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Background: Sepsis patients suffer from severe inflammation and poor prognosis. Oxidative stress and 
local inflammation that results from sepsis can trigger organ injury, including acute kidney injury (AKI). 
Previous studies have shown that heme oxygenase-1 (HO-1) is overexpressed in proximal tubular cells under 
oxidative stress and has significant cytoprotective and anti-inflammatory effects. Heme-induced inflammation 
in sepsis is antagonized by increased tissue expression of heme oxygenase-1 (HO-1), which impacts on AKI 
development. The investigators observed intrarenal HO-1 expression and corresponding potential increases 
in plasma and urinary HO-1 protein concentrations in four different AKI models. Since serum levels of 
HO-1 reflect HO-1 expression, we aimed to investigate whether serum HO-1 could predict the development 
of AKI in sepsis patient.
Methods: A total of 83 sepsis patients were enrolled in this study including septic patients with AKI and 
sepsis patients without AKI. According to the definition of septic shock and the global kidney diagnostic 
criteria described in the Kidney Disease: Improving Global Outcomes (KDIGO), patients were allocated 
to the sepsis and septic shock groups with and without AKI, respectively. The serum levels of HO-1 were 
measured by enzyme-linked immunosorbent assays (ELISA). Statistical analyses were performed using SPSS 
software. 
Results: There were statistically significant differences between septic patients with AKI and sepsis 
patients without AKI in terms of Sequential Organ Failure Assessment (SOFA) score, hospitalization time, 
and laboratory indicators including serum HO-1, creatine kinase MB (CK-MB), troponin I (TnI), urea, 
myoglobin (MYO), serum creatinine (Scr), procalcitonin, and activated partial thromboplastin time. Serum 
levels of alkaline phosphatase (ALP), urea, MYO, Scr, procalcitonin, activated partial thromboplastin time, 
and prothrombin time exhibited significant differences among the four groups. The concentration of 
serum HO-1 was higher in sepsis-induced AKI compared with sepsis patients without AKI. Serum HO-1 
levels were increased in patients with sepsis shock-induced AKI. The area under the receiver operating 
characteristic (ROC) curve for serum HO-1 combined with Scr was 0.885 [95% confidence interval (CI): 
0.761–1.000]. 
Conclusions: Serum HO-1 is positively correlated with sepsis-induced AKI. These findings suggest that 
measurement of serum HO-1 may play a diagnostic and prediction role in sepsis-induced AKI.
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Introduction

Bacterial sepsis results in millions of deaths annually 
(1,2). There is evidence to show that sepsis enables an 
initial systemic inflammation to progress to an acute local 
inflammation of multiple organs, which finally leads to 
organ failure, of which acute kidney injury (AKI) is of 
particular clinical relevance (3). Sepsis associated AKI have 
been commonly diagnosed by Kidney Disease: Improving 
Global Outcomes (KDIGO) standards primarily based on 
urine volume and serum creatinine (Scr) levels. This has 
been questioned because of the relatively late discovery. 
AKI is not reversible in many cases and causes chronic renal 
failure, end-stage kidney disease and death. Managing sepsis 
complicated with AKI is a particular challenge because it is 
associated with high mortality (4). While there is much in 
the literature regarding the pathogenesis of AKI, the precise 
mechanisms underlying the progression of sepsis-induced 
AKI remain unclear. Numerous of experts were concerned 
with biomarkers for the early diagnosis of sepsis-induced 
AKI. However, no single marker has sufficient sensitivity 
or specificity to accurately determine acute kidney injury 
in sepsis. Once the organism responds to pathological 
stimulation, the oxidative stress and inflammation exerts 
mutual reinforcement to further insult the host (5,6). The 
role of oxidative stress in the development of AKI is being 
increasingly recognized (7,8). Several studies have suggested 
that heme oxygenase-1 (HO-1) plays an antioxidant role in 
the progression of acute organ injury (9-11). 

HO-1 is a functional isoform of heme oxygenase and is 
the rate limiting enzyme of heme catabolism in mammalian 
cells. Free heme is released upon tissue damage from 
various heme-containing proteins including hemoglobin, 
myoglobin (MYO) and cytochromes, and leads to apoptosis, 
inflammation and oxidative stress (12). Upregulation 
of HO-1 is associated with increases in cytoprotective 
molecules such as ferritin, carbon monoxide, and  
biliverdin (13). The metabolic products of heme are 
generated after the upregulation of HO-1, which is mainly 
found in the liver, spleen, and lungs (14-16) and can be 
monitored with HO-1 serum levels (17,18). In patients with 
abdominal aortic aneurysm, HO-1 serum levels correlate 
with arterial HO-1 expression, and both levels are positively 

associated with disease severity (i.e., aortic rupture) 
and vaso-protective alterations of oxidative stress (19). 
Therefore, it is necessary to understand the cytoprotective 
role of HO-1 in the inflammatory response to organ 
injury (20,21). Most importantly, the regulation of HO-1 
expression and secretion may be a protective response for 
the development of AKI (22,23). 

Studies in animal models of sepsis have shown that HO-1 
knock-out leads to an exaggerated inflammatory response 
including renal dysfunction (24). These results are reason to 
believe that HO-1 may protect against sepsis-AKI (25,26). 
Renal thrombotic microangiopathy, as a consequence of 
septic coagulopathy, is an indicator of the severity of sepsis 
and can be attenuated in animal models by hemin-triggered 
induction of HO-1 (27). Also, the anti-inflammatory effects 
of resveratrol on renal epithelial cells in vitro involve the 
HO-1 pathway and confirm possible protective effects of 
increased HO-1 expression on septic AKI (28).

A previous study of sepsis patients during the first  
12 hours in intensive care have shown that HO-1 serum 
levels correlated positively with the levels of interleukin-10, 
and both levels were indicators of survival (29). Whether 
HO-1 expression in sepsis is different between critically ill 
patients with and without AKI has not yet been reported. 
Therefore, the present study examined sepsis patients from 
the First Affiliated Hospital of Dalian Medical University 
to investigate the association between HO-1 and sepsis-
induced AKI. The findings indicate that serum HO-1 
measurements may a role in the development of HO-1-
targeted therapy of sepsis-induced AKI. The aim of this 
study was to evaluate whether HO-1 can be used for the 
diagnosis and prediction of sepsis-induced AKI. We present 
the following article in accordance with the STARD 
reporting checklist (available at https://atm.amegroups.
com/article/view/10.21037/atm-22-4793/rc).

Methods 

Subjects and study design

The criterion for selecting sepsis patients was based 
on the diagnostic criteria for Sepsis 3.0. Patients with 
cardiovascular disease or cardiac insufficiency, liver failure, 
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serious allergy, rheumatoid arthritis and impaired immune 
functions were excluded before enrollment. A total of 109 
patients who presented with sepsis at the First Affiliated 
Hospital of Dalian Medical University, China, from June 
2018 to January 2019, were enrolled in this study. Patients 
who died within 24 hours (n=9), did not have blood tests 
performed within 24 hours (n=6), or presented with chronic 
nephropathy (n=8) or malignancies (n=3) were excluded 
from the study. Finally, a total of 83 sepsis patients fulfilled 
the inclusion criteria, including 36 septic patients with 
AKI (S-AKI) and 47 sepsis patients without AKI (NS-
AKI). According to the definition of septic shock and the 
global kidney diagnostic criteria described in the KDIGO, 
these patients were divided into four groups: the sepsis + 
shock + AKI group (SS-AKI group, n=18), the sepsis + AKI 
group (S-AKI group, n=18), the sepsis + shock group (SSN-
AKI group, n=20), and the sepsis group (SN-AKI group, 
n=27). The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by ethics board of the First Affiliated Hospital 
of Dalian Medical University (No. YJ-KY-FB-2019-04). 
Each patient provided written informed consent prior to 
enrollment. 

Laboratory measurements

The venous blood of patients was obtained within 24 hours 
after the diagnosis of sepsis. Blood samples were placed at 
room temperature for 15 minutes. After centrifugation, 
aliquots of the serum were stored at −80 ℃ for subsequent 
assays. The HO-1 levels of the serum samples were 
routinely measured using enzyme-linked immunosorbent 
assay (ELISA). The ELISA assay was evaluated using 
two different cut-off values. The following physiological 
parameters were applied for the routine confirmation of 
sepsis patients admitted to the hospital: HO-1, red blood 
cell (RBC) count, hemoglobin (HB), hematocrit (HCT), 
white blood cell (WBC) count, albumin (ALB), alanine 
aminotransferase (ALT), aspartate transaminase (AST), 
alkaline phosphatase (ALP), γ-glutamyl transpeptidase 
(γ-GT), total bilirubin (TBil), creatine kinase MB (CK-
MB), troponin I (TnI), urea, myoglobin (MYO), Scr, 
procalcitonin (PCT), amylase (AMY), lipase, activated 
partial thromboplastin time (APTT), prothrombin time 
(PT), fibrinogen (FIB), fibrinogen degradation product 
(FDP), and D-dimer.

Statistical analysis

According to G power calculation, this single-center cross-
sectional study was designed a one-way analysis of variance 
(ANOVA) with four groups and repeated three tests, and 
the sample size must above 60. The statistical data was 
generated using SPSS software (22.0, IBM SPSS Statistics, 
USA). The data are expressed as mean ± standard deviation, 
or median (25–75th percentile). The unpaired Student’s 
t-test was used to evaluate differences between the sepsis 
AKI patient group and the septic patients without AKI 
group. The one-way ANOVA was conducted to examine 
the categorical variables in the SS-AKI group, the S-AKI 
group, the SSN-AKI group, and the SN-AKI group. The 
difference of indicators between groups were studied with 
ordinal logistic regression mode. Spearman’s test was 
performed to assess the correlation between variables. The 
receiver operating characteristic (ROC) curve was drawn to 
predict the incidence of sepsis-induced AKI with calculate 
area under curve (AUC). A P value <0.05 was considered 
statistically significant.

Results 

The clinical characteristics and laboratory data of sepsis 
patients 

Table 1 presents the characteristics of the 83 sepsis patients 
enrolled in this study. Most of the patients (56.6%) were 
male. Among these septic patients, 36 (43.4%) presented 
with sepsis-induced AKI (S-AKI) and 47 (56.6%) did not 
have sepsis-induced AKI (NS-AKI). The Sequential Organ 
Failure Assessment (SOFA) scores (5–10 vs. 3–5, P<0.05, 
unpaired Student’s t-test) and the length of intensive 
care unit (ICU) stay (20±18 vs. 32±25, P<0.05, unpaired 
Student’s t-test) were significantly different between 
S-AKI patients and NS-AKI patients. Table 2 presents the 
significant differences in HO-1, CK-MB, TnI, urea, MYO, 
PCT and APTT between S-AKI patients and NS-AKI 
patients. There were no statistically significant differences 
in the other parameters between the two groups (P<0.05, 
unpaired Student’s t-test). 

The septic patients with and without AKI were further 
categorized into two addition subgroups in total comprising 
four groups as described in the methods section: sepsis 
+ shock + AKI (SS-AKI), sepsis + AKI (S-AKI), sepsis 
+ shock (SSN-AKI), and the sepsis (SN-AKI). There 
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were significant differences in 7 parameters among these  
4 groups, including ALP, urea, MYO, Scr, PCT, APTT, and 
PT (P<0.05, one-way ANOVA; Table 3). 

Profile analysis of HO-1 levels among the different sepsis 
groups

To assess the characteristic role of serum HO-1 in sepsis, 
the concentration of HO-1 was examined and compared 
among the distinct sepsis groups. The serum HO-1 levels 
were significantly higher in the S-AKI group compared to 
the NS-AKI group (P=0.001; Figure 1A, unpaired Student’s 
t-test). The serum HO-1 levels in patients with SS-AKI 
were also detected and compared with the levels in each 
of the other three groups (S-AKI, SSN-AKI and SN-AKI, 
one-way ANOVA). The above results are presented in 
Figure 1B (P<0.05); no significant differences were found 
between the groups (P>0.05).

Correlation between serum HO-1 levels and laboratory 
data of sepsis patients

Spearman’s correlation analysis was used to determine 
the correlation between serum HO-1 levels and other 
laboratory indicators (Tables 4,5). For all sepsis patients, 
serum HO-1 was positively correlated with HB, TnI, urea, 

Scr, APTT, and the SOFA score (P<0.05). In the SS-AKI 
group, serum HO-1 was positively correlated with the 
SOFA score, the AKI grade, Scr, γ-GT, and FDP (P<0.05). 
In the S-AKI group, serum HO-1 was significantly 
correlated with the AKI grade, Scr, and ALP (P<0.05). 
However, in the SSN-AKI and SN-AKI groups, serum 
HO-1 did not have a significant correlation with the SOFA 
score (P=0.367 and P=0.625, respectively) nor with Scr 
levels (P=0.12 and P=0.146, respectively). 

Potential prognostic value of HO-1 

AUC for the incidence of serum HO-1 and Scr was 0.824 
[95% confidence interval (CI): 0.703–0.944] and 0.788 (95% 
CI: 0.658–0.919), respectively (Figure 2). When the cut-off 
value for serum HO-1 was 40.96 U/L, the sensitivity and 
specificity for the serum HO-1 prognostic value was 76.9% 
and 79.4%, respectively. The AUC for the combination 
of these two indicators was 0.864 (95% CI: 0.761–0.968), 
and the sensitivity and specificity was 92.3% and 73.5%, 
respectively.

Discussion

The present cross-sectional study revealed that the levels 
of serum HO-1 were significantly higher in patients with 

Table 1 Clinical characteristics of the 83 enrolled sepsis patients

Variable Total
Acute kidney injury

P value
Yes (n=36) No (n=47)

Age (years) 65.55±17.77 66.59±17.88 74.73±17.88 0.571

Male, n (%) 47 (56.6) 20 (55.6) 27 (57.4) 0.983

SOFA score 5.69±3.06 7 [5–10] 4 [3–5] 0.001

Sepsis focus, n (%) 0.46

Respiratory 24 (28.9) 10 (27.8) 14 (29.8)

Abdominal 22 (26.5) 13 (36.2) 9 (19.1)

Urinary 4 (4.8) 3 (8.3) 1 (2.1)

Skin 22 (26.5) 2 (5.5) 20 (42.6)

Others 11 (13.3) 8 (22.2) 3 (6.4)

MV, n (%) 61 (73.5) 29 (80.6) 32 (68.1) 0.56

Length of ICU stay (days) 27±31 20±18 32±25 0.023

ICU mortality, n (%) 47 (56.63) 24 (66.67) 23 (48.93) 0.093

Data are presented as mean ± SD, n (%), or median [ranges]. SOFA, Sequential Organ Failure Assessment; MV, mechanical ventilation; 
ICU, intensive care unit.
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sepsis-induced AKI compared to septic patients without 
AKI. Combining serum HO-1 and Scr was significantly 
more likely to predict the occurrence of AKI during sepsis 
compared to either indicator alone. For both the SS-AKI 
and S-AKI groups, the serum HO-1 concentration was 
positively associated with the AKI grade, suggesting that 
serum HO-1 levels have a strong relationship with the 
severity of renal injury. Our study provides clinical evidence 

for a predictive value of serum HO-1 during progression of 
sepsis.

Numerous studies have shown that HO-1 can be induced 
by hemin, which causes oxidative stress and inflammation, 
especially in relation to the progression of acute organ 
injury (30-32). Heme, as a ubiquitous compound of human 
tissue, is involved in sepsis physiology and metabolism. 
When heme is released from the cell, an oxidation reaction 

Table 2 Laboratory data for the 83 enrolled sepsis patients

Variable Total
Acute kidney injury

P value
Yes (n=36) No (n=47)

HO-1 (U/L) 41.15 (34.66–48.27) 203.5 (40.16–240.39) 37.45 (27.65–42.69) 0.001

RBC (109/L) 3.78±0.93 3.92±0.96 3.66±0.91 0.279

HB (g/L) 115.48±28.56 118.66±31.11 113±26.52 0.442

HCT (%) 35.6 (26.9–40) 37.05 (28.03–42.55) 34.1 (26.5–38.45) 0.243

WBC (109/L) 13.38 (9.54–17.43) 13.3 (10.87–17.23) 13.41 (8.28–17.8) 0.63

ALB (g/L) 29.97±7.16 30.63±7.98 29.46±6.5 0.541

ALT (U/L) 40 (29.5–90.5) 40.5 (29.25–99.75) 40 (29–89.5) 0.99

AST (U/L) 58 (31–104.5) 49 (34–158.5) 59 (30–104.5) 0.626

ALP (U/L) 76 (51–105.5) 81.5 (66.5–112.25) 67 [46–86] 0.09

γ-GT (U/L) 39 [18–87] 31 (20.25–85) 41 (17.5–99.5) 0.708

TBil (µmol/L) 20 (11.8–31.8) 18.45 (10.4–38.6) 20 (12.45–27.95) 0.7

CK-MB (U/L) 2.7 (1–7.1) 4.68 (1.75–11.51) 1.71 (0.78–5.45) 0.007

TnI (ug/mL) 0.17 (0.028–0.58) 0.302 (0.097–0.785) 0.097 (0.023–0.392) 0.048

Urea (µmol/L) 10.81 (7.21–17.61) 17.61 (11.35–24.04) 7.63 (5.58–10.41) 0.001

MYO (ng/mL) 227.61 (92.84–625.62) 476.26 (194.72–872.43) 165.11 (66.43–364.66) 0.001

Scr (µmol/L) 104 [70–162] 184.5 [123–253] 72 [58–91] 0.001

PCT (ng/mL) 2.05 (0.81–7.74) 7.34 (1.58–32.93) 1.36 (0.5–2.83) 0.001

AMY (U/L) 80 (53.5–155) 67 (49.5–169) 84 (53.5–155) 0.673

Lipase (U/L) 94 (29.5–268.5) 99 (31.25–489.5) 89 (27.5–197) 0.742

APTT (s) 33.2 (26.75–44.3) 37.4 (29.53–53.53) 31.4 (25.8–36.65) 0.04

PT (s) 14.2 (12.7–16.3) 14.65 (13.13–18) 13.8 (12.25–15.25) 0.049

FIB (g/L) 3.56 (2.43–5.08) 3.79 (2.79–5.28) 3.48 (2.14–4.99) 0.609

FDP (mg/L) 15.49 (7.93–46.56) 23.54 (8.8–56.77) 15.03 (6.64–43.03) 0.448

D-dimer (µg/L) 5,270 [2,660–17,970] 5,130 [2,855–17,920] 5,410 [2,570–18,105] 0.597

Data are presented as mean ± SD or median (ranges). HO-1, heme oxygenase-1; RBC, red blood cell; HB, hemoglobin; HCT, hematocrit; 
WBC, white blood cell; ALB, albumin; ALT, alanine aminotransferase; AST, glutamic oxaloacetic transaminase; ALP, alkaline phosphatase; 
γ-GT, γ-glutamyl transpeptidase; TBil, total bilirubin; CK-MB, creatine kinase isoenzyme; TnI, hypersensitive troponin; MYO, myoglobin; 
Scr, serum creatinine; PCT, procalcitonin; AMY, amylase; APTT, activated partial thromboplastin time; PT, prothrombin time; FIB, 
fibrinogen; FDP, fibrinogen degradation product.
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occurs to free the heme. Subsequently, free heme is 
converted to a ferric state, namely, hemin. Expressed HO-1 
acts as a stress response protein in the reticuloendothelial 
system, where it contributes to decomposition of heme 
into iron, biliverdin, and carbon monoxide. A positive 
relationship between oxidative stress and AKI has been 
reported in the literature (7,33). One characteristics of 
AKI is tubular epithelial cell oxidative stress, which further 
causes microvascular dysfunction and inflammation (34,35). 
Studies in animals have highlighted the favorable effect 

of HO-1 induction, demonstrating antioxidant and anti-
inflammatory effects in kidney disease (36,37). The present 
study suggests that the increase in serum HO-1 is a positive 
predictive factor for the extent of AKI (Table 5). 

The present observational study showed that the HO-1 
concentration had a significant relationship with the Scr 
levels in both the SS-AKI and the S-AKI groups. However, 
for the other two groups without AKI, serum HO-1 was 
not correlated with Scr which is expected since Scr is part of 
AKI-defining criteria. According to the KDIGO consensus 

Table 3 Laboratory data for the four groups of sepsis patients

Variable SS-AKI S-AKI SSN-AKI SN-AKI P value

RBC (109/L) 4.03±0.98 3.8±0.95 3.41±0.93 3.84±0.86 >0.05

HB (g/L) 125.53±33.19 110.87±27.6 108.76±28.98 116±24.83 >0.05

HCT (%) 36.25 (30.20–43.70) 37.25 (30.88–39.63) 33.50 (24.28–40.18) 34.7 (29.90–38.5) >0.05

WBC (109/L) 12.91 (9.82–17.71) 14.78 (10.68–17.22) 2.93 (7.57–19.05) 13.06 (8.61–17.56) >0.05

ALB (g/L) 29.82±8.69 31.55±7.29 27.61±5.49 30.77±6.95 >0.05

ALT (U/L) 43 (30.5–150) 38 [22–68] 36 [27–109] 40.5 [31–75] >0.05

AST (U/L) 64 (33–224.5) 45 [34–78] 59 (26.5–92) 56.5 (31.25–108.75) >0.05

ALP (U/L) 74 (47–113.5) 83 [75–110] 66.5 (36.5–77) 78 [60–99] 0.043

γ-GT (U/L) 30 (21.5–89.5) 40 [17–86] 21 (13.5–83.5) 50 (28.5–126) >0.05

TBil (µmol/L) 21.1 (12–40.85) 13.5 (8.7–28.2) 20.6 (14.75–36.25) 19.2 (11.28–24.18) >0.05

CK-MB (U/L) 3.69 (1.38–12.37) 5.57 (2.36–12.63) 1.98 (0.99–4.85) 1.6 (0.66–5.96) 0.05

TnI (ug/mL) 0.33 (0.13–0.99) 0.26 (0.05–0.77) 0.14 (0.04–0.58) 0.069 (0.02–0.36) >0.05

Urea (µmol/L) 15.54 (9.7–19.06) 19.11 (12.61–29.3) 9.31 (5.59–12.56) 7.22 (5.94–9.93) <0.001

MYO (ng/mL) 570.45 (178.50–819.46) 471.01 (194.76–1,003.98) 199.7 (81.52–450.65) 137.42 (46.75–306.67) 0.002

Scr (µmol/L) 160.5 (120–227.25) 214 [128–294] 81.5 (69.5–99.75) 69 [57–88] <0.001

PCT (ng/mL) 9.25 (0.73–31.39) 5.68 (2.57–35.9) 1.05 (0.4–2.4) 1.38 (0.59–3.2) 0.008

AMY (U/L) 67 (51–125.5) 67 [47–225] 82 (39.5–170) 86.5 (54–149.75) >0.05

Lipase (U/L) 68 (18.5–271.5) 106 [35–748] 89 [26–141] 78.5 (33–255.25) >0.05

APTT (s) 36.3 (30.15–51.25) 38.5 (28.4–56.7) 33.8 (27.15–89.5) 27.1 (24.7–34.7) <0.05

PT (s) 15.8 (14.45–18.4) 13.2 (12.55–15.05) 15 (13.15–17.68) 12.7 (11.8–14.9) 0.002

FIB (g/L) 3.48 (2.45–4.43) 4.55 (2.77–6.35) 3.15 (1.5–4.54) 3.48 (2.25–6.5) >0.05

FDP (mg/L) 27.4 (17.15–61.7) 11.22 (4.85–23.76) 15.1 (5.93–78.2) 14.5 (6.56–41.98) >0.05

D-dimer (µg/L) 12,160 [4,125–18,335] 3,630 [2,290–9,130] 5,410 [2,570–19,895] 5,370 [2,345–14,412.5] >0.05

Data are presented as mean ± SD or median (ranges). SS-AKI, sepsis + shock + AKI group; S-AKI, sepsis + AKI group; SSN-AKI, sepsis 
+ shock group; SN-AKI, sepsis group; RBC, red blood cell; HB, hemoglobin; HCT, hematocrit; WBC, white blood cell; ALB, albumin; ALT, 
alanine aminotransferase; AST, glutamic oxaloacetic transaminase; ALP, alkaline phosphatase; γ-GT, γ-glutamyl transpeptidase; TBil, total 
bilirubin; CK-MB, creatine kinase isoenzyme; TnI, hypersensitive troponin; MYO, myoglobin; Scr, serum creatinine; PCT, procalcitonin; 
AMY, amylase; APTT, activated partial thromboplastin time; PT, prothrombin time; FIB, fibrinogen; FDP, fibrinogen degradation product.
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group, Scr increases to ≥0.3 mg/dL or >50% of baseline 
within the 48-hour period during AKI development. This 
has enabled the identification of AKI’s clinical importance. 
Based on the analysis of the area under the ROC curve, 
values for serum HO-1 and Scr in sepsis patients were 0.824 
and 0.788, respectively. The area under the ROC curve 
for the combination of serum HO-1 and Scr was 0.864, 
suggesting that the combined analysis of serum HO-1 and 
Scr may contributed to better prediction of septic AKI 
compared to either indicator alone. Furthermore, the 
ROC curve revealed that serum HO-1 by itself may have 
predictive value in the early stages of sepsis-induced AKI. It 
can thereby be suggested that serum HO-1 can be regarded 
as a clinical putative biomarker for the pathogenesis of renal 

Figure 1 The serum HO-1 levels in the distinct sepsis groups. (A) The concentration of HO-1 in the S-AKI group and the NS-AKI group. 
S-AKI, sepsis with acute kidney injury; NS-AKI, sepsis with no acute kidney injury. (B) The concentration of HO-1 in the SS-AKI, the S-AKI, 
the SSN-AKI and the SN-AKI. *, P<0.05; #, P>0.05. HO-1, heme oxygenase-1; SS-AKI, sepsis + shock + AKI group; S-AKI, sepsis + AKI 
group; SSN-AKI, sepsis + shock group; SN-AKI, sepsis group.

Table 4 The correlation between the laboratory indicators, SOFA 
scale and HO-1 levels in patients with sepsis

Variable
HO-1 concentration

r P 

HB 0.247 0.024

TnI 0.246 0.025

Urea 0.295 0.008

Scr 0.489 <0.001

APTT 0.233 0.035

SOFA score 0.494 <0.001

SOFA, Sequential Organ Failure Assessment; HO-1, heme 
oxygenase-1; HB, hemoglobin; TnI, hypersensitive troponin; Scr, 
serum creatinine; APTT, activated partial thromboplastin time.

Table 5 The correlation between the laboratory indicators, SOFA 
scale, AKI grade and HO-1 levels in the four groups of sepsis patients

Variable
HO-1 concentration

r P 

SS-AKI

SOFA score 0.548 0.018

AKI grade 0.736 0.001

Scr 0.561 0.016

γ-GT 0.528 0.024

FDP 0.709 0.001

S-AKI

SOFA score 0.118 0.641

AKI grade 0.548 0.019

Scr 0.566 0.014

ALP 0.49 0.046

SSN-AKI

SOFA score −0.213 0.367

Scr 0.359 0.12

SN-AKI

SOFA score −0.099 0.625

Scr −0.406 0.036

SOFA, Sequential Organ Failure Assessment; AKI, acute kidney 
injury; HO-1, heme oxygenase-1; SS-AKI, sepsis + shock 
+ AKI group; S-AKI, sepsis + AKI group; SSN-AKI, sepsis + 
shock group; SN-AKI, sepsis group; Scr, serum creatinine; 
γ-GT, γ-glutamyl transpeptidase; FDP, fibrinogen degradation 
products; ALP, alkaline phosphatase.
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injury, especially for sepsis-induced AKI. 
Sepsis is a common condition that contributes to the 

emergence of systemic inflammation, resulting in hemolytic 
lesions (38-40). There are several well-known mechanisms 
underlying hemolysis (41-43). Hemolysis can result from 
toxins released by pathogens and the fibrin chain that 
emerges during intravascular coagulation. The complement 
system intervenes with the activity of RBCs during sepsis 
(44,45). Interestingly, the present study found that the 
HO-1 concentration has a positive relationship with HB 
levels, which is consistent with the phenomenon described 
above. The present findings suggested that a hemolytic 
reaction released the heme with the final induction of the 
HO-1 expression, suggesting that the detection of HO-1 
could contribute to the improvement of the hemolytic  
index (46).

Prior studies have demonstrated the protective potential 
of HO-1 expression in renal dysfunction, which is associated 
with the survival rate (47-49). Furthermore, a study has 
shown that toll-like receptors (TLRs) play an important role 
in autophagy to protect renal tissues (50). In a sepsis animal 
model, the deletion of TLR2, but not TLR4, aggravated 

renal insufficiency and tissue damage. When TLR2+ 
TLR4− mice were treated with cisplatin, HO-1 expression 
increased in the heme plus group and renal function 
improved. However, no similar phenomenon occurred in 
the TLR4− group (51). This result may be explained by 
the fact that HO-1 is involved in the promotion of renal 
function recovery. The survival curves in this study showed 
that there is a high mortality rate for patients with elevated 
HO-1 levels. This result might somewhat be limited by 
the activity of the TLR signal pathway, which leads to the 
deficiency of HO-1 protective function. Future research 
examining HO-1 and TLR function is warranted.

There are several limitations to the present study. First, 
this was a single-center study with a limited sample size for 
each group. Further studies involving larger cohorts are 
needed to verify these data. Second, the blood collection 
was conducted within 24 hours of admission to the ICU, 
which may be a relatively large time window, especially 
for an ICU case. Because the conditions of patients in 
the ICU are more complex and change rapidly, specimen 
collection and testing should be carried out early to obtain 
more favorable experimental evidence. In addition, HO-1 
expression was not assessed in blood circulating monocytes 
or leukocytes of which we know that sepsis and systemic 
inflammation have a systemic impact and may better reflect 
renal HO-1 expression than serum HO-1 levels.

The present investigation revealed that the concentration 
of HO-1 in serum increases in sepsis-induced AKI, 
especially in patients with septic shock and AKI. A 
significant correlation between serum HO-1 and Scr 
was identified in these settings, and both indicators have 
predictive value in disease evolution and diagnosis of sepsis 
with AKI. Future studies are warranted to further elucidate 
the role of HO-1 in the pathogenesis and prognosis of 
sepsis-induced AKI. The evidence from the present study 
suggested that high serum HO-1 is a putative index, which 
may contribute to the diagnosis and predictive of sepsis-
induced AKI.
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