
1.24(1.15-1.34)
1.40 (1.32-1.50)

1
0.83(0.78-0.89)
0.95 (0.88 - 1.03)

1
0.88(0.80-0.97)
0.93 (0.86 —1.01)
0.89(0.81-0.98)

1
0.93 (0.86-0.99)

1
0.73 (0.67 — 0.80)

0.03
0.008
28,997.29
29,093.13

Model 3#
OR (95% CI)

1
2.01(1.89-2.13)

1
1.25(1.18-1.33)
1.14(1.05-1.25)

1
0.85(0.79-0.91)
0.97 (0.90 — 1.05)

1
0.86 (0.78 - 0.95)
0.91 (0.85 - 0.99)
0.88(0.81-0.97)

1
0.92 (0.86-0.99)

1
0.73 (0.66 — 0.80)

1
1.08 (0.93 - 1.24)
1.24(1.07-1.44)

0.02
0.006
28,994.35
29,106.16

*Model 1 includes only the socioeconomic context level variable; "Model 2 includes only the individual level variables (age range, race, marital status, and
education level); ¥Model 3 includes both socioeconomic context and individual variables.
OR: odds ratio; 95% CI: confidence interval; MHDI: Municipal Human Development Index; ICC: Intraclass correlation; AIC: Akaike information criterion;
BIC: Bayesian information criterion. Bold values represent statistically significant results.

the model. Minor changes occurred for individual variables
(Model 2) and in the final model (IModel 3), which included
individual and socioeconomic variables.

In the final multilevel model (Model 3), individual varia-
bles associated with higher odds of multimorbidity were:
female sex (OR 2.01,95% CI 1.89-2.13) and older age (OR
1.25,95% CI 1.18-1.33 and OR 1.14,95% CI 1.05-1.25).
However, the odds of multimorbidity were lower among
individuals who were single or divorced (OR 0.85, 95% CI
0.79-0.91), those with higher education (OR 0.86,95% CI

0.78-0.95; OR 0.91,95% CI 0.85-0.99,and OR 0.88,95% CI
0.81-0.97), those who were physically active (OR 0.92,95%
CI0.86-0.99), and smokers (OR 0.73,95% CI 0.66—0.80).

Regarding the association between socioeconomic context
and multimorbidity, the odds of multimorbidity were 24%
higher (95% CI 1.07-1.44) among those who lived in states
in the upper MHDI tertiles than among those who lived in
the lowest tertiles. Regarding model fit, there was a reduc-
tion in Akaike and Bayesian information criterion values after

socioeconomic level was included, indicating better model fit.
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DISCUSSION

Although the relationship between socioeconomic context
and multimorbidity has not been extensively studied among
older adults,'®'” we identified individual and socioeconomic
factors associated with multimorbidity among older adults
in a middle income country. According to our results, higher
state MHDI tertiles were associated with a higher preva-
lence of multimorbidity.

Our findings indicate that the prevalence of multimor-
bidity among older adults aligns with the global average
observed in other low and middle-income countries,® with
approximately 3 out of every 5 individuals in this demogra-
phic group affected by at least 1 chronic condition, which was
a slight increase compared to 2013 data (56.5%).8

Regarding individual characteristics, there was a positive
association between multimorbidity and female sex. The higher
prevalence of multimorbidity among women suggests greater
sensitivity to health status. This could be attributed to their
greater use of health services, and thus a higher odds of being
diagnosed with multiple chronic diseases.”” As evidenced by
prior research based on 2019 PNS data, 80.6% of the women
had a medical appointment in the 12 months prior to the
interview, compared to 66.6% of men.” Moreover, evidence
suggests that men are more likely to die prematurely from
NCDs, which consequently results in a higher prevalence
of chronic diseases among women. This finding underscores
the existence of potential sex disparities in health care use
and disease burden.?

Single or divorced people were less likely to have mul-
timorbidity than married people. Although the underlying
mechanism remains poorly understood, it may involve cultural
values and their impact on the development and diagnosis of
NCDs. Another explanation could be that married older adults
use health services more often due to their partner’s encou-
ragement, which could result in more frequent diagnoses.?

The prevalence of multimorbidity was also associated with
increasing age, which is logical since aging leads to physical,
cardiometabolic, and mental changes.* Other population-
-based studies have found similar findings regarding speci-
fic morbidities.>*

Physical activity was associated with a lower odds of
multimorbidity, which confirms its protective effects in the
context of biological risk factors for NCDs, such as obesity,
inflammation, sarcopenia, and reduced cardiorespiratory
capacity.** However, contrary to expectations, smokers were
less likely to have multimorbidity. Significant inverse associa-
tions between smoking and morbidity have also been repor-
ted in other studies of older adults.”® The main explanation

for this is the lower life expectancy of this subgroup, since
active smoking is the main risk factor for NCD mortality.*
Another partial explanation is the increased use of health
services by people diagnosed with NCDs, who are often
encouraged to quit smoking.?

Regarding individual-level socioeconomic characteristics,
low education and low income have been linked to multi-
ple chronic conditions. A meta-analysis by Pathirana &
Jackson? found a 64% higher likelihood of multimorbidity
among people with lower educational levels than those with
higher levels. Better socioeconomic indicators are indicative
of fewer challenges in identifying health needs, better access
to medical services, care, and treatment, and greater availabi-
lity of health-related information. Consequently, individuals
with higher socioeconomic status are more likely to engage
in healthy behaviors.”

Our multilevel analysis revealed a positive association bet-
ween residing in a state in the highest MHDI tertile and a
higher likelihood of multimorbidity, which is consistent the
findings of previous studies on specific NCDs.'*? This pro-
vides further evidence of the relationship between socioeco-
nomic context and multimorbidity, and the intricate nature
of this relationship requires a comprehensive understanding
of its underlying mechanisms. One explanation for this phe-
nomenon could be survival bias. It is possible that residents
of regions with a higher MHDI may have greater access to
health care resources, resulting in more effective disease mana-
gement and prolonged survival rates. Consequently, these
individuals would have a greater likelihood of accumulating
multiple chronic conditions over time, thereby contributing
to a higher prevalence of multimorbidity in these regions.™

'The multifaceted nature of multimorbidity should also be
acknowledged. The development and progression of multiple
chronic conditions are influenced by a variety of individual,
social, and environmental factors. The socioeconomic context
reflected in the MHDI, such as education, income, and living
conditions, can shape health behaviors, health care access,
and overall well-being. Thus, it is plausible that areas with
higher MHDI scores are more likely to have a convergence
of factors that increase longevity and, as previously mentio-
ned, the odds of developing multiple chronic conditions.?

An important additional factor in the relationship between
multimorbidity and MHDI is unequal access to diagnostic
resources, due to the fact that morbidity diagnosis depends
on adequate access to health care, especially primary care, and
the comprehensive use of medical services.”® Data from the
2013 PNS indicate that residents of the southeastern and
southern regions of Brazil, which have significantly higher
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MHDI, have better access to health care than residents of
other regions.”

It is a significant challenge for health systems to provide
appropriate care for older people with multimorbidity, parti-
cularly in middle-income countries undergoing rapid popu-
lation aging. Although comprehensive care is a basic prin-
ciple of Brazil’s public health system and emphasis is placed
on primary health care, the system’s model tends to focus on
medical diagnosis and treatment, rather than disease preven-
tion and health promotion. This approach may contribute to
the high prevalence of people affected by multimorbidity.*
Some measures, such as monitoring areas with more sus-
ceptible populations, expanding primary care policies, and
implementing morbidity prevention programs could posi-
tively impact quality of life and minimize functional limita-
tions. They could also help reduce the costs associated with
repeated hospitalizations and other complications resulting
from multimorbidity.

It is important to consider the limitations of this study
when interpreting its results. First, its cross-sectional design
precludes determining a causal relationship between individual
and socioeconomic variables and multimorbidity. However, it
does allow estimation of the strength of the associations.
Secondly, the use of self-reported measures could result in
overestimation of the outcome prevalence. Additionally, the
total multimorbidity variance was not substantially explained
by the contextual level. However, it is important to note that
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