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Abstract

Heart failure (HF) is characterized by high symptom burden including, but not limited to fatigue,
dyspnea, and edema. Up to 21.5% of HF patients experience significant depressive symptoms,
much higher than 7.1% in adults without HF. Diet, metabolites, and other inflammatory
mechanisms have gained notable attention in recent studies for contributions to symptoms in HF.
Symptoms for black adults (B/As) with HF are often influenced by lifestyle factors, which may
influence their higher mortality rates; few studies address these factors. Distinguishing the links
between key elements with diet, inflammation, and symptoms may bring clarity for new dietary
strategies in HF clinical care. The purpose of this integrative review is to examine the existing
literature regarding relationships among physiologic pathways in HF along with physical and
emotional symptoms in the context of inflammation, dietary intake, tumor necrosis factor-alpha
(TNF-a), a biomarker of inflammation, and trimethylamine-N-Oxide (TMAQ). Based on available
evidence, inflammation may be a key link between physical symptoms, diet, depression, TMAQO,
and TNF-a in persons with HF and warrants further examination to clarify pathological links to
solidify evidence for better guidance with dietary modifications. The literature reviewed in this
study demonstrates that more work is needed to examine dietary planning, social support, and
differences between men and women in the B/A community. Results of this literature review

call attention to the essential, personalized care needs related to symptom monitoring and dietary
planning which is expected to decrease symptom burden in the HF population.
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INTRODUCTION

Heart failure (HF) cases in America have reached vast numbers with over 6 million
individuals beyond the age of 20 years living with the condition.[] Black adults (B/As)
have higher risks for HF due to increased rates of hypertension and cardiometabolic

risks compared to other adults from different racial backgrounds, have an earlier onset

of HF, and have a 30%-44% higher 5-year mortality rate as compared with other race

and ethnic groups.[21 Symptoms for B/As with HF are often influenced by social and
behavioral factors, such as low adherence with dietary guidelines based on cultural food
preferences, 3] which may influence their higher mortality rates.[3] The existing literature
notes that HF is one condition where dietary intake needs more attention, due to the risks
associated with cachexia and malnutrition.[4] Diet not only affects outcomes in HF, but
insufficient nutrients can have a direct negative effect on the pathophysiology of HF related
to decreased cardiac function.[4] B/As have a cultural history of eating foods with high

fat and refined carbohydrate content,[®] a diet that has been noted to be detrimental to the
heart and contributing to high levels of inflammation.[6.7] This integrative literature review
is important to research because it examines the evidence of the relationships among HF
symptoms, inflammation with oxidative stress, quality of life, self-care, diet composition
and lifestyle factors, the gut derived metabolite trimethylamine-N-Oxide (TMAOQ), and other
influencing factors such as cultural patterns and sex. Yet few interventions have addressed
these variables and little evidence to guide nutritional practices to reduce symptoms in

HF exist. Thus, this literature review will examine the relationships among physiologic
pathways in HF and symptom burden in the context of inflammation, dietary intake, tumor
necrosis factor-alpha (TNF-a.), a biomarker of inflammation, and TMAO.

Persons with HF often have nutritional imbalances, leading to electrolyte disturbances,
cardiac insufficiency, and reduced functionality with impaired cardiac metabolism, all of
which may affect physical HF symptoms such as fatigue and dyspnea.[8-10] For example, the
increased intake of sodium in those with HF causes fluid retention and can lead to symptoms
such as fatigue, edema, and shortness of breath.[19] Some persons with HF lack the support
needed to meet the needs of self-care through prescribed dietary recommendations to
prevent adverse outcomes.[31 While there are gaps and discrepancies in the evidence that
addresses dietary outcomes and specific interventions with HF patients, there is growing
evidence supporting the need to integrate education about dietary composition and quality
into HF care.[!1]

Dietary composition in HF is important because certain nutrients and overall diet quality can
impact HF patient outcomes and mortality.[11:12] Several studies affirm poor diet quality as
a major modifiable lifestyle factor in the prevention of HF. However, the specific aspects of
poor diet and mechanisms of action in HF outcomes are not well known. One theory is that a
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person’s food intake may increase inflammation which in turn, would contribute to symptom
burden.[10.13]

Since HF has been recognized as a multi-system condition where inflammation has several
pathways that cause injury and distress to the cardiac muscle, the intake of foods that may
provoke a cytokine response may further lead to poor outcomes with increased symptoms;
hence the recent studies that note the use of omega-3-fatty acids to decrease inflammation to
aid against further damage in HF.[10.14] There have been several clinical and observational
trials that provide evidence that the intake of fish and fish oils decreased mortality associated
with ischemic heart disease.[24] An inflammatory diet has been recognized as a key
contributor to cardiovascular disease, and examining diet quality among HF patients is
essential to determine the best approach in maintaining an effective plan of care, especially
with managing symptoms.[°]

Inflammation has been linked to the incidence of HF, and studies suggest a pro-
inflammatory diet may contribute to a multitude of somatic conditions, particularly obesity.
[911] The pro-inflammatory diet may include foods such as red meat, highly sweetened
foods, dairy products, and refined grains.[®l For persons with HF, nutritional intake has been
shown to be important for quality of life and survival.l®] Therefore, food components, such
as carnitine and choline, found in beef, pork, fish, and dairy products, are related to certain
metabolites in HF and should be considered in the overall health and symptom management
in this population.[*6.171 TMAQ, derived from carnitine and choline, is one metabolite of
interest in the HF population, as it has been found to influence severity of the disease due

to inflammatory properties.[16.18-211 TNF-a. is another inflammatory biomarker found to be
significantly related to emotional and physical symptoms of HF patients.[22] This review will
cover topics related to each factor described as they contribute to HF symptoms.

METHODOLOGY

This review covers published literature from 2004 to the year 2021. Diverse search terms
were used to elicit the articles reviewed, and all article types were considered from expert
reviews, editorials, quantitative research studies, systematic reviews, and other integrative
literature reviews. An overview of the steps and search terms for the integrative review
conducted for this study is presented in Figure 1. The inclusion criteria for this study
were as follows: Experimental and nonexperimental research literature discussing the key
factors affecting HF patients in the context of symptom burden. Key variables were
TMAO, nutrition and dietary studies related to HF patients, TNF-a, depression, and
lifestyle factors (alcohol intake, physical activity, body mass index [BMI], and smoking).
The electronic databases used for this study were PubMed and CINAHL and others as
noted in Figure 1; peer-reviewed journal articles were sought out using four sets of key
terms as listed in Figure 1. Using the identified search terms related to HF, lifestyle
factors, TMAQO, TNF-a,, symptom burden, diet, African Americans, and inflammation,
132 articles were identified. The following exclusion criteria were applied to select the
most relevant studies: duplicate articles, duplicate reported findings, non-HF populations
with empirical studies, animal studies, dissertations, novels, non-English articles, qualitative
studies, articles associated with congenital disease, and articles that were not related to
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the aim as previously mentioned. Equator guidelines were acknowledged using preferred
reporting items for systematic reviews and meta-analyses to the degree possible and adapted
for an integrative review which also included theoretical papers. Articles that were updated
over time with significant new insights were included for the study. Figure 1 delineates the
process for which articles were excluded for this integrative review yielding a final set of 56
articles. Data analysis occurred through the subsequent detailed review of articles to note the
recurrent themes and patterns in the literature.[23]

The results of this integrative review were organized into an evidence table that notes
authors, research design, sample and setting, analysis, and outcomes/results [Table 1].
Multiple factors were found to influence physical and depressive symptoms of HF. The

key areas influencing outcomes in HF were diet, TMAQO, inflammatory biomarkers, and
depressive symptoms. Significant findings emerged throughout data analyses. Importantly,
lower inflammatory markers were associated with lower HF symptoms.[24.25] TNF-a plays
a key role in the development and exacerbation of HF and may serve as a modifiable

target for lifestyle interventions.[26-2%] |ron deficient persons with HF have increased levels
of TNF-a in particular.[3% Factors that impact HF symptoms related to nutrition include
socio-emotional factors, appetite/hunger, and illness related factors. The sickness behavior
symptom cluster influences quality of life in a negative manner.[31 There is a strong
connection among HF, depressive symptoms, and inflammatory symptoms, which have
also been called sickness behaviors such as fatigue, malaise, and low appetite.[13.22.:32]
Depressive symptoms continue to be a key finding for each study with mood conditions in
HF contributing to poorer outcomes and noted differences in depressive symptoms between
men and women with HF.[33-36]

More themes of evidence included TMAO as contributing to mortality in the HF population,
[37-39] and an unhealthy diet with lifestyle triggering inflammatory distress and even cardiac
mortality with the ingestion of highly processed carbohydrates and high fat meals.[38-41]
TMAO was found to be influenced by diet and lifestyle especially with choline/carnitine rich
dietary patterns.[42:43]

In contrast, lower TMAQ levels were related to improved outcomes in HF in terms of lower
mortality rates.[2] Also, low sodium diets were linked to metabolite changes in persons
with HF where there was improved energy utilization with carnitines and amino acids.[44]
Many of the studies validated the significant role dietary patterns hold in the well-being or
decline of persons with HF.[15:45-49] Fyurthermore, many of the articles presented chronic
inflammation as a main contributor to depressive symptoms in HF, and sickness behaviors
(fatigue, anhedonia, and sleepiness) are present with depression in HF.[13:50] |n addition,
ethnic differences were found between Asian and White HF populations in measured
TMAO. Although higher levels of TMAQ were found in Japanese populations, and elevated
TMAO levels in White populations showed a greater association with morbid outcomes,
little information has been found with TMAQ and B/As. B/As were found to have dietary
differences related to lower quantities of dietary antioxidants which were linked to cardiac
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events.[4251] An in-depth discussion of the relevant concepts to this review is expanded
further in the sections to follow.

DISCUSSION

Heart failure symptoms and outcomes in the black population

While HF affects every racial and ethnic group, B/As have a disproportionate prevalence

of this disease along with worse outcomes.[52:6% The disparities seen in this population are
directly related to the earlier onset of this diagnosis, a larger number of risk factors, poorer
long-term management, and multifaceted gaps of care involving social and environmental
factors.[%9] Furthermore, depressive symptoms and reduced quality of life are prevalent in
B/As, and about 60% of these individuals were found to be functionally impaired in a study
examining ethnic variations of life quality and symptoms in decompensated HF.L7% In a
study of B/As and White adults with HF, B/As were found to have a higher risk (Odds Ratio,
1.19) of readmission for chest pain than White adults.[’*] Hospital readmission rates for
B/As with HF are higher than White adults; ethnic variability must be considered in research
to ensure more knowledge is available in how to best care for this population and reduce
readmissions.[70]

One contributor to worse outcomes in B/A HF patients is thought to be dietary choices.

The diet of B/As in the Southeastern U.S. typically contains a high intake of fried,

salty, high-sugar, and processed foods.[®] In a study involving 383 B/A women, dietary
patterns were assessed to determine the interrelationship of food types with the incidence of
obesity and chronic disease.[] This study noted that B/A women enrolled in a weight loss
program were found to have low percentages that met federal guidelines for healthy diets.[]
Although these women were found to have fruit, nut, and vegetable intake, they did not
meet federal dietary guidelines, increasing risk for chronic diseases like HF.[>] Few studies
have examined dietary intake in B/As with HF, and thus more research is needed to better
understand how cultural influences on eating habits relate to HF symptom outcomes.

Sociocultural influences on self-care have also been found to influence the symptom

burden and outcomes of B/As with HF.3] In Dickson’s study of a B/A HF cohort,

members of this group struggled with aligning food preferences with medical guidelines
that also accommodate their ethnic identity, social norms, and values.[3] These perceived
discrepancies in dietary recommendations are a barrier to proper dietary management within
this group.[31 This study further suggests that social support and cultural food preferences
must be addressed when attending to matters of symptom recognition and management.[3]

Alleviation of symptoms in persons with HF is one of the core goals of nursing care

and medical management.[®3] Individuals living with HF often experience high levels of
symptoms triggered by multiple factors including activity, diet, and other comorbidities.
They may identify several symptom clusters throughout their course with the disease.[53]
The physical symptoms of HF are often related to the depressive symptoms seen in this
population.[354] Hospitalizations and readmissions in the HF population are often higher
in the subgroup of patients that have been concurrently diagnosed with depression.[53]
According to a study by Haedtke et al., persons with HF who have co-morbid depression

J Integr Nurs. Author manuscript; available in PMC 2023 September 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

DAVIS et al.

Page 6

have a 57% increased rate of readmission.[33] The symptoms of depression in HF can
easily mimic those of physical symptoms, such as fatigue, listlessness, and sleepiness;[1353]
together this symptom cluster has been identified as “sickness behaviors” and is well
identified in literature as an outcome of those affected by HF and depression in particular.
[13.54] |nflammation is thought to mediate symptom response and cardiac dysfunction in
persons with HF. The mechanisms of inflammation have been identified in HF, and its links
with depressive symptoms have been well documented.[13.55]

Inflammation and oxidative stress in heart failure

Avreas to consider when targeting inflammation in HF patients and alleviating symptom
burden are diet and obesity, smoking, physical activity, oxidative stress, and alcohol

use.l11] Studies have shown that embracing a diet high in fruit and vegetable intake,
smoking cessation, increased physical activity, and moderate alcohol intake decrease the
incidence of HF.[11.72] Damage from oxidative stress, which is a buildup of free radicals

in the body, may lead to several chronic disease states such as cardiovascular disease and
inflammation.[56] Thus, investigation of the role of healthy lifestyle factors in inflammation
and oxidative stress with symptom control of patients who have already been diagnosed with
HF is warranted. Current literary evidence suggests lifestyle factors may be beneficial in
preventing the advancement of HF in patients who carry a high burden of risks.[11] Although
this may be a more effective approach for those with Stage A HF or pre-HF, the study
suggests more research would be helpful in determining how this lifestyle management
approach may succeed in those with more advanced stages of HF.[11]

There are few studies available in literature that examine modifying lifestyle factors to
decrease inflammation in those with advancing stages of HF. Secondary prevention of

HF after an acute event is under investigation, and studies to date examine physical

activity, smoking, obesity management, and the effects of alcohol on those with later

stages of HF.[”3] These lifestyle factors have a common process which contributes to the
development and exacerbation of HF: inflammation.[1!] Studies have shown that the right
dietary components, physical activity, and management of obesity can enhance the care plan
for HF patients and combat the negative effects of inflammation which could increase the
incidence of hypertension, atherosclerosis, and left ventricular remodeling, all of which
promote advanced HF.[21] Smoking is also an identified risk factor linked to vascular
inflammation and should be considered in the study of HF patients and symptom burden.
[571 Alcohol intake poses yet another modifiable risk factor in preventing the continued
inflammatory processes associated with HF exacerbations.[58] Alcoholic cardiomyopathy
has been noted as a deterrent for promoting cardioprotective effects of alcohol, and HF
patients are cautioned against habitual drinking.[11:58] B/As were noted in particular to have
increased heart disease, coronary artery disease in specific, if moderate drinking was a part
of their lifestyle.[81 Although alcohol has been linked with less vascular inflammation in the
HF population, the amount of intake to maintain this favorable outcome does not appear to
be clinically reliable.[74]
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Inflammation, depression, and symptoms in heart failure

Inflammation in HF may be attributed to myocardial tissue injury and impaired cardiac
function.[23] There were several studies that validate the interconnections between
depression and HF via paths of inflammation with increasing cytokines in the blood.
[13,55] Dekker examined the connections between depression and HF to better clarify how
these two conditions exacerbate one another in terms of specific cytokines.[5%] This study
suggested that HF patients with depressive symptoms have shorter life expectancy and
that inflammation may be the culprit for poor outcomes in the HF populations.[5®! The
Adamo study of inflammation and outcomes in the HF population provided evidence that
the key pro-inflammatory cytokine present at higher levels in this population is TNF-a,, in
comparison with healthy groups.[75] In addition, immunological responses differed among
patients having acute or chronic myocardial inflammation.[”>] Many medical therapies are
being examined to target inflammation in HF, and dietary approaches are being considered
for this as well.[59.75]

Dietary patterns, sex differences, and inflammation

Nutritional modification in HF is considered a nonpharmacologic intervention.[60] Dietary
fat, as well as general nutritional intake such as iron, may modulate the inflammatory
processes and cytokines in HF.[30:59] persons with HF who consumed more saturated and
trans fats had higher levels of TNF-a in the blood.[9] Omega-3 fatty acids are a supplement
of choice in the HF population as they have shown improvement in the blood levels of
circulating cytokines.[*0] Reducing the severity of inflammation in the HF population has
shown to be a significant approach to care, and this may be done by examining foods
consumed in this population to see where the changes need to occur.[1059] Persons with
HF need more guidance with dietary recommendations in terms of adequacy, potency, and
portion sizes.[®9 Such an approach to medical dieting for this population may complement
a care regimen that aims to alleviate symptom burden as long as typical differences in food
portions by sex are addressed.[61]

Several studies also highlighted the differences of HF symptom experience between men
and women.[®611 |n a study by Vishram-Nielsen, women were found to have earlier onset of
cardiac disease, more nonischemic cardiomyopathy, lower jugular vein distension, and lower
cardiac filling pressures than men.[621 Women were also more likely to have more symptoms
than men with HF, had higher rates of obesity, had higher systolic blood pressure, higher
heart rate, lower quality of life, and less comorbidities with the exception of hypertension.
[63] |n contrast, men and women have similar symptoms only when identified by clusters,
with women experiencing higher distress because of the physical symptom burden in HF.[64]
As the symptom experience may vary between the sexes, the impact of inflammation may
be different as well as their dietary patterns.[64] While differences in symptoms by sex and
differences in diet by sex have been reported, these interactions have not been fully explored.

The comparison of men and women with HF and general dietary intake is a significant
topic within literature. One study asserts that men have higher overall food intake than
women, were found to be less compliant with the low sodium diet plan, and also consumed
meals with higher sodium density.[61] Another study provided evidence that men consume
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more energy density from the diet than women while women had a more beneficial dietary
pattern overall with correlates for the self-determination index higher in women.[78] A study
examining health behaviors between men and women found that women were more likely
to avoid high fat foods, to consume fiber and more fruits, and reduce sodium intake in their
diet.[77] Sex differences in dietary patterns becomes a significant topic for HF patients as the
level of inflammation may be influenced by intake and therefore symptoms may also vary.
Such knowledge and information may be helpful in determining how to best manage HF
care and distinguish the triggers related to symptom burden.[10.12]

Trimethylamine-N-oxide, diet, and heart failure

TMAO is a gut microbial-derived metabolite that has been linked to inflammatory disease
with HF, and thus is a potential link with symptom triggers in this condition.[16] Studies
have shown that higher blood levels of TMAO were related to increased activation of
inflammatory genes and cytokines causing increased oxidative stress.[20] Furthermore,
TMAO has been found to trigger other detrimental processes related to the heart such as
thrombosis and platelet hyperactivity.[20] The key dietary components that are known to be
precursors to TMAO are choline and carnitine; certain foods are metabolized into TMAO
and have a significant part in the development of TMAO in the gut and bloodstream.[20]

The studies show that humans consuming both meat and plant-based foods (omnivores) have
higher TMAO levels than those who are vegans or vegetarians (herbivores).[20] A high-fat
diet, like the one characterized by the “Western-Diet,” has been linked to the increase of
TMAO in blood in human research studies.[20] The overall effect of higher TMAO levels in
the blood has been linked to mortality in patients with HF.[21] Available evidence currently
suggests that dietary modification may be helpful in lowering TMAO levels in plasma.l2] In
considering the consequences of inflammation in the HF disease process, TMAO is a central
component that continues to be explored.[21] As for interventions in HF care, TMAO may
need to be one of the core elements in managing symptom burden since it contributes to
inflammation[16.20.21]

Trimethylamine-N-oxide, dietary elements, and heart failure outcomes

With dietary patterns being an important consideration for the symptom management and
outcomes in the HF population[!2] as well as the recent scientific inquiry into TMAO and
its link to inflammatory mechanisms with the heart, a deeper understanding of TMAO and
its role in HF is needed. The majority of studies reviewed for this paper involved the gut
derived metabolite, TMAQO, the metabolite’s link with the diet, and HF outcomes. Dietary
composition is a key factor in the production of TMAQ.[65.78] The nutrients choline and
carnitine are found in many common foods consumed by the general population, including
meat, eggs, and seafood products.[66] TMAQO has gained much attention in the realm of
scientific study, especially within the HF population, as it has been identified as a risk
factor for the development of atherosclerosis as well as linked with poor outcomes with HF
severity.[16.20.66] The metabolite TMAO has been explored to lessen the symptoms of HF
and also promote greater outcomes in this population.[20] Literature suggests that TMAO
triggers a proinflammatory pathway involving cytokines, particularly TNF-a..[20] Higher
levels of TMAQO have also been found to increase the chances of a person developing a
major cardiovascular event.[20]
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HF outcomes may be linked to individual dietary intake.[”®] As TMAO levels are

associated with diet, dietary-associated TMAO may be a modifiable target for biobehavioral
interventions to improve outcomes in persons with HF.[20] A study examining chronic intake
of red meats with a high fat diet showed those with this kind of meat intake had higher levels
of TMAQ in comparison to individuals consuming low fat diets or the Mediterranean Diet.
[20] Fasting levels of TMAQ were measured in a healthy adult population after a 6-month
intervention with the Mediterranean diet and were not found to have significant change.[20]
However, Yang et al. assert that TMAQ levels in both plasma and urine may be influenced
by lifestyle interventions involving exercise and a hypocaloric diet.[20] Even in pediatric
populations, lifestyle interventions involving diet and physical activity were shown to have
a positive effect on the percentage of TMAO levels in the body.[2%] Lifestyle interventions,
in particular, dietary changes for the HF population, will need to be further investigated

to determine the influence of dietary modifications that reduce TMAO on symptoms and
outcomes in the HF population.

No known studies to date have measured symptom burden from HF in relation to the TMAQO
levels or inflammatory measures like TNF-a.. Many studies address the relationship between
clinical disease severity, such as New York Heart Association (NYHA), of HF and the
quantity of TMAQ in the blood. In a study by Traseid et al, TMAQO, choline, and betaine,
two of its precursors, were examined in relation to inflammatory measures (c-reactive
protein) and metabolic measures such as BMI.[18] The end-point was all-cause mortality
with anticipated mortality and identification of patients in need of heart transplants.[18]
Results suggested the elevated levels of TMAO, choline, and betaine are linked to increased
disease severity, as indicated by NYHA, in HF. Another study examined the presence and
quantity of TMAO in the plasma of acute HF patients, finding that patients with higher
levels of TMAO had a more severe prognosis at 1 year and were predictive of mortality.[2]
Thus, new treatment modalities that modulate TMAO in persons with HF may help improve
outcomes, such as emotional and HF physical symptoms, as several pathways linking dietary
derived TMAO to inflammation may be amenable to dietary interventions.

CONCLUSION

The key aims of this literature review were to highlight symptom triggers and pathways
linked to inflammation in the HF population in order to explore contributions of

TMAO, dietary patterns, inflammatory biomarkers, and related factors of race, depression,
sociocultural influences, and sex differences. Emerging knowledge within this literature
review concluded that inflammation may be a key trigger of symptom burden in HF, and
relationships between diet, depression, TMAO, TNF-a, and HF pathological processes
should be further investigated to clarify pathological links and further solidify evidence
to guide interventions. Additionally, this review illuminated the needs of the B/AA HF
population related to dietary planning, social support, and sex differences in diet and

HF symptoms. Limitations of this review included low evidence detailing the outcomes
of TMAQ in different cultural backgrounds, especially for B/As with HF. Additionally,
variability in the methods used across reviewed studies may have introduced bias in
reporting relationships related to diet and the biological assays. Combining both evidence
and theoretically based literature in the synthesis may have influenced the conclusions.
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Results of this literature review call attention to the extensive pathways that may influence
symptom burden in the HF population and focuses on our gaps in knowledge for future
research to examine interconnections among TMAO, TNF-a, and dietary intake among
persons with HF to improve their symptom experience.

Financial support and sponsorship

This study was financially supported by the National Institutes of Health, National Institute of Nursing Research
(P30NR018090) and by a developmental grant from the NIH Center for AIDS Research at Emory University
(1U54AG062334-01). The content is solely the responsibility of the authors and does not necessarily represent
the official views of the National Institutes of Health. Effort for E. Davis was supported by the Southern Nursing
Research Society Dissertation Grant, Alpha Epsilon Chapter, Sigma Theta Tau International Chapter Research
Grant. Effort for E. Davis was funded in part by the National Institutes of Health National Institute of Nursing
Research grant numbers: 2T32NR012715; Co-Pls: S. Dunbar and M. Song.

REFERENCES

1. Virani SS, Alonso A, Aparicio HJ, et al. Heart disease and stroke statistics-2021 update: A report
from the American Heart Association. Circulation 2021;143:e254-743. [PubMed: 33501848]

2. Lekavich CL, Barksdale DJ. A critical evaluation of the representation of black patients with heart
failure and preserved ejection fraction in clinical trials: A literature review. J Cardiovasc Nurs
2016;31:202-8. [PubMed: 25658183]

3. Dickson VV, McCarthy MM, Howe A, et al. Sociocultural influences on heart failure self-
care among an ethnic minority black population. J Cardiovasc Nurs 2013;28:111-8. [PubMed:
22343210]

4. Lourenco BH, Vieira LP, Macedo A, et al. Nutritional status and adequacy of energy and nutrient
intakes among heart failure patients. Arq Bras Cardiol 2009;93:541-8.

5. Sterling S, Judd S, Bertrand B, et al. Dietary patterns among overweight and obese African-
American women living in the rural south. J Racial Ethn Health Disparities 2018;5:141-50.
[PubMed: 28281179]

6. Kaluza J, Levitan EB, Michaélsson K, et al. Anti-inflammatory diet and risk of heart failure: Two
prospective cohort studies. Eur J Heart Fail 2020;22:676-82. [PubMed: 31975476]

7. Lennie TA, Chung ML, Habash DL, et al. Dietary fat intake and proinflammatory cytokine levels in
patients with heart failure. J Card Fail 2005;11:613-8. [PubMed: 16230265]

8. Mozaffarian D, Rimm EB, King IB, et al. trans fatty acids and systemic inflammation in heart
failure. Am J Clin Nutr 2004;80:1521-5. [PubMed: 15585763]

9. O’Neil A, Shivappa N, Jacka FN, et al. Pro-inflammatory dietary intake as a risk factor for CVD in
men: A 5-year longitudinal study. Br J Nutr 2015;114:2074-82. [PubMed: 26450630]

10. Lennie TA, Moser DK, Biddle MJ, et al. Nutrition intervention to decrease symptoms in patients

with advanced heart failure. Res Nurs Health 2013;36:120-45. [PubMed: 23335263]

11. Aggarwal M, Bozkurt B, Panjrath G, et al. Lifestyle modifications for preventing and treating heart
failure. J Am Coll Cardiol 2018;72:2391-405. [PubMed: 30384895]

12. Kerley CP. Dietary patterns and components to prevent and treat heart failure: A comprehensive
review of human studies. Nutr Res Rev 2019;32:1-27. [PubMed: 30113009]

13. Johansson P, Riegel B, Svensson E, et al. Sickness behavior in community-dwelling elderly:
Associations with impaired cardiac function and inflammation. Biol Res Nurs 2014;16:105-13.
[PubMed: 23162010]

14. Sakamoto A, Saotome M, Iguchi K, et al. Marine-derived omega-3 polyunsaturated fatty acids and
heart failure: Current understanding for basic to clinical relevance. Int J Mol Sci 2019;20:4025.
[PubMed: 31426560]

15. Bianchi VE. Impact of nutrition on cardiovascular function. Curr Probl Cardiol 2020;45:100391.
[PubMed: 30318107]

J Integr Nurs. Author manuscript; available in PMC 2023 September 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

DAVIS et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 11

Tang WH, Wang Z, Shrestha K, et al. Intestinal microbiota-dependent phosphatidylcholine
metabolites, diastolic dysfunction, and adverse clinical outcomes in chronic systolic heart failure. J
Card Fail 2015;21:91-6. [PubMed: 25459686]

Wiedeman AM, Barr Sl, Green TJ, et al. Dietary choline intake: Current state of knowledge across
the life cycle. Nutrients 2018;10:1513. [PubMed: 30332744]

Trgseid M, Ueland T, Hov JR, et al. Microbiota-dependent metabolite trimethylamine-N-oxide is
associated with disease severity and survival of patients with chronic heart failure. J Intern Med
2015;277:717-26. [PubMed: 25382824]

Zhang Y, Wang Y, Ke B, et al. TMAQO: How gut microbiota contributes to heart failure. Transl Res
2021;228:109-25. [PubMed: 32841736]

Yang S, Li X, Yang F, et al. Gut microbiota-dependent marker TMAO in promoting cardiovascular
disease: Inflammation mechanism, clinical prognostic, and potential as a therapeutic target. Front
Pharmacol 2019;10:1360. [PubMed: 31803054]

Suzuki T, Yazaki Y, Voors AA, et al. Association with outcomes and response to treatment

of trimethylamine N-oxide in heart failure: Results from BIOSTAT-CHF. Eur J Heart Fail
2019;21:877-86. [PubMed: 30370976]

Ferketich AK, Ferguson JP, Binkley PF. Depressive symptoms and inflammation among heart
failure patients. Am Heart J 2005;150:132-6. [PubMed: 16084159]

Whittemore R, Knafl K. The integrative review: Updated methodology. J Adv Nurs 2005;52:546—
53. [PubMed: 16268861]

Heo S, Moser DK, Pressler SJ, et al. Depressive symptoms and the relationship of inflammation to
physical signs and symptoms in heart failure patients. Am J Crit Care 2014;23:404-13. [PubMed:
25179036]

Zahid I, Baig MA, Ahmed Gilani J, et al. Frequency and predictors of depression in congestive
heart failure. Indian Heart J 2018;70 Suppl 3:5199-203. [PubMed: 30595257]

Shirazi LF, Bissett J, Romeo F, et al. Role of inflammation in heart failure. Curr Atheroscler Rep
2017;19:27. [PubMed: 28432635]

Murphy SP, Kakkar R, McCarthy CP, et al. Inflammation in heart failure: JACC state-of-the-art
review. J Am Coll Cardiol 2020;75:1324-40. [PubMed: 32192660]

Bordoni B, Marelli F, Morabito B, et al. Depression and anxiety in patients with chronic heart
failure. Future Cardiol 2018;14:115-9. [PubMed: 29355040]

Rea IM, Gibson DS, McGilligan V, et al. Age and age-related diseases: Role of inflammation
triggers and cytokines. Front Immunol 2018;9:586. [PubMed: 29686666]

van der Wal HH, Grote Beverborg N, Dickstein K, et al. Iron deficiency in worsening heart failure
is associated with reduced estimated protein intake, fluid retention, inflammation, and antiplatelet
use. Eur Heart J 2019;40:3616-25. [PubMed: 31556953]

Salyer J, Flattery M, Lyon DE. Heart failure symptom clusters and quality of life. Heart Lung
2019;48:366—72. [PubMed: 31204015]

Seongkum H, Moser DK, Pressler SJ, et al. Depressive symptoms and the relationship of
inflammation to physical signs and symptoms in heart failure patients. Am J Crit Care
2014;23:404-13. [PubMed: 25179036]

Angermann CE, Ertl G. Depression, anxiety, and cognitive impairment: Comorbid mental health
disorders in heart failure. Curr Heart Fail Rep 2018;15:398-410. [PubMed: 30402659]

Celano CM, Villegas AC, Albanese AM, et al. Depression and anxiety in heart failure: A review.
Harv Rev Psychiatry 2018;26:175-84. [PubMed: 29975336]

Alpert CM, Smith MA, Hummel SL, et al. Symptom burden in heart failure: Assessment, impact
on outcomes, and management. Heart Fail Rev 2017;22:25-39. [PubMed: 27592330]

Eastwood JA, Moser DK, Riegel BJ, et al. Commonalities and differences in correlates of
depressive symptoms in men and women with heart failure. Eur J Cardiovasc Nurs 2012;11:356—
65. [PubMed: 22414584]

Suzuki T, Heaney LM, Bhandari SS, et al. Trimethylamine N-oxide and prognosis in acute heart
failure. Heart 2016;102:841-8. [PubMed: 26869641]

J Integr Nurs. Author manuscript; available in PMC 2023 September 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

DAVIS et al.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Page 12

Rahman A, Jafry S, Jeejeebhoy K, et al. Malnutrition and cachexia in heart failure. J’JEN J Parenter
Enteral Nutr 2016;40:475-86. [PubMed: 25634161]

Jia Q, Li H, Zhou H, et al. Role and effective therapeutic target of gut microbiota in heart failure.
Cardiovasc Ther 2019;2019:5164298. [PubMed: 31819762]

Serafini M, Peluso I. Functional foods for health: The interrelated antioxidant and anti-
inflammatory role of fruits, vegetables, herbs, spices and cocoa in humans. Curr Pharm Des
2016;22:6701-15. [PubMed: 27881064]

Zinocker MK, Lindseth IA. The western diet-microbiome-host interaction and its role in metabolic
disease. Nutrients 2018;10:365. [PubMed: 29562591]

Yazaki Y, Aizawa K, Israr MZ, et al. Ethnic differences in association of outcomes with
trimethylamine N-oxide in acute heart failure patients. ESC Heart Fail 2020;7:2373-8. [PubMed:
32598563]

Heianza Y, Ma W, Manson JE, et al. Gut microbiota metabolites and risk of major adverse
cardiovascular disease events and death: A systematic review and meta-analysis of prospective
studies. J Am Heart Assoc 2017;6:e004947. [PubMed: 28663251]

Mathew AV, Seymour EM, Byun J, et al. Altered metabolic profile with sodium-restricted dietary
approaches to stop hypertension diet in hypertensive heart failure with preserved ejection fraction.
J Card Fail 2015;21:963-7. [PubMed: 26497755]

Mir6 O, Estruch R, Martin-Sanchez FJ, et al. Adherence to mediterranean diet and all-cause
mortality after an episode of acute heart failure: Results of the MEDIT-AHF study. JACC Heart
Fail 2018;6:52-62. [PubMed: 29226819]

Kumar A, Singh RB, Saxena M, et al. Effect of carni Q-gel (ubiquinol and carnitine) on cytokines
in patients with heart failure in the Tishcon study. Acta Cardiol 2007;62:349-54. [PubMed:
17824295]

Abshire M, Xu J, Baptiste D, et al. Nutritional interventions in heart failure: A systematic review of
the literature. J Card Fail 2015;21:989-99. [PubMed: 26525961]

Butler T Dietary management of heart failure: Room for improvement? Br J Nutr 2016;115:1202—
17. [PubMed: 26857032]

Freedland KE. Diet, depression, and destiny in heart failure. J Card Fail 2015;21:952-3. [PubMed:
26499954]

Leonard BE. Inflammation and depression: A causal or coincidental link to the pathophysiology?
Acta Neuropsychiatr 2018;30:1-16.

Wu JR, Song EK, Moser DK, et al. Racial differences in dietary antioxidant intake and

cardiac event-free survival in patients with heart failure. Eur J Cardiovasc Nurs 2018;17:305-13.
[PubMed: 29384387]

Bhattacharya SK, Ahokas RA, Carbone LD, et al. Macro- and micronutrients in African-
Americans with heart failure. Heart Fail Rev 2006;11:45-55. [PubMed: 16819577]

Haedtke CA, Moser DK, Pressler SJ, et al. Influence of depression and gender on symptom burden
among patients with advanced heart failure: Insight from the pain assessment, incidence and nature
in heart failure study. Heart Lung 2019;48:201-7. [PubMed: 30879736]

Chapa DW, Akintade B, Son H, et al. Pathophysiological relationships between heart failure and
depression and anxiety. Crit Care Nurse 2014;34:14-24.

Dekker RL, Moser DK, Tovar EG, et al. Depressive symptoms and inflammatory biomarkers in
patients with heart failure. Eur J Cardiovasc Nurs 2014;13:444-50. [PubMed: 24062026]
Brancaccio M, Mennitti C, Cesaro A, et al. Dietary thiols: A potential supporting strategy against
oxidative stress in heart failure and muscular damage during sports activity. Int J Environ Res
Public Health 2020;17:9424. [PubMed: 33339141]

Siasos G, Tsigkou V, Kokkou E, et al. Smoking and atherosclerosis: Mechanisms of disease and
new therapeutic approaches. Curr Med Chem 2014;21:3936-48. [PubMed: 25174928]

Rohde LE, Beck-da-Silva L. Alcohol and the heart: The good, the bad and the worse in heart
failure. Heart 2018;104:1641-2. [PubMed: 29622597]

Payne-Emerson H, Lennie TA. Nutritional considerations in heart failure. Nurs Clin North Am
2008;43:117-32. [PubMed: 18249228]

J Integr Nurs. Author manuscript; available in PMC 2023 September 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

DAVIS et al.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Page 13

Kuehneman T, Gregory M, de Waal D, et al. Academy of nutrition and dietetics evidence-based
practice guideline for the management of heart failure in adults. J Acad Nutr Diet 2018;118:2331—
45. [PubMed: 29759644]

Lennie TA, Moser DK, Chung ML. Insight into differences in dietary sodium adherence between
men and women with heart failure. J Cardiovasc Nurs 2020;35:131-6. [PubMed: 31985702]

Vishram-Nielsen JK, Deis T, Rossing K, et al. Clinical presentation and outcomes in women and
men with advanced heart failure. Scand Cardiovasc J 2020;54:361-8. [PubMed: 32666856]

Dewan P, Rerth R, Jhund PS, et al. Differential impact of heart failure with reduced ejection
fraction on men and women. J Am Coll Cardiol 2019;73:29-40. [PubMed: 30621948]

Lee KS, Song EK, Lennie TA, et al. Symptom clusters in men and women with heart failure
and their impact on cardiac event-free survival. J Cardiovasc Nurs 2010;25:263-72. [PubMed:
20539161]

Tang WH, Li DY, Hazen SL. Dietary metabolism, the gut microbiome, and heart failure. Nat Rev
Cardiol 2019;16:137-54. [PubMed: 30410105]

Ufnal M, Nowinski A. Is increased plasma TMAO a compensatory response to hydrostatic

and osmotic stress in cardiovascular diseases? Med Hypotheses 2019;130:109271. [PubMed:
31383335]

Shivappa N, Godos J, Hébert JR, et al. Dietary inflammatory index and cardiovascular risk and
mortality-a meta-analysis. Nutrients 2018;10:200. [PubMed: 29439509]

Song EK, Wu JR, Moser DK, et al. Vitamin D supplements reduce depressive symptoms and
cardiac events in heart failure patients with moderate to severe depressive symptoms. Eur J
Cardiovasc Nurs 2018;17:207-16. [PubMed: 28829157]

Carnethon MR, Pu J, Howard G, et al. Cardiovascular health in African Americans: A scientific
statement from the American heart association. Circulation 2017;136:€393-423. [PubMed:
29061565]

Sharma V, Zehtabchi S, Rojas N, et al. Ethnic variations in quality of life and depressive symptoms
among black Americans with acute decompensated heart failure. J Natl Med Assoc 2009;101:985—
91. [PubMed: 19860297]

Aseltine RH Jr., Yan J, Gruss CB, et al. Connecticut hospital readmissions related to chest pain

and heart failure: Differences by race, ethnicity, and payer. Conn Med 2015;79:69-76. [PubMed:
26244203]

Wang Y, Tuomilehto J, Jousilahti P, et al. Lifestyle factors in relation to heart failure among Finnish
men and women. Circ Heart Fail 2011;4:607-12. [PubMed: 21914814]

de Gregorio C Physical training and cardiac rehabilitation in heart failure patients. Adv Exp Med
Biol 2018;1067:161-81. [PubMed: 29453669]

Cosmi F, Di Giulio P, Masson S, et al. Regular wine consumption in chronic heart failure: Impact
on outcomes, quality of life, and circulating biomarkers. Circ Heart Fail 2015;8:428-37. [PubMed:
25925415]

Adamo L, Rocha-Resende C, Prabhu SD, et al. Reappraising the role of inflammation in heart
failure. Nat Rev Cardiol 2020;17:269-85. [PubMed: 31969688]

Leblanc V, Begin C, Corneau L, et al. Gender differences in dietary intakes: What is the
contribution of motivational variables? J Hum Nutr Diet 2015;28:37-46. [PubMed: 24527882]
Wardle J, Haase AM, Steptoe A, et al. Gender differences in food choice: The contribution of
health beliefs and dieting. Ann Behav Med 2004;27:107-16. [PubMed: 15053018]

Zhong VW, Van Horn L, Cornelis MC, et al. Associations of dietary cholesterol or egg
consumption with incident cardiovascular disease and mortality. JAMA 2019;321:1081-95.
[PubMed: 30874756]

Kerley CP. Nutritional interventions in heart failure: Challenges and opportunities. Curr Heart Fail
Rep 2018;15:131-40. [PubMed: 29623529]

J Integr Nurs. Author manuscript; available in PMC 2023 September 19.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

DAVIS et al.

Page 14

Search Strategy:
--“Heart Failure AND Lifestyle factors”

--“Heart failure AND alcohol, Heart failure AND smoking”

--“Heart failure AND diet/inflammation” “Heart failure AND TNF-alpha”

--“ Heart Failure AND African Americans OR Blacks” “Heart failure AND depressive symptoms”
--“Micronutrients OR "Dietary Supplements"[Mesh] OR diet OR nutrition OR dietary OR
nutraceutical OR supplement) AND (symptoms OR outcome OR "Treatment Outcome"[Mesh] OR
"symptom burden") AND ("heart failure" OR cardiomyopathy OR "Heart Failure"[Mesh]) AND (TMAO
OR Trimethylamine N-oxide OR carnitine OR choline) AND human AND (English[lang]) AND

Oxidative stress

132 articles identified by searching databases
Ebscohost, CINAHL, PUBMED, Biomed
Central, and Alt Health Watch

Articles removed due to duplication (n=13)

[ Included ][ Eligibility ][Screening ] [Identiﬂcation] [ Search Criteria J

=

119 articles screened

!

Unrelated articles excluded after review
of title and abstract (n=43)

76 articles assessed for eligibility

!

Iltems excluded for not meeting eligibility
criteria (n = 20):

--Non-HF sample (n=17)

--Animal studies (n=2)

--Qualitative studies (n=1)

Articles included in review
(n=56)

Figure 1:
Integrative literature review methodology
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