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Background / Hypothesis

• Lactate dehydrogenase (LDH) is a cytoplasmic enzyme found in most cells.1

• Tissue LDH concentrations are hundreds of times higher than those in plasma, 
and cellular damage results in elevated circulating concentrations of LDH.2

• In addition to myocardial injury, patients with heart failure and reduced ejection 
fraction (HFrEF) often present with hepatic and pulmonary congestion, 
kidney impairment, and skeletal muscle dysfunction, and circulating LDH 
levels may provide an integrated measure of generalized loss of cellular 
integrity.

• In this way, LDH levels may be prognostically important, although this has not 
been investigated in ambulatory patients with chronic HFrEF. 

• The hypothesis of this study is that LDH concentration is associated with fatal 
and non-fatal outcomes in patients with HFrEF.

1. Siekmann L et al. Clin Chem Lab Med. 2002;40:631-634.

2. Khan AA et al. Endocr Metab Immune Disord Drug Targets. 2020;20:855-868. 



GALACTIC-HF
Global Approach to Lowering Adverse Cardiac Outcomes Through Improving Contractility

 in Heart Failure

Key inclusion criteria

• LVEF≤35% 

• NYHA functional class II-IV

• Elevated natriuretic peptide level

• Inpatient or outpatient with urgent visit 

or hospitalization for HF within 1 year

Primary outcome

• Composite of time to a first HF event 

or cardiovascular death

Secondary outcome

• HF event, cardiovascular death, and 
all-cause death

Serum LDH measurements 

• Measured in a central laboratory at 

randomization
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Baseline characteristics according to quartile of baseline LDH levels

LDH Quartile (Q)
Q1: 155 [144-163] (U/L)

(n = 1,561)

Q2: 183 [177-188] (U/L)

(n = 1,508)

Q3: 207 [201-215] (U/L)

(n = 1,551)

Q4: 253 [236-280] (U/L)

(n = 1,518)

Age (years) 63 ± 12 64 ± 11 65 ± 11 65 ± 11

Sex, female (%) 16 21 24 26

NYHA classification III/IV (%) 35 38 43 50

Body mass index (kg/m2) 28 ± 6 29 ± 6 29 ± 6 29 ± 7

LVEF (%) 27 ± 6 27 ± 6 26 ± 6 26 ± 6

Myocardial infarction 40 41 42 44

AF or flutter at screening 21 24 26 29

Serum creatinine (µmol/L) 99 (82-124) 102 (85-126) 105 (87-131) 111 (91-139)

Aspartate amino transferase (U/L) 18 (15-21) 20 (17-24) 21 (18-26) 25 (20-31) 

Total bilirubin (µmol/L) 9 (6-12) 9 (6-14) 10 (7-14) 11 (8-17)

Creatine kinase (U/L) 67 (48-95) 80 (57-111) 87 (62-127) 100 (65-161)

NT-proBNP (pg/mL) 1,410 (738-2,646) 1,701 (859-3,483) 2,032 (1,062-3,907) 2,613 (1,300-5,258)

High-sensitivity troponin I (ng/L) 20 (10-34) 21 (11-40) 25 (14-49) 36 (20-64)



Kaplan-Meier curves for clinical outcomes by quartile of LDH 
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Primary outcome: LDH combined with other ‘single organ’ prognostic biomarkers

NT-proBNP Troponin-I
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* Baseline model is stratified according to the geographic region and adjusted for the trial group and the baseline estimated 

glomerular filtration rate. 

** Adjusted model included additional adjustment for age, sex, NYHA functional class III/IV, systolic blood pressure, body ma ss 

index, left ventricular ejection fraction, history of myocardial infarction, diabetes mellitus, atrial fibrillation/flutter a t screening, 

race, NT-proBNP, high-sensitivity troponin I, hemoglobin, total bilirubin, serum creatinine, and creatine kinase.

Primary outcome
Q1 (n = 1,561)

LDH: 155 [144-163]

Q2 (n = 1,508)

LDH: 183 [177-188]

Q3 (n = 1,551)

LDH: 207 [201-215]

Q4 (n = 1,518)

LDH: 253 [236-280]

No. of events (%) 435 (27.0) 498 (31.2) 575 (37.2) 653 (47.0)

Event rate

     (per 100 person-years)
15.8 (14.4-17.4) 19.0 (17.4-20.7) 23.9 (22.0-25.9) 34.0 (31.5-36.8)

Baseline HR (95% CI)* Reference 1.15 (1.02-1.31) 1.39 (1.23-1.58) 1.84 (1.62-2.08)

Adjusted HR (95% CI)** Reference 1.14 (1.00-1.31) 1.29 (1.13-1.47) 1.51 (1.32-1.73)

Clinical outcomes by quartile of LDH: Multivariable adjustment

Event rates and adjusted hazard ratios 



Clinical outcomes associated with LDH as a continuous variable

Primary outcome HF event

CV death All-cause death



LDH as a prognostic biomarker in HFrEF: Conclusions

• In GALACTIC-HF, higher LDH levels were independently associated 

with higher risk of fatal and non-fatal outcomes in patients with HFrEF.

• LDH provides incremental prognostic value beyond traditional risk 

factors and established biomarkers that largely reflect single organ 

dysfunction.

• LDH may be a biomarker serving as an integrated measure of 

generalized loss of cellular integrity across multiple organs and tissues.
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