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Summary

What is already known about this topic?

The prevalence of chronic conditions and multimorbidity is increasing
worldwide, particularly among the older population.

What does this report add?

We found a high prevalence of chronic conditions in the study sample. Ap-
proximately 1 in 5 adults aged 60 years or older lived with approximately
10 simultaneous chronic conditions during the study period, with the
greatest risk of these among adults with low levels of education.

What are the implications for public health practice?

Because the demand for health services increases as the number of con-
ditions in the population increases, a high prevalence of multiple chronic
conditions has substantial effects on the use and cost of health services.

Abstract

Introduction
The prevalence of chronic conditions is increasing worldwide. The
objective of this study was to describe the trajectory of the occur-
rence of multiple chronic conditions during 6 years of follow-up
and investigate their association with demographic, socioeconom-
ic, and behavioral health characteristics of older adults in South-
ern Brazil.

Methods
We used data from a longitudinal study (the Como Vai? study) of
noninstitutionalized adults aged 60 or older living in the urban
area of Pelotas, Rio Grande do Sul. We assessed the number of
chronic conditions based on a list of 24 conditions in 3 interviews,
conducted in 2014, 2016–2017, and 2019–2020. We used group-
based semiparametric modeling to identify groups of participants
based on the number of chronic conditions. For associations with
participant characteristics, we performed multinomial logistic re-
gression and considered a low, moderate, and high burden of
chronic conditions.

Results
Of the 1,451 older adults in the cohort, 1,098 (75.7%) were in-
cluded in analysis. Almost one-third (30.9%) had a low burden
(2.3 conditions), more than half (52.0%) had a moderate burden
(5.6 conditions), and 17.1% had a high burden (9.7 conditions).
Men (relative risk [RR] = 6.10; 95% CI, 3.64–10.22), those aged
80 years or older (RR = 2.33; 95% CI, 1.15–4.72), those with no
education (RR= 4.78; 95% CI, 2.19–10.45), and former smokers
(RR = 1.53; 95% CI, 0.96–2.44) had a higher risk of being classi-
fied in the high-burden group than in the low-burden group.

Conclusion
Most older adults belonged to the group with a moderate number
of chronic conditions. Several sociodemographic characteristics
were associated with belonging to the trajectory with a greater
number of conditions.

Introduction
Multimorbidity is the simultaneous presence of 2 or more chronic
conditions in the same person (1). It is important to know the pre-
valence of multimorbidity in the population, because it can influ-
ence the population’s quality of life and increase the use and cost
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of health services (2). Although important, information on mul-
timorbidity, especially in Brazil, is incipient, particularly with re-
gard to understanding trajectories in the development of multiple
conditions in the same person (3). Trajectory, in the context of this
study, refers to the change in the course of health and illness as a
person develops multiple chronic illnesses over time, inherent to
the aging process or not.

A systematic review that included 21 studies from 11 high-income
countries observed that multimorbidity can affect up to 60% of the
world’s older population, reaching 80% among those aged over 80
years (1). In Brazil, according to the 2019 National Health Survey,
47.6% (95% CI, 47.0%–48.3%) of adults, including older adults,
reported 1 or more chronic noncommunicable conditions, of
whom 12.5% reported 2 conditions, 5.2% reported 3 conditions,
and 3.2% reported 4 or more conditions (4). Noncommunicable
disease represents the largest disease burden in the world; its pre-
valence increases with age and socioeconomic vulnerability; that
is, older people with worse economic and living conditions tend to
have the highest prevalence (4–6).

As multimorbidity increases, so does the need for understanding
its causes and associated factors. Most evidence on factors associ-
ated with multimorbidity comes from cross-sectional studies that
use data from surveys or records of medical visits (1,6–9). The lit-
erature has focused on estimating the prevalence of multimorbid-
ity and its determinants, and although some studies have de-
scribed the occurrence of multimorbidity among older adults, few
have verified the trajectories of multimorbidity (10–12).

The objective of this study was to describe the simultaneous oc-
currence of multiple chronic conditions and multimorbidity tra-
jectories among adults aged 60 years or older in Southern Brazil
and investigate their association with demographic, socioeconom-
ic, and behavioral health characteristics during a 6-year period.

Methods
This study included participants from the Longitudinal Study of
Elderly Health, an ongoing cohort study that derives from a cross-
sectional survey, Como Vai? (Consórcio de Mestrado Orientado
para Valorização da Atenção ao Idoso [Master’s Consortium Ori-
ented for the Appreciation of Older Adults Care]), which began in
2014 (13,14). The initial baseline survey had a cross-sectional
design and took place from January to August 2014, with the ob-
jective of evaluating demographic and economic characteristics
and health outcomes among adults aged 60 years or older living in
the urban area of the city of Pelotas. Inclusion criteria were adults
who were 1) community-dwelling (ie, noninstitutionalized), 2)
aged 60 years or older, 3) living in an urban area of Pelotas
(~324,000 inhabitants, 93% urban area, ~78,000 adults aged ≥60 y

[25%]) (15,16), and 4) physically and mentally able to answer the
questionnaire in the absence of a caregiver. The sample size calcu-
lation (N = 1,649) was performed to meet all objectives of the
baseline study; it accounted for an increase of 15% for possible
confounding factors and 10% for losses and refusals. A represent-
ative sample was obtained in 2 steps. Initially, 133 census tracts
were selected according to size and income. To reach the total es-
timated sample, 3,745 households in the urban area had to be
sampled, with 31 households systematically selected per sector to
find at least 12 older adults in each sector (estimate of 0.4 older
adults per household).

Interviewers trained to interview and perform anthropometric
measurements administered a questionnaire on various aspects of
health. Participants were interviewed in their homes, and data
were recorded in netbooks. Details on methods used in the Como
Vai? study can be found elsewhere (13).

A second survey (ie, the first follow-up) of the sample occurred
from November 2016 through April 2017. These contacts were
conducted by telephone, or for those who could not be contacted
by telephone, by home interview. The third survey (ie, the second
follow-up) began in September 2019, with only home interviews.
These contacts and follow-up were discontinued on March 13,
2020, because of the COVID-19 pandemic and health recommend-
ations for social isolation.

In 2014, at baseline, 1,844 adults aged 60 years or older were loc-
ated and deemed eligible to participate in the Como Vai? study; of
these 393 (21.3%) refused to participate or were lost to follow-up,
resulting in 1,451 interviewees (78.7%). At first follow-up
(2016–2017), 1,161 were interviewed; 153 had been lost to
follow-up or refused to participate, and 137 participants died be-
fore the interview. At the second follow-up (2019–2020), 537
completed the interview; 8 participants died after the first follow-
up interview. We had insufficient time to contact the remaining
participants before the study was discontinued due to health re-
commendations for social distancing due to the COVID-19 pan-
demic. The analytical sample consisted of 1,098 participants with
information from at least 2 survey administrations.

Dependent variables

The presence of multiple chronic conditions was assessed at
baseline and each follow-up through a self-reported medical dia-
gnosis. The survey listed 24 conditions: arthritis, asthma, bronchit-
is, cancer, constipation, deafness, depression, diabetes, difficulty
swallowing, fainting, fecal incontinence, glaucoma, heart failure,
high blood pressure, hypercholesterolemia, insomnia, kidney fail-
ure, memory problems, osteoporosis, Parkinson disease, rhinitis,
seizures, stomach ulcer, or urinary incontinence. The survey asked
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participants whether (yes or no) they had the condition. The de-
pendent variable, multimorbidity trajectory, was structured accord-
ing to the number of conditions reported by each participant in the
3 survey administrations.

Covariates

The independent variables evaluated in 2014 were sex (male, fe-
male), age in years (60–69, 70–79, ≥80 y), skin color (white, mul-
tiracial), marital status (married/with a partner; without a partner/
separated/divorced; widowed), number years of education com-
pleted (0, 1–7, ≥8 y), currently working (no, yes), economic class
(A/B [high income], C [moderate income], D/E [low income])
(17), leisure-time physical activity (at least 150 minutes per week
of moderate or vigorous physical activity was considered active)
(18), and smoking (consumption of ≥1 cigarettes per day, every
day, in the last 30 days), categorized as never smokers, current
smokers, and former smokers. The consumption of alcoholic
beverages was assessed through the answer to the yes–no ques-
tion, “In the last 30 days, have you had any alcoholic drinks?”

Statistical analysis

In the first stage of analysis, we described the characteristics of the
baseline sample and the analytical sample in counts, percentages,
and 95% CIs. We then used a group-based semiparametric model-
ing approach to identify trajectories for multiple occurrences of
conditions according to the self-reported presence of the 24 health
conditions at the 3 survey points. Group-based trajectory model-
ing is a specialized form of finite mixture modeling in which clus-
tering of conditions occurs through the use of statistical methods.
A polynomial function is used to model the relationship between
an attribute (ie, morbidities) and age or time (19–21).

We used Stata’s traj procedure (StataCorp LLC) to estimate the
model (22). The final analytic sample was defined as participants
who had provided information for at least 2 of the 3 survey admin-
istrations. We did not exclude participants with missing informa-
tion from the model because group-based trajectory modeling can
handle missing data by using maximum likelihood estimation (20).
We considered a zero-inflated Poisson distribution and a censored
normal distribution (cnorm); cnorm provided the better fit for our
data. The choice of the number and shape of the trajectories was
based not only on the best fit of the model, which was evaluated
by using the Bayesian information criterion (BIC), but also on the
interpretability of the trajectories obtained (20). Furthermore, se-
lection of the appropriate model was based on the average posteri-
or probability scores for each trajectory group (ie, the probability
of a person belonging to each trajectory). According to Nagin, an
average probability score should be greater than 0.70 for all
groups (20).

In the second stage of analysis, we used analysis of variance tests
(continuous variables) and χ2 tests (categorical values) to compare
the characteristics of trajectory groups. We estimated effect meas-
ures by using multinomial logistic regression, which generated rel-
ative risks (RRs) and 95% CIs. We defined the group with a low
burden of conditions as the reference group. The statistical adjust-
ment was based on a hierarchical model constructed in 2 levels.
Demographic and socioeconomic variables comprised the first
level; variables with P values ≤.20 remained in the adjustment
model. Behavioral variables were added in the second level along
with characteristics that remained from the first level. Variables
with P values ≤.20 were kept in the final model, controlling for
potential confounders at the same level and at the level above. To
avoid excluding important confounders, the significance level to
admit significant associations was set at ≤.05. We applied the like-
lihood ratio test to test whether the independent variable was sig-
nificant for the model (Testparm P value ≤ .05). We performed all
statistical analyses in Stata version 13.0 (StataCorp LLC).

Attrition analysis

We conducted an attrition analysis to compare multimorbidity tra-
jectories among participants who provided information on comor-
bidities at all 3 study administration points (n = 440) to assess the
robustness of the results.

The first step was to model multimorbidity trajectories by specify-
ing 2-, 3-, 4-, and 5-group models. Moving from the 3-group to the
4-group model did not improve the modeling (BIC values were
similar). The 4- and 5-group models produced 1 or more groups
with a very small (<10%) proportion of the observations.

Given the high rate of attrition in the second follow-up survey
(2019–2020) resulting from the COVID-19 pandemic, we also
sought to compare the characteristics of participants in the second
follow-up survey with the characteristics of participants in the first
follow-up survey (2016–2017) regarding multimorbidity.

Ethics statement

All stages of the study were approved by the Research Ethics
Committee of the Faculty of Medicine of the Universidade Feder-
al de Pelotas (CAAE: 54141716.0.0000.5317). The research parti-
cipants, or their guardians, signed the free and informed consent
form, which guarantees confidentiality of data. For participants in-
terviewed via telephone (2016–2017), acceptance to answer the
questionnaire was provided by verbal assent via telephone.

Results
At baseline, most respondents were female (63.0%), were aged 60
to 69 years (52.3%), reported white skin color (83.7%), had a part-
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ner (52.7%), had 1 to 7 years of education (54.4%), belonged to
economic class C (52.5%), and did not work (80.4%) (Table 1). At
baseline, 75.2% indicated being sedentary, 54.0% had never
smoked, and 78.8% reported not drinking alcohol. We found
lower participation rates in the analytical sample than in the
baseline sample for the following variables: sex, age, skin color,
marital status, educational background, economic class, work
status, physical activity, smoking status, and alcohol consumption.

Identification of trajectories

The model with 3 trajectories emerged as the most appropriate and
parsimonious model based on the parameters and the interpretabil-
ity of the trajectories obtained. Group 1 (low burden of chronic
conditions; average of approximately 2.3 chronic conditions; n =
339) comprised 30.9% of the sample, group 2 (moderate burden of
chronic conditions; average of approximately 5.6 chronic condi-
tions; n = 571) comprised more than half of the sample (52.0%),
and group 3 (high burden of chronic conditions; average of 9.7
chronic conditions; n = 188) comprised 17.1% of the sample
(Figure ).

Figure. Trajectories of chronic conditions according to the number of
conditions among participants in the Como Vai? study, Pelotas, Brazil. Of
1,098 study participants, 339 (30.9%) were categorized as having a low
burden of chronic conditions, 571 (52.0%) moderate, and 188 (17.1%) high.

At baseline, the average number of chronic conditions reported per
study participant was 5.0. The number of chronic conditions repor-
ted by participants increased at follow-up. At baseline and at first
follow-up, the number of conditions in group 1 ranged from 0 to 6
conditions; at second follow-up, the maximum value increased to
7 conditions. In group 2, the number of conditions ranged from 0
to 11 at baseline, 1 to 12 at first follow-up, and 1 to 13 at second

follow-up. In group 3, the number of conditions ranged from 3 to
16 at baseline, 5 to 16 at first follow-up, and 5 to 17 at second
follow-up.

Factors associated with trajectories of multiple
chronic conditions

In the high-burden group, participants were more likely to be men
than women (22.6% vs 7.3%), be aged 80 years or more than aged
70 to 79 years or 60 to 69 years (24.1% vs 18.7% or 14.5%, re-
spectively), identify as multiracial (19.9% vs 16.5% white), be
widows or widowers than married or without a partner/separated/
divorced (23.6% vs 15.8% or 14.0%, respectively), have no educa-
tion than have 1 to 7 years or 8 years or more (25.7% vs 20.6% or
7.8%, respectively), be in economic class D/E than in C or A/B
(21.1% vs 19.3% or 12.3%, respectively), be not currently work-
ing than working (19.2% vs 8.9%), be sedentary than active
(19.1% vs 12.2%), be a never smoker than current smoker or
former smoker (18.7% vs 12.3% or 15.8%, respectively), and not
consume alcohol than consume alcohol (19.8% vs 8.6%) (Table
2).

Men were twice as likely as women to have a moderate burden
(RR = 2.00; 95% CI, 1.44–2.77) and 6.1 (95% CI, 3.64–10.22)
times as likely to have a high burden of chronic conditions (Table
3). Participants aged 80 years or older, compared with parti-
cipants aged 60 to 69 years, were 2.52 (95% CI, 1.44–4.39) times
as likely to have a moderate burden and 2.33 (95% CI, 1.15–4.72)
times as likely to have a high burden of chronic conditions. Parti-
cipants with no education had a 25% higher risk (RR = 1.25; 95%
CI, 0.70–2.25) of having a moderate burden than participants with
8 or more years of education, but 95% CIs indicate that the differ-
ence between these 2 groups was not significant. Additionally,
participants with no education were 4.78 (95% CI, 2.19–10.45)
times as likely as participants with 8 or more years of education to
have a high burden. Former smokers, compared with never
smokers, had a 37% higher risk (RR = 1.37; 95% CI, 0.98–1.92)
of having a moderate burden and a 53% higher risk of having a
high burden (RR = 1.53; 95% CI, 0.96–2.44) (Table 3).

Attrition analysis

In the attrition analysis, 440 participants had data on chronic con-
ditions in all 3 surveys. In this subsample, as in the primary ana-
lysis, we identified 3 trajectories (Appendix), and the proportion
of participants in each group was similar to the proportion in the
primary analysis: 117 (26.6%) had a low burden, 254 (57.7%) had
a moderate burden, and 69 (15.7%) had a high burden.

According to demographic, socioeconomic, and behavioral health
characteristics, the proportions of participants in the second
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follow-up survey were similar to the proportions in the baseline
and first follow-up surveys.

Discussion
This study compared the trajectories of multimorbidity and associ-
ated factors in a cohort of adults aged 60 or older during a 6-year
period. We identified 3 groups of multimorbidity trajectories. Ap-
proximately one-third of study participants had an average of 2.3
conditions during the study period, more than one-half had an av-
erage of 5.6 conditions, and 17% had an average of approximately
9.7 conditions simultaneously.

These results reflect a population with a high prevalence of mul-
tiple chronic conditions. This high prevalence has direct economic
effects on individuals and the health care system, since the de-
mand for health services increases as the number of conditions in
the population increases (23,24). A study in Switzerland on mul-
timorbidity, health care use, and health care costs in an older pop-
ulation showed a 32.6% increase in outpatient and hospital costs
for each additional chronic condition. The study also showed sig-
nificant interactions between age and sex: total health care costs
increased by 9% to 10% in men aged 70 and 84, respectively,
when compared with men aged 65 and 69 years (23).

The 3 multimorbidity groups found in our study differed accord-
ing to demographic, socioeconomic, and behavioral health charac-
teristics. The high-burden group had a higher percentage of men
(vs women), participants aged 80 years or older (vs 60–79 y), par-
ticipants with no education (vs those with ≥1 y), and former
smokers. We observed greater heterogeneity in the associations for
the risk of classification in the low-burden group and moderate-
burden group.

Our results shed some light on the influences of social stratifica-
tion in older age. For example, sociodemographic factors such as
sex, age, education, and behavioral factors such as physical activ-
ity, smoking, and alcohol consumption were related to a worse tra-
jectory of multimorbidity. The direct relationship between so-
cioeconomic indicators and multimorbidity denotes its relevance
in the occurrence and maintenance of social inequities (24,25) and
increases the challenges of the health system in managing mul-
timorbidity in the older population (26). In general, the health care
system is configured for single conditions rather than multiple
conditions (24,26), especially for the older population.

Our findings contradict what has been reported by other studies —
that the occurrence of multiple conditions is higher among wo-
men than men (1,8,27,28). Compared with men, women usually
receive more health guidance, demonstrate higher levels of self-
care, and have healthier habits throughout their lives (29).

Another important finding is that an increasing number of older
adults are living with multiple conditions simultaneously. In our
study, age was significantly associated with multimorbidity tra-
jectories; in the high-burden group, the largest percentage of parti-
cipants were those aged 80 years or older. As longevity increases,
more chronic conditions emerge, and the decline in death rates due
to better management and treatment of chronic conditions results
in more people surviving for a longer time (30).

Our study demonstrated that a higher level of education contrib-
uted to a lower risk of classification in the high-burden group. Ac-
cording to the National Research Council and the Institute of
Medicine, education is one of the most important social determin-
ants of health (31), and it has direct effects on health-related
factors (32). A study on the association of multimorbidity and edu-
cation in Germany found that educational level was an important
risk factor for the occurrence of multiple diseases; compared with
the highest category of educational attainment, the lowest cat-
egory was significantly associated with an increased probability of
multimorbidity in men and women (33). Our study found greater
levels of multimorbidity among participants with less education, in
line with previous studies (1,8).

Contrary to what we expected, economic class was not signific-
antly associated with multimorbidity trajectories, whereas a low
level of education was. Access to formal education, which
provides greater access to information, was shown to be more im-
portant than access to goods to not be classified in the high-burden
group. Education can bring autonomy in care that is not related to
economic power. Results on the association of multimorbidity and
income have been controversial, however. A study that compared
the prevalence of multimorbidity in low-income and middle-
income countries showed a positive but nonlinear relationship
between the countries’ gross domestic product and the prevalence
of multimorbidity (7). Other studies observed a higher risk of mul-
timorbidity among low-income individuals (8,34). Furthermore, a
longitudinal study showed that multimorbidity trajectories differed
by income level, with a more pronounced trajectory among those
with lower income than among those with higher income (35).

Our study corroborates the results of studies showing that smoking
and a sedentary lifestyle are determinants of multimorbidity
(8,28). We showed that former smokers were at greater risk than
never smokers of being classified in the moderate-burden group or
high-burden group. Smoking cessation may have occurred after
the diagnosis of several comorbidities or smoking cessation may
be associated with a higher survival rate, since cessation increases
longevity, even if people live with several chronic diseases after
cessation. Likewise, a lower risk among current smokers than
former smokers of belonging to a higher disease trajectory may be
associated with early mortality, since a greater proportion of
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smoking participants may have died during follow-up. This associ-
ation was demonstrated in a previous study. In that study, which
used data collected through 2017 from the Como Vai? sample, al-
most 10% (n = 145) of participants died during an average of 2.5
years of follow-up, with current smoking (RR = 2.1; 95% CI,
1.2–3.8) one of the behaviors associated with the highest risk of
mortality among participants (36). Furthermore, smokers in our
study may not have been exposed to smoking long enough for
conditions to appear; we did not evaluate exposure time.

The lack of association between multimorbidity trajectories and
physical activity can be explained by survival bias. A previous
study of the Como Vai? sample described a higher risk of death
among participants in the lowest tertile of overall physical activity
compared with participants in the second and third tertiles of phys-
ical activity in 3 years of follow-up (13). Therefore, considering
that the Como Vai? sample consisted of people who had already
reached older age, that is, survived at least 6 decades, and people
more exposed to risk factors are more likely to die prematurely,
older adults with low levels of physical activity are more likely not
to be monitored, reducing the magnitude of the associations found.

Limitations

The study has several limitations. First, self-reported information
on chronic conditions may be less accurate than objective meas-
ures or measures collected via medical records. Measures based on
diagnostic criteria (eg, objective measurement of blood pressure
and cholesterol) and symptoms (eg, depression, heart problems)
are recommended for research on inequalities and multimorbidity
but could not be used in this study because of restrictions in logist-
ics and financing. Another limitation is that in the 6 years of study,
we had information from only one-third of the sample at the
second follow-up, because the study was halted as a result of the
COVID-19 pandemic. On the other hand, the attrition analysis,
which comprised participants with complete information (all 3
surveys), found consistency in the trajectories identified in the
primary analysis.

Conclusion

We found a high occurrence of chronic conditions in the study
sample and identified 3 well-defined groups of older adults classi-
fied according to the number of diagnosed conditions that per-
sisted over time. Approximately 1 in 5 adults aged 60 or older in
Brazil lived with approximately 10 simultaneous chronic condi-
tions during the study period. The increased risk of chronic condi-
tions among older adults with no education or low levels of educa-
tion poses a challenge to the health care of this population. The
trajectories identified reflect phases of the study before the

COVID-19 pandemic; future monitoring of this population may
lead to different results related to the consequences of COVID-19.
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Tables

Table 1. Demographic, Socioeconomic, and Behavioral Health Characteristics of Participants in the Como Vai? Study at Baseline and in the Analytical Sample,
Pelotas, Brazila

Variable

No. (%) [95% CI]

Baselineb (n = 1,451) Analytical Samplec (n = 1,098)

Demographic and socioeconomic

Sex

Female 914 (63.0) [60.5–65.4] 703 (64.0) [61.1–66.8]

Male 537 (37.0) [34.5–39.5] 395 (36.0) [33.2–38.9]

Age group, y

60–69 756 (52.3) [49.7–54.8] 612 (55.8) [52.9–58.8]

70–79 460 (31.8) [29.5–34.3] 347 (31.7) [29.0–34.5]

≥80 230 (15.9) [14.1–17.9] 137 (12.5) [10.7–14.6]

Skin colord

White 1,211(83.7) [81.7–85.5] 916 (83.5) [81.2–85.6]

Multiracial 236 (16.3) [14.5–18.3] 181 (16.5) [14.4–18.8]

Marital status

Married/with a partner 763 (52.7) [50.1–55.3] 613 (55.9) [52.9–58.8]

Without a partner/separated/divorced 225 (15.6) [13.8–17.5] 171 (15.6) [13.5–17.9]

Widow(er) 459 (31.7) [29.3–34.2] 313 (28.5) [25.9–31.3]

No. of years of education completed

0 196 (13.6) [11.9–15.5] 140 (12.8) [11.0–15.0]

1–7 782 (54.4) [51.8–57.0] 579 (53.1) [50.1–56.1]

≥8 459 (32.0) [29.6–34.4] 371 (34.0) [31.3–36.9]

Economic classe

A/B 483 (35.2) [32.2–37.8] 375 (36.1) [33.2–39.1]

C 720 (52.5) [49.8–55.1] 554 (53.4) [50.3–56.4]

D/E 169 (12.3) [10.8–14.2] 109 (10.5) [8.8–12.5]

Currently working

Yes 264 (19.6) [17.5–21.8] 224 (21.7) [19.3–24.3]

No 1,084 (80.4) [78.2–82.4] 807 (78.3) [75.6–80.7]

Behavioral

Leisure-time physical activity
a Data source: Longitudinal Study of Elderly Health — Como Vai? study (13). The survey listed 24 conditions: arthritis, asthma, bronchitis, cancer, constipation, deaf-
ness, depression, diabetes, difficulty swallowing, fainting, fecal incontinence, glaucoma, heart failure, high blood pressure, hypercholesterolemia, insomnia, kidney
failure, memory problems, osteoporosis, Parkinson disease, rhinitis, seizures, stomach ulcer, or urinary incontinence.
b Baseline survey was administered from January through August 2014.
c Participants who reported data on multiple chronic conditions at ≥2 study administration points, including baseline (2014), first follow-up (November 2016
through April 2017), and second follow-up (September 2019 through March 13, 2020). Some categories do not add up to 1,098 because data are missing (eg,
participant decided to not to answer question, participant did not know how to answer question).
d Choices were White, Black, Brown, Yellow, Indigenous; Black, Brown, Yellow, and Indigenous were combined into multiracial.
e A/B, high income; C, moderate income; D/E, low income, per Associação Brasileira de Empresas de Pesquisa (17).
f Smoking defined as consumption of ≥1 cigarettes per day, every day, in the last 30 days.

(continued on next page)
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(continued)

Table 1. Demographic, Socioeconomic, and Behavioral Health Characteristics of Participants in the Como Vai? Study at Baseline and in the Analytical Sample,
Pelotas, Brazila

Variable

No. (%) [95% CI]

Baselineb (n = 1,451) Analytical Samplec (n = 1,098)

Sedentary (<150 minutes moderate or vigorous physical activity per week) 1,047 (75.2) [72.9–77.4] 786 (73.2) [70.4–75.7]

Active (≥150 minutes moderate or vigorous physical activity per week) 345 (24.8) [22.6–27.1] 288 (26.8) [24.2–29.5]

Smoking statusf

Never smoker 781 (54.0) [51.4–56.6] 620 (56.5) [53.6–59.4]

Current smoker 182 (12.6) [11.0–14.4] 130 (11.9) [10.1–13.9]

Former smoker 483 (33.4) [31.0–36.0] 347 (31.6) [28.9–34.4]

Alcohol consumption

No 1,138 (78.8) [76.6–80.8] 829 (75.6) [73.0–78.1]

Yes 307 (21.2) [19.2–23.4] 267 (24.4) [21.9–27.0]
a Data source: Longitudinal Study of Elderly Health — Como Vai? study (13). The survey listed 24 conditions: arthritis, asthma, bronchitis, cancer, constipation, deaf-
ness, depression, diabetes, difficulty swallowing, fainting, fecal incontinence, glaucoma, heart failure, high blood pressure, hypercholesterolemia, insomnia, kidney
failure, memory problems, osteoporosis, Parkinson disease, rhinitis, seizures, stomach ulcer, or urinary incontinence.
b Baseline survey was administered from January through August 2014.
c Participants who reported data on multiple chronic conditions at ≥2 study administration points, including baseline (2014), first follow-up (November 2016
through April 2017), and second follow-up (September 2019 through March 13, 2020). Some categories do not add up to 1,098 because data are missing (eg,
participant decided to not to answer question, participant did not know how to answer question).
d Choices were White, Black, Brown, Yellow, Indigenous; Black, Brown, Yellow, and Indigenous were combined into multiracial.
e A/B, high income; C, moderate income; D/E, low income, per Associação Brasileira de Empresas de Pesquisa (17).
f Smoking defined as consumption of ≥1 cigarettes per day, every day, in the last 30 days.
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Table 2. Multimorbidity Trajectory Group, by Demographic, Socioeconomic, and Behavioral Health Characteristics of Participants at Follow-Up (N = 1,098) in the
Como Vai? Study, Pelotas, Brazila

Characteristic

Trajectory groupb

Low burden Moderate burden High burden

All participants, no (%) 339 (30.9) 571 (52.0) 188 (17.1)

Demographic and socioeconomic

Sex

Female 43.8 (39.0–48.8) 48.9 (43.9–53.8) 7.3 (5.1–10.4)

Male 23.6 (21.0–27.0) 53.8 (50.1–57.4) 22.6 (19.7–25.9)

Age group, y

60–69 36.3 (32.5–40.2) 49.2 (45.2–53.2) 14.5 (12.6–17.6)

70–79 26.8 (22.4–31.7) 54.5 (49.2–60.0) 18.7 (15.0–23.2)

≥80 16.8 (11.4–24.1) 59.1 (50.6–67.1) 24.1 (17.6–32.1)

Skin colorc

White 30.3 (27.5–33.4) 53.2 (50.0–56.4) 16.5 (14.2–19.0)

Multiracial 33.7 (27.1–41.6) 46.4 (39.2–54.0) 19.9 (14.7–26.4)

Marital status

Married 35.1 (31.4–39.0) 50.9 (47.0–54.9) 14.0 (11.5–17.0)

Without a partner/separated/divorced 34.5 (28.0–42.0) 49.7 (42.2–57.2) 15.8 (11.0–22.1)

Widowed 20.8 (16.6–26.0) 55.6 (50.0–61.0) 23.6 (19.2–28.7)

No. of years of education

0 23.6 (17.2–31.4) 50.7 (42.4–59.0) 25.7 (19.1–33.7)

1–7 28.8 (25.3–32.7) 50.6 (46.5–54.7) 20.6 (17.4–24.1)

≥8 36.7 (31.9–41.7) 55.5 (50.4–60.5) 7.8 (5.5–11.0)

Economic classd

A/B 34.4 (29.7–39.4) 53.3 (48.2–58.4) 12.3 (9.3–16.0)

C 29.4 (26.0–33.3) 51.3 (47.1–55.4) 19.3 (16.2–22.8)

D/E 25.7 (18.3–35.5) 53.2 (43.7–62.5) 21.1 (14.4–29.9)

Currently working

Yes 41.5 (35.2–48.1) 49.6 (43.0–56.1) 8.9 (5.8–13.5)

No 28.3 (25.2–31.5) 52.5 (49.1–56.0) 19.2 (16.6–22.1)

Behavioral health

Physical activity

Sedentary (<150 minutes moderate or vigorous physical activity per week) 29.6 (26.5–32.9) 51.3 (47.8–54.8) 19.1 (16.5–22.1)

Active (≥150 minutes moderate or vigorous physical activity per week) 34.0 (28.8–39.7) 53.8 (48.0–60.0) 12.2 (8.8–16.5)
a Data source: Longitudinal Study of Elderly Health — Como Vai? study (13). The survey listed 24 conditions: arthritis, asthma, bronchitis, cancer, constipation, deaf-
ness, depression, diabetes, difficulty swallowing, fainting, fecal incontinence, glaucoma, heart failure, high blood pressure, hypercholesterolemia, insomnia, kidney
failure, memory problems, osteoporosis, Parkinson disease, rhinitis, seizures, stomach ulcer, or urinary incontinence.
b Groups: low burden of disease (~2.3 conditions), moderate burden (~5.6 conditions), high burden (~9.7 conditions). All values are % (95% CI) unless otherwise in-
dicated.
c Choices were White, Black, Brown, Yellow, Indigenous; Black, Brown, Yellow, and Indigenous were combined into multiracial.
d A/B, high income; C, moderate income; D/E, low income, per Associação Brasileira de Empresas de Pesquisa (17).
e Smoking defined as consumption of ≥1 cigarettes per day, every day, in the last 30 days.
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(continued)

Table 2. Multimorbidity Trajectory Group, by Demographic, Socioeconomic, and Behavioral Health Characteristics of Participants at Follow-Up (N = 1,098) in the
Como Vai? Study, Pelotas, Brazila

Characteristic

Trajectory groupb

Low burden Moderate burden High burden

Smoking

Never smoker 28.9 (25.4–33.0) 52.4 (48.5–56.3) 18.7 (15.8–22.0)

Current smokere 43.1 (35.0–52.0) 44.6 (36.2–53.4) 12.3 (7.6–19.3)

Former smoker 30.0 (25.4–35.0) 54.2 (48.9–59.4) 15.8 (12.4–20.1)

Alcohol consumption

No 29.3 (26.3–32.5) 50.9 (47.5–54.3) 19.8 (17.2–22.6)

Yes 36.0 (30.4–41.2) 55.4 (49.4–61.3) 8.6 (6.0–12.7)
a Data source: Longitudinal Study of Elderly Health — Como Vai? study (13). The survey listed 24 conditions: arthritis, asthma, bronchitis, cancer, constipation, deaf-
ness, depression, diabetes, difficulty swallowing, fainting, fecal incontinence, glaucoma, heart failure, high blood pressure, hypercholesterolemia, insomnia, kidney
failure, memory problems, osteoporosis, Parkinson disease, rhinitis, seizures, stomach ulcer, or urinary incontinence.
b Groups: low burden of disease (~2.3 conditions), moderate burden (~5.6 conditions), high burden (~9.7 conditions). All values are % (95% CI) unless otherwise in-
dicated.
c Choices were White, Black, Brown, Yellow, Indigenous; Black, Brown, Yellow, and Indigenous were combined into multiracial.
d A/B, high income; C, moderate income; D/E, low income, per Associação Brasileira de Empresas de Pesquisa (17).
e Smoking defined as consumption of ≥1 cigarettes per day, every day, in the last 30 days.
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Table 3. Unadjusted and Adjusted Analyses of Multimorbidity Trajectories, by Demographic, Socioeconomic, and Behavioral Health Characteristics of Participants
(N = 1,098) in the Como Vai? Study, Pelotas, Brazila

Variables

Moderate burden of chronic conditionsb High burden of chronic conditionsb

Unadjusted, RR
(95% CI) P valuec

Adjusted, RR
(95% CI) P valuec

Unadjusted, RR
(95%CI) P valuec

Adjusted, RR
(95%CI) P valuec

First leveld

Sex

Female 1 [Reference]
<.001

1 [Reference]
<.001

1 [Reference]
<.001

1 [Reference]
<.001

Male 2.01 (1.49–2.72) 2.00 (1.44–2.77) 5.70 (3.51–9.27) 6.10 (3.64–10.22)

Age group, y

60–69 1 [Reference]

<.001

1 [Reference]

.02e

1 [Reference]

.02

1 [Reference]

.02e70–79 1.50 (1.11–2.03) 1.37 (0.97–1.93) 1.74 (1.17–2.60) 1.41 (0.88–2.25)

≥80 2.60 (1.58–4.26) 2.52 (1.44–4.39) 3.58 (2.00–6.43) 2.33 (1.15–4.72)

Skin colorf

White 1 [Reference]
.24

1 [Reference]
.21

1 [Reference]
.34

1 [Reference]
.33

Multiracial 1.27 (0.86–1.88) 1.28 (0.86–1.90) 1.29 (0.77–2.19) 1.30 (0.77–2.19)

Marital status

Married 1 [Reference]

.21

1 [Reference]

.80e

1 [Reference]

.37

1 [Reference]

.80eWithout a partner/separated/
divorced

1.01 (0.69–1.47) 1.18 (0.77–1.81) 0.87 (0.52–1.47) 1.14 (0.63–2.07)

Widow(er) 1.86 (1.20–2.88) 1.38 (0.84–2.26) 2.49 (1.41–4.37) 1.30 (0.68–2.47)

No. of years of education completed

0 1.42 (0.89–2.26)

.44

1.25 (0.70–2.25)

<.001

5.12 (2.75–9.51)

<.001

4.78 (2.19–10.45)

<.0011-7 1.16 (0.87–1.55) 1.08 (0.75–1.57) 3.34 (2.10–5.32) 3.54 (2.00–6.29)

≥8 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Economic classg

A/B 1 [Reference]

.97

1 [Reference]

.98e

1 [Reference]

.87

1 [Reference]

.98eC 1.12 (0.84–1.51) 0.99 (0.70–1.42) 1.84 (1.21–2.79) 0.87 (0.52–1.46)

D/E 1.34 (0.81–2.21) 1.04 (0.58–1.89) 2.30 (1.21–4.40) 0.84 (0.39–1.83)

Currently working

Yes 1 [Reference]
.51

1 [Reference]
.25e 1 [Reference]

.08
1 [Reference]

.25e

No 1.13 (0.79–1.60) 1.14 (0.80–1.63) 1.66 (0.94–2.92) 1.62 (0.91–2.88)

Abbreviation: RR, risk ratio.
a Data source: Longitudinal Study of Elderly Health — Como Vai? study (13). The survey listed 24 conditions: arthritis, asthma, bronchitis, cancer, constipation, deaf-
ness, depression, diabetes, difficulty swallowing, fainting, fecal incontinence, glaucoma, heart failure, high blood pressure, hypercholesterolemia, insomnia, kidney
failure, memory problems, osteoporosis, Parkinson disease, rhinitis, seizures, stomach ulcer, or urinary incontinence.
b Analyses used low burden of disease (~2.3 conditions) as a reference group for moderate burden (~5.6 conditions) and high burden (~9.7 conditions).
c Determined by Wald χ2 test.
d First level: Distal level in the hierarchical statistical adjustment model to test for possible confounding factors and statistical interaction of the independent vari-
ables with variance.
e P value determined by testparm, a statistical test that verifies the significance of the exposure variable considering the others included in the statistical regres-
sion model.
f Choices were White, Black, Brown, Yellow, Indigenous; Black, Brown, Yellow, and Indigenous were combined into multiracial.
g A/B, high income; C, moderate income; D/E, low income, per Associação Brasileira de Empresas de Pesquisa (17).
h Second level: Proximal level in the hierarchical statistical adjustment model to test for possible confounding factors and statistical interaction of the independent
variables with variance.
i Smoking defined as consumption of ≥1 cigarettes per day, every day, in the last 30 days.
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(continued)

Table 3. Unadjusted and Adjusted Analyses of Multimorbidity Trajectories, by Demographic, Socioeconomic, and Behavioral Health Characteristics of Participants
(N = 1,098) in the Como Vai? Study, Pelotas, Brazila

Variables

Moderate burden of chronic conditionsb High burden of chronic conditionsb

Unadjusted, RR
(95% CI) P valuec

Adjusted, RR
(95% CI) P valuec

Unadjusted, RR
(95%CI) P valuec

Adjusted, RR
(95%CI) P valuec

Second levelh

Physical activity

Sedentary (<150 minutes
moderate or vigorous physical
activity per week)

1 [Reference]

.71

1 [Reference]

.58

1 [Reference]

.59

1 [Reference]

.72
Active (≥150 minutes moderate
or vigorous physical activity per
week)

0.94 (0.69–1.29) 0.92 (0.67–1.26) 1.14 (0.71–1.82) 1.09 (0.68–1.75)

Smoking

Never smoker 1 [Reference]

.10

1 [Reference]

.02e

1 [Reference]

.10

1 [Reference]

.02eCurrent smokeri 0.57 (0.38–0.86) 0.67 (0.43–1.03) 0.44 (0.24–0.81) 0.60 (0.31–1.14)

Former smoker 1.00 (0.74–1.35) 1.37 (0.98–1.92) 0.82 (0.55–1.22) 1.53 (0.96–2.44)

Alcohol consumption

No 1 [Reference]
.38

1 [Reference]
.08e 1 [Reference]

.11
1 [Reference]

.08e

Yes 1.16 (0.83–1.60) 1.17 (0.84–1.63) 0.64 (0.38–1.10) 0.67 (0.39–1.14)

Abbreviation: RR, risk ratio.
a Data source: Longitudinal Study of Elderly Health — Como Vai? study (13). The survey listed 24 conditions: arthritis, asthma, bronchitis, cancer, constipation, deaf-
ness, depression, diabetes, difficulty swallowing, fainting, fecal incontinence, glaucoma, heart failure, high blood pressure, hypercholesterolemia, insomnia, kidney
failure, memory problems, osteoporosis, Parkinson disease, rhinitis, seizures, stomach ulcer, or urinary incontinence.
b Analyses used low burden of disease (~2.3 conditions) as a reference group for moderate burden (~5.6 conditions) and high burden (~9.7 conditions).
c Determined by Wald χ2 test.
d First level: Distal level in the hierarchical statistical adjustment model to test for possible confounding factors and statistical interaction of the independent vari-
ables with variance.
e P value determined by testparm, a statistical test that verifies the significance of the exposure variable considering the others included in the statistical regres-
sion model.
f Choices were White, Black, Brown, Yellow, Indigenous; Black, Brown, Yellow, and Indigenous were combined into multiracial.
g A/B, high income; C, moderate income; D/E, low income, per Associação Brasileira de Empresas de Pesquisa (17).
h Second level: Proximal level in the hierarchical statistical adjustment model to test for possible confounding factors and statistical interaction of the independent
variables with variance.
i Smoking defined as consumption of ≥1 cigarettes per day, every day, in the last 30 days.
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 Appendix

Results of an attrition analysis comparing the average number of chronic conditions, by year, across trajectories of disease burden among participants with
information at all 3 time points in the Como Vai? study, Pelotas, Brazil. Of 440 study participants, 117 (26.6%) were categorized as having a low burden of chronic
conditions, 254 (57.7%) moderate, and 69 (15.7%) high.
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