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Abstract

Background

Appetite loss is one complication of chronic heart failure (CHF), and its association with pan-

creatic exocrine insufficiency (PEI) is not well investigated in CHF.

Aim

We attempted to detect the association between PEI and CHF-induced appetite.

Methods

Patients with CHF were enrolled, and body mass index (BMI), left ventricular ejection frac-

tion (LVEF), New York Heart Association (NYHA) cardiac function grading, B-type natri-

uretic peptide (BNP), serum albumin, pro-albumin and hemoglobin were evaluated. The

pancreatic exocrine function was measured by fecal elastase-1 (FE-1) levels in the enrolled

patients. Appetite assessment was tested by completing the simplified nutritional appetite

questionnaire (SNAQ). The improvement of appetite loss by supplemented pancreatic

enzymes was also researched in this study.

Results

The decrease of FE-1 levels was found in patients with CHF, as well as SNAQ scores. A

positive correlation was observed between SNAQ scores and FE-1 levels (r = 0.694, p <
0.001). Pancreatic enzymes supplement could attenuate the decrease of SNAQ scores in

CHF patients with FE-1 levels <200 μg/g stool and SNAQ < 14.

Conclusions

Appetite loss is commonly seen in CHF, and is partially associated with pancreatic exocrine

insufficiency. Oral pancreatic enzyme replacement therapy attenuates the chronic heart fail-

ure-induced appetite loss. These results suggest a possible pancreatic-cardiac relationship
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in chronic heart failure, and further experiment is needed for clarifying the possible

mechanisms.

Introduction

Often caused by myocardial infarction, hypertension, valvular heart diseases, cardiomyopathy

and other forms of chronic artery diseases, chronic heart failure (CHF) isa progressive and

irreversible disease, which is commonly seen in the department of cardiology [1, 2]. The treat-

ment of CHF still depends on the severity and cause, and is often symptom relieving, though

the pathogenesis of this disease is well investigated, which leads to a high rate of morbidity and

a potentially dead condition [3–5]. Unplanned readmission rates after hospitalization remain

high, despite improvements in outcome with medicaland device therapy [6–9].

Appetite loss is one complication of CHF and induces a lack of intake in energy, protein

and other nutrients, leading to malnutrition [10]. Malnutrition is highly prevalent in patients

with CHF and also is an important riskfactor for morbidity and mortality [11]. Ischemia and

congestion in peripheral tissues caused by heart failure may result in function loss in many

organs such as kidney, liver, stomach, intestine, which may be a possible reason of appetite

loss in this disease [12]. A recent study show that pancreatic fecal elastase-1 (FE-1) levels

decrease significantly in patients with acute decompensated heart failure, indicating that pan-

creatic exocrine insufficiency (PEI) may also contribute to the determination of malnutrition

in heart failure [13], but the relationship between PEI and appetite loss is unclarifed.

In this study, the pancreatic exocrine function was measured by FE-1 levels in the enrolled

patients of CHF. Appetite assessment was tested by the simplified nutritional appetite ques-

tionnaire (SNAQ). The association between FE-1 and CHF-induced appetite loss was also

investigated. The improvement of appetite loss by supplemented pancreatic enzymes was

researched at the same time in this study.

Materials and methods

Patients

In this study, patients with CHF were enrolled, who were hospitalized and followed up in the

Department of Cardiology of the First Affiliated Hospital of Soochow University, between

August 2013 and December 2014. The diagnosis of CHF was based on the presence of current

or previous symptoms, characteristic clinical signs, and evidence of ventricular dysfunction,

according to the criteria of the American College of Cardiology/American Heart Association

2005 Guideline Update for the Diagnosis and Management of heart failure [14]. The severity

of heart failure was categorized by NYHA (New York Heart Association) functional class crite-

ria. The inclusion criteria in this study were: (1) age� 18 years; (2) a documented history of

heart failure of� 6 months; (3) left ventricular ejection fraction (LVEF)� 45% as assessed by

echocardiography (performed at admission using Simpson’s planimetric method); (4) clinical

stability and unchanged heart failure medications for� 1 month. Exclusion criteria included:

(1) acute coronary and/or coronary revascularization within 3 months preceding the study; (2)

pancreatic diseases, including acute pancreatitis, chronic pancreatitis and pancreatic cancer;

(3) renal dysfunction (serum creatinine > 177 μmol/L); (4) liver dysfunction; (5) acute infec-

tion, or a history of malignancy.

The healthy persons in the control group had no systemic diseases or symptoms, and were

drawn from outside the hospital. Written informed consent was given to all the patients before
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participation and the study was approved by the ethics committee of the First Affiliated Hospi-

tal of Soochow University and complied with the Declaration of Helsinki.

Experimental design

In experiment 1, blood and feces samples were collected in the enrolled patients (N = 104)

with CHF. Blood samples were used for analyzing heart failure-related parameters. Feces were

used for the measurement of FE-1 levels. Appetite assessment was tested by SNAQ. In experi-

ment 2, the effect of pancreatin on the appetite loss was evaluated in CHF patients with FE-1

levels <200 μg/g stool and SNAQ < 14 (N = 60). Pancreatin is also known as pancreatic

enzymes (the commercial mixtures of amylase, lipase, and protease), which are used to treat

malabsorption syndrome due to pancreatic problems. In this randomized controlled trial,

patients were randomly allocated to one of two groups (placebo group and treatment group)

using a computer-generated table [15]. Patients in placebo group received regular treatment

for heart failure plus placebo (N = 30). Patients in treatment group received regular treatment

for heart failure plus pancreatin (Creon 100001, 2#, po, t.i.d.) (N = 30).

Laboratory measurements

Following an overnight fast (8 hours), blood samples were collected. Venous blood was drawn

and sera were then collected after centrifugation at 3000×g for 15 min after coagulation.

Serum was stored in the refrigerator at 4˚C in aliquots until analysis. All laboratory variables

were measured by a central laboratory that undergoes regular internal and external quality

audits. A fully automatic biochemical analyzer (Roche, Mannheim, Germany) was used to

determine the serum parameters. N-terminal pro-B type natriuretic peptide (NT-proBNP) was

measured by using an immunoassay based on electrochemiluminescence with the Elecsys

1010/2010 System (Roche Diagnostics, Mannheim, Germany).

Serum TNF-α, IL-1β, IL-6 and leptin measurement

For quantitative determination of human TNF-α, IL-1β, IL-6 and leptin in serum, a commer-

cially available ELISA kit was applied according to the manufacturer’s instructions (R&D, MN,

USA). This assay kits employ the quantitative sandwich enzyme immunoassay technique and

antibodies specific for TNF-α, IL-1β, IL-6 and leptin have been pre-coated onto a microplate

with the high sensitivity and excellent specificity for detection. No significant cross-reactivity

or interference between human TNF-α, IL-1β, IL-6 and leptin and analogues was observed.

Assessment of pancreatic exocrine insufficiency

Pancreatic exocrine function was evaluated by FE-1 levels as mentioned previously. FE-1 levels

were measured by a commercially available Enzyme-Linked Immunosorbent Assay kit

(Immundiagnostik, Bensheim, Germany) according to manufacturer’s instructions. FE-1 level

�200 μg/g stool indicated normal pancreatic function, whereas the concentration of 100 to

200 μg/g stool indicated mild to moderate PEI, and FE-1 <100 μg/g stool were qualified as

severe PEI.

Appetite assessment

When at admission, all enrolled patients were asked to complete the simplified nutritional

appetite questionnaire (SNAQ) [16]. Subjects were asked to complete the questionnaire by cir-

cling the correct answers and then tally the results based upon the following numerical scale:

a = 1, b = 2, c = 3, d = 4, e = 5. The sum of the scores for the individual items constitutes the
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SNAQ score. SNAQ is a 4-item single-domain questionnaire and the 4 items are as follows: 1.

My appetite is: a. very poor, b. poor, c. average, d. good, e. very good; 2. When I eat: a. I feel

full after eating only a few mouthfuls, b. I feel full after eating about a third of a meal, c. I feel

full after eating over half a meal, d. I feel full after eating most of the meal, e. I hardly ever feel

full; 3. Food tastes: a. very bad, b. bad, c. average, d. good, e. very good; 4. Normally I eat: a. less

than one meal a day, b. one meal a day, c. two meals a day, d. three meals a day, e. more than

three meals a day.

Statistical analysis

Statistical analysis was performed using SPSS software version 18.0 (Chicago, IL). The data are

expressed as means ± SD. One-way ANONA was used for comparing data with a normal dis-

tribution and a Kruskal-Wallis test was used for non-parametric data. Pearson’s χ2 test or Fish-

er’s exact test was used for comparison of categorical variables. Spearman coefficient was used

for measuring linear correlation between variables. Values of P< 0.05 were considered statisti-

cally significant.

Results

A hundred and four patients with CHF were enrolled in experiment 1, with 20 healthy persons

served as control (Fig 1). Patients are divided into three groups according to NYHA score

(NYHA I/II N = 32; NYHA III N = 42; NYHA IV N = 30). The comparison of demographic

data among the control and patient groups are shown in Table 1. Among the patient groups,

there were no significant differences in male/female distribution, mean age, BMI, HF causes,

systolic and diastolic blood pressure and heart rate, as well as the incidence of diabetes, smok-

ing and alcohol consumption. The frequency of gastrointestinal symptoms, such as abdominal

pain, weight loss, bloating and diarrhea was similar among the patients with different NYHA

score. Compared with the control group, a significant reduction were found in patient groups

in ejection fraction (EF), total protein, albumin and pro-albumin, while NT-proBNP had an

opposite tendency. A reduction of hemoglobin was also found in patients with CHF, but there

is no significant difference among the patient groups. Serum creatinine, blood urea nitrogen,

Fig 1. Flow diagram of patients selection in experiment 1.

https://doi.org/10.1371/journal.pone.0187804.g001
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TNF-α, IL-1β and IL-6were increased along with the NYHA grading, while leptin showed the

opposite.

PEI was found in patients with CHF by FE-1evaluation and the results of FE-1 levels in all

groups were given in Table 2. Though FE-1 levels were not significant different between controls

and patients of NYHA I/II, an obvious reduction of FE-1 levels were observed in patients of

NYHA III/IV. The lowest content of FE-1 levels was found in patients of NYHA IV. According

to the results of FE-1levels in this study, the frequency of severe PEI increased accompanying

Table 1. The comparison of demographic data among the control and patients with CHF.

Control

(n = 20)

NYHA I/II

(n = 32)

NYHA III

(n = 42)

NYHA IV

(n = 30)

Men, n (%) 12 (60.00) 32 (61.54) 30 (57.69) 27 (67.50)

Age (y) 71.50±8.58 71.33±9.10 69.81±8.06 70.02±6.31

BMI, kg/m2 22.25±3.11 21.15±2.93 21.92±2.73 22.52±3.20

CHF causes, n (%)

Hypertensive heart diseases - 15 17 16

Ischemic heart diseases - 10 13 13

Dilated cardiomyopathy - 3 7 6

Valvular diseases - 2 4 3

Others - 2 1 2

SBP (mmHg) 128.75±2.35 129.00±2.41 127.83±5.33 127.71±2.78

DBP (mmHg) 78.45±3.76 79.13±3.31 77.52±3.43 80.59±2.41

Heart rate (bpm) 79.28±8.35 82.63±7.62 88.59±7.10 84.13±2.69

Diabetes, n (%) 0 6 8 6

Smoking, n (%) 0 9 13 8

Alcohol, n (%) 0 6 10 5

Symptoms

Abdominal pain 0 0 2 2

Weight loss 0 3 4 3

Bloating 0 2 5 3

Diarrhea 0 0 0 0

Ejection fraction (%) 64.17±7.61 47.11±11.45a 43.47±14.15a,b 39.99±11.60a,b,c

NT-proBNP (pg/ml) 36.27±8.93 1174.87±297.36a 1315.53±309.54a,b 1400.20±557.21a,b,c

Total protein (g/L) 63.57±6.26 63.39±7.71 61.53±7.12a,b 58.92±8.33a,b,c

Albumin (g/L) 49.82±5.11 42.15±4.37a 36.38±7.55a,b 31.53±6.73a,b,c

Pro-albumin (mg/L) 326.20±27.12 195.73±42.56a 142.97±51.29a,b 122.36±36.75a,b,c

Hemoglobin (g/L) 135.71±12.28 123.57±12.67 110.92±14.32 112.36±16.95

sCr (μmol/L) 44.84±11.96 53.26±13.67 58.14±15.49a 87.55±18.76a,b,c

BUN (mmol/L) 3.98±0.93 4.77±1.32 6.92±2.06a,b 8.15±2.68a,b,c

TNF-α (pg/mL) 96.67±17.48 121.85±36.30 204.08±68.81a,b 282.07±71.80a,b,c

IL-1β (pg/mL) 20.84±14.39 37.48±15.97a 47.64±21.73a,b 76.72±21.78a,b,c

IL-6 (pg/mL) 4.54±3.18 8.87±3.40a 10.87±4.52a 13.32±5.93a,b,c

Leptin (ng/mL) 10.97±2.35 9.61±2.75 7.09±2.46a,b 5.33±2.90a,b,c

CHF: chronic heart failure; NYHA:New York Heart Association; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; NT-

proBNP: N-terminal pro-B type natriuretic peptide; sCr: serum creatinine; BUN: blood urea nitrogen; TNF-α: tumor necrosis factor-α; IL-1β: interleukin-1β;

IL-6: interleukin-6. Values expressed in mean±SD or frequency
aP<0.05: versus control
bP<0.05: versus NYHA I/II
cP<0.05: versus NYHA III.

https://doi.org/10.1371/journal.pone.0187804.t001
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with the increase of NYHA grading. In this study, the appetite assessment was undergone by

SNAQ. The results showed that appetite loss occurred in patients with CHF. Similar to FE-1 lev-

els, the SNAQ scores was reduced gradually, as the NYHA grading increased. The correlation

between SNAQ and FE-1 was also analyzed. A positive correlation was found between SNAQ

scores and FE-1 (r = 0.694, p< 0.001) (Fig 2).

Table 2. The comparison of FE-1 levels and SNAQ scores among the control and patients with CHF.

Control

(n = 20)

NYHA I/II

(n = 32)

NYHA III

(n = 42)

NYHA IV

(n = 30)

FE-1 (μg/g stool) 276.15±86.76 243.70±85.32 a 166.55±93.49 a,b 149.35±76.79 a,b,c

FE-1� 200 (μg/g stool) n (%) 0 (0.00%) 24 (75.00%) 13 (30.95%) 8 (26.67%)

FE-1� 100 and < 200 (μg/g stool) n (%) 0(0.00%) 7 (21.88%) a 15 (35.71%) a,b 10 (33.33%) a,b

FE-1 < 100 (μg/g stool) n (%) 0 (0.00%) 1 (3.13%) 14 (33.33%) 12 (40.00%)

SNAQ 17.85±1.73 12.77±2.04 a 9.82±2.01 a,b 9.61±2.57 a,b,c

SNAQ�14 20 (100.00%) 22 (68.75%) a 9 (21.43%) a,b 3 (10.00%) a,b

SNAQ<14 0 (0.00%) 10 (31.25%) 33 (78.57%) 27 (90.00%)

FE-1: Fecal elastase-1; SNAQ: the simplified nutritional appetite questionnaire; CHF: chronic heart failure; NYHA: New York Heart Association; Values

expressed in mean±SD or frequency
aP<0.05: versus control
bP<0.05: versus NYHA I/II
cP<0.05: versus NYHA III.

https://doi.org/10.1371/journal.pone.0187804.t002

Fig 2. The correlation between SNAQ scores and FE-1 levels was also analyzed in patients with CHF.

Spearman coefficient was used for measuring linear correlation between variables. A positive correlation was found

between SNAQ scores and FE-1 (r = 0.694, p < 0.001).

https://doi.org/10.1371/journal.pone.0187804.g002
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The effect of pancreatin on the appetite loss was evaluated in CHF patients (FE-1 levels<200 μg/

g stool and SNAQ< 14) in experiment 2 (Fig 3). 60 patients were randomly divided into two

groups (placebo group, N = 30; treatment group, N = 30). The basic characteristics of the enrolled

patients were not significantly different between the two groups, including causes, gender distribu-

tion, age and CHF severity (S1 Table). After 4-week treatment, pancreatin could significantly

improve the appetite loss in treatment group (SNAQ score: placebo group: 0w: 9.40±1.22, 2w: 10.36

±1.47, 4w: 10.88±1.59; pancreatin group: 0w: 9.24±2.05, 2w: 11.36±1.87, 4w: 12.12±1.67) and

increase albumin and pro-albumin as well (albumin (g/L): placebo group: 0w: 30.04±6.77, 2w: 31.80

±5.77, 4w: 33.28±5.68; pancreatin group: 0w: 31.28±7.01, 2w: 35.36±4.77, 4w: 36.92±5.00; pro-albu-

min (mg/L): placebo group: 0w: 151.24±43.31, 2w: 166.36±38.06, 4w: 170.44±35.88; pancreatin

group: 0w: 152.92±51.02, 2w: 181.24±46.66, 4w: 199.04±39.78) (Fig 4). The result indicated that pan-

creatic enzymes supplement could attenuate the appetite loss in CHF.

Discussion

Defined as the alteration of pancreatic function, pancreatic exocrine insufficiency (PEI) will

lead to maldigestion resulting from the reduction of exocrine secretion in the pancreas, which

Fig 3. Flow diagram of patients selection in experiment 2.

https://doi.org/10.1371/journal.pone.0187804.g003

Fig 4. The effect of pancreatin on the appetite loss was evaluated in CHF patients with FE-1 levels <200 μg/g stool and SNAQ < 14. A. SNAQ

score; B. Albumin; C. Pro-albumin. Compared with placebo group, pancreatin could significantly improve the SNAQ score in treatment group as well as

albumin and pro-albumin. The data are expressed as means ± SD. *p<0.05.

https://doi.org/10.1371/journal.pone.0187804.g004
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is caused by diseases of the exocrine pancreas and the endocrine pancreas (e.g. acute pancreati-

tis, chronic pancreatitis, pancreatic cancer and diabetes mellitus) [17]. Anatomical changes fol-

lowing other gastrointestinal surgery or other digestive tract disorders will also cause the

secondary PEI. Malnutrition in the main clinical consequence of PEI represented as maldiges-

tion and poor absorption of nutrients [18]. The impact of PEI on malnutrition in non-pancre-

atic diseases has also been studied. For instance, changes in pancreatic histology and exocrine

function are also commonly reported in chronic renal failure, and exocrine pancreatic insuffi-

ciency has been implicated in the pathogenesis of the wasting syndrome of chronic renal fail-

ure [19]. Malnutrition is also reported to be one complication of CHF, which may lead to

thinning of myofibrils, further deterioration of cardiac contractility and further reduction of

cardiac output in turn [20]. Highly prevalent in these patients with CHF, malnutrition is

thought to be an important risk factor for morbidity and mortality. According to the previous

reports, the test is less invasive and expensive than the current secretin-cholecystokinin test

(the gold standard of exocrine pancreatic status), which makes it more convenient for clinical

use [21]. Feces has being increasingly applied in clinical tests for gastrointestinal diseases. For

example, testing for mutant K-ras in stool has been proposed for the detection of pancreatic

and colorectal cancer in old adults and indicates a potential use for early detection of pancre-

atic cancer. In that study, PEI was determined by FE-1 and showed no significant differences

between subjects with or without K-ras mutation [22].FE-1 level has recently been highlighted

as an indicator of pancreatic exocrine function, and levels of FE-1 lower than 200 μg/g of stool

indicates the existence of PEI (the concentration of 100 to 200 μg/g stool indicating mild to

moderate PEI, and the concentration below 100 μg/g stool indicating severe PEI) [23].FE-1

levels have been assessed in pancreatitis, pancreatic cancer, trauma, or chronic renal failure.

Obvious decrease of FE-1 levels has been observed in these diseases [24]. In the current study,

we also used FE-1 levels as the indicator of PEI, and the reduction of FE-1 levels were found in

patients with CHF. The FE-1 levels reduced along with the increasing severity of CHF and the

decreasing nutritional parameters (such as BMI, albumin, pro-albumin and hemoglobin),

indicating that patients with CHF might have PEI and FE-1 could be used as an index of mal-

nutrition in CHF.

Commonly occurred in chronic diseases, decreased appetite and involuntary weight loss

have a negative impact on both quality of life and eventual mortality [25]. Appetite and body

weight alter in a wide variety of diseases, including cancer, renal failure, chronic obstructive

pulmonary disease and HIV, as well as heart failure [26]. Appetite loss is reported to be associ-

ated with a significant higher risk of all-cause mortality and has an independent effect on sur-

vival among old people receiving home care. Weight loss induced by appetite loss can be

found in all age groups, which constitutes a special problem in older adults. The Council of

Nutrition Appetite Questionnaire (CNAQ) and Simplified Nutritional Appetite Questionnaire

(SNAQ) are the appetite-monitoring instruments, which is specifically validated for identify-

ing persons at risk of malnutrition and significant weight loss [16, 27].Previous study also

shows that SNAQ is a more efficient, reliable, and valid clinical tool, in light of its brevity and

comparable reliability, and with appraisal parameters that focus on the singular construct of

appetite with a view to preventing weight loss [28, 29]. The total SNAQ score range from 4 to

20. A SNAQ score<14 has been reported to be a significant risk of weight loss>5% within 6

months with a sensitivity of 81.5% and a specificity of 76.4%. Its sensitivity and specificity

reach 88.2% and 83.5%, respectively, to predict a>10% weight loss. In our study, the appetite

assessment was undergone by SNAQ and showed that appetite loss was commonly seen in

patients with CHF. In addition to the abnormality of cardiac and pulmonary function, the con-

gestion of CHF may also cause the functional change in other organs, including liver, kidney,

brain and gastrointestinal tract, which probably causes the appetite loss [30]. However, the

PEI and appetite loss in chronic heart failure
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relationship between CHF and pancreatic function is rarely reported. Therefore, it is rational

to be hypothesized that CHF-induced anorexia is probably not only caused by gastrointestinal

congestion, but also by PEI. In the present study, a positive correlation was found between

SNAQ scores and FE-1 in patients with CHF, supporting the hypothesis that PEI might have a

potential effect on the CHF induced appetite loss.

The pancreas is the first organ that decreases its quality of exocrine excretion when there is

inflammation and malnutrition. While, in other inflamed organs, such as the heart, many

inflammatory mediators are overproduced, inducing anorexia directly on the hypothalamus.

In our study, the obvious changes of TNF-α, IL-1β, IL-6 and leptin were found, which are

reported to be involved in diseases-induced appetite loss [31–34]. Serum concentrations of

TNF-α, IL-1β and IL-6 were increased along with the severity of heart failure and the decrease

of SNAQ scores as well. These pro-inflammatory cytokines may directly regulate the appetite.

On the other hand, they could also influence on the pancreatic exocrine secretion by inducing

a chronic inflammation on the pancreas, since they are proven as important mediators in the

pathogenesis of pancreatitis. Leptin is expressed almost exclusively by adipocytes and its pro-

duction is influenced by hormones, cytokines and nutrients. Leptin is involved in the starva-

tion signal, when low, it prompts increased appetite and decreased energy expenditure.

Adipocytes increase leptin expression when cell size increases, which will result in depresses

appetite and increased energy expenditure. Leptin deficiency also exists due to excessive thin-

ness, such as results from starvation, weight loss, anorexia or cancer-induced cachexia [35,36].

In our study, serum leptin was reduced along with the NYHA grading, indicating its possible

role in heart failure-associated appetite loss.

Oral pancreatic enzyme replacement therapy (PERT) is the treatment of choice for PEI,

together with nutritional management and specific nutritional supplementation if required

[37].Pancreatin (Creon 100001) is a commercial mixture of several digestive enzymes pro-

duced by the exocrine cells of the pancreas, which is composed of amylase, lipase and protease.

Taken by mouth, it is clinically used to treat PEI [38]. For further detecting the effect of PEI on

the appetite loss in CHF, pancreatin was applied in patients with CHF in our study. Our result

showed that PERT could attenuate the HF-induced appetite loss, further indicating that PEI

might play an aggravating role in HF-induced appetite loss.

In conclusion, appetite loss is commonly found in chronic heart failure, and is partially

associated with pancreatic exocrine insufficiency. Oral pancreatic enzyme replacement therapy

attenuates the chronic heart failure-induced appetite loss. These results suggest a potential

pancreatic-cardiac relationship in chronic heart failure, and further experiment is needed for

clarifying the possible mechanisms.
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