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Association between heart failure and consumption of ultra-processed

foods in older adults: a cross-sectional study

Abstract

Obyjective: To estimate the prevalence of heart failure (HF) and explore its potential
association with the consumption of ultra-processed foods (UPF) in older adults. Mezhod:
This cross-sectional study utilized medical records of 1,322 older adults (55% women;
mean age of 70.4 years) treated in primary health care facilities in the state of Roraima,
Brazil. A cardiologist diagnosed HF based on diagnostic tests such as echocardiography,
clinical evaluation, and analysis of medical history. Nutritionists assessed UPF consumption
using a nationally standardized form commonly employed in Brazilian primary health
care units. Resu/ts: The findings revealed that 15.4% of older adults had HF. Significant
associations were observed between UPF groups and HF, with the probability of HF
ranging from OR=1.97 (95% CI=1.36-2.84) for the consumption of hamburgers and/or
sausages to OR=2.59 (95% CI=1.73-3.74) for the consumption of filled biscuits, sweets,
and treats. Conclusion: The consumption of UPF was associated with a high prevalence of
HF in this sample of Brazilian older adults. Policymakers and healthcare professionals
directly involved with this population should collaborate on targeted interventions and
guidelines to reduce UPF consumption and increase the intake of unprocessed foods.
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Heart failure and ultra-processed foods

INTRODUCTION

Globally, heart failure (HF) burdens healthcare
systems with high morbidity, mortality, and immense
costs'. Estimates suggest that 64.3 million people
worldwide are living with HF?, although accuracy
may falter in middle-income nations like Brazil,
where epidemiological data remain scatce’. Notably,
the Brazilian Mortality Information System reported
over 567,000 deaths related to HF in adults aged
50 and older between 1998 and 2019, highlighting
a concerning 45% increase in HF mortality with
advancing age®. These findings underscore the
urgent need for ongoing surveillance and research
in older adults.

With a rapidly aging global population, the global
prevalence of HF is expected to increase over the
coming years®, which will significantly impact
Brazil, projected to rank sixth in the number of
older adults by 2025°. Additionally, a growing burden
of chronic diseases is anticipated as a result of this
phenomenon®. The rise in age-related cardiovascular
risk factors such as hypertension, diabetes, obesity,
and coronary artery disease further increases the
chances of HF". Unhealthy lifestyles, particulatly a
nutrient-poor diet, significantly contribute to these
risks and are key modifiable factors in cardiovascular
disease prevention®.

Of particular concern is the consumption of ultra-
processed foods (UPF) within the context of the
Western diet, as these products have been associated
with a heightened risk of cardiovascular diseases and
their risk factors’. Several studies have demonstrated
the detrimental impact of UPF on cardiometabolic
health outcomes'’'?. In countries such as the
United States and Canada, UPF can represent an
impressive 80% of total calorie consumption®. In
Brazil, although data from the Household Budget
Survey show that the proportion of this food group
is significantly lower (19.7%0)", increasing trends over
the years have been reported®.

Considering that Brazilians have been increasing
their consumption of UPF" and that this food group
has been associated with cardiovascular diseases'®, a
thorough investigation into the prevalence of HF and
its potential association with UPF consumption is
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justified. Identifying the link between UPF and HF
is crucial for the development of effective preventive
strategies targeting modifiable risk factors. Despite
the lack of epidemiological studies on the prevalence
of HF and limited evidence on the relationship
between food consumption and HF risk in older
adults, such research is essential. Therefore, the
aim of this study was to estimate the prevalence of
HF and explore its potential association with UPF
consumption in older adults.

METHOD

This is a cross-sectional epidemiological study
based on data from the internal control system of
the Epidemiological Surveillance Department of the
State of Roraima, Brazil. We collected data from the
medical records of older adult patients (aged 60 years
or older) residing in the state of Roraima, Brazil,
between January and December 2020, who were
attended to in Primary Health Care. The research
procedures, conducted following Resolution number
466/2012 of the National Health Council, were
approved by the Human Research Ethics Committee
of the Universidade Estadual de Roraima (protocol
number 5385012).

Roraima, the northernmost state of Brazil, covers
223,644 km? but is home to only 636,303 inhabitants,
tesulting in a density of 2.85/km? Its 14 municipalities
(the lowest number in the country) cluster around
Boa Vista, the capital, which alone hosts 64.9% of the
population. The Human Development Index (HDI)
of Roraima (0.707) reflects progress in education,
income, and life expectancy (71.8 years). This context
sets the stage for the study on the prevalence of HF
in older adults in Roraima and its association with
UPF consumption.

According to information from the Department
of Epidemiological Surveillance, the data from the
medical records of 4,194 older adults were entered
into the control system and were available for analysis.
Based on this information, the following parameters
were used to estimate the minimum sample size:
a prevalence of 50% (for unknown outcomes), a
confidence level of 95%, a tolerable error of 4.0%,
and a design effect (deff) defined as 2 (correction
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factor). To compensate for potential losses and ensure
an adequate sample size, 20% was added to the final
number. Based on these parameters, the minimum
required sample was 1,260 older adults (60 years or
older) with complete data. Despite encountering a
significant amount of incomplete information due to
reasons such as lack of diagnostic tests, absences from
consultations, and lack of clinical history suggestive of
HF, the final sample consisted of 1,322 older adults.

To mitigate exposure to the pandemic, the
Roraima State Health Department adopted telephone
monitoring for older adults in 2020. This aimed
to minimize their visits to primary health care
units and reduce the risk of COVID-19 infection.
Trained healthcare professionals (including doctors
and nurses) used a standardized medical record
to document sociodemographic and health data
during consultations. The information obtained and
recorded in these medical records was subsequently
entered into the control system of the Department
of Epidemiological Surveillance. The health
authorities of the state of Roraima provided the
data in November 2022, via a spreadsheet generated
from the internal control system. The data were
provided following confidentiality protocols, with
written consent obtained from the health authorities.

The diagnosis of HF (dependent variable) was
made by primary care cardiologists, following the
Brazilian Heart Failure Guidelines'. The clinical
history and physical examination were initially
evaluated for signs and symptoms of HF, such as
dyspnea, nocturnal cough, elevated jugular venous
pressure, and tachycardia. Based on these data, a
clinical suspicion of HF (mild, moderate, or severe)
was established. Subsequently, plasma levels of
brain natriuretic peptide (BNP) were measured,
confirming moderate or severe suspicion with BNP
values >35-50 pg/mL". All patients with a clinical
suspicion of HF underwent an echocardiogram to
assess cardiac structure, function, and classification
of left ventricular ejection fraction (LVEF). HF was
classified as reduced ejection fraction (LVEF <40%),
intermediate (LVEF between 40% and 50%), or
preserved (LVEF >50%)". The presence ot absence
of HF was recorded in the internal control system,
considering older adults as having HF regardless of
the type of ejection fraction.
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Using the food intake markers from the Food
and Nutrition Surveillance System (SISVAN), the
consumption of ultra-processed foods (independent
variable) from the previous day was assessed'. The
form contains four items exclusively for evaluating
the consumption of UPF, and for each food marker, a
healthcare professional would ask: “Did you consume
this yesterday?”” The markers are: I) Hamburger and/
ot processed meats (ham, mortadella, salami, sausage,
hot dog); 11) Sweetened beverages (soda, boxed juice,
powdered juice, boxed coconut water, guarana/
blackcurrant syrups, fruit juice with added sugar);
I1I) Instant noodles, packaged snacks, or savory
crackers; and I'V) Filled biscuits, sweets, ot treats
(candies, lollipops, chewing gum, caramel, gelatin).

The response options wete "yes," "no," and "don't
know". No responses with the option "don't know"
were reported. For analysis purposes, UPF were
examined both individually and simultaneously. For
the combination of UPF, a score was created with
the number of UPF consumed the previous day
ranging from 0 to 4. Each participant who answered
"yes" received a score of "1," and "no" received a
score of "0". Thus, simultaneous UPF consumption
was classified using an ordinal scale ranging from
zero (no foods) to four (four foods)”. The food
consumption matkers from SISVAN", integrated
into a simple SUS (Unified Health System) form,
reflect the overall quality of the diet well®.

All sociodemographic information available in
the internal control system of the Department of
Epidemiological Surveillance was considered as
covariates for the study. This included the following
data: sex (male/female), age in completed years
grouped by age range, skin color/race following a
national classification (yellow/white/mixed-race/
black/indigenous), and place of residence (capital/
interior). Education level, measured by the number
of years of formal education, was categorized into
three groups (illiterate, < 8 years and =8 years) due
to the diversity of possible responses. Additionally,
information on pre-existing cardiovascular risk
factors was used, including hypercholesterolemia,
hypertension, diabetes, obesity, and smoking.

The data were analyzed using descriptive statistics
(mean, standard deviation, absolute and relative
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frequency distribution) and inferential statistics. The
Kolmogorov-Smirnov test was employed to assess the
normality of the age variable, indicating normality of
the data (p=0.215). The independent t-test was used
to compare the age of older adults with and without
HF, and the Pearson chi-square test was used to
examine potential interactions between HF and other
variables. Binary logistic regression models (both
crude and adjusted) were constructed to investigate
the associations between UPF consumption and
the prevalence of HF, estimating odds ratios (OR)
and 95% confidence intervals (CI). In the adjusted
analysis, all variables were included in the model
to assess the probability of HF within each UPF
group, regardless of the observed p-value in the
crude analysis. A two-tailed p-value less than 0.05

was considered statistically significant.

DATA AVAILABILITY

The dataset is not publicly available due to
containing information that compromises the privacy
of research participants.

RESULTS

Table 1 displays the general characteristics and
prevalence of heart failure in the participants. Out
of the 1,322 older adults assessed, the majority
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fell within the age range of 60 to 69 years. Most
were female (55.0%), of mixed race (45.2%),
illiterate (47.2%), residing in the capital (64.1%),
and reported consumption of UPF on the day
before (71,8%). Although more than half of the
participants had hypertension, diabetes mellitus, and
hypercholesterolemia, lower prevalences of obesity
and smoking were found. Overall, the prevalence
of HF among the evaluated older adults was 15.4%
(95% CI = 13.6-17.1). HF was associated with most
of the covariates, except for sex [¥2(1, N = 1322) =
2.062, p = 0.151, Phi = 0.039] and smoking [¥2(1, N
= 1322) = 0.024, p = 0.878, Phi = 0.004].

The crude and adjusted association analyses were
conducted to examine the development of HF in
relation to the consumption of UPF among older
adults (Table 2). In the crude analysis, a higher risk
of HF was observed in older adults who consumed
UPF. In the adjusted model, all food groups
maintained a statistically significant association with
the development of HF: burgers and/or processed
meats (OR = 1.97; 95% CI = 1.36-2.84), sweetened
beverages [OR = 2.18; 95% CI = 1.44-3.29], instant
noodles, packaged snacks or biscuits [OR = 2.53;
95% CI = 1.75-3.606], filled biscuits, sweets, and
treats [OR = 2.59; 95% CI = 1.73-3.74]. Regarding
the simultaneous consumption of UPF, the more
frequent the consumption of different UPF, the
higher the chances of older adults having HF,
suggesting a direct dose-response relationship.
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Table 1. Prevalence of heart failure and general characteristics of the older adults participating in the study.
Roraima, Brazil, 2020.

Heart Failure

Total

Variables 0 (%) Absent Present p-value*
n (%) n (%)

Overall 1322 1.119 (84,6) 203 (15,4)

Sex

Female 727 (55.0) 606 (83.4) 121 (16.6) 0.151

Male 595 (45.0) 513 (86.2) 82 (13.8)

Age, mean (sd) 70.4 (7.87) 69.4 (7.37) 75.9 (8.27) <0.001t

Age range

60-69 712 (53.8) 667 (93.7) 45 (6.3) <0.001

70-79 416 (31.5) 328 (78.8) 88 (21.2)

>80 194 (14.7) 124 (63.9) 70 (36.1)

Skin color/race

Yellow 61 (4.0) 38 (62.3) 23 (37.7) <0.001

White 302 (22.8) 265 (87.7) 37 (12.3)

Black 222 (16.8) 182 (82.0) 40 (18.0)

Mixed race 597 (45.2) 524 (87.8) 73 (12.2)

Indigenous 140 (10.6) 110 (78.6) 30 (21.4)

Education level in years

Tlliterate 624 (47.2) 496 (79.5) 128 (20.5) <0.001

<8 395 (29.9) 349 (88.4) 46 (11.6)

>38 303 (22.9) 274 (90.4) 29 (9.6)

Place of residence

Interior 475 (35.9) 376 (79.2) 99 (20.8) <0.001

Capital 847 (64.1) 743 (87.7) 104 (12.3)

Hypercholesterolemia

Yes 719 (54.4) 549 (76.4) 170 (23.6) <0.001

No 603 (45.6) 570 (94.5) 33 (5.5)

Hypertension

Yes 995 (75.3) 801 (80.5) 194 (19.5) <0.001

No 327 (24.7) 318 (97.2) 9(2.8)

Diabetes Mellitus

Yes 686 (51.9) 506 (79.8) 180 (26.2) <0.001

No 636 (48.1) 613 (96.4) 23 (3.6)

Obesity

Yes 185 (14.0) 135 (73.0) 50 (27.0) <0.001

No 1137 (86.0) 984 (86.5) 153 (13.5)

Smoking

Yes 154 (11.6) 131 (85.1) 23 (14.9) 0.878

No 1168 (88.4) 988 (84.0) 180 (15.4)

Consumption of UPF

Yes 949 (71.8) 767 (80.8) 185 (19.2) <0.001

No 373 (28.2) 352 (94.4) 21 (5.6)

n: absolute frequency; %: relative frequency; sd: standard deviation; *chi-square test; T: Independent t-test. Source: Authors, 2024.
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Table 2. Crude and adjusted odds ratios (OR) and 95% confidence intervals (CI) for heart failure associated with
the consumption of ultra-processed foods in older adults Roraima, Brazil, 2020.

) Crude Adjusted*
Variables p
OR (95% CI) p-valor  OR (95% CI) p-value

Burgers/ Processed Meats
No 10.0 Ref. Ref.

<0.001 <0.001
Yes 24.8 2.96 (2.18-3.74) 1.97 (1.36-2.84)
Sweetened Beverages
No 6.8 Ref. Ref.

<0.001 <0.001
Yes 22.6 3.32 (2.79-3.85) 2.18 (1.44-3.29)
Instant Noodles/ Packaged Snacks/
Savory Biscuits
No 9.8 Ref. Ref.

<0.001 <0.001
Yes 277 2.83 (2.60-3.006) 2.53 (1.75-3.66)
Filled Biscuits/ Sweets/ Treats
No 7.3 Ref. Ref.

<0.001 <0.001
Yes 24.1 3.30 (2.88-3.72) 2.59 (1.73-3.74)
Simultaneous Consumption of UPF
None 5.6 Ref. Ref.
One 7.9 1.41 (1.31-1.49) 1.40 (1.06-2.77)
Two 12.6 2.25 (2.17-3.52) <0.001  2.13 (1.24-3.75) <0.001
Three 234 4.18 (3.11-5.24) 3.53 (1.91-6.54)
Four 38.8 6.93 (5.77-8.11) 5.25 (3.84-8.72)

P: prevalence; *adjusted for sex, age, education level, skin colot/race, place of residence, hypercholesterolemia, hypertension, diabetes, obesity,

and smoking. Source: Authors, 2024.

DISCUSSION

Pioneering in Brazil, this study investigated the
link between the consumption of ultra-processed
foods (UPF) and heart failure (HF) in older adults.
The results have significant implications for clinical
practice and cardiovascular health in this population.
A high prevalence of HF underscores the relevance
of the issue and highlights the need for targeted
interventions. Furthermore, the results reveal a dose-
response relationship between UPF and the risk
of HF. Remarkably, foods examined such as filled
biscuits, sweets, and treats showed a detrimental
impact, nearly tripling the odds of HF. This clarifies
the critical role of diet quality, particularly concerning
UPF, in the development and progression of HE.

The prevalence of HF found in the older
population of this study is consistent with others
conducted in Germany* and the United States™.
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Considered a major public health issue in the United
States, HF affects over 6.2 million people, with an
expected rise to 8 million diagnoses by 2030*. In
Brazil, between 2008 and 2017, HF was the leading
cause of cardiovascular hospitalization, resulting in
neatly one billion dollars in HF-related admissions™.
These findings may be a consequence of various
factors, such as poorly controlled hypertension,
diabetes, unhealthy dietary patterns, and physical
inactivity'.

The results revealed a direct link between the
consumption of UPF, particularly filled biscuits,
sweets, treats, and sweetened beverages, with HF
in older adults. This reinforces previous research
demonstrating the detrimental effects of sugar-laden
beverages on heart health. For example, one study
found that doubling the daily intake of sugary drinks
significantly increases the risk of HF*, while another
linked the daily consumption of 250ml of these
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beverages to an increased risk of HF*. These UPF are
packed with various sugars (fructose, high-fructose
corn syrup, inverted sugar, maltodextrin, dextrose,
and lactose), making them highly palatable, appealing,

and unfortunately, profitable*

. Regular consumption
of UPF fuels detrimental cardiometabolic effects
such as weight gain and obesity”’, paving the way
for diabetes, metabolic syndrome'!, and elevated
inflammatory markers like C-reactive protein®®.
The close association of these conditions with
cardiovascular diseases, including HF", underscores
the importance of moderate consumption of sugar-
rich UPF and the need to reduce simultaneous
consumption of UPF to avoid the dose-response
effect with HF. The unfavorable nutritional profile of
UPF and its association with adverse health outcomes

contribute directly to the development of HF.

The findings indicated that the consumption of
burgers and/or processed meats, snacks, and instant
noodles is statistically associated with the likelihood
of older adults having HF. These foods are high
in salt and sodium, and excessive intake of these
nutrients has been associated with the development
of hypertension — a significant risk factor for HF%"".
Previous studies have shown that a 1g increase in
sodium intake increases the risk of cardiovascular
diseases (CVDs) by 6%29 and that reducing added
salt to meals can improve cardiovascular health™.
Several factors associated with sodium intake (e.g.,
vascular stiffness, endothelial dysfunction, and
hypertension) contribute to the development of
HEF' It is hypothesized that chronic hypertension,
as a consequence of excessive sodium consumption,
burdens the heart, increasing its resistance to
pumping blood throughout the body, weakening the
cardiac muscle, and favoring the development of HE.

As a preventive measure, it is recommended to
restrict sodium intake to 1,500 mg/day in patients
at risk of HF (stages A and B)**. However, it is
important for the general population to adopt
the recommendation of up to 2g of sodium per
day (equivalent to about 5g of salt per day) for
the prevention of hypertension®. Therefore, it is
advisable to follow a healthy dietary pattern that
avoids foods high in sodium to reduce the risk of
cardiovascular events in older adults. Restricting the
consumption of burgers and/or processed meats,
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snacks, and instant noodles, especially due to their
high salt and sodium content, can play a significant
role in preventing HF and promoting cardiovascular
health®. Thus, reducing salt intake is crucial as it will
contribute to the reduction in the incidence of HF*.

There are limitations in the present study that
should be acknowledged. Firstly, the cross-sectional
design does not allow for causal inferences between
UPF and HF. Secondly, as we used data provided
by the Department of Epidemiological Surveillance
and were not responsible for the data entry into
the system, we cannot rule out the possibility of
underreporting. Thirdly, the asynchronous timing
of UPF consumption and HF diagnosis prevents
the exclusion of spurious associations, despite
documented links between UPF and cardiovascular
risk factors (e.g., hypertension and diabetes). Fourth,
we acknowledge that the questionnaire assesses
only the consumption of UPF on the previous day,
which may not represent habitual food intake. Fifth,
the food markers form does not gather detailed
information on the quantity and frequency of UPF
consumption throughout the day, nor on caloric
intake. This could provide valuable insights into the
relationship between UPF and HF. Therefore, we

encourage future studies to address these limitations.

Despite the limitations, the study has important
strengths. The large sample size of 1,322 older adults
provided robust estimates, revealing a HF prevalence
of 15.4% in this specific population. Such a finding
underscores the magnitude of the issue and reinforces
the link between diet quality and cardiovascular health,
specifically highlighting UPF as potential risk factors
for HF in older adults. The inclusion of various UPF
groups (processed meats, beverages, snacks, and
sweets) enhances the understanding of their impact.

CONCLUSION

In this study, the consumption of ultra-processed
foods (UPF) more than tripled the chances of
older adults having heart failure (HF), and the
chances were up to five times higher among
older adults who simultaneously consumed all
four groups of UPF. Although we did not find
differences in the proportion of men and women
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with HF, the prevalence was high. It is essential
for health authorities to promote awareness of the
risks associated with UPF consumption, actively
encouraging and fostering the adoption of healthy
and balanced dietary patterns. Targeted nutritional
education strategies can be implemented, focusing on
reducing UPF consumption and increasing the intake
of whole and minimally processed foods among older
adults. Future research could delve deeper into the
underlying mechanisms linking UPF to HF, as well
as explore effective interventions to prevent and
control the disease in the older adult’s population.
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