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ABSTRACT

Metabolic dysfunction-associated steatotic liver disease (MASLD) has become the most prevalent chronic liver disease globally.
Previous studies have shown that MASLD is an independent risk factor for chronic kidney disease (CKD), but the variations in
estimated glomerular filtration rate (eGFR) levels across countries with different ethnic backgrounds have not been extensively
reported. We enrolled 3308 participants with biopsy-proven MASLD from 34 centers in this multinational study and analyzed the
associations between eGFR and histological severity of liver fibrosis in different countries. European participants had lower eGFR
levels (92.2 + 20.7 vs. 104.7 + 17.3 mL/min/1.73 m?) and significant liver fibrosis (61.4 vs. 32.4%) than Asian individuals. In Asia,
Chinese participants had the highest mean eGFR level at 105.8 mL/min/1.73 m?, while Malaysian participants had the lowest at
87.3 mL/min/1.73 m? (p < 0.001). In Europe, French participants had the highest mean eGFR level at 95.3 mL/min/1.73 m?, while
Romanian individuals had the lowest at 81.1 mL/min/1.73 m? (p < 0.001). eGFR levels were inversely associated with liver fibrosis
in Asian individuals (OR: 0.793, 95%CI: 0.685-0.917, p = 0.002), even after adjusting for traditional renal risk factors, but not in
Europeans. Our findings provide the basis for further investigation of the burden of MASLD on CKD risk in different countries.
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1 | Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD)
has become a significant public health problem with the increas-
ing global epidemic of obesity, resulting in substantial social
and economic burdens in many global regions [1-3]. Similar to
the metabolic dysfunction-associated fatty liver disease (MAFLD)
definition, this newly proposed nomenclature better emphasizes
the pathogenic role of metabolic dysfunction in this common
steatotic liver disease [4-7]. It has also been reported that
MASLD may contribute to the development of extra-hepatic
complications, such as cardiovascular disease and chronic kidney
disease (CKD) [8-12].

CKD is a major public health problem worldwide, with a global
prevalence of more than 10% that is increasing year by year [13,
14]. Previous studies have shown that the prevalence of CKD is
greater in individuals with MASLD and liver fibrosis compared
with their counterparts with no liver fibrosis [15-18], and that the
incidence of CKD with or without proteinuria is independently
associated with liver fibrosis, even after adjusting for traditional
renal risk factors [15]. We have systematically described the
potential mechanisms involved in the link between MASLD and
CKD [9]. In addition, international experts from 26 countries
contributed to a consensus on the relationship between MASLD
and CKD through a Delphi investigation, guiding the prevention
and treatment of both MASLD and CKD [19].

Estimated glomerular filtration rate (eGFR) is a key indicator
for assessing renal function, which is crucial for early detection
and assessment of CKD, guiding medication use and predicting
prognosis [20]. eGFR decline may suggest severe kidney damage
and is closely associated with the risk of end-stage renal disease
and mortality [21]. eGFR decline is also closely related to the pro-
gression of various extra-renal diseases, including cardiovascular
disease and certain cancers [22, 23]. Moreover, our previous study
analyzed and predicted the relationship between liver fibrosis and
eGFR using artificial intelligence in MASLD [24]. However, this
relationship needs to be further verified in multicenter cohort
studies and the geographical variations of eGFR across countries
among patients with MASLD need to be further explored.
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In this multinational cohort study, we combined data from 34
centers across European and Asian countries to illustrate the
epidemiological distribution of eGFR levels among individuals
with biopsy-confirmed MASLD. We examined the association
between eGFR level and the histological severity of liver fibrosis,
aiming to provide new insights into the prevention of CKD in
people with MASLD.

2 | Results
2.1 | Clinical Characteristics of MASLD
Population

As shown in Figure 1, in this multinational study, we enrolled
3308 adult participants with biopsy-confirmed MASLD. Table 1
shows the main clinical and biochemical characteristics, as well
as the liver biopsy features of MASLD participants. The average
age of participants was 43 + 14 years, and the proportion of men
was 59.0%.

The prevalence of type 2 diabetes and hypertension was 23.5 and
24.0%, respectively. The prevalence of obesity was 38.2%, and
the mean body mass index (BMI) was 27.6 + 4.6 kg/m?. The
mean eGFR level (as estimated by the CKD-EPI equation) of
the total population was 103.5 + 18.1 mL/min/1.73 m?, and 20.6%
had a decreased eGFR (defined as eGFR < 90 mL/min/1.73 m?).
For liver biopsy data, the proportion of significant steatosis,
inflammation, ballooning, and fibrosis were 65.3, 40.8, 35.6, and
35.3%, respectively.

2.2 | Clinical Characteristics of MASLD in
Different Regions

As shown in Table 1, European participants (n = 326) were
more likely to be older, and had significantly higher fasting
glucose levels and a greater prevalence of type 2 diabetes and
hypertension than Asian participants (n = 2982). European
participants also had a significantly higher serum creatinine
(78.3 £ 21.4 vs. 69.7 + 16.6 umol/L), lower eGFR (92.2 + 20.7 vs.

Missing or controversial data
Missing liver fibrosis score (n=3)
Missing creatinine data (n=8)
Controversial creatinine data (n=4)

Data that do not meet inclusion criteria

Weight loss or alcoholic liver disease participants (n=394)

Younger than 18 years old (n=55)

Lacking metabolic disorder data for the diagnosis of MASLD

NF

Enrolled
(n=3308)

FIGURE 1 |

(n=3)

The flow chart of MASLD population enrollment. MASLD, metabolic dysfunction-associated steatotic liver disease.
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Epidemiological distribution map of eGFR level in global multinational centers

eGFR level
94.85+20.56 ml/min/1.73m?

France

eGFR level
95.33£21.35 ml/min/1.73m?

eGFR level
94.28+15.92 ml/min/1.73m?

FIGURE 2 |

Romania

eGFR level
81.08+24.77 ml/min/1.73m?

1s eGFR level
100 105.78 £16.75 mlI/min/1.73m?

eGFR level
99.44+17.53 ml/min/1.73m?

—

eGFR level
87.32£22.02 ml/min/1.73m?

Epidemiological distribution map of eGFR level in global multinational centers. The epidemiological distribution map was drawn

according to the Standard map service of Ministry of Natural Resources of the People’s Republic of China. Map approval number: GS(2016)1553. eGFR,

estimated glomerular filtration rate.

104.7 + 17.3 mL/min/1.73 m?) and a greater prevalence of signif-
icant fibrosis (61.4 vs. 32.4%) than Asian participants. As shown
in Table 2, in Asia and Europe, participants with declined eGFR
were older than those with normal eGFR. In Asian participants
with declined eGFR, there was a higher prevalence of diabetes
and hypertension and lower levels of platelets and alanine
aminotransferase (ALT) concentration; this difference was not
observed in the European population. Furthermore, Asian par-
ticipants with declined eGFR had significantly higher proportion
of significant liver fibrosis, while European participants with
declined eGFR had more significant inflammation.

2.3 | Clinical Characteristics of MASLD
Population in Different Countries

MASLD data in each country were analyzed individually. In
Table 1 and Figure 2, data show that Malaysia had the highest
prevalence of diabetes and hypertension, 57.0 and 58.2%, respec-
tively. The UK had the highest prevalence of obesity at 73.1% with
amean (SD) eGFR level 0f 94.9 + 20.6 mL/min/1.73 m?. In Europe,
France had the highest mean eGFR level at 95.3 mL/min/1.73 m?
and Romania had the lowest at 81.1 mL/min/1.73 m?. In Asia,
China had the highest mean eGFR level at 105.8 mL/min/1.73 m?
and Malaysia had the lowest at 87.3 mL/min/1.73 m*. Malaysia
had the highest proportion of significant liver fibrosis at 58.2%,
and China had the lowest at 30.8%. France had the highest
proportion of significant liver fibrosis at 78.0% and Romania had
the lowest at 26.7%.

2.4 | Correlation Analysis Between eGFR and
Liver Fibrosis in Asia and Europe

Asreported in Figure 3A,B, eGFR levels decreased gradually with
the increase in liver fibrosis scores both in Asia and Europe.
In Figure 3C,D, the eGFR level was inversely associated with

liver fibrosis score (B8: —2.088, 95% confidence interval [CI]:
—2.730, —1.445, p < 0.001) in Asia. However, this association
was not significant in Europe. In univariable linear regression
analyses, as shown in Figure 3E,F, eGFR level was inversely
associated with liver fibrosis score in China (8: —1.679, 95% CI:
—2.375, —0.984, p < 0.001), Japan (8: —2.214, 95% CIL: —3.830,
—0.596, p = 0.007) and France (3: —4.483, 95% CI: —8.253, —0.713,
p = 0.021), but not in Malaysia, Germany, Romania, and the
UK. In binary logistic regression analyses, there was a significant
inverse association between eGFR and liver fibrosis score in
China (odds ratio [OR] 0.827, 95% CI: 0.742-0.921), Japan (OR
0.793, 95% CI: 0.638-0.985), and France (OR 0.628, 95% CI: 0.402-
0.982), but not in Malaysia, Germany, Romania, and the UK.
In addition, there was a significant inverse association between
eGFR and liver fibrosis score (OR: 0.787, 95% CI: 0.717-0.864) in
the pooled Asian population. After adjusting for traditional renal
risk factors, such as sex, adiposity measures (BMI, waist circum-
ference), hypertension, diabetes, and serum transaminases, eGFR
remained significantly associated with liver fibrosis in the Asian
population (adjusted OR 0.793, 95% CI: 0.685-0.917) (see Figure 4
and Table 3) but not in the European population. These results
suggest that the histological severity of liver fibrosis in MASLD
increased significantly with decreasing eGFR levels in Asian but
not European participants.

3 | Discussion

To our knowledge, this multinational cohort study is the first
to systematically describe the geographical variations of eGFR
levels in adult individuals with biopsy-confirmed MASLD across
different countries and to analyze the associations between eGFR
levels and the histological severity of liver fibrosis. Our results
serve as a call to physicians to pay more attention to assessing the
risk of CKD in individuals with MASLD. Importantly, our data
show that there are significant differences between countries and
regions in the association between eGFR levels and liver fibrosis
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TABLE 2 | Characteristics of MASLD participants stratified by eGFR values in Asian and European populations.

Asian (n = 2982)

European (n = 326)

eGFR < 90 mL/
min/1.73 m?

eGFR > 90 mL/
min/1.73 m?

eGFR < 90 mL/
min/1.73 m?

eGFR >90 mL/
min/1.73 m?

Characteristics (n =536) (n = 2446) p Value (n =145) (n=181) p Value
Clinical parameters
Age (years) 51.0 +14.2 40.4 +13.3 <0.001 549 +12.5 451+13.0 <0.001
Male sex (1, %) 199 (37.1) 1552 (63.5) <0.001 78 (53.8) 121 (66.9) 0.016
BMI (kg/mz) 26.8 +4.0 27.2+43 0.059 31.5+5.5 31.5+5.5 0.998
Waist circumference 91.5+10.9 944 +11.4 <0.001 106.3 +12.8 106.5 +14.5 0.928
(cm)
Platelet count (x10°/L) 221.8 +67.3 233.6 +65.3 <0.001 226.1 + 66.1 218.0 + 67.9 0.280
Glucose (mmol/L) 6.0 +1.8 59+21 0.733 6.7+2.4 6.8+ 3.0 0.818
AST (U/L) 49.3 +35.0 53.3+37.0 0.021 52.1+32.0 56.9 +35.2 0.198
ALT (U/L) 71.6 + 58.4 89.5+ 67.6 <0.001 77.0 £48.9 85.4 +69.8 0.218
Creatinine (umol/L) 85.5+17.9 66.2 + 14.0 <0.001 91.7 +£22.0 67.5+13.2 <0.001
eGFR (mL/min/1.73m?) 781 +11.1 110.5 +12.2 <0.001 72.8 +14.2 105.8 +12.3 0.000
Metabolic comorbidities
Obesity (%) 165 (30.8) 917 (37.5) 0.003 80 (55.2) 100 (55.3) 0.989
Type 2 diabetes (%) 162 (30.2) 538 (22.0) <0.001 29 (20.0) 49 (27.1) 0.461
Hypertension (%) 191 (35.6) 544 (22.2) <0.001 25(17.2) 33(18.2) 0.061
Liver biopsy features
Steatosis score
0 6(1.1) 30 (1.2) 0.837 5(3.4) 4(2.2) 0.498
1 209 (39.0) 779 (31.8) 0.001 49 (33.8) 66 (35.5) 0.616
2 187 (34.9) 955 (39.0) 0.073 62 (42.8) 65 (35.9) 0.208
3 134 (25.0) 682 (27.9) 0.175 29 (20.0) 46 (25.4) 0.248
Significant steatosis (1, 321(59.9) 1637 (66.9) 0.002 91 (62.8) 111 (61.3) 0.791
%)
Inflammation score
0 28 (5.2) 90 (3.7) 0.097 19 (13.1) 37(20.4) 0.081
1 273 (50.9) 1327 (54.3) 0.163 76 (52.4) 108 (59.7) 0.189
2 210 (39.2) 923 (37.8) 0.533 39 (26.9) 31(17.1) 0.033
3 25 (4.6) 106 (4.3) 0.735 11(7.6) 5(2.8) 0.045
Significant inflammation 235(43.8) 1029 (42.1) 0.451 50 (34.5) 36 (19.9) 0.003
(n, %)
Ballooning score
0 73 (13.6) 367 (15.0) 0.413 25(17.3) 48 (26.5) 0.046
1 287 (53.6) 1172 (47.9) 0.018 73 (50.3) 85 (47.0) 0.544
2 176 (32.8) 907 (37.1) 0.064 47 (32.4) 48 (26.5) 0.244
Significant ballooning 176 (32.8) 907 (37.1) 0.064 47 (32.4) 48 (26.5) 0.244
(n, %)
Fibrosis score
0 75 (14.0) 422 (17.3) 0.067 21 (14.5) 17 (9.4) 0.155
1 240 (44.8) 1277 (52.2) 0.002 36 (24.8) 52(28.7) 0.430
2 130 (24.2) 487 (19.9) 0.025 41(28.3) 56 (30.9) 0.601
3 59 (11.0) 187 (7.6) 0.010 31(21.4) 38 (21.0) 0.933
(Continues)
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TABLE 2 | (Continued)
Asian (n = 2982) European (n = 326)
eGFR <90 mL/ eGFR >90 mL/ eGFR <90 mL/ eGFR >90 mL/
min/1.73 m? min/1.73 m? min/1.73 m? min/1.73 m?
Characteristics (n =536) (n = 2446) p Value (n =145) (n=181) p Value
4 32(6.0) 73 (3.0) 0.001 16 (11.0) 18 (10.0) 0.749
Significant fibrosis (1, %) 221 (41.2) 747 (30.5) <0.001 88 (60.7) 112 (61.9) 0.827

Data were expressed as means + standard deviation (SD).

Abbreviations: MASLD = metabolic dysfunction-associated steatotic liver disease, AST = aspartate aminotransferase, ALT = alanine aminotransferase, BMI =

body mass index, eGFR = estimated glomerular filtration rate.

TABLE 3 | Logistic regression analysis based on eGFR in different populations.
Model 1 Model 2 Model 3
OR (95% CI) p OR (95% CI) p OR (95% CI) p
Non-type 2 diabetes 0.734 (0.657-0.819) <0.001 0.706 (0.597-0.836) <0.001 0.712 (0.598-0.849) <0.001
Type 2 diabetes 0.881 (0.766-1.013) 0.076 0.774 (0.646-0.927) 0.005 0.743 (0.609-0.908) 0.004
Non-hypertension 0.735 (0.658-0.822) <0.001 0.708 (0.598-0.839) <0.001 0.693 (0.579-0.831) <0.001
Hypertension 0.874 (0.761-1.002) 0.054 0.780 (0.653-0.932) 0.006 0.795 (0.659-0.960) 0.017
Non-obesity 0.775 (0.705-0.851) <0.001 0.756 (0.660-0.866) <0.001 0.754 (0.649-0.876) <0.001
Obesity 0.762 (0.645-0.899) 0.001 0.754 (0.598-0.950) 0.017 0.698 (0.534-0.912) 0.008

Model 1 is an univariable logistic regression analysis (unadjusted model).

Model 2 was adjusted for sex, BMI, and waist circumference as covariates (except for stratified analyses by obesity status, which were adjusted only for sex).

Model 3 was adjusted for sex, BMI, waist circumference, diabetes, hypertension, AST, and ALT as covariates (adiposity measures, diabetes, or hypertension were

included as covariates only in appropriate stratified analyses).

severity, with an independent inverse association observed only
in Asian countries and not in European countries.

A large meta-analysis of more than 10 million individuals
reported that the global prevalence of MASLD was 38.8%
(95% CI 32.9-44.9%) [25], reaching 50.7% (95% CI 46.9-54.4%)
in the overweight and obesity populations [26], thus fur-
ther highlighting that MASLD has become a serious public
health problem worldwide. Growing evidence showed that
individuals with MASLD are at high risk of developing CKD
(14,15, 27].

Currently, there are a lack of large epidemiological studies
describing the geographical distribution of eGFR levels among
adult individuals with MASLD in different countries worldwide.
After pooling individual data of 3308 individuals with biopsy-
proven MASLD from 34 centers in seven countries, we compared
the clinical data between Asian and European participants and
found that European people had significantly higher adiposity
measures and a greater prevalence of metabolic syndrome traits
involved in the diagnosis of MASLD, than Asian individuals.
Europeans with MASLD also had lower eGFR levels than Asians.
Further analysis in each country showed that China had the
highest eGFR levels and Malaysia had the lowest amongst
Asian countries, whilst France had the highest eGFR levels and
Romania had the lowest eGFR levels in Europe. This is partly
consistent with the results from a previous study showing that
although the overall prevalence of CKD in China was lower

than in Japan and Malaysia, China is becoming the country
with the largest number of individuals with CKD because of its
large overall population [13]. We also found that amongst the
European countries, the eGFR level was lower in Romania than
in France, Germany, and UK, but no relevant research exists to
explain this difference. Briick et al. [28] reported that the eGFR
level in Europe varied from 80.7 mL/min/1.73 m? in Ireland to
100.4 mL/min/1.73 m? in Italy, but this study did not include data
from Germany and UK. Therefore, this finding requires further
exploration.

When we stratified our participants with MASLD into those
with a normal eGFR level (i.e., >90 mL/min/1.73 m?, which
is the most commonly used cutoff value for defining normal
renal function [29, 30]) and those with a declined eGFR level
(<90 mL/min/1.73 m?), we found that both in Asia and Europe,
participants with a declined eGFR were older and more likely to
be female, suggesting that we should pay more attention to the
risk of developing CKD in the elderly female MASLD population.
Moreover, European participants with a decreased eGFR also
had a higher prevalence of type 2 diabetes and hypertension
and lower platelet counts than their counterparts with a normal
eGFR. Although obesity has commonly been recognized as a
risk factor for CKD [31, 32], in our study, the proportion of
obese population with eGFR below 90 mL/min/1.73 m? was
significantly decreased. A possible explanation for this finding
might be due to the abnormal hemodynamics in obese individuals
during early stages of renal dysfunction, thereby leading to an
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FIGURE 3 | Trend chart and association between eGFR and liver fibrosis score in different regions. In the scatter plot, each point represents the
liver fibrosis score and eGFR values for a specific individual. To reduce data redundancy and improve visualization, a random sample of 300 data points
was taken for China, which had a larger sample size. Jitter was added to the plot to alleviate point overlap and enhance clarity. Additionally, a linear
curve and its corresponding 95% confidence interval were included to illustrate the overall trend between liver fibrosis score and eGFR. (A) Trend chart
between eGFR and liver fibrosis score in Asia. (B) Trend chart between eGFR and liver fibrosis score in Europe. (C) Heat map of linear regression
analysis between eGFR and liver fibrosis score in different regions, where different colors indicated the § value. ***p < 0.001, **p < 0.01, *p < 0.05. (D)
Heat map of binary logistic regression analysis between eGFR and liver fibrosis score in different regions, where different colors indicated the OR value.
**¥p < 0.001, **p < 0.01, *p < 0.05. (E) Heat map of linear regression analysis between eGFR and liver fibrosis score in different countries, where different
colors indicated the § value. ***p < 0.001, **p < 0.01, *p < 0.05. (F) Heat map of binary logistic regression analysis between eGFR and liver fibrosis score
in different countries, where different colors indicated the OR value. ***p < 0.001, **p < 0.01, *p < 0.05. AST, aspartate aminotransferase; ALT, alanine
aminotransferase; BMI, body mass index; eGFR, estimated glomerular filtration rate.
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Liver fibrosis OR (95% CI) P value
Model 1 \
Total wis 0.772(0.717-0.837)  <0.001
Ksla —— ] 0.787(0.717-0.864)  <0.001
Europe —_— 1.028(0.852-1.240)  0.775
|
[}
Model 2 |
Total —— 0.758(0.675-0.851)  <0.001
Asia = 0.768(0.668-0.882)  <0.001
Europe ——— 1.070(0.848-1.350) 0.568
|
I
Model 3 !
Total = 0.741(0.651-0.843)  <0.001
Asia —_— 0.793(0.685-0.917) 0.002
Europe — 0.766(0.531-1.105) 0.153

Model 1 is univariable logistic regression analysis (unadjusted model).
Model 2 includes sex, BMI, waist circumference as covariates.
Model 3 includes sex, BMI, waist circumference, AST, ALT, diabetes, hypertension as covariates.

FIGURE 4 |

Association between eGFR and liver fibrosis score in different regions after adjusting for traditional metabolic factors. AST, aspartate

aminotransferase; ALT, alanine aminotransferase; BMI, body mass index; eGFR, estimated glomerular filtration rate.

increase in glomerular perfusion and filtration pressure and a
subsequent eGFR reduction [33].

Liver biopsy remains the reference standard for diagnosing
MASLD, and liver histology scores play an important role in
assessing the severity of liver disease [34]. Among these liver
histology scores, the severity of liver fibrosis has been reported
to be closely related to renal function [15, 19, 35]. Notably,
our multinational cohort study found that participants with
decreased eGFR had higher liver fibrosis scores and a greater
proportion of significant liver fibrosis (score F2 or greater), espe-
cially in the Asian population, consistent with previous studies
[7, 15, 19]. However, this phenomenon seems to be different in
the European population since we found that participants with
declined eGFR had higher liver inflammation than those with a
normal eGFR, whilst there was no significant difference in mean
liver fibrosis score between these two groups. We also found that
in both Asian and European countries, as the liver fibrosis score
gradually increased, the eGFR level gradually decreased, which
was consistent with our previous study [15]. Furthermore, our
regression analyses also showed that eGFR level was inversely
associated with liver fibrosis severity only in the Asian MASLD
population (but not in the European countries), after adjusting
for common renal risk factors. This is consistent with a previous
study, which revealed a geographical difference in the correlation
between MASLD and risk of CKD that might be weakened in a
high socio-demographic index region [36]. A possible explanation
is that Europeans generally have greater muscle mass than Asian
individuals [37-39], which may result in higher serum creatinine
concentrations and consequently lower eGFR levels. Addition-
ally, the older age of our European participants when compared
with Asian participants could also contribute to this finding. Our
analyses found that China, Japan, and France showed consistent
results, supporting a significant inverse association between

eGFR and the severity of liver fibrosis. In contrast, we did not
observe any association in Malaysia, Germany, Romania, and the
UK. This latter finding is not consistent with previous reports
[15, 19]. There are no relevant studies to support or explain our
conclusion, but we suspect that this might be partly due to an
insufficient sample size in some countries. We will repeat the
analysis when we expand the population in future follow-up
studies.

The major strength of our multinational study is that this is
the first large study to systematically describe the geographical
variations of eGFR in patients with biopsy-proven MASLD in dif-
ferent countries and regions worldwide. Thus, the data provide a
substantial contribution to global research on eGFR in MASLD in
different ethnic groups. However, the current study also has some
important limitations. First, the retrospective cross-sectional
design of the study does not allow us to draw any conclusion
about causality of the observed associations. A long-term follow-
up of these participants is ongoing in a larger subsequent study
to validate our findings. Second, there may have been a selection
bias since we enrolled only participants with MASLD who
had metabolic risk factors, but other factors, such as alcoholic
liver disease, were excluded. In addition, there is a potential
sample mismatch and lack of uniform inclusion and exclusion
criteria across different centers and countries, which might also
have introduced a bias. Third, this study did not have detailed
information about albumin excretion rate, serum cystatin C
concentrations, medication use or lifestyle variables. Therefore,
we only calculated eGFR by using the serum creatinine-based
CKD-EPI equation and could not accurately refine the stages
of CKD for further analysis. Fourth, due to geographical and
resource constraints, it was not feasible to implement central
liver biopsy readings, which may have introduced some degree of
reading variability or bias. We are planning to achieve a unified
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pathology center for the review of liver biopsy samples in future
studies, thereby strengthening the validity of research outcomes.
Finally, although we included data from seven countries, the
sample sizes in some of these countries could be too small to
accurately reflect the actual data in these groups (particularly
in European countries). This disparity might lead to altered
conclusions and we will continue to increase the sample size for
a subsequent study.

In conclusion, our multinational study is the first to describe
the geographical variations of eGFR levels in a large cohort of
adults with biopsy-confirmed MASLD. In this large multinational
study, we found that the European population with MASLD
had lower eGFR levels and more severe liver fibrosis than the
Asian population. China had the highest mean eGFR levels, while
Romania had the lowest eGFR levels. eGFR levels were closely
associated with the histological severity of liver fibrosis, especially
in the Asian population with MASLD. Our findings provide the
basis for further investigation of the burden of MASLD on CKD
risk in different countries.

4 | Materials and Methods

4.1 | Study Design

We performed a retrospective multinational cohort study by
collecting data from 3775 participants from 34 centers in seven
countries who underwent liver biopsy examination due to per-
sistently elevated serum liver enzyme levels or imaging findings
of hepatic steatosis. To better elucidate the role of metabolism
in the association between MASLD and eGFR, we included only
participants with biopsy-proven MASLD and who did not have
any acute kidney injury. As shown in Figure 1, 467 subjects
were excluded from the analysis due to the following reasons:
(1) alcohol-related liver disease (n = 394), (2) age < 18 years old
(n = 55), (3) missing data on liver fibrosis score (n = 3), (4)
missing serum creatinine data (n = 8), (5) unfeasible creatinine
results (n = 4), and (6) missing data on metabolic risk factors
for the diagnosis of MASLD (n = 3). As a result, 3308 adult
participants with biopsy-confirmed MASLD were included in the
final analysis.

4.2 | Data Collection

In all participants, we collected clinical data on age, sex,
height, body weight, waist circumference, hypertension, diabetes,
platelet counts, blood glucose, creatinine, aspartate aminotrans-
ferase (AST) and ALT. BMI was calculated by dividing weight
by height squared. Obesity was defined as BMI > 30 kg/m?
in Europeans, BMI > 28 kg/m? in Asians [40]. eGFR was
calculated using the CKD-epidemiology collaboration (CKD-EPI)
equation, which is as follows: eGFR = 141 X min (Scr/x,1)* X max
(Scr/x,1)712% x 0.99342¢ x 1.018 [if female], where Scr is serum
creatinine, x is 0.7 for females and 0.9 for males, a is —0.329
for females and —0.411 for males, min indicates the minimum
of Scr/x or 1, and max indicates the maximum of Scr/x or 1
[41, 42]. Next, we stratified our participants into two groups
according to their eGFR levels, i.e., subjects with normal

eGFR (>90 mL/min/1.73 m?) and those with declined eGFR
(<90 mL/min/1.73 m?).

4.3 | Liver Biopsy Examination

The NASH Clinical Research Network (NASH CRN) scoring
system and the Brunt system were used to assess the histopatho-
logical lesions [43, 44]. MASLD was defined by evidence of
hepatic steatosis on liver biopsy affecting at least 5% of hepato-
cytes in combination with at least one of overweight or obesity,
T2DM, or evidence of metabolic dysregulation for women who
consume <140 g/week of alcohol and for men who consume
<210 g/week and have no other known causes of hepatic steatosis.
The presence of metabolic dysregulation among lean/normal
weight individuals with hepatic steatosis who did not have T2DM
was defined by previous study [15]. Significant steatosis, inflam-
mation, ballooning, and fibrosis were histologically defined using
a uniform standard with a pathological score >2 [15].

4.4 | Statistical Analysis

Continuous variables were expressed as means + standard devi-
ation (SD), and categorical variables were expressed as counts
or percentages (%). The one-way analysis of variance was used
for continuous variables, and the chi-square test was used
for categorical variables. Linear and binary logistic regression
analyses were used to test the association between eGFR level and
liver fibrosis scores on histology after adjusting for confounding
variables, such as sex, BMI, waist circumference, serum transam-
inases, diabetes, and hypertension. The regression coefficients
beta () and ORs were calculated with 95% CI. When a variable
with missing values was included, cases with missing data on
that variable were automatically excluded from the analysis. All
tests were two-sided, a p value < 0.05 was considered statistically
significant. All statistical analyses were performed using SPSS
22.0 (SPSS, Chicago, IL).
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