Incidence of multimorbidity and associated factors during
the COVID-19 pandemic in Brazil: a cohort study
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ABSTRACT
BACKGROUND: Due to the coronavirus disease 2019 (COVID-19) pandemic, access to healthcare services
may have become difficult, which may have led to an increase in chronic diseases and multimorbidity.
OBJECTIVES: To assess the incidence of multimorbidity and its associated factors among adults living in
the state of Rio Grande do Sul, Brazil.
DESIGN AND SETTING: Cohort study conducted in Rio Grande do Sul, Brazil.
METHODS: We included data from the two waves of the Prospective Study About Mental and Physical
Health (PAMPA). Data were collected via online questionnaires between June and July 2020 (wave 1) and
between December 2020 and January 2021 (wave 2). Multimorbidity was defined as the presence of two
or more diagnosed medical conditions.
RESULTS: In total, 516 individuals were included, among whom 27.1% (95% confidence interval, Cl: 23.5-
31.1) developed multimorbidity from wave 1 to 2. In adjusted regression models, female sex (hazard ratio,
HR: 1.97; 95% Cl: 1.19-3.24), middle-aged adults (31-59 years) (HR: 1.78; 95% Cl: 1.18-2.70) and older adults
(60 or over) (HR: 2.41; 95% Cl: 1.25-4.61) showed higher risk of multimorbidity. Back pain (19.4%), high
cholesterol (13.3%) and depression (12.2%) were the medical conditions with the highest proportions
reported by the participants during wave 2.
CONCLUSION: The incidence of multimorbidity during a six-month period during the COVID-19 pandem-
ic was 27.1% in the state of Rio Grande do Sul, Brazil.

INTRODUCTION

Multimorbidity, defined as the presence of two or more chronic diseases, is associated with
reduced quality of life." Globally, multimorbidity affects one in three people, although this prev-
alence might be higher among women and older adults.? In Brazil, the prevalence of multimor-
bidity may reach up to 24% among adults.>* However, the prevalence is even higher among older
adults in Brazil, such that in 2015 it was found to be affecting at least half of this population.>*

The elevated costs attributable to multimorbidity treatment are alarming. For example, the
average medical economic cost of multimorbidity is 5.5 times greater than the treatment of only
one chronic condition in Switzerland.” Each additional disease represents a 3.2-fold increase in
requirement of healthcare services and roughly 33% greater treatment costs.” Multimorbidity is
also associated with increased use of healthcare resources including medications, primary care
visits, hospitalizations, elective procedures and emergency services.® In Brazil, a study carried out
using data from the Brazilian National Health Survey (Pesquisa Nacional de Saude, PNS) showed
that patients with multimorbidity were more likely to use healthcare services.’

Nevertheless, treatments or diagnoses for multimorbidity may have become impaired due to the
limitations on access to the healthcare system that occurred as an indirect consequence of the coro-
navirus disease 2019 (COVID-19) pandemic.'* In December 2020, Brazil had the second-highest
number of registered cases and deaths due to COVID-19." This chaotic scenario limited the man-
agement of preexisting chronic disease, especially because of fear of viral contagion during medi-
cal appointments.'° Furthermore, diagnosing of other morbidities may have been equally impaired
during social distancing. Besides the higher risk of severe COVID-19 associated with the presence of
chronic disease, co-occurrence of different morbidities might increase the risk of COVID-19 com-
plications, including hospitalization. However, to the best of our knowledge, longitudinal studies

that examine the incidence of multimorbidity during the COVID-19 pandemic remain warranted.
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OBJECTIVE
The aim of this study was to evaluate the incidence of multimor-
bidity and its associated factors during the COVID-19 pandemic,

among adults living in the state of Rio Grande do Sul, Brazil.

METHODS

We analyzed data from waves 1 and 2 of the Prospective Study about
Mental and Physical Health (PAMPA) cohort, which was an ambi-
spective study carried out in the state of Rio Grande do Sul, Brazil. In
wave 1, the recruitment phase took place between June 22 and July
23, 2020, while wave 2 was carried out between December 1, 2020,
and January 15, 2021. Wave 2 lasted longer (seven weeks) due to the
holiday period. Full details of the study methodology can be found
elsewhere.”? The study protocol was approved (number: 4.093.170;
date: August 27, 2019) by the institutional research ethics board
of the Superior School of Physical Education of the Universidade
Federal de Pelotas (UFPel), Brazil. All participants gave informed

consent before answering any question from the questionnaire.

Recruitment phase

During the recruitment phase, we contacted participants
through university professors, social media, local media and per-
sonal contacts in all macroregions in the state. Only adults aged
18 or older and living in Rio Grande do Sul were included in
wave 1. We also contacted the local media in all macroregions to
inform the local population about the present study. Moreover,
all researchers involved shared the link to the study announce-
ment with their personal contacts across the state. For wave 2,
we contacted the previous participants who were still living in
the state and had provided any contact information at the time of
wave 1 (e.g. phone number or social media nickname). The ques-
tionnaires were constructed using the Google Forms application
in wave 1 (Google, Mountain View, California, United States)
and using the Redcap web application, version 9.0.3, in wave 2
(Vanderbilt University, Nashville, Tennessee, United States).

Sample size

We calculated the sample size based on three primary outcomes:
low back pain; depressive and anxiety symptoms; and access to
the healthcare system." The total population of the state of Rio
Grande do Sul was 10,693,929 in 2010, according to the 2010
Brazilian national census. We defined that a sample of 1,767 par-
ticipants was required, under the assumptions of a 95% confi-
dence interval, a margin of error of 1.8, and a possible loss-
to-follow-up of 30%. Rio Grande do Sul is divided into seven
macroregions named (in Portuguese): Serra, Norte, Nordeste,
Centro-Oeste, Vales, Metropolitana and Sul. Based on the lat-
est national census, the required sample size was divided propor-

tionally to the number of people living in each region.

Outcome

In this study, we excluded participants who presented multi-
morbidity in wave 1. Multimorbidity was assessed through the
same question previously used in the Brazilian Telephone-based
Surveillance System for Noncommunicable Diseases:"* “Has any
doctor ever told you that you have the following disease?”. A 12-item
list was used, which included the following diseases: hypertension
or high blood pressure, diabetes, high cholesterol, cancer, arthri-
tis/arthrosis/fibromyalgia, asthma/bronchitis, back problem, heart
disease, depression, memory problem, human immunodeficiency
virus (HIV)/acquired immunodeficiency syndrome (AIDS) and
other chronic diseases. Multimorbidity was considered to be pres-

ent when a participant reported having two or more health issues.™*

Exposures

Sociodemographic factors (age, sex, ethnicity, conjugal situation
and educational level), behavioral information (physical activity)
and nutritional data (body mass index, BMI) were used as pos-
sible confounders and as associated factors.

Weight and height were self-reported and were used to calcu-
late BMI (kg/m?). We considered subjects to be overweight if they
had BMI > 25 kg/m*and obese if they had BMI > 30 kg/m”. To
estimate what the subjects” physical activity level had been before
social distancing, we used the following question: “Before social
distancing, were you engaged in physical activity regularly?”. If the
participants answered “Yes, they were asked to declare the num-
ber of days with physical activity and its duration in minutes, in a
regular pre-COVID-19 week. Participants who practiced for 150
minutes or more were classified as physically active, and those who
practiced for less than 150 minutes weekly, as physically inactive,
in accordance with the guidelines for physical activity from the
World Health Organization."®

Decreased monthly income was assessed by the following ques-
tion: “Over the last six months, have your monthly earnings been affected
by social distancing measures?”. There were three response options:
“decreased’, “unchanged” “increased”. We classified this into a dichot-
omous variable for the analyses, with the option “yes” for decreased

monthly income and “no” for unaffected or increased income.

Data analyses

All analyses were weighted according to the proportion of the par-
ticipants in each macroregion, because of overrepresentation of
respondents living in the Sul region (n = 436; 64.6%). The data were
reported as the mean with 95% confidence interval (CI) or as pro-
portions with 95% CI, as appropriate. Participants who provided
some personal contact in wave 1 but did not respond to wave 2 were
excluded (Figure 1). We used proportional-hazards global tests and
visual examination of Schoenfeld residuals against time to assess

proportional-hazards assumptions (data not shown). Crude and



adjusted Cox regression models were used to estimate the hazard
ratio (HR) with a 95% CL'¢ The adjusted model (aHR) included sex,
age, ethnicity, conjugal situation, education level, decreased monthly
income, BMI and physical activity before the pandemic. All covari-
ates were assessed at wave 1. Pearson’s chi-square test was used to test
the differences between included and excluded samples (Table 1).
Analyses were performed using the Stata 15.1 software (Stata Corp,
College Station, Texas, United States).

RESULTS

A flowchart describing the sampling process is presented in
Figure 1. Out of 2,321 participants with valid responses in wave
1, 1,647 were lost during follow-up. Thus, a final sample of 674
participants was included in wave 2. However, 23% (95% CI:
19.9-28.3) were excluded from the present analysis because they
reported having multimorbidity in wave 1. Consequently, 516
participants were eligible for this study.

The main characteristics of the sample are described in Table
1. Most of the participants were women (78.5%; 95% CI: 73.3-
80.83), white (90.3%; 95% CI: 86.5-93.2) and lived with a part-
ner (57.2%; 95% CI: 51.5-62.8). Almost half of the participants
were aged between 31 and 59 years (49.9%; 95% CI: 44.2-55.6)
and 23.5% (95% CI: 19.1-28.6) had at least one academic degree.
Comparison of the excluded and lost-to-follow-up sample with
the sample included from the second wave showed that none of
the variables differed according to the chi-square test.

Overall, 27% (95% CI: 23.5-31.1) of the participants presented
with new cases of multimorbidity. The risk of incident multimor-
bidity according to sociodemographic, behavioral and nutritional
characteristics is presented in Table 2. Women (aHR: 1.97; 95%
CI: 1.19-3.24) and subjects aged 31-59 years (aHR: 1.78; 95% CI:

Total number of respondents

in wave 1:
n=2321
Lost to follow-up:
n=1,647
n=674

Multimorbidity in wave 1:
n=158

Analytical sample:
n=516

Figure 1. Flow chart describing sampling process.

1.18-2.70) and aged 60 years or over (aHR: 2.41; 95% CI: 1.25-4.61)
were more likely to have incident multimorbidity. Even though BMI
(obesity) and physical activity showed significant associations with
multimorbidity in the crude analysis, no significant results were
observed in the adjusted analyses (aHR: 1.54; 95% CI: 0.97-2.44;
aHR: 0.68; 95% CI: 0.46-1.01, respectively).

The list of diseases and their frequencies are presented in Figure
2. The incidence of multimorbidity was 27.1% (95% CI: 23.5-31.1).
The most common new diseases reported between waves 1 and
2 were among those in our initial 12-item list (28.5%). Back pain
represented 19.4% of the new cases, followed by high cholesterol
(13.3%) and depression (12.2%). There were no new occurrences

of memory problems during the pandemic.

DISCUSSION
About one in four participants developed multimorbidity between

waves 1 and 2 (six months). Women and adults aged 31 years or

Table 1. Sociodemographic and behavioral characteristics of the

included and lost-to-follow-up participants. Rio Grande do Sul,
(n=516)
Included sample Lost to follow-up
% %
Sex
Male 21.5 227
Female 78.5 77.3
Age (years)
18-30 427 28.0
31-59 49.9 60.0
60+ 74 12.0
Skin color
White 90.3 87.8
Black 55 7.0
Mixed 3.7 4.8
Other 0.04 0.4
Marital status
Living with a partner 57.2 64.3
Living alone 4238 35.7
Education level
High school or lower 338 374
University degree 235 25.1
Specialization, Master’s, PhD 42.7 375
Decreased monthly income
No 66.0 53.7
Yes 34.0 46.3
Nutritional status
Normal 51.7 41.2
Overweight 323 35.0
Obese 16.0 23.7
Physical activity before COVID-19 pandemic
Inactive 57.0 58.6
Active 43.0 41.4

Brazil

P-value

0.149

0.370

0.409

0.912

0.306

0.475

0.820

0.262

Based on body mass index, calculated from self-reported height and body weight.

COVID-19 = coronavirus disease 2019.



Other chronic diseases
Back problem

High cholesterol
Depression
Arthritis/arthrosis/fibromyalgia
Asthma/bronchitis
Hypertension

Heart disease

Diabetes

HIV / AIDS

Cancer

Multimorbidity incidence

0% 5% 10% 15% 20% 25% 30%
%

There were no new occurrences of memory problems. HIV = human immunodeficiency virus; AIDS = acquired immunodeficiency syndrome.

Figure 2. Multimorbidity incidence and list of the new diseases reported between the first and second waves.

Table 2. Hazard ratios for multimorbidity according to single lifestyle factors among participants in the Prospective Study About Mental
and Physical Health (PAMPA) Cohort, Rio Grande do Sul, Brazil (n =516)

Crude hazard ratio (95% Cl) P-value Adjusted hazard ratio' (95% Cl) P-value
Sex <0.001" 0.008"
Male 1.00 1.00
Female 1.85(1.14; 3.0) 1.97 (1.19; 3.24)
Age (years) <0.001" <0.001"
18-30 1.00 1.00
31-59 1.85(1.27; 2.68) 1.78 (1.18; 2.70)
60+ 242 (1.32;4.44) 241 (1.25;4.61)
Skin color 0.907 0.633
White 1.00 1.00
Mixed 1.5(0.83;2.71) 1.82(0.98;3.37)
Black 0.53(0.17; 1.68) 0.53(0.17; 1.70)
Other 3.74(0.52; 26.8) 4.11 (0.55; 30.7)
Marital status 0.848 0.208
Living with a partner 1.00 1.00
Living alone 1.03 (0.74; 1.45) 1.31(0.92; 1.88)
Education level 0.161 0.618
High school or lower 1.00 1.00
University degree 1.11(0.70; 1.76) 0.99 (0.62; 1.61)
Specialization, Master’s, PhD 1.31(0.89; 1.95) 1.05 (0.68; 1.64)
Decreased monthly income 0.736 0.489
No 1.00 1.00
Yes 0.75 (0.53; 1.06) 0.83(0.58; 1.19)
Nutritional status 0.031" 0.081
Normal 1.00 1.00
Overweight 1.37 (0.94; 1.98) 1.33(0.90; 1.96)
Obese 1.57 (1.01; 2.45) 1.54 (0.97; 2.44)
Physical activity before COVID-19 pandemic 0.020° 0.066
Inactive 1.00 1.00
Active 0.65 (0.45; 0.95) 0.68 (0.46; 1.01)

“Statistically significant P-values; 'Adjusted for sex, age, skin color, conjugal situation, education level, decreased monthly income, body mass index (BMI) and

physical activity before coronavirus disease 2019 (COVID-19) pandemic, at baseline. Cl = confidence interval.



over showed higher risk of incident multimorbidity. We observed a
dose-response relationship between age and the risk of multimor-
bidity, in which the risk increased with increasing age.

Female sex was associated with higher risk of incident mul-
timorbidity during the period of COVID-19 social distancing,
compared with males. Previously, other studies had shown that
women were twice as likely to report multimorbidity as were men,
both in Brazil and in other countries.>*'”'® Greater frequency of
use of healthcare systems through medical appointments among
women might explain this relationship. On the other hand, men
might be more likely to be underdiagnosed with regard to chronic
conditions and multimorbidity.' Furthermore, women experience
more stressful events throughout their lives?*® and therefore are
at higher risk of chronic diseases. Unfortunately, impairment of
mental health during social distancing seems to be higher among
women than among men.?! Furthermore, we previously showed
that access to the healthcare system during social distancing was
more impaired among women.'® Therefore, strategies to improve
healthcare system access are required, in order to monitor the prev-
alence and incidence of chronic diseases, especially among women.

In Brazil, previous studies also showed that older adults, especially
those over 60 years of age, had higher prevalence of multimorbidity
than younger adults.*'® A systematic review from 2019 showed that
individuals aged 65 or more were the most affected by multimorbidity,
worldwide.> Although population aging might be associated with this
increased prevalence, previous studies have suggested other factors,
including impaired healthcare access and low social development.?
For example, among older adults, multimorbidity is influenced by
socioeconomic, demographic, lifestyle and family factors.* Also,
older people became more isolated during the pandemic,” and the
high number of new cases of depression may have been related to this.

The lack of statistically significant relationships with multimor-
bidity shown by BMI and physical activity in the adjusted analyses
may have been due to the relatively short time between waves 1 and
2 (six months). For physical activity, a previous longitudinal study
did not show any association with the development of multimor-
bidity in short-term follow-ups (two years).** However, for longer
follow-ups (11 years), physical activity was shown to be protec-
tive against development of multimorbidity.*® A previous study in
Finland showed that physical inactivity and obesity were risk factors
for incident multimorbidity. However, that study included only five
chronic conditions in the multimorbidity list.* According to our
results, being physically active before the pandemic did not protect
against developing multimorbidity during the pandemic. Despite
this, physical activity is important and needs to be encouraged. For
instance, physical activity in the early ages of childhood plays a pro-
tective role against multimorbidity at older ages.”

The COVID-19 pandemic affected access to healthcare services,

especially for chronic diseases like diabetes, chronic obstructive

pulmonary disease and hypertension.? Especially in low and mid-
dle-income countries, COVID-19 affected healthcare services with
consequences ranging from postponement of elective surgery and
other medical procedures to delayed treatment of chronic diseases
that might progress to severe conditions.”” Our results reflected
those findings, and we demonstrated that the less-reported prob-
lems before social distancing, such as back pain and depression,
were the ones with higher frequency during wave 2. Moreover, a
study conducted in India showed that individuals with multimor-
bidity experienced several care challenges, including interruption
of treatment and routine check-ups during the pandemic.”

The increase in new cases of depression observed in our data was
in agreement with the recent literature.® A sharp increase in the lev-
els of psychological distress was evident during the pandemic, espe-
cially among women and adults aged younger than 60.*' Moreover,
ameta-analysis on community-based studies conducted during the
COVID-19 pandemic showed that the prevalence of depression was
seven times higher than the estimated prevalence in 2017.** Thus,
strategies to attenuate the detrimental indirect effects of this pandemic
on mental health, especially in higher-risk groups, are warranted.

Furthermore, spending more time at home with sedentary
activities and less time exercising might explain the high number
of spine problems. A large number of cases of back pain occur-
rences may have resulted from COVID-19, specifically related to
the social distancing measures that made many people start work-
ing from home without adequate equipment. Previous studies also
reported similar findings, thus showing that the social distancing
caused by COVID-19 resulted in more occurrences of low back
pain and more associated risk factors.”

Our study had some methodological limitations. First, we did not
include an open question for “other diseases”. Thus, it was not possible
to identify which other diseases were reported by the participants.
Second, our retention rate was lower than expected for face-to-face
cohort studies.'? However, our results are similar to those of other
cohort studies that were conducted online.* Third, we assessed the
list of diseases through self-reports, which is less accurate than use
of medical records because it depends on the memory of each par-
ticipant. However, most other studies also used self-reported data to
assess multimorbidity, according to a systematic review conducted
in 2019.2 Fourth, our respondents included a high proportion of
individuals with academic degrees. Given that data collection was
online, and university professors shared the questionnaire through
their academic contacts, a high number of participants with aca-
demic degrees was expected. Also, people with less education have
less access to the internet. Furthermore, according to previous find-
ings in the literature, from samples with less schooling, the incidence
of multimorbidity could have been even higher.*

However, we can highlight the longitudinal design of our study

evaluating multimorbidity incidence during the pandemic. This
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may have generated important information about the development
of chronic diseases in this context. Moreover, at the time when
we conducted this study, we did not find any other cohort study
assessing the incidence of multimorbidity during the COVID-19
pandemic. Our results may provide relevant information about
the consequences of the COVID-19 pandemic on the health of the
population of southern Brazil. Furthermore, our report provides
important information about a new profile of people who will seek

healthcare services during and after the pandemic.

CONCLUSION

The incidence of multimorbidity over a six-month period during the
COVID-19 pandemic was 27.1% in the state of Rio Grande do Sul,
in Brazil. Female sex and increasing age were risk factors for incident
multimorbidity. Special attention to the risk that women and older
people may develop multimorbidity is needed within public health
policies, along with attention to the high numbers of new cases of

depression and back pain during the COVID-19 pandemic.
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