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Abstract. – OBJECTIVE: The authors per-
formed a systematic review and meta-analy-
sis to investigate the role of rs72613567 with-
in hydroxysteroid 17-beta dehydrogenase 13 
(HSD17B13) in liver diseases. 

MATERIALS AND METHODS: Relevant stud-
ies on the effects of HSD17B13 rs72613567 on 
liver diseases were found using the PubMed, 
Web of Science, and Embase databases, up to 
March 2020. The keywords “HSD17B13”, “poly-
morphism”, “variant” and “rs72613567” were 
used. Odds ratios (OR) and 95% confidence in-
terval (CI) were extracted or estimated from 
each eligible study. A random-effects model 
was applied to pool results.

RESULTS: We included a large population for 
the assessment of any liver disease (n=564702), 
cirrhosis (n=559834), and hepatocellular carci-
noma (HCC) (n=183179), respectively. The results 
demonstrated that the TA allele of HSD17B13 
rs72613567 could provide substantial protec-
tion from these disorders (any liver diseases: 
pooled OR=0.73, 95% CI=0.61-0.87; liver cirrho-
sis: pooled OR=0.81, 95% CI=0.76-0.88; HCC: 
pooled OR=0.64, 95% CI=0.53-0.77). In addition, 
four studies were summarized based on the his-
tological features of nonalcoholic fatty liver dis-
ease (NAFLD). HSD17B13 rs72613567 showed a 
tendency towards decreased inflammation, re-
duced fibrosis, and milder disease severity in 
NAFLD. 

CONCLUSIONS: Our study highlights that 
HSD17B13 rs72613567 is an important protective 
factor in multiple categories of liver diseases. 
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(HSD17B13), Rs72613567, Liver diseases, Nonalcohol-
ic fatty liver disease (NAFLD), Risk.

Introduction

Liver diseases are highly prevalent and ac-
count for nearly two million deaths each year 
around the world. One million of these deaths 
are attributed to liver cirrhosis and the remaining 
million deaths are due to hepatitis and hepato-
cellular carcinoma (HCC)1. Cirrhosis is the 11th 
leading cause of global death and within the top 
20 causes of disability1. As the sixth most com-
mon cancer, HCC incidence has risen faster than 
other cancers in recent years2,3. Other liver dis-
eases, such as alcoholic liver disease (ALD) and 
nonalcoholic fatty liver disease (NAFLD), also 
represent a heavy health and economic burden 
to the affected individuals and society. The pre-
vention of these diseases is becoming an urgent 
issue, with the identification of potential factors 
as the first step. 

Previous studies4,5 have confirmed several en-
vironmental risk factors that contribute to liver 
diseases, including viral infection, alcohol and 
obesity. Increasing researches6,7 have further re-
vealed that genetic factors also play a crucial role 
in liver diseases. In particular, genome-wide as-
sociation studies (GWAS) have identified several 
contributing loci, such as rs738409 (p.I148M) 
within patatin like phospholipase domain con-
taining 3 (PNPLA3) and rs58542926 (p.E167K) 
within transmembrane 6 superfamily member 2 
(TM6SF2)8,9. In 2018, a new variant, rs72613567 
within hydroxysteroid 17-beta dehydrogenase 13 
(HSD17B13) was first reported to likely provide 
substantial protection against liver diseases10. 
HSD17B13 rs72613567 is a protein-truncating 
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variant with an insertion of A allele adjacent to 
the splice site of exon 6. Subsequent studies10-16 
have investigated its role in different types or 
pathological process of liver diseases, but the 
results are conflicting. Therefore, we performed 
this systematic review and meta-analysis to as-
sess the effect of HSD17B13 rs72613567 on the 
risk and progression of liver diseases.

 

Materials and Methods

This study was carried out in accordance with 
the statement of the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRIS-
MA)17. 

Data Searches and Study Selection
PubMed, Embase, and Web of Science were 

searched for relevant records without any restric-
tions (up to March 2020). The search items in-
cluded “HSD17B13”, “polymorphism”, “variant”, 
and “rs72613567”. We also conducted manual 
search by careful review of reference lists of iden-
tified publications. 

A study was eligible for inclusion if it met 
all the following criteria: (1) it was a case-con-
trol or cohort study on the association between 
HSD17B13 rs72613567 and the risk or progression 
of liver diseases; (2) it provided the odds ratio 
(OR) and 95% confidence interval (CI), and/or re-
ported allele frequency or genotypes. The exclu-
sion criteria included: (1) review, meta-analysis, 
conference abstract or experimental studies; (2) 
missing controls or having overlapped data with 
other studies. If two studies have an overlapped 
population, we kept the one with the larger and 
detailed data. Two independent authors (PW and 
CW) performed these procedures. In case of 
disagreement, consensus was resolved by discus-
sion. All data were double checked by another 
author (YL).

Data Extraction and Quality Evaluation
The following items were extracted from each 

eligible study: the first author, publication year, 
country, ethnicity, genotyping methods, age, sex, 
body mass index (BMI), and study features. 
ORs and 95% CIs, genotype distribution and 
allele frequency were also recorded. The quality 
of the included studies was assessed using the 
Newcastle-Ottawa scale (NOS)18. Three authors 
participated in the aforementioned work (WP, 
CW and YL).

Statistical Analysis
The Hardy-Weinberg equilibrium (HWE) was 

examined in controls using a χ2-test. The strength 
of the association was measured by ORs and 
95% CIs. Multivariate-adjusted ORs and 95% 
CIs were preferentially recorded from each study. 
If they were not available, unadjusted ORs and 
95% CIs were calculated based on allelic data. 
Between-study heterogeneity was assessed using 
the Cochran’s Q test and I2 statistics. p<0.10 or 
I2>50 % indicated significant heterogeneity19. A 
random-effects model was used to pool the re-
sults. In addition, one-way sensitivity analysis 
was used to evaluate the stability of the pooled 
results. Begg’s and Egger’s tests were used to 
examine the publication bias20,21. If not specified, 
a two-sided p≤0.05 was considered as statistically 
significant. This meta-analysis was conducted by 
STATA 13.0 (StataCorp LLC, College Station, 
TX, USA).

Results

Identification of Eligible Studies
A flow chart of literature search and study 

selection is shown in Figure 1. Initially, we re-
trieved a total of 113 records. After removing 
duplicates and reviewing title and abstract, 23 
relevant articles were selected for full-text evalu-
ation. We further excluded 16 articles due to the 
following reasons: (1) they were not relevant to 
the association between HSD17B13 rs72613567 
and liver diseases risk or histological features (n 
= 9)22-30; (2) they had overlapped data with other 
studies (n = 3)31-33; (3) they did not provide the al-
lelic data of HSD17B13 rs72613567 (n = 2)34,35; (4) 
they focused on specific populations, such as peo-
ple with Wilson’s Disease36 or obese children37 (n 
= 2) . Ultimately, seven eligible studies10-16 met all 
the inclusion criteria.

 
Characteristics of Included Studies

Study characteristics are summarized in Table 
I and Table II. As shown in Table I, five stud-
ies10-14 were included for the meta-analysis of the 
association of HSD17B13 rs72613567 with the 
risk of liver diseases. The first study was pub-
lished in 2018, which comprised three cohorts10. 
All included studies were population-based and 
high-quality (NOS score ≥ 6). 

Due to the insufficient number of studies for 
meta-analysis, we summarized relevant studies 
on the role of HSD17B13 rs72613567 in NA-
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FLD-histological features10,11,15,16. Features includ-
ed steatosis, inflammation, hepatocyte balloon-
ing, NAFLD activity score (NAS), fibrosis, and 
disease severity. Multivariate-adjusted ORs and 
95% CIs, genetic models and adjustment were 
also demonstrated in Table II.

The Association Between HSD17B13 
rs72613567 and Risk of Liver Diseases

We applied a random-effects model based on 
allelic data to pool the results, as summarized in 
Figure 2.

Any Liver Disease
The estimation of any liver disease was ana-

lyzed in five studies including 564702 individ-
uals10-14. The results suggested that the mutant 
TA allele of HSD17B13 rs72613567 conferred a 
protective effect on any liver disease (pooled OR 
= 0.73, 95% CI = 0.61-0.87, p heterogeneity < 0.001, I2 = 
89.4%, Figure 2), with no significant publication 
bias (p Egger = 0.057, p Begg = 0.707). The sensi-
tivity analysis suggested that the results were 
stable (Supplementary Figure S1a). We further 
assessed the role of HSD17B13 rs72613567 in 
alcoholic liver disease. Compared with the wild 
allele, the mutant TA allele demonstrated a sig-
nificant protection against alcoholic liver disease 
with low heterogeneity (pooled OR = 0.82, 95% 
CI = 0.74-0.90, p heterogeneity = 0.211, I2 = 31.6%, Fig-

ure 2). No publication bias was observed (p Egger = 
0.128, p Begg = 0.086). The sensitivity analysis also 
showed the result was stable (Supplementary 
Figure S1b). Despite an insufficient number of 
studies10,13,15 for the meta-analysis of nonalcoholic 
liver disease, existing publications supported the 
protective effect of HSD17B13 rs72613567.

Liver Cirrhosis
The estimation of liver cirrhosis was performed 

in four studies including 559834 individuals10-12,14. 
HSD17B13 rs72613567 was significantly associat-
ed with a lower risk of liver cirrhosis (pooled OR 
= 0.81, 95% CI = 0.76-0.88, p heterogeneity = 0.294, 
I2 = 19.0%, Figure 2). The sensitivity analysis 
showed that the result was stable (Supplementa-
ry Figure S1c). No publication bias was found (p 
Egger = 0.967, p Begg = 0.806). A stable association 
was also observed in alcoholic cirrhosis (pooled 
OR = 0.77, 95% CI = 0.65-0.90, p heterogeneity = 
0.105, I2 = 51.2%, Figure 2 and Supplementary 
Figure S1d). No publication bias was observed 
(p Egger = 0.099, p Begg = 0.089). In addition, the re-
sults from Abul-Husn NS showed that HSD17B13 
rs72613567 also had a protection from nonalco-
holic cirrhosis10. 

HCC
A total of 183179 individuals from four stud-

ies10,12-14 were included. A stable result revealed 

Figure 1. A flow chart of literature search and study selection.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-9800.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-9800.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-9800.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-9800.pdf
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Table I. Characteristics of the included studies on the association between HSD17B13 rs72613567 and the risk of liver diseases.

     Genotyping Age (median  BMI (median  
     method [IQR] or mean Female, [IQR] or mean  NOS
 First author Year Country Ethnicity and HWE ± SD, years) n (%) ± SD, kg/m²) Study features score

Abul-Husn et al10 2018 USA GHS cohort:  Whole-exome GHS cohort: GHS cohort: GHS cohort:  1. ALD vs. normal (cases = 190, controls = 29928); 9
   European sequencing; 63 (50-74) 26875 (58) 30 (25-45) 2. NALD vs. normal (cases = 1857, controls = 29928); 
   Americans genotypes    3. AC vs. normal (cases = 124, controls = 29928); 
    were in HWE by    4. NAC vs. normal (cases = 374, controls = 29928); 
    our calculation.    5. HCC vs. normal (cases = 75, controls = 29928). 
   DLS cohort:  TaqMan assay;  DLS cases: DLS cases:  DLS cases:  1. Any liver disease vs. normal (cases = 517, 
   African  genotypes were 55 (48-60); 277 (54);  30 (27-35);      controls = 4279);
   American, not in HWE by DLS controls: DLS controls: DLS controls:  2. ALD vs. normal (cases = 223, controls = 4279); 
   European our calculation 44 (36-53) 2494 (58) 30 (26-35). 3. NALD vs. normal (cases = 212, controls = 4279); 
   American and      4. AC vs. normal (cases = 215, controls = 4279); 
   Hispanic     5. NAC vs. normal (cases = 100, controls = 4279); 
   American      6. HCC vs. normal (cases = 44, controls = 4279). 
   DPLS cohort: TaqMan assay; DPLS cases:  DPLS cases: DPLS cases: Any liver disease vs. normal (cases = 205,  
   Hispanic authors did not 12 (10-15); 63 (31); 30 (27-34);      controls = 234) 
   American report HWE DPLS controls: DPLS controls:  DPLS controls:  
    testing and  12 (11-14) 118 (50) 31 (28-35).  
    genotypes were      
    not available      
    by providing data      

Ma et al11 2019 USA Mixed Sequenom 66.9 ± 8 221052 (54) 27.4 ± 4.8 1. Any liver disease vs. normal (cases = 4095,  8
    MassARRAY         controls = 404056); 
    iPLEX    2. ALD vs. normal (cases = 810, controls = 408151); 
    Gold platform;     3. Cirrhosis vs. normal (cases = 809,  
    authors did          controls = 408152) 
    not report HWE     
    testing and      
    genotypes were     
    not available by      
    providing data     

Table continued
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Table I (Continued). Characteristics of the included studies on the association between HSD17B13 rs72613567 and the risk of liver diseases.

     Genotyping Age (median  BMI (median  
     method [IQR] or mean Female, [IQR] or mean  NOS
 First author Year Country Ethnicity and HWE ± SD, years) n (%) ± SD, kg/m²) Study features score

Stickel et al12 2019 Multiple European  TaqMan assay;  HCC: 62 ± 10; HCC: 93 (9); HCC: 27.8 ± 4.8; 1. AC vs. normal (cases = 1653, controls = 2588); 7
  centers   genotypes were  AC: 55 ± 10;  AC: 463 (28); AC: 25.9 ± 4.9; 2. HCC vs. normal (cases = 1031, controls = 2588). 
    reported to be  Controls: 48 ± 10 Controls: Controls:  
    in HWE  414 (16). 24.7 ± 4.1.  

Yang et al13 2019 Multiple  European TaqMan assay; Patients with CLD Patients with NA HCC vs. normal (cases = 285, controls = 33337) 6
  centers  genotypes were without HCC CLD without   
    reported to be in (n=2206): 55±11; HCC   
    HWE. The control HCC patients (n=2206):   
    group was 33337 Exploratory 693 (31);    
    healthy European  cohort (n=285): HCC patients   
    individuals from 64.8 ± 11.1;  Exploratory   
    the Exome HCC Patients n cohort    
    Aggregation Validatio cohort (n=285):   
    Consortium (n=824): 63±11 53 (19);    
      HCC Patients    
      Validation    
      cohort (n=824):   
      140 (17).   

Gellert- 2020 Denmark Danish TaqMan assay;  58 (48-68) 61542 (55) 26 (23-28) 1. Cirrhosis and/or HCC vs. normal (cases = 8
Kristensen    genotypes        566, controls = 111046);
et al14    were reported     2. Cirrhosis vs. normal (cases = 497, controls = 111115); 
    to be in HWE     3. AC vs. normal (cases = 294, controls = 111318); 
        4. HCC vs. normal (cases = 113, controls = 111499). 
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Table II. Studies on the role of HSD17B13 rs72613567 in NAFLD-histological features.

 Study Phenotype Subjects OR (95% CI) Genetic model Adjustments

Steatosis  Ma et al11 At least moderate steatosis (≥ 33% vs. <33%) 735 1.36 (1.04-1.77) Additive Age, gender and BMI

Inflammation
 Ma et al11 Significant inflammation (combined portal and 735 0.74 (0.57-0.96) Additive Age, gender and BMI
  lobular inflammatory score ≥ 3 vs. <3)
 Pirola et al15 Lobular inflammation (yes vs. no) 609 0.45 (0.26-0.77)  Additive Sex, age, BMI (body mass
      index), HOMA-IR and 
      rs738409 (PNPLA3)

Hepatocyte Ma et al11 Significant ballooning (many cells vs. none or few) 735 0.78 (0.60-1.03) Additive Age, gender and BMI
  Ballooning Pirola et al15 Ballooning degeneration (yes vs. no) 609 0.47 (0.28-0.82)  Additive Sex, age, BMI (body mass 
      index), HOMA-IR and  
      rs738409 (PNPLA3)

NAS Pirola et al15 NAS score ≥ 5 vs. NAS score < 5 356 0.37 (0.15-0.89) Additive BMI

Fibrosis Ma et al11 Significant fibrosis (bridging fibrosis vs. less) 699 0.77 (0.58-1.03) Additive Age, gender, and BMI
 Pirola et al15 Fibrosis (yes vs. no) 609 0.42 (0.17-1.00) Additive Sex, age, BMI (body mass
      index), HOMA-IR and
      rs738409 (PNPLA3)

Disease severity Abul-Husn et al10 Simple steatosis vs. normal 1328 1.11 (0.94–1.32) Allelic Age, age squared, sex, BMI, 
      and the first four principal
      components of ancestry
 Abul-Husn et al10 NASH vs. normal 1489 0.86 (0.72–1.02) Allelic Age, age squared, sex, BMI, 
      and the first four principal
       components of ancestry
 Abul-Husn et al10 NASH vs. simple steatosis 1735 0.77 (0.66-0.90) Allelic Age, age squared, sex, BMI,
      and the first four principal
       components of ancestry
 Pirola et al15 NASH vs. NAFL 356 0.64 (0.40-1.00) Additive Sex, age, BMI (body mass
      index), HOMA-IR and
      rs738409 (PNPLA3)
 Koo et al16 NASH vs. NAFL 430 0.84 (0.63-1.13) Additive No
 Abul-Husn et al10 NASH with fibrosis vs. simple steatosis 1435 0.74 (0.62–0.88) Allelic Age, age squared, sex, BMI,
      and the first four principal
      components of ancestry
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that HSD17B13 rs72613567 could reduce the 
susceptibility of HCC (pooled OR = 0.64, 95% 
CI = 0.53-0.77, p heterogeneity = 0.236, I2 = 27.9%, 
Figure 2 and Supplementary Figure S1d-e), 
with no publication bias (p Egger = 0.741, p Begg 
= 0.806).

NAFLD-Histological Features
Four eligible studies are summarized in Table 

II according to histological features10,11,15,16. The 
sample size of these studies ranged from 356 
subjects to 1735 subjects. Overall, HSD17B13 
rs72613567 was associated with decreased in-
flammation and lower NAS scores, and tend-
ed towards reduced ballooning and fibrosis. For 

disease severity, HSD17B13 rs72613567 was not 
associated with steatosis or nonalcoholic ste-
atohepatitis (NASH), but was associated with a 
decreased risk of progression.

Discussion

This systematic review and meta-analysis 
evaluated the role of HSD17B13 rs72613567 in 
the risk of liver diseases and histological pro-
gression. Our major findings are as follows: (1) 
HSD17B13 rs72613567 provided significant pro-
tection against several liver diseases, including 
alcohol liver disease, cirrhosis, and HCC; (2) 

Figure 2. Forest plots of the association between HSD17B13 rs72613567 and the risk of liver diseases.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-9800.pdf
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HSD17B13 rs72613567 may be associated with a 
milder histological progression of NAFLD, with 
reduced inflammation, lower NAS scores, and 
less ballooning and fibrosis.

HSD17B13 encodes a pivotal lipid-droplet en-
zyme, which is predominantly expressed in the 
cytoplasm of hepatocytes, and its aberrant ex-
pression has been reported in fatty liver, cirrhosis 
and HCC38-40. More recently, Abul-Husn integrat-
ed the exome-sequence data of a large collabora-
tive cohort in a population study. They revealed 
that HSD17B13 rs72613567 conferred a protective 
effect on chronic liver disease and mitigation 
against progressive NASH10. This variant dis-
turbed mRNA splicing and led to a prematurely 
truncated protein, the TA allele of which was as-
sociated with decreased or absent HSD17B13 ex-
pression in an allele-dose-dependent manner10,15. 

HSD17B13 rs72613567 provides protection in 
patients with ALD, NAFLD, cirrhosis, and even 
HCC10,12-14,32. In particular, each TA allele may 
reduce the risk of cirrhosis and HCC by 15% and 
28%, respectively. Moreover, the TA allele was 
associated with a lower liver-related mortality 
rate of 33% in a general population14. By pool-
ing the available data from eligible studies, our 
meta-analysis confirmed the protective role of 
HSD17B13 rs72613567 in liver diseases, ranging 
from ALD to HCC.

For NAFLD-histological progression, since we 
did not identify enough studies for meta-analy-
sis, we summarized the existing data according 
to progression features instead. All the studies 
were adjusted for confounding factors. Over-
all, HSD17B13 rs72613567 was found to have 
a tendency to mitigate the progression of NA-
FLD. HSD17B13 is a liver-specific enzyme that 
regulates liver lipid homeostasis, and its aber-
rant expression and high enzyme activity have 
been confirmed to promote the development of 
NAFLD40. As such, a likely explanation is that 
HSD17B13 rs72613567 results in a loss-of-func-
tion truncated protein, thus attenuating the pro-
gression of NAFLD. 

Furthermore, HSD17B13 rs72613567 may be 
associated with reduced serum levels of aspartate 
aminotransferase (AST) and alanine aminotrans-
ferase (ALT)10,14,15. These results were also in 
agreement with our conclusion that HSD17B13 
rs72613567 could be a protective factor against 
liver diseases. 

To the best of our knowledge, it was the first 
comprehensive systematic review and meta-anal-
ysis of the effects of HSD17B13 rs72613567 on the 

risk of liver diseases and histological progression. 
Different types of liver diseases and multiple his-
tological features were summarized to delineate 
the protective role of this variant. 

However, several limitations should be noted. 
First, only four eligible studies were initially 
included for the meta-analysis of the associa-
tion between HSD17B13 rs72613567 and liver 
disease risk. The limited number of studies 
hampered the subgroup analysis, and most like-
ly led to the unstable pooled results (e.g., any 
liver diseased vs. normal, alcohol cirrhosis vs. 
normal). Second, meta-analysis on the effect 
of HSD17B13 rs72613567 on histological pro-
gression was also not possible due to the small 
number of eligible studies. Instead, we chose to 
summarize existing studies based on histologi-
cal features. Last but not least, our results did 
not cover Asian data because of the lack of such 
studies in Asian populations. The minor allele 
frequency of HSD17B13 rs72613567 is known to 
range from 5% in African populations to 34% in 
East Asian populations (http://asia.ensembl.org/
index.html). These dramatic differences need 
to be investigated in future researches using 
different ethnic populations in order to validate 
our results.

Conclusions

Our study highlights that HSD17B13 rs72613567 
exhibits significant protection against multiple 
categories of liver disease, and consistently, is as-
sociated with a milder progression of NAFLD. In 
terms of treatment, our results support the view 
that individuals at high risk of liver diseases may 
be benefit from HSD17B13 inhibition. Further 
studies, particularly in Asian populations, will be 
needed to validate our results.
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