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Lactate dehydrogenase to
 albumin ratio as a
prognostic factor for patients with severe
infection requiring intensive care
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Chang-Shin Kang, MDa

Abstract
This study was performed to verify whether lactate dehydrogenase to albumin (LDH/ALB) ratio could be used as an independent
prognostic factor in patients with severe infection requiring intensive care.
We reviewed electronic medical records of patients hospitalized to the intensive care unit via the emergency department with a

diagnosis of infection between January 2014 and December 2019. From the collected data, ALB-based ratios (LDH/ALB, blood urea
nitrogen to albumin, C-reactive protein to albumin, and lactate to albumin ratios) and some severity scores (modified early warning
score, mortality in emergency department sepsis score [MEDS], and Acute Physiology And Chronic Health Evaluation II [APACHE II]
score) were calculated. LDH/ALB ratio for predicting the in-hospital mortality was compared with other ALB-based ratios and severity
scales by univariable and receiver-operating characteristics curve analysis. Modified severity scores by LDH/ALB ratio and
multivariable logistic regression were used to verify the independence and usefulness of the LDH/ALB ratio.
The median LDH/ALB ratio was higher in non-survivors than survivors (166.9 [interquartile range: 127.2–233.1] vs 214.7

[interquartile range: 160.2–309.7], P< .001). The area under the receiver-operating characteristics curve of the LDH/ALB ratio
(0.642, 95% confidence interval: 0.602–0.681,P< .001) was not lower than that of other ALB-based ratios and severity scores. From
multivariable logistic regression, LDH/ALB ratio was independently associated with in-hospital mortality (odds ratio=1.001, 95%
confidence interval: 1.000–1.002, P= .047). Area under the receiver-operating characteristics curves of MEDS and APACHE II
scores were improved by modification with LDH/ALB ratio (MEDS: 0.643 vs 0.680, P< .001; APACHE II score: 0.675 vs 0.700,
P= .003).
LDH/ALB ratio may be useful as the prognostic factor in patients with severe infection requiring intensive care.

Abbreviations: APACHE II = Acute Physiology And Chronic Health Evaluation II, APP = acute-phase protein, AUROC = area
under the receiver-operating characteristics curve, BUN/ALB = blood urea nitrogen to albumin, CI= confidence interval, CRP/ALB =
C-reactive protein to albumin, ED = emergency department, ICU = intensive care unit, LAC/ALB = lactate to albumin, LDH/ALB =
lactate dehydrogenase to albumin, MEDS = mortality in emergency department sepsis score, OR = odds ratio.
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1. Introduction

Sepsis is a medical emergency and is the body’s systemic
immunological response to an infectious process that can lead to
end-stage organ dysfunction and death.[1] Despite significant
advancements in the understanding of the pathophysiology of the
clinical syndrome and advancements in hemodynamic monitor-
ing tools and resuscitationmeasures, sepsis remains amajor cause
of morbidity and mortality in infection patients.[1] Therefore,
predictive prognostic factors of mortality are important for the
early detection of sepsis and timely management of infection
patients.
Serum lactate dehydrogenase (LDH) levels that reflect the

extent of cellular damages tend to rise with an increase in
infection severity. Thus some studies have mentioned that LDH
level is a prognostic factor for infection.[2–7] Similarly, albumin
(ALB) as a negative acute-phase proteins (APPs) can also serve as
a biomarker for prognosis in sepsis patients because its levels tend
to decrease with infection aggravation.[8–11] However, serum
ALB levels can be affected by multiple conditions, including
malnutrition and liver cirrhosis. For this reason, ALB has been
used as a composite indicator such as blood urea nitrogen to
albumin (BUN/ALB) ratio, lactate to albumin (LAC/ALB) ratio,
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C-reactive protein to albumin (CRP/ALB) ratio, and procalcitonin
to ALB ratio rather than as a prognostic indicator alone.[12–20]

However, the LDH to ALB (LDH/ALB) ratio has not been
assessed as a prognostic factor of infection, even though
evaluated for the prognostic factor of malignancy. Thus, we
hypothesized that the LDH/ALB ratio could be the prognostic
factor with improved accuracy for infection patients. Moreover,
we performed this study to verify whether the LDH/ALB ratio
could be used as an independent prognostic factor for infection
patients who needed critical care.
2. Material and methods

2.1. Study design and setting

This retrospective study was conducted by reviewing secondary
data extracted from electronic medical records of patients who
visited the emergency department (ED) between January 2014
and December 2019 and were hospitalized for infection
management. Our hospital is a tertiary-care university hospital
with 1350 beds, and the ED is visited by approximately 56,000
patients every year. This study was approved by the Institutional
Review Board of our hospital (No. 2020-01-077). The extracted
data included clinical data only; it did not include any personally
identifiable information. Therefore, the need for informed
consent was waived.
ICU admission via the ED
during the enrolled period

(n=8,570)

Admitted without 
an infection-related 
diagnosis (n=7,428)

Admitted without an 
infection-related diagnosis 

(n=1,142)

Discharge without 
an infection-related 
diagnosi (s n=300)

Discharge with an infection-
related diagnosis

(n=842)

Can’t calculate 
variables because of 
missing data (n=259)

Included patients

(n=583)

Figure 1. Flowchart of recruited and enrolled study participants. ED =
emergency department, ICU = intensive care unit
2.2. Data collection and outcome measures

To research patients who were judged to have severe sepsis, we
analyzed the data of patients aged>18years who were diagnosed
with an infection and admitted via the ED for intensive care.
Furthermore, the patients whose both ED and discharge
diagnoses after admissionwere related to infection were included.
Patients who met the inclusion criteria were presumed as severe
sepsis patients who needed intensive care.
To extract the data of the included patients, we used the

International Statistical Classification of Diseases and Related
Health Problems 10th Revision (ICD-10) code; the ICD-10 codes
included were A00–B99, G00–09, I00–02, I30–33, I38–41, J00–
J22, J36, J37, J40–J43, J68, J69, J80, J85–J86, K11–12, K35–37,
K57, K61, K63, K65, K67, K75, K77.0, K80–81, K83.0, K85,
L00–08, M00–03, M86, N10, N12, N13.6, N16.0, N28.84–
28.86, N30, N34, N39.0, N41, N45, N61, N70–74, O91
(Supplement 1, Supplemental Digital Content, http://links.lww.
com/MD2/A573).
The extracted clinical information included age, sex, comorbid

diseases, initial vital signs and laboratory data in the ED, and
Acute Physiology And Chronic Health Evaluation II score
(APACHE II) calculated in the intensive care unit (ICU).
Moreover, we calculated the Charlson comorbidity index for
each patient, categorizing patients’ comorbidities based on
administrative data.[21] ALB-based ratios such as BUN/ALB,
CRP/ALB, LAC/ALB, and LDH/ALB ratios were calculated using
initial laboratory data. All laboratory data were measured in the
emergency laboratory unit in our hospital. To verify the patient’s
severity, modified early warning score and mortality in the
emergency department sepsis score (MEDS) were also calculated
from the initial data.[22,23] Cases in which ALB-based ratio or
severity scores could not be calculated due to missing data were
excluded. In-hospital mortality was the primary outcome of this
study.
2

2.3. Statistical analyses

Categorical variables were analyzed using the x2 test or Fisher
exact test, and continuous variables were analyzed using Student
t test or the Mann–Whitney U test. Categorical variables are
expressed by number (%), and continuous variables are
expressed by median [interquartile range] or mean (standard
deviation). After univariable analysis, multivariable logistic
regression analysis was performed to identify independent
prognostic factors. The receiver-operating characteristics curve
analysis for in-hospital mortality was performed, and the areas
under the receiver-operating characteristics curve (AUROC) and
cutoff value (Youden index) were obtained for individual
variables. Moreover, the LDH/ALB ratio was categorized using
cutoff value, and adjusted odds ratios (aOR) for each category
were obtained. Modification of severity scores with the
categorized LDH/ALB ratio was also performed to verify
whether modified severity scores were better than non-modified
scores. All statistical analyses were performed using IBM SPSS
Statistics, version 26 (IBM Inc., Chicago) and MedCalc 15.2.2
(MedCalc Software, Mariakerke, Belgium). P values < .05 were
considered statistically significant.
3. Results

3.1. Patient characteristics

During the study period, 8570 patients were hospitalized in the
ICU via the ED. Among those patients, 842 patients (9.8%) had
both admission and discharge diagnosis codes related to
infection. Finally, 583 patients were analyzed after excluding
patients with missing data (259/842, 30.8%) (Fig. 1). Themedian
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Table 1

Baseline characteristics.

Overall (n=583) Survivors (n=464) Non-survivors (n=119) P

Age, yr 75.0 [65.0–81.0] 74.0 [65.0–80.0] 76.0 [68.0–82.0] .026
Sex, male 332 (56.9) 251 (54.1) 81 (68.1) .007
Comorbidities
Hypertension 292 (50.1) 234 (50.4) 58 (48.7) .821
Diabetes 195 (33.4) 158 (34.1) 37 (31.1) .616
Heart failure 43 (7.4) 33 (7.1) 10 (8.4) .776
Chronic lung disease 43 (7.4) 31 (6.7) 12 (10.1) .284
Chronic renal disease 64 (11.0) 46 (9.9) 18 (15.1) .145
Chronic liver disease 32 (5.5) 25 (5.4) 7 (5.9) .822
Malignancy 71 (12.2) 59 (12.7) 12 (10.1) .530
Dementia 152 (26.1) 119 (25.6) 33 (27.7) .730
CCI 4.0 [3.0–6.0] 4.0 [3.0–6.0] 5.0 [3.0–6.0] .072

Transferred from other facility 321 (55.1) 246 (53.0) 75 (63.0) .064
LTCF 130 (22.3) 97 (20.9) 33 (27.7) .141

Suspected infection focus
Respiratory tract infection 283 (48.5) 208 (44.8) 75 (63.0) <.001
Urinary tract infection 69 (11.8) 67 (14.4) 2 (1.7) <.001
Intra-abdominal infection 136 (23.3) 118 (25.4) 18 (15.1) .024

Initial vital signs
SBP, mmHg 116.0 [95.0–141.0] 115.0 [94.0–139.8] 117.0 [99.0–149.0] .143
DBP, mmHg 66.0 [55.0–79.0] 66.0 [54.0–79.0] 66.0 [57.0–79.0] .441
Heart rate, /min 104.0 [89.0–122.0] 104.0 [89.0–120.0] 108.0 [91.0–127.0] .114
Respiration rate, /min 24.0 [20.0–32.0] 24.0 [20.0–30.0] 28.0 [22.0–34.0] .002
Body temperature, °C 37.5 [36.7–38.3] 37.6 [36.8–38.5] 37.1 [36.4–37.9] <.001

SpO2, % 95.0 [89.0–97.0] 95.0 [90.0–97.0] 91.0 [82.0–96.0] <.001
Glasgow coma scale 15.0 [9.0–15.0] 15.0 [10.0–15.0] 13.0 [8.0–15.0] .042

Initial laboratory data
WBC, /mm3 10.9 [7.5–17.0] 11.1 [7.5–16.9] 10.9 [6.8–17.0] .757
ALB, g/dL 2.9 [2.4–3.3] 2.9 [2.5–3.3] 2.5 [2.1–3.1] <.001
BUN, mg/dL 24.0 [16.0–37.0] 24.0 [16.0–36.8] 25.0 [17.0–43.0] .189
CRP, mg/dL 13.9 [5.5–20.9] 14.0 [5.4–21.2] 13.8 [5.5–20.1] .764
LAC, mmol/L 2.7 [1.8–4.3] 2.7 [1.8–4.2] 3.2 [2.0–5.0] .041
LDH, U/L 493.0 [378.0–658.0] 486.5 [374.5–621.3] 542.0 [401.0–783.0] .006

ALB-based ratio
BUN/ALB ratio 8.6 [5.5–14.2] 8.3 [5.4–13.5] 10.9 [5.9–17.3] .008
CRP/ALB ratio 5.0 [1.7–8.6] 4.9 [1.7–7.5] 5.5 [1.8–9.2] .184
LAC/ALB ratio 1.00 [0.65–1.53] 0.93 [0.64–1.42] 1.21 [0.84–2.00] <.001
LDH/ALB ratio 173.4 [131.3–251.2] 166.9 [127.2–233.1] 214.7 [160.2–309.7] <.001

Severity scales
MEWS 4.0 [3.0–6.0] 4.0 [3.0–6.0] 4.0 [3.0–6.0] .595
MEDS 10.0 [8.0–13.0] 10.0 [6.0;13.0] 12.0 [9.0–15.5] <.001
APACHE II (ICU) 20.0 [14.0–25.0] 19.0 [13.0–24.0] 24.0 [18.0–30.0] <.001

Interventions
Vasopressors 327 (56.1) 243 (52.4) 84 (70.6) <.001
Mechanical ventilation 288 (49.4) 204 (44.0) 84 (70.6) <.001

Categorical variables are expressed by number (%) and continuous variables are expressed by median [interquartile range].
ALB= albumin, APACHE II (ICU)=Acute Physiology And Chronic Health Evaluation II score calculated in the intensive care unit, BUN=blood urea nitrogen, CCI=Charlson comorbidity index, CRP=C-reactive
protein, DBP=diastolic blood pressure, LAC= lactate, LDH= lactate dehydrogenase, LTCF= long-term care facility, MEDS=mortality in emergency department sepsis score, MEWS=modified early warning
score, SBP= systolic blood pressure, SpO2= oxygen saturation measured by pulse oximetry, WBC=white blood cell.
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age of the included patients was 75.0 [65.0–81.0] years, and 332
patients (56.9%) were men. The in-hospital mortality of the
included patients was 20.4% (119/583). The most common
infection focus was respiratory tract infection (48.5%), followed
by intra-abdominal infection (23.3%) and urinary tract infection
(11.8%). Among the laboratory data, ALB (2.9 [2.5–3.3] g/dL vs
2.5 [2.1–3.1] g/dL, P< .001), LAC (2.7 [1.8–4.2] mmol/L vs 3.2
[2.0–5.0]mmol/L, P= .041), LDH (486.2 [374.5–621.3] vs 542.0
[401.0–783.0], P= .006) were significantly different between
survivors and non-survivors. Other demographic characteristics,
comorbid diseases, vital signs, initial laboratory findings, and
severity indexes are provided in Table 1.
3

3.2. Analysis of the AUROC: comparison of albumin-based
ratios and severity indexes

Figure 2 shows the AUROC of LDH, ALB, ALB-based ratios, and
severity scores in predicting in-hospital mortality. On comparing
between LDH/ALB ratio and other variables, the AUROC of the
LDH/ALB ratio was higher than that of LDH, CRP/ALB ratio,
and modified early warning score and was not significantly
different from that of other variables (ALB, BUN/ALB ratio,
LAC/ALB ratio, MEDS, and APACHE II). The ideal LDH/ALB
ratio cutoff for in-hospital mortality using Youden index was
151.0 (sensitivity 81.5%, specificity 41.2%).
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Variables Cut-off value AUROC (95% CI) p1 p2 Youden Sensitivity Specificity 
LDH/ALB ratio >151.0 81.5 41.2 0.642 (0.602-0.681) <.001  
LDH >619 45.38 75.0 0.582 (0.541-0.622) .007 <.001 
ALB ≤2.5 50.4 72.4 0.638 (0.597-0.677) <.001 .883 
BUN/ALB ratio >10.6 52.1 64.4 0.579 (0.538-0.619) .011 .078 
CRP/ALB ratio >0.47 95.0 14.4 0.539 (0.498-0.580) .183 .002 
LAC/ALB ratio >0.92 71.4 49.1 0.619 (0.578-0.659) <.001 .521 
MEWS >3 68.1 36.0 0.516 (0.474-0.557) .587 .001 
MEDS >10 68.1 56.3 0.643 (0.602-0.682) <.001 .994 
APACHE II (ICU) >23 58.0 73.5 0.675 (0.635-0.713) <.001 .415 

A B C

Figure 2. Analysis of the receiver-operating characteristics curve for predicting the in-hospital mortality. (A) comparison of LDH and albumin, (B) comparison of the
albumin-based ratios, (C) comparison of the LDH/ALB ratio and severity scores. ALB=albumin, APACHE II (ICU)=Acute Physiology And Chronic Health Evaluation
II score calculated in the intensive care unit, AUROC=area under the receiver-operating characteristics curve, BUN=blood urea nitrogen, CI=confidence interval,
CRP=C-reactive protein, LAC= lactate, LDH= lactate dehydrogenase, MEDS=mortality in emergency department sepsis score, MEWS=modified early warning
score. The AUROCs of the models were calculated and tested mutually for significance by DeLong equality tests (p1=P value for the AUROC of each variable; p2=
P value for equality compared to the LDH/ALB ratio).

Table 2

Multivariate logistic regression analysis for the in-hospital
mortality.

Variables OR (95% CI) P
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3.3. Multivariable logistic regression analysis for
in-hospital mortality

After the univariable analyses (Table 1), the selected
variables, including sex, age, respiration rate, SpO2, LAC/ALB
ratio, LDH/ALB ratio, infection focus, transferred from
other facilities, and some comorbidities, were further analyzed
using multivariable logistic regression. The results are presented
in Table 2. The OR of the LDH/ALB ratio for in-hospital
mortality was 1.001 (95% confidence interval [CI]: 1.000–1.002,
P= .047). These results support the relevance of the LDH/ALB
ratio as an independent prognostic factor for in-hospital
mortality.
Male 1.454 (0.907–2.333) .120
Age 1.015 (0.997–1.034) .108
Transfer 1.524 (0.970–2.395) .067
Heart failure 1.193 (0.535–2.662) .667
Chronic liver disease 1.164 (0.443–3.062) .758
Chronic renal disease 1.400 (0.710–2.758) .331
Malignancy 0.772 (0.382–1.562) .472
RR>30/min 1.417 (0.858–2.341) .174
SpO2<90% 1.581 (0.944–2.648) .082
BUN/ALB ratio 1.020 (0.999–1.041) .060
LAC/ALB ratio 1.025 (1.004–1.047) .021
LDH/ALB ratio 1.001 (1.000–1.002) .047
Respiratory tract infection 1.159 (0.587–2.288) .670
Intra-abdominal infection 0.751 (0.351–1.608) .461
Urinary tract infection 0.308 (0.094–1.006) .051

ALB= albumin, BUN=blood urea nitrogen, CI=confidence interval, LAC= lactate, LDH= lactate
dehydrogenase, OR= odds ratio, RR= respiration rate, SpO2= oxygen saturation measured by pulse
oximetry, Transfer= transferred from other facility.
3.4. Severity scores modified by LDH/ALB ratio vs
non-modified severity scores

Using the cutoff value, the LDH/ALB ratio was categorized into 3
groups: <150 (LA1), between 150 and 300 (LA2), and >300
(LA3). The aOR of the categorized LDH/ALB ratio (LA) were as
follows: LA1 (control): 1.000, LA2: 2.405 (95% CI: 1.382–
4.185, P= .002), and LA3: 3.259 (95% CI: 1.703–6.235,
P< .001) (Table 3). MEDS and APACHE II scores were modified
by the categorized LDH/ALB ratio. Formulas used for modifica-
tion were as follows: modified MEDS (m-MEDS)=MEDS+LA
value and modified APACHE II score (m-APACHE II)=
APACHE II score+2�LA value (LA value: LA1=0, LA2=2,
LA3=4). AUROCs of the modified scores were improved than
those of the non-modified scores (Fig. 3).
4

4. Discussion

Sepsis remains a major burden worldwide, with a global estimate
of 31.5million cases and 5.3million deaths per year.[24] The most
critical parameters in sepsis management are early recognition
and timely broad-spectrum antibiotics administration. Thus,



Table 3

Adjusted odds ratio (aOR) for the in-hospital mortality of the
categorized LDH/ALB ratio.

LDH/ALB ratio aOR (95% CI) P

<150 1.000
150–300 2.405 (1.382–4.185) .002
>300 3.259 (1.703–6.235) <.001

aOR was adjusted with age, sex, transferred from other facilities, heart failure, chronic liver disease,
chronic renal disease, malignancy, respiration rate, oxygen saturation measured by pulse oximetry,
albumin, lactate/albumin ratio, blood urea nitrogen/albumin ratio, respiratory tract infection, urinary
tract infection, intra-abdominal infection.
ALB= albumin, CI= confidence interval, LDH= lactate dehydrogenase.
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rapid and accurate identification of high-risk patients remains a
challenge, and multiple attempts are being made to identify
readily available and cost-effective biomarkers for prognostica-
tion and risk stratification of infection patients.
In this study, we assessed the association between the LDH/

ALB ratio and mortality in infection patients and verified the
usefulness of the LDH/ALB ratio as a prognostic biomarker that
can be performed via an initial laboratory test in the ED.
In infectious diseases, the aggravation of infection induces

changes in blood levels of several biomarkers such as cytokines,
APPs, and biomarkers related to organ dysfunction or injury.[25]

These biomarkers correlate to the prognosis and mortality of
infection patients. Blood levels of many of these biomarkers,
including several cytokines, positive APPs such as CRP,
procalcitonin, LAC, BUN, bilirubin, and LDH increase with
the aggravation of infection.[4,26–28] LDH is related to cellular
energy or injuries and is present in nearly all living cells.
Therefore, cell injuries owing to localized infection and organ
injuries owing to systemic inflammatory response or shock
increase serum LDH levels.[26] Thus, LDH has been used to
evaluate patients with many types of diseases for a long time in
AUROC (95% CI) p1 p2
MEDS 0.643 (0.602-0.682) <.001
m-MEDS 0.680 (0.640-0.717) <.001 <.001

0 20 40 60 80 100

0

20

40

60

80

100

100-Specificity

ytivitisneS

MEDS
m-MEDS

Figure 3. Comparison of the area under receiver-operating characteristics the c
modified severity scores). APACHE II=Acute Physiology And Chronic Health Eva
receiver-operating characteristics curve, CI=confidence interval, m-APACHE II=
mortality in emergency department sepsis score, m-MEDS=MEDS modified by t
calculated and testedmutually for significance by DeLong equality tests (p1=P valu
modified variable).
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the ED and has been assessed as a prognostic factor for infection
and other diseases with cell injuries, malignant disease, hemolytic
disease, infarction, some inflammatory diseases, shock, hypoxia,
etc.[4,5,29,30] However, LDH has not been usually used as a single
prognostic factor because of comorbid diseases that can lead to a
rise in serum LDH levels.
Unlike LDH, levels of several markers decrease with the

inflammatory response toward infection aggravations; ALB is a
representative negative APP for inflammation. Hypoalbumine-
mia is a dose-dependent predictor of poor outcomes, including
mortality, morbidity, and prolonged ICU and hospital stay. The
association between hypoalbuminemia and poor clinical out-
comes was independent of both nutritional status and inflamma-
tion.[9–11] Therefore, ALB and ALB-based ratios such as CRP/
ALB, LAC/ALB, and BUN/ALB ratios have been evaluated as
prognostic factors of infection and sepsis.[13–15,19,20,29,31]

As mentioned above, LDH and ALB have been usually used as
a supplement to prognostic factors. However, no studies have
assessed whether the LDH/ALB ratio can be used as a prognostic
factor for infection patients. In this study, we found that the
LDH/ALB ratio could be used as an independent prognostic
factor for infection patients who needed intensive care. The
AUROC of the LDH/ALB ratio was 0.642 (95% CI: 0.602–
0.681, sensitivity 81.5, specificity 41.2) and was superior to that
of other ALB-based predictors (LAC/ALB ratio: 0.619 [95% CI:
0.578–0.659], CRP/ALB ratio: 0.539 [95% CI: 0.498–0.580],
BUN/ALB ratio: 0.579 [95% CI: 0.538–0.619]) (Fig. 2).
Although the AUROC of the LDH/ALB ratio was relatively
low, it was not lower than that of other ALB-based predictors
previously studied in infection patients.[15,32]

Furthermore, the AUROC of the LDH/ALB ratio was not
inferior to that of APACHE II and MEDS, which represent
complex scoring systems (MEDS: 0.643 [95% CI: 0.602–0.682],
APACHE II: 0.675 [95% CI: 0.635–0.713]) (Fig. 2). This
suggests that the LDH/ALB ratio could be used to predict the
AUROC (95% CI) p1 p2
APACHE II 0.675 (0.635-0.713) <.001
m-APACHE II 0.700 (0.661-0.737) <.001 .003

yti vitisneS

0 20 40 60 80 100
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100

100-Specificity

APACHE II
m-APACHE II

urve for predicting the in-hospital mortality (modified severity scores vs non-
luation II score calculated in the intensive care unit, AUROC=area under the
APACHE II modified by the lactate dehydrogenase to albumin ratio, MEDS=
he lactate dehydrogenase to albumin ratio. The AUROCs of the models were
e for the AUROC of each variable; p2=P value for equality compared to the non-

http://www.md-journal.com


Jeon et al. Medicine (2021) 100:41 Medicine
prognosis of infection patients through blood tests performed in
the ED rather than through complex multiple predictive scoring
systems. Moreover, modified scores of MEDS and APACHE II
with the LDH/ALB ratio were superior to non-modified scores
(Fig. 3). Based on its cutoff value, the LDH/ALB ratio can be
classified into 3 groups, and MEDS and APACHE II were
modified by adding scores according to the aORs of the 3 groups.
Although MEDS and APACHE II were not the best

prognostication tools in the ICU because of low AUROC for
mortality in sepsis patients, most prognostication scoring systems
usually used for sepsis in the ED and ICU also do not have good
AUROC for severe sepsis and do not include LDH/ALB
ratio.[30,33] Thus, our study result suggests that the modification
of a complex prognostication scoring system with the LDH/ALB
ratio could improve prognostication ability.
This above-mentioned information is clinically important

because the LDH/ALB ratio obtained through a basic blood test
conducted in the ED may be useful as an independent prognostic
factor for in-hospital mortality in infection patients admitted to
the ICU via the ED. The LDH/ALB ratio can be a prognostic
factor for infection patients, making it easier for medical staff to
identify patients who are more likely to develop severe sepsis and
need immediate treatment.
4.1. Limitations

This study had several limitations. First, this study was retrospec-
tive in nature and thus had inherent limitations concerning
selection bias. Most patients were elderly and had comorbidities
such as malignant, liver disease, and chronic kidney failure. Thus,
the values of LDHandALBmay vary depending on the underlying
disease. The authors were aware of the biases and held multiple
meetings to ensure patients were correctly identified, minimize
patients missed owing to improper ICD-10 classification, and
standardize the data collection protocol. Also, adjustment with
comorbid diseases wasmade to reduce bias. Second, the data were
collected from a single center. Therefore, it cannot be generalized
based on our results. Third, the number of missing data was large,
and we had a relatively small sample size. However, when
comparing the group included in the studyand the excluded group,
there was no difference in age, sex, comorbidity, and mortality.
Thus, it canbepredicted that the risk frommissingdatawouldhave
been reduced. However, the relatively small sample size made it
difficult to perform the subgroup analysis. Fourth, the prognosis of
infection patients was predicted using the initial vital signs
immediately after arriving at the ED and the initial laboratory data
but not using the worst vital signs and laboratory data. Thus, the
initial vital signs may appear normal upon arrival at the ED.
However, changes in vital signs varied during the management in
the ED, and patients with unstable vital signs and in need of organ
support management were admitted to the ICU. These were
reasons why the included patients were presumed as severe sepsis
patients who needed intensive care. Despite these limitations, this
study ismeaningful as the LDH/ALB ratio could be an independent
predictor for infection patients admitted to the ICU via the ED.
5. Conclusion

The LDH/ALB ratio may be useful as an independent prognostic
factor for in-hospital mortality of infection patients admitted to
the ICU via the ED.
6
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