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Nutrition impairment commonly occurs in patients with heart fail-
ure and affects disease progression. Vitamin and mineral deficien-
cies are associated with early mortality, particularly in patients
classified as cachectic. Guideline-based therapies approved for
heart failure, such as loop diuretics, angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers, aldosterone
antagonists, and B-adrenergic blockers, can lead to electrolyte
abnormalities and predispose to some vitamin and micronutrient
deficits. Clinical trial evidence in support of supplementary vita-
min and mineral therapies for heart failure patients is limited with

the exception of documented calcium and possibly vitamin D, thi-
amine, and coenzyme Q,, deficiencies. This area is gaining signif-
icant attention, and research is ongoing. The clinician can help
minimize morbidity from nutrition impairment through appropri-
ate monitoring and correction of baseline and medication-induced
electrolyte imbalances, in addition to vitamin and mineral supple-
mentation when appropriate. (Nutr Clin Pract. 2009;24:60-75)
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General Issues

Heart failure (HF) has emerged as a disease with sig-
nificant public health implications. There are more
than 5 million individuals with HF in the United
States, and more than 600,000 new cases are diagnosed
annually.! These patients generate 12—15 million office
visits for HF each year; more than 280,000 patients die
of HF each year.® Despite improved availability of
sophisticated diagnostic techniques and use of modern
therapies, the risk of death within 5 years of diagnosis
is > 50%.> Among the risk factors for mortality in
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chronic HF is nutrition impairment, which predicts
early death in patients of all ages with HF.?

Independently living patients with HF require similar
total daily calories to those of age-matched healthy con-
trol individuals, despite decreases in both total body and
lean body mass in the HF group.* However, some investi-
gators report an increase in resting energy expenditure
among those with severe HF due to elevated resting
peripheral oxygen consumption and increased cardiac
and ventilatory work.*” Drug therapy in patients with HF
creates multiple nutrition issues that are problematic. As
numerous medications are associated with a variety
of adverse effects, it is typically reasonable to treat
the underlying cause in a symptomatic patient and
discontinue the offending agent. However, many of the
medications used for HF either alleviate symptoms or
strongly affect disease progression and HF-related
mortality, and it would therefore not be desirable to dis-
continue the causative medication.

Remarkably, apart from the fact that a high-sodium
diet is detrimental, little is known about specific
consequences of nutrient deficiencies or long-term
outcomes of dietary supplementation. This review
summarizes drug- and disease-specific nutrition issues,
evidence for available treatment modalities, and strate-
gies for the clinician treating HF patients with
nutrition impairments.
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Malnutrition and HF

Excessive salt and fluid intakes are important factors that
worsen HF symptoms, leading to acute HF and hospitaliza-
tions. Deficiencies of vitamins and micronutrients also play
an important role in the pathophysiology of this syndrome.®
The frequency of malnutrition varies according to HF sever-
ity, ranging from 22% in New York Heart Association
(NYHA) functional class II to 63% in class II1.° The impact
of malnutrition was examined in a follow-up study of
approximately 230 older adults admitted to an emergency
department for various medical problems including HF.
Mortality rates for the 41 malnourished patients was 44%,
compared with 18% in 164 nonmalnourished patients (P <
.001). Of note, the majority of malnourished patients con-
comitantly had HE."® Other investigators studied the impact
of cachexia on mortality in 171 HF patients. Cachectic par-
ticipants exhibited 29% mortality at 6 months, 39% at 12
months, and 50% at 18 months. The cachectic state pre-
dicted 18-month mortality independent of age, NYHA class,
left ventricular ejection fraction (EF), and peak oxygen con-
sumption.?

The pathophysiology of HF exerts direct effects on
metabolism and intestinal function. These include intes-
tinal ischemia and inflammation, hypercatabolism, nutri-
tion malabsorption, and anorexia.'' Increased sympathetic
nervous system (SNS) activity in HF patients causes
vasoconstriction of splanchnic circulation'*"* and creates
hypoxia and ischemia of the gut mucosa, which leads to
impaired epithelial function and increased mucosal perme-
ability."* Intestinal ischemia is quantified by elevated intes-
tinal pCO, and reduced intestinal pH, and may contribute
to the inflammatory nature of HF pathophysiology."” Reduced
mucosal perfusion diminishes the mucus barrier that isolates
epithelial cells from intestinal flora.'® Compromised by dimin-
ished protective mucus, reduced host immune function, and
increased permeability, the ischemic mucosa is a prime target
for bacterial translocation into the splanchnic lymphatic sys-
tem."”* Bacterial translocation increases exposure to
lipopolysaccharide endotoxin, which in turn stimulates
macrophage release of inflammatory cytokines (eg, tumor
necrosis factor [TNF]-a)) and further SNS activation.!>!¢!
Intestinal mucosal ischemia and inflammation may further
contribute to the development of anorexia, malabsorption,
and cardiac cachexia in HF patients.'®"

Hypercatabolism stems from activation of catabolic
factors such as norepinephrine, epinephrine, and inflam-
matory cytokines, which also worsen overall disease pro-
gression in HE.'" Moreover, reduced concentrations of
the anabolic hormone dehydroepiandrosterone sulfate in
HF lend support to the link between malnutrition in car-
diovascular disease and alterations in anabolic-catabolic
balance.?® The failing heart releases cytokines such as
TNF-o, which exert exocrine and endocrine effects and
cause significantly altered body composition including
reduced lean body mass, bone mass, and fat content.?!

Altered gut absorption can also affect nutrition defi-
ciencies in patients with HF. Reduced gut circulation and
disturbed microcirculation in HF contribute to local
edema of the gastrointestinal (GI) tract. Gut edema
causes GI malabsorption and impairs adequate nutrition.
Fat absorption is particularly affected, leading to potential
deficiencies in fat-soluble vitamins.?>** Protein loss also
occurs, contributing to development of
cachexia.**

Anorexia may develop in HF patients secondary to
nausea from gut edema or as an adverse effect from
medications, early satiety from hepatic edema, or depressive
symptoms that cause a loss of appetite.

cardiac

Cardiac Cachexia

Although there is no agreement as to how cachexia is
defined, the hallmark clinical characteristic of cachexia is
the process of losing weight, which can be defined as
nonedematous weight loss of >6% of the previous normal
weight over a period of >6 months.” The frequent pres-
ence of edema in HF patients complicates assessment of
weight loss. Lean body assessments should ideally be
performed by methods that account for total body water
(bioimpedance) or non—weight-based assessments (anthro-
pometric measurements).?®

The prognosis of HF worsens considerably once
cardiac cachexia has been diagnosed, regardless of HF
severity. Mortality rates are estimated at 50% for HF
patients and cachexia compared to 17% for noncachectic
patients of the same population.® It is important to
distinguish cachexia from malnutrition and anorexia, as
the latter are reversible once nutrition is supplied. In
addition, muscle mass is mostly spared in malnutrition
and anorexia at the expense of fat mass. Patients exhibit-
ing cachexia lose muscle mass in addition to total fat and
bone mineral density.?>*” Some of the underlying patho-
physiology concerning malnutrition and cachexia are
similar, including neurohormonal activation and involve-
ment of inflammatory cytokines as mentioned earlier.
Acute illness in HF patients portends hypermetabolic
changes and, combined with chronic cardiac cachexia,
makes nutrition requirements difficult to assess (Table 1).

Obesity Paradox

The health hazards of obesity and elevated body mass
index (BMI) are well accepted in the general popula-
tion.?®3? Recommendations for weight loss and target
BMI are incorporated into contemporary guidelines for
the management of hypertension, hyperlipidemia, and
acute coronary syndromes.>**¢ Among patients with HF,
however, increasing BMI is paradoxically associated with
improved cardiovascular outcomes and survival >"=°
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Table 1. Physiologic Contributors to
Malnutrition and Cachexia in Heart Failure

Intestinal ischemia Decreased splanchnic circulation from
increased SNS activity: (1) impaired
epithelial function and increased
mucosal permeability; (2) exposure to
endotoxin and inflammatory cytokine
release

Increased levels of stress hormones and
neurohormones: (1) epinephrine; (2)
norepinephrine; (3) cortisol

Decreased levels of anabolic hormones:
(1) dehydroepiandrosterone sulfate; (2)
insulin-like growth factor-1

Increased circulating levels of cytokines

Reduced gut circulation

Gut edema: (1) decreased fat absorption;
(2) protein loss

Nausea and early satiety from gut/hepatic
edema

Multiple medication use

Clinical depression

Hypercatabolism

Malabsorption

Anorexia

SNS, sympathetic nervous system.

The most compelling evidence for this association
comes from an investigation of the impact of BMI on out-
comes in 7767 HF patients enrolled in the Digitalis
Investigation Group trial.** Over a mean follow-up of 37
months, patients with BMIs in the obese (>30 kg/m?) or
overweight (25-29.9 kg/m?) ranges experienced mortality
rates of 28.4% and 32.4%, respectively, whereas patients
with BMIs in the underweight (<18.5 kg/m?) or normal
(18.5-24.9 kg/m?®) range experienced mortality rates of
37.8% and 45.0%, respectively. After multivariate analysis
that included left ventricular EF, HF etiology, gender, and
duration of HF symptoms, the mortality hazard ratios
(HRs) for obese BMI (0.80; 95% confidence interval
[CI], 0.72-0.92) and overweight BMI (0.88; 95% ClI,
0.80-0.96) were statistically lower than was the reference
normal BMI (predefined as 1.00) or underweight BMI
(1.21; 95% CI, 0.95-1.53). Of note, these mortality
effects were not associated with a measurable difference
in hospitalization rates.

The physiologic mechanism underlying the obesity
paradox is not well understood. Proposed mechanisms
include increased health concerns for those with ele-
vated BMI, resulting in earlier detection and treatment
of HF in these patients, thus accounting for reduced
mortality.*"** Others hypothesized that malnourish-
ment and cardiac cachexia are more prevalent in low
BMI groups, driving the mortality findings.'®* However,

the obesity paradox retains significance after exclusion
of patients with cardiac cachexia.*®

Pharmacotherapy for the Prevention and
Treatment of Cardiac Cachexia

Evidence supports pharmacotherapeutic interventions
for preventing and treating cardiac cachexia. In the
SOLVD trial, participants treated with enalapril had
less weight loss of 26% (HR, 0.81; 95% CI, 0.70-0.94;
P = .0054).'"® Similar results in anthropometric indices
were observed in 8 patients receiving a combination of
enalapril, digoxin, and furosemide therapy.*® Investigators
found significant increases in midupper arm circumference
and plasma albumin in individuals receiving the com-
bination compared to healthy volunteers. Beta-blockers
have also shown beneficial effects on nutrition status.
Anker et al demonstrated that both carvedilol and biso-
prolol increased the percentage of patients without
significant weight loss in the COPERNICUS and CIBIS-II
trials, respectively.*** Similarly, Hryniewicz et al pro-
spectively measured changes in nutrition status in 27
cachectic and noncachectic HF patients after 6 months
of treatment with extended release metoprolol or
carvedilol.** Cachectic patients demonstrated significant
nonedematous weight gain (5.2 £ 9.6 vs 0.8 £ 5.0 kg,
P =.027) and plasma leptin levels (3.7 £ 3.9 vs 1.2+ 4.3
ng/mL, P = .030) when compared with noncachectic
these
medications have on preventing or improving cachexia

patients. Although precise mechanisms that
have not been fully identified, the actions of angiotensine-
converting enzyme inhibitors (ACEIls) and beta-blockers
on attenuating overregulated neurohormonal systems by
decreasing circulating catecholamines and harmful
inflammatory cytokines such as TNF-o. and interleukin-6
appear to play a prominent role. Multiple effects of the SNS
on resting metabolic state in HF have been documented.*’
As both B-blockers and renin-angiotensin-aldosterone sys-
tem (RAAS) inhibition with ACEI or angiotensin receptor
blockers (ARBs) improve mortality and morbidity in this dis-
ease state, maximizing the use of these agents is the first
step in preventing cardiac cachexia.

Many pharmacotherapeutic options are available to
treat cachexia, although few have been optimally evalu-
ated in clinical trials with HF patients. Malkin et al con-
ducted a double-blind, randomized controlled trial of
testosterone replacement in 76 men with HF over 12
months.* At the end of the study, participants receiving
testosterone demonstrated increases in incremental shut-
tle walk test (25 £ 15 m in the treatment group, P = .006,
ANOVA vs placebo). In addition, Pugh et al observed acute

changes in cardiac output with the use of testosterone at
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180 minutes (10.3% + 4.6%, P = .035; 95% CI, 0.8-19.8)
in a randomized, placebo-controlled, crossover trial in 12
men with HFE.** The use of growth hormone was examined
by Tritos and Danias in a meta-analysis of 14 trials total-
ing 212 patients with left ventricular systolic dysfunction.
Findings indicated that growth hormone improved exer-
cise duration (1.9 minutes; 95% CI, 1.1-2.7), maximum
oxygen consumption (2.1 mL/ kg/min; 95% CI, 1.2-3.0),
NYHA functional class (—0.9; 95% CI, —1.5 to —0.3), and
EF (4.3%; 95% CI, 2.2-6.4) relative to placebo.>

Megestrol and medroxyprogesterone are oral deriva-
tives of progesterone used to stimulate appetite in various
conditions.”’ Both successfully increase weight in
patients with cancer.’>”* The appetite-enhancing mecha-
nism of megestrol, the more commonly prescribed of the
2 agents, is still unknown but thought to be owing to the
production of neuropeptide Y, a central appetite stimu-
lant.>* Medroxyprogesterone reduces humoral factors
involved in the cachectic response, such as serotonin,
interleukin-6, and TNF-a..>® Data are lacking for use of
megestrol or medroxyprogesterone for cachexia in HF
patients. The dose of megestrol is 800 mg/d for appetite
stimulation, not to be confused with dosing for other
disease states. Side effects of megestrol include diarrhea,
thrombotic events, confusion/hallucinations, hyperglycemia,
headache, Cushing syndrome, and antitestosterone
effects in men.”® Because of its side effect profile, the use
of megestrol should be reserved for extreme cases of
cachexia in HF patients.

Growth hormone has been another target for improv-
ing appetite in cachexia. Ghrelin, a stimulator of growth
hormone release from the pituitary, is secreted from the
stomach and transmits the hunger signal to the peripheral
and central nervous system. In HF, ghrelin has been
shown to increase muscle strength and lean body mass as
well as improve left ventricular EF.>” Although initial
studies showed promise, controlled studies of ghrelin in
HF have been negative to date, and presently it is not
available in the United States.?®>’

Cannabinoids, the active chemical in marijuana, are
a group of molecules that positively affect appetite and
weight in cancer patients.”’ The mechanism of these
agents remains unknown but is thought to be mediated
by endorphin receptors or by inhibiting prostaglandin
synthesis. These agents are controlled substances due to
their abuse potential and should be used with caution for
cachexia in HF.

Other agents that have been thought to improve
cachexia include cyproheptadine, anabolic steroids, and
corticosteroids.’® None of the drugs discussed have been
shown to effectively improve the disease process in HF
cachexia. Therefore, the main therapeutic strategy for
cachexia in HF is to treat the underlying condition
through optimization of currently approved therapies.

Nutrition Effects of Drugs
Commonly Used in HF

Loop Diuretics

Potassium and magnesium deficiency. Diuretic use is asso-
ciated with electrolyte depletion, the most concerning of
which is potassium, an essential cation for maintaining
normal heart rhythm and function. Loop diuretics reduce
potassium reabsorption at the site of action and enhance
potassium secretion in the distal tubules of the nephron.®®
Secondary increases in aldosterone can also contribute
to hypokalemia after administration of loop diuretics.®
A pharmacodynamic evaluation of the loop diuretic
bumetanide showed a 3-fold increase in urinary total
potassium excretion compared with excretion associated
with a placebo.®! This was similar to that observed with
equipotent doses of furosemide and greater than the
potassium excretion with the thiazide-type diuretic
hydrochlorothiazide.®! Another study also demonstrated
significant increases in urinary magnesium, calcium, and
phosphate excretion with loop diuretics.®* The clinical
implications of electrolyte depletion include ventricular
proarrhythmia and sudden cardiac death, which have
been independently associated with increases in all-cause
mortality in an HF population.®->

Loop diuretics also contribute to the development of
hypomagnesemia and hypocalcemia as magnesium and
calcium reabsorption in the thick ascending limb is
dependent on sodium and chloride concentrations. In a
study of 68 patients admitted for HF, hypomagnesemia
existed in 38% of the cohort on admission, and excessive
magnesium loss was observed in 72% of patients.*® Like
hypokalemia, hypomagnesemia has also been associated
with adverse cardiac events. In a trial of 45 HF patients
who received 4 weeks of diuretic therapy, magnesium
concentrations were not significantly different overall
but were lower in the patients who experienced frequent
premature ventricular contractions.®”

Management of hypokalemia and hypomagnesemia
as a result of diuretic therapy is challenging in an aggres-
sively managed HF patient. This challenge is further
compounded by the fact that diuretic use is dynamic and
frequently titrated according to patient symptoms.
Furthermore, overly aggressive diuretic use can induce a
prerenal acute renal failure as a result of intravascular
volume depletion, potentially placing the patient at risk
for hyperkalemia from potassium supplementation or
other medications that can elevate serum potassium
levels. Prevention of adverse effects from potassium and
magnesium is therefore dependent on proper attention to
diuretic requirement. An additional consideration is that
homoeostasis of magnesium and potassium is closely
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related, possibly due to the influence of magnesium on
the Na/K/ATPase pump.®® Therefore, hypomagnesemia
must be corrected before potassium replacement.

Although many clinicians elect to supplement potas-
sium as hypokalemia is identified, proper focus should
also be placed on prevention. Clinicians should consider
proactive potassium supplementation when initiating
or increasing doses of loop diuretics. Likewise, dietary
supplementation may be reasonable with foods high in
potassium, such as bananas, tomato juice, and potatoes,
among other foods. Dietary approaches to prevent
hypokalemia were validated in cardiac surgery patients
receiving < 160 mg/d of furosemide and may be reason-
able in a patient with mild HF.** However, many patients
with severe HF receiving high-dose or combination
diuretic therapy may have deficiencies that exceed even
conscious efforts to increase dietary potassium.
Concomitant use of medications that will both modify the
disease progress of HF and increase serum potassium,
such as ACEIs and ARBs, may offset the hypokalemic
effect of loop diuretics,”*”? in a dose-dependent fashion.™
Likewise, an aldosterone antagonist such as spironolac-
tone or eplerenone may also increase serum potassium
levels in an additive or even synergistic manner with other
RAAS inhibitors.”” The ACEIs or ARBs titrated to target
doses are recommended for all patients with systolic HF
due to their beneficial effects on ventricular remodeling
and mortality.? Aldosterone antagonists are approved
for patients with left ventricular systolic dysfunction after
myocardial infarction or those with NYHA functional
classes IIl to IV.*> Some clinicians use spironolactone
or eplerenone in patients with mild HF with persistent
hypokalemia or for a patient intolerant of oral potassium
supplementation. Because spironolactone has been asso-
ciated with increased death from hyperkalemia in HF,® it
is prudent to initiate therapy with lower doses such as
12.5 mg daily and monitor serum potassium during the
initial phase of therapy.

Acutely ill HF patients undergoing aggressive diuresis
at a rate of several liters per day will require daily moni-
toring of serum potassium and magnesium to prevent
severe deficiency. Likewise, when diuretic therapy is
changed in the outpatient setting, patients will have vari-
able potassium and magnesium requirements. Clinicians
should be cognizant of these medication changes and
learn to anticipate supplement requirements. For exam-
ple, discontinuation or modification of diuretic therapy
should prompt discontinuation or reduction in potassium
and magnesium supplementation. It is also worth noting
that use of a thiazide diuretic in combination with a loop
diuretic (a combination used in patients not responsive to
loop diuretics alone) will result in synergistic diuresis as
well as increased potassium and magnesium depletion.”
Closer attention to potassium and magnesium supple-
mentation is required with combination diuretic agents.

Thiamine deficiency. Thiamine is a water-soluble B vitamin
(vitamin B1) that is an important coenzyme in carbohy-
drate energy metabolism. Thiamine is not synthesized by
humans and requires routine ingestion to maintain
adequate stores. Thiamine comes from a variety of food
sources, such as whole grain cereals, lentils, nuts, and
yeast.”® Once ingested, a portion is retained in the skele-
tal muscle, the heart, and other highly metabolic tissues
while excess is excreted in the urine. Thiamine deficiency
can occur rapidly, within 2—3 weeks of diminished intake
or increased excretion.” Wet beriberi is a syndrome of
thiamine deficiency characterized by sodium retention,
peripheral vasodilatation, and biventricular HF. Numerous
studies have evaluated thiamine deficiency in patients
with HF, and with the exception of alcoholic cardiomy-
opathy or with chronic diuretic use, most found a fairly
low occurrence that increases with advanced age.®

There are several potential factors associated with
thiamine deficiency in HF patients, including alcohol
ingestion, loop diuretic use, malnutrition, advanced age,
and HF severity. Alcohol interferes with thiamine absorp-
tion, and the chronic alcoholic may present with severe
nutrition deficiency and profound but reversible HF. The
prognosis in these cases depends on the duration of
chronic alcohol intake, underlying myocardial structural
abnormalities, and other contributing HF etiologies.

Chronic diuretic therapy may precipitate thiamine
deficiency. By increasing urinary flow, diuretics may pre-
vent reabsorption of thiamine and increase its urinary
excretion.®' One study in 25 patients with HF found a
98% prevalence of thiamine deficiency associated with
furosemide use at doses of 80 mg/d or greater.®> The same
study showed that 57% of patients taking lower diuretic
doses developed thiamine deficiency as well. Suter observed
a similar association with diuretic use and thiamine status
in 149 older adult patients hospitalized with a cardiac
condition.®* Multiple regression modeling revealed that
the only independent predictor of change in thiamine
concentration was diuretic use.®® Although thiamine
deficiency occurs quickly and profoundly with high diuretic
doses, the practitioner must also consider this potential
adverse drug event in patients given smaller doses of diuret-
ics on a chronic basis.®*

Given the potential adverse effects of diuretic-
induced thiamine deficiency, several investigations have
explored thiamine replacement in patients with HF.
Seligmann et al reported pilot findings with 6 patients
identified with loop diuretic—induced thiamine deficiency
who received 100 mg of thiamine intravenously for 7
days.®> Thiamine deficiency, as measured by thiamine
pyrophosphate effect, improved in all 6 patients, and
increases in EF were identified in 4 of the 5 patients who
underwent echocardiography. A follow-up double-blind
study was conducted by Shimon et al, in which 30 hospi-
talized patients with diuretic-induced thiamine deficiency
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were randomized to either intravenous (IV) thiamine at 200
mg/d or placebo for 1 week.®® After discharge, all 30 par-
ticipants received oral thiamine at 200 mg/d for 6 weeks.
After 1 week, EF was mildly improved in the participants
randomized to receive thiamine (0.28 + 0.11 to 0.32 +
0.09; P < .05) and further improved in all 27 participants
who completed the remaining 6-week study medication
course (0.27 £ 0.10 to 0.33 £ 0.11; P < .01). No signifi-
cant changes in EF were observed in participants receiv-
ing placebo. Mild, although statistically significant,
changes in diuresis rates and sodium excretion were also
observed in patients randomized to thiamine replacement
(1731 + 800 mL/d to 2389 + 752 mL/d [P < .02] and
84 £ 52 mEq/d to 116 = 83 mEg/d, respectively). Finally,
Smithline reported the results of a trial in which 50
patients with acute decompensated HF on chronic diuretic
therapy were randomized to receive 100 mg of IV thiamine
within 30 minutes of arrival to the emergency depart-
ment.*” No changes were observed in the percentage of
patients hospitalized, length of stay, or 4-hour dyspnea
score.

Given the lack of robust randomized controlled data,
it is difficult to make definitive recommendations on the
use of thiamine supplementation in HF patients. Diuretic
therapy has been widely associated with thiamine
deficiency, although the clinical utility of normalizing
thiamine in HF has not been optimally evaluated. It
would be reasonable, however, given the apparent lack of
harm with replacement, to periodically test for thiamine
deficiency in patients on high-dose, chronic loop diuretic
therapy and administer replacement (100-200 mg/d) if
deficiency is identified. Further clinical studies evaluating
the effects of thiamine deficiency on disease progression
in HF and trials of thiamine replacement are warranted to
solidify replacement recommendations.

Drugs Modifying the RAAS

Inhibitors of the RAAS have the potential to cause hyper-
kalemia by interfering with the production and secretion
of aldosterone (Table 2). Hyperkalemia was observed at
statistically higher rates with RAAS inhibitors than with
placebo during clinical trials in patients with HF.%*° The
RAAS inhibitor-induced hyperkalemia may also be dose
related. In the ATLAS trial, a nonsignificant increase in
incidence of hyperkalemia was observed with high-dose
lisinopril compared with low-dose lisinopril, but there was
no resulting difference in discontinuation rates of study
medication.”* Target ACEI doses used in clinical trials
have demonstrated a decrease for morbidity; therefore,
dose titration is recommended in all patients if toler-
ated.” In addition to effects on potassium, ACEI and/or
ARB therapy has been shown to increase urinary excre-
tion of zinc,”*** which is also the suggestive mechanism

for ACEI/ARB-induced dysgeusia.”

The ARBs are among the newest RAAS inhibitors in
the armamentarium for the treatment of HF. It was orig-
inally theorized that ARBs caused potassium retention to
a lesser extent than did ACEls; however, this was not
observed in patients with normal glomerular filtration
rates in the double-blind, randomized, crossover VAL-K
study.”® The rates of ARB-induced severe hyperkalemia
incidence was 2%-5.5% in clinical trials, compared to
1.7%—6.4% for ACEIs.*>°"%

Aldosterone antagonists, such as spironolactone and
eplerenone, also demonstrate hyperkalemia, which
occurs more commonly at doses of 50 mg daily and
higher.?>®! Patients with elevated baseline serum creati-
nine or potassium should begin therapy with low doses of
12.5 mg daily for spironolactone and 25 mg daily for
eplerenone and receive frequent laboratory monitoring.

Combinations of RAAS inhibitors are often used for
improved outcomes in the treatment of HF. A post hoc
evaluation of hyperkalemia reported in the CHARM trials
showed that age > 75 years, male gender, baseline serum
creatinine = 2.0 mg/dL or potassium = 5.0 mEgq/L,
diabetes, and combined RAAS blockade (with an ACEI or
spironolactone) increased the incidence of hyperkalemia
with candesartan.”” A meta-analysis that included 4 trials
of patients receiving combination therapy with an ACEI
and ARB found the incidence of severe hyperkalemia
(25.5 mEq/L) to be 3.5% compared with 0.7% in the
placebo group (95% CI, 2.39-9.94).'° The American
Heart Association and the American College of Cardiology
(AHA/ACC) consensus guidelines for the treatment of
HF recommend that the combination of ACEI plus ARB be
considered only if the patient remains symptomatic on opti-
mal medical therapy.? These guidelines also caution against
use of triple RAAS inhibition due to risk of hyperkalemia.

The risks of hyperkalemia should be carefully consid-
ered in comparison to the known benefits of ACEIs, ARBs,
and aldosterone antagonists on cardiac mortality before
these agents are discontinued. The American Heart
Association/American College of Cardiology (AHA/ACC)
recommend against withdrawal of ACEIs unless serum
creatinine increases by > 30% of baseline or unless serum
potassium rises above 5.5 mEq/L. The AHA scientific
statement specifically addressing renal considerations with
ACEI therapy recommends reducing potassium supple-
ments, decreasing aldosterone antagonist doses, and
increasing diuretic doses as strategies to help with potas-
sium homeostasis during ACEI initiation.'"!

Beta-Blockers

Beta-adrenergic blockers may precipitate hyperkalemia
by causing redistribution of potassium through the 2
adrenergic receptor, rather than impairing renal excretion.”
Stimulated by the o-adrenergic action of epinephrine,
potassium is released from the intracellular space into the
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Table 2.

Recommendations for the Treatment and Prevention of Detrimental

Drug-Induced Nutrition Effects in Patients with Heart Failure

Effect Drug-Induced Cause

Recommendation

Hypokalemia Loop diuretics

Monitor serum potassium level every 3—6 months if stable; monitor every 2—4

weeks until stable if initiation or change in dosage of any of the following: (1)
ACEI/ARB; (2) loop or thiazide diuretic; (3) potassium supplement; (4)
aldosterone antagonist

Maximize ACEI/ARB therapy

Consider the addition of an aldosterone inhibitor

Consider dietary or pharmacologic potassium supplementation

Anticipate use of diuretic therapy

Potassium supplements;
ACElIs; aldosterone
antagonists;
beta-blockers;
aggressive diuretic

Hyperkalemia

Monitor serum potassium level every 3—6 months if stable; monitor every 2—4
weeks until stable if initiation or change in dosage of any of the following: (1)
ACEI/ARB; (2) loop or thiazide diuretic; (3) potassium supplement

Monitor serum potassium within a week of initiation of aldosterone antagonist,
then every 2—4 weeks until stable or following dose adjustment; monitor every

use 3—6 months if stable
Monitor serum potassium closely when combination inhibitors of RAAS are used;

guidelines recommend clinical trial protocols of 48 hours after initiation, then at

1, 4, and 5 weeks

Adjust use of potassium supplementation with diuretic use or when combination
inhibitors of RAAS are used

Hypomagnesemia Loop diuretics

Monitor serum magnesium level weekly after initiation or change in diuretic dose

and every 3—6 months afterwards if stable
Consider dietary and pharmacologic magnesium supplementation
Anticipate use of diuretic therapy

Thiamine Loop diuretics
deficiency
Calcium

deficiency

Loop diuretics

therapy
ACEIs or ARBs;
thiazide diuretics

Zinc deficiency

Consider supplementation with 100—200 mg/d if receiving chronic, high-dose,
loop diuretic therapy and deficient in TPPE

Aggressively supplement if hypocalcemia is the suspected cause of heart failure

Monitor serum calcium levels and supplement if receiving chronic loop diuretic

Routine monitoring and supplementation not recommended
Consider supplementation if dysgeusia symptoms present in patient receiving ACEI
or ARB therapy

ACE]I, angiotensine-converting enzyme inhibitor; ARB, angiotensin receptor blocker; RAAS, renin-angiotensin-aldosterone system;

TPPE, thiamine pyrophosphate effect.

serum.'” Subsequently, the beta-adrenergic effects of
epinephrine are thought to restore balance. Therefore,
serum potassium is expected to rise with increasing 2
adrenergic blockade.'® Although the clinical importance
of this is yet to be determined, increased percentage of
beta-blocker use might have contributed to the high rates
of hyperkalemia (5.5%) observed in the eplerenone posta-
cute myocardial infarction HF efficacy and survival study
as compared to earlier spironolactone studies involving a
lower percentage of patients on beta-blockers.”"'%* As pre-
viously discussed, hyperkalemia with aldosterone antago-
nists appears to be dose related. However, a retrospective
evaluation of 59 patients with HF receiving carvedilol,
spironolactone, furosemide, and enalapril or candesartan
observed hyperkalemia (5.5 mEq/L) in 11.9% of patients
regardless of spironolactone dose.'**

Vitamins and Over-the-Counter
Medications in HF

Vitamin Deficiencies and Supplementation

HF patients are often deficient in many vitamins and
micronutrients crucial to the maintenance of calcium
homeostasis, control of oxidative stress, and adequate pro-
tein metabolism.'” Excess reactive oxygen species and
markers of increased oxidative stress have been correlated
with the failing myocardium and may contribute to beta-
receptor hyporesponsiveness.22 Moreover, patients with
HF may possess different nutrition needs compared to
individuals with a normal myocardium, leading to higher
requirements for certain vitamins and micronutrients
(Table 3). As such, the following section includes vitamins
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. Recommendations for Supplementary Vitamins, Over-the-Counter Medications, and
Complementary and Alternative Medications (CAMs) in Patients with Heart Failure (HF)

Vitamin/Medication

Biological Action
Relevant to HF

Clinical Effect

Recommendation

Calcium

Vitamin D

B vitamins

Thiamine

Vitamin C

Vitamin E

Coenzyme Q,

Selenium

Zinc
Copper

Fish Oil

Hawthorn

Increased myocardial
contractility; reduced
incidence of
osteoporosis

Regulation of bone
metabolism and
myocardial
contractility

Red blood cell
production;
regulation of
homocysteine

Co-enzyme in
carbohydrate
metabolism

Reduction in
oxidative stress

Reduction in
oxidative stress

Mitochondrial
synthesis, reduction
in oxidative stress

Reduction in oxidative
stress

Reduction in
oxidative stress
Reduction in
oxidative stress
Unknown; may be
related to decrease
in serum triglyceride
concentration,
reduction in sudden
cardiac death, or
antiplatelet effects
Increased myocardial
contractility,
improved endothelial
function, reduction
in oxidative stress

Improvement of systolic
dysfunction where
hypocalcemia is
suspected cause

Reduction in

neurohormones, blood

pressure; decreased
inflammation

Decreased homocysteine;

no proven effect on
cardiovascular events

Hemodynamic
improvements in

patients receiving loop

diuretics

Increased myocardial
contractility with
inotropes

Increased incidence of

HF in a cardiovascular

population
Improved hemodynamic
parameters,
improvement in
ejection fraction,
reduction in
hospitalizations,
improvement in
exercise tolerance
Reversal of
cardiomyopathy in
Keshan disease
Unknown

Unknown

Decreased mortality,
cardiovascular
admissions

Improvements in
exercise capacity;
reduced symptoms of
HF

Rule out hypocalcemia as reversible cause of
cardiomyopathy; monitor and supplement if on chronic
loop diuretic therapy

Consider increased environmental exposure or
supplementation with 50 pg/d of vitamin D or
calcitriol if severe cardiorenal syndrome present

Routine supplementation or monitoring not
recommended, except in cases of alcoholic
cardiomyopathy or macrocytic anemia

Consider monitoring and supplementation if on chronic,
high-dose diuretic therapy; routine supplementation or
monitoring not recommended at this time except in
cases of suspected alcoholic cardiomyopathy

Routine supplementation or monitoring not recommended
at this time

Administration not recommended and may be harmful

Administration may be reasonable but data is conflicting
efficacy; lack of clear dose range (studied at 60-200
mg/d); not recommended by major guidelines

Identify whether deficiency is present in new diagnosis of
HF; routine supplementation or monitoring not
recommended at this time

Routine supplementation or monitoring not recommended
at this time

Routine supplementation or monitoring not recommended
at this time

Consider use (1 g/d) in all symptomatic HF patients

Supplementation not recommended at this time

and micronutrients that either are deficient in HF and/or
are deemed especially important in this setting.

Calcium and vitamin D. Calcium and vitamin D deficien-
cies have been identified in HF patients. Vitamin D is a

major factor in calcium homeostasis, and long-term
hypocalcemia or vitamin D deficiency can lead to clinical

features such as osteoporosis and secondary hyper-

parathyroidism. There is also increasing evidence that
vitamin D deficiency may play a role in the pathogenesis

Downloaded from ncp.sagepub.com at SAGE Publications on October 4, 2016


http://ncp.sagepub.com/

68 Nutrition in Clinical Practice / Vol. 24, No. 1, February/March 2009

of HF and has been implicated in a number of studies and
case reports as a probable cause for cardiomyopathy.'%¢1%®
Excess parathyroid hormone levels have also been associ-
ated with increased blood pressure and contractility,'®®
which are potentially deleterious in a failing myocardium.
Loop diuretic therapy is also a well-known calciuric.'"®

Calcitriol (or 1,25-dihydroxyvitamin D,) administra-
tion has been associated with beneficial endocrine
response on the RAAS, reducing plasma renin activity,'"
angiotensin II, and, subsequently, blood pressure.''"!'2
This may have important implications for a patient with
hypertension as an underlying etiology for HF. Schleithoff
et al reported the effects of vitamin D in addition to
calcium supplementation in a randomized, controlled
trial of 93 HF patients, demonstrating that those assigned
to the addition of 50 pg of vitamin D, to 500 mg of
calcium had significantly decreased inflammatory markers
after 9 months.'"?

Low calcium levels are also associated with proar-
rhythmia,''* although typically only in cases of severe
deficit. If hypocalcemia is identified in a patient present-
ing with new onset HF as a possible etiology, it should be
treated aggressively with oral or IV calcium plus vitamin
D analogs to gradually normalize serum calcium levels.
Typically, calcium deficit in these cases is severe, with
total serum concentrations measuring as low as 3—7 mg/dL
or ionized calcium levels of <2 mg/dL. Case reports note
reversal of cardiomyopathy in several cases after pro-
longed supplementation.!'>!''® Given the potential adverse
effects of hypocalcemia and the high incidence of osteo-
porosis in the HF population,''” routine monitoring of
serum calcium is desirable in a patient on chronic loop
diuretic therapy and supplementation administered if
deficiency is identified. Further clinical trials should
explore the role of vitamin D as an anti-inflammatory
agent on disease progression in HF, but supplementation
should be considered if outdoor activity is limited by dis-
ability or climate, or if renal calcitriol synthesis is impaired
by poor renal perfusion (ie, cardiorenal syndrome) or
other comorbid conditions.

B vitamins. Riboflavin (vitamin B,) and pyridoxine (vitamin
B,) influence the production of red blood cells and play a
role in carbohydrate-mediated energy production. Similar to
thiamine, these vitamins are water soluble and have limited

195 Furthermore, a combination of B vitamins

tissue storage.
(as part of a regimen of various micronutrients) has also
been shown to reduce blood pressure and improve vasodila-
tory response in an older adult population with HE.''®
However, large-scale clinical evaluations are lacking in an
HF population. Supplementation of B vitamins, along with
folate, reduced serum homocysteine levels effectively''® but
failed to demonstrate reductions in cardiovascular morbid-
ity and mortality in large-scale clinical trials.'?*'?!
deficiency may also be identified if macrocytic anemia is
present, which may contribute to or worsen symptoms in

B vitamin

patients with HF. Current evidence does not support the
monitoring or supplementation of B vitamins routinely,
except in cases in which macrocytic anemia is present or in
alcoholic cardiomyopathies.

Vitamin C. Vitamin C has been the subject of several inves-
tigations in both animals and humans with HF due to its
potent antioxidant effects. Mak and Newton demonstrated
that administration of vitamin C (2 g IV bolus followed by
50 mg/min infusion) augmented the inotropic response of
dobutamine in patients with normal left ventricular dys-
function, although not in those with decreased left ventric-
ular dysfunction.'” In addition, Shinke et al conducted a
trial in which 19 patients with ischemic HF after anterior
infarction were randomized to receive either vitamin C (2 g
IV bolus followed by 50 mg/min infusion) or placebo.'*
Patients randomized to receive vitamin C exhibited an
increased inotropic response to 4 [Lg/kg/min of dobutamine.
Although these results are promising, future clinical trials
examining meaningful clinical end points should be con-
ducted before acute or chronic supplementation of vitamin
C is recommended.

Vitamin E. Vitamin E was once a promising supplement
for patients with coronary disease or those with high risk
of developing coronary artery disease. Dietary intake of
vitamin E appeared to negatively correlate with the risk
of coronary artery disease. Like vitamin C, vitamin E
was thought to improve endothelial function, and initial
studies were promising in animal models. However, large-
scale clinical trials consistently failed to demonstrate a
benefit and even associated increased mortality from
routine vitamin E supplementation for prevention of
cardiovascular morbidity or mortality.'**'** In addition,
vitamin E supplementation in both the GISSI-Prevenzione
trial and the HOPE trial significantly increased the risk of
developing HF.'**'*” This may be owing to paradoxical
pro-oxidative and myocardial depressive effects of vitamin
E."?® Vitamin E supplementation is not recommended in
patients with HF and may be harmful.

Coenzyme Q,,. Coenzyme Q,, (CoQ,,) is a vitamin-like
element that plays a large role in mitochondrial synthesis
and is a strong regulator of oxidative stress. Low plasma
levels of CoQ,, have been identified in patients with
HF.'"? Multiple CoQ,, supplementation trials in HF
patients have been performed, with doses ranging from
60 mg/d to more than 200 mg/d."**"¥” Unfortunately, the
results of these trials are largely conflicting. Many data,
although not all,3"'**3% show that CoQ,, improves
hemodynamic parameters in HF. Indeed, Sander et al
recently conducted a meta-analysis of 10 CoQ,, trials in
HF and found that the addition of CoQ,, vs placebo mod-
estly benefited several parameters of systolic function,
improving EF by a net of 3.7% (95% CI, 1.59-5.77;
P <.00001 for statistical heterogeneity).'*® The effect was
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stronger in subgroups of patients not receiving an ACEI.
In addition, Morisco et al studied the addition of 2
mg/kg/d of CoQ,, to standard therapy, which was found to
reduce hospitalizations for HF compared with placebo
over 1-year follow-up (22.9% vs 36.6%, P < .001)."** CoQ,,
deficiency is also a suspected cause of statin-induced
myopathy, statin drugs are widely prescribed medications
in the HF population.'*"'*" Investigations are ongoing as
to whether supplementation improves myopathy and tol-
erability. Given the conflicting data and the inconsistent
dosing surrounding the use of CoQ,, in HF, it is difficult
to make definitive recommendations regarding its use. In
addition, available HF guidelines do not endorse the use
of CoQ,, in HF. Nevertheless, its use may be reasonable,
particularly in a symptomatic patient unable to tolerate
standard of care medications. Large and well-designed
studies powered to assess optimal dosing, efficacy, and
safety of CoQ,, are required before widespread use is
recommended.

Other minerals. Selenium and zinc are 2 minerals that, like
many micronutrients, play a role in the regulation of oxida-
tive stress. Deficiencies of these minerals have been identi-
fied in patients with HE!'*"'** Keshan disease, a
cardiomyopathy endemic to China, is primarily thought to
be caused by selenium deficiency.'** Case reports describe
reversible cardiomyopathies in patients receiving parenteral
nutrition as a result of selenium deficiency.'**'* The ACEIs
and ARBs are associated with zinc deficiency as previously
discussed,”** as are thiazide diuretics, which significantly
increase urinary zinc excretion.” Loop diuretic use does not
appear to alter zinc concentration in humans.'#

Other minerals have been identified as potential sup-
plementary therapy for HF patients. Similar to several
previously discussed supplements, copper and manganese
could affect the regulation of oxidative stress. Manganese
deficiency may play a role in the pathogenesis of doxoru-
bicin-induced cardiac toxicity."*” Copper deficiency is a
long-suspected cause of cardiomyopathy and other detri-
mental cardiovascular conditions.'* However, paradoxi-
cally elevated serum copper levels were shown in HF
patients when compared with copper levels of controls.'**-
! Definitive evidence regarding the etiology of increased
serum copper concentrations in the setting of other min-
eral deficiencies is lacking, although it is logical that cop-
per is a marker of oxidative stress. Elevation in serum
copper level also appears to be prognostic for morbidity
and mortality in HF patients."'>?

Although this evidence clearly advocates identifying
mineral deficiency in HF patients without a clear etiology,
fewer data examine the clinical effects of supplementation
in which the deficiency is not the identified cause of the
cardiomyopathy. Witte et al randomized 30 elderly HF
patients to a combination micronutrient regimen (contain-
ing calcium, magnesium, zinc, copper, selenium, vitamin
A, thiamine, riboflavin, vitamin B, folate, vitamin B,,,

vitamin C, vitamin E, vitamin D, and CoQ,,) or placebo for
9 months in a double-blind, randomized controlled trial.''®
At the end of the follow-up period, the micronutrient sup-
plementation group demonstrated modest although statisti-
cally significant gains in EF vs placebo and improved quality
of life. Although definitive clinical data are lacking regard-
ing mineral supplementation, it would be reasonable to
periodically monitor zinc levels in patients receiving ACEI/
ARB therapy or thiazide diuretics and supplement if defi-
ciency is identified. Selenium deficiency may be ruled out
as a reversible cause of cardiomyopathy, particularly those
endemic to areas with Keshan disease, but widespread mon-
itoring or supplementation has not been optimally evaluated
at this time. Patients receiving administered feedings, par-
ticularly parenteral nutrition, may require more intensive
monitoring. Supplemental administration of copper or man-
ganese has not been optimally evaluated at this time and is
not recommended.

Complementary and Alternative Medications

Complementary and alternative medications (CAMs) are
defined as therapies not commonly used in Western med-
icine and are treated as nutrition supplements by the
Food and Drug Administration (FDA) in the United
States. It is estimated that one-third of patients with HF
are taking CAMs.'>* Researchers in the HERB-HF study
found that patients with HF took CAMs for treatment of
heart problems, anxiety, weight loss, and arthritis.'>
Several of the CAMs taken by patients were noted to
interact with concomitant medications used in HF.

Fish oils, o-3 polyunsaturated fatty acids, or -3 fatty
acids are commonly used in the treatment of elevated
serum triglyceride levels. Although the mechanism of
action is not completely understood, ®-3 fatty acids
appear to interfere with hepatic triglyceride synthesis,
producing favorable effects on serum levels of triglyc-
erides (-20% to —50%), very low density lipoprotein
(=20% to —40%), and high-density lipoproteins (5%-10%),
at the expense of unfavorable increases in low-density
lipoproteins (15%-30%)."°*'>> Beyond direct lipid effects,
other postulated actions of ®-3 fatty acids include favor-
able changes in arrhythmogenesis (decreased membrane
excitability), inflammation, platelet aggregation, blood
pressure, heart rate, ventricular function, and autonomic
tone. However, none of these actions has been systemat-
ically evaluated in HF patients.

A recent study examined the clinical efficacy of ®-3
fatty acids in HF patients without baseline lipid abnormali-
ties."*® Patients with NYHA class II to IV symptoms were
randomized to treatment with ®-3 fatty acids (Lovaza, 1 g
daily [n = 3494], GlaxoSmithKline, Research Triangle Park,
NC) or placebo (n = 3481). All study medications were in
addition to standard care regimens that consisted of

ACEIs/ARBs (77%/19%), beta-blockers (65%), and diuretics
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(90%). After a mean follow-up of 3.9 years, investigators
reported a small but statistically significant reduction in all-
cause mortality in patients receiving ®-3 fatty acids (27%)
vs placebo (29%; hazard ratio [HR], 0.91; 95% CI, 0.833—
0.998; P = .041). Among secondary outcomes, ®-3 fatty
acids reduced cardiovascular mortality (HR, 0.90; P = .045)
and cardiovascular admissions (HR, 0.93; P = .049) but did
not affect HF admissions, sudden cardiac death, patients
with myocardial infarction, or patients with stroke. There
were no significant increases in adverse events among
patients taking ®-3 fatty acids. Of note, this study used an
FDA-approved formulation of prescription -3 fatty acids
indicated for the treatment of very-high serum triglyceride
levels (>500 mg/dL).

Ma huang is a nutrition supplement that many
patients use for weight loss, either alone or in combina-
tion with other CAMs. Ma huang is also commonly used
in the treatment of asthma, obesity, colds, fever, and
chills.”” It has been suggested that ma huang contains
1% ephedrine and therefore contributes to weight loss
through SNS stimulation. Stimulation of the SNS has led
to serious complications with ma huang use. Two recent
reviews reported that ma huang was temporally related to
cases of stroke, HF, myocardial infarction, and sudden
death.”®'° Furthermore, cardiovascular toxic effects
were not necessarily related to excessive doses of ma
huang.'®® Based on these reported risks, patients with HF
should not use ma huang. In April 2004, the FDA
announced a ban on ephedrine-containing dietary prod-
ucts because of the risk of harm to the public.'®'

Hawthorn is the most well-studied CAM for the treat-
ment of HF. The pharmacological effects of hawthorn come
from the flavonoids found in the leaf, fruit, or flower of
these plants.'®> The beneficial effects of flavonoids in HF
include increases in the force of contraction, improved
coronary blood flow, and higher cardiac output. After 16
weeks of hawthorn therapy combined with diuretics,
improvements in exercise capacity and reduced symptoms
of HF were observed.'®® The difficulty in recommending
hawthorn as a standard therapy in patients with HF is that
such use has not been rigorously studied in large random-
ized clinical trials in patients on standard medical therapy.
To date, neither the ACC/AHA nor the Heart Failure
Society of America guidelines advocate the use of hawthorn
in patients with HF.

In a recent survey, 82% of patients with HF reported
use of an over-the-counter medication at least once per
week, which included nonsteroidal anti-inflammatory
drugs (NSAIDs).'** These NSAIDs, such as ibuprofen,
ketoprofen, and naproxen, inhibit the breakdown of
arachidonic acid via the cyclooxygenase enzyme and are
used for the treatment of pain and inflammation.
Cyclooxygenase enzyme inhibition also interrupts renal
blood flow, causing fluid retention. This effect is particu-
larly detrimental in patients with HF because fluid reten-
tion produced by NSAIDs may counteract the fluid

restriction and medications used to control intravascular
and extravascular volume. One study reported a 2-fold
increase in HF admission among patients with HF taking
NSAIDs compared with admission rate of those not taking
NSAIDs.'®> Patients with HF should be encouraged to use
acetaminophen in place of NSAIDs for pain and headache.

Conclusion

Research regarding nutrition aspects of HF is limited.
In fact, the National Institutes of Health recently
announced a funding program specifically targeting nutri-
tion and HF (PA-06-136, Nutrition and Diet in the
Causation, Prevention, and Management of Heart
Failure, R21). Despite this encouraging news, we as prac-
titioners have very little guidance or evidence-based
approaches addressing dietary issues, including supple-
ments, for our HF patients. Fortunately, concepts can be
put forth that are reasonable, embroil little controversy,
and will likely be of benefit for the patient. An initial step
to consider for patients is to evaluate current nutrition
status and dietary pattern and, if needed, consult the
patient regarding healthy dietary choices (which may
include sodium restriction). For many patients, an
appointment with a nutrition expert may be beneficial,
especially if a patient appears to be malnourished.
Working with a registered dietitian may lead to healthier
dietary choices, which may reduce overall cardiac risk. In
addition, counseling patients about foods that may have
high amounts of potassium may be appropriate for
individual patients taking certain drugs or combination
of drugs. Obviously, patients at risk for electrolyte
disturbances due to drug therapy (ie, hyperkalemia,
hypokalemia, or hypomagnesemia) must be routinely
monitored and supplemented as necessary. For patients
who appear to be cachectic, the best approach to revers-
ing cachexia is not known but must include at least opti-
mization of standard of care medications for HF. Addition
of secondary drugs such as aldosterone antagonists or
angiotensin II blockers should be considered if a patient
has continued symptoms of HF. Another consideration
for patients with documented calcium deficiency is to
recommend calcium supplementation. Beyond these gen-
eral recommendations, how we should nutritionally treat
HF patients is not known and is left to clinical judgment.
For example, although it appears reasonable that patients
taking diuretics or patients who live in northern climates
should be routinely given a vitamin supplement that
includes thiamine, vitamin D, CoQ,,, and perhaps vita-
min C, we have no outcome data. Without outcome data,
it is not advisable to make this a general recommendation
(see vitamin E). However, when evaluating an individual
patient, clinical circumstances and judgment may suggest
that vitamin supplementation is reasonable. Overall, this
example highlights the fact that the role of nutrition in
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the development and progression of HF has been an
area that until recently has been largely ignored. Fortunately,
this is changing, and it is hoped that in addition to drug
therapy, nutrition aspects to the management of HF will
be at the forefront of care.

10.

11.

12.

13.

14.

15.

16.

17.

18.

References

Rosamond W, Flegal K, Furie K, et al. American Heart Association
Statistics Committee and Stroke Statistics Subcommittee. Heart
disease and stroke statistics: 2008 update. A report from the
American Heart Association Statistics Committee and Stroke
Statistics Subcommittee. Circulation. 2008;117(4):e25-e146.
Hunt SA. ACC/AHA 2005 guideline update for the diagnosis and
management of chronic heart failure in the adult: a report of the
American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. Writing Committee to Update the
2001 Guidelines for the Evaluation and Management of Heart
Failure. | Am Coll Cardiol. 2005;46(6):e1-e82.

Anker SD, Ponikowski P, Varney S, et al. Wasting as independent
risk factor for mortality in chronic heart failure. Lancet.
1997;349(9058):1050-1053.

Toth M], Gottlieb SS, Goran MI, Fisher ML, Poehlman ET. Daily
energy expenditure in free-living heart failure patients. Am J
Physiol. 1997;272(3, pt 1):E469-E475.

Pochlman ET. Special considerations in design of trials with eld-
erly subjects: unexplained weight loss, body composition and
energy expenditure. J Nutr. 1999;129(1S suppl):260S-263S.

Riley M, Elborn JS, McKane WR, et al. Resting energy expenditure
in chronic cardiac failure. Clin Sci (Lond). 1991;80(6):633-639.
Berry C, Clark AL. Catabolism in chronic heart failure. Eur Heart
J.2000;21(7):521-532.

Price RJ, Witham MD, McMurdo ME. Defining the nutritional
status and dietary intake of older heart failure patients. Eur |
Cardiovasc Nurs. 2007;6(3):178-183.

Schwengel RH, Gottlieb SS, Fisher ML. Protein-energy malnutrition
in patients with ischemic and nonischemic dilated cardiomyopathy
and congestive heart failure. Am J Cardiol. 1994;73(12):908-910.
Cederholm T, Jagren C, Hellstrom K. Outcome of protein-energy mal-
nutrition in elderly medical patients. Am | Med. 1995;98(1):67-74.
Bourdel-Marchasson I, Emeriau JP. Nutritional strategy in the
management of heart failure in adults. Am J Cardiovasc Drugs.
2001;1(5):363-373.

Francis GS, Goldsmith SR, Levine TB, Olivari MT, Cohn JN. The
neurohumoral axis in congestive heart failure. Ann Intern Med.
1984;101(3):370-377.

Krack A, Sharma R, Figulla HR, Anker SD. The importance of the
gastrointestinal system in the pathogenesis of heart failure. Eur
Heart J. 2005;26(22):2368-2374.

Takala J. Determinants of splanchnic blood flow. Br J Anaesth.
1997;77(1):50-58.

Fiddian-Green RG, Baker S. Predictive value of the stomach wall
pH for complications after cardiac operations: comparison with
other monitoring. Crit Care Med. 1987;15(2):153-156.

Sandek A, Bauditz ], Swidsinski A, et al. Altered intestinal function
in patients with chronic heart failure. ] Am Coll Cardiol.
2007;50(16):1561-1569.

Anker SD, Egerer KR, Volk HD, et al. Elevated soluble CD14
receptors and altered cytokines in chronic heart failure. Am J
Cardiol. 1997;79(10):1426-1430.

Anker SD, Negassa A, Coats A], et al. Prognostic importance of
weight loss in chronic heart failure and the effect of treatment with
angiotensin-converting-enzyme inhibitors: an observational study.
Lancet. 2003;361(9363):1077-1083.

19.

20.

21.

22.

23.

24.

25.

26.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Witte KK, Clark AL. Nutritional abnormalities contributing to
cachexia in chronic illness. Int | Cardiol. 2002;85(1):23-31.
Barrett-Connor E, Khaw KT, Yen SS. A prospective study of dehy-
droepiandrosterone sulfate, mortality, and cardiovascular disease.
N Engl ] Med. 1986;315(24):1519-1524.

Packer M. Is tumor necrosis factor an important neurohormonal mech-
anism in chronic heart failure? Circulation. 1995;92(6):1379-1382.
Witte KK, Clark AL. Micronutrients and their supplementation in
chronic cardiac failure: an update beyond theoretical perspectives.
Heart Fail Rev. 2006;11(1):65-74.

King D, Smith ML, Chapman TJ, Stockdale HR, Lye M. Fat mal-
absorption in elderly patients with cardiac cachexia. Age Ageing.
1996;25(2):144-149.

King D, Smith ML, Lye M. Gastro-intestinal protein loss in elderly
patients with cardiac cachexia. Age Ageing. 1996;25(3):221-223.
von Haehling S, Doehner W, Anker SD. Nutrition, metabolism,
and the complex pathophysiology of cachexia in chronic heart fail-
ure. Cardiovasc Res. 2007;73(2):298-309.

Berger MM, Mustafa I. Metabolic and nutritional support in acute
cardiac failure. Curr Opin Clin Nutr Metab Care. 2003;6(2):
195-201.

Anker SD, Sharma R. The syndrome of cardiac cachexia. Int
J Cardiol. 2002;85(1):51-66.

Calle EE, Thun M], Petrelli JM, Rodriguez C, Heath CW Jr. Body-
mass index and mortality in a prospective cohort of U.S. adults. N
Engl ] Med. 1999;341(15):1097-1105.

Diehr P, Bild DE, Harris TB, et al. Body mass index and mortality
in nonsmoking older adults: the Cardiovascular Health Study. Am
J Public Health. 1998;88(4):623-629.

Peeters A, Barendregt JJ, Willekens F, et al. Obesity in adulthood
and its consequences for life expectancy: a life-table analysis. Ann
Intern Med. 2003;138(1):24-32.

Kenchaiah S, Evans JC, Levy D, et al. Obesity and the risk of heart
failure. N Engl ] Med. 2002;347(5):305-313.

Dunlap SH, Sueta CA, Tomasko L, Adams KF Jr. Association of
body mass, gender and race with heart failure primarily due to
hypertension. J Am Coll Cardiol. 1999;34(5):1602-1608.
Chobanian AV, Bakris GL, Black HR, et al. Seventh report of the
Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure. Hypertension. 2003;42(6):
1206-1252.

Grundy SM, Cleeman JI, Merz CN, et al. Implications of recent
clinical trials for the National Cholesterol Education Program Adult
Treatment Panel III guidelines. Circulation. 2004;110(2):227-239.
Third Report of the National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel III) final
report. Circulation. 2002;106(25):3143-3421.

Anderson JL, Adams CD, Antman EM, et al. ACC/AHA 2007 guide-
lines for the management of patients with unstable angina/non ST-
elevation myocardial infarction: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines. Writing Committee to Revise the 2002 Guidelines for the
Management of Patients With Unstable Angina/Non ST-Elevation
Myocardial Infarction: developed in collaboration with the American
College of Emergency Physicians, the Society for Cardiovascular
Angiography and Interventions, and the Society of Thoracic
Surgeons: endorsed by the American Association of Cardiovascular
and Pulmonary Rehabilitation and the Society for Academic
Emergency Medicine. Circulation. 2007;116(7):e148-e304.

Lavie CJ, Osman AF, Milani RV, Mehra MR. Body composition
and prognosis in chronic systolic heart failure: the obesity paradox.
Am ] Cardiol. 2003;91(7):891-894.

Davos CH, Doehner W, Rauchhaus M, et al. Body mass and sur-
vival in patients with chronic heart failure without cachexia: the
importance of obesity. ] Card Fail. 2003;9(1):29-35.

Downloaded from ncp.sagepub.com at SAGE Publications on October 4, 2016


http://ncp.sagepub.com/

72

39.

40.

41.

42.

43.

44,

45.

46.

48.

49.

50.

51.

53.

54.

55.

Nutrition in Clinical Practice / Vol. 24, No. 1, February/March 2009

Horwich TB, Fonarow GC, Hamilton MA, et al. The relationship
between obesity and mortality in patients with heart failure. J Am
Coll Cardiol. 2001;38(3):789-795.

Curtis JP, Selter JG, Wang Y, et al. The obesity paradox: body mass
index and outcomes in patients with heart failure. Arch Intern
Med. 2005;165(1):55-61.

Abbasi F, Brown BW Jr, Lamendola C, McLaughlin T, Reaven GM.
Relationship between obesity, insulin resistance, and coronary
heart disease risk. ] Am Coll Cardiol. 2002;40(5):937-943.
Brunner EJ, Hemingway H, Walker BR, et al. Adrenocortical, auto-
nomic, and inflammatory causes of the metabolic syndrome:
nested case-control study. Circulation. 2002;106(21):2659-2665.
Adigun AQ, Ajayi AA. The effects of enalapril-digoxin-diuretic com-
bination therapy on nutritional and anthropometric indices in
chronic congestive heart failure: preliminary findings in cardiac
cachexia. Eur | Heart Fail. 2001;3(3):359-363.

Anker SD, Coats AJ, Roecker EB, Scherhag A, Packer M. Does
carvedilol prevent and reverse cardiac cachexia in patients with
severe heart failure? Results from the COPERNICUS study. Eur
Heart J. 2002;23:394.

Anker SD, Lechat P, Dargie HJ. Prevention and reversal of cachexia
in patients with chronic heart failure by bisoprolol: results from the
CIBIS-II study. ] Am Coll Cardiol. 2003;41:156A-157A.
Hryniewicz K, Androne AS, Hudaihed A, Katz SD. Partial reversal
of cachexia by beta-adrenergic receptor blocker therapy in patients
with chronic heart failure. ] Card Fail. 2003;9(6):464-468.

Florea VG, Henein MY, Rauchhaus M, et al. The cardiac compo-
nent of cardiac cachexia. Am Heart J. 2002;144(1):45-50.

Malkin CJ, Pugh PJ, West JN, et al. Testosterone therapy in men
with moderate severity heart failure: a double-blind randomized
placebo controlled trial. Eur Heart J. 2006;27(1):57-64.

Pugh PJ, Jones TH, Channer KS. Acute haemodynamic effects
of testosterone in men with chronic heart failure. Eur Heart
J.2003;24(10):909-915.

Tritos NA, Danias PG. Growth hormone therapy in congestive
heart failure due to left ventricular systolic dysfunction: a meta-
analysis. Endocr Pract. 2008;14(1):40-49.

Argiles JM, Lopez-Soriano FJ, Busquets S. Novel approaches to
the treatment of cachexia. Drug Discov Today. 2008;13(1-2):73-78.
Bruera E, Macmillan K, Kuehn N, Hanson ], MacDonald RN. A
controlled trial of megestrol acetate on appetite, caloric intake,
nutritional status, and other symptoms in patients with advanced
cancer. Cancer. 1990;66(6):1279-1282.

Neri B, Garosi VL, Intini C. Effect of medroxyprogesterone acetate
on the quality of life of the oncologic patient: a multicentric coop-
erative study. Anticancer Drugs. 1997;8(5):459-465.

McCarthy HD, Crowder RE, Dryden S, Williams G. Megestrol
acetate stimulates food and water intake in the rat: effects on regional
hypothalamic neuropeptide Y concentrations. Eur ] Pharmacol.
1994;265(1-2):99-102.

Mantovani G, Maccio A, Esu S, et al. Medroxyprogesterone acetate
reduces the in vitro production of cytokines and serotonin involved
in anorexia/cachexia and emesis by peripheral blood mononuclear
cells of cancer patients. Eur | Cancer. 1997;33(4):602-607.
Kalantar-Zadeh K, Anker SD, Horwich TB, Fonarow GC.
Nutritional and anti-inflammatory interventions in chronic heart
failure. Am J Cardiol. 2008;101(11A):89E-103E.

Nagaya N, Kojima M, Kangawa K. Ghrelin, a novel growth hor-
mone-releasing peptide, in the treatment of cardiopulmonary-asso-
ciated cachexia. Intern Med. 2006;45(3):127-134.

Isgaard J, Bergh CH, Caidahl K, et al. A placebo-controlled study
of growth hormone in patients with congestive heart failure. Eur
Heart J. 1998;19(11):1704-1711.

Osterziel KJ, Strohm O, Schuler J, et al. Randomised, double-blind,
placebo-controlled trial of human recombinant growth hormone in
patients with chronic heart failure due to dilated cardiomyopathy.
Lancet. 1998;351(9111):1233-1237.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Henning R, Lundvall O. Evaluation in man of bumetanide, a new
diuretic agent. Eur J Clin Pharmacol. 1973;6(4):224-227.
Jayakumar S, Puschett JB. Study of the sites and mechanisms
of action of bumetanide in man. ] Pharmacol Exp Ther.
1977;201(1):251-258.

Branch RA, Read PR, Levine D, et al.
bumetanide: a study of responses in normal English and German
subjects. Clin Pharmacol Ther. 1976;19(5 pt 1):538-545.

Ahmed A, Zannad F, Love TE, et al. A propensity-matched study of
the association of low serum potassium levels and mortality in
chronic heart failure. Eur Heart J. 2007;28(11):1334-1343.
Cleland JG, Dargie H]J, Ford I. Mortality in heart failure: clinical
variables of prognostic value. Br Heart J. 1987;58(6):572-582.
Holland OB, Nixon JV, Kuhnert L. Diuretic-induced ventricular
ectopic activity. Am | Med. 1981;70(4):762-768.

Ceremuzynski L, Gebalska J, Wolk R, Makowska E. Hypomagnesemia
in heart failure with ventricular arrhythmias: beneficial effects of
magnesium supplementation. J Intern Med. 2000;247(1):78-86.
Oladapo OO, Falase AO. Congestive heart failure and ventricular
arrhythmias in relation to serum magnesium. Afr ] Med Med Sci.
2000;29(3-4):265-268.

Swaminathan R. Magnesium metabolism and its disorders. Clin
Biochem Rev. 2003;24(2):47-66.

Norris W, Kunzelman KS, Bussell S, Rohweder L, Cochran RP.
Potassium supplementation, diet vs pills: a randomized trial in post-
operative cardiac surgery patients. Chest. 2004;125(2):404-409.
Mann JF, Yi QL, Sleight P, et al. Serum potassium, cardiovascular
risk, and effects of an ACE inhibitor: results of the HOPE study.
Clin Nephrol. 2005;63(3):181-187.

D’Costa DF, Basu SK, Gunasekera NP. ACE inhibitors and diuret-
ics causing hypokalaemia. Br J Clin Pract. 1990;44(1):26-27.
Packer M, Lee WH. Provocation of hyper- and hypokalemic sudden
death during treatment with and withdrawal of converting-enzyme

Furosemide and

inhibition in severe chronic congestive heart failure. Am J Cardiol.
1986;57(4):347-348.

Griffing GT, Sindler BH, Aurecchia SA, Melby JC. Reversal of
diuretic-induced secondary hyperaldosteronism and hypokalemia
by enalapril (MK-421): a new angiotensin-converting enzyme
inhibitor. Metabolism. 1983;32(7):711-716.

Packer M, Poole-Wilson PA, Armstrong PW, et al. Comparative
effects of low and high doses of the angiotensin-converting
enzyme inhibitor, lisinopril, on morbidity and mortality in chronic
heart failure. ATLAS Study Group. Circulation. 1999;100(23):
2312-2318.

Saito M, Takada M, Hirooka K, Isobe F, Yasumura Y. Serum con-
centration of potassium in chronic heart failure patients adminis-
tered spironolactone plus furosemide and either enalapril maleate,
losartan potassium or candesartan cilexetil. J Clin Pharm Ther.
2005;30(6):603-610.

Juurlink DN, Mamdani MM, Lee DS, et al. Rates of hyperkalemia
after publication of the Randomized Aldactone Evaluation Study.
N Engl ] Med. 2004;351(6):543-551.

Rosenberg J, Gustafsson F, Galatius S, Hildebrandt PR. Combination
therapy with metolazone and loop diuretics in outpatients with refrac-
tory heart failure: an observational study and review of the literature.
Cardiovasc Drugs Ther. 2005;19(4):301-306.

Tanphaichitr V. Thiamin. In: Shils M, Olson ], Shike M, Ross A,
eds. Modern Nutrition in Health and Disease. 9th ed. Baltimore,
MD: Williams & Wilkins; 1999:381-389.

Sica DA. Loop diuretic therapy, thiamine balance, and heart fail-
ure. Congest Heart Fail. 2007;13(4):244-247.

Wilkinson TJ, Hanger HC, George PM, Sainsbury R. Is thiamine
deficiency in elderly people related to age or co-morbidity? Age
Ageing. 2000;29(2):111-116.

Suter PM, Haller J, Hany A, Vetter W. Diuretic use: a risk for sub-
clinical thiamine deficiency in elderly patients. ] Nutr Health
Aging. 2000;4(2):69-71.

Downloaded from ncp.sagepub.com at SAGE Publications on October 4, 2016


http://ncp.sagepub.com/

82.

83.

84.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Impact of Drug Therapy on Nutrition in Heart Failure / Dunn et al 73

Zenuk C, Healey ], Donnelly ], et al. Thiamine deficiency in
congestive heart failure patients receiving long term furosemide
therapy. Can J Clin Pharmacol. 2003;10(4):184-188.

Suter PM. Forgotten metabolic side effects of diuretics: lipids,
glucose and vitamin B1 (thiamin) metabolism [in French,
German]. Schweiz Rundsch Med Prax. 2004;93(20):857-863.
Rieck J, Halkin H, Almog S, et al. Urinary loss of thiamine is
increased by low doses of furosemide in healthy volunteers. J Lab
Clin Med. 1999;134(3):238-243.

Seligmann H, Halkin H, Rauchfleisch S, et al. Thiamine defi-
ciency in patients with congestive heart failure receiving long-term
furosemide therapy: a pilot study. Am J Med. 1991;91(2):151-155.
Shimon I, Almog S, Vered Z, et al. Improved left ventricular
function after thiamine supplementation in patients with con-
gestive heart failure receiving long-term furosemide therapy. Am
J Med. 1995;98(5):485-490.

Smithline HA. Thiamine for the treatment of acute decompen-
sated heart failure. Am J Emerg Med. 2007;25(1):124-126.
Effect of enalapril on mortality and the development of heart
failure in asymptomatic patients with reduced left ventricular
ejection fractions. The SOLVD Investigattors. N Engl ] Med.
1992; 327(10):685-691.

Cohn JN, Johnson G, Ziesche S, et al. A comparison of enalapril
with hydralazine-isosorbide dinitrate in the treatment of chronic
congestive heart failure. N Engl ] Med. 1991;325(5):303-310.
Pitt B, Zannad F, Remme W], et al. The effect of spironolactone
on morbidity and mortality in patients with severe heart failure.
Randomized Aldactone Evaluation Study Investigators. N Engl |
Med. 1999;341(10):709-717.

Pitt B, Williams G, Remme W, et al. The EPHESUS trial:
eplerenone in patients with heart failure due to systolic dysfunc-
tion complicating acute myocardial infarction. Eplerenone Post-
AMI Heart Failure Efficacy and Survival Study. Cardiovasc Drugs
Ther. 2001;15(1):79-87.

Pfeffer MA, Swedberg K, Granger CB, et al. Effects of candesartan
on mortality and morbidity in patients with chronic heart failure: the
CHARM-Overall programme. Lancet. 2003;362(9386):759-766.
Koren-Michowitz M, Dishy V, Zaidenstein R, et al. The effect of
losartan and losartan/hydrochlorothiazide fixed-combination on mag-
nesium, zinc, and nitric oxide metabolism in hypertensive patients: a
prospective open-label study. Am J Hypertens. 2005;18(3):358-363.
Zumkley H, Bertram HP, Vetter H, Zidek W, Losse H. Zinc metabolism
during captopril treatment. Horm Metab Res. 1985;17(5):256-258.
Abu-Hamdan DK, Desai H, Sondheimer J, et al. Taste acuity and
zinc metabolism in captopril-treated hypertensive male patients.
Am ] Hypertens. 1988;1(3 pt 3):303S-308S.

Bakris GL, Siomos M, Richardson D, et al. ACE inhibition or
angiotensin receptor blockade: impact on potassium in renal
failure. VAL-K Study Group. Kidney Int. 2000;58(5):2084-2092.
Effects of enalapril on mortality in severe congestive heart fail-
ure. Results of the Cooperative North Scandinavian Enalapril
Survival Study (CONSENSUS). The CONSENSUS Trial Study
Group. N Engl ] Med. 1987;316(23):1429-1435.

Cohn JN, Tognoni G. A randomized trial of the angiotensin-
receptor blocker valsartan in chronic heart failure. N Engl ] Med.
2001;345(23):1667-1675.

Desai AS, Swedberg K, McMurray JJ, et al. Incidence and predic-
tors of hyperkalemia in patients with heart failure: an analysis of
the CHARM Program. J Am Coll Cardiol. 2007;50(20):1959-1966.
Phillips CO, Kashani A, Ko DK, Francis G, Krumholz HM.
Adverse effects of combination angiotensin II receptor blockers
plus angiotensin-converting enzyme inhibitors for left ventricu-
lar dysfunction: a quantitative review of data from randomized
clinical trials. Arch Intern Med. 2007;167(18):1930-1936.
Schoolwerth AC, Sica DA, Ballermann BJ, Wilcox CS. Renal
considerations in angiotensin converting enzyme inhibitor ther-
apy: a statement for healthcare professionals from the Council

102.

103.

104.

105.

106.

107.

108.

109.

110.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

on the Kidney in Cardiovascular Disease and the Council for
High Blood Pressure Research of the American Heart
Association. Circulation. 2001;104(16):1985-1991.

Clausen T, Flatman JA. Beta 2-adrenoceptors mediate the stim-
ulating effect of adrenaline on active electrogenic Na-K-trans-
port in rat soleus muscle. Br | Pharmacol. 1980;68(4):749-755.
Shah KB, Rao K, Sawyer R, Gottlieb SS. The adequacy of labo-
ratory monitoring in patients treated with spironolactone for
congestive heart failure. ] Am Coll Cardiol. 2005;46(5):845-849.
Saito M, Nakayama D, Takada M, Hirooka K, Yasumura Y.
Carvedilol accelerate elevation of serum potassium in chronic
heart failure patients administered spironolactone plus
furosemide and either enalapril maleate or candesartan cilexetil.
J Clin Pharm Ther. 2006;31(6):535-540.

Allard ML, Jeejeebhoy KN, Sole M]J. The management of condi-
tioned nutritional requirements in heart failure. Heart Fail Rev.
2006;11(1):75-82.

Carlton-Conway D, Tulloh R, Wood L, Kanabar D. Vitamin D
deficiency and cardiac failure in infancy. ] R Soc Med.
2004;97(5):238-239.

Laguardia SP, Dockery BK, Bhattacharya SK, et al. Secondary
hyperparathyroidism and hypovitaminosis D
Americans with decompensated heart failure. Am J Med Sci.
2006;332(3):112-118.

Maiya S, Sullivan I, Allgrove ], et al. Hypocalcaemia and vitamin
D deficiency: an important, but preventable, cause of life-threat-
ening infant heart failure. Heart. 2008;94(5):581-584.

Jahn H, Schohn D, Omichi A, Miller R. Effects of 1,25(0OH)2D3
on cardiovascular function. Contrib Nephrol. 1991;90:79-87.
Friedman PA, Bushinsky DA. Diuretic effects on calcium metab-
olism. Semin Nephrol. 1999;19(6):551-556.

Burgess ED, Hawkins RG, Watanabe M. Interaction of 1,25-dihy-
droxyvitamin D and plasma renin activity in high renin essential
hypertension. Am J Hypertens. 1990;3(12 pt 1):903-905.

Kimura Y, Kawamura M, Owada M, et al. Effectiveness of 1,25-
dihydroxyvitamin D supplementation on blood pressure reduc-

in African-

tion in a pseudohypoparathyroidism patient with high renin
activity. Intern Med. 1999;38(1):31-35.

Schleithoff SS, Zittermann A, Tenderich G, et al. Vitamin D sup-
plementation improves cytokine profiles in patients with conges-
tive heart failure: a double-blind, randomized, placebo-controlled
trial. Am J Clin Nutr. 2006;83(4):754-759.

Kambara H, Itfeld BJ, Phillips J. Hypocalcemia and intractable
ventricular fibrillation. Ann Intern Med. 1977;86(5):583-584.
Brunvand L, Haga P, Tangsrud SE, Haug E. Congestive heart
failure caused by vitamin D deficiency? Acta Paediatr.
1995;84(1):106-108.

Rimailho A, Bouchard P, Schaison G, Richard C, Auzepy
P. Improvement of hypocalcemic cardiomyopathy by correction
of serum calcium level. Am Heart J. 1985;109(3, pt 1):611-613.
Shane E, Mancini D, Aaronson K, et al. Bone mass, vitamin D
deficiency, and hyperparathyroidism in congestive heart failure.
Am J Med. 1997;103(3):197-207.

Witte KK, Nikitin NP, Parker AC, et al. The effect of micronu-
trient supplementation on quality-of-life and left ventricular
function in elderly patients with chronic heart failure. Eur Heart
J.2005;26(21):2238-2244.

Vermeulen EG, Stehouwer CD, Twisk JW, et al. Effect of homo-
cysteine-lowering treatment with folic acid plus vitamin B6 on
progression of subclinical atherosclerosis: a randomised,
placebo-controlled trial. Lancet. 2000;355(9203):517-522.
Bonaa KH, Njolstad I, Ueland PM, et al. Homocysteine lowering
and cardiovascular events after acute myocardial infarction. N
Engl ] Med. 2006;354(15):1578-1588.

Lonn E, Yusuf S, Arnold M], et al. Homocysteine lowering with
folic acid and B vitamins in vascular disease. N Engl | Med.
2006;354(15):1567-1577.

Downloaded from ncp.sagepub.com at SAGE Publications on October 4, 2016


http://ncp.sagepub.com/

74

122.

123.

124.

126.

127.

128.

129.

130.

131.

132.

133.

134.

136.

137.

138.

139.

140.

Nutrition in Clinical Practice / Vol. 24, No. 1, February/March 2009

Mak S, Newton GE. Vitamin C augments the inotropic response
to dobutamine in humans with normal left ventricular function.
Circulation. 2001;103(6):826-830.

Shinke T, Shite J, Takaoka H, et al. Vitamin C restores the con-
tractile response to dobutamine and improves myocardial effi-
ciency in patients with heart failure after anterior myocardial
infarction. Am Heart J. 2007;154(4):645, el-e8.

Bjelakovic G, Nikolova D, Gluud LL, Simonetti RG, Gluud
C. Mortality in randomized trials of antioxidant supplements for
primary and secondary prevention: systematic review and meta-
analysis. JAMA. 2007;297(8):842-857.

Cook NR, Albert CM, Gaziano JM, et al. A randomized factorial
trial of vitamins C and E and beta carotene in the secondary pre-
vention of cardiovascular events in women: results from the
Women's Antioxidant Cardiovascular Study. Arch Intern Med.
2007;167(15):1610-1618.

Lonn E, Bosch J, Yusuf S, et al. Effects of long-term vitamin E sup-
plementation on cardiovascular events and cancer: a randomized
controlled trial. JAMA. 2005;293(11):1338-1347.

Marchioli R, Levantesi G, Macchia A, et al. Vitamin E increases
the risk of developing heart failure after myocardial infarction:
results from the GISSI-Prevenzione trial. | Cardiovasc Med
(Hagerstown). 2006;7(5):347-350.

Bowry VW, Ingold KU, Stocker R. Vitamin E in human low-
density lipoprotein: when and how this antioxidant becomes a
pro-oxidant. Biochem J. 1992;288(pt 2):341-344.

Mortensen SA, Vadhanavikit S, Muratsu K, Folkers K. Coenzyme
Q10: clinical benefits with biochemical correlates suggesting a
scientific breakthrough in the management of chronic heart fail-
ure. Int | Tissue React. 1990;12(3):155-162.

Hofman-Bang C, Rehngqvist N, Swedberg K, Wiklund I, Astrom
H. Coenzyme Q10 as an adjunctive in the treatment of chronic
congestive heart failure: the Q10 Study Group. J Card Fail.
1995;1(2):101-107.

Khatta M, Alexander BS, Krichten CM, et al. The effect of coen-
zyme Q10 in patients with congestive heart failure. Ann Intern
Med. 2000;132(8):636-640.

Morisco C, Trimarco B, Condorelli M. Effect of coenzyme Q10 ther-
apy in patients with congestive heart failure: a long-term multicenter
randomized study. Clin Investig. 1993;71(8 suppl):S134-S136.
Permanetter B, Rossy W, Klein G, et al. Ubiquinone (coenzyme
Q10) in the long-term treatment of idiopathic dilated cardiomy-
opathy. Eur Heart J. 1992;13(11):1528-1533.

Watson PS, Scalia GM, Galbraith A, et al. Lack of effect of coen-
zyme Q on left ventricular function in patients with congestive
heart failure. ] Am Coll Cardiol. 1999;33(6):1549-1552.
Berman M, Erman A, Ben-Gal T, et al. Coenzyme Q10 in
patients with end-stage heart failure awaiting cardiac transplan-
tation: a randomized, placebo-controlled study. Clin Cardiol.
2004;27(5):295-299.

Morisco C, Nappi A, Argenziano L, et al. Noninvasive evaluation
of cardiac hemodynamics during exercise in patients with
chronic heart failure: effects of short-term coenzyme Q10 treat-
ment. Mol Aspects Med. 1994;15(suppl):S155-S163.

Munkholm H, Hansen HH, Rasmussen K. Coenzyme Q10 treat-
ment in serious heart failure. Biofactors. 1999;9(2-4):285-289.
Sander S, Coleman CI, Patel AA, Kluger ], White CM. The
impact of coenzyme Q10 on systolic function in patients with
chronic heart failure. ] Card Fail. 2006;12(6):464-472.

Rundek T, Naini A, Sacco R, Coates K, DiMauro S. Atorvastatin
decreases the coenzyme Q10 level in the blood of patients at risk for
cardiovascular disease and stroke. Arch Neurol. 2004;61(6):889-892.
Mortensen SA, Leth A, Agner E, Rohde M. Dose-related decrease
of serum coenzyme Q10 during treatment with HMG-CoA reduc-
tase inhibitors. Mol Aspects Med. 1997;18(suppl):S137-S144.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

de Lorgeril M, Salen P. Selenium and antioxidant defenses as
major mediators in the development of chronic heart failure.
Heart Fail Rev. 2006;11(1):13-17.

Newman KP, Bhattacharya SK, Munir A, et al. Macro- and
micronutrients in patients with congestive heart failure, particu-
larly African-Americans. Vasc Health Risk Manag. 2007;3(5):
743-747.

Yang GQ, Chen JS, Wen ZM, et al. The role of selenium in
Keshan disease. Adv Nutr Res. 1984;6:203-231.

Quercia RA, Korn S, O'Neill D, et al. Selenium deficiency and
fatal cardiomyopathy in a patient receiving long-term home par-
enteral nutrition. Clin Pharm. 1984;3(5):531-535.

Sriram K, Peterson JK, O’Gara J, Hammond JM. Clinical
improvement of congestive heart failure after selenium supple-
mentation in total parenteral nutrition. Acta Pharmacol Toxicol
(Copenh). 1986;59(suppl 7):361-364.

Cohen N, Golik A. Zinc balance and medications commonly
used in the management of heart failure. Heart Fail Rev.
2006;11(1):19-24.

Li T, Singal PK. Adriamycin-induced early changes in myocardial
antioxidant enzymes and their modulation by probucol.
Circulation. 2000;102(17):2105-2110.

Klevay LM. Cardiovascular disease from copper deficiency: a
history. J Nutr. 2000;130(2S suppl):4895-492S.

Atlihan F, Soylemezoglu T, Gokce A, Guvendik G, Satici O. Zinc and
copper in congestive heart failure. Turk J Pediatr. 1990;32(1):33-38.
Kosar F, Sahin I, Taskapan C, et al. Trace element status (Se, Zn,
Cu) in heart failure. Anadolu Kardiyol Derg. 2006;6(3):216-220.
Oster O. Trace element concentrations (Cu, Zn, Fe) in sera from
patients with dilated cardiomyopathy. Clin Chim Acta.
1993;214(2):209-218.

Malek F, Dvorak J, Jiresova E, Spacek R. Difference of baseline
serum copper levels between groups of patients with different
one year mortality and morbidity and chronic heart failure. Cent
Eur | Public Health. 2003;11(4):198-201.

Zick SM, Blume A, Aaronson KD. The prevalence and pattern of
complementary and alternative supplement use in individuals
with chronic heart failure. | Card Fail. 2005;11(8):586-589.
Davidson MH, Stein EA, Bays HE, et al. Efficacy and tolerabil-
ity of adding prescription omega-3 fatty acids 4 g/d to simvastatin
40 mg/d in hypertriglyceridemic patients: an 8-week, random-
ized, double-blind, placebo-controlled study. Clin Ther.
2007;29(7):1354-1367.

McKenney JM, Sica D. Role of prescription omega-3 fatty acids
in the treatment of hypertriglyceridemia. Pharmacotherapy.
2007;27(5):715-728.

GISSI Heart Failure Investigators. Effect of n-3 polyunsaturated
fatty acids in patients with chronic heart failure (the GISSI-HF
trial): a randomised, double-blind, placebo-controlled trial.
Lancet. 2008;372(9645):1223-1230.

Klepser TB, Klepser ME. Unsafe and potentially safe herbal thera-
pies. Am J Health Syst Pharm. 1999;56(2):125-138, quiz 39-41.
Haller CA, Benowitz NL. Adverse cardiovascular and central nerv-
ous system events associated with dietary supplements containing
ephedra alkaloids. N Engl ] Med. 2000;343(25):1833-1838.
Samenuk D, Link MS, Homoud MK, et al. Adverse cardiovascu-
lar events temporally associated with ma huang, an herbal source
of ephedrine. Mayo Clin Proc. 2002;77(1):12-16.

White LM, Gardner SF, Gurley BJ, et al. Pharmacokinetics and
cardiovascular effects of ma-huang (Ephedra sinica) in nor-
motensive adults. | Clin Pharmacol. 1997;37(2):116-122.

Food and Drug Administration. Sales of supplements containing
ephedrine alkaloids (Ephedra) prohibited; 2004. Available at:
http://www.fda.gov/oc/initiatives/ephedra/february2004/.
Accessed July 13, 2008.

Downloaded from ncp.sagepub.com at SAGE Publications on October 4, 2016


http://ncp.sagepub.com/

162.

163.

Impact of Drug Therapy on Nutrition in Heart Failure / Dunn et al 75

Hwang HS, Bleske BE, Ghannam MM, et al. Effects of
hawthorn on cardiac remodeling and left ventricular dysfunc-
tion after 1 month of pressure overload-induced cardiac hyper-
trophy in rats. Cardiovasc Drugs Ther. 2008;22(1):19-28.

Tauchert M. Efficacy and safety of crataegus extract WS 1442 in com-
parison with placebo in patients with chronic stable New York Heart
Association class-III heart failure. Am Heart J. 2002;143(5):910-915.

164.

165.

Ackman ML, Campbell JB, Buzak KA, et al. Use of nonpre-
scription medications by patients with congestive heart failure.
Ann Pharmacother. 1999;33(6):674-679.

Page ], Henry D. Consumption of NSAIDs and the develop-
ment of congestive heart failure in elderly patients: an under-
recognized public health problem. Arch Intern Med.
2000;160(6):777-784.

Downloaded from ncp.sagepub.com at SAGE Publications on October 4, 2016


http://ncp.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Ornaments
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-Roman
    /AlternateGothicNo2BT-Regular
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /AssemblyLightSSK
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond-Antiqua
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Halbfett
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /Helvetica-Oblique
    /HelvLight
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist777BT-BlackB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Lithos-Black
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaMath-Symbol
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


