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Abstract

Background Cardiometabolic multimorbidity (CM-MM) is defined as the coexistence of at least two of the following
conditions: diabetes mellitus (DM), myocardial infarction (MI), or stroke (ST). Data on the prevalence of CM-MM and its
associated factors are scarce in Brazil.

Objectives To analyse the prevalence of CM-MM and its associated factors in a population of Brazilian adults
aged > 65 years with hypertension.

Methods We conducted an analytical cross-sectional study from 2013 to 2015 using data from the first Brazilian
Hypertension Registry (BHR). Participants were recruited from 45 public and private healthcare services in all regions
of Brazil. CM-MM was the main outcome measure, analysed according to clinical and sociodemographic factors.
Descriptive and association analyses were performed to compare CM-MM and the other parameters.

Results We analysed data from 1,033 individuals. The prevalence of CM-MM was 8.9%, with higher rates among
males, participants self-declared as White, and those in the 65-69 years age group. DM (32.7%) was the most
prevalent single condition. Dyslipidaemia (70.7%), obesity (62%), and uncontrolled blood pressure (44.6%) were also
common. Among the combinations of conditions, DM+ Ml was the most frequent (5.6%). After adjustment, CM-MM
was associated with being male, having dyslipidaemia, experiencing heart failure, and undergoing coronary artery
bypass graft surgery. Chronic kidney disease was not associated with CM-MM.
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Conclusions The prevalence of CM-MM in older people with hypertension was approximately 9%. CM-MM was
associated with risk factors such as dyslipidaemia and obesity. These findings show the importance of comprehensive
cardiometabolic management to reduce the incidence of CM-MM in this population.
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Introduction

The growing burden of non-communicable diseases
(NCDs), especially in low- and middle-income coun-
tries (LMICs), highlights the urgent need to readjust
care models for managing these conditions [1, 2]. Among
these NCDs, cardiometabolic conditions, including
hypertension, dyslipidaemia, coronary heart disease,
heart failure, and diabetes mellitus, can independently
or collectively, simultaneously, or sequentially lead to
complications affecting multiple organs and systems.
These complications reduce the quality of life of the
patients, increase the use of healthcare services, and
escalate associated costs [3—5]. This burden is exponen-
tially exacerbated by the complex contemporary scenario
of accelerated population ageing, the accumulation of
NCDs, and social inequities [6, 7].

In older adults, cardiovascular disease often occurs in
the context of multimorbidity, as the frequency and com-
plexity of concurrent clinical conditions typically increase
with older age [8]. Cardiometabolic multimorbidity (CM-
MM), defined as the coexistence of at least two of the
following cardiometabolic conditions (DM, MI, or ST
[9]), is highly prevalent and significantly influences nega-
tive health outcomes. CM-MM predominantly affects
adults aged > 50 years in high-, middle-, and low-income
countries [10, 11]. The prevalence of CM-MM varies sig-
nificantly between countries. Although there is no stan-
dardised method for operationalise CM-MM, recent
studies have reported rates of 3.5% in Canada, 4.7% in the
United Kingdom and Sweden, 5.94% in China, 10.5% in
South Africa, 27.6% in Mexico, and 14.4% in the United
States, with significant differences according to age and
sex [12-18].

Socioeconomic, demographic, and lifestyle factors
play crucial roles in the development of CM-MM [19,
20]. Age, sex, and socioeconomic status are significant
predictors of CM-MM onset and progression, particu-
larly in older, female, Black, and poorer individuals [21,
22]. Other studies have indicated that smoking, physical
inactivity, unhealthy diets, and inadequate sleep are asso-
ciated with an increased risk of CM-MM onset [15, 23].
In addition, CM-MM often occurs in individuals with
hypertension [23].

Individuals living with CM-MM experience various
outcomes, including a significant reduction in life expec-
tancy (up to 12 years for those with two morbidities and
up to 15 years for those with three) [9]. They are also at
higher risk of all-cause mortality [9, 24, 25] and mortality

from coronary heart disease in Black individuals [24].
There is also a significant association between CM-MM
and depression and other mood disorders [26, 27]. Fur-
thermore, CM-MM has been associated with acceler-
ated cognitive decline and faster progression of dementia
[28-31].

Understanding the dynamics of CM-MM in the Bra-
zilian population is essential to advance epidemiological
knowledge on this condition. This understanding will
facilitate the development of personalised, population-
based intervention strategies to effectively prevent and
manage CM-MM in patients with hypertension. To the
best of our knowledge, this is the first Brazilian study
to analyse the occurrence of CM-MM and its associ-
ated factors in a specific population, providing valuable
insights for a better understanding. Therefore, this study
aimed to analyse the prevalence and factors associated
with CM-MM in Brazilian adults aged>65 years with
hypertension.

Methods

This national multicentre analytical cross-sectional study
analysed data from the Brazilian Hypertension Regis-
try (BHR). The BHR, an initiative of the Department of
Hypertension of the Brazilian Society of Cardiology,
recruited participants between June 2013 and October
2015, with follow-up extending until December 2016 [32,
33]. The participating centres represented all five regions
of Brazil and included public (46.7%), private (31.1%),
and mixed (22.2%) institutions. The BHR was approved
by the Research Ethics Committee of the Hospital das
Clinicas of the Federal University of Goids, under proto-
col number 532,146.

The inclusion criteria for the BHR were as follows:
age>18 years and a diagnosis of hypertension at least 4
weeks before, with systolic blood pressure (SBP)>140
mmHg and/or diastolic blood pressure (DBP) >90 mmHg
in the sitting position or use of antihypertensive medica-
tion, according to the VI Brazilian Hypertension Guide-
lines [34]. The individual also needed to be regularly
enrolled at the participating centre or institution. The
exclusion criteria were as follows: kidney failure requir-
ing dialysis, hospitalisation at the time of inclusion or 30
days before, haemodynamic instability requiring vaso-
active medications up to 30 days before inclusion, heart
failure classified as functional class III or IV, pregnancy
and/or breastfeeding, severe Liver disease, psychiat-
ric conditions preventing protocol compliance, ST or
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MI within 30 days before inclusion, severe diseases as
assessed by the investigator, or neoplasms with a progno-
sis of survival of less than 1 year.

Data were collected from 2,646 individuals with hyper-
tension using a form developed specifically for BHR,
which contained questions about sociodemographic and
health characteristics. With the purpose of enhancing the
robustness of our data and minimising potential recall
biases, we carried out personal interviews and patient
records research to cross-verify participant responses.
Only participants aged>65 years were included in this
analysis, totalling 1,033 individuals. CM-MM was the
primary outcome measure, defined as the coexistence
of at least two of the following conditions in the same
individual: DM, MI, or ST [9]. These conditions were
identified by self-report and/or confirmation in medical
records.

The following exposure variables were analysed: sex
(male, female), age group (65-69, 70-74, =275 years), self-
reported race (White, Brown, Black), controlled blood
pressure (yes, no), health issues (dyslipidaemia, coronary
artery bypass graft surgery, heart failure, and chronic
kidney disease), obesity (body mass index (BMI)>30 kg/
m?), physical activity (>3 times a week), current smoking
(yes/no), and alcohol use disorder (yes/no). Details on the
organisation of variables and data are available in specific
studies [32, 33].

Statistical analysis was performed using Stata software
version 15.2 (StataCorp LLC., College Station, Texas,
USA). Categorical variables were described as absolute

Page 3 of 7

and relative frequencies. In bivariate analysis, associa-
tions between categorical variables were assessed using
the chi-square test, with p-values<0.05 being associated
with the outcome. A simple logistic regression was per-
formed to identify the variables associated with CM-MM.
Multiple logistic regression was performed using the
stepwise method, including variables with p>0.20 and at
least ten individuals in each category. All tests were car-
ried out at a 5% significance level (type 1 error) with 95%
confidence intervals.

Results

The average age of 1,033 participants was 71.6 years
(interquartile range (IQR), 67.9-76.8), with the majority
being female (59.7%), between 65 and 69 years (39.6%),
and self-declared White (59.8%). Dyslipidaemia was pres-
ent in 51.2% of the participants, obesity in 55.8%, and
uncontrolled blood pressure in 48.4% (Table 1).

The prevalence of CM-MM was 8.9% (n=92). Table 1
highlights that individuals with CM-MM were predomi-
nantly male (60.9%), between 65 and 69 years old (53.3%),
and White (65.2%). Dyslipidaemia, obesity, and uncon-
trolled blood pressure were observed in 70.7%, 62%, and
44.6% of the sample, respectively. The relative frequen-
cies of morbidities and their combinations, as defined by
CM-MM,, are illustrated in Fig. 1.

Among the associated factors analysed, being male
more than doubled the probability of developing
CM-MM, as did having dyslipidaemia, heart failure,
and a history of coronary artery bypass graft surgery

Table 1 Description of the general sample according to the presence of CM-MM in the first BHR

Total (n=1,033) CM-MM
No (n=941) Yes (n=92)

Sex n % n % n %
Female 617 59.7 581 61.7 36 39.1
Male 416 403 360 383 56 60.9
Age group (years)

65-69 409 396 360 383 49 533

70-74 285 276 265 282 20 217

>75 339 328 316 336 23 25
Colour (self-declared)

White 618 59.8 558 593 60 65.2

Brown 231 224 211 224 20 21.7

Black 184 178 172 183 12 13
Dyslipidaemia 529 512 464 49.3 65 70.7
Myocardial revascularisation 96 9.3 74 79 22 239
Heart failure 66 64 54 57 12 13
Chronic kidney disease 44 43 37 39 7 76
Uncontrolled blood pressure 500 484 459 488 41 44.6
Obesity 576 558 519 552 57 62
Physical activity 392 379 359 38.2 33 359
Smoking 40 39 36 38 4 43
Alcohol use disorder 49 4.7 45 4.8 4 43
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Fig. 1 Venn diagram showing the prevalence and combinations of car-
diometabolic diseases in individuals with hypertension from the first BHR.
DM: diabetes mellitus; MI: myocardial infarction and, ST: stroke

(Table 2). In contrast, belonging to the older age group,
particularly 275, was associated with a lower occurrence
of CM-MM.

Discussion

This is the first study to analyse the occurrence of
CM-MM and its associated factors in patients with
hypertension in the Brazilian population. The prevalence
of CM-MM was 8.9%, underscoring the need for coordi-
nated assessment and management of coexisting chronic
diseases, especially those that affect the cardiometa-
bolic system. These findings highlight the importance of
CM-MM in the Brazilian population of older individu-
als with hypertension and emphasise the need to address
CM-MM comprehensively, avoiding fragmented and dis-
ease-centred care.

The strongest associations with CM-MM were
observed in males with dyslipidaemia, coronary artery
bypass grafting, and heart failure. A higher prevalence
in males was also identified in studies conducted in Swe-
den [14], the United States [18], and the United Kingdom
[35]. Conversely, studies in China [15], South Africa [16],
Mexico [17], and Canada [12] reported a higher preva-
lence in females.

A lower occurrence of CM-MM was observed in
older individuals, which is consistent with the available
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Table 2 Factors associated with CM-MM among participants in
the first BHR

Crude OR p Adjusted OR p
(95%Cl) (95%ClI)
Sex
Female 1 1
Male 232(1.62-3.89) <0.001 255 <0.001
(1.62-4.03)
Age group
65-69 1 1
70-74 0.55(0.32-095) 0034 061 0.086
(0.34-1.07)
>75 0.53(0.31-0.89) 0.018 0.51 0.015
(0.30-0.88)
Colour
White 1 - -
Brown 0.88(0.52-1.49) 0.641 - -
Black 0.64 (0.34-1.23) 0.187 - -
Dyslipidaemia 247 (1.55-3.95) <0.001 255 <0.001
(1.56-4.16)
Myocardial 368 (2.16-6.28) <0.001 3.11 <0.001
revascularisation (1.75-542)
Heart failure 246 (1.27-479) 0006 232 0.020
(1.14-4.74)
Chronic kidney 2.01(0.87-4.65) 0.102 1.81 0.191
disease (0.74-4.42)
Uncontrolled 0.84 (0.54-1.29) 0441 - -
blood pressure
Obesity 1.32(0.85-2.05) 0211 - -
Physical activity 091 (0.58-142) 0.667 - -
Smoking 1.14(039-328) 0804 - -
Alcohol use 0.90 (0.31-2.57) 0.852 - -
disorder

scientific evidence. Older age is associated with an
increased incidence of cardiometabolic diseases, but its
incidence tends to decrease slightly among older adults,
subsequently stabilising in the population>70 years
[36-38].

There were no statistically significant differences in the
occurrence of CM-MM between individuals of differ-
ent colours. However, in populations with more appar-
ent color categorization, such as the United States, the
prevalence of CM-MM is higher in Black than in White
individuals [18]. Since most of the studies associating
CM-MM with colour included populations with low mis-
cegenation, it is key to understand the effect of the racial
diversity of the Brazilian population on the incidence and
management of CVD [39].

The scientific literature indicates that hypertension is
the clinical condition most frequently associated with
other morbidities and the most prevalent within clusters
of morbidities, with CM-MM often occurring in individ-
uals with hypertension [23, 40]. In this study, dyslipidae-
mia, myocardial revascularisation, and heart failure were
associated with a higher prevalence of CM-MM, with
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odds ratios of 2.55, 3.11, and 2.32, respectively. The clus-
ter of cardiometabolic conditions is often the most prev-
alent and, depending on the age group studied, includes
conditions not included in the definition of CM-MM [6].
Therefore, the conditions mentioned above are expected
to be significantly associated with CM-MM, especially in
older populations and populations in the same age group
as the study participants.

In our study, blood pressure management did not dif-
fer significantly between individuals with and without
CM-MM. A study carried out in six middle-income
countries (China, Ghana, India, Mexico, Russia, and
South Africa) reported that while individuals with a
higher number of morbidities can receive prompter
diagnoses of chronic conditions, this does not necessar-
ily lead to better management and control of their con-
ditions [41]. The lack of significant differences in blood
pressure control between individuals with and without
CM-MM in our study can be attributed to the sample
being recruited from specialised hypertension centres,
which often recruit patients with more challenging blood
pressure management profiles.

Various health conditions can influence blood pressure
control, including diabetes, heart failure, ischaemic heart
disease, schizophrenia, depression or anxiety, dementia,
and osteoarthritis [42, 43]. However, evidence does not
suggest that specific multimorbidity clusters are associ-
ated with higher blood pressure [44]. Despite a greater
number of comorbidities being associated with lower
blood pressure, control rates among treated patients
are lower in patients with multimorbidities [29, 44—46].
Future research on the subject should include a broader
list of morbidities and assess morbidity clustering within
the study population.

The practical implications of this study for health care
include the importance of family and community physi-
cians and cardiologists adopting an integrated approach
to manage cardiovascular morbidities [47-49]. Although
most clinical guidelines focus on single conditions, a
comprehensive and patient-centred approach is neces-
sary for the clinical routine for optimising clinical out-
comes [50, 51].

From a public health point of view, this study high-
lights the need for expanded, cost-effective, and patient-
centred care models. Although not the main focus of
our research, it is well established that individuals with
clusters of cardiometabolic diseases often experience a
decreased health-related quality of life [40]. Therefore,
prioritising understanding and decision making about
the health care of people with CM-MM is essential from
the perspective of public health policies. Future studies
should evaluate the outcomes and experiences of indi-
viduals with CM-MM, thus improving our understanding
of the impact of CM-MM on quality of life. Furthermore,
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it is crucial to understand the patterns of use of health
services and the behaviour of individuals seeking care,
particularly in relation to emergency services and hospi-
tal admissions.

The availability and use of data from a patient regis-
try not specifically designed to evaluate multimorbid-
ity present some limitations. First, an extensive list of
morbidities was not used due to the nature of the BHR,
which could have shown additional patterns of morbid-
ity clusters, associations between them, and the effects
of CM-MM compared to these clusters. Second, the data
were collected from a pre-selected population, specifi-
cally individuals with AH. However, this is the first study
on CM-MM, and the associations identified here may
inform other studies aimed at evaluating the magnitude
of CM-MM in different contexts.

Finally, we hope that the data presented in this study
will increase awareness among researchers, scientific
societies, and decision makers about the importance of
including CM-MM in discussions on Brazilian cardio-
vascular public health. We also hope to contribute to the
development and implementation of care models with an
integrated and comprehensive approach that places the
individual at the centre of care.
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