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Abstract

Background/purpose Associations between the disturbances in glucose homeostasis and prognosis in patients with hepatitis
B virus (HBV)-related acute-on-chronic liver failure (ACLF) remain unclear. This study was conducted to investigate the
clinical characteristics of disturbances in glucose homeostasis and their associations with 90-day mortality in patients with
HBV-related ACLF.

Methods Ninety-six patients with HBV-related ACLF without pre-existing diabetes were prospectively included. Glucose
abnormalities were diagnosed based on fasting plasma glucose and oral glucose tolerance test results on admission and
during follow-up. Homeostasis model assessment was used to establish insulin resistance (HOMAZ2-IR), insulin sensitivity
(HOMAZ2-IS) and HOMA2-f-cell function (HOMA?2-f). Multivariate Cox proportional hazards analysis was used to identify
independent risk factors for death within 90 days after admission.

Results Among 96 patients with ACLF, 51 (53.1%) had diabetes, 29 (30.2%) had impaired glucose tolerance (IGT), and 17
(17.7%) had hypoglycemia. Patients with diabetes had significantly lower levels of HOMA2-f than did patients with normal
glucose tolerance. Of 22 patients with diabetes or IGT and without anti-hyperglycemic treatment, 8 (36.4%) exhibited regres-
sion of their glucose metabolism disorders after a follow-up of 32.8 +28.8 days, and higher platelet levels were associated
with regression. Twenty-five patients (25.0%) with ACLF died of liver failure within 90 days. Diabetes [odds ratio (OR)
3.601, 95% confidence interval (CI) 1.342-9.661] and age (OR 1.045, 95% CI 1.010-1.082) were the independent risk fac-
tors associated with mortality.

Conclusion Impaired pancreatic $-cell function is related to diabetes development, and diabetes is associated with high
mortality in patients with chronic HBV-related ACLF.

Keywords Acute-on-chronic liver failure - Oral glucose tolerance test - Diabetes - Hypoglycemia - Impaired glucose
tolerance - Prognosis - f-Cell function - Hepatogenous diabetes - Stress-induced hyperglycemia - Hepatitis B virus

Introduction

The liver plays an important role in glucose metabolism.
Excessive liver damage disturbs glucose homeostasis, thus
resulting in hypoglycemia, impaired glucose tolerance
Han Hu and Xinxin Hu contributed equally to this work. (IGT) and diabetes in patients with severe liver diseases
[1]. Diabetes, second to severely impaired liver function, is
known as hepatogenous diabetes (HD), although the World
Health Organization does not classify it as an independent
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Acute-on-chronic liver failure (ACLF) is a severe liver
injury accompanied by reduced liver function, organ failure
and systemic inflammation in patients with chronic liver dis-
eases [7]. In China, ACLF occurs most frequently in patients
with chronic hepatitis B or hepatitis B virus (HBV)-related
cirrhosis. Patients with HBV-related ACLF have different
degrees of liver fibrosis and severe acute systemic inflamma-
tion [8]. Previous studies found that HD is a common com-
plication in patients with liver cirrhosis. The HD prevalence
in patients with liver cirrhosis depends on the degree of liver
fibrosis, the etiology of the chronic liver disease and the
severity of the liver injury [9, 10]. Hypoglycemia and tem-
poral hyperglycemia can also occur in patients with severe
acute hepatitis and acute liver failure (ALF) [11]. Therefore,
glucose metabolism disorders in patients with ACLF may
differ from those in patients with liver cirrhosis. In patients
with ACLF, glucose metabolism disorders may result from
both the loss of liver function and the stress response to
acute systemic inflammation. However, the clinical charac-
teristics of glucose metabolism disorders in patients with
ACLF remain unclear.

Both hypoglycemia and hyperglycemia have been closely
correlated with high mortality in patients with severe dis-
eases [3, 12]. Previous studies have found that diabetes was
associated with a poor long-term prognosis and high risk
of complications, such as bacterial infections, esophageal
variceal bleeding, hepatic encephalopathy, and hepatocel-
lular carcinoma, in patients with liver cirrhosis [13-16].
However, the diagnostic methods used to test for diabetes
and the etiologies of the patients varied widely in these stud-
ies. Moreover, the effects of diabetes on short-term mortality
in patients with liver cirrhosis remain controversial, and the
effects of glucose metabolism disorders on the prognosis of
patients with ACLF are unknown [17, 18]. Here, we evalu-
ated the clinical characteristics of disturbances in glucose
homeostasis and their associations with 90-day mortality in
patients with HBV-related ACLF.

Patients and methods
Study participants

We prospectively included 206 patients with ACLF asso-
ciated with chronic HBV infection who were hospitalized
in the Department of Infectious Diseases at the Affiliated
Hospital of Zunyi Medical University (Zunyi, China) from
October 2017 to December 2020. Forty-six patients who
did not undergo an oral glucose tolerance test (OGTT) on
admission because they were complicated with esophageal
or gastric variceal bleeding, hepatic encephalopathy or
hepato-renal syndrome were excluded. Fifty-one patients
were excluded for coexistence of other liver diseases or
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pre-existing diabetes. Six patients who were lost to follow-
up within 90 days and 7 with incomplete clinical data were
also excluded. Finally, 96 patients were enrolled in the study.
The patient screening flow chart is shown in Fig. 1.

Diagnostic criteria for ACLF, liver cirrhosis
and bacterial infections

ACLF was diagnosed as the recent development of jaundice
[total bilirubin (TBil) > 5 x upper limits of normal (ULN)]
and coagulopathy [prothrombin activity (PTA) <40% or
international normalized ratio (INR) > 1.5], complicated
within 4 weeks by ascites and/or encephalopathy in patients
with previously diagnosed or undiagnosed chronic liver dis-
ease [19].

Liver cirrhosis was diagnosed based on previous liver
biopsy findings, ultrasonography, computed tomography,
liver stiffness measurement or magnetic resonance imaging
findings. Patients with irregular and nodular livers, small
and shrunken livers, splenomegaly and hyper-splenism, or
evidence of portosystemic collaterals together with impaired
liver synthetic function were diagnosed with liver cirrhosis
[20]. Patients with liver cirrhosis were divided into A, B and
C groups based on Child—Pugh scores.

Bacterial infections were diagnosed as per the following
criteria [21]: (1) spontaneous bacterial peritonitis: ascitic
fluid polymorphonuclear cells >250/mL or positive ascitic
fluid cultures; (2) bacteremia: positive blood cultures with-
out a source of infection; (3) pneumonia: new pulmonary
infiltrate with fever (>38 °C) with any respiratory symp-
toms (e.g., cough, sputum, dyspnea) or any findings on aus-
cultation (rales or crepitation), or white blood cell (WBC)
counts > 10x 10°/L or <4 x 10°/L; and (4) other bacterial
infections, including skin infections, intra-abdominal infec-
tions, and infections of unknown origin.

Clinical and laboratory assessment

Patient demographics, clinical and laboratory variables, and
imaging findings were collected within 24 h before and after
admission.

Fasting plasma glucose (FPG), fasting insulin (FINS)
and fasting C-peptide (FCP) were detected within 24 h
after admission. OGTTs were performed as described
by the World Health Organization with an oral anhydro-
glucose load of 75 g, and glycemia was measured at 0 and
2 h. Glucose abnormalities were diagnosed based on the
American Diabetes Association criteria [22]. Hypoglyce-
mia was defined as FPG < 3.8 mmol/L; diabetes was estab-
lished as FPG >7 mmol/L or OGTT 2-h plasma glucose
(OGTT 2 h-PG)>11.1 mmol/L. IGT included patients
with impaired fasting glucose (FPG of >5.6 mmol/L
but <7 mmol/L) and/or impaired glucose tolerance (OGTT



Hepatology International (2021) 15:1093-1102

1095

Fig. 1 The patient screening

flow chart. ACLF. acute-on- 206 patients with HBV related ACLF

chronic liver failure; HBV,
hepatitis B virus; OGTT, oral
glucose tolerance test
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o Alcoholic liver disease (n=18)

OGTT

° Drug-induced hepatitis (n=13)

* Hepatocellular carcinoma (n=9)

 Previous type 2 diabetes (n=6)

° Previously or presently taking steroids (n=5)
 Lacking clinical and biochemical data (n=7)

Losted follow-up (n=6)

3 months of follow-up

96 patients enrolled

Y

< OGTT repeated (n=22)
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Death (n=24) Non-death (n=72)

2 h-PG of > 7.8 mmol/L and < 11.1 mmol/L). Because gly-
cated hemoglobin (HbAIc) levels may be inappropriately
normal in patients with severe liver cirrhosis owing to
reduced erythrocyte lifespans [2], we excluded HbA1c from
this study. The homeostasis model of assessment 2-insu-
lin resistance (HOMA2-IR), HOMAZ2-insulin sensitivity
(HOMAZ2-IS), and HOMAZ2-f-cell function (HOMA2-p)
indices were estimated with the HOMA?2 calculator, ver-
sion 2.2 released by the Diabetes Trials Unit at the Oxford
Centre for Diabetes, Endocrinology and Metabolism, Uni-
versity of Oxford [23]. Liver disease severity was assessed
using the model for end-stage liver disease (MELD) score,
which was calculated using the following formula: MELD
score =3.78 X In[TBil (mg/dL)] + 11.2 X In[INR]+9.57 X In
[Cr(mg/dL)] +6.43 X (constant for liver disease etiology =0
if cholestatic or alcoholic, otherwise =1).

Therapeutic method and follow-up

After admission, all patients received intensive supportive
treatment, such as liver protection, albumin supplementa-
tion, maintenance of water and electrolyte balance, plasma
transfusion. 78 patients received plasma exchange. All
patients received antiviral therapy (e.g., tenofovir, entecavir,
lamivudine,) within 3 days after admission.

For patients with diabetes, oral hypoglycemic agents
or insulin were initiated if dietary therapy was insufficient
to obtain good glycemic control. For patients with IGT,

no specific treatment was administered. All patients were
followed for up to 90 days after admission. In 22 patients
with diabetes or IGT without oral hypoglycemic agents or
insulin treatment, an OGTT was repeated to evaluate the
regression of their glucose metabolism disorders. Based on
their OGTT results at baseline and follow-up, patients were
retrospectively assigned to one of two outcomes groups: (1)
regression: from diabetes or IGT to normal glucose tolerance
(NGT) or from diabetes to IGT or (2) non-regression: no
change in their glucose metabolism disorders or progression
from IGT or NGT to diabetes or from NGT to IGT.

Statistical analysis

SPSS, version 19.0 (IBM Corp., Armonk, NY, USA)
was used for statistical processing. Differences between
groups were assessed using unpaired t tests, paired t tests,
Mann—Whitney U tests, one-way analysis of variance
(ANOVA), or Wilcoxon rank-sum test, followed by the
Bonferroni test for post hoc multiple comparisons. The
Chi-square test was used for categorical data. Univariate
logistic regression was used to determine the risk factors
associated with regression of glucose metabolism disorders.
A multivariate Cox proportional hazards model was used
to determine independent predictive factors of mortality.
Cumulative survival was analyzed using the Kaplan—-Meier
method, and the curves were compared using the log-rank
test. p <0.05 was considered statistically significant.

@ Springer



1096

Hepatology International (2021) 15:1093-1102

Results

Disturbances in glucose homeostasis in patients
with ACLF

Of 96 patients with ACLF, 51 (53.1%) had diabetes, 29
(30.2%) had IGT, and 17 (17.7%) had hypoglycemia. Of the
51 patients with diabetes, 4 had only high FPG, 40 had only
high OGTT 2 h-PG, and 7 had both high FPG and high OGTT
2 h-PG. Of the 17 patients with hypoglycemia, 4 had NGT,
6 had IGT, and 7 had diabetes. Based on the OGTT assay,
13/17 patients (76.5%) with fasting hypoglycemia had IGT
or diabetes.

Patients with diabetes had significantly lower HOMA2-f
levels than did patients with NGT (Table 1). No other clinical
or laboratory parameters differed significantly among patients
with NGT, IGT and diabetes. Patients with hypoglycemia had
significantly higher HOMA2-IS, HOMAZ2-§, alanine ami-
notransferase, aspartate aminotransferase, and TBil levels and
MELD scores and significantly lower HOMA2-IR, FINS and
FCP levels than did patients without hypoglycemia (Supple-
mentary Table 1).

Dynamic changes in glucose homeostasis in patients
with ACLF

In 22 patients (8 with IGT and 14 with diabetes) who received
no anti-hyperglycemic treatment, an OGTT was repeated to
evaluate the regression of their glucose metabolism disorders
after a median of 32.8 +28.8 days. Most patients exhibited
improved liver function when the OGTT was repeated (Sup-
plementary Table 2). Eight patients had regression of their
glucose metabolism disorders (2 with diabetes and 1 with IGT
regressed to NGT, 5 with diabetes regressed to IGT). Fourteen
patients did not regress (one progressed from IGT to diabetes;
the others remained unchanged; Fig. 2). Patients whose glu-
cose metabolism disorders regressed had significantly higher
platelets (PLTs) and albumin (ALB) levels and a significantly
lower prevalence of Child—Pugh class C liver cirrhosis than
did patients without regression when the OGTT was repeated
(Table 2). Univariate and multivariate logistic analysis showed
that PLT and ALB levels were the factors associated with
regressed glucose metabolism disorders. PLTs [odds ratio
(OR) 1.025, 95% confidence interval (CI) 1.001-1.050] were
independently associated with regressed glucose metabolism
disorders in patients with ACLF.

Diabetes was associated with high mortality
in patients with ACLF

Twenty-two patients died from liver failure and two patients
died from esophageal or gastric variceal bleeding within
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90 days after admission; 19 had diabetes, and 5 had NGT.
Among the patients who died, 6 (25%) had hypoglycemia;
this number did not significantly differ from that of surviv-
ing patients (15.3%, p=0.355). The proportional of patients
who received the treatment of plasma exchange did not sig-
nificantly differ between the dead and surviving patients
(Table 3).

Patients who died within 90 days were significantly older
and had a higher prevalence of diabetes, higher INR and
TBil levels, higher MELD scores, a lower IGT prevalence
and lower FINS levels than did surviving patients (Fig. 3).
Univariate analysis showed that age, diabetes, INR, TBil
and MELD score were the risk factors associated with death
(Table 4). Because the MELD score was calculated from
the INR and TBil, we selected age, diabetes and MELD
score for multivariate analysis. Age (OR 1.045, 95% CI
1.010-1.082) and diabetes (OR 3.601, 95% CI 1.342-9.661)
were the independent risk factors associated with death in
patients with chronic HBV-related ACLF. Patients with both
chronic HBV-related ACLF and diabetes had significantly
higher mortality than did those with only HBV-related
ACLF (Fig. 4).

Discussion

In patients with ACLF, acute and chronic liver dysfunction
may result in HD, and severe liver and systemic inflamma-
tion may result in stress-induced hyperglycemia. Hypo-
glycemia occurs frequently in both patients with HD and
patients with acute stress. Clinically, HD is difficult to dis-
tinguish from stress-induced hyperglycemia, and HD-related
hypoglycemia is difficult to distinguish from hypoglycemia
induced by acute stress. In this study, we excluded patients
with pre-existing diabetes. Glucose metabolism disorders
in the patients in this study were mostly due to severe liver
injury and severe systemic inflammation. Most patients with
diabetes had normal FPG, and most patients with hypogly-
cemia had diabetes or IGT, demonstrating that complex dis-
turbances in glucose homeostasis existed in patients with
ACLF.

Previous studies have found that both pancreatic p-cell
dysfunction and increased insulin resistance play central
roles in HD development in patients with liver cirrhosis [24].
Stress-induced hyperglycemia is also considered a result of
pancreatic failure in compensating for increased insulin
production and release [25]. In the current study, patients
with diabetes had significantly lower HOMAZ2-f levels than
did patients with NGT, we did not find the associations of
glucose abnormalities with C-reactive protein, neutrophil-
to-lymphocyte ratio and white blood count, demonstrating
that an impaired pancreatic B-cell response to acute liver
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Table 1 Clinical characteristics and disturbances in glucose homeostasis in patients with acute-on-chronic liver failure
Variables NGT (n=16) IGT (n=29) Diabetes (n=51) p value
Men (n%) 11 (68.8) 25 (86.2) 43 (84.3) 0.292
Age (years) 50.4+15.7 44.1+13.2 49.3+9.8 0.201
BMI (kg/m?) 229+35 233+2.4 233+2.8 0.885
Child—Pugh (n%) 0.548

A 0(0.0) 0(0.0) 0(0.0)

B 2 (12.5) 3(10.3) 3(5.9)

C 14 (87.5) 24 (82.8) 47 (92.2)
HOMAZ2-IR 24+1.7 26+13 29+23 0.677
HOMAZ2-IS 43.9 (31.7,97.8) 45.6 (31.1,55.6) 48.8 (27.0,73.1) 0.760
HOMA2-8 (%) 251.6 (170.7, 310.5) 197.2 (161.0, 258.1) 162.2 (119.9, 228.7)* 0.045
FINS (uIU/mL) 7.3 (2.9, 18.3) 10.9 (5.5, 20.5) 9.2(59,17.4) 0.642
FCP (pmol/L) 1120.0 (519.7, 1558.8) 1017.0 (844.0, 1244.0) 941.9 (631.1, 1499.0) 0.792
INR 1.82+0.38 1.87+0.35 1.97+£0.47 0.328
PTA (%) 349+9.0 35.6+8.8 352+7.5 0.962
ALT (U/L) 127.0 (31.5, 227.5) 139.0 (32.5, 420.5) 191.0 (60.0, 574.0) 0.223
AST (U/L) 119.0 (75.0, 235.3) 169.0 (61.5, 349.0) 190.0 (109.0, 541.0) 0.240
TBil (umol/L) 242.4 (136.1, 389.0) 237.6 (121.0, 324.3) 319.4 (166.6, 405.0) 0.174
ALB (g/L) 28.5+5.5 28.0+4.2 30.2+5.7 0.178
Na* (mmol/L) 136.07 +£3.90 135.03 +£2.97 135.20+4.08 0.654
Cr (umol/L) 77.0 (53.5, 118.8) 75.0 (64.0, 86.5) 74.0 (64.0, 81.0) 0.819
UA (umol/L) 198.5 (127.3, 306.3) 209.0 (163.0, 321.0) 171.0 (129.0, 229.0) 0.060
TG (mmol/L) 1.2+0.6 1.4+0.7 1.4+0.6 0.511
TC (mmol/L) 25+1.1 27+1.0 28+1.4 0.696
HDL (mmol/L) 0.40+0.20 0.56+0.33 0.56+0.40 0.269
LDL (mmol/L) 1.8+0.7 1.8+0.6 1.8+0.9 0.955
WBC (10°/L) 57+£29 6.0+3.0 70+3.4 0.249
NLR (%) 3.7(3.1,5.5) 33(24,5.8) 3.4(2.0,7.1) 0.821
PLT (10°/L) 67.0 (59.3,72.5) 94.0 (44.5, 159.0) 97.0 (56.0, 122.0) 0.163
CRP (mg/L) 8.9 (4.3,21.1) 9.1(5.6,14.2) 12.2 (5.2,18.0) 0.533
1gHBV-DNA (copies/mL) 42427 5.0+2.1 5.1+23 0.374
AFP (ng/mL) 35.9 (3.3, 133.6) 36.8 (10.4, 104.5) 34.3(16.8, 113.8) 0.906
MELD score 22.0+6.2 20.7+4.5 222+53 0.455
Death (n%) 5(31.3) 0 (0.0 19 (37.3) 0.001
Infection (n%) 10 (62.5) 17 (58.6) 32 (62.7) 0.932

AFP, alpha fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; Cr, creati-
nine; CRP, C-reactive protein; FCP, fasting C-peptide; FINS, fasting insulin; HBV, hepatitis B virus; HBV-DNA, hepatitis B virus-DNA; HDL,
high-density lipoprotein, HOMA2-IR, homeostasis model assessment 2-insulin resistance; HOMA?2-IS, homeostasis model assessment 2-insulin
sensitivity; HOMA2-f, homeostasis model assessment 2-f-cell function; IGT, impaired glucose tolerance; INR, international normalized ratio;
LDL, low-density lipoprotein; MELD, model for end-stage liver disease; NLR, neutrophil-to-lymphocyte ratio; Na*, sodium; NGT, normal glu-
cose tolerance; PLT, platelet; PTA, prothrombin activity; TBil, total bilirubin; TC, total cholesterol; TG, triglyceride; UA, uric acid; WBC, white

blood cell

#Compared with the NGT group, p<0.05. Data are presented as the mean+SD, n (%), or median (interquartile range). Differences between

groups were assessed using one-way ANOVA or chi-square tests

inflammation and damage plays a determining role in the
development of diabetes in patients with ACLF.

In patients with HD or stress-induced hyperglycemia,
managing the hyperglycemia remains a clinical challenge.
Hyperglycemia increased the mortality rates of patients with
liver cirrhosis and critically ill patients. However, strictly

controlling patients’ hyperglycemia increased the prevalence
of hypoglycemia, which was also associated with high mor-
tality [26]. Most patients with ACLF have severe digestive
symptoms, making it impossible to perform the OGTT, and
managing diabetes in patients with ACLF is especially diffi-
cult. Therefore, the dynamic changes in glucose metabolism
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Fig.2 Dynamic changes in glucose homeostasis in patients with hep-
atitis B virus-related acute-on-chronic liver failure. NGT, normal glu-
cose tolerance; IGT, impaired glucose tolerance

disorders in patients with ACLF must be better understood.
In the current study, eight (36.4%) of 22 patients with ACLF
exhibited regressed glucose metabolism disorders and

improved liver function during the 32.8 +28.8-day follow-
up. PLT levels were positively associated with the regres-
sion. Our results indicated that in patients with ACLF and
sustained low PLTs, OGTTs should be repeated to evaluate
the regression of the glucose metabolism disorders.

One major finding in this study was that diabetes was an
independent risk factor for 90-day mortality in patients with
ACLF. Previous studies showed that hyperglycemia accel-
erated the progression of liver fibrosis and provoked liver
inflammation [27]. Several clinical studies demonstrated
that HD or pre-existing diabetes carried high risks for poor
long-term outcomes and complications in patients with liver
cirrhosis [16, 28]. One study evaluated the association of
HD and 30-day survival in 78 patients with decompensated
liver cirrhosis and found that HD and IGT better predicted
a poor 30-day survival than did NGT [18]. Another study
evaluated the association between type 2 diabetic mellitus
(T2DM) and the prognosis of patients with ACLF, they
found 38/222 (17.1%) patients had T2DM and T2DM was

Table 2 The clinical characteristics and disturbances in glucose homeostasis in patients with acute-on-chronic liver failure during follow-up

Variables Total (n=22) Without regression (n=14) With regression (n=28) p value
Men (n%) 18 (81.8) 11 (78.6) 7 (87.5) 1.000?
Age (years) 47.4+10.6 47.4+10.2 473+12.1 0.971°
BMI (kg/m?) 238+1.8 24.2+1.47 23.1+22 0.171°
Child—Pugh (n%) 0.038*

A 2(9.1) 0 (0.0) 2 (25.0)

B 10 (45.5) 6 (42.9) 4 (50.0)

C 9 (40.9) 8 (57.1) 1(12.5)
HOMAZ2-IR 27+16 27+1.7 27+1.3 0.988"
HOMAZ2-IS 47.1+25.0 45.6+183 49.6+35.3 0.728"
HOMA2-B (%) 171.5+90.1 148.9+78.3 211.2+100.7 0.121°
FINS (uIU/mL) 18.5+11.7 14.6+6.8 253+15.6 0.101°
FCP (pmol/L) 1252.7+846.9 1253.1+989.6 1252.2+577.3 0.998"
INR 1.55+0.45 1.65+0.46 1.37+0.38 0.155°
PTA (%) 47.8 (39.9, 71.6) 47.0 (34.6, 71.6) 56.2 (41.6, 85.6) 0.322°
ALT (U/L) 38.0 (22.0, 61.3) 32.5(21.3, 55.0) 52.0 (34.5, 112.5) 0.108°
AST (U/L) 66.2+35.5 63.0+31.1 71.7+44.1 0.591°
TBil (umol/L) 69.9 (44.7,155.8) 69.0 (55.1, 275.4) 56.9 (26.4, 138.3) 0.219°
ALB (g/L) 32.1+3.3 31.0+2.7 34.1+35 0.032°
WBC (10°/L) 4.74+2.62 4.82+2.99 4.62+2.02 0.867°
PLTs (10°/L) 74.0 (39.2, 102.0) 45.5 (36.0, 88.5) 99.0 (78.2, 184.7) 0.041°
1gHBV-DNA (copies/mL) 1.48 (1.48,3.01) 1.48 (1.33,2.84) 1.99 (1.48, 4.07) 0.152¢

Data are presented as the mean =+ SD, n (%), or median (interquartile range)

ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FCP, fasting C-peptide; FINS, fast-
ing insulin; HBV-DNA, hepatitis B virus-DNA; HD, hepatogenous diabetes; HOMA2-IR, homeostasis model assessment 2-insulin resistance;
HOMAZ2-IS, homeostasis model assessment 2-insulin sensitivity; HOMA?2-f, homeostasis model assessment 2-f-cell function; IGT, impaired
glucose tolerance; INR, international normalized ratio; NGT, normal glucose tolerance; PLTs, platelets; PTA, prothrombin activity; TBil, total

bilirubin; WBC, white blood cells
4Chi-square test results
¢ test results

“Wilcoxon rank-sum test
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Table 3 Clinical characteristics and disturbances in glucose homeostasis in dead and surviving patients with acute-on-chronic liver failure
Variables Total (n=96) Death (n=24) Non-death (n=72) p value
Men (n%) 79 (82.3) 20 (83.3) 59 (81.9) 1.000%
Age (years) 479+12.1 53.4+10.9 46.1+12.0 0.010°
BMI (kg/m?) 2324238 22.8+2.4 234429 0.429°
Hypoglycemia (n%) 17 (17.7) 6(25.0) 11 (15.3) 0.355%
IGT (n%) 29 (30.2) 0(0.0) 29 (40.3) 0.001*
Diabetes (n%) 51(53.1) 19 (79.2) 32 (44.4) 0.001*
Child—Pugh (n%) 0.608*

A 0(0.0) 0(0.0) 0(0.0)

B 8(8.3) 14.2) 70.7)

C 85 (88.5) 23 (95.8) 62 (86.1)
HOMAZ2-IR 22(14,3.3) 1.5 (1.0, 3.7) 22(1.7,3.3) 0.100¢
HOMA2-IS 47.1 (30.1,73.7) 66.8 (27.0, 94.7) 45.0 (30.5, 59.8) 0.104¢
HOMA2-B (%) 186.1 (137.4, 258.4) 165.6 (104.6, 255.0) 188.8 (147.0, 269.9) 0.288°
FPG (mmol/L) 53+£28 58+39 52423 0.468°
OGTT 2 h-PG (mmol/L) 11.3+45 12.1+£54 11.0+£4.2 0.290°
FINS (uIU/mL) 9.7 (5.5, 18.3) 7.7 (3.2,9.6) 11.7 (5.9, 20.6) 0.011¢
FCP (pmol/L) 993.3 (633.3, 1492.5) 727.4 (520.7, 1285.0) 1018.5 (681.7, 1524.5) 0.072¢
INR 1.92+0.42 2.10+0.53 1.86£0.37 0.048°
PTA (%) 353181 33.6+7.2 35.8+8.3 0.247°
ALT (U/L) 139.0 (42.8, 423.3) 314.5 (70.0, 521.8) 125.0 (40.3, 410.8) 0.390¢
AST (U/L) 155.5 (83.5, 380.8) 178.0 (102.0, 528.8) 155.5 (79.3, 361.8) 0.397¢
TBil (umol/L) 250.1 (150.3, 373.3) 399.6 (232.7, 467.2) 222.8 (131.6, 347.5) 0.000¢
ALB (g/L) 29.2+5.3 30.6+7.1 28.8+4.5 0.139°
Na* (mmol/L) 1353 +£3.7 135.4+4.6 1353+34 0.918°
Cr (umol/L) 80.1+34.8 79.1£38.1 80.5+33.9 0.871°
UA (umol/L) 211.9+£102.6 197.2+£121.7 216.9+95.9 0.418°
TG (mmol/L) 1.4+0.6 1.4+0.5 1.4+0.6 0.944°
TC (mmol/L) 27+12 29+1.6 26+1.0 0.376°
HDL (mmol/L) 0.53+0.35 0.50+0.40 0.54+0.34 0.606°
LDL (mmol/L) 1.8+0.8 19+1.1 1.8+0.6 0.500"
WBC (10°/L) 6.4+3.2 7.2+3.8 6.2+3.0 0.217°
NLR (%) 3.6 (2.4,6.0) 4.0(2.9,7.7) 3.4(2.35.8) 0.210¢
PLTs (10°/L) 95.3+51.3 101.5+46.4 93.2+53.0 0.494°
1gHBV-DNA (copies/mL) 49+23 5225 4.8+22 0.460°
CRP (mg/L) 9.5(5.3,17.4) 12.7 (5.9,17.7) 9.3(5.1,17.4) 0.462°
AFP (ng/mL) 34.7(11.4,116.9) 45.8 (11.8, 149.8) 34.3(11.1,92.8) 0.318°
MELD score 21.7+£5.2 23.7+5.1 21.0+52 0.025°
Infection (n%) 59 (61.5) 16 (66.7) 43 (59.7) 0.545%
PE (n%) 78 (81.3) 21 (87.5) 57 (79.2) 0.548*

Data are presented as the mean +SD, n (%), or median (interquartile range)

AFP, alpha fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; Cr, creatinine;
CRP, C-reactive protein; FCP, fasting C-peptide; FPG, fasting plasma glucose; FINS, fasting insulin; HBV-DNA, hepatitis B virus-DNA; HDL,
high-density lipoprotein; HOMA2-IR, homeostasis model assessment 2-insulin resistance; HOMA2-IS, homeostasis model assessment 2-insu-
lin secretion; HOMAZ2-f, homeostasis model assessment 2-f-cell function; INR, international normalized ratio; LDL, low-density lipoprotein;
MELD, model for end-stage liver disease; NLR, neutrophil-to-lymphocyte ratio; Nat, sodium; OGTT2h-PG, oral glucose tolerance test 2 h
plasma glucose; PE, plasma exchange; PLTs, platelets; PTA, prothrombin activity; TBil, total bilirubin; TC, total cholesterol; TG, triglyceride;
UA, uric acid; WBC, white blood cells

2Chi-square test results

57 test results

‘Mann-Whitney U test results
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Fig. 3 The clinical characteristics and disturbances in glucose home-
ostasis of dead and surviving patients with hepatitis B virus-related
acute-on-chronic liver failure. IGT, impaired glucose tolerance.
#p <0.01 versus the group of IGT in death; #p <0.01 versus the group
of diabetes in death

associated with poor prognosis in patients with ACLF [29].
However, recently Duseja et al. did not find the association
of T2DM with the prognosis in patients with alcohol-asso-
ciated ACLF [30]. Bianchi et al. also found no association
between diabetes and short-term mortality in patients with
liver cirrhosis [17]. The reason for the conflicting results
in these studies is unknown. Most of above studies did not
exclude pre-existing diabetes or perform OGTTSs in their
study [17, 29, 30]; therefore, the diabetes prevalence might
have been underestimated. In this study, we excluded pre-
existing diabetes and performed OGTTs in 96 patients with
ACLF. We found that diabetes resulted from severe liver
injury and liver inflammation as one independent risk factor
of 90-day mortality in patients with ACLF.

Hypoglycemia was not a risk factor for 90-day mortality
in this study. Patients with ALF are generally considered
to be at high risk for hypoglycemia [10, 31]; however, to
our knowledge, the correlation between hypoglycemia and
mortality in patients with ACLF remains unknown. One ret-
rospective study found that hypoglycemia was a risk factor
for poor prognosis in patients with decompensated liver cir-
rhosis [32]; however, no OGTT was performed in that study.

Because the diagnosis of HD in patients with chronic liver
diseases depends on OGTT results, and patients with HD are
prone to hypoglycemia. Whether the effects of hypoglycemia
found in that study actually resulted from the effects of HD
requires further analysis. In the current study, the prevalence
of hypoglycemia was much lower than that of diabetes, and
most patients with hypoglycemia had diabetes. Diabetes
was only the risk factor associated with death in patients
with ACLF, indicating that diabetes had a worse effect on
patients’ prognosis than did hypoglycemia in patients with
ACLF.

It is difficult to explain why only age and diabetes but
not MELD scores were prognostic predictors for patients
with ACLF. One explanation was that glucose homeostasis
was easily to be disturbed in patients with ACLF, there-
fore, hyperglycemia predicted the outcomes of patients
with ACLF more precisely than MELD. Indeed, previous
studies showed that the prognostic value of MELD was

1.0
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0.9
o)
<
@
- p<0.05
E * Diabet
abetes
5
]
d
0.7
0.6

T T T
0 200 40.0 60.0 80.0
analysis time (days)

Fig.4 Cumulative survival rates of patients with hepatitis B virus-
related acute-on-chronic liver failure with and without diabetes

Table 4 Univariate and

. . . Variables Univariable analysis Multivariable analysis

multivariate analysis of risk

factors associated with death in p OR 95% CI p p OR 95% CI p

patients with acute-on-chronic

liver failure Age 0.042  1.043 1.011-1.076 0.009 0.044 1.045 1.010-1.082  0.011
Diabetes 1.322 3750  1.400-10.048 0.009 1.281  3.601 1.342-9.661  0.011
INR 1.162  3.198  1.295-7.897 0.012
TBil 0.005  1.005 1.002-1.008 0.000
MELD score  0.081 1.084  1.012-1.162 0.022

p<0.05 was statistically significant

INR, international normalized ratio; MELD, model for end-stage liver disease; TBil, total bilirubin
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not satisfying [7, 19]. Another explanation was that in this
study we had excluded 46 patients with esophageal or gas-
tric variceal bleeding, hepatic encephalopathy or hepato-
renal syndrome on admission, for they could not undergo
an OGTT. Therefore, most patients in this study were in
their early stage of ACLF.

Our study had several limitations. First, although it
included the largest cohort to date to undergo OGTTs to ana-
lyze the effects of the clinical characteristics of disturbances
in glucose homeostasis and their associations with 90-day
mortality in patients with HBV-related ACLF, it was a sin-
gle-center study, and we could not perform OGTTSs on some
severe patients with ACLF. Thus, the number of patients
included was relatively small, and the results should be
verified in multicenter studies with more patients. Second,
we evaluated only the association between baseline hyper-
glycemia and mortality, and whether the change in glucose
metabolism disorders after admission and the different meth-
ods for managing hyperglycemia influence patient outcomes
remains to be clarified.

In conclusion, this was the first study to evaluate the
clinical characteristics of disturbances in glucose home-
ostasis and their associations with 90-day mortality in
patients with HBV-related ACLF. The major finding in this
study was that diabetes, but not hypoglycemia, is associ-
ated with high mortality in patients with ACLF.
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