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Abstract

Objective Sixty percent of critically ill patients suffer from acute kidney injury (AKI) and 12% of them require renal replace-
ment therapy during their ICU stay. However, we lack effective biomarkers to predict the mortality of critically ill patients
with AKI. Few studies have investigated the association between lactate dehydrogenase levels and mortality in patients with
AKI.

Methods We conducted a retrospective cohort study with large samples, using a large database, the Multi parameter Intel-
ligent Monitoring in Intensive Care III project. Clinical and demographic data were collected from the database by struc-
ture query language. Multiple models were constructed by stepwise methods to examine the association between lactate
dehydrogenase (LDH) and in-hospital mortality. The predictive performance of LDH was assessed by ROC analysis and p
values were calculated for trends.

Results In the final analysis, 8436 patients met the inclusion criteria, and 1519 patients died during their hospital stay. The
mortality rate increased with increasing LDH levels. The association between LDH and in-hospital mortality was almost
linear (p <0.001). A multiple logistic regression model indicated that LDH level was an independent predictor of in-hospital
mortality (OR=1.56, 95% CI (1.39-1.73), p<0.001) and this effect remained stable in the subgroup analysis. Moreover,
the combined AUC of LDH and SAPSII was 0.83.

Conclusions The LDH level, which can be easily assessed, is significantly and independently associated with in-hospital
mortality, and could increase the predictive ability of SAPSII for in-hospital mortality in our study.
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Introduction require renal replacement therapy (RRT) [3]. In particular,

the mortality of septic patients with AKI may increase to

Acute kidney injury (AKI) is a common and severe compli-
cation in critically ill patients, that always results in a poor
prognosis and increases short- and long-term mortality [1].
Moreover, the persistent loss of renal function may increase
the risk of chronic kidney disease (CKD) or end-stage kid-
ney disease (ESKD) [2]. Among patients in the intensive
care unit (ICU), nearly 60% of critically ill patients may suf-
fer from AKI during their ICU stay, and approximately 12%
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45-60% [4]. Because of the high incidence of AKI and high
patient mortality, it is essential to find effective predictors
of in-hospital mortality, especially for patients in the ICU.

Lactate dehydrogenase (LDH), a common enzyme
involved in energy production, is widely present in nearly all
cells in the body, with the highest levels in heart, liver, lungs,
muscles, kidneys, and blood cells [5]. LDH is considered
an inflammatory biomarker and is always elevated in many
diseases, such as lung damage, interstitial lung infections,
and atopic dermatitis [5—7]. In addition, the inflammatory
process plays an important role in the initiation and progres-
sion of AKI [8, 9]. Based on these findings, the association
between LDH levels and AKI has not been clearly clarified,
and a few studies to date have explored the prognostic value
of LDH in critically ill patients with AKI.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11255-021-02792-z&domain=pdf

2342

International Urology and Nephrology (2021) 53:2341-2348

Materials and methods
Database and setting

This was an observational study from a large US-based criti-
cal care database called the Multiparameter Intelligent Mon-
itoring in Intensive Care Database III version 1.4(MIMIC-III
v1.4). There are over 40,000 medical records from various
critical care units at Beth Israel Deaconess Medical Center
(Boston, MA, USA) between 2001 and 2012 stored in the
database [10]. The database includes 38,597 adults and
7870 newborns, with 58,976 hospital admissions in total.
All the medical records in the MIMIC-III database have
been de-identified to protect patient privacy. Researchers are
allowed to access the database after completing the National
Institutes of Health’s web-based course known as Protect-
ing Human Research Participants (certification number
25119010) [11]. As there is pre-existing institutional review
board (IRB) approval in the MIMIC-III database, we were
exempt from IRB approval from our institution. The soft-
ware pgAdmin (version 1.12.3) was used to extract all data
in our study, because the whole database was constructed on
the basis of structure query language (SQL).

Study population

All patients in the MIMIC-III database were eligible for
inclusion in the present investigation. The inclusion criteria
in our study were (1) an age of 16 years or greater; and (2)
an ICU stay longer than 48 h; patients were excluded from
our study if (1) >5% of their individual data were missing,
(2) outliers were present, and (3) they had rhabdomyolysis,
a malignant tumor, cardiomyopathy or cardiac arrest, and
they had chronic kidney disease (CKD). The outliers were
defined as values exceeding the mean + 3 times the standard
deviation (SD). AKI was defined on the basis of the Kidney
disease: improving global outcomes (KDIGO) classification
[12]. For patients with multiple admissions, only data from
the first ICU admission during the first hospitalization were
used.

Data extraction and study variables

We extracted data during the first 24 h of ICU admission
from the MIMIC-III database by SQL in study patients
who met the inclusion criteria. The demographic variables
included age at the time of hospital admission, sex, and eth-
nicity. The clinical variables included the ICU type, sequen-
tial organ failure assessment (SOFA) score, Simplified
Acute Physiology Score II (SAPSII), Elixhauser comorbid-
ity score, use of vasopressors, use of ventilation, and renal
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replacement therapy (RRT) [13, 14]. For comorbidities, con-
gestive heart failure (CHF), liver disease, chronic obstructive
pulmonary disease (COPD), coronary artery disease (CAD),
stroke, and diabetes were included. All of the comorbidities
were identified on the basis of the recorded ICD-9 codes.
Vital signs included mean heart rate and mean arterial pres-
sure (MAP) in the first 24 ICU admission hours. The labo-
ratory results included the white blood cell (WBC) count,
hemoglobin level, platelet count level, albumin level, total
bilirubin level, blood urea nitrogen (BUN) level, creatinine
level, lactate level, and serum potassium level in the first 24
ICU admission hours.

Study outcome

The primary outcome of our study was in-hospital mortality,
which was defined as the survival status of each patient at
the time of hospital discharge.

Statistical methods

We divided all enrolled patients into three groups according
to quartiles of LDH (25% quantile, 75% quantile). The base-
line characteristics of our study population were presented as
the frequency (percent) for categorical data and the median
with interquartile range. Comparisons of different groups of
LDH were made by Student’s # or Mann—Whitney U tests,
appropriately, for continuous variables and Chi-square tests
for categorical variables.

To examine whether there would be an independent asso-
ciation between LDH level and in-hospital mortality for
critically ill patients, multivariate logistic regression models
based on a forward selection modeling process were built,
with LDH treated as a categorical variable by quartiles and
the results presented as odds ratios (ORs) with 95% CIs. The
p of LDH level for trends was also calculated to examine
whether a nonlinear relationship existed between in-hospital
mortality and LDH. The median value of each category of
LDH level was entered into models as a continuous variable
[15]. Receiver-operating characteristic (ROC) curve analysis
and combined ROC curves [16] were used to evaluate the
ability of LDH to discriminate between survivors and non-
survivors. All the statistical analyses were conducted using
R software (version 3.6.3).

Results
Baseline characteristics
The initial cohort of our study was 52,963 ICU admis-

sions from the MIMIC-III database. After reviewing
all patients in the initial cohort, we identified 15,056
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critically ill patients with AKI. There were 8436 patients
with AKI included in our final analysis (Fig. 1). A total
of 1519 analyzed patients died including 228 (10.56%)
patients in a group with LDH <203 U/L, 717 (16.98%)
patients in a group with LDH 203-392 U/L and 574
(27.95%) patients in a group with LDH >392 U/L. In our
study, all 1519 patients died in the hospital. The causes
of death were sepsis (811 patients), respiratory failure
(229 patients), cardiac dysfunction (196 patients), liver
cirrhosis (189 patients), and electrolyte disturbances (58
patients). For 36 patients, no specific causes of death was
indicated in the discharge summary of the database.

The baseline characteristics of our study cohort are
summarized in Table 1 which shows the different groups
of LDH levels. In general, patients with higher LDH
levels were more critically ill than patients with the
lower LDH levels [SOFA 4 (2-7) vs. 5 (3-8) vs. 6 (4-9);
p <0.001], [SAPSII 37 (29-47) vs. 39 (31-48) vs. 41
(32-52); p<0.001]. A significantly larger percentage of
the patients with higher LDH levels received mechanical
ventilation (30.99% vs. 42.69% vs. 54.48%), vasopres-
sor treatment (7.36% vs. 10.21% vs. 16.36%), and renal
replacement therapy (2.59% vs. 3.29% vs. 8.91%) during
the first 24 h of their ICU stay. Moreover, patients with
higher LDH levels had a higher incidence of stage 3 AKI
(16.22% vs. 17.74% vs. 23.71%).

Fig. 1 Flowchart of inclusion
and exclusion criteria to select
final study population

Association between LDH level and in-hospital
mortality

To determine the independent association between LDH
level and in-hospital mortality, we developed three multi-
variable logistic regression models using a forward selection
method. The adjusted factors of each model are shown in the
Methods section and in Table 2. In model one, without any
adjustments, the LDH level was associated with in-hospital
mortality [OR=1.83,95% CI (1.68-1.98), p <0.001], which
indicated that the in-hospital mortality rate increased by 83%
with each increment in the LDH level. In model two, we
adjusted data for age and sex, and the odds ratio was 1.87
with a 95% CI 1.02-2.03. The LDH level was significantly
associated with mortality. In the final model, the LDH level
was still significantly associated with in-hospital mortality
[OR=1.32,95% CI (1.24-1.40), p <0.001], which indicated
that the in-hospital mortality rate increased by 56% with
each increment in the LDH level after adjusting for mul-
tiple variables. We also identified the SAPSII (OR=1.02,
p <0.001), Elixhauser score (OR=1.03, p<0.001), and
vasopressin use (OR=2.76, p <0.001) as predictors of in-
hospital mortality.

The P value for the trend of the LDH value was also cal-
culated in model three by R software to examine whether a
nonlinear relationship existed between in-hospital mortality
and LDH, which is also shown in Table 3. Compared with
that of group A, the ORs of groups B and C were 1.45-2.12,

MIMIC-III database
Hospital Admissions
n=52963

Patients with
acute kidney

Patient with CKD or

malignancy
n=2363

injury
n=15056
a. Lessthan 48 hours
b. Lessthan 16 years
¢. Missing vital data or

outliers present
n=4257

Patient available
for further
analysis

n=8436
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Table1 Baseline characteristics of the study population with different LDH level

LDH level <203 203-392 >392 p value
Clinical parameters, n (%) 2159 4223 2054
Age, years 64.21+16.73 64.77+16.52 60.97 +£17.62 <0.001
Sex, n (%) 0.027
Female 902 (41.78%) 1864 (44.14%) 942 (45.86%)
Male 1257 (58.22%) 2359 (55.86%) 1112 (54.14%)
Ethnicity, n (%)
White 1698 (74.48%) 3056 (72.37%) 1368 (66.60%)
Black 177 (8.20%) 322 (7.62%) 191 (9.30%)
Other 374 (17.32%) 845 (20.01%) 495 (24.10%)
Length of ICU stay, days 7.12+8.11 8.63+9.19 9.93+10.08 <0.001
Heart rate, beats/minute 86.14 (75.55-98.70) 88.46 (78.03-100.43) 92.27 (80.37-104.37) <0.001
SBP, mmHg 112.40 (104.09-123.04) 113.98 (104.61-126.45) 112.55 (103.88-125.29) <0.001
DBP, mmHg 57.60 (51.75-64.86) 58.96 (52.58-66.42) 60.83 (54.17-67.76) <0.001
Vasopressin use, n (%) 159 (7.36%) 431 (10.21%) 336 (16.36%) <0.001
Ventilator use, n (%) 669 (30.99%) 1803 (42.69%) 1119 (54.48%) <0.001
CRRT, n (%) 56 (2.59%) 139 (3.29%) 183 (8.91%) <0.001
Laboratory parameters
White blood cell count, 10%/L 10.90 (7.60-15.10) 11.40 (8.00-16.25) 12.45 (8.50-17.90) <0.001
Platelet count, 10%/L 196.00 (132.00-279.00) 192.00 (130.00-269.50) 180.00 (111.00-261.00) <0.001
Hemoglobin, g/dL 10.30 (9.00-11.80) 10.50 (9.20-12.00) 10.70 (9.20-12.30) <0.001
BUN, mg/dl 20 (13-32) 22 (15-35) 23 (15-38) <0.001
Albumin, g/L 32 (26-37) 31 (26-36) 31 (26-35) <0.001
Total bilirubin, mg/dL 0.50 (0.30-0.90) 0.60 (0.40-1.20) 0.80 (0.50-1.70) <0.001
Creatinine, mg/dL 1.1 (0.9-1.6) 1.2 (1.0-1.8) 1.4 (1.0-2.2) <0.001
INR 1.30 (1.20-1.60) 1.30 (1.20-1.70) 1.40 (1.20-1.80) <0.001
PO2, mmHg 149.75 (102.00-216.28) 145.67 (102.37-208.86) 135.00 (97.00-190.32) <0.001
PCO2, mmHg 40.00 (35.75-44.75) 39.79 (35.50-44.55) 39.00 (34.29-43.78) <0.001
Plasma lactate 1.80 (1.25-2.70) 2.00 (1.40-3.02) 2.42 (1.57-4.10) <0.001
Potassium concentration, mmol/L 4.00 (3.60-4.50) 4.10 (3.60—4.50) 4.10 (3.70-4.60) <0.001
Sodium concentration, mmol/L 137 (135-141) 138 (134-140) 139 (137-143) 0.01
Comorbidities
Hypertension, n (%) 1086 (50.30%) 2041 (48.33%) 866 (42.16%) <0.001
Chronic pulmonary, n (%) 517 (23.95%) 1040 (24.63%) 429 (20.89%) <0.001
Diabetes, n (%) 582 (26.96%) 1152 (27.28%) 440 (21.42%) <0.001
Liver disease, n (%) 302 (13.99%) 693 (16.41%) 542 (26.39%) <0.001
Coronary heart disease, n (%) 575 (26.63%) 1034 (24.48%) 509 (24.78%) <0.001
Stroke, n (%) 302 (13.99%) 693 (16.41%) 542 (26.39%) <0.001
Chronic heart failure, n (%) 605 (28.02%) 1525 (36.11%) 747 (36.37%) <0.001
AKI stage <0.001
Stage 1 949 (43.98%) 1727 (40.90%) 728 (35.44%)
Stage 2 859 (39.81%) 1747 (41.37%) 839 (40.85%)
Stage 3 350 (16.22%) 749 (17.74%) 487 (23.71%)
Elixhauser comorbidity score 6.47+6.89 6.78 £6.94 6.85+6.88 0.133
Scoring system
SOFA 4(2-7) 5(3-8) 6 (4-9) <0.001
SAPSII 37 (29-47) 39 (31-48) 41 (32-52) <0.001
In-hospital mortality 228 (10.56%) 717 (16.98%) 574 (27.95%) <0.001

CRRT continuous renal replacement therapy, BUN blood urea nitrogen, /NR international normalized ratio
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Table 2 QRS (95% Cls) for. Models Odds ratio (95% confidence interval), p value p for trend
all-cause in-hospital mortality
across groups of LDH level OR (95% CI) p value
Model 1 Level A vs. level B and C 1.83 (1.68-1.98) <0.001 <0.001
Model 2 Level A vs. level B and C 1.87 (1.02-2.03) <0.001 <0.001
Model 3 Level A vs. level B and C 1.32 (1.24-1.40) <0.001 <0.001

Model 1. Adjusted for age, sex, and ethnicity

Model 2 Adjusted for model 1 plus history of diabetes, coronary heart disease, hypertension, chronic pul-
monary disease, history liver disease, and stroke

Model 3. Adjusted for model 2 plus white blood cells, platelets, hemoglobin, creatinine, bun, INR, and
total bilirubin. Albumin, SAPSII, SOFA, systolic blood pressure, diastolic blood pressure, heart rate, lac-
tate, length of hospital stay, renal replacement therapy, use of vasopressin, and use of ventilator

Level A LDH value <203 U/L, Level B LDH value in 203 U/L-392 U/L, Level C LDH value >392 U/L

respectively. The ORs were equidirectional, and more than
once, the p value for trends was less than 0.001, which also
indicate a linear relationship between the LDH value and
in-hospital mortality.

Subgroup analysis and ROC curve analysis

ROC curves were generated to evaluate the ability of LDH to
discriminate between survivors and non-survivors. The area
under the curve of LDH was 0.75. A combined ROC curve
for SAPSII and LDH was performed to examine whether
LDH could increase the predictive ability of SAPSII. The
AUC:s of the combined curve and SAPSII were 0.83 and
0.77, respectively (Fig. 2).

A subgroup analysis based on model three was also con-
ducted and no significant interaction was observed in the
analysis. In different subgroups, the LDH was still an inde-
pendent indicator of in-hospital mortality (Table 3).

Discussion

We conducted a large retrospective cohort study that
enrolled 8436 critically ill patients with AKI during their
ICU stay from a large database, the MIMIC-III database,
and the study demonstrated that the LDH level was associ-
ated with in-hospital mortality and that LDH values were
significantly increased in non-surviving patients with AKI.
Subsequently, we developed three multivariate models, and
factors were entered into our models by stepwise methods.
After adjusting for many relevant factors, the LDH level
was still an independent predictor of in-hospital mortality
in patients with AKI. There were no significant interactions
in any strata in the subgroup analysis, and the association
between the LDH value and in-hospital mortality was lin-
ear. Moreover, the combination of LDH and SAPSII could
predict in-hospital mortality more effectively than each sin-
gle variables. All these findings show that LDH can be an

effective tool to predict the prognosis of AKI patients in
the ICU.

LDH catalyzes the reversible transformation of pyru-
vate to lactate and plays a central role in anaerobic cellular
metabolism [17, 18]. This hypoxia-inducible factor regulates
the production of LDH transcription when the body is in a
state of hypoxia [19]. Usually, LDH is released into serum
as a biomarker of cell membrane damage, platelet activa-
tion, and angiogenesis [20]. Several studies have assessed
the association between LDH and many diseases. Guan et al.
suggested that a high LDH level was an independent risk
factor for cardiac surgery-associated AKI and multiple wasp
stings associated with AKI [21, 22]. In some studies, LDH
was an indicator of interstitial lung infections and atopic der-
matitis [5, 7]. In addition, previous studies have shown that
LDH levels may increase in patients with malignant tumors
and that it can be considered a good predictor of prognosis
in patients with gastric cancer [23]. Furthermore, LDH has
long been considered a predictor of disease severity, as it has
high morbidity and mortality in critically ill patients. In our
study, we had similar results; with increasing LDH values,
the SOFA and SAPSII scores also increased [24, 25].

AKI is one of the most common complications in criti-
cally ill patients, and it varies considerably in terms of the
disease severity, progressive course, and eventual progno-
sis [2]. Local and systematic inflammation are involved in
both AKI and CKD progression [26]. Moreover, critically
ill patients are always exposed to hypoxia and anaerobic tis-
sue, which results in the rapid accumulation of pyruvate,
and pyruvate may be converted into lactate in some circum-
stances [27]. However, patients with AKI always suffer from
lactate dehydrogenase dysfunction, and they are not able to
clear endogenous acid production, which causes high levels
of LDH [28, 29].

Moreover, in the fully adjusted model, our study also
identified lactate, SAPSII score, SOFA score, Elixhauser
score, and vasopressin use as significant predictors of in-
hospital mortality. Although the SAPSII score and the
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Table 3 Subgroup analysis of the associations between LDH and in-

hospital mortality

OR; 95% CI

p for interaction

N

Age, years

<65 4182

> 65 4254
Sex

Female 3708

Male 4728
SOFA

=5 4590

>5 3846
SAPSII

<39 4408

>39 4028
Liver disease

Yes 1537

No 6899
Diabetes

Yes 2174

No 6262
Hypertension

Yes 3993

No 4443
Chronic heart failure

Yes 2877

No 5559
Stroke

Yes 756

No 7680
Coronary heart disease

Yes 2118

No 6318
Chronic pulmonary

Yes 1986

No 6450
Vasopressin use

Yes 926

No 7510
Ventilator use

Yes 3591

No 4845
CRRT

Yes 378

No 8058
AKI stage

Stage 1 3404

Stage 2 3445

Stage 3 1587

1.55 (1.35-1.78)
1.63 (1.45-1.84)

1.51 (1.32-1.72)
1.58 (1.40-1.78)

1.63 (1.42-1.89)
1.5 (1.33-1.67)

1.59 (1.36-1.86)
1.51 (1.35-1.68)

1.4 (1.17-1.67)
1.57 (1.41-1.74)

1.46 (1.22-1.76)
1.56 (1.41-1.73)

1.72 (1.5-1.98)
1.43 (1.28-1.61)

1.48 (1.28-1.72)
1.58 (1.41-1.76)

1.42 (1.08-1.87)
1.58 (1.43-1.73)

2.03 (1.64-2.52)
1.47 (1.33-1.63)

1.52 (1.26-1.85)
1.56 (1.4-1.72)

1.59 (1.3-1.94)
1.52 (1.38-1.69)

1.47 (1.31-1.66)
1.64 (1.42-1.88)

1.51 (1.13-2.02)
1.6 (1.46-1.76)

1.66 (1.38-2.01)
1.51 (1.31-1.75)
1.41 (1.17-1.66)

0.286

0.194

0.36

0.42

0.161

0.191

0.167

0.213

0.234

0.157

0.219

0.3

0.223

0.653

0.321
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Fig.2 Performance in predicting in-hospital mortality using LDH,
SAPSII and combined ROC

SOFA score have been widely used in critically ill patients
to predict short-term mortality, the complex scoring sys-
tems required approximately 24 h to complete and, thus,
cannot evaluate disease conditions in a timely manner [30].
Traditionally, vasopressin use can stabilize blood pressure,
and it has been assumed to be an effective therapy for criti-
cally ill patients. However, recent studies have indicated that
vasopressin use is an independent risk factor for mortality,
especially in critically ill patients, which is in accordance
with our results [31]. The underlying mechanisms require
exploration with further research.

There were several limitations in our study. First, our
study was a retrospective and observational study. Second,
LDH values were included in our study only in the first
24 h during the ICU stay, and the use of a single measure
for LDH may have had an impact on the accuracy of the
results. Finally, well-designed prospective and randomized-
controlled trials are needed to further demonstrate the asso-
ciation between in-hospital mortality and LDH level.

Conclusion

In this large retrospective cohort study, with the use of a
large database, we found that the LDH level was indepen-
dently associated with in-hospital mortality in critically
patients with AKI. The association between the LDH value
and mortality was linear. LDH could increase the predictive
ability of SAPSII for in-hospital mortality in our study.
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