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The kynurenine pathway, an enzymatic cascade degrad-
ing the essential amino acid tryptophan, has been gradu-
ally recognized as a modulator in several pathological 
situations such as systemic inflammation,13 vascular dys-
function,14 and neurological disorders including depres-
sion,15 all of which are potentially implicated in HF. In 
addition, exercise-induced degradation of kynurenine (one 
of the metabolites in the kynurenine pathway) in skeletal 
muscle has been reported to maintain resilience against 
psychological stress and depression via anti-inflammatory 
response.16,17 These results considered, we hypothesized 
that the kynurenine pathway might have an association 

R educed functional capacity is the primary symptom 
in heart failure (HF), both in those with preserved 
and those with reduced ejection fraction (HFpEF 

and HFrEF, respectively).1,2 HF patients with reduced 
functional capacity have low quality of life3 and poor prog-
nosis.4 The pathophysiology under reduced functional 
capacity in HF is considered to be multifactorial5–7 and it 
includes dysfunction in right/left ventricle (RV/LV), vascu-
lature, skeletal muscle, lung, and others.8–10 The Studies 
Investigating Co-morbidities Aggravating Heart Failure 
(SICA-HF) was a multi-national, pathophysiological 
observation study into HF and its comorbidities.11,12
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Background: Kynurenine is a circulating metabolite from the essential amino acid tryptophan. Accelerated degradation of kynuren-
ine in skeletal muscle has been reported to provide an anti-inflammatory effect. The aim of this study was to investigate the asso-
ciation between blood kynurenine and muscle mass/function in patients with heart failure (HF), in whom diseased muscle mass/
function plays a pathophysiological role.

Methods and Results: Plasma kynurenine was assessed in 249 patients with HF (67±11 years, 21% women) and in 45 controls 
from the SICA-HF study. Kynurenine was higher in 173 HF patients with reduced ejection fraction (EF) and in 76 patients with pre-
served EF than controls (3.5±1.5, 3.4±1.3, and 2.4±1.1 μmol/L, P<0.001). In HF patients, kynurenine had an inverse association with 
handgrip strength (r=–0.26, P<0.01), peak oxygen consumption (r=–0.29, P<0.01), 6-min walk distance (r=–0.23, P<0.01), and had 
a positive association with kidney and liver function parameters. No correlation was observed between kynurenine and lean mass. 
On multivariable linear regression analysis, a significant association was noted between kynurenine and peak oxygen consumption 
even after adjustment for age, gender, BMI, and hemoglobin (β=–0.23, P<0.001). Patients with higher kynurenine were at higher risk 
of death (adjusted HR, 1.46 per 1 μmol/L, P<0.01).

Conclusions: In stable HF patients, plasma kynurenine was inversely correlated with muscle strength and functional capacity as 
well as with liver and kidney function.
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August 2013. During that period we recruited 275 patients 
and 52 controls. Blood samples were available in 249 con-
secutive patients and in 45 controls and we analyzed the 
data for these participants. The study’s rationale has been 
published previously.11 In brief, the inclusion criteria for 
chronic HF were a clinical diagnosis of HF according to 
the European Society of Cardiology gudielines23 and at 
least one of the following: LVEF ≤40%, left atrial dimen-
sion >4.0 cm (>2.5 cm/m height), N-terminal pro-brain 
natriuteric peptide (N-terminal proBNP) >400 pg/mL, or 
BNP >150 pg/mL. Patients with previous heart transplan-
tation, history of unstable angina, myocardial infarction, 
stroke, cardiovascular revascularization, or open abdomi-
nal surgery within 6 weeks, and those on hemodialysis at 
baseline were excluded. All subjects provided written 
informed consent at enrolment, and the local ethics com-
mittees approved the protocol. The study was funded by 
the European Commission’s 7th Framework programme 
(FP7/2003-2013) under grant agreement number 241558 

with pathophysiology in HF, especially with reduced func-
tional capacity. The elevated levels of metabolites in the 
kynurenine pathway have been reported in acute pancre-
atitis,18 trauma,19 chronic renal failure,20 older adults,21 
patients after cardiac arrest,22 and in patients with pulmo-
nary hypertension,14 but the plasma level in HF has not 
been investigated so far.

The aim of this study was to examine the impact of 
plasma kynurenine level on exercise capacity and its under-
lying pathophysiology such as muscle wasting, muscle per-
formance, and systemic inflammation in HF. We also 
assessed the impact on mortality.

Methods
Subjects
We analyzed data of ambulatory patients and controls 
prospectively enrolled into SICA-HF at the participating 
center in Berlin (Charité Medical School, Campus Virchow-
Klinikum, Berlin, Germany) between February 2010 and 

Table 1. Subject Baseline Characteristics

All HF  
(n=249)

HFrEF  
(n=173)

HFpEF  
(n=76) P-value

Age (years) 67±11 66±11 69±10 0.04

Male sex 79 85 64 <0.001

NYHA functional class 2.33±0.65 2.37±0.64 2.25±0.66 0.17

BMI (kg/m2) 29.6±5.4　　 29.1±5.3　　 30.8±5.5　　 0.02

LVEF (%) 39±13 31±8　　 55±7　　 <0.001

Ischemic etiology 55 66 28 <0.001

Hypertension 82 77 92 <0.01　　
Diabetes 43 42 45 0.68

Atrial fibrillation 39 43 32 0.14

Laboratory findings

  Creatinine (mg/dL) 1.19±0.4　　 1.22±0.4　　 1.10±0.3　　 0.04

  eGFR (mL/min/1.72 m2) 69±22 69±23 70±21 0.58

  Hemoglobin (g/dL) 13.4±1.5　　 13.5±1.5　　 13.3±1.4　　 0.34

  High-sensitivity CRP (mg/dL)   5.6±11.4   6.5±13.3 3.4±4.2 0.05

Medications and devices

  ACEI 63 67 53 0.05

  ARB 32 30 36 0.37

  β-blocker 90 95 77 <0.001

  MRA 46 56 23 <0.001

  Diuretics 73 78 63 0.02

  ICD/CRT 40 54   8 <0.001

Functional capacity

  Peak V̇O2 (mL/min/kg) (n=206) 16.9±4.7　　 16.3±4.8　　 18.1±4.5　　 0.01

  6-min walk distance (m) (n=226) 419±143 413±146 432±136 0.34

Skeletal muscle

  Handgrip strength (kg) (n=240) 35.8±11.0 36.6±11.2 33.8±10.3 0.07

  Leg strength (kg) (n=232) 37.0±12.8 37.4±13.2 36.1±11.7 0.46

  ASMI (kg/m2) (n=228) 7.82±1.14 7.82±1.14 7.82±1.15 0.99

Questionnaire

  EQ-5D VAS score (n=139) 58±19 56±18 68±17 0.02

  EQ-5D index (n=139) 0.89±0.09 0.89±0.09 0.94±0.08 0.03

Data given as mean ± SD or %. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; 
ASMI, appendicular skeletal muscle index; BMI, body mass index; CRP, C-reactive protein; CRT, cardiac resynchro-
nization therapy; eGFR, estimated glomerular filtration rate; EQ-5D, 5-item self-administered EuroQOL instrument; 
HF, heart failure; HFpEF, HF with preserved ejection fraction; HFrEF, HF with reduced ejection fraction; ICD, 
implantable cardiac defibrillator; LVEF, left ventricular ejection fraction; MRA, mineral corticoid receptor antagonist; 
NYHA, New York Heart Association; VAS, visual analog scale; V̇O2, oxygen consumption.
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Figure 1.  Plasma kynurenine level vs. (A) type of heart failure (HF) and (B,C) complications in the (B) HFrEF and (C) HFpEF 
subgroups. Whiskers, 10th–90th percentile. AF, atrial fibrillation; HFpEF, HF with preserved ejection fraction; HFrEF, HF with 
reduced ejection fraction; IHD, ischemic heart disease.

Table 2. Correlation Between Kynurenine and Clinical Variables

All HF (n=249) HFrEF (n=173) HFpEF (n=76)

r P-value r P-value r P-value

Age (years) 0.19 <0.01　 0.19 0.01 0.19 0.10

NYHA functional class 0.19 <0.01　 0.21 <0.01　 0.13 0.25

BMI (kg/m2) 0.08 0.20 0.08 0.31 0.11 0.32

LVEF (%) −0.08　　 0.21 −0.14　　 0.09 0.14 0.25

Laboratory findings

  Creatinine (mg/dL) 0.50 <0.001 0.50 <0.001 0.50 <0.001

  eGFR (mL/min/1.72 m2) −0.47　　 <0.001 −0.47　　 <0.001 −0.44　　 <0.001

  Urea (mg/dL) 0.40 <0.001 0.46 <0.001 0.21 0.07

  Hemoglobin (g/dL) −0.11　　 0.08 −0.15　　 0.05 −0.01　　 0.91

  Albumin (g/L) −0.11　　 0.08 −0.10　　 0.20 −0.14　　 0.22

  Alkaline phosphatase (log) 0.34 <0.001 0.42 <0.001 0.02 0.85

  GGT (log) 0.27 <0.001 0.34 <0.001 −0.04　　 0.73

  Total bilirubin (mg/dL) 0.13 0.04 0.17 0.03 −0.04　　 0.72

  ALT (log) 0.02 0.80 0.12 0.11 −0.19　　 0.10

  AST (log) 0.02 0.75 0.09 0.23 −0.17　　 0.14

  High-sensitivity CRP (log) 0.24 <0.001 0.26 <0.001 0.18 0.12

Functional capacity

  Peak V̇O2 (mL/min/kg) −0.31　　 <0.001 −0.30　　 <0.001 −0.36　　 <0.01　
  6-min walk distance (m) −0.19　　 <0.01　 −0.22　　 <0.01　 −0.11　　 0.37

Skeletal muscle

  Handgrip strength (kg) −0.14　　 0.03 −0.19　　 0.02 −0.04　　 0.73

  Leg strength (kg) −0.14　　 0.02 −0.17　　 0.03 −0.09　　 0.47

  ASMI (kg/m2) 0.01 0.83 0.05 0.50 −0.10　　 0.44

ALT, alkaline transferase; AST, aspartate transferase; GGT, γ-glutamyltransferase. Other abbreviations as in Table 1.
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health status or can be converted to a summary index 
(EQ5D index), with 1 designating perfect health and 0 
denoting death.26,27 The visual analog scale ranges from 0 
(i.e., “worst imaginable health state”) to 100 (i.e., “best imag-
inable health state”). We followed all participants until 
death or until April 2014 when the follow-up was censored.

and fulfilled all principles of the Declaration of Helsinki. 
SICA-HF is registered under the ClinicalTrials.gov identi-
fier: NCT01872299. The main result of SICA-HF has 
already been published elsewhere.24

Estimated glomerular filtration rate (eGFR) was calcu-
lated using the Modification of Diet in Renal Disease 
(MDRD) equation.25 Echocardiography was performed in 
all patients. LVEF was measured, and patients were 
divided into 2 groups: HFrEF (LVEF ≤40%) and HFpEF 
(LVEF >40%). Functional capacity was assessed using 
peak oxygen consumption (peakV̇O2) on spiroergometric 
treadmill exercise testing and the 6-min walk test. Dual 
energy X-ray absorptiometry (DEXA) was used with a 
Lunar Prodigy scanner and Lunar Encore 2002 software 
(GE Medical Systems, Madison, WI, USA). Muscle mass 
was defined as appendicular skeletal muscle divided by the 
height in meters squared, where appendicular skeletal mus-
cle equals lean mass of arms and legs combined. Handgrip 
and leg strength were measured using a handgrip dyna-
mometer and an isokinetic dynamometer, respectively. 
General health was measured using the 5-item self-admin-
istered EuroQOL instrument (EQ5D), which consists of a 
descriptive system and a visual analog scale. The descrip-
tive assessment consists of 5 items: mobility, self-care, 
usual activities, pain/discomfort, and anxiety/depression. 
Anxiety/depression was scored as follows: 1, I am not anx-
ious or depressed; 2, I am moderately anxious or depressed; 
3, I am extremely anxious or depressed; or 4, question not 
answered. Each item can be used to represent profiles of 

Figure 2.  Kynurenine vs. estimated glomerular filtration rate 
(eGFR) and peak oxygen consumption (V̇O2). HF, heart fail-
ure; HFpEF, HF with preserved ejection fraction; HFrEF, HF 
with reduced ejection fraction.

Table 3. Indicators of Functional Capacity in Linear Regression Models

Peak V̇O2 6-min walk distance

All HF (n=206) HFrEF (n=139) HFpEF (n=67) All HF (n=226) HFrEF (n=156) HFpEF (n=70)

β P-value β P-value β P-value β P-value β P-value β P-value

Univariable

  Age (years) −0.27 <0.001 −0.35 <0.001 −0.17 0.17 −0.31 <0.001 −0.41 <0.001 −0.10 0.40

   NYHA functional  
class

−0.61 <0.001 −0.63 <0.001 −0.57 <0.001 −0.60 <0.001 −0.57 <0.001 −0.67 <0.001

  BMI (kg/m2) −0.23 <0.001 −0.23 <0.01　　 −0.34 <0.01　　 −0.18 <0.01　　 −0.13 0.11 −0.33 <0.01　　
  LVEF (%)   0.20 <0.01　　 　0.14 0.10 −0.19 0.13 　0.07 0.33 　0.05 0.57 −0.11 0.37

  Laboratory findings

    Creatinine (mg/dL) −0.40 <0.001 −0.42 <0.001 −0.29 0.02 −0.36 <0.001 −0.40 <0.001 −0.22 0.07

    Hemoglobin (g/dL)   0.26 <0.001 　0.27 <0.01　　 　0.31 0.01 　0.26 <0.001 　0.24 <0.01　　 　0.33 <0.01　　
    Albumin (g/L)   0.22 <0.01　　 　0.20 0.02 　0.27 0.03 　0.27 <0.001 　0.29 <0.001 　0.20 0.09

     High-sensitivity CRP 
(log)

−0.34 <0.001 −0.39 <0.001 −0.20 0.11 −0.26 <0.001 −0.26 <0.01　　 −0.26 0.03

  Skeletal muscle

    ASMI (kg/m2)   0.21 <0.01　　 　0.18 0.04 　0.29 0.02 　0.13 0.06 　0.11 0.18 　0.18 0.16

     Handgrip strength 
(kg)

  0.34 <0.001 　0.32 <0.001 　0.46 <0.001 　0.41 <0.001 　0.42 <0.001 　0.42 <0.001

    Leg strength (kg)   0.42 <0.001 　0.43 <0.001 　0.45 <0.01　　 　0.42 <0.001 　0.39 <0.001 　0.54 <0.001

  Kynurenine (μmol/L) −0.31 <0.001 −0.30 <0.001 −0.36 <0.01　　 −0.19 <0.01　　 −0.22 <0.01　　 −0.11 0.37

Multivariable: model 1

  Kynurenine (μmol/L) −0.25 <0.001 −0.23 <0.01　　 −0.30 <0.01　　 −0.12 0.07 −0.13 0.08 −0.02 0.85

Multivariable: model 2

  Kynurenine (μmol/L) −0.23 <0.001 −0.21 <0.01　　 −0.29 <0.01　　 −0.11 0.09 −0.13 0.09 −0.01 0.95

Multivariable: model 3

  Kynurenine (μmol/L) −0.12 　0.07　　 −0.10 0.23 −0.23 0.04 　0.02 0.82 　0.00 0.98 　0.09 0.48

Model 1, adjusted for age, sex, and BMI; model 2, adjusted for age, sex, BMI, and hemoglobin; model 3, adjusted for age, sex, BMI, hemoglobin, 
and creatinine. Abbreviations as in Tables 1,2.
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to survival was assessed using Cox proportional-hazard 
analysis. Variables are log-transformed if they showed 
skewed distribution. P<0.05 was considered to indicate 
statistical significance in all analysis. Statistical analysis 
was performed using SPSS 17.0 for Windows (SPSS, 
Tokyo, Japan).

Results
We analyzed data from 249 patients with stable chronic 
HF and from 45 controls. Baseline characteristics in 
patients with HF (197 male, 52 female; mean age, 67±11 
years) are presented in Table 1. A total of 173 patients 
(69%) had HFrEF and 76 (31%) had HFpEF. The controls 
consisted of 26 men (58%) and 19 women (42%), with a 
mean age of 63±12 years. Two of them had diabetes but no 
other chronic diseases, and 43 were healthy without any 
chronic diseases.

Descriptive Statistics for Kynurenine
Plasma kynurenine was significantly higher in HFrEF 
(3.5±1.5 μmol/L) and HFpEF (3.4±1.3 μmol/L), compared 
with controls (2.4±1.1 μmol/L, P<0.001 and P<0.01, respec-
tively; Figure 1A). In HFrEF, patients with hypertension 
and atrial fibrillation had higher kynurenine than those 
without these complications (P<0.01 and P<0.001, respec-
tively; Figure 1B), and in HFpEF, those with ischemic 
etiology had higher kynurenine (P=0.03; Figure 1C).

Correlation Analysis
Using simple regression, we found that plasma kynurenine 
level correlated with age, New York Heart Association 
class, renal and liver function, high-sensitivity C-reactive 

Assessment of Kynurenine
Blood was drawn from an antecubital vein in fasting con-
dition and plasma kynurenine was analyzed from plasma 
samples immediately centrifuged and frozen at –80°C until 
analysis. An enzyme-linked immunosorbent assay (ELISA) 
was used (IDK® Kynurenine ELISA, Immundiagnostik 
AG, Bensheim, Germany) to detect kynurenine. The intra- 
and inter-assay coefficients of variance of the research kit 
are 6.6 and 6.4%, respectively. The lower limit of quantifi-
cation of this assay is 0.12 μmol/L. Cross-reactivity against 
compounds with structural similarity to l-kynurenine is 
<0.5% for 3-hydroxyl-DL-kynurenine and <0.2% for 
l-tryptophan. Based on studies with samples of apparently 
healthy persons (mean, 2.22 μmol/L; SD, 0.49 μmol/L), 
normal range was estimated as 1.2–3.2 μmol/L.

Statistical Analysis
Data are presented as mean ± SD. Analysis of variance, 
Student’s unpaired t-test, Fisher’s exact test, Pearson’s 
simple regression, and multivariable linear regression were 
used as appropriate. Univariable and multivariable for-
ward logistic regression analysis were used to estimate 
variables associated with higher kynurenine level, defined 
as above the median. The significance level to include and 
exclude in the model was set to 0.05 and 0.10, respectively. 
To estimate the influence of kynurenine level, Kaplan-
Meier cumulative survival curves were constructed for 
illustrative purposes and compared using Mantel-Haenzel 
log-rank test. The patients were divided into 2 groups 
according to kynurenine level below or above the median. 
After that, we divided the patients into tertiles to assess 
which of the higher or lower levels of kynurenine have an 
impact on prognosis. The relationship of baseline variables 

Figure 3.  Kaplan-Meier curve for cumulative survival according to lower/higher kynurenine defined as below/above the median; 
and to tertiles of kynurenine.
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P=0.02) were independently associated with higher kyn-
urenine in the total HF cohort. A total of 142 patients with 
HF had complete EQ-5D data. Patients with moderate or 
extreme anxiety or depression (n=58) had higher kynuren-
ine than those without anxiety or depression (n=84, 
3.7±1.6 vs. 3.0±1.1 μmol/L, P<0.01).

Functional Capacity
Table 3 lists the results from the linear regression model 
with peak V̇O2 and 6-min walk distance as the dependent 

protein (hs-CRP), functional capacity (peak V̇O2 and 
6-min walk distance), and handgrip/leg strength both in 
the total HF cohort and in the HFrEF subgroup (Table 2). 
No correlation was observed between kynurenine and 
appendicular skeletal muscle index. Table S1 lists the 
results of logistic regression analysis with kynurenine 
above the median (3.2 μmol/L) as the dependent variable. 
After multivariable adjustment, creatinine (OR, 1.23; 95% 
CI: 1.12–1.35 per 0.1-mg/dL increase, P<0.001) and log 
γ-glutamyltransferase (OR, 1.51; 95% CI: 1.06–2.15, 

Table 4. Cox Proportional Hazard Analysis for Death

All HF (n=249) HFrEF (n=173) HFpEF (n=76)

HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value

Univariable

  Age (10 years) 1.26 0.86–1.85 0.23 1.32 0.87–1.99 0.19 1.76 0.44–7.02　　 0.42

  Male sex 3.80 0.90–16.0 0.07 4.82 0.65–35.6 0.12 1.04 0.09–11.49 0.97

  NYHA functional class 3.10 1.62–5.95 <0.001 2.54 1.31–4.93 <0.01　　 ND

  BMI (kg/m2) 0.96 0.89–1.03 0.23 0.96 0.89–1.04 0.31 1.02 0.85–1.23　　 0.82

  LVEF (10%) 0.54 0.39–0.76 <0.001 0.47 0.29–0.76 <0.01　　 2.83 0.32–25.43 0.35

  HFrEF 4.03 1.22–13.4 0.02 ND ND

  Ischemic etiology 2.48 1.09–5.64 0.03 1.69 0.68–4.24 0.26 2.35 0.21–26.72 0.49

  Hypertension 1.05 0.40–2.77 0.92 1.18 0.44–3.17 0.74 ND

  Diabetes 1.22 0.58–2.56 0.60 1.22 0.55–2.69 0.62 2.38 0.22–26.21 0.48

  Atrial fibrillation 2.47 1.15–5.32 0.02 2.11 0.94–4.76 0.07 4.30 0.39–47.45 0.23

  Laboratory findings

    Creatinine (0.1 mg/dL) 1.18 1.11–1.26 <0.001 1.13 1.06–1.22 <0.001 1.59 1.18–2.15　　 <0.01　　
    Urea (mg/dL) 1.02 1.01–1.03 <0.001 1.02 1.00–1.03 <0.01　　 1.06 1.02–1.10　　 <0.01　　
    Hemoglobin (g/dL) 0.82 0.63–1.07 0.14 0.81 0.61–1.06 0.13 0.83 0.36–1.90　　 0.65

    Albumin (g/L) 0.94 0.86–1.02 0.13 0.95 0.87–1.04 0.25 0.88 0.59–1.30　　 0.52

    ALP (log) 2.35 0.86–6.43 0.10 1.89 0.69–5.18 0.21 4.96 0.12–210.0 0.40

    GGT (log) 1.66 1.11–2.49 0.01 1.51 0.98–2.35 0.06 1.57 0.43–5.75　　 0.50

    Total bilirubin (mg/dL) 3.15 1.51–6.57 <0.01　　 2.58 1.21–5.52 0.01 3.12 0.02–408.9 0.65

    ALT (log) 1.06 0.50–2.23 0.87 1.20 0.52–2.78 0.67 0.33 0.03–3.74　　 0.37

    AST (log) 0.95 0.32–2.83 0.93 0.98 0.30–3.19 0.97 0.12 0.00–11.20 0.36

    High-sensitivity CRP (log) 1.25 0.90–1.72 0.18 1.19 0.85–1.67 0.30 1.20 0.40–3.55　　 0.75

  Medications and devices

    ACEI/ARB 0.49 0.17–1.41 0.18 0.25 0.09–0.73 0.01 ND

    β-blocker 1.65 0.39–6.94 0.50 1.24 0.17–9.20 0.83 0.68 0.06–7.51　　 0.75

    MRA 2.16 1.00–4.69 0.05 1.45 0.64–3.28 0.38 5.74 0.52–63.40 0.15

    Diuretic 1.39 0.56–3.43 0.47 1.15 0.43–3.06 0.78 1.29 0.12–14.24 0.83

    ICD/CRT 3.82 1.68–8.68 <0.01　　 2.72 1.09–6.81 0.03 4.45 0.40–49.42 0.22

  Functional capacity

    Peak V̇O2 (mL/min/kg) 0.81 0.74–0.90 <0.001 0.84 0.76–0.93 <0.01　　 0.70 0.46–1.08　　 0.11

    6-min walk distance (100 m) 0.57 0.43–0.75 <0.001 0.58 0.44–0.78 <0.001 0.57 0.24–1.32　　 0.19

  Skeletal muscle

    Handgrip strength (10 kg) 0.88 0.64–1.22 0.45 0.85 0.60–1.19 0.35 0.72 0.20–2.54　　 0.61

    Leg strength (10 kg) 0.82 0.61–1.12 0.22 0.80 0.58–1.11 0.18 0.72 0.22–2.35　　 0.59

    ASMI (kg/m2) 0.78 0.54–1.11 0.17 0.82 0.57–1.18 0.28 0.63 0.14–2.85　　 0.55

  Kynurenine (μmol/L) 1.52 1.20–1.94 <0.001 1.40 1.10–1.79 <0.01　　 3.37 1.13–10.00 0.03

Multivariable: model 1

  Kynurenine (μmol/L) 1.48 1.15–1.89 <0.01　　 1.35 1.05–1.73 0.02 3.48 1.07–11.36 0.04

Multivariable: model 1

  Kynurenine (μmol/L) 1.46 1.15–1.86 <0.01　　 0.79 0.59–1.06 0.12 4.20 1.00–17.60 0.05

Multivariable: model 1

  Kynurenine (μmol/L) 1.13 0.85–1.51 0.41 1.14 0.84–1.54 0.40 5.83 0.23–147.3 0.28

Model 1, adjusted for age, sex, and BMI; model 2, adjusted for age, sex, BMI, and hemoglobin; model 3, adjusted for age, sex, BMI, hemoglobin, 
and creatinine. HR, hazard ratio; ND, not done. Other abbreviations as in Tables 1–3.
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tively) whereas there was no difference in survival between 
the middle and the lowest tertiles (P=0.55). On multivari-
ate Cox proportional hazards analysis, higher kynurenine 
level was a predictor of death independently of age, sex, 
BMI, and hemoglobin (HR, 1.46; 95% CI: 1.15–1.86 for 
1-μmol/L increase in kynurenine, P<0.01) but not after 
adjustment for those 4 factors plus creatinine (HR, 1.13; 
95% CI: 0.85–1.51, P=0.41, Table 4).

Discussion
Principal Findings
Among stable HF patients, plasma kynurenine level was 
inversely correlated with muscle strength (handgrip 
strength and leg strength) and functional capacity (peak 
V̇O2 in spiroergometry and 6-min walk distance) but not 
with muscle mass. The correlation between kynurenine and 
peak V̇O2 observed in the total HF and HFrEF groups was 
significant even after adjustment for age, sex, BMI, and 
hemoglobin, but not for serum creatinine. HF patients 
with high kynurenine had a poor prognosis. On Cox pro-
portional hazard analysis, higher kynurenine remained as 
a significant negative prognostic factor after adjustment 
for age, sex, and BMI.

Potential Mechanisms
Although exercise-induced kynurenine degradation in skel-
etal muscle has been reported elsewhere,16,17 to the best of 
our knowledge, the present study is the first to report the 
association between kynurenine and muscle mass/function 
in humans. Most recently, Mudry et al reported a decline 
in kynurenine after exercise in humans,28 suggesting that 
exercise-induced kynurenine degradation may be one of 
the reasons for lower kynurenine in those with higher mus-
cle strength and functional capacity. In contrast, in most 
previous studies, inflammatory processes were regarded as 
the principal pathophysiological mechanism in patients 
with activated kynurenine pathway.21,29,30 In the previous 
studies kynurenine-tryptophan ratio was treated as an 
established marker of interferon (IFN)-γ activity and 
T-helper 1 immune responses21,26 because the degradation 
from tryptophan into kynurenine is mediated mainly by 
indolamine 2,3-dioxygenase, which is not expressed unless 
stimulated by IFN-γ (Figure 4). Katz et al, however, advo-
cated that the role of kynurenine metabolites in immune 
response and inflammation may not be simple,31,32 refer-
ring to the notion that depletion of tryptophan from T cells 
and/or tryptophan metabolites themselves might make T 
cells unable to trigger the appropriate immune reaction.33 
In the present study, kynurenine was associated with CRP, 
as were some metabolites of the kynurenine pathway in 
previous studies.30 Given that inflammation is associated 
with muscle dysfunction34,35 and reduced functional capac-
ity,36 inflammation may be a common background both 
for higher kynurenine and impaired functional capacity 
observed in the present study. Kynurenine is an endothe-
lium-derived relaxing factor37 and may also be produced as 
a feedback mechanism to counteract vasoconstriction,21,38 
which is frequently observed and measured as elevated 
systemic vascular resistance in right heart catheterization 
in patients with HF. Lewis et al have also hypothesized 
that kynurenines may be released as vasodilators in 
response to pulmonary hypertension.14 The vasodilating 
activity may be worthy of note given that endothelial (dys)
function plays an important role not only in functional 

variables. On univariable analysis, kynurenine correlated 
with peak V̇O2 in the total HF cohort, and in the HFrEF 
and HFpEF subgroups. Kynurenine level also correlated 
with 6-min walk distance in the total HF cohort and the 
HFrEF group, but not in the HFpEF group. Kynurenine 
level correlated with peak V̇O2 even after adjustment for 
age, sex, body mass index (BMI), and hemoglobin, but not 
after adjustment for age, sex, BMI, hemoglobin, and cre-
atinine in the total HF cohort and in the HFrEF group. 
Correlation between kynurenine, eGFR, and peak V̇O2 is 
shown in Figure 2. Kynurenine was significantly higher in 
43 patients (17% of all HF) who could not perform spiro-
ergometric treadmill exercise testing than in 206 patients 
who could (4.0±1.5 vs. 3.3±1.4 μmol/L, P=0.004).

Survival
During the median follow-up period of 32.4 months, a 
total of 28 patients died from any cause. Kaplan-Meier 
curves for cumulative survival in total HF cohort accord-
ing to kynurenine level below/above median and tertiles 
are shown in Figure 3. There was a significant difference in 
mortality across stratified kynurenine levels (log rank, 
P=0.03 vs. below and above the median; and P=0.03 
among tertiles). Furthermore, those with the highest kyn-
urenine tertile had worse prognosis than those with the 
middle and the lowest tertiles (P=0.01 and P=0.03, respec-

Figure 4.  Degradation pathway of kynurenine and potential 
role of skeletal muscle. The kynurenine pathway is initiated by 
degradation from the essential amino acid tryptophan and 
ends in the production of the coenzyme nicotinamide adenos-
ine dinucleotide (NAD)+, which has a crucial role in several 
biological processes, including redox reactions and energy 
production in mitochondria. Activation of kynurenine metabo-
lism by exercise increases skeletal muscle expression of 
kynurenine aminotransferases, thus enhancing the conversion 
of kynurenine into kynurenic acid.
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the present study is a major limitation, especially in prog-
nostication in HF. Given that the evidence for biomarkers 
reflecting muscle wasting in HF is scarce and war-
ranted,52–54 further studies exploring the mechanisms 
underlying these associations are needed. Also, as seen in 
a recent study showing decline in kynurenine after exercise, 
measurement before and after intervention (involving exer-
cise and drug treatment) may have some significance, and 
several drugs affecting the kynurenine pathway have been 
developed recently.13,15,55

Conclusions
In stable HF patients, plasma kynurenine was inversely 
correlated with muscle strength and functional capacity as 
well as liver/kidney function, but no significant correlation 
between kynurenine level and muscle mass was observed. 
HF patients with high kynurenine had poor prognosis. 
Further studies exploring the mechanisms underlying these 
associations are needed to justify its measurement in clini-
cal practice.
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