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Abstract
Purpose of Review The main objective in this 2nd part is to highlight comorbidities of great clinical importance such as diabetes,
anemia, and chronic renal failure, either because of their high prevalence, or because of their relevance to impact on morbidity
and mortality, and directly in the treatment of heart failure.
Recent Findings The prevalence of heart failure will increase 46% from 2012 to 2030, resulting in > 8 million people ≥ 18 years
of age. This disease have a large burden of noncardiovascular comorbidities, which may increase the risk of mortality and
decrease quality of life. There is a perception that patients hospitalized for heart failure are also becoming more medically
complex. In this review, we highlight important comorbidities often found in patients with heart failure.
Summary Diabetes mellitus is present in ∼ 40% of patients with heart failure and is associated with an increased risk of morbidity
and mortality. Both pathologies present an intriguing pathophysiological overlap, which will be addressed below. Anemia,
peripheral artery disease, sarcopenia, cachexia, and chronic kidney disease (CKD) will also be addressed, especially in relation
to heart failure.
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Introduction

Themain objective of this 2nd part is to demonstrate that a better
understanding of comorbidities such as sarcopenia, cachexia,
diabetes mellitus (DM), and anemia, in addition to their patho-
physiological and therapeutic implications, in the modern man-
agement of heart failure (HF), as such conditions can interfere
with their survival and quality of life of patients (Fig. 1).

DM is present in ∼ 40% of patients with heart failure and is
associated with an increased risk of morbidity and mortality.

Both pathologies present an intriguing pathophysiological over-
lap, which will be addressed below. Anemia, peripheral artery
disease, sarcopenia, cachexia, and chronic kidney disease (CKD)
will also be addressed, especially in relation to HF. Interestingly,
DM and HF seem to have a bidirectional relationship.

Sarcopenia and Cachexia

Sarcopenia is defined as the loss of muscle mass associated with
a loss of muscle function, e.g., walking speed and commonly
defined as muscle loss, which reduces subject walking speed =
1 m/s or walking distance < 400 m during a 6-min walking test
distance, and was an independent predictor of poor exercise ca-
pacity [1]. The prevalence of sarcopenia (muscle wasting) is
approximately 19.5%.Management of sarcopenia should consist
of resistance exercise in combination with a protein intake of 1 to
1.5 g/kg/day. There is insufficient evidence that vitamin D and
anabolic steroids are beneficial [2•].

Cachexia is defined as unintentional non-edematous
weight loss of > 5% over at least 6 months. Recently, this
definition was improved with the following new criteria: 1)
decreased muscle strength, 2) fatigue, 3) anorexia, 4) low fat
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free mass index, and 5) abnormal biochemistry (anemia (Hb <
120 g/L), low serum albumin (< 32 g/L), increased inflamma-
tory markers (CRP > 5 mg/L, IL-6 > 4 pg/mL)) [3]. Cachexia
affects about 10–39% of patients with HF, and it typically
occurs in the advanced stages of HF, especially in the presence
of congestive right ventricular dysfunction. The prevalence of
cachexia among patients with HF ranges between 10 and
39%, depending on the study design, diagnostic criteria of
cachexia, and stage of HF. Cachexia is more frequent in pa-
tients with advanced disease and HF with reduced ejection
fraction (HFrEF) [4]. There is little evidence of the benefit
of cachexia-specific treatments, but, undoubtedly, an optimi-
zation of HF and, whenever possible, physical exercise to
preserve lean muscle mass appear to be beneficial [5].

Diabetes Mellitus

Epidemiologic and clinical data from the last 2 decades have
led to the recognition that, in addition to myocardial infarction
and other atherosclerosis-related cardiovascular events, HF is
a major contributor to cardiovascular morbidity and mortality
in patients with DM. Following the first HF hospitalization,
the incidence of new-onset diabetes is around 2% per year,
increasing to 3% after 5 years of follow-up. New-onset DM
was associated with an increased risk of death, compared with
HF patients with prevalent diabetes (intermediate risk) and HF
patients without DM [6•]. In many patients, the observation
that myocardial dysfunction is present in the absence of coro-
nary artery disease has led to the use of the poorly understood
term “diabetic cardiomyopathy (DCM)” [7].

Over the last few years, this term has been the subject of
controversy. However, recently, Kaljda et al. published a
community-based cohort matched for age, sex, hypertension,
coronary artery disease (CAD), and diastolic function, and par-
ticipants with DM had an increased incidence of HF over a 10-
year follow-up period, even in the absence of underlying diastolic
dysfunction. The authors concluded that these findings suggest
that DM is an independent risk factor for the development of HF,
supporting the concept of DCM [8].

Interest in this association has dramatically increased the
number of PubMed publications in the last decade, demon-
strating the great relevance of this theme, Fig. 2. A U-shaped
relationship between body mass index (BMI) and cardiovas-
cular events among patients with acute HF has been reported.
BMI was inversely correlated to the risk of mortality in pa-
tients with T2D.Moreover, severe obesity was associatedwith
less mortality risk [9].

There is a strong interrelation between DM and HF. DM is
one of the most important risk factors for the development of HF.
New treatments for type 2 DM and HF are needed, and rather
than considering treatments for these conditions as separate goals,
the implication of recent cardiovascular clinical outcomes trials is
that targeting shared risk factors and pathophysiologies may al-
low us to treat and prevent both conditions simultaneously [10].

Peripheral Arterial Disease

PAD and HF have several common risk factors, and each has
been associated with increased morbidity and mortality.
Patients with PAD have an increased risk of angina,

Fig. 1 Demonstration of comorbidities which can interfere with the survival and quality of life of patients
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myocardial infarction, stroke, congestive HF, and death com-
pared with patients without PAD. The most frequent PAD
symptom is intermittent claudication, defined as muscle pain
or weakness induced by exercise and relieved with rest, which
occurs distal to the arterial obstruction [11]. There is a positive
relationship between PAD and HF. All-cause mortality,
hospitalization, and cardiovascular mortality in HF pa-
tients with PAD were higher than in those without this
comorbidity [12, 13].

PAD often goes undetected, and yet, in spite of the avail-
ability of screening tools, this is not commonly considered in
HF care [14]. The ankle-brachial index (ABI) is a simple,
noninvasive tool for the diagnosis of PAD. In a community
cohort of middle-ageAmericans with up to 22 years of follow-
up, Gupta et al. [15] found that a low ABI (≤ 1.00) from a
single randomly chosen lower extremity was significantly as-
sociated with an increased risk for the development of HF.
Patients who are symptomatic, smokers, and those with diag-
nosed coronary heart disease and diabetes should be targeted
for the screening of PAD [16].

Anemia

Iron deficiency is an extremely common comorbidity in pa-
tients with HF, affecting up to 50% of all ambulatory patients.
Since it contributes to cardiac and peripheral muscle dysfunc-
tion, it is associated with poorer clinical outcomes and a great-
er risk of death, independent of hemoglobin level. Therefore,
iron deficiency emerges as a new comorbidity and a therapeu-
tic target of chronic HF [77–80]. Laboratory parameters of
serum ferritin < 100 μg/l or 100 to 300 μg/ l, with transferrin
saturation < 20%, are established to define the diagnosis of
iron deficiency in patients with HFREF [17, 18].

In a series of placebo-controlled, randomized studies in
patients with HF and iron deficiency, intravenous iron had a
favorable effect on exercise capacity, functional class, LVEF,
renal function, and quality of life [19, 20]. During the past
10 years, knowledge about the transport, storage, and homeo-
stasis of iron has improved dramatically, and new molecules
involved in iron metabolism have been described (e.g.,
hepcidin, ferroportin, divalent metal transporter).

Oral iron products have been shown to have little efficacy
in patients with HF, where the preference is intravenous iron
products. The Iron Repletion Effects on Oxygen Uptake in
Heart Failure (IRONOUT-HF) trial previously demonstrated
that oral iron supplementation minimally increased iron stores
and did not improve exercise capacity in patients with HF,
with a reduced ejection fraction and iron deficiency [21].
Most clinical studies have been performed using ferric
carboxymaltose, with good efficacy in terms of improvements
in a 6-min walk test distance, peak oxygen consumption, qual-
ity of life, and improvements in New York Heart Association
functional class. The data from meta-analyses also suggest
beneficial effects in terms of hospitalization rates for patients
with HF and reductions in cardiovascular mortality rates [19].

Recent European guidelines recommend the monitor-
ing of iron parameters (i.e., serum ferritin, transferrin
saturation) for all patients with HF. Ongoing clinical
trials will explore the benefits of iron deficiency correc-
tion on various HF parameters. A class I recommenda-
tion based on meta-analysis (level of evidence: A, be-
cause two large trials, ferinject assessment in patients
with iron deficiency and chronic heart failure (FAIR-
HF) and ferric carboxymaltse evaluation on performance
in patients with iron deficiency in combination with
chronic heart failure (CONFIRM-HF), published posi-
tive results) [22].

Fig. 2 Increased number of
PubMed publications in the last
decade with the term “Diabetes
mellitus and heart failure”
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A prospective trial to investigate the effects on morbidity
and mortality is currently ongoing. Since no validations exist
for HF with preserved ejection fraction, it should be regarded
with caution in this population [the FAIR HFPEF study ad-
dresses whe ther t rea tment wi th IV i ron ( fe r r i c
carboxymaltose) in patients with HF with preserved ejection
fraction and iron deficiency can improve exercise capacity and
symptoms while being safe (NCT03074591)].

Coronary Artery Disease

CAD is the most common etiology of HFrEF, with about
2/3 of cases [23]. Older patients with HF more commonly
have CAD as the cause of their HF than younger patients.
The presence of left ventricular dysfunction yields a
worse prognosis for patients with CAD. More than 70%
of patients with ischemic cardiomyopathy (ICM) severe
left ventricular dysfunction have a great burden of comor-
bidities, associated with greater functional limitations and
decreased survival rates [24–26].

One of the goals of coronary artery bypass surgery (CABS)
for this group of patients is contractile recovery after the pro-
cedure, with improvement of symptoms, functional capacity,
and reduction in mortality. In a sub-analysis of the STICH
(Surgical Treatment for Ischemic Heart Failure) study, three
predictors of good prognosis with CABS were three-vessel
disease, ejection fraction below 27%, and indexed end-
systolic volume greater than 79 mL/m2. If the patient has
two or more of these factors, benefits more when submitted
to CABS than the patient that have just one. The results of the
long-term follow-up of the STICH study corroborate this in-
dication for surgical revascularization for ICM instead of
OMT alone [27].

Nevertheless, controversy exists over the patient selection
for CABS because of the surgical risk. However, for patients
who are young with few comorbidities, CABS is low risk,
with a great improvement in cardiovascular and all-cause mor-
bidity and mortality [28]. Guidelines provide evidence of
myocardial viability prior to CABS. Among all non-invasive
methods, positron emission tomography (PET) using 18F-
fluorodeoxyglucose (FDG) has the highest sensitivity and is
considered the gold standard for the detection of hibernating
myocardium.

Viability imaging should be limited to situations in which
revascularization decisions are most difficult. Viability imag-
ing should be used when it will favor decision-making [29].
However, it is important to remember that subjects with myo-
cardial viability have increased mortality if they do not receive
revascularization in addition to medical treatment. Many is-
sues related to myocardial viability remain. Hopefully, they
will soon be answered with prospective, randomized trials
using state of the art imaging modalities [30]. In this matter,

there is one currently in progress evaluating the role of ad-
vanced imaging in the management of ischemic cardiomyop-
athy [31, 32]. Another point is whether coronary percutaneous
intervention (PCI) has the same advantages as those seen with
CABS. There is a lack of strong evidence. In fact, in this
regard, some studies have shown inferiority of PCI compared
with CABS [33]. The ongoing REVIVED-BCIS2 (Study of
Efficacy and Safety of Percutaneous Coronary Intervention to
Improve Survival in Heart Failure) trial will test the hypothe-
sis that PCI plus OMT will improve event-free survival in
subjects with ICM and viable myocardium compared to
OMT alone [34].

Chronic Kidney Disease

HF and CKD are diseases that have increased prevalence and
incidence in the world population [35, 36]. Kidney dysfunc-
tion may cause HF, and HF may induce kidney disfunction,
creating a vicious cycle of interdependence [37]. Some of the
factors that contribute to HF and CKD are DM, systemic ar-
terial hypertension, association of comorbidities, and, the
most important, aging of the population [35].

The coexistence of CKD and HF is notorious; although, in
patients classified as HFPEF, it is less frequent than in patients
with HFREF. Half of patients have HFPEF, and this percent-
age is projected to increase over the next few years [38].
Approximately 30% of patients admitted for acute HF have
acute or CKD, and about 50% of HF patients have CKD [39],
defined as a glomerular filtration rate (GFR) of less than
60 ml/min/1.73 m2. The real prevalence of this situation is still
a matter of investigation. It occurs because most studies pres-
ent CKD as exclusion criteria, especially advanced stages of
the disease.

The worse the kidney function, the worse the prognosis of
the individual with or without HF. Due to the high morbidity
and mortality and the high costs of this association, it is nec-
essary to create protocols that include these entities. CKD
patients have very high mortality rates, and about 50% of
deaths are related to cardiovascular disease [40]. Among those
with advanced CKD, especially patients on renal replacement
therapy such as dialysis, rates are even more significant, with
HF and coronary disease predominating [40]. Mortality is
independent of the ejection fraction of these individuals. In
patients with HFREF, in which drug treatment has been
shown to reduce mortality and hospitalizations, current evi-
dence recommends the use of these drugs despite the limited
information available. In patients with HFPEF, in which there
is no drug treatment that has been shown to reduce mortality,
treatment is based on the treatment of underlying pathologies
with greater restrictions in CKD populations. Interestingly,
this population has the highest association with CKD.
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In a study of patients referred for dialysis, 74% had left
ventricular hypertrophy (LVH) [41]. Patients undergoing re-
petitive dialysis have progression of myocardial fibrosis and
increased left ventricular mass indices. Of these, a significant
percentage have worsened ventricular function and manifest
HF. However, in patients with stage-V CKD, the dialytic pro-
cess does not modify LVH but worsens ejection fraction. In
CKD patients, morpho-structural changes and ventricular
function alterations are present even in early stages of the
disease. Most patients with advanced CKD do not die from
kidney causes but from cardiovascular disease, especially HF.

About 94% of patients hospitalized for HF are so-called
“wet and warm.” The treatment aims to reduce pulmonary
and systemic congestion. The latter plays an essential role in
organ dysfunction, being more relevant than the reduction of
cardiac output in the pathophysiology of renal injury. The
interrelationship between HF and CKD involves neurohor-
monal, hemodynamic mechanisms, anemia, inflammation,
electrolyte changes [42], and the creation of arteriovenous
short circuit through the hemodialysis fistula (which initially
leads to overload to the right ventricle and later to the left
ventricle). The interrelationship between these diseases is so
complex that the term cardio renal syndrome was introduced
and divided into five subtypes, depending on the initial factor
of decompensation [43, 44].

Whether due to initial HF and after kidney disease or vice
versa, if decompensation is acute or chronic and if it is for
another predominant non cardiorenal cause, HF drugs may
affect CKD in different ways. For decongestion of the patient,
the furosemide or torsemide loop diuretics are usually used.
Their chronic administration in HF can cause diuretic resis-
tance [45, 46]. In advanced CKD, loop diuretic doses should
be high. Sometimes, concomitant use of thiazides, acetazol-
amide, or spironolactone/eplerenone is required for so-called
nephron sequential blockade [43]. A new study using data
from several beta blocker trials showed that they are effective
in reducing mortality in HFREF individuals with moderate to
severe renal impairment [47].

Beta blockers can be used in CKD. Carvedilol is poorly
dialyzable, but it has benefits in this population, with a study
showing favorable remodeling even in dialysis patients.
Metoprolol is dialyzable, and bisoprolol is not.

Regarding the use of angiotensin converting enzyme
inhibitors (ACEI), there is evidence of beneficial effects
[39] even in patients with severe CKD [48]. There is an
ongoing study testing this hypothesis [49]. Angiotensin II
receptor blockers (ARBs) have studies in moderate renal
dysfunction, but with little evidence of severe dysfunction.
Mineralocorticoid blockers are routinely used in CKD, ex-
cept when glomerular filtration rate (GFR) is below 30 mL/
min/1.73 m2. There are few studies with dialysis patients
using (ACEI)/ARB + spironolactone that show promising
results. Sacubitril valsartan, which is an angiotensin/

neprilysin inhibitor, has been shown to reduce mortality
and hospital readmissions in patients with HFREF [50]
and to improve quality of life in HFPEF patients, but it
has not been tested in patients with GFR below 30 mL/
min/1.73 m2 [51, 52]. A new study focusing on renal pro-
tection was conducted with this drug in CKD patients with
proteinuria and GFR between 20 and 60 ml/min/1.73 m2,
and it showed no difference between sacubitril-valsartan
and irbersartan on GFR or in proteinuria results [53].

Regarding the current treatment of HFREF with
sodium-glucose cotransporter-2 (SGLT2) inhibitors, al-
though it has not been tested on GFR below 30 mL/
min/1.73 m2, there was evidence that in the primary out-
come (hospitalization for HF, death from cardiovascular
cause, or use of venous therapy for HF) the drug did work
in subjects with rates of less than 60 mL/min/1.73 m2

[54••].

Limitations

It is a narrative (non-systematic) review of the literature on
the topic addressed, and thus, although we have expressed
the search methodology in the first part of this review, it is
subject to conscious and unconscious bias due to the selec-
tion and construction of this text by the authors them-
selves, making reproducibility difficult. However, this nar-
rative are useful for educational purpose since they pull
many pieces of information together into a readable format
addressing several complex topics concentrated in 2 papers
(part 1 and 2).

Future Directions

Despite the pharmacological arsenal available for the treat-
ment of patients with HF, the progressive global population
aging, technological advances that collaborate with the main-
tenance of life, the concomitance of several comorbidities,
making the interrelation between pathologies and treatments
a complex level of interactions that require a holistic view
from the clinical physician and joint monitoring with several
other specialties.

For the future, we will have new monitoring devices that
added to artificial intelligence will bring detailed information
to individualize the treatment of each patient.

Conclusion

With population aging and increased survival, chronic dis-
eases stand out with high prevalence. Especially in the elderly,
the presence of simultaneous and complex comorbidities, such
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as HF and DM, require knowledge and contact with various
specialties from the attending physician. Thus, it is essential to
deepen our knowledge in a multidisciplinary way, offering the
HF patient a more holistic and functional view.
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