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Abstract. Liver dysfunction reflects the status of heart failure, 
and previous studies have demonstrated that serum lactate 
dehydrogenase (S‑LDH) levels are increased in patients exhib-
iting heart failure and liver dysfunction. Right heart failure is a 
main characteristic of idiopathic pulmonary arterial hyperten-
sion (IPAH). The aim of the present study was to assess the 
prognostic significance of S‑LDH levels in patients with IPAH. 
S‑LDH levels were determined in 173 patients with IPAH, and 
these patients were subclassified into two groups according 
to a defined upper reference limit of S‑LDH (250  IU/l). 
Right heart catheterization was performed in all patients. 
A total of 53 patients were found to have elevated S‑LDH 
to ≥250 IU/l. In a mean follow‑up period of 31.2±17.9 months, 
57  patients succumbed. In the group with lower S‑LDH 
levels (S‑LDH <250 IU/l), 16.7% of the patients succumbed, 
compared with 69.8% of patients in the group with higher 
S‑LDH levels (S‑LDH ≥250 IU/l). The Kaplan‑Meier survival 
curves demonstrated that patients with higher S‑LDH levels 
had a significantly lower survival rate than did those with 
lower S‑LDH levels (log‑rank test, P<0.001). Cox proportional 
hazard analyses identified reduced body mass index, reduced 
cardiac index, elevated World Health Organization functional 
class, higher S‑LDH and an absence of PAH‑targeted therapy 
as significant predictors of adverse outcomes. In conclusion, 
elevated S‑LDH is a risk factor for mortality in patients with 
IPAH.

Introduction

Lactate dehydrogenase (LDH) is a cytoplasmic enzyme that 
is widely expressed in tissues. The enzyme converts pyru-
vate, which is the final product of glycolysis, to lactate when 
oxygen is in short supply, and it is detectable in the serum (1). 
Conditions that can cause increased S‑LDH include tissue 
injury, necrosis, hypoxia, hemolysis or malignancies (2‑5).

Idiopathic pulmonary arterial hypertension (IPAH) is 
a disease characterized by progressive pulmonary vascular 
remodeling, which results in right ventricular failure and 
mortality. PAH is a rare condition with an annual incidence 
range of 1.1‑7.6  cases per million, a prevalence range of 
15‑26 cases per million individuals (6,7). IPAH is a particular 
type of PAH, which is unexplained by any secondary cause. 
The prognostic markers of PAH including WHO functional 
class, the plasma concentration of brain natriuretic peptide 
(BNP)  (8), 6-minute-walk distance and mean right atrial 
pressure. Despite use of these markers, however, prediction of 
survival for IPAH patients remains difficult.

Right ventricular failure is the main causative factor for the 
mortality of patients with IPAH (9). Right ventricular failure 
can lead to liver function abnormalities, which increase the 
level of certain liver enzymes, such as transaminase and LDH, 
in the serum. Liver function is associated with the prognosis 
of patients with heart failure (10‑13). The aim of the present 
study was to determine whether S‑LDH is a prognostic marker 
in patients with IPAH.

Materials and methods

Study subjects. Of the 188  consecutive patients in whom 
IPAH was diagnosed in our institute (Fuwai Hospital, Beijing 
China) between May 2007 and July 2012, 15 patients were 
excluded: Nine were excluded as a result of being lost to 
follow‑up and six were excluded due to their involvement in 
clinical drug research. The remaining 173 patients (48 males 
and 125  females; mean age, 31±10  years) were enrolled 
in the study. All 173  patients were incident cases. Three 
patients (1.7%) were classified as World Health Organization 
(WHO) functional Class I, 73 (42.2%) as Class II, 94 (54.3%) 
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as Class III and three (1.7%) as Class IV. The patients were 
subclassified into two groups, normal and abnormal, according 
to their serum‑LDH (S‑LDH) levels. S‑LDH ≥250 IU/l was 
considered to be a sign of pathology (normal levels <250 IU/l). 
No patients in the study had any known malignancy or liver 
and renal function damage due to other disease.

The PAH diagnosis was confirmed when the following 
results were indicated using right heart catheterization (RHC): 
Mean pulmonary artery pressure (mPAP), >25  mmHg, 
mean pulmonary capillary wedge pressure (mPCWP), 
<15  mmHg; and pulmonary vascular resistance (PVR), 
>240  dyn/sec/cm5  (14). IPAH was defined as PAH unex-
plained by any secondary cause. This study was approved by 
the Institutional Review Board of Fuwai Hospital. Written 
informed consent was obtained from all patients when they 
were recruited to the study.

The following data were obtained through review of 
the patient records: Age at diagnosis; gender; date of diag-
nosis; height; weight; WHO functional class; biochemical 
tests, including N‑terminal pro‑brain natriuretic peptide 
(NT‑proBNP), S‑LDH, total bilirubin, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), serum 
creatinine (Cr) and uric acid (UA) levels; hemodynamics, 
as assessed by RHC, including mean right atrial pressure 
(mRAP), mPAP, cardiac index, PVR, mixed venous oxygen 
saturation (SVO2) and mPCWP. In order to perform the 
biochemical tests, venous blood was drawn following an over-
night fast within a week of the first diagnostic catheterization.

Follow‑up. Follow‑up data were obtained by telephone inter-
views with the patients or their families. The primary endpoint 
was all‑cause mortality. Survival was estimated from the date 
of diagnosis to October 2013 (the last date of contact) or until 
mortality.

Statistical analysis. Continuous variables are presented 
as the mean  ±  standard deviation. Categorical variables 
are presented as frequencies and percentages. Differences 
between groups were assessed by the Mann‑Whitney U test, 
and proportions were compared using the χ2 test. The correla-
tion between S‑LDH and the baseline variables was assessed 
through Spearman's rank correlation coefficients. The asso-
ciation between time to mortality and S‑LDH was assessed 
using log‑rank tests, with Kaplan‑Meier plots used to describe 
the likelihood of the outcome during the follow‑up period. 
For the comparison of the prognostic values of S‑LDH and 
NT‑proBNP, receiver operating characteristic (ROC) curves 
were generated, and the areas under the curves (c‑statistics) 
were calculated. Simple Cox regression analyses were 
conducted to establish the predictors of mortality during the 
follow‑up period. Variables with a P<0.05 were then tested in 
a stepwise forward Cox regression model (entered at a P<0.05, 
removed at a P>0.10). P<0.05 was considered to indicate 
significance. Statistical analysis was conducted using SPSS 
version 19.0 for Windows (IBM SPSS, Armonk, NY, USA).

Results

S‑LDH levels and the severity of IPAH. The baseline charac-
teristics of the 173 patients are shown in Table I. The mean age 

was 31±10 years (range, 14‑59 years), and the female‑to‑male 
ratio was 2.76:1. The mean body mass index (BMI) was 
22.1±3.7 kg/m2. Elevated S‑LDH to ≥250 IU/l was observed 
in 53 patients. A comparison of the baseline clinical charac-
teristics, hemodynamic parameters and serum biomarkers 
between patients with S‑LDH levels <250 IU/l and those with 
S‑LDH levels ≥250 IU/l is shown in Table I. No significant 
differences were found between the two groups in the age, 
gender, BMI, PCWP, serum Cr or ALT levels, or the use of 
targeted therapies; however, the WHO functional class, mRAP, 
mPAP and PVR, as well as the UA, total bilirubin, AST and 
NT‑proBNP levels, were significantly higher in patients with 
S‑LDH levels ≥250 IU/l than those in patients with S‑LDH 
levels <250 IU/l, and the cardiac index and SVO2 were lower 
in patients with S‑LDH levels ≥250 IU/l. 

Association of S‑LDH with clinical, biochemical and hemo‑
dynamic parameters. The association of S‑LDH with the 
WHO functional class (ρ=0.261, P=0.001), mRAP (ρ=0.241, 
P=0.001), mPAP (ρ=0.252, P=0.001), cardiac index (ρ=‑0.402, 
P<0.001), SVO2 (ρ=‑0.386, P<0.001) and PVR (ρ=0.412, 
P<0.001), as well as NT‑proBNP (ρ=0.429, P<0.001), UA 
(ρ=0.288, P<0.001), serum Cr (ρ=0.169, P=0.028), total bili-
rubin (ρ=0.283, P<0.001), ALT (ρ=0.264, P<0.001) and AST 
(ρ=0.445, P<0.001) levels, is shown in Table II.

S‑LDH levels and outcome in IPAH. During a mean follow‑up 
period of 31.2±17.9 months, 57 patients succumbed and one 
underwent transplantation during the follow‑up period. Nine 
patients missed their appointments and survival was deter-
mined according to the last date of contact. A total of 16.7% 
(20/120) of the patients in the group with lower S‑LDH levels 
succumbed, compared with 69.8% (37/53) of patients in the 
group with higher S‑LDH levels. The Kaplan‑Meier survival 
curves, grouped according to the S‑LDH value of 250 IU/l, 
demonstrated that patients with higher S‑LDH levels had 
a significantly lower survival rate than did those with lower 
S‑LDH levels (log‑rank test, P<0.001). The one‑, three‑ and 
five‑year survival rates of the group with lower S‑LDH levels 
were estimated to be 94.2, 76.8 and 75.0%, respectively, and 
the mean survival time was 65.0±2.8 months. In comparison, 
the one‑, three‑ and five‑year survival rates of the group with 
higher S‑LDH levels were 66.0, 31.1 and 23.1%, respectively, 
and the mean survival time was 31.2±4.0 months (Fig. 1).

S‑LDH in the context of other markers of adverse outcome. 
In simple Cox regression analysis, the following factors were 
found to be associated with an increased risk of mortality: 
Younger age; elevated WHO functional class; increased 
mRAP, mPAP, mPCWP or PVR; reduced BMI, cardiac index 
or SVO2; elevated levels of NT‑proBNP, AST and S‑LDH; and 
absence of PAH‑targeted therapy. Based on forward stepwise 
Cox regression analysis, only reduced BMI and cardiac index, 
elevated WHO functional class, higher S‑LDH and an absence 
of PAH‑targeted therapy remained as significant predictors of 
adverse outcomes (Table III).

ROC curve analyses further illustrated that a high level 
of S‑LDH is a strong indicator of adverse outcomes in IPAH. 
The optimal S‑LDH cutoff level for predicting outcome was 
218.5 IU/l (sensitivity, 80%; specificity, 70%). The c‑statistic for 
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Table I. Characteristics of the patients.

Characteristic  	 All patients	 S‑LDH <250 IU/l 	 S‑LDH ≥250 IU/l	 P‑value

Patients (n)	 173	 120	 53	
Age (years)	   31±10	   31±10	   30±11	 0.565
Females (%)	     72.3	     72.5	     71.6	 0.914
BMI (kg/m2)	 22.1±3.7	 22.1±3.7	 22.0±3.7	 0.883
WHO functional class				    0.016
  Ia/II 	   76	   60	 16	
  III/IVa	   97	   60	 37	
mRAP (mm Hg)	   8.0±6.3	   6.9±4.7 	 10.3±8.6	 0.025
mPAP (mm Hg)	   61.1±17.8	   58.1±14.5	   67.9±22.0	 0.006
mPCWP (mm/Hg)	   9.4±3.5	   9.1±3.6	 10.1±3.2	 0.342
Cardiac index (l/min/m2)	   2.42±0.88	   2.54±0.87	   2.14±0.86	 <0.001
PVR (dyn/sec/cm5)	 1395±669	 1238±527	 1750±813	 <0.001 
SVO2 (%)	 66.7±8.5 	 68.2±7.7	 63.5±9.4	 0.001
NT‑proBNP (ng/l)	 1394±957	 1238±527	 1610±922	 0.006
Uric acid (µmol/l)	   388±114	   379±117	   409±106	 0.020
Serum Cr (µmol/l)	   71.8±15.9	   70.8±16.1	   74.0±15.4	 0.071
ALT (IU/l)	   30.3±21.3	   28.8±20.4	   33.8±22.8	 0.050
AST (IU/l)	   27.2±11.4	   25.0±10.8	   31.9±11.2	 <0.001
Total bilirubin (µmol/l)	   24.4±14.7	   23.2±14.8	   27.0±14.3	 0.045
S‑LDH (IU/l)	 222±55 	 193±27	 287±45 	 <0.001
Targeted therapy (%)	     56.6	      60.0	    49.1	 0.181

aOnly three patients in classes I and IV, respectively. BMI, body mass index; WHO, World Health Organization; mRAP, mean right atrial 
pressure; mPAP, mean pulmonary artery pressure; mPCWP, mean pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance; 
SVO2, mixed venous oxygen saturation; NT‑proBNP, N‑terminal pro‑brain natriuretic peptide; Cr, creatinine; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; S‑LDH, serum lactate dehydrogenase.

Figure 1. Survival rates of the S‑LDH <250 IU/l and S‑LDH ≥250 IU/l 
groups. Surviving patients at 0, 12, 24, 36, 48 and 60 months (n): S‑LDH 
<250 IU/l, 120, 113, 86, 52, 29 and 8, respectively; S‑LDH ≥250 IU/l, 53, 35, 
21, 13, 8 and 2, respectively. S‑LDH, serum lactate dehydrogenase.

Table II. Association between S‑LDH and other parameters.

Variables	 r	 P‑value

Age (years)	 ‑0.061	 0.428
Body mass index (kg/m2)	 ‑0.050	 0.514
WHO functional class	 0.261	 0.001
mRAP (mmHg)	 0.241	 0.001
mPAP (mmHg)	 0.252	 0.001
Cardiac index (l/min/m2)	 ‑0.402	 <0.001
PVR (dyn/sec/cm5)	 0.412	 <0.001
SVO2 (%)	 ‑0.386	 <0.001
NT‑proBNP (ng/l)	 0.429	 <0.001
Uric acid (µmol/l)	 0.288	 <0.001
Total bilirubin (µmol/l)	 0.283	 <0.001
Alanine aminotransferase (IU/l)	 0.264	 <0.001
Aspartate aminotransferase (IU/l)	 0.445	 <0.001
Serum creatinine (µmol/l)	 0.169	 0.028

WHO, World Health Organization; mRAP, mean right atrial pressure; 
mPAP, mean pulmonary artery pressure; PVR, pulmonary vascular 
resistance; SVO2, mixed venous oxygen saturation; NT‑proBNP, 
N‑terminal pro‑brain natriuretic peptide; S‑LDH, serum lactate dehy-
drogenase.
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S‑LDH was 0.778 [95% confidence interval (CI), 0.701‑0.855], 
which was superior to the c‑statistic for NT‑proBNP level 
(0.642; 95% CI, 0.555‑0.730) (Fig. 2).

Discussion

The present study showed that approximately one‑third of the 
study population presented with elevated LDH levels. These 
individuals had an inferior prognosis compared with those 
with LDH levels below the upper reference limit. S‑LDH levels 
were significantly associated with WHO functional class, 
mRAP, mPAP, SVO2, UA, total bilirubin, ALT and serum Cr, 
and particularly with AST, NT‑proBNP, cardiac index and 
PVR, suggesting that elevated levels of S‑LDH are reflective of 
a range of functional, hemodynamic and biochemical indica-
tors of more severe disease and poor prognosis in patients with 
IPAH, in addition to indicators of right heart failure‑induced 
poor liver function.

It has been demonstrated that severe IPAH has a number 
of characteristics exhibiting certain similarities with the 
characteristics of cancer, such as the unexplained prolifera-
tion of pulmonary smooth muscle and endothelial cells (15) 
and metabolic shifts. Parallel to cancer, anaerobic glycolysis 
is a dominant vascular feature in IPAH (16,17), which leads 
to the increased activity of LDH and lactate production. The 
present study showed that the S‑LDH level was significantly 
associated with the hemodynamic parameters in IPAH, which 
suggests that pulmonary smooth muscle and endothelial cells 
may be the sources of the increased S‑LDH; however, this 
hypothesis requires further investigation for verification.

The current study also showed that the S‑LDH level is a 
strong, independent predictor of an adverse prognosis in patients 

Table III. Results of Cox proportional hazard analyses.

	 Single‑variable model	 Multivariable model
	 ‑‑‑‑‑‑‑‑‑‑‑‑-----------------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑---------------------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 HR (95% CI)	 P-value	 HR (95% CI)	 P-value

Age, per 10‑year #	 0.751 (0.571‑0.987)	 0.040
BMI in kg/m2, per 1 SD #=3.65	 0.659 (0.497‑0.874)	 0.004	 0.530 (0.378‑0.745)	 <0.001
WHO functional classa	 3.226 (1.735‑5.997)	 <0.001	 2.043 (1.073‑3.889)	 0.030 
mRAP, mm Hg	 1.059 (1.031‑1.089)	 <0.001
mPAP, mm Hg	 1.017 (1.006‑1.028)	 0.002
Cardiac index, per 0.5 l/min/m2 #	 0.669 (0.537-0.834) 	 <0.001	 0.657 (0.524-0.823)	 <0.001 
PVR, per 100 dyn/sec/cm5 #	 1.088 (1.057‑1.121)	 <0.001
mPCWP, mm Hg	 1.072 (1.009‑1.138)	 0.024
SVO2, per 5% #	 0.814 (0.729‑0.909)	 <0.001
NT‑proBNP, per 100 ng/l #	 1.025 (1.004‑1.046)	 0.019
UA, per 100 µmol/l #	 1.183 (0.947‑1.477)	 0.138
Total bilirubin, µmol/l	 1.008 (0.992‑1.024)	 0.344
ALT, IU/l	 1.011 (1.001‑1.021)	 0.346
AST, IU/l	 1.024 (1.008‑1.041)	 0.004
Serum Cr, µmol/l	 1.012 (0.997‑1.028)	 0.119
S‑LDH in IU/l, per 1 SD #=54	 1.498 (1.273‑1.763)	 <0.001	 1.349 (1.118‑1.628)	 0.002
Targeted medication	 0.259 (0.148‑0.454)	 <0.001	 0.236 (0.132‑0.422)	 <0.001

aOnly three patients in classes I and IV, respectively. BMI, body mass index; WHO, World Health Organization; mRAP, mean right atrial 
pressure; mPAP, mean pulmonary artery pressure; PVR, pulmonary vascular resistance; mPCWP, mean pulmonary capillary wedge pressure; 
SVO2, mixed venous oxygen saturation; NT‑proBNP, N‑terminal pro‑brain natriuretic peptide; UA, uric acid; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; Cr, serum creatinine; S‑LDH, serum lactate dehydrogenase; SD, standard deviation; HR, hazard ratio; CI, 
confidence interval.

Figure 2. Receiver operating characteristic curve analyses investigating the 
association of levels of S‑LDH and NT‑proBNP with outcome in patients 
with IPAH. S‑LDH, serum lactate dehydrogenase; NT‑proBNP, N‑terminal 
pro‑brain natriuretic peptide; IPAH, idiopathic pulmonary arterial hyperten-
sion.
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with IPAH, even following adjustment for a variety of clinical 
and biochemical variables. In a study by Takeda et al (18), it was 
found that total bilirubin was a prognostic marker in patients 
with PAH, while S‑LDH was not (18); in the present study, 
however, S‑LDH was found to be a more effective prognostic 
marker than total bilirubin. This difference may have been due 
to the fact that the study by Takeda et al (18) included patients 
with connective tissue disease‑associated PAH in addition to 
patients with IPAH, and because fewer patients were recruited 
by Takeda et al (18) compared with the number of patients in 
the present study (37 vs. 173).

The present study also demonstrated that S‑LDH was a more 
effective predictor of mortality than NT‑proBNP in patients 
with IPAH. This may be due to the fact that NT‑proBNP is 
highly specific for changes in cardiac hemodynamics and thus 
can be considered to be a ‘myocardial exclusive’ protein (19), 
while S‑LDH a non‑specific test that appears to reflect the 
general condition of patients with severe disease and to have 
systemic implications.

S‑LDH level measurement is a simple, noninvasive, rela-
tively low‑cost and routinely available procedure. Although a 
number of noninvasive markers for the severity of IPAH, such 
as neurohormones and echocardiographic parameters, have 
been suggested, S‑LDH levels should also be considered as a 
potential noninvasive indicator for the severity of IPAH.

There were several limitations to the present study. Firstly, 
this was a retrospective, observational, single‑center study, in 
which S‑LDH was only assessed at baseline. Further assess-
ments should performed during the therapeutic follow‑up. 
In addition, S‑LDH is a highly sensitive but nonspecific test; 
levels of LDH isoenzyme, which could provide more informa-
tion, were not measured.

In conclusion, S‑LDH levels increase in proportion to the 
clinical severity of IPAH and have a strong, independent asso-
ciation with the long‑term mortality of patients with IPAH. It 
may be worthwhile to assess the potential role of S‑LDH as a 
biomarker and as a potential mediator involved in the patho-
genesis of IPAH in further studies. 
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