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Background: Anincrease in body mass index (BMI) is strongly associated with the occurrence of multimorbid-
ity, and overweight and obesity are contributing factors for the increase in morbidities. Thus, the present study
aimed to evaluate the occurrence of multimorbidity and associated factors in Brazilian adults with and without
overweight or obesity.

Methods: This was a cross-sectional population-based study with data from the National Health Survey (2013)
including individuals aged 18 years or older. Multimorbidity was defined as having =2 diseases from the list of
15 morbidities on the self-reported questionnaire (self-reported medical diagnosis in life). BMI was categorized
as: <24.9 kg/m? (low weight and eutrophy), 25.0-29.9 kg/m? (overweight), and =30.0 kg/m? (obesity). Sex,
age, and schooling were the covariates. Poisson regression was used for crude and adjusted analyses for the
variables representing access to health services estimating the prevalence ratio (PR) and 95% confidence inter-
val ().

Results: The total sample consisted of 59,402 individuals. The prevalence of multimorbidity was 25% overall
and was higher among overweight (25.8%) and obese (32.5%) individuals. Obese women 60 years or older had
a higher occurrence of multimorbidity (80%). In the adjusted analysis, a lower prevalence of multimorbidity was
observed among those with higher educational levels in all BMI classifications: low weight/eutrophy, PR=0.66
(95% Cl,0.58-0.75); overweight, PR=0.62 (95% Cl, 0.56-0.70); and obesity, PR=0.75 (95% Cl, 0.67-0.85).
Conclusion: A higher prevalence of multimorbidity was found among obese women who were 60 years of
age or older. Schooling was an associated factor regardless of BMI.
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BMI is associated with increased mortality and various health prob-

lems, such as cardiovascular disease and stroke, which are mainly

Overweight and obesity have increased alarmingly in recent de-
cades. The overall prevalence of overweight, defined as body mass
index (BMI) >25.0 kg/m’, increased by 27.5% between 1980 and
2013, from 857 million to 2.1 billion individuals." The increase in

ductivity, and social disadvantage.’

mediated by high blood pressure, cholesterol, and blood glucose.”
In addition, obesity is associated with a reduction in life expectan-

cy, worsening in quality of life, higher unemployment, lower pro-
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Overweight and obesity contribute to the occurrence of con-
comitant diseases in individuals.* The coexistence of one or more
morbidities is called multimorbidity and has been increasingly
studied because it is associated with higher mortality, reduced func-
tional capacity, polypharmacy, reduction in quality of life, worse
self-rated health, and lower continuity of care.”® In recent years,
there has been an increase in the prevalence of multimorbidity in
several countries, probably due to the improved longevity of popu-
lations related to advances in medicine and preventive aspects in
public health. It is worth highlighting that multimorbidity occurs
not only in older individuals, but also in younger individuals.'! In
Brazil, the prevalence of multimorbidity in adults was estimated at
22.2% for two or more morbidities and 10.2% for three or more
morbidities."> Obesity is associated with a higher prevalence of
multimorbidity;'"'*"> however, there are few studies evaluating
overweight, using the BMI cutoff point of >25.0 kg/m”.

The epidemiological transition and, consequently, the higher fre-
quency of chronic noncommunicable diseases in the population
plays a determining role in the prevalence of multimorbidity. Health
data from 28 countries showed that those with low to moderate in-
comes experienced a rise in multimorbidity with increasing age and
a positive nonlinear association with income.'® This same study
observed an inverse association between multimorbidity and edu-
cation, especially in young people when compared to individuals
aged 60 years or older.'® In Brazilian men and women over the age
of 60, there was a higher occurrence of morbidities (five or more)
in individuals with lower incomes compared to those with higher
incomes, and the same trend was observed for educational level
when considering the occurrence of three or more, four or more,
and five or more morbidities."” Additionally, a systematic review
and meta-analysis of 24 cross-sectional studies found a 64% greater
chance of multimorbidity (odds ratio [OR], 1.64; 95% confidence
interval [CI], 1.41-1.91) in individuals of low compared to high
educational level; however, there was a high degree of heterogene-
ity in the studies. Deprivation has been consistently associated with
increased risk of multimorbidity." The relationship between multi-
morbidity and sociodemographic factors and inequalities in indi-
viduals with BMI > 25.0 kg/m” is still unknown.

Identifying the prevalence of multimorbidity according to over-

weight and obesity in the Brazilian population and the associated
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inequalities is important in developing more effective approaches
that address the needs of each group of individuals. An increase in
BMI is strongly associated with the occurrence of multimorbidity,
and overweight and obesity are contributing factors for the increase
in morbidities."*"> Thus, the present study aimed to evaluate the
occurrence of multimorbidity and associated factors in Brazilian

adults with and without overweight/obesity.

METHODS

This was a cross-sectional, population-based study with data
from the National Health Survey (Pesquisa Nacional de Saude
[PNS]) conducted in 2013 by the Brazilian Institute of Geography
and Statistics (IBGE) and the Ministry of Health in Brazil.®* The
sample is representative of residents of permanent households, lo-
cated in urban or rural areas, in the five major geographical regions,
27 federation units, capitals, and other municipalities. The selec-
tion of the PNS sample was carried out in three stages: the first
stage selected the census tracts, followed by the second stage which
selected the households, and finally the third stage which selected
individuals aged 18 years or older. Data collection was performed
by trained interviewers using handheld computers called PDAs
(personal digital assistants). More details can be found in the
methodological study.**’

We included all individuals at least 18 years of age who had infor-
mation for the 15 morbidities that were evaluated and the anthro-
pometric measurements required for BMI calculation (i.e., weight
and height). To evaluate multimorbidity, a list containing the 15
morbidities assessed by the individual’s report of receiving a medi-
cal diagnosis was used. Morbidities were identified through the
question, “Has any doctor already diagnosed you with..,,” and the
following diseases and risk factors were listed: hypertension; hyper-
cholesterolemia; depression; diabetes; arthritis or rheumatism;
bronchitis, asthma, or wheezing; work-related musculoskeletal dis-
orders; cancer; heart problems; stroke; chronic renal failure; other
lung disease; chronic obstructive pulmonary disease; and any other
chronic disease. In the case of other mental health illness, the ques-
tion was “Has a doctor or mental health professional (psychiatrist
or psychologist) ever diagnosed you with another mental illness?”

In the case of a spinal column problem, the question was “Do you
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have any chronic column or neck problem, low back pain, sciatica,
vertebra or disc problem?” Multimorbidity was assessed by the cut-
off point of two or more morbidities.”’* Among women, high
blood pressure episodes and diabetes only during pregnancy were
not considered morbidities.

The independent variables used in this study were: sex (male/fe-
male); age in full years (dichotomized as: 18-59 years and 60 years
or more), and schooling in years (categorized as: no instruction, in-
complete primary education, complete elementary and incomplete
high school, and complete high school until higher education). For
adjustment purposes, the following variables related to health as-
pects were included: possession of health insurance (no/yes), cov-
erage by the Family Health Strategy (FHS; no/yes), continuity of
care explanation (no/yes), and hospitalization in the last year (no/
yes). The main independent variable used to stratify the sample of
individuals with multimorbidity was the BMI, calculated using the
weight (kg) and height squared (in meters), which were both mea-
sured at the time of the interview. BMI was categorized according
to the cutoff points of the World Health Organization:** low weight
and eutrophy, <24.9 kg/m? overweight, 25.0-29.9 kg/m?*; and
obesity, >30.0 kg/m”.

The database was obtained from the IBGE website (http://www.
ibge.govbr/home). Statistical analyses were carried out using Stata
version 15.0 (StataCorp., College Station, TX, USA), considering
the sample design of the study (using the svy command). Descrip-
tive analysis was performed, obtaining variable prevalence. All anal-
yses were stratified for BMI. Poisson regression was used for the
crude and adjusted analyses between multimorbidity and indepen-
dent variables,” estimating the prevalence ratios (PR) and their re-
spective 95% CI, in addition to P-values for heterogeneity and lin-
ear trend (schooling). The analyses were performed using a hierar-
chical model; the variables included in the first level were sex, age,
and schooling, and those included in the second level were the
variables of health services: possession of health insurance, FHS
coverage, continuity of care, and hospitalization in the last year.
Variables with P-values that were lower than 0.20 were retained in
the model, controlling for possible confounders at the same level
and the level above. Associations with P-values < 0.05 were consid-
ered statistically significant. Furthermore, the margins and margin-

splot commands were used to present differences in the prevalence
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of multimorbidity according to BMI, stratified for sex and age.

To ensure the stratification of the analyses for the BMI variable,
an interaction test was performed for the association between the
outcome (multimorbidity) and the independent variables, testing
the interaction for the third variable (BMI). For this test, in addi-
tion to the P-value < 0.10, the effect measures were considered.

The project was submitted to the National Research Ethics Com-
mission and approved under protocol number 10853812.7.0000.
0008. All participants signed free and informed consent that ensured
data confidentiality.

RESULTS

The total sample consisted of 59,402 individuals for whom in-
formation on diseases and BMI was available; of these, 14,291 indi-
viduals had multimorbidity. Overall, the prevalence of multimor-
bidity ( >2 diseases) was 25% (95% CI, 24.4%-25.6%). The preva-
lence of multimorbidity according to BMI varied, being 20.2%
(95% CI, 19.4%-21.0%) for those individuals with low weight/eu-
trophy, 25.8% (95% CI, 24.8%-26.7%) for those with overweight,
and 32.5% (95% CI, 31.2%-33.8%) for those with obesity. Regard-
ing the characteristics of the total sample, the majority (52.9%)
were female, 18.0% were 60 years or older, and about 45.5% had
the highest level of education (complete high school to higher edu-
cation). Similar proportions were also observed when the sample
was stratified according to BMI among those individuals who had
multimorbidity (Table 1).

Among the individuals classified as overweight and obese, the
prevalence of diseases varied, with hypertension being the most
frequent, reaching 33.9% among obese individuals (Fig. 1). The
prevalence of each disease, according to BMI classification, is
shown in Supplementary Table 1. Fig. 2 presents the prevalence of
multimorbidity according to BMI, adjusted for sex and age, show-
ing a tendency to increase in multimorbidity with increasing BMIL.
For women with obesity and over the age of 60 years, the preva-
lence of multimorbidity was around 80%.

In the crude analysis between multimorbidity and the indepen-
dent variables, stratified by BMI, it can be observed that all vari-
ables were statistically associated with multimorbidity. In the ad-

justed analysis, in all strata of BMI, it was possible to observe a
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Table 1. Description of the general sample and of individuals with multimorbidity when stratified by BMI (National Health Survey Brazil, 2013)

Multimorbidity
Variable General sample Low weight/eutrophy Overweight Obesity P
(n=59,402) (n=4,390) (n=5,437) (n=4410)
Sex <0.001
Male 25,920(47.1) 1,578 (45.6) 1,850 (45.6) 1,179 (45.1)
Female 34,282 (52.9) 2,812 (54.4) 3,587 (54.4) 3231(54.9)
Age (full years) <0.001
18-59 49,025 (82.0) 2,583(80.9) 3,231(80.6) 2,828(79.6)
>60 11,177 (18.0) 1,807 (19.1) 2,206 (19.4) 1,582 (20.4)
Schooling (in years) <0.001
No instruction 9,434(13.7) 1,066 (16.8) 1,183(14.3) 868(15.1)
Incomplete primary school 14,649 (25.3) 1,305(27.7) 1,664 (28.6) 1,499(30.7)
Complete elementary school and incomplete high school 9,215(155) 484(13.6) 692 (15.5) 586 (15.5)
Complete high school to higher education 26,904 (45.5) 1,535(41.9) 1,898 (41.6) 1,457 (38.7)
Multimorbidity (> 2 diseases) <0.001
No 45911 (75.0) 21,056 (79.8) 16,158 (74.2) 7,951 (67.5)
Yes 14,291 (25.0) 4,390(20.2) 5,437 (25.8) 4,410(32.5)

Values are presented as number (%). Low weight/eutrophy, BMI < 24.9 kg/m?; Overweight, BMI 25.0-29.9 kg/m?; Obesity, BMI > 30.0 kg/m?.
*Chi-square test for heterogeneity between independent variables and BMI in individuals who had multimorbidity.

BMI, body mass index; %, prevalence according to the sampling design (svy).
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Figure 1. Prevalence of chronic diseases stratified by body mass index (BMI). Na-
tional Health Survey, 2013 (n=59,402). COPD, chronic obstructive pulmonary dis-
ease; WMSD, work-related musculoskeletal disorders.

higher prevalence of multimorbidity among women and those
aged 60 years or older and a lower prevalence in individuals with

higher educational levels (Table 2).

DISCUSSION

Multimorbidity reached a quarter of the population and was
higher among overweight and obese individuals. Considering the

PNS sample, it is estimated that approximately 36,000 individuals
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Figure 2. Prevalence of multimorbidity according to body mass index (BMI), ad-
justed for sex and age (adults, 18-59 years; elderly, >60 years). National Health
Survey, 2013 (1=59,402).

overall had multimorbidity, 14,293 with overweight and 11,368
with obesity. In the analyses stratified by BMI, multimorbidity was
higher among women, individuals over the age of 60 years, and in-
dividuals with a lower educational level.

The positive associations between multimorbidity and over-
weight/obesity, as well as the directions evidenced, are in accor-
dance with the hypotheses that were investigated by this study,
which were also observed in the relevant literature.”**® Another

study conducted with PNS data found that different groups of
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Table 2. Prevalence of multimorbidity according to independent variables and crude and adjusted analyses stratified by BMI (National Health Survey Brazil, 2013)

Multimorbidity (%)

Variable Low weight/eutrophy (n=4,387) Overweight (n=5,437) Obesity (n=4,410)
PR crude (95% Cl)  PRadj(95% Cl) ~ PRcrude (95% Cl) PRadj(35% Cl) ~ PRcrude (35% CI) PRadj(95% Cl)
Sex P<0.001* P<0.001* P<0.001* P<0.001* P<0.001* P<0.001*
Male 1.00 1.00 1.00 1.00 1.00 1.00
Female 154(142-167) 1.48(1.36-161)  158(1.47-1.69) 1.49(1.39-1.60)  1.40(1.28-1.52) 1.32(1.21-1.43)
Age (full years) P<0.001* P<0.001* P<0.001* P<0.001* P<0.001* P<0.001*
18-59 1.00 1.00 1.00 1.00 1.00 1.00
>60 304(279-331) 245(222-271) 2.86(268-3.05) 236(2.19-255) 2.36(2.19-254) 2.04(1.88-2.21)
Schooling (in years) P<0.001" P<0.001" P<0.001" P<0.001" P<0.001" P<0.001
No instruction 1.00 1.00 1.00 1.00 1.00 1.00
Incomplete primary school 092(0.82-1.03) 1.07(0.96-1.19)  0.87(0.78-0.95) 1.00(0.91-1.09)  1.09(0.98-1.22) 1.18(1.06-1.31)
Complete elementary school and incomplete high school ~ 0.51(0.44-0.60) 0.73(0.62-0.85  056(0.49-064) 0.75(0.66-0.86)  0.68(0.58-0.80) 0.89(0.76-1.04)
Complete high school to higher education 052(046-059) 066(058-0.75)  050(0.45-055) 062(0.56-0.70) 0.59(053-0.66) 0.75(0.67-0.85)

Low weight/eutrophy, BMI < 24.9 kg/m?; Overweight, BMI 25.0-29.9 kg/m? Obesity, BMI >30.0 kg/m?.

*Wald test for heterogeneity; "Wald test for linear trend.

BMI, body mass index; PR, prevalence ratio; Cl, confidence interval; PRadj, prevalence ratio adjusted for sex, age, and schooling, plus health insurance, coverage by Family Health

Strategy, continuity of care, and hospitalization in the last year.

chronic diseases were associated with high BMI.*’ In addition to
BMYI, other ways to classify obesity have been studied in association
with multimorbidity; for example, an assessment of body fat per-
centage (% bodyfat) showed that adult populations with high per-
centages of body fat carry a higher risk of multimorbidity than
those with higher BML>

In this study, when the chronic diseases that made up the multi-
morbidity construct were evaluated, hypertension presented the
most greatest percentage difference. Some studies have identified
hypertension as the most prevalent of the morbidities evaluated
among individuals with higher BML***”* In addition, these results
emphasize the findings of Guimaraes et al.,*" which indicate that
weight control has a positive relationship with more suitable blood
pressure measurements.

Considering sex and age, the findings showed that women with
overweight and obesity, over the age of 60 years, presented a higher
prevalence of multimorbidity (reaching 80%), which is in contrast
with the results found by Zhang et al.,* that the higher multimor-
bidity prevalence was observed among Chinese men over the age
of 60 years. Nevertheless, there is a consensus on the positive asso-
ciation between multimorbidity and female sex, since it is mea-
sured by medical diagnosis in most surveys.* In this context, the
variables used for the adjustments were selected for their well-es-

tablished relationships with both multimorbidity and BML?**

] Obes Metab Syndr 2021;30:155-162

This study points out the importance of monitoring as well as
managing chronic diseases, with emphasis on obesity in women
over the age of 60 years. While there is evidence demonstrating
that the occurrence of chronic diseases increases with age, these
conditions should not be attributed only to aging, due to the im-
portant component related to the presence of obesity.*'"'* A study
conducted in Finland found a 1.6- to 1.8-fold increase in the risk
among individuals with obesity, both men and women, of having a
stroke and hospitalization for any cardiovascular disease.**** Fur-
thermore, obese individuals have an increased risk (1.5- to 2.2-fold)
of developing diabetes according to data from a study conducted
with 16 prospective cohorts from the United States and Europe,
showing that the risk of cardiometabolic multimorbidity increases
with BML*

As has been demonstrated in the general population, this study
showed an association between multimorbidity and educational
level, with a lower prevalence observed in more educated individu-
als across all BMI strata. Studies carried out in low- to moderate-in-
come countries have consistently demonstrated the association be-
tween a lower educational level and the increased occurrence of
multimorbidity.'*** According to an analysis using PNS data, indi-
viduals with 1 to 8 years of schooling were more likely to have mul-
timorbidity, with an OR of 1.40 (95% CI, 1.32-1.49) for >2 dis-
eases and an OR of 1.58 (95% CI, 1.45-1.72) for > 3 morbidities,
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compared to subjects with >12 years of schooling.”

There are practical implications related to the findings of this
study. A higher prevalence of diseases such as diabetes, arthritis and
rheumatism, depression, high cholesterol, column problems, and
hypertension was observed among obese individuals. In addition, a
higher prevalence of multimorbidity was also identified among
obese women over the age of 60 years. These findings draw atten-
tion to measures aimed at addressing morbidities and obesity as
different conditions, but which have a strong relationship. In a tem-
poral sequence, overweight and obesity should be considered as
conditions that contribute to the emergence or aggravation of
chronic diseases, for example."**’

Some limitations of this study should be mentioned. First, there
is the possibility of underestimating the multimorbidity estimate
because, with the exception of depression, all other diseases were
self-reported from a previous medical diagnosis. Although there are
studies that validated the information reported by the interviewee
considering the medical diagnosis, such as in reporting hyperten-
sion,™ it is known that self-reported information may contain some
bias. However, as this study was interested in evaluating the associa-
tion between multimorbidity and overweight, it is believed that
this underestimation may have been diluted.

In this study, it was observed that one in four individuals pre-
sented with multimorbidity, and this proportion was significantly
higher among overweight and obese individuals. The occurrence
of multimorbidity increased with a higher BMI. We highlight the
high prevalence of multimorbidity in obese women over the age of
60 years, as well as the high occurrence of hypertension among
obese individuals. The individual’s educational level was an inde-
pendent factor of BMI, with a lower prevalence of multimorbidity
among individuals with higher schooling.
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