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Abstract: Hepatitis D virus (HDV) infection causes the most severe form of chronic viral hepatitis in humans, yet whether it el-
evates liver failure risk remains unclear. To evaluate this association, we conducted a systematic review/meta-analysis searching
PubMed, EMBASE, Web of Science, and Cochrane Library using terms "hepatitis Delta," "hepatitis B virus," "liver failure," and
"fulminant hepatitis," comparing LF risk in HDV/HBV co-infected versus HBV mono-infected patients. Our analysis of 16 stud-
ies (n = 2,990) demonstrated significantly higher LF risk in co-infected patients (OR = 4.41; 95% CI: 2.37–8.18; P = 0.000), with
subgroup  analysis  confirming  persistently  elevated  risk  irrespective  of  publication  year,  geographical  region  and  co-infection
status. We conclude HDV/HBV co-infection significantly increases LF risk compared to HBV mono-infection.
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 Introduction

Liver  failure  is  a  life-threatening  condition  with  high  mortality
that  affects  multiple  organ  systems.  It  manifests  as  acute  liver
failure (ALF), acute-on-chronic liver failure (ACLF), or acute de-
compensation  in  cirrhosis[1].  Hepatitis  B  virus  (HBV)  infection
represents  a  core  etiology  of  liver  failure[2].  Globally,  over  240
million individuals have chronic HBV infection[3], and approxim-
ately  15–40%  of  untreated  cases  progress  to  cirrhosis[4],  poten-
tially culminating in liver failure.
Hepatitis  delta  virus  (HDV),  a  defective RNA virus,  relies  on

HBV for envelope protein synthesis[5]. Clinically, HDV infection
occurs  as  co-infection  (simultaneous  HBV/HDV  acquisition)  or
superinfection  (HDV infection  in  established  HBsAg  carriers  or
chronic  HBV  patients)[6].  While  approximately  5%  of  HBsAg
carriers  worldwide  have  HDV  co-infection[7],  a  2019  meta-ana-
lysis reported a prevalence of 10.58%-nearly double prior estim-
ates[8]. This indicates substantial underestimation of HDV preval-
ence  and  neglect  of  its  severe  consequences[9].  Chronic  hepatitis
D (CHD) constitutes the most severe form of human viral hepatit-
is[5].  Compared to HBV mono-infection, HDV co-infection asso-
ciates with more aggressive hepatitis and accelerated progression
to  advanced  cirrhosis[10],  liver  cirrhosis,  and  end-stage liver   dis-
ease[8,11].
Although  the  increased  risk  of  liver  failure  in  HBV mono-in-

fection  is  well-established[12],  whether  HDV co-infection  further
elevates this risk remains controversial. Previous studies face lim-
itations including  suboptimal  design,  inadequate  power,  and  de-
scriptive approaches, hindering robust causal inference. A recent
meta-analysis  of  93  studies  (68  case-control, 25  cohort)   sugges-
ted increased hepatocellular carcinoma (HCC) risk in HBV/HDV
co-infected patients[4,13]. However, no study has comprehensively
examined the  association  between  HDV infection  and  liver   fail-
ure.  We  therefore  conducted  this  systematic  review  and  meta-
analysis  to  assess  and  compare  liver  failure  risks  between
HBV/HDV co-infected and HBV mono-infected patients.

 Methods

This meta-analysis was conducted based on the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines  and  was  registered  in  PROSPERO (CRD42022306773).

 Search methodology and study selection
Comprehensive  database  searches  were  performed  across
PubMed,  EMBASE,  Web of  Science,  and  the  Cochrane  Library
through  May  2025.  This  systematic  review  specifically  targeted
original  studies  comparing  liver  failure  incidence  between
HBV/HDV co-infected and HBV mono-infected cohorts.  Search
strings  incorporated  core  terms  ('hepatitis  Delta',  'liver  failure',
'hepatitis  B  virus')  alongside  related  keywords  (detailed  in  Sup-
plementary Table 1).  No language, geographic,  publication date,
or status restrictions were applied. To ensure literature saturation,
we manually  screened  references  of  included  articles  and   inter-
rogated  the  Cochrane  Central  Register  of  Controlled  Trials  for
gray literature.
Studies  were  included  in  our  meta-analysis if  they:  (1)   em-
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ployed longitudinal designs (cohort,  case-control,  or randomized
controlled  trials)  reporting  primary  data;  (2)  compared
HBV/HDV co-infected against HBV mono-infected cohorts with-
in  the  same  study;  (3)  provided  quantifiable  effect  measures
(odds  ratios  [ORs],  relative  risks  [RRs],  hazard  ratios  [HRs],  or
calculable  effect  sizes);  (4)  reported  incident  liver  failure  cases
per group; and (5) were peer-reviewed full-text publications.

 Data extraction
Literature  search  results  were  compiled  using  EndNote  v.10  for
reference management. Two independent investigators (Y.G. and
L.X.) performed dual  screening of  titles/abstracts  to identify eli-
gible  publications,  with  discrepancies  resolved  through  third-
party adjudication (F.R.). From all qualifying studies, we extrac-
ted:  (1)  study  characteristics  (author,  country,  publication  year,
design,  follow-up duration,  HDV detection  methodology,   adjus-
ted covariates); and (2) patient profiles (cirrhosis prevalence, co-
hort sizes for HBV mono-infected and HDV co-infected groups,
and liver failure incidence per cohort).

 Quality assessment
All included studies underwent quality evaluation using the New-
castle-Ottawa  Scale  (NOS)  for  observational  and  case-control
designs.  Two  independent  assessors  (Y.G.  and  L.X.)  assigned
stars across  three  domains:  group  selection  (max  4  stars),   com-
parability  adjustment  (max  2  stars),  and  outcome  ascertainment
(max 3 stars). Studies scoring ≥ 7 were deemed high-quality. Dis-
crepancies  were  resolved  through  third-reviewer  arbitration
(F.R.). No  exclusions  resulted  from  quality  assessment,   consist-
ent  with  Cochrane  Handbook  recommendations  for  retaining
methodologically diverse evidence.

 Data synthesis and analysis

 Statistical analysis
Analytical methodology  adhered  strictly  to  the  Cochrane  Hand-
book for Systematic Reviews of Interventions. We quantified in-
cident  liver  failure  cases  in  HBV/HDV co-infected  versus  HBV
mono-infected  cohorts.  Stratified  evaluations  assessed  outcome
variations  by  human  immunodeficiency  virus  (HIV)  serostatus,
publication era, and hepatic fibrosis severity.

 Meta-regression
To  identify  sources  of  heterogeneity,  we  conducted  univariable
random-effects  meta-regressions  assessing  pre-specified  covari-
ates:  publication  year,  geographic  region,  and  HDV  infection
status.  The analysis  required ≥ 8 studies  per  covariate,  with P ≤
0.05 indicating potential effect modifiers.

 Assessment of heterogeneity
Study  heterogeneity  was  quantified  via  Higgins  I2  statistics  and
Cochrane’s  Q-test.  I2  values  >75%,  50–75%,  and  <50% defined
high,  moderate,  and  low  heterogeneity,  respectively;  Q-test P  <
0.10 indicated significant heterogeneity.

 Assessment of publication bias
Publication bias was quantitatively evaluated through funnel plot
asymmetry analysis,  supplemented by Egger's  regression to stat-
istically  characterize  small-study effects.  All  statistical   proced-
ures were executed in STATA 14.0 (Stata Corp., College Station,
Texas),  maintaining analytical  consistency throughout  our  meta-
analytic framework.

 Results

 Literature search
Our  initial  database  search  yielded  1,576  records  through  May
2025. After screening titles and abstracts, we excluded unrelated
articles, retaining 86 publications. Details of the search databases
and  keywords  can  be  found  in Supplementary  Table  1.  Follow-
ing  removal  of  duplicates  and  case  reports,  16  full-text  articles
were deemed eligible for inclusion[14−29] (Fig. 1).
 

 Study selection and characteristics
Sixteen longitudinal  studies  met  prespecified  criteria  for   incor-
poration  into  both  qualitative  assessment  and  quantitative  meta-
analysis  of  liver  failure  risk  in  HDV/HBV  co-infected  cohorts,
with the selection workflow graphically outlined in Fig. 1.
The 16  included  cohort  studies  (2  prospective,  14   retrospect-

ive)  enrolled  2,990  patients  from  hospital  settings  between
1969–2022,  comprising  929  (31.1%)  with  HBV/HDV  co-infec-
tion and 2,061 with HBV mono-infection (Table 1). Geographic-
ally, studies originated from China (n = 6), Europe (n = 6: France,
Sweden,  Italy,  England,  Yugoslavia),  India  (n  =  2),  Venezuela
(n =  1),  and  the  USA (n  =  1).  Four  were  multicenter   investiga-
tions and  twelve  were  single  center.  HDV  diagnosis  was   con-
firmed by anti-HDV antibody positivity or HDV-RNA detection
in  all  studies,  with  one  study  additionally  utilizing  liver  tissue
HDAg positivity (Table 1).

 Quality assessment
Study  quality  was  generally  high,  with  Newcastle-Ottawa  Scale
(NOS) scores ranging from 6 to 9 (Table 2). All studies demon-
strated  high  methodological  quality.  Two  studies  implemented
1:1  pair-matching  for  confounders  (age,  gender,  liver  enzymes).
Three studies  received  NOS  scores  of  5  due  to  unadjusted   con-
founders (e.g., age, sex) compromising comparative validity.
Scale: a maximum of 4 points can be awarded for selection, 2

for comparability and 3 for outcomes. A score of > 6 indicates a
high-quality study.

 Risk of liver failure
HBV/HDV  co-infection was  significantly  associated  with   in-
creased  liver  failure/fulminant  hepatitis  risk  versus  HBV mono-
infection  (pooled  OR  =  4.41;  95%  CI:  2.37–8.18;  P  =  0.000),
though substantial heterogeneity was observed (I2 = 87.2%). The
forest  plot  is  presented  in Fig. 2. Visual  funnel  plot  analysis   re-
vealed no publication bias (Fig. 3).
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Fig. 1. PRISMA flow diagram outlining search strategy and selection of the studies in the systematic review and meta-analysis.
 

Table 1.  Characteristics of Study Populations in the Included Meta-Analysis.

N.O Author, Year, Country Study
Design

Enrolment
Period

Study
Setting HDV Diagnosis

HBV HBV + HDV Coinfection or
Superinfection

Definition of
Liver FailureLF Total LF Total

1 Smedile et al, 1982,
Italy, France England[14] Retrospective Not

mentioned
Multiple
center

Anti-HDV IgG +
IgM 101 532 43 111 Both included Fulminant

hepatitis

2 Govindarajan et al,
1984, USA[15] Prospective 1969–1983 Multiple

center
Anti-HDV IgG +

IgM 46 71 19 65 Both included Fulminant
hepatitis

3 Ljunggren et al, 1986,
Sweden[16] Retrospective 1979–1984 Multiple

center
Anti-HDV IgG +

IgM 0 11 4 11 Superinfection Fulminant
hepatitis

5 Lettau et al, 1987[17] Prospective 1983–1985 Single
center

Anti-HDV IgG +
IgM 13 135 10 13 Both included Fulminant

hepatitis

6 Krogsgaard et al, 1988,
Sweden[18] Retrospective 1970–1985 Multiple

center
Anti-HDV IgG +

IgM 14 28 14 28 Both included Fulminant
hepatitis

7
Desai et al, 1990[23],

India Prospective 1985-1989 Single
center Anti-HDV IgG 12 32 20 32 Both included Fulminant

hepatitis

8 Balik et al, 1991, Italy[19] Retrospective 1986–1988 Single
center

Anti-HDV IgG +
IgM 22 226 9 31 Both included

Severe or
Fulminant
hepatitis

9 Hadler et al, 1992,
Venezuela[20] Prospective 1978–1981 Single

center
Anti-HDV IgG +

IgM 3 99 28 103 Both included Fulminant
hepatitis

10
Delić et al, 1993[21],

Yugoslavia Retrospective 1972–1991 Single
center HDAg 35 36 1 36 Not mentioned Fulminant

hepatitis

11 Wu et al, 1994,
China[22] Retrospective 1982–1992 Single

center
Anti-HDV IgG +
IgM + HDV RNA 31 32 12 32 Both included Fulminant

hepatitis

12 Irshad et al, 1996,
India[24] Retrospective 1991–1993 Single

center
Anti-HDV IgG +

IgM 55 175 87 175 Not mentioned Fulminant
hepatic failure

13 Gu et al, 2000, China[25] Retrospective 1988–1998 Single
center

Anti-HDV IgG +
IgM 22 114 92 114 Not mentioned Fulminant

14 Gu et al, 2014, China[26] Retrospective 2005–2014 Single
center

Anti-HDV IgG +
IgM + HDV RNA 23 213 27 92 Not mentioned Liver failure

17 Fu et al, 2016, China[27] Retrospective 2005–2014 Single
center

Anti-HDV IgG +
IgM + HDV RNA 2 70 2 22 Not mentioned Liver failure

15 Xu et al, 2022, China[28] Retrospective 2015–2020 Single
center

Anti-HDV IgG +
IgM 27 44 17 44 Not mentioned Liver failure
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Table 2.  Newcastle-Ottawa Scale for Assessment of the Risk of Bias of the Included Studies.

Author, year

Selection Comparability Outcome

TotalRepresen-
tativeness

Non-
exposed
Selection

Ascertainment
of exposure

Baseline
outcome
absent

Comparability
(design/analysis)

Outcome
Assessment

Follow-up
duration

Follow-up
adequacy

Smedile et al, 1982[14] 1 1 1 1 1 1 0 1 7
Govindarajan et al,

1984[15] 1 1 1 0 2 0 1 1 7

Ljunggren et al, 1986[16] 1 1 1 1 2 1 1 1 9

Lettau et al, 1987[17] 1 1 2 2 0 1 1 0 8

Krogsgaard et al, 1988[18] 1 1 2 2 0 0 1 0 7

Desai et al, 1990[23] 1 1 2 1 1 2 1 0 9

Balik et al, 1991[19] 1 1 0 1 1 2 1 1 8

Hadler et al, 1992[20] 1 1 0 1 0 0 1 1 5

Delić et al, 1993[21] 1 1 1 1 0 1 1 0 6

Wu et al, 1994[22] 1 1 0 1 2 0 1 1 7

Irshad et al, 1996[24] 1 1 0 1 0 0 1 1 5

Gu et al, 2000[25] 1 1 0 0 0 1 1 1 5

Gu et al, 2014[26] 1 1 1 1 2 0 1 0 7

Fu et al, 2016[27] 1 2 1 1 1 0 1 0 7

Xu et al, 2022[28] 1 1 1 0 2 1 1 0 7

Zheng et al, 2022[29] 1 1 1 0 0 1 1 1 6
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Fig. 2. Funnel plot of the overall meta-analysis. Forest plot of association between HDV and the risk of liver failure in 16 eligible studies using
odds ratio. Events denote patients with liver failure.

 

REVIEW HEPATOLOGY
 

86 Diseases & Research, 2026, vol. 6: 83–91



 Subgroup analyses
Subgroup  analysis  stratified  by  publication  year  (spanning
1969–2022)  revealed  progressively  elevated  liver  failure  risk  in
HBV/HDV  co-infected  patients  across  eras:  pre-1990  (OR  =
2.62;  95%  CI:  0.83–8.33;  P  =  0.000;  I2  =  89.4%),  1991–2000
(OR  =  8.08;  95%  CI:  2.65–24.7;  P  =  0.000;  I2  =  89.6%),  and
2001–2022  (OR  =  4.25;  95%  CI:  1.66–10.89;  P  =  0.036;  I2  =

64.9%), with notably increased risk in studies published between
2011–2019 (Fig. 4).
Participants were stratified by HDV infection status (co-infec-

tion vs.  superinfection).  Five studies evaluating liver  failure risk
demonstrated  no  significant  association  (OR  =  0.79;  95%  CI:
0.36–1.72;  P  =  0.234;  I2  =  28.1%),  indicating  comparable  risk
between HDV infection modalities (Fig. 5).
Given  the  multinational  scope  (Asia,  Europe,  North  America,

South  America),  we  performed  geographic  subgroup  analysis
across  16  studies:  Asia  (n  =  8),  Europe  (n  =  5),  North  America
(n = 2), South America (n = 1). Significantly increased liver fail-
ure  risk  with  HBV/HDV  co-infection  was  observed  in  Asian
(OR  =  4.04;  95%  CI:  2.01–8.11; P  =  0.000;  I2  =  85.11%)  and
European  studies  (OR  =  9,48;  95%  CI:  2.74–32.75; P  =  0.000;
I2 =  96.1%).  Conversely,  North  American (OR = 1.03;  95% CI:
0.05–20.92; P = 0.000; I2 = 92.1%) showed no significant associ-
ations (Fig. 6).

 Meta-regression
To assess potential sources of bias,  a univariable random-effects
meta-regression incorporating all 16 studies was conducted. This
analysis demonstrated no significant confounding effect from any
study-level characteristic (Supplementary Table 2).
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Fig. 3. Funnel plot for the assessment of publication bias. Funnel plot
of  publication bias  in  16  studies  assessing the  risk  of  liver  failure  in
hepatitis B virus/hepatitis D virus (HBV/HDV) dual-infected patients
compared to HBV mono-infected patients.
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lysis of different date of publication. Events denote patients with liver failure.
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Fig. 6. Funnel plot of the subgroup meta-analysis based on continents. Funnel plot of the subgroup meta-analysis based on the continents where
the published articles were from. Events denote patients with liver failure.
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 Discussion

Whether HBV/HDV co-infection confers higher liver failure risk
than  HBV mono-infection  remains  controversial.  We  conducted
this systematic review and meta-analysis to elucidate this associ-
ation. Broad  inclusion  criteria  identified  16  studies   encom-
passing 2,990 patients. To our knowledge, this represents the first
meta-analysis  demonstrating  significantly  elevated  liver  failure
risk  in  HBV/HDV  co-infected  versus  HBV  mono-infected  pa-
tients. This meta-analysis definitively establishes hepatitis D vir-
us  coinfection  as  a  significant  independent  risk  factor  for  liver
failure in patients with chronic hepatitis B. The underlying patho-
physiology  may  involve  direct  cytopathic  effects  of  HDV  and
subsequent enhanced host immune responses, leading to acceler-
ated fibrosis  progression.  Notably,  the  risk  of  liver  failure   per-
sists  even  in  the  era  of  effective  HBV  suppression  with
nucleos(t)ide  analogue  therapy,  highlighting  the  critical  role  of
HDV itself as the primary driver of liver injury.
HDV-a defective virus requiring HBsAg for viral assembly, re-

lease,  and  hepatocyte  infection-cannot  replicate  without  HBV
proteins[30]. Consequently, antiviral therapies inhibiting HBV rep-
lication  may  ameliorate  end-stage  liver  disease  progression[31,32].
IFN-γ or  nucleos(t)ide  analogs  (NAs)  reduce cirrhosis  and HCC
risk  in  HBV-infected  patients[33].  Notably,  only  two  included
studies reported  antiviral  therapy  data,  potentially  biasing   com-
parisons  between  mono-infected  and  co-infected cohorts.   Des-
pite significant advances in antiviral therapy for hepatitis B virus
(HBV), management  of  liver  failure  due  to  HBV/HDV coinfec-
tion  remains  a  formidable  challenge,  as  nucleos(t)ide  analogues
do not counteract the aggressive liver injury driven by hepatitis D
virus (HDV)[34]. Italian registry data underscore this, showing that
up  to  63% of  liver  transplants  for  coinfected  patients  are  due  to
HDV-related liver failure, establishing transplantation as the only
definitive  solution  for  decompensated  disease[35].  While  novel
agents like bulevirtide (BLV) suppress HDV replication and im-
prove liver function-offering vital bridging therapy-they may not
avert transplantation in fulminant cases[36]. Thus, alongside devel-
oping better therapies,  reinforcing comprehensive HBV vaccina-
tion remains the most fundamental  and cost-effective strategy to
prevent HDV coinfection and its severe outcomes at the source.
Publication  year-based  subgroup  analysis  revealed  increasing

liver failure risk in co-infected groups over time. This trend may
reflect:  evolving  HDV  detection  accuracy  across  the  >10-year
study  period[6];  standardization  of  HBV  management  (antiviral
therapy, regular monitoring) improving compliance and enabling
better end-stage outcome documentation[37,38]; growing HDV risk
awareness  increasing  diagnostic  uptake  and  altering  enrollment
patterns[39,40]. However,  the  lack  of  universally  effective  and   ac-
cessible anti-HDV therapies means the aggressive course of HDV
co-infection remains largely unmodified. Consequently, the relat-
ive contribution  of  HDV  to  liver  failure  has  become  more   pro-
nounced, creating  a  widening  risk  disparity  and  effectively   un-
masking the substantial burden of HDV in the contemporary era.
This underscores that the rising risk estimate is not an artifact but
signals an urgent and unmet clinical need. While successful con-
trol of HBV has been achieved, it has simultaneously revealed the
severity of  challenges  in  HDV  management,  making  its   treat-
ment an increasingly recognized clinical priority.
Consequently, the relative contribution of HDV to liver failure

has  become  more  pronounced,  creating  a  diverging  risk  profile
and  effectively  "unmasking"  the  severe  burden  of  HDV  in  the
contemporary era.  This  underscores  that  the growing risk estim-
ate is not an artifact but a signal of an urgent and unmet clinical
need.  It  highlights  the  paradox of  modern  hepatology:  while  we
have successfully tamed HBV, we have simultaneously unveiled
the full  magnitude of the HDV challenge, demanding prioritized
efforts in screening, drug development, and global access to care.
Our  conclusion  that  HBV/HDV co-infection  elevates  the  risk

of  liver  failure  compared  with  mono-infection should  be   inter-
preted  in  the  context  of  several  limitations.  First,  certain  studies
provided incomplete characterization of patient profiles; specific-
ally,  few  reported  HIV  co-infection  status  and  none  reported
HCV status, which represent potential confounders for liver fail-
ure.  Second,  the  insufficient  reporting  of  HBV  and  HDV  viral
loads  precluded  assessment  of  a  dose–response  relationship.
Third, HBsAg clearance rates were not consistently documented,
limiting insight  into  liver  failure  risk  among  patients  with   sup-
pressed HBV replication. Furthermore, the high statistical hetero-
geneity  (I2  =  89%)  necessitates  cautious  interpretation  of  the
pooled estimate. This variability likely stems from differences in
patient characteristics  and clinical  definitions  across  studies.  Al-
though  subgroup  analyses  and  meta-regression  indicated  that
factors like  geographical  region  and  study  design  partially   ex-
plained the heterogeneity, the remaining variability suggests that
the  pooled risk  should be viewed as  a  representative  association
range rather than a precise value. Nevertheless, the consistent dir-
ection of association across studies strengthens the conclusion of
increased risk.
This meta-analysis establishes HDV co-infection as a signific-

ant  risk  factor  for  liver  failure  in  HBV-infected  patients.  This
finding carries important clinical implications: it underscores the
necessity for universal HDV screening in all HBV-infected indi-
viduals and reveals the urgent need for developing effective ther-
apies  targeting HDV. Future  high-quality  studies  should address
biases  from HIV/HCV co-infection, antiviral  therapies,  and HB-
sAg status through more comprehensive data collection and ana-
lysis.

 Conclusion

This  meta-analysis  demonstrates  that  HDV/HBV  co-infection
significantly increases the risk of liver failure compared to HBV
mono-infection. These findings highlight the critical need for uni-
versal HDV screening in HBV-infected patients and the develop-
ment of effective therapies targeting HDV.

 Abbreviations

ACLF,  acute-on-chronic  liver  failure;  ALF,  acute  liver  failure;
BLV,  bulevirtide;  CHD,  Chronic  hepatitis  D;  HBV,  Hepatitis  B
virus;  HCC,  hepatocellular  carcinoma;  HDV,  Hepatitis  D  virus;
HR,  hazard  ratios;  LF,  liver  failure;  NAs,  nucleos(t)ide  analogs;
NOS,  Newcastle-Ottawa Scale;  OR,  odds  ratios;  PRISMA,  Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analys-
is; RR, relative risks.
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