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Abstract 

Background and Aims: Several susceptibility gene variants predisposing to 

nonalcoholic fatty liver disease (NAFLD) have been identified in chronic kidney 

disease (CKD). Evidence supports that 17-beta hydroxysteroid dehydrogenase 13 

(HSD17B13) rs72613567 plays a role in NAFLD development by affecting lipid 

homeostasis. Since lipid droplets may accumulate in the kidneys and contribute to renal 

injury, we investigated the association between the HSD17B13 rs72613567 variant and 

markers of renal function/injury in NAFLD. 

Methods and Results: We measured estimated glomerular filtration rate (eGFR), 

urinary/serum neutrophil gelatinase-associated lipocalin (NGAL), and urinary albumin-

to-creatinine ratio (u-ACR) in individuals with biopsy-proven NAFLD. Multivariable 

regression analyses were undertaken to examine the associations between the 

HSD17B13 rs72613567 variant and markers of renal function/injury. Individuals were 

stratified by HSD17B13 rs72613567 genotypes into -/-, A/- and A/A groups. HSD17B13 

rs72613567 genotypes were not significantly associated with eGFR and urinary/serum 

NGAL levels. Conversely, the prevalence of abnormal albuminuria in the A/- + A/A 

group was lower than in the -/- group (4.92% vs. 19.35%, p=0.001). Additionally, the 

mean u-ACR levels were lower among carriers of the A/- or A/A genotypes with 

coexisting hypertension or diabetes, than among those with the -/- genotype. The risk of 

abnormal albuminuria (adjusted-odds ratio 0.16, p=0.001) remained significantly lower 

in the A/- + A/A group after adjustment for established renal risk factors and histologic 



5 
 

severity of NAFLD.  

Conclusion: HSD17B13 rs72613567: A allele is associated with a lower risk of having 

abnormal albuminuria, but not with lower eGFR or urinary/serum NGAL levels, in 

patients with biopsy-proven NAFLD. 

 

Keywords: 17-beta hydroxysteroid dehydrogenase 13; nonalcoholic fatty liver disease; 

albuminuria; chronic kidney disease; liver biopsy 
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1. INTRODUCTION 

Nonalcoholic fatty liver disease (NAFLD) encompasses a spectrum of liver lipid-

associated conditions ranging from simple steatosis to nonalcoholic steatohepatitis 

(NASH) and cirrhosis [1]. NAFLD is strongly associated with insulin resistance, 

dyslipidemia, chronic inflammation and increased oxidative stress [2], which are also 

shared risk factors for the development and progression of chronic kidney disease 

(CKD) [3]. Several observational studies have consistently shown that NAFLD (as 

assessed by either imaging techniques or biopsy) is significantly associated with an 

increased prevalence of abnormal albuminuria and CKD [4].  

 

Growing evidence indicates that some susceptible genetic variants may confer a greater 

susceptibility to NASH and these genetic variants have been identified across different 

populations, i.e. the I148M polymorphism in the patatin like phospholipase containing 

domain 3 (PNPLA3) and the E167K allele in the transmembrane 6 superfamily member 

2 gene (TM6SF2) [5-8]. Our previous study has also reported that individuals with 

biopsy-confirmed NAFLD carrying the PNPLA3 I148M allele are at higher risk of 

having early renal glomerular and tubular injury [9].  

 

Recently, 17-beta hydroxysteroid dehydrogenase 13 (HSD17B13) has been identified as 

a liver-specific, lipid droplet-associated protein that is attracting ever-growing attention 

in the field of NAFLD research [10, 11]. HSD17B13 was first cloned by Liu and 
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coworkers from a human liver cDNA library in 2007 [12].HSD17B13 was found to be 

located on the surface of hepatic lipid droplets, thereby potentially playing an important 

role in the pathogenesis of NAFLD [13, 14]. In addition, a common loss-of-function 

variant in HSD17B13 rs72613567 might also represent a potential therapeutic target for 

reducing the progression of NAFLD to NASH and cirrhosis [15]. Recently, in a sample 

of 684 Italian obese children, Sessa et al. found that carriers of the HSD17B13 rare A 

allele had higher levels of estimated glomerular filtration rate (eGFR) levels than 

homozygous children, both among subjects with and without NAFLD, and 

independently of PNPLA3 I148M and TM6SF6 E167K polymorphisms [16]. To date, it 

is uncertain whether the function of the HSD17B13 rs72613567 variant may also 

influence kidney function in adult individuals. Albuminuria is a urinary biomarker of 

early renal damage and often considered as an early marker of subsequent changes in 

kidney structure, reflecting disease progression [17]. Since it is known that lipid 

droplets can also accumulate in the kidneys and altered lipid metabolism can contribute 

to the development of abnormal albuminuria and renal injury [18-21], we hypothesized 

and tested that an association may exist between the HSD17B13 rs72613567 variant and 

measures of kidney function/injury, in a cohort of Chinese adults with biopsy-proven 

NAFLD. 
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2. MATERIALS AND METHODS 

2.1 Patients 

In this cross-sectional study, we enrolled 215 middle-aged individuals with NAFLD 

without other competing causes of liver and kidney diseases, who consecutively 

attended the First Affiliated Hospital of Wenzhou Medical University between 

December 2016 and February 2019. The diagnosis of NAFLD was confirmed by liver 

biopsy in all participants. Detailed criteria for inclusion and exclusion have been 

reported previously [9]. The study was approved by the local ethics committee at our 

hospital. Written informed consent was obtained from participants and personal 

information and records were omitted and de-identified prior to analysis. 

 

2.2 Liver histology 

An ultrasound-guided liver biopsy was performed using a 16-gauge Hepafix needle 

(Gallini, Modena, Italy). Liver biopsy specimens were excluded if the biopsy length was 

less than 10 mm, contained fewer than six portal spaces, and had more than two 

fragmented tissue cores. Liver biopsy specimens were placed in formalin solution for 

fixation, embedded in paraffin blocks and stained with hematoxylin-eosin and Masson's 

trichrome. All biopsy specimens were analyzed by an experienced liver pathologist, 

who was blinded to participants’ clinical data. The histological features of NAFLD were 

defined according to the NASH Clinical Research Network classification [22] and the 

Brunt’s histological criteria [23]. 
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2.3 Genetic analysis 

Blood samples were collected from all participants and approximately 20 ng of genomic 

DNA from each blood sample was extracted for genetic analysis. DNA was extracted 

using the DNA Blood Mini Kit (QIAGEN) and stored at -20 °C for the analysis. 

HSD17B13 rs72613567 genotyping was performed using the TaqMan assay platform 

according to the manufacturer’s protocol. The forward primer sequence was 

CAGATTATGGCCTGTATTGGAGAC; the reverse primer sequence was 

GCTCTATTGGTGTTTTAGTATTTGGGT; the probe reporter 1 sequence was 

CTACAGAAGTAAGTACAGCAC; and the probe reporter 2 sequence was 

ACTACAGAAGTTAAGTACAGCA. 

 

2.4 Clinical and laboratory parameters 

Demographic data, anthropometric/clinical parameters and comorbidities were recorded 

prior to liver biopsy in all participants. Body mass index (BMI) was calculated as body 

weight in kilograms divided by height in meters squared. Presence of 

overweight/obesity was defined as BMI ≥25 kg/m2. Venous blood samples were 

collected in the morning after an overnight fast. Complete blood count, serum liver 

enzymes (aspartate aminotransferase [AST], alanine aminotransferase [ALT], gamma-

glutamyltransferase [GGT]), creatinine, urea nitrogen, glucose, uric acid and plasma 

lipid profile were measured by standard laboratory procedures at the Central Laboratory 
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of our hospital, using the relative reference techniques on an automated analyzer 

(Abbott AxSYM). Homeostasis model assessment of insulin resistance (HOMA-IR) 

score was calculated for estimating insulin resistance. 

 

2.5 Kidney function parameters, CKD and other comorbidities 

Glomerular filtration rate (eGFR) was estimated using the CKD-Epidemiology 

Collaboration equation [24]. Albuminuria was measured with an immuno-

nephelometric assay on a morning spot urine sample and expressed as the albumin-to-

creatinine ratio (ACR); abnormal albuminuria was defined as urinary ACR ≥30 mg/g 

creatinine. Urinary and serum levels of NGAL (neutrophil gelatinase-associated 

lipocalin) were measured using an up-converting phosphor technology (Hotgen, 

Beijing) according to the manufacturer’s instructions. Reference urinary and serum 

NGAL values were obtained from a consecutive sample of Chinese healthy volunteers 

(n=25) without known kidney diseases; their mean u-NGAL and serum NGAL levels 

were 31.2±12.8 ng/mL and 31.5±11.3 ng/mL, respectively. CKD was defined as the 

presence of eGFR <60 ml/min/1.73 m2 and/or u-ACR ≥30 mg/g creatinine. 

Hypertension was defined as blood pressure ≥130/85 mmHg or the use of any anti-

hypertensive drugs. Diabetes was defined by a fasting glucose level ≥7.0 mmol/L or 

HbA1c ≥6.5% (≥ 48 mmol/mol) or prescribed hypoglycemic medications. 

Hyperuricemia was defined as a serum uric acid level >420 μmol/L for men and >360 

μmol/L for women, respectively, or use of allopurinol. Dyslipidemia was defined as any 
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of the following criteria: total cholesterol >5.17 mmol/L; triglycerides >1.70 mmol/L; 

high-density lipoprotein (HDL)-cholesterol <1.0 mmol/L for women and <1.3 mmol/L 

for men and low-density lipoprotein (LDL)-cholesterol ≥3.4 mmol/L, or use of any 

lipid-lowering agents.   

 

2.6 Statistical analysis 

Data are expressed as numbers (percentages) for categorical variables, as means ± 

standard deviations for normally distributed continuous variables or as medians (inter-

quartile ranges) for non normally distributed variables. The HSD17B13 rs72613567 A/- 

and A/A genotypes were included either separately or combined into a single category 

(using the -/- genotype as the reference category) in statistical analyses. Baseline 

characteristics of the study population, stratified by HSD17B13 rs72613567 genotypes, 

were compared using the one-way analysis of variance (ANOVA) for normally 

distributed continuous variables or the Kruskal-Wallis test for non normally distributed 

continuous variables, as well as the Pearson χ2 or the Fisher’s exact test for categorical 

variables. Univariable and multivariable logistic or linear regression analyses were used 

to examine the association between HSD17B13 rs72613567 genotypes and markers of 

kidney dysfunction. We also converted u-ACR and u-NGAL levels to natural logarithms 

to normalize their distributions before statistical analyses. In multivariable logistic or 

linear regression models, model 1 was adjusted for age, sex, BMI, HOMA-IR score, 

hyperuricemia, hypertension, and pre-existing type 2 diabetes; and model 2 was further 
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adjusted for eGFR levels, presence of NASH (defined as NAFLD Activity Score ≥4) 

and the histological severity of liver fibrosis. The covariates included in these 

multivariable regression models were selected on the basis of their biological 

plausibility. All statistical tests were 2-sided and a p-value of <0.05 (two-tailed) was 

considered statistically significant. All statistical analyses were conducted using the 

SPSS version 22.0 (SPSS, Chicago, IL). 
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3. RESULTS 

3.1 Baseline characteristics of NAFLD patients stratified by HSD17B13 

rs72613567 genotypes 

Among the 215 adult individuals with biopsy-confirmed NAFLD included in the study 

(mean age 41±13 years, BMI 26.8±5 kg/m2), 43.2% were -/- homozygotes, 12.1% were 

A/A homozygotes and 44.7% were A/- heterozygotes, corresponding to an A-allele 

frequency for the HSD17B13 rs72613567 variant of 34.4%. The distribution of this 

genetic variant was in Hardy-Weinberg equilibrium (p=0.98). Because of the relatively 

low number of individuals who were homozygous for the A/A allele, we merged the 

groups of individuals with at least one A allele for further statistical analysis and 

compared these subjects with those who did not have an A allele (i.e. the -/- genotype 

group). Comparisons of the patients’ characteristics between the three HSD17B13 

genotypes are summarized in Table 1. Individuals carrying the -/- genotype had a 

significantly higher prevalence of abnormal albuminuria (defined as u-ACR ≥30 

mg/g) than those with A/- genotype (19.3% vs. 6.3%) or those with A/- + A/A genotype 

(19.3% vs. 4.9%), respectively. Conversely, compared to those carrying the HSD17B13 

rs72613567: A variant, the carriers of the -/- genotype did not differ in terms of age, sex, 

BMI, serum liver enzymes, lipid profile, serum uric acid, HOMA-IR score, comorbid 

conditions (including hypertension and type 2 diabetes), as well as serum or urinary 

NGAL levels, eGFR and blood urea nitrogen values. Interestingly, as shown in Figure 

1, individuals carrying the HSD17B13 rs72613567 A/- or A/A genotypes were more 
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likely to have a lower risk of abnormal albuminuria than those carrying the -/- genotype, 

but comparable values of abnormal u-NGAL. Additionally, no significant differences 

were observed in the prevalence of NASH (defined as NAS ≥4) and the individual 

histologic features of NAFLD across the three HSD17B13 rs72613567 genotypes 

(Table 1).  

 

3.2 HSD17B13 rs72613567 genotypes related to risk of albuminuria 

As shown in Figure 2, we found that the carriers of HSD17B13 rs72613567: A-allele 

had significantly lower mean levels of logarithmically transformed urinary ACR) than 

those carrying the -/- genotype, mostly among those with coexisting type 2 diabetes or 

hypertension. Therefore, to further understand the association between albuminuria and 

the HSD17B13 rs72613567 genotypes, logistic and linear regression analyses were 

performed. Table 2 shows that there was a significant association between the 

HSD17B13 rs72613567 A/- or A/A genotypes and lower risk of abnormal albuminuria. 

This association remained statistically significant even after adjustment for age, sex, 

BMI, HOMA-IR score, hypertension, diabetes and hyperuricemia (adjusted model 1), as 

well as after additional adjustment for eGFR levels, presence of NASH and the 

histological severity of liver fibrosis. Furthermore, as shown in Table 3, a linear 

regression model adjusted for the aforementioned covariates confirmed that individuals 

carrying the A/- or A/A genotypes had significantly lower urinary ACR levels (included 

as a continuous variable) than those carrying the -/- genotype . Conversely, no 
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significant differences were observed in u-NGAL levels across the different HSD17B13 

genotypes. 

 

3.3 HSD17B13 rs72613567 genotypes related to albuminuria stratified by sex, age 

and BMI 

Since age, sex and obesity are common risk factors for CKD, we examined the 

association between the HSD17B13 rs72613567 variant and the risk of abnormal 

albuminuria stratified by sex, age (above or below 50 years) or presence of 

overweight/obesity (Table 4). In the fully adjusted model (model 2), the association 

between the HSD17B13 rs72613567 variant and the risk of abnormal albuminuria 

remained statistically significant with an adjusted odds ratio of 0.16 (95% CI 0.04-0.69) 

among overweight/obese individuals (BMI ≥25 kg/m2) carrying the A/- genotype, and 

with an adjusted odds ratio of 0.12 (95% CI 0.03-0.49) among those carrying the A/- + 

A/A genotypes, respectively. Men with the HSD17B13 rs72613567 A/- or A/A 

genotypes also had a lower risk of abnormal albuminuria than those carrying the -/- 

genotype (model 2, adjusted odds ratio=0.08, 95% CI 0.01-0.40). Similar results were 

also found in younger (age <50 years) individuals with the HSD17B13 rs72613567 A/- 

or A/A genotypes. No significant differences were observed between the rs72613567 

A/- or A/A genotypes and the risk of abnormal albuminuria among patients with or 

without hypertension, and among those with or without pre-existing type 2 diabetes 

(data not shown). 
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4. DISCUSSION 

The main and novel findings of this study are that in our cohort of Chinese adult 

individuals with biopsy-proven NAFLD the frequency of the HSD17B13 rs72613567: A 

allele is 34.5%, and individuals who are carrying the HSD17B13 rs72613567 A/- or A/A 

genotypes, are at significantly lower risk of having abnormal albuminuria (especially in 

men, in individuals who are overweight or obese, and in those with age <50 years). To 

the best of our knowledge, this is the first study to investigate the association between 

the HSD17B13 rs72613567 variant and markers of kidney function/injury in adults with 

biopsy-proven NAFLD.  

 

To date, emerging evidence suggests that there is a link between NAFLD and increased 

risk of CKD[1]. Among the genetic factors, a non-synonymous single nucleotide 

polymorphism in the PNPLA3 gene (i.e. a major common genetic variant strongly 

associated with greater susceptibility to NASH and advanced fibrosis) has been  

associated with lower eGFR values in patients with NAFLD from different ethnicities. 

The mechanisms underlying this association appear to be related to lipid droplet 

accumulation in the kidneys, and the release of multiple proinflammatory and 

profibrogenic factors [25-27]. Evidence also supports the notion that HSD17B13 is 

another liver-specific lipid droplet-associated protein that has retinol dehydrogenase 

activity, and plays a role in insulin resistance, adipogenesis, hepatic lipid metabolism 
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and development of NAFLD [14, 28]. It has been reported that HSD17B13 expression 

was up-regulated in livers of individuals with NAFLD, and over-expression of 

HSD17B13 in C57BL/6 mice significantly increased hepatic de novo lipogenesis, 

mainly through the increase in the regulatory element-binding protein-1c transcription 

activity [13].  

 

In a large cohort study of 111,612 individuals from the Danish general population, 

genotyping of HSD17B13 rs72613567, the investigators identified 47.8% -/- 

homozygotes, 42.6% -/A heterozygotes and 9.6% A/A homozygotes, respectively. These 

investigators also showed that the A/A genotype of HSD17B13 was significantly 

associated with lower rates of liver-related mortality, and with lower serum alanine 

aminotransferase levels, especially in people with obesity, in heavy drinkers and in 

individuals carrying three or four steatogenic alleles in the PNPLA3 and TM6SF2 genes 

[15]. In our study, we did not find any significant association between the HSD17B13 

rs72613567 variant and the presence of NASH or the individual histological 

components of NASH, which is also consistent with the results recently reported by 

Koo et al. in a cohort of 453 South Korean individuals with biopsy-proven NAFLD 

[29]. Currently, a significant association between the HSD17B13 rs72612567 variant 

and NAFLD has been reported only in Caucasian individuals [13, 30, 31]. However, 

further large studies are needed to better examine this issue in different ethnic groups. 
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In the present study, we have shown that the risk of having abnormal albuminuria was  

markedly lower among carriers of the rs72613567: A allele than among those carrying 

the rs72613567 -/- genotype . Since HSD17B13 is also expressed in the kidneys and its 

enzyme activity may play a role in cholesterol and fatty acid metabolism, it is 

reasonable to assume that an aberrantly high expression and activity of this enzyme may 

promote ectopic lipid accumulation, which has a role in the development of lipid-

mediated kidney disease [12]. The concept of lipid nephrotoxicity was firstly proposed 

in 1982, and increasing evidence now supports the notion that dyslipidemia may 

directly contribute to the development and progression of glomerulosclerosis [21]. 

Although there is no strong association between the HSD17B13 rs72613567 variant and 

plasma lipid profile, a large body of clinical and experimental evidence suggests that 

accumulation of renal lipids may contribute to the development and progression of 

kidney disease [19, 32]. Renal lipids may increase the rate of reactive oxygen species to 

further elevate plasma oxidized low-density lipoprotein (LDL) levels that can 

accumulate in renal mesangial cells [33, 34]. Mesangial cells can bind oxidized-LDL 

particles to increase cell proliferation via multiple downstream effects, and renal lipids 

may also act as mediators of inflammation and induce mesangial cells to secrete 

proinflammatory cytokines [32, 35]. Experimentally, it has been reported that 

glomerular macrophages from hypercholesterolemic rats overexpress transforming 

growth factor-β1 messenger RNA, causing glomerular matrix expansion [36, 37]. 

Intracellular accumulation of saturated fatty acids and cholesterol may also result in 
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endoplasmic reticulum (ER) stress, which in turn causes macrophage apoptosis that 

activates oxidative stress pathways [35, 38]. Collectively, dyslipidemia may induce low-

grade inflammation, increase oxidative and ER stress, which are all involved in the 

development and progression of CKD [37]. Therefore, it is plausible to speculate that 

the HSD17B13 rs72613567 -/- genotype is a risk factor for abnormal albuminuria in 

people with NAFLD, and the loss-of-function variant in HSD17B13 (rs72613567:A 

allele) may exert a “protective” effect on the development of early kidney dysfunction.  

 

Recently, Sessa et al. have also reported a significant, inverse association between the 

HSD17B13 rs72613567 variant and eGFR levels in a cohort of Italian obese children 

and adolescents, irrespective of the presence of NAFLD defined by ultrasound [16]. In 

line with this, the results of our study showed that in adults with biopsy-proven NAFLD 

those carrying the A/- or A/A genotypes had a lower risk of having abnormal 

albuminuria than those carrying the -/- genotype, especially in men, in those with 

overweight or obesity, or in those with younger age. It is well known that men progress 

to end-stage kidney disease more rapidly than women [39]; similarly, obesity is also an 

established risk factor for CKD [40]. In our study, we also found that the carriers of 

HSD17B13 rs72613567: A allele had lower levels of albuminuria than those carrying 

the -/- genotype mostly in subjects with coexisting type 2 diabetes or hypertension. As 

diabetes and hypertension are well established risk factors for CKD, it is perhaps not 

surprising that the “protective” effect of the HSD17B13 rs72613567 variant on kidney 
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function may be stronger in individuals with coexisting type 2 diabetes or hypertension. 

 

Our study has some important limitations that should be discussed. First, the design of 

our study was cross-sectional and does not allow for establishing temporality or 

causality of the observed associations, although this limitation is mitigated by the fact 

that the genetic variant under study is inherited and, therefore, reverse causation does 

not apply. Second, detailed information about specific renal pathology associated with 

NAFLD was not available in our study. Third, in this single-center study we enrolled 

individuals with biopsy-proven NAFLD belonging to a single Asian ethnicity and 

further large cohort studies are needed to externally validate our findings in other ethnic 

groups. Fourth, there are no specific functional studies that have explored the 

association between the HSD17B13 rs72613567 variant and risk of CKD to date. 

However, we consider that this genetic variant may exert its “protective” effect on renal 

function through the modulation of multiple inflammatory and fibrogenic pathways, 

which are the same mechanisms that have been also postulated for the protective effect 

of the HSD17B13 rs72613567 variant on the development and progression of NAFLD. 

 

In conclusion, the findings of our study show that HSD17B13 rs72613567 A/- or A/A 

genotypes are significantly associated with a lower likelihood of having abnormal 

albuminuria, but not with lower u-NGAL or eGFR levels, in patients with biopsy-

proven NAFLD. This association appears to be independent of established renal risk 
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factors, presence of NASH and histological severity of liver fibrosis. Our findings 

suggest novel insights into the pathophysiology of the HSD17B13 rs72613567 variant in 

the development of early kidney dysfunction. Further mechanistic studies are now 

needed to better understand the underlying mechanisms related to the HSD13B17’s 

effect on risk of albuminuria. 

 

ACKNOWLEDGEMENTS: None. 

 

CONFLICT OF INTEREST STATEMENT: 

All authors do not have nothing to declare. 

 

AUTHORS’ CONTRIBUTIONS: 

Study concept and design: Dan-Qin Sun and Ming-Hua Zheng  

Acquisition of data: Dan-Qin Sun, Ting-Yao Wang and Xiao-Dong Wang 

Analysis and interpretation of data: Ting-Yao Wang and Dan-Qin Sun 

Drafting of the manuscript: Dan-Qin Sun and Kenneth I. Zheng 

Critical revision of the manuscript for important intellectual content: Giovanni Targher 

and Christopher D. Byrne 

Statistical analysis: Hao-Yang Zhang  

Administrative, technical, or material support: Yan Jin, Yong-Ping Chen 

Study supervision: Ming-Hua Zheng 



22 
 

All authors contributed to the manuscript for important intellectual content and 

approved the submission. 

 

FORMATTING OF FUNDING SOURCES: 

This work was supported by grants from the National Natural Science Foundation of 

China (82070588, 82000690), High Level Creative Talents from Department of Public 

Health in Zhejiang Province, Project of New Century 551 Talent Nurturing in Wenzhou, 

Top Talent Support Program for Young and Middle-Age People of Wuxi Health 

Committee (BJ2020026), Youth Research Project Fund from Wuxi Municipal Health 

Commission (Q201932) and Wuxi Youth Talent Fund (QNRC075). GT is supported in 

part by grants from the School of Medicine, University of Verona, Verona, Italy. CDB is 

supported in part by the Southampton NIHR Biomedical Research Centre (IS-BRC-

20004), UK. 

 

REFERENCES 

[1] Byrne CD, Targher G. What's new in NAFLD pathogenesis, biomarkers and treatment? Nat Rev 
Gastroenterol Hepatol. 2020;17:70-1. 
[2] Rios RS, Zheng KI, Targher G, Byrne CD, Zheng MH. Non-invasive fibrosis assessment in non-alcoholic 
fatty liver disease. Chin Med J (Engl). 2020;133:2743-5. 
[3] Targher G, Byrne CD. Non-alcoholic fatty liver disease: an emerging driving force in chronic kidney 
disease. Nat Rev Nephrol. 2017;13:297-310. 
[4] Sun DQ, Ye FZ, Kani HT, Yang JR, Zheng KI, Zhang HY, et al. Higher liver stiffness scores are associated 
with early kidney dysfunction in patients with histologically proven non-cirrhotic NAFLD. Diabetes 
Metab. 2020;46:288-95. 
[5] Liu WY, Zheng KI, Pan XY, Ma HL, Zhu PW, Wu XX, et al. Effect of PNPLA3 polymorphism on diagnostic 
performance of various noninvasive markers for diagnosing and staging nonalcoholic fatty liver disease. J 
Gastroenterol Hepatol. 2020;35:1057-64. 
[6] Xia MF, Lin HD, Chen LY, Wu L, Ma H, Li Q, et al. The PNPLA3 rs738409 C>G variant interacts with 



23 
 

changes in body weight over time to aggravate liver steatosis, but reduces the risk of incident type 2 
diabetes. Diabetologia. 2019;62:644-54. 
[7] Xia MF, Chen LY, Wu L, Ma H, Li Q, Aleteng Q, et al. The PNPLA3 rs738409 C>G variant influences the 
association between low skeletal muscle mass and NAFLD: the Shanghai Changfeng Study. Aliment 
Pharmacol Ther. 2019;50:684-95. 
[8] Romeo S, Sanyal A, Valenti L. Leveraging Human Genetics to Identify Potential New Treatments for 
Fatty Liver Disease. Cell Metab. 2020;31:35-45. 
[9] Sun DQ, Zheng KI, Xu G, Ma HL, Zhang HY, Pan XY, et al. PNPLA3 rs738409 is associated with renal 
glomerular and tubular injury in NAFLD patients with persistently normal ALT levels. Liver Int. 
2020;40:107-19. 
[10] Luukkonen PK, Tukiainen T, Juuti A, Sammalkorpi H, Haridas PAN, Niemela O, et al. Hydroxysteroid 
17-beta dehydrogenase 13 variant increases phospholipids and protects against fibrosis in nonalcoholic 
fatty liver disease. JCI Insight. 2020;5. 
[11] Sookoian S, Pirola CJ, Valenti L, Davidson NO. Genetic pathways in nonalcoholic fatty liver disease: 
Insights from systems biology. Hepatology. 2020. 
[12] Liu S, Huang C, Li D, Ren W, Zhang H, Qi M, et al. Molecular cloning and expression analysis of a new 
gene for short-chain dehydrogenase/reductase 9. Acta Biochim Pol. 2007;54:213-8. 
[13] Su W, Mao Z, Liu Y, Zhang X, Zhang W, Gustafsson JA, et al. Role of HSD17B13 in the liver physiology 
and pathophysiology. Mol Cell Endocrinol. 2019;489:119-25. 
[14] Su W, Wang Y, Jia X, Wu W, Li L, Tian X, et al. Comparative proteomic study reveals 17beta-HSD13 as 
a pathogenic protein in nonalcoholic fatty liver disease. Proc Natl Acad Sci U S A. 2014;111:11437-42. 
[15] Gellert-Kristensen H, Nordestgaard BG, Tybjaerg-Hansen A, Stender S. High Risk of Fatty Liver 
Disease Amplifies the Alanine Transaminase-Lowering Effect of a HSD17B13 Variant. Hepatology. 
2020;71:56-66. 
[16] Di Sessa A, Umano GR, Cirillo G, Passaro AP, Verde V, Cozzolino D, et al. Pediatric non-alcoholic fatty 
liver disease and kidney function: Effect of HSD17B13 variant. World J Gastroenterol. 2020;26:5474-83. 
[17] Looker HC, Mauer M, Saulnier PJ, Harder JL, Nair V, Boustany-Kari CM, et al. Changes in Albuminuria 
But Not GFR are Associated with Early Changes in Kidney Structure in Type 2 Diabetes. J Am Soc Nephrol. 
2019;30:1049-59. 
[18] Mallela SK, Patel DM, Ducasa GM, Merscher S, Fornoni A, Al-Ali H. Detection and Quantification of 
Lipid Droplets in Differentiated Human Podocytes. Methods Mol Biol. 2019;1996:199-206. 
[19] Yang W, Luo Y, Yang S, Zeng M, Zhang S, Liu J, et al. Ectopic lipid accumulation: potential role in 
tubular injury and inflammation in diabetic kidney disease. Clin Sci (Lond). 2018;132:2407-22. 
[20] Mitrofanova A, Molina J, Varona Santos J, Guzman J, Morales XA, Ducasa GM, et al. Hydroxypropyl-
beta-cyclodextrin protects from kidney disease in experimental Alport syndrome and focal segmental 
glomerulosclerosis. Kidney Int. 2018;94:1151-9. 
[21] Du XG, Ruan XZ. Lipid Metabolism Disorder and Renal Fibrosis. Adv Exp Med Biol. 2019;1165:525-
41. 
[22] Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ, Cummings OW, et al. Design and 
validation of a histological scoring system for nonalcoholic fatty liver disease. Hepatology. 2005;41:1313-
21. 
[23] Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri BA, Bacon BR. Nonalcoholic 
steatohepatitis: a proposal for grading and staging the histological lesions. Am J Gastroenterol. 



24 
 

1999;94:2467-74. 
[24] Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, 3rd, Feldman HI, et al. A new equation to 
estimate glomerular filtration rate. Ann Intern Med. 2009;150:604-12. 
[25] Mitsche MA, Hobbs HH, Cohen JC. Patatin-like phospholipase domain–containing protein 3 
promotes transfer of essential fatty acids from triglycerides to phospholipids in hepatic lipid droplets. J 
Biol Chem. 2018;293:6958-68. 
[26] Byrne CD, Targher G. NAFLD as a driver of chronic kidney disease. J Hepatol. 2020;72:785-801. 
[27] Mantovani A, Taliento A, Zusi C, Baselli G, Prati D, Granata S, et al. PNPLA3 I148M gene variant and 
chronic kidney disease in type 2 diabetic patients with NAFLD: Clinical and experimental findings. Liver 
Int. 2020;40:1130-41. 
[28] Ma Y, Belyaeva OV, Brown PM, Fujita K, Valles K, Karki S, et al. 17-Beta Hydroxysteroid 
Dehydrogenase 13 Is a Hepatic Retinol Dehydrogenase Associated With Histological Features of 
Nonalcoholic Fatty Liver Disease. Hepatology. 2019;69:1504-19. 
[29] Koo BK, Joo SK, Kim D, Lee S, Bae JM, Park JH, et al. Development and Validation of a Scoring 
System, Based on Genetic and Clinical Factors, to Determine Risk of Steatohepatitis in Asian Patients 
with Nonalcoholic Fatty Liver Disease. Clin Gastroenterol Hepatol. 2020;18:2592-9 e10. 
[30] Kallwitz E, Tayo BO, Kuniholm MH, Daviglus M, Zeng D, Isasi CR, et al. Association of HSD17B13 
rs72613567:TA with non-alcoholic fatty liver disease in Hispanics/Latinos. Liver Int. 2020. 
[31] Abul-Husn NS, Cheng X, Li AH, Xin Y, Schurmann C, Stevis P, et al. A Protein-Truncating HSD17B13 
Variant and Protection from Chronic Liver Disease. N Engl J Med. 2018;378:1096-106. 
[32] Wahl P, Ducasa GM, Fornoni A. Systemic and renal lipids in kidney disease development and 
progression. Am J Physiol Renal Physiol. 2016;310:F433-45. 
[33] Ruan XZ, Varghese Z, Powis SH, Moorhead JF. Human mesangial cells express inducible macrophage 
scavenger receptor. Kidney Int. 1999;56:440-51. 
[34] Vasconcelos EM, Degasperi GR, de Oliveira HC, Vercesi AE, de Faria EC, Castilho LN. Reactive oxygen 
species generation in peripheral blood monocytes and oxidized LDL are increased in hyperlipidemic 
patients. Clin Biochem. 2009;42:1222-7. 
[35] Nishida Y, Oda H, Yorioka N. Effect of lipoproteins on mesangial cell proliferation. Kidney Int Suppl. 
1999;71:S51-3. 
[36] Ding G, van Goor H, Frye J, Diamond JR. Transforming growth factor-beta expression in macrophages 
during hypercholesterolemic states. Am J Physiol. 1994;267:F937-43. 
[37] Ruan XZ, Varghese Z, Moorhead JF. An update on the lipid nephrotoxicity hypothesis. Nat Rev 
Nephrol. 2009;5:713-21. 
[38] Tabas I. Consequences of cellular cholesterol accumulation: basic concepts and physiological 
implications. J Clin Invest. 2002;110:905-11. 
[39] Carrero JJ, Hecking M, Chesnaye NC, Jager KJ. Sex and gender disparities in the epidemiology and 
outcomes of chronic kidney disease. Nat Rev Nephrol. 2018;14:151-64. 
[40] Yun HR, Kim H, Park JT, Chang TI, Yoo TH, Kang SW, et al. Obesity, Metabolic Abnormality, and 
Progression of CKD. Am J Kidney Dis. 2018;72:400-10. 

 

 



25 
 

LEGENDS TO THE TABLES 

Table 1. Baseline characteristics of patients with biopsy-proven NAFLD stratified by 

HSD17B13 rs72613567 genotypes. 

 

Table 2. Association between HSD17B13 rs72613567 genotypes and abnormal 

albuminuria in patients with biopsy-proven NAFLD. 

 

Table 3. Association between HSD17B13 rs72613567 genotypes and natural 

logarithmic conversion of urinary albumin-to-creatinine ratio [ln (u-ACR), mg/g], and 

urinary neutrophil gelatinase-associated lipocalin [ln (u-NGAL ), ng/mL] in patients 

with biopsy-proven NAFLD. 

 

Table 4. Association of HSD17B13 rs72613567 genotypes with abnormal albuminuria 

in patients with biopsy-proven NAFLD stratified by overweight/obesity, sex or age, 

respectively. 
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LEGENDS TO THE FIGURES 

Figure 1. Proportions of subjects with different u-ACR categories, u-NGAL categories 

(A) according to the HSD17B13 rs72613567 genotypes. * p<0.05 

 

Figure 2. Logarithmically transformed albuminuria (ln u-ACR levels) in NAFLD 

individuals with either diabetes (A) or hypertension (B), stratified by HSD17B13 

rs72613567 genotypes. Data are presented as mean with 95% confidence intervals (CI). 

* p<0.05 
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