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Summary
Background: The prevalence, prediction and impact of acute kidney injury (AKI) in 
alcohol- related hepatitis (AH) is uncertain.
Aims: We aimed to determine AKI incidence; association with mortality; evaluate 
serum biomarkers and the modifying effects of prednisolone and pentoxifylline in 
the largest AH cohort to date.
Methods: Participants in the Steroids or Pentoxifylline for Alcoholic Hepatitis trial 
with day zero (D0) creatinine available were included. AKI was defined by modified 
International Club of Ascites criteria; incident AKI as day 7 (D7) AKI without D0- AKI. 
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1  | INTRODUC TION

Alcohol- related hepatitis (AH) is the most severe manifestation of 
alcohol- related liver disease (ARLD), with a 90- day mortality of 
severe AH of approximately 30%.1,2 Acute kidney injury (AKI), a 
reduction in renal function over hours to days, is associated with 
death in AH as a cause itself or associated with infection or vari-
ceal bleeding.2

AKI is common in severe AH, with previous literature suggest-
ing an incidence of approximately 30%.3- 5 However, detailed char-
acterisation is lacking. Patients present with AKI on admission to 
hospital or AKI may develop during hospital stay (‘incident AKI’). 
For the general hospital population, incident AKI has a higher mor-
tality rate than AKI on admission,6 and is preventable in 20% of 
cases.7

The relationship between AKI and mortality is well established 
for patients with cirrhosis.8 However, patients with AH follow a dif-
ferent disease trajectory to those with decompensated cirrhosis.9 In 
AH, AKI has been associated with mortality,3,4 but not consistently.5 
Further, there is conflicting evidence as to whether this relationship 
is independent of liver disease severity3 or not.4 Hence, therapeutic 
development in AH has focused on restoration of hepatocyte func-
tion, with few trials aimed at treating or preventing AKI.

The dynamic nature of AKI mandates rapid intervention to im-
prove outcomes. However, defining AKI by serum creatinine can 
only report AKI hours- to- days after it has occurred because of the 
time taken for creatinine to rise after a fall in glomerular filtration 
rate (GFR).10 Clinical risk factors to identify at- risk patients can miti-
gate this issue; in AH baseline systemic inflammatory response syn-
drome (SIRS)3- 5 and hepatic encephalopathy may be associated with 
incident AKI.4,5

Novel biomarkers have been proposed to predict AKI more 
accurately and at an earlier timepoint than serum creatinine and 

clinical risk factors.12 If validated, such biomarkers could facilitate 
prompt treatment. Putative biomarkers include serum cystatin C14, 
neutrophil gelatinase- associated lipocalin (NGAL)12 and beta- 2 mi-
croglobulin (B2M)13; as well as proinflammatory cytokines inter-
leukin- 6 (IL- 6),14- 16 interleukin- 8 (IL- 8),16 interleukin- 18 (IL- 18),12 
interleukin- 22 (IL- 22)17 and TNF- α.18 Transforming Growth Factor 
β1 (TGF- β1)11 and Transforming Growth Factor β2 (TGF- β2)19 have 
been linked to early renal fibrogenesis, potentially acting via microR-
NAs (miRNA). These are short noncoding RNAs that can regulate ex-
pression by post- transcriptional repression of specific coding RNAs 
(mRNA). MicroRNAs are stable in serum, can be measured by com-
mercial assays, and hence are also attractive potential biomarkers.20 
None of these biomarkers have been evaluated in AH.

We used samples and data from participants of the largest RCT 
conducted in AH to date1 to determine the incidence of AKI in AH 
and to interrogate its association with mortality. Further, we aimed 
to clarify clinical risk factors for AKI in AH. Finally, we screened 
novel biomarkers of AKI that may predict AKI at an earlier timepoint.

2  | MATERIAL S AND METHODS

2.1 | Patient selection

All participants recruited to the multi- centre Steroids or Pentoxi-
fylline for Alcoholic Hepatitis (STOPAH) RCT with a measured trial 
baseline (day zero, D0) creatinine available were included. These 
patients have been described in detail previously.1 STOPAH uti-
lised a 2 × 2 factorial design, with treatment groups of prednisolone, 
pentoxifylline, placebo and prednisolone, and pentoxifylline, with 
n = 250 in each group and a total sample size of 1092. Ethical ap-
proval was granted by the Wales Research Ethics Committee (REC 
09/MRE09/59), and the work was conducted in accordance with the 

Survival was compared by Kaplan– Meier; mortality associations by Cox regression; 
associations with AKI by binary logistic regression; biomarkers by AUROC analyses.
Results: D0- AKI was present in 198/1051 (19%) participants; incident AKI developed 
in a further 119/571 (21%) with available data. Participants with D0- AKI had higher 
90- day mortality than those without (32% vs. 25%, p = 0.008), as did participants 
with incident AKI compared to those without D0- AKI or incident AKI (47% vs. 25%, 
p < 0.001). Incident AKI was associated with D90 mortality adjusted for age and 
discriminant function (AHR 2.15, 1.56– 2.97, p < 0.001); D0- AKI was not. Prednisolone 
therapy reduced incident AKI (AOR 0.55, 0.36– 0.85, p = 0.007) but not mortality. D0 
bilirubin and IL- 8 combined, miR- 6826- 5p, and miR- 6811- 3p predicted incident AKI 
(AUROCs 0.726, 0.821, 0.770, p < 0.01).
Conclusions: Incident AKI is associated with 90- day mortality independent of liver 
function. Prednisolone therapy was associated with reduced incident AKI. IL- 8 and 
several miRNAs are potential biomarkers to predict AKI. Novel therapies to prevent 
incident AKI should be evaluated in AH to reduce mortality.
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2013 Declaration of Helsinki. The STOPAH trial predates the 2018 
Declaration of Istanbul and does not concern organ transplanta-
tion. Written consent was obtained from each participant or from 
their legal representative until such time as they recovered mental 
capacity.

Participants in STOPAH met clinical criteria for severe AH.1,21 
Of note, patients with serum creatinine >500 μmol/L (>5.7 mg/dL) or 
renal replacement therapy (RRT) at screening were excluded. Out-
come data were collected at day 28 (D28), day 90 (D90) and one 
year. The results of the STOPAH clinical trial have previously been 
reported: neither pentoxifylline nor prednisolone affected mortal-
ity at D90. Prednisolone reduced mortality at D28, but this did not 
reach statistical significance.

2.2 | Definition of acute kidney injury

For patients with liver cirrhosis, the International Club of Ascites (ICA) 
definition of AKI has been widely adopted.22 This is a dynamic defi-
nition based on serum creatinine. This is important because serum 
creatinine may be normal in patients with cirrhosis and AKI because of 
muscle wasting, increased renal tubular creatinine secretion, and in-
creased volume of distribution.22 Definitions based on a fixed creati-
nine cut off— traditionally 133 μmol/L (1.5 mg/dL)— may under- report 
clinically significant AKI.23- 26 The ICA definition excludes urine output 
because patients with cirrhosis may be oliguric due to sodium reten-
tion yet have a normal GFR, and many patients use diuretics.22

STOPAH was a prospective, multi- centre RCT. Hence, pre- 
admission values for creatinine are not available. The most widely 
used alternative method of estimating baseline creatinine is to in-
versely apply the Modification of Diet in Renal Disease (MDRD) 
equation, as suggested by the Kidney Disease Improving Global Out-
comes (KDIGO) group practice guidelines.10 However, this approach 
is inaccurate in patients with cirrhosis27 and is not recommended by 
the European Association for the Study of the Liver (EASL)28 or the 
ICA.22 We confirmed this by comparing formula- based imputation 
methods to the lowest recorded creatinine obtained during fol-
low- up (participants were followed for one year), discarding results 
obtained during RRT (methodology described in Analysis S1; results 
in Figure S1).

These data demonstrate that formulae- based imputation 
methods consistently overestimated baseline creatinine compared 
to the lowest- recorded creatinine, consistent with the observation 
that patients with chronic liver disease have relatively low serum 
creatinine.22,27 Estimated GFRs calculated using standard formu-
lae are likely to significantly overestimate true GFR. Hence, al-
though the use of the lowest- recorded creatinine is not necessarily 
representative of the baseline creatinine before the development 
of AKI, it was the best available measure. This is summarised in 
Figure S2.

Taking the lowest recorded creatinine as the baseline, we used 
predefined criteria based on the ICA definition22 to classify AKI 

at D0 (D0- AKI) and day seven (D7). Day 7 was the first trial visit 
after D0; there were no results available for the intervening period. 
AKI was defined as one of: an increase in serum creatinine to ≥1.5 
times the participants' assumed baseline; an increase ≥26.5 μmol/L 
(0.3 mg/dL) above baseline; or the initiation of RRT. To avoid omitting 
participants admitted with AKI who died without recording a normal 
creatinine, participants with a creatinine of ≥133 μmol/L (1.5 mg/
dL) were also defined as having an AKI, as suggested by ICA guid-
ance.22 To ensure our findings were robust to alternative methods 
of ascribing AKI, a sensitivity analysis using traditional criteria (cre-
atinine of ≥133 μmol/L [1.5 mg/dL] at D0 or D7) was performed for 
key analyses.

AKI at D7 in participants without D0- AKI was termed ‘inci-
dent AKI’ for the purpose of identifying participants with a po-
tentially preventable AKI using D0 clinical risk factors and novel 
biomarkers.

2.3 | Outcome measures

The primary outcome measure evaluated was death at day 90 (D90), 
in line with current consensus guidelines and expert opinion.29,30 
Death at day 28 (D28) was evaluated as a secondary outcome meas-
ure to further illuminate the time course of the association. In the 
STOPAH cohort, three participants underwent liver transplantation, 
but all were transplanted after D90.1

Two main comparisons were undertaken: firstly, participants 
with D0- AKI were compared to those without D0- AKI; secondly, 
participants without D0- AKI who developed an incident (D7) AKI 
were compared to those without D0 or D7- AKI. In addition, partici-
pants with D0- AKI who had persistent AKI at D7 were compared to 
those whose D0- AKI had been resolved by D7. However, this last 
comparison was relatively underpowered (Figure 1).

Significant associations with mortality were adjusted for age and 
D0- mDF score31 to account for liver disease severity at D0. Mad-
drey's mDF was preferred to the Model for End- Stage Liver Disease 
(MELD) score because the MELD score includes creatinine,32 which 
confounds the analysis due to co- linearity. However, sensitivity 
analyses were performed using MELD, bilirubin, and INR to ensure 
significant associations were robust to different measures of liver 
function. The Lille score was not used as either a surrogate endpoint 
or a marker of disease severity since serum creatinine directly mod-
ulates the Lille model.

2.4 | Clinical variables associated with acute 
kidney injury

The association of AKI with previously linked clinical variables3- 5 and 
routine haematological and biochemical indices was tested at D0 
and D7. Associated variables were evaluated as predictors of inci-
dent AKI.
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2.5 | Novel serum biomarkers

Stored day zero serum was available for novel analyses for 689 par-
ticipants (Figure 1). Serum was collected into serum separator tubes, 
processed, and stored at −80°C. The concentration of putative 
serum biomarkers from the literature (Cystatin C, NGAL, B2M, IL- 6, 
IL- 8, IL- 18, IL- 22, TGF- β1, TGF- β2 and TNF- α) was determined using 
the U- PLEX assay platform from Meso Scale Discovery, following 
the manufacturers' instructions. Urine was not available.

A randomly selected subset of 39 participants (Table S1) was 
used for miRNA biomarker exploration. Total RNA was isolated from 
100 μL of serum using the QIAGEN miRNease Serum/Plasma kit and 
RNA libraries were prepared using the QIAseq microRNA library kit 
following the manufacturer's instructions (Methods S1).

2.6 | Statistical analysis

Survival was evaluated at D90 by Kaplan- Meier survival analysis; 
significance was determined by the Breslow (Generalised Wilcoxon) 
test as the proportional hazard of AKI was assumed to be greater at 
earlier timepoints. Associations with mortality were explored by uni-
variate and multivariate Cox regression analyses. Associations with 

AKI and incident infection were explored by univariate and multivar-
iate binary logistic regression. Logistic regression was preferred to 
time- to- event analysis when testing associations with AKI because 
creatinine was only available for predefined study visits (D0, D7, D14, 
D21, D28, D90 and D365). Logistic regression was used for incident 
infection analysis for consistency with AKI analysis. Biomarkers 
were evaluated by area under the receiver operating characteristic 
(AUROC) analyses. Continuous parametric demographic and clinical 
characteristics were compared by Student's t- test, non- parametric 
by Mann- Whitney U, categorical by the χ2 test. Data were analysed 
in SPSS (IBM, New York). Reported P values are two- tailed unless 
stated; p < 0.05 considered significant. Where appropriate, false dis-
covery rate was controlled by the Benjamini- Hochberg procedure 
with a false discovery rate of 5%. Missing data were addressed by 
pairwise deletion: participants with missing data were excluded only 
from those analyses where data were missing.

MicroRNA differential expression analysis was performed in R 
(version 4.1.3) using the edgeR package (version 3.36.0). UMI counts 
present at an abundance of at least 20 counts per million in 25% 
of libraries were normalised using the trimmed median of the M- 
values method, and differential expression was determined using a 
2- group generalised log- linear model, comparing participants with 
incident AKI to those without D0 or D7- AKI. Genes were deemed 

F I G U R E  1   Consort diagram of novel participant classifications and availability of stored serum for biomarker analyses. AKI, acute kidney 
injury; D0, day zero; D7, day seven; STOPAH, STeroids Or Pentoxifylline for Alcoholic Hepatitis trial.
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differentially expressed if expression was >1.5- fold different be-
tween the incident AKI and no- AKI groups and the false- discovery 
rate was less than 5%. Candidate miRNA biomarkers for incident AKI 
were selected and then evaluated by AUROC analyses. To minimise 
type 1 error rate, we evaluated the top five most differentially ex-
pressed miRNAs.

3  | RESULTS

3.1 | Prevalence of day 0 and incident acute kidney 
injury

Key clinical characteristics are summarised in Table 1, and the two 
comparator cohorts compared in Table S2. Of the 1103 participants 
randomised for the STOPAH trial (1092 included in the published 
analysis),1 1051 had D0 creatinine recorded. Of these, 198/1051 
(19%) had an AKI at D0 (D0- AKI). From those without D0- AKI, ex-
cluding those alive at D7 without D7 creatinine available, a further 
119/571 (21%) developed an incident (D7) AKI (Figure 1).

3.2 | Acute kidney injury, mortality and 
liver function

Participants with D0- AKI had reduced 90- day survival compared 
to those without D0- AKI (Breslow χ2 7.00, p = 0.008, Figure 2i). At 
D90, 63/198 (32%) participants with D0- AKI had died compared 
to 210/853 (25%) without D0- AKI (Table 1; Table S2). Participants 
with an incident AKI had reduced survival compared to those with-
out D0 or D7- AKI (Breslow χ2 24.46, p < 0.001, Figure 2ii) and com-
pared to those with D0- AKI (Breslow χ2 4.99, p = 0.025, Figure 2ii). 
At D90, 56/119 participants with an incident AKI (47%) had died, 
compared to 115/452 (25%) participants without D0 or D7- AKI 
(Table 1; Table S2). The International Club of Ascites AKI stage cor-
related with increasing mortality for participants with an incident 
AKI (Table S3).

To eliminate immortal time bias, a sensitivity analysis excluded 
participants who died before D7: this showed a greater difference 
between participants with incident AKI compared to those without 
D0 or D7- AKI (Breslow χ2 45.49, p < 0.001, Figure 2iii). For partic-
ipants with D0- AKI, resolution at D7 was not associated with im-
proved 90- day survival compared to persistent AKI (Breslow χ2 
0.227, p = 0.633).

D0- AKI was associated with increased D90 mortality (hazard 
ratio 1.42, 95% confidence interval 1.07– 1.88, p = 0.015) in Cox re-
gression analysis; however, this was not significant when adjusted for 
age and D0- mDF (adjusted hazard ratio 1.33, 1.00– 1.76, p = 0.053). 
As discussed, mDF was preferred to MELD as a measure of liver 
function, as mDF does not include creatinine. Incident AKI was asso-
ciated with increased D90 mortality (HR 2.19, 1.59– 3.02, p < 0.001) 
and, in contrast to D0- AKI, was associated independent of age and 
D0- mDF (AHR 2.15, 1.56– 2.97, p < 0.001). In sensitivity analyses, 

incident AKI remained associated with D90 mortality when adjusted 
for age and D0 MELD score, bilirubin or INR and when adjusted for 
age and D7 mDF, bilirubin, or INR (Analysis S1).

Both D0- AKI and incident AKI were associated with D28 mor-
tality, including when adjusted for age and D0- mDF: AHR 1.58, 
1.11– 2.33, p = 0.010; AHR 2.76, 1.88– 4.06, p < 0.001, respectively. 
Defining AKI as creatinine ≥133 μmol/L (1.5 mg/dL), 86 partici-
pants had a D0- AKI and 52 participants had an incident AKI. Using 
this definition, both D0- AKI and incident AKI were associated 
with D90 mortality, including when adjusted for age and D0- mDF 
(AHR 2.49, 1.79– 3.47 p < 0.001; AHR 3.28, 2.23– 4.82, p < 0.001, 
respectively).

3.3 | Clinical risk factors for acute kidney injury

Participants' D0- mDF, MELD, and Glasgow Alcoholic Hepatitis 
Score (GAHS)33 strongly associated with D0- AKI (OR 1.01, 1.00– 
1.01, p < 0.001; OR 1.29, 1.24– 1.35, p < 0.001; OR 2.00, 1.74– 2.29, 
p < 0.001, respectively) and the development of incident AKI in those 
without D0- AKI (OR 1.01, 1.00– 1.01, p = 0.008; OR 1.15, 1.09– 1.22, 
p < 0.001; OR 1.41, 1.18– 1.68, p < 0.001, respectively).

Individual clinical and laboratory variables previously associated 
with AKI (temperature, heart rate, systolic blood pressure at screen-
ing; white blood cell count [WBC], C- reactive protein [CRP], biliru-
bin, INR, sodium and albumin) were evaluated. WBC, CRP, bilirubin, 
INR and sodium were associated with D0- AKI, only D0 serum biliru-
bin and INR were associated with incident AKI (Figure 3).

The presence of hepatic encephalopathy at recruitment (D0) 
was associated with D0- AKI, including when adjusted for the D0- 
mDF score (AOR 1.92, 1.37– 2.69, p < 0.001), but not incident AKI. 
Gastrointestinal bleeding and infection at recruitment were not as-
sociated with D0 or incident AKI (Analysis S1). However, incident 
infection at D7 was associated with incident AKI, including when 
adjusted for mDF (AOR 2.09, 1.21– 3.61, p = 0.008). Incident AKI 
and D7 infection were both independently associated with D90 
mortality (AHR 2.07, 1.50– 2.86, p < 0.001; AHR 2.37, 1.64– 3.42, 
p < 0.001, respectively).

3.4 | Prednisolone and pentoxifylline

Prednisolone treatment was associated with reduced risk of inci-
dent AKI (OR 0.55, 0.36– 0.84, p = 0.005), including when adjusted 
for the D0- mDF (AOR 0.55, 0.36– 0.85, p = 0.007). Prednisolone 
treatment was associated with reduced D28 mortality (HR 0.74, 
0.54– 1.00. p = 0.050; AHR 0.69, 0.51– 0.94, p = 0.020) but increased 
mortality in the period between D28 and D90, as seen previously 
in STOPAH.34 Accordingly, no benefit was seen at D90 (HR 1.01, 
0.80– 1.28, p = 0.929).

Prednisolone treatment was not associated with developing an 
infection by D28 (Analysis S1) but was associated with develop-
ing an infection between D28 and D90 (AOR 1.661, 1.049– 2.632, 
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     |  7TYSON et al.

p = 0.031). Developing an infection by D90 associated with mortality 
(AHR 1.35, 1.06– 1.73, p = 0.017).

Pentoxifylline treatment was not associated with incident AKI 
(OR 1.10, 0.72– 1.67, p = 0.656) or mortality at any timepoint.

3.5 | Beta- blocker use

There was no association between any beta- blocker use at randomi-
sation and D0 or incident AKI (OR 0.95, 0.60– 1.48, p = 0.809; OR 
1.57, 0.92– 2.70, p = 0.101, respectively). There was also no asso-
ciation between cardioselective beta- blockers (atenolol, bisoprolol, 
metoprolol or nebivolol), non- selective beta- blockers (propranolol, 
carvedilol, or nadolol), carvedilol, or propranolol and D0 or incident 
AKI, including when AKI was defined as creatinine ≥133 μmol/L 
(Analysis S1). Beta blockers were not associated with D90 mortality.

3.6 | Novel biomarkers for incident acute kidney injury

Day zero IL- 8 and TGF- β2 were associated with incident AKI (Figure 3). 
They were evaluated as predictors of incident AKI alongside established 
clinical scores and laboratory indices, demonstrating weak- moderate 
predictive ability (Table 2). Logistic regression analysis was used to de-
rive potential predictive scores. A combination of D0- bilirubin and IL- 8 
(0.005 × (bilirubin, μmol/L) + 0.415 × (IL- 8, ng/mL)- 3.238) performed 
best (AUROC 0.726, 0.658– 0.794, p < 0.001). For participants with 
both bilirubin and IL- 8 available, there was a trend to improved pre-
dictive performance with the D0- bilirubin/IL- 8 score compared to D0- 
bilirubin alone (n = 375, AUROC 0.726 vs. 0.701, z = 1.613, p = 0.108).

The differences in clinical and novel biomarkers observed be-
tween participants with and without D0- AKI and with and without 
incident (D7) AKI did not vary between prednisolone and pentoxifyl-
line treatment groups (Tables S4 and S5).

F I G U R E  2   Kaplan- Meier survival curves for participants with severe alcohol- related hepatitis with a day zero acute kidney injury and for 
those without acute kidney injury at day zero (i); for day zero and incident acute kidney injury, and for those without acute kidney injury at 
day zero or day 7, excluding those alive at day 7 without creatinine available (ii); for incident acute kidney injury, and for those without acute 
kidney injury at day zero or day 7, excluding all participants without day 7 creatinine available (iii). *Beslow (Generalised Wilcoxon) p < 0.05; 
**p < 0.01; ***p < 0.001. AKI, acute kidney injury; D0, day zero; D7, day seven.
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In a differential expression analysis, two microRNAs (miR- 373- 3p 
and miR- 6850- 3p) were significantly upregulated at D0 in participants 
who developed incident AKI, compared to those without D0 or D7- AKI 
(Figure 4). However, both results were due to high miRNA expression 
in a single patient (different for each). Of the top five most differen-
tially expressed genes (Table S6), miR- 6825- 5p and miR- 6811- 3p 
looked most promising as potential biomarkers (Figure S3). Both miR- 
6826- 5p (AUROC 0.821, 0.689– 0.953, p = 0.002) and miR- 6811- 3p 
(AUROC 0.770, 0.625– 0.915, p = 0.008) predicted incident AKI.

4  | DISCUSSION

Around a fifth of participants in STOPAH presented with D0- 
AKI, and a further fifth of participants developed incident AKI. 
Incident AKI was robustly associated with D28 and D90 mortality, 

independent of liver disease severity or, importantly, definition of 
AKI. Nearly half of participants (47%) who developed incident AKI 
died by D90, compared to 25% without D0 or incident AKI.

Interestingly, the association between incident AKI and mortal-
ity is independent of liver function. This suggests developing inci-
dent AKI is not merely a consequence of a severe liver injury but is 
an independent risk factor for mortality. Consequently, preventing 
incident AKI could potentially improve patient outcomes even if a 
treatment does not impact underlying liver dysfunction. The magni-
tude of the increase in mortality seen implies that kidney- targeted 
therapy could result in a large survival advantage, with a potential 
number needed to treat as low as 4.5. This is an especially import-
ant finding given the number of failed RCTs in the field and the few 
treatment options available for patients.

Prednisolone treatment was associated with a reduced risk of in-
cident AKI but without mortality benefit at D90. This suggests that 

F I G U R E  3   Binary logistic regression of day zero variables associated with day zero and incident acute kidney injury. *p < 0.05; **p < 0.01; 
***p < 0.001 (corrected for multiple testing using Benjamini- Hochberg False Discovery Rate 0.05). AKI, acute kidney injury; D0, day zero; D7, 
day seven; IL, interleukin; INR, international normalised ratio; NGAL, neutrophil gelatinase- associated lipocalin; SIRS, systemic inflammatory 
response syndrome; TGF, transforming growth factor; TNF, tumour necrosis factor.

Day zero variable AUROC
95% confidence 
interval Two- tailed p value

mDF 0.642 0.587– 0.697 <0.001

MELD 0.656 0.599– 0.713 <0.001

GAHS 0.612 0.554– 0.670 <0.001

Serum bilirubin, μmol/L 0.674 0.619– 0.729 <0.001

INR 0.587 0.529– 0.645 0.004

Serum IL- 8, ng/mL 0.633 0.561– 0.705 <0.001

Serum TGF- β2, ng/mL 0.586 0.514– 0.659 0.020

Abbreviations: GAHS, Glasgow Alcoholic Hepatitis Score; INR, international normalised ratio; mDF, 
Maddey's modified Discriminant Function; MELD, Model For End- Stage Liver Disease score.

TA B L E  2   Performance of novel 
biomarkers and established clinical scores 
and laboratory indices in predicting 
incident acute kidney injury at day 7 in 
participants without an acute kidney 
injury at day 0.

F I G U R E  4   Volcano plot showing 
differential expression of circulating 
micro RNAs (measured on day zero) in 
participants who developed incident acute 
kidney injury at day seven, compared with 
participants who did not have an AKI at 
either timepoint; genes were deemed to 
be significantly differentially expressed 
if their expression was at least 1.5- fold 
different between the AKI and no- AKI 
groups and the false- discovery rate was 
less than 5% after adjustment for multiple 
testing using the Benjamini- Hochberg 
method.
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the renal benefit of prednisolone are offset by the deleterious ef-
fects of corticosteroids, such as a propensity to sepsis.34 Glucocorti-
costeroids reduce renal complications following other acute illnesses 
and insults, for example coronavirus disease 2019,35 and cardiac sur-
gery.36 Further work may identify the underlying mechanisms; for 
example, steroids appear to reduce inflammation- induced premature 
senescence in the kidney.37 Further, systemic inflammation may con-
tribute to portal hypertension and splanchnic vasodilation,38 leading 
to relative renal hypoperfusion. In this regard, we found that IL- 8 and 
TGF- β2 were associated with incident AKI. These mechanisms could 
theoretically be mitigated by targeted immunomodulating therapies. 
Alternatively, steroids might counteract relative adrenal insuffi-
ciency, which is associated with AKI in decompensated cirrhosis39 
and is readily treatable. Pentoxifylline treatment was not associated 
with a reduction in incident AKI, despite previous reports of a reduc-
tion in hepatorenal syndrome (HRS) in AH.40

Beta- blockers, used to prevent portal hypertensive gastrointes-
tinal bleeding, have been previously associated with AKI in AH.41 
However, in patients with advanced cirrhosis without AH, the ben-
efits of beta- blockers appear to outweigh the risks42 and treatment 
with beta- blockers has been associated with improved survival in 
patients with acute- on- chronic liver failure (ACLF).43 The association 
between AKI and beta- blockers in AH has not yet been reproduced. 
Here, beta- blocker use was not associated with AKI or D90 mortal-
ity. However, we cannot comment on beta- blocker use in patients 
presenting with AH and severe infection, since patients with uncon-
trolled infection were excluded from recruitment to STOPAH.1

Infection and gastrointestinal bleeding at recruitment were not 
associated with D0 or incident AKI. However, an exclusion criterion 
for STOPAH was infection or gastrointestinal bleeding that could 
not be controlled within seven days.1 Incident infection at D7 associ-
ated with incident AKI but both associated with D90 mortality inde-
pendent of one another. Patients with more severe disease appear to 
be at greater risk of both incidental infections34 and AKI.

We could not confirm the utility of a range of biomarkers pre-
viously linked to AKI in patients with cirrhosis.11 However, serum 
IL- 8 combined with bilirubin showed some promise as a poten-
tial D0 biomarker for incident AKI. Further, two miRNA species 
(miR- 6826- 5p and miR- 6811- 3p) may be potential biomarkers for 
incident AKI. However, these results must be interpreted with 
caution, as this analysis included a subset of participants. Inter-
estingly, miR- 6826- 5p is an exosomal miRNA previously linked to 
liver injury in cholecystitis,44 and pancreatic and biliary tract can-
cers.45 Exosomal miRNAs are thought to be mediators of cell- to- 
cell communication.46 Less is known about miR- 6811- 3p, a vesicle 
miRNA linked to multiple sclerosis.47 These biomarkers require 
prospective validation in an independent cohort. Once confirmed, 
prospective trials of preventative therapy could be considered in 
‘at risk’ patients –  for example, prophylactic terlipressin, volume 
expansion, or consideration of immunomodulating therapy for kid-
ney dysfunction.

Our data were derived from the largest prospectively recruited 
cohort of patients with AH to date. Although this study was not 

specifically designed to answer the question of AKI incidence 
and prediction, participants were prospectively recruited, well- 
characterised, and most had serum available for biomarker explo-
ration. Participants were recruited at multiple centres across the 
United Kingdom. As such, we are confident that our conclusions 
regarding the prevalence of AKI and the relationships between D0- 
AKI, incident AKI and D90 mortality are robust.

However, our work has limitations. Firstly, patients with se-
vere AKI (creatinine >500 μmol/L [>5.7 mg/dL] or RRT at screen-
ing) were excluded from STOPAH, so we likely underestimate the 
prevalence of D0- AKI. Secondly, participants without D7 creati-
nine available because they died before D7 were considered ‘no 
AKI’ in the incident AKI analysis. This may introduce a degree of 
immortal time bias in the survival analyses and risk some misclas-
sification in the regression analyses, as some may have developed 
an AKI before D7. Thirdly, participants alive at D7 without D7 cre-
atinine available were excluded from this analysis –  potentially 
excluding rapidly- improving participants discharged before D7. It 
should be emphasised that we have taken a conservative approach 
to each of these limitations, which will have weakened the associ-
ation of incident (D7) AKI with mortality. The sensitivity analyses 
demonstrated a stronger association with mortality when a more 
severe AKI classification (creatinine ≥133 μmol/L [1.5 mg/dL]) or a 
more favourable control classification (Figure 2iii) was used. We 
used the more conservative classifications to avoid type 1 errors 
and spurious associations, given the inherent limitations of retro-
spective analysis.

Similarly, there will have been participants with a creatinine 
above their baseline but less than 133 μmol/L who did not record 
a normal creatinine during follow- up because they died. These par-
ticipants will have been classified as non- AKI, weakening the asso-
ciation between D0- AKI and mortality. Thirty- four participants had 
creatinine above 133 μmol/L and did not record a normal creatinine. 
These were classified as D0- AKI but may actually have had chronic 
kidney disease. However, given the typical clinical characteristics of 
an AH population, it is more likely that they did not record a normal 
creatinine because they died within the first few weeks (twenty- four 
of these participants had died by D28). Any bias from stable CKD 
misclassified as AKI is likely small.

Further, serum creatinine data were only available at the pre- 
specified timepoints of the STOPAH protocol, viz. Days 0, 7, 14, 
21, 28 and 90, precluding a daily assessment of the evolution of 
changes in serum creatinine. Specifically, we cannot be certain 
that increments in creatinine occurred within the 48- hour pe-
riod suggested by the ICA definition for AKI. Our methodology 
may have led to an increased categorisation of AKI for patients 
in whom the rise in serum creatinine occurred over a time course 
longer than 48 hours.

STOPAH was an interventional RCT of pharmacotherapy to re-
duce mortality in AH. Hence, detailed characterisation of the various 
types of AKI, from hepatorenal syndrome to acute tubular necrosis, 
was not possible. We do not have data on the prevalence of asci-
tes. This may explain why certain biomarkers are not more closely 
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associated with AKI; for example, NGAL is elevated primarily in 
acute tubular necrosis.12 Each type of AKI will have different effects 
on the cellular and molecular pathways in the kidney and may affect 
putative biomarkers differently.48 Certain biomarkers may have a 
role in distinguishing different types of AKI. Other biomarkers, for 
example IL- 18, may be more sensitive in the urine compared to the 
serum12; however, urine was not available. Finally, we used a fixed 
D7 cut- off for incident AKI. This may explain why biomarkers such as 
cystatin C and B2M did not associate with incident AKI, as typically 
these only rise 24– 48 h before serum creatinine.12,13

These unanswered questions require prospective exploration, 
and we hope that our work describes the hitherto unrecognised 
need for such prospective exploration in patients with AH.

5  | CONCLUSIONS

AKI at presentation (D0- AKI) and incident AKI are associated with 
D90 mortality in AH. Incident AKI is associated with D90 mortal-
ity, independent of underlying liver disease severity. Incident AKI 
is associated with a higher mortality rate than AKI at presentation 
(D0- AKI). Prednisolone treatment is associated with a reduced risk 
of developing incident AKI. Further work should focus on identify-
ing patients most at risk of incident AKI, validating the biomarkers 
discovered, including novel miRNAs, and identifying treatments that 
can prevent incident AKI in those at risk.
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