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Background: We examined the comparative associations between non-alcoholic fatty liver disease 
(NAFLD) and metabolic dysfunction-associated steatotic liver disease (MASLD) definitions with risk of 
developing chronic kidney disease (CKD) and abnormal albuminuria.
Methods: We conducted a cohort study of 214,145 Korean adults with normal kidney function at baseline 
who underwent liver ultrasonography. Participants were further subdivided into no steatotic liver disease 
(no-SLD), NAFLD-only, MASLD-only, both NAFLD and MASLD, and SLD not categorized as NAFLD 
or MASLD groups. Cox proportional hazards models were used to analyze the risk of incident CKD and 
albuminuria. 
Results: Compared with either the no-NAFLD or no-MASLD groups, the NAFLD and MASLD groups 
were associated with a higher risk of incident CKD (NAFLD: adjusted hazard ratio (HR), 1.18 [95% CI, 
1.01-1.38]; MASLD: adjusted HR, 1.21 [95% CI, 1.04-1.39]). Among the five subgroups, both NAFLD and 
MASLD group had the strongest association with risk of incident CKD (adjusted HR, 1.21 [95% CI, 1.04-
1.42]). The MASLD-only group had the strongest association with incident abnormal albuminuria, with an 
adjusted HR comparable to that of the both NAFLD and MASLD group (adjusted HR 1.96 [95% CI, 1.44-
2.67] for the MASLD-only, and adjusted HR 1.98 [95% CI, 1.58-2.49] for the both NAFLD and MASLD 
group versus the no-SLD group). The NAFLD-only group was not independently associated with risk of 
CKD or abnormal albuminuria.
Conclusions: These findings suggest that MASLD definition identifies individuals at high risk of 
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Introduction

Background

Metabolic dysfunction-associated steatotic liver disease 
(MASLD) is the most common cause of chronic liver 
disease worldwide, affecting up to ~30% of the general 
adult population (1-3). MASLD includes a spectrum of 
progressive liver conditions spanning from simple hepatic 
steatosis to steatohepatitis, advanced fibrosis, and cirrhosis 
(4,5). MASLD is strongly associated with greater insulin 
resistance, increased adiposity, and type 2 diabetes mellitus 
(T2DM), which may contribute to an increased risk of 
developing adverse hepatic and extra-hepatic clinical 
outcomes (4). In particular, MASLD is considered as a 
multisystem disease that is associated with an increased 

risk of developing chronic kidney disease (CKD) (6), 
cardiovascular disease (CVD) (7-9), T2DM (10), and even 
some extra-hepatic malignancies.

CKD is a major public health problem (affecting up to 
nearly 15% of the general adult population), and its global 
incidence is expected to further increase in the future (11). 
CKD is an established risk factor for CVD, and all CKD 
stages are associated with an increased risk of CVD events 
and mortality (12). Moreover, as CKD develops, it can lead 
to end-stage kidney disease requiring renal replacement 
therapy, and result in premature death (12). Therefore, 
identifying novel and modifiable risk factors for CKD is 
clinically important for reducing its long-term prognostic 
impact.

Rationale and knowledge gap

The recent terminology change from non-alcoholic fatty 
liver disease (NAFLD) to MASLD has been proposed 
to better emphasize the contribution of metabolic 
dysregulation in the pathophysiology of this common liver 
disease and its systemic adverse effects on liver-related and 
extra-hepatic outcomes (including CKD) (5,13). To date, 
NAFLD definition is diagnosed by excluding significant 
alcohol consumption and other competing causes of 
hepatic steatosis. In contrast, the newly proposed MASLD 
definition has its specific and positive diagnostic criteria 
(based on the presence of hepatic steatosis and coexisting 
metabolic dysfunction), and does not exclude a priori 
other competing causes of hepatic steatosis. Thus, since 
the diagnostic criteria for NAFLD and MASLD are not 
superimposable, some observational cohort studies have 
recently assessed the concordance (or even the superiority) 
of MASLD definition in identifying individuals at higher 
risk of all-cause mortality as well as fatal and nonfatal 
CVD events, compared with NAFLD definition (9,14,15). 
Currently, it is uncertain whether the MASLD definition 
identifies individuals who develop incident CKD more 

Highlight box

Key findings
•	 This study revealed that both non-alcoholic fatty liver disease 

(NAFLD) and metabolic dysfunction-associated steatotic liver 
disease (MASLD) were associated with a higher risk of incident 
chronic kidney disease (CKD), with MASLD showing a slightly 
stronger association in relatively healthy middle-aged Korean 
adults.

•	 The MASLD had strong association with incident abnormal 
albuminuria while the NAFLD-only group was not independently 
associated with CKD or abnormal albuminuria.

What is known and what is new? 
•	 The recently proposed MASLD has been suggested as a more 

accurate representation of the metabolic aspects of fatty liver 
disease when compared to NAFLD.

•	 Currently, it is uncertain whether the MASLD definition identifies 
individuals who develop incident CKD more accurately than the 
NAFLD definition.

What is the implication, and what should change now? 
•	 Our findings suggest that the MASLD definition is more effective 

in identifying individuals at high risk of developing CKD or 
abnormal albuminuria compared to the NAFLD definition.

developing incident CKD or abnormal albuminuria better than NAFLD definition. 

Keywords: Metabolic dysregulation; non-alcoholic fatty liver disease (NAFLD); metabolic syndrome; chronic 

kidney disease (CKD); albuminuria

Submitted Oct 26, 2023. Accepted for publication Mar 13, 2024. Published online Jun 14, 2024.

doi: 10.21037/hbsn-23-558

View this article at: https://dx.doi.org/10.21037/hbsn-23-558



HepatoBiliary Surgery and Nutrition, Vol 13, No 5 October 2024 803

© AME Publishing Company.   HepatoBiliary Surg Nutr 2024;13(5):801-813 | https://dx.doi.org/10.21037/hbsn-23-558

accurately than the NAFLD definition. 

Objective

Therefore, in this large cohort study of South Korean 
apparently healthy adults undergoing health screening 
examinations, we examined the comparative associations 
between NAFLD and MASLD definitions and risk 
of developing incident CKD (stage ≥3) or abnormal 
albuminuria. We present this article in accordance with 
the STROBE reporting checklist (available at https://hbsn.
amegroups.com/article/view/10.21037/hbsn-23-558/rc).

Methods

Kangbuk Samsung Health Study cohort study

This is a cohort study of Korean individuals aged 18 years 
and older who received annual or biannual comprehensive 
health checkups at the Kangbuk Samsung Hospital 
Health Checkup Centers in South Korea (16). All study 
participants who underwent thorough physical examinations 
at least twice between January 1, 2011, and December 
31, 2018, as well as those who had at least one additional 
follow-up visit before December 31, 2020, were initially 
included in the current analysis (n=258,388). Then, we 
excluded 44,243 participants who had 1 or more exclusion 
criteria, as specified in Figure S1. Finally, a total of 214,145 
participants with normal kidney function at baseline were 
included in the current study. This study was approved by 
the Institutional Review Board (IRB) of Kangbuk Samsung 
Hospital (Institutional Review Board No.: 2022-06-039) 
and the requirement for written informed consent was 
waived by the IRB because anonymous and de-identified 
information was used for the analyses. The datasets used 
and/or analyzed during the current study are available 
from the corresponding author on reasonable request. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Data collection and definition of outcomes

A standardized, self-administered questionnaire was used to 
gather information on demographic factors, family history, 
health practices, and medical history. During examinations, 
trained staff members performed anthropometric measures 
and blood sampling. An enzymatic colorimetric assay was 
used to measure fasting plasma glucose and lipid levels. 

A particle-enhanced immunoturbidimetric assay on a 
Modular Analytics P800 apparatus (Roche Diagnostics, 
Tokyo, Japan) was used to measure serum high-sensitivity 
C-reactive protein (hs-CRP). Fasting insulin was measured 
using an electrochemiluminescence immunoassay (Roche 
Diagnostics). Insulin resistance was estimated using 
the homeostasis model assessment [homeostatic model 
assessment of insulin resistance (HOMA-IR) score] as 
follows: fasting plasma insulin (IU/mL) × fasting glucose 
(mg/dL)/405. Serum creatinine was measured using the 
Jaffè method on an automated chemistry analyzer (Modular 
D2400, Roche, Tokyo, Japan). During the study period, the 
within-batch and overall coefficients of variation for the 
low- and high-quality control samples were 1.8% to 3.9% 
and 1.4% to 1.8%, respectively (17). In all participants, 
we calculated estimated glomerular filtration rate (eGFR) 
using the CKD Epidemiology Collaboration (CKD-EPI) 
creatinine equation (18). Incident CKD (stage ≥3) was 
defined as occurrence of eGFR <60 mL/min/1.73 m2 over 
the follow-up period (19). Urine albumin and creatinine 
were measured with the quantitative Tina-quant Albumin 
Gen.2 and COBAS INTEGRA Creatinine Jaffe Gen.2 
(Roche Diagnostics, Basel, Switzerland) using a quantitative 
analyzer, Cobas Integra 800. Urine albumin was measured 
using an immunoturbidimetric method and its analytical 
range was 3.0–210.0 mg/L. Urine creatinine was quantitated 
using the Jaffè-kinetic method, and its analytical range was 
0.31–367 mg/dL. Specimens showing concentrations above 
the analytical measurement limits were repeatedly measured 
after 1:10 dilution with normal saline (20). Incident 
abnormal albuminuria was defined as occurrence of urinary 
albumin-to-creatinine ratio (ACR) ≥30 mg/g over the 
follow-up period.

Definitions of MASLD and NAFLD

For the diagnosis of MASLD and NAFLD, we used 
standard definitions (5,13). All participants underwent 
liver ultrasonography using a 3.5 MHz probe, and the 
presence of fatty liver was based on typical ultrasonographic 
features, such as hepatorenal echo contrast, liver brightness, 
or vascular blurring (21). MASLD was diagnosed by the 
coexistence of hepatic steatosis on ultrasonography with 
one or more of the following three metabolic conditions: 
overweight or obesity [defined as a body mass index (BMI) 
of 23 kg/m2] (22), T2DM, or metabolic dysfunction defined 
by the presence of at least two of seven metabolic risk factors 
(i.e., a waist circumference ≥90 cm for men and ≥80 cm  
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for women; a serum triglyceride level ≥150 mg/dL; a high-
density lipoprotein (HDL) cholesterol level <40 mg/dL 
in men or <50 mg/dL in women; systolic blood pressure 
≥130 mmHg or diastolic blood pressure ≥85 mmHg or 
use of any anti-hypertensive medications; prediabetes 
status based on fasting glucose levels between 100 and  
125 mg/dL or hemoglobin A1c between 5.7% and 
6.4%; a HOMA-IR score ≥2.5, or a plasma hs-CRP level  
≥0.2 mg/dL (5,9). Participants who did not meet these 
MASLD criteria were classified as having no-MASLD. 
Participants were considered to have NAFLD if they had 
evidence of hepatic steatosis on liver ultrasonography in the 
absence of significant alcohol consumption (conventionally 
defined as >30 g/day for men and >20 g/day for women) 
and other coexisting liver diseases, such as hepatitis B or 
C infections, which were detected by hepatitis B surface 
antigen and hepatitis C antibody tests. Participants were 
categorized as belonging to the no-NAFLD group if they 
had SLD but they did not meet the NAFLD criteria. 
Subsequently, participants were categorized into five 
subgroups according to their baseline SLD status to 
compare the risk of developing incident CKD or abnormal 
albuminuria as follows: the no-SLD group (i.e., the 
reference category); the NAFLD-only group; the MASLD-
only group; the both NAFLD and MASLD group; the SLD 
group not categorized as NAFLD or MASLD, respectively. 

Statistical analysis

Baseline characteristics of the study participants are 
expressed as means ± standard deviation (SD) for 
continuous variables and numbers (percentages) for 
categorical variables. The independent t-test and one-way 
analysis of variance were used to compare the continuous 
variables between the groups. The chi-square test was 
used to compare the categorical variables. The cumulative 
incidence rates of CKD and abnormal albuminuria were 
estimated by the Kaplan-Meier method. We performed 
Cox proportional hazards models to study the independent 
associations of MASLD, NAFLD or different SLD 
categories at baseline (as specified above) with the 
risk of developing incident CKD stage ≥3 (i.e., eGFR  
<60 mL/min/1.73 m2) or abnormal albuminuria (ACR  
≥30 mg/g) after adjustment for potential confounding 
factors. The two progressive multivariable-adjusted models 
used were as follows: model 1 was adjusted for age, sex, 
education level, smoking history, and regular exercise  
(≥3×/week, defined as a total of 75 min per week engaging 

in vigorous physical activities or 150 min per week of 
moderate physical activities), daily alcohol intake, prior 
history of coronary artery disease, and use of any anti-
hypertensive medications (modelled as time-varying 
variable); and model 2 was further adjusted for eGFR levels 
at baseline in addition to the model 1’s covariates.

Results

Baseline characteristics of the study participants

The study included 214,145 participants, consisting of 
130,984 (61.2%) men and 83,161 (38.8%) women, with 
a mean age of 37.9±7.4 years. The median follow-up 
duration was 6.1 years, and the mean follow-up duration 
was 6.1±2.1 years. Of all study participants, 48,175 (22.50%) 
had NAFLD, and 57,785 (26.98%) had MASLD. Table 1  
summarizes the baseline characteristics of the study 
participants, grouped by their SLD status. At baseline, 
44,254 (20.7% of total) participants met both NAFLD and 
MASLD definitions (belonging to the both NAFLD and 
MASLD group), 13,531 (6.3%) were classified as having 
MASLD-only, while 3,921 (1.8%) were classified as having 
NAFLD-only. A total of 680 (0.32%) participants were 
defined as SLD not categorized as NAFLD or MASLD. 
By either definition, participants with SLD were older, 
and more likely to be men and current smokers than those 
without SLD. Furthermore, individuals belonging to the 
MASLD-only group had higher adiposity measures (BMI 
and waist circumference), blood pressure, fasting glucose, 
HbA1c, HOMA-IR, and plasma lipids than individuals 
without SLD or those with NAFLD alone. The prevalence 
of T2DM, hypertension, and dyslipidemia was also higher 
in the MASLD-only group. The proportion of high alcohol 
intake was the highest in the SLD not categorized as 
NAFLD or MASLD group. 

Risk of incident CKD stage ≥3 according to different 
steatotic liver disease categories at baseline

In Table 2, we examined the associations between each 
baseline SLD category and the risk of incident CKD stage ≥3 
(defined as the occurrence of eGFR <60 mL/min/1.73 m2).  
During a median follow-up of 6.1 years, 829 (0.39%) 
individuals developed incident CKD stage ≥3. When the 
participants were subdivided into the no-MASLD and 
MASLD groups, patients with MASLD had a higher 
risk of developing incident CKD even after adjusting 
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Table 1 Baseline characteristics of the study participants stratified by different steatotic liver disease status

Variables
No-SLD 

(n=151,759, 
70.87%)

NAFLD-only 
(n=3,921, 1.83%)

MASLD-only 
(n=13,531, 

6.32%)

Both NAFLD and 
MASLD (n=44,254, 

20.67%)

SLD not categorized 
as NAFLD or MASLD 

(n=680, 0.32%)
P value

Age (years) 37.2±7.26 38.14±6.95 40.3±7.14 39.65±7.6 39.09±7.02 <0.001

Male 77,001 (50.74) 2,881 (73.48) 12,922 (95.50) 37,599 (84.96) 581 (85.44) <0.001

Current smoker 28,498 (18.78) 875 (22.32) 6,372 (47.09) 13,099 (29.60) 286 (42.06) <0.001

High alcohol intake† 20,528 (13.53) 0 (0.00) 12,067 (89.18) 0 (0.00) 547 (80.44) <0.001

Higher education level 113,262 (74.63) 3,066 (78.19) 10,008 (73.96) 33,960 (76.74) 511 (75.15) <0.001

BMI (kg/m2) 22.25±2.7 21.77±1.04 26.77±2.74 26.39±2.8 21.89±1.03 <0.001

Waist circumference (cm) 78.37±8.02 79.1±4.72 91.52±7.06 89.88±7.28 79.84±4.55 <0.001

Systolic BP (mmHg) 108.32±12.46 108.93±10.4 119.78±12 117.21±11.91 111.56±10.88 <0.001

Diastolic BP (mmHg) 68.99±9.22 69.67±7.99 77.78±9.53 75.34±9.21 72.06±8.4 <0.001

Fasting glucose (mg/dL) 92.07±10.03 92.19±7.25 102.37±20.2 99.21±17.61 92.8±7.76 <0.001

Hemoglobin A1c (%) 5.53±0.32 5.52±0.24 5.78±0.67 5.76±0.61 5.47±0.25 <0.001

HOMA-IR score 1 (0.68–1.44) 1.11 (0.8–1.52) 1.8 (1.25–2.6) 1.76 (1.22–2.54) 1.06 (0.71–1.49) <0.001

ALT (U/L) 16 (12–22) 21 (15–30) 32 (23–47) 30 (21–45) 23 (17–32.5) <0.001

AST (U/L) 19 (16–23) 20 (17–24) 26 (21–33) 24 (19–30) 22 (19–28) <0.001

GGT (U/L) 17 (12–27) 22 (16–33) 53 (34–84) 35 (24–54) 31 (22–50) <0.001

Triglycerides (mg/dL) 80 (59–111) 97 (73–125) 157 (112–222) 142 (103–197) 101 (77–135.5) <0.001

HDL-cholesterol (mg/dL) 61.57±14.64 56.08±11.91 49.51±11.32 47.86±10.56 59.53±13.57 <0.001

LDL-cholesterol (mg/dL) 113.38±29.37 125.25±30.97 133.54±32.56 134.7±31.62 121.69±31.01 <0.001

Total cholesterol (mg/dL) 188.96±31.76 196.96±33.26 209.26±36.34 206.86±35.12 198.25±32.56 <0.001

Lipid-lowering medications 1,758 (1.16) 50 (1.28) 641 (4.74) 1,858 (4.20) 9 (1.32) <0.001

hs-CRP (mg/dL) 0.04 (0.02–0.07) 0.04 (0.03–0.07) 0.08 (0.05–0.14) 0.08 (0.04–0.15) 0.04 (0.03–0.07) <0.001

Type 2 diabetes 1,957 (1.29) 0 (0.00) 1,326 (9.80) 3,453 (7.80) 0 (0.00) <0.001

Hypertension 10,006 (6.59) 138 (3.52) 3,589 (26.52) 8,340 (18.85) 37 (5.44) <0.001

History of CAD 691 (0.46) 21 (0.54) 108 (0.80) 345 (0.78) 1 (0.15) <0.001

History of dyslipidemia 10,574 (6.97) 420 (10.71) 3,202 (23.66) 9,037 (20.42) 86 (12.65) <0.001

Regular exercise 19,897 (13.11) 370 (9.44) 1,642 (12.14) 4,983 (11.26) 68 (10.00) <0.001

eGFR (mL/min/1.73 m2) 103.54±13.56 101.74±12.7 98.18±12.86 98.47±13.24 101.37±12.31 <0.001

Urinary ACR (mg/g) 4.17 (2.92–6.49) 3.98 (2.9–6.22) 4.18 (2.79–7.43) 4.55 (3.04–7.66) 3.69 (2.65–4.86) <0.001

Cohort size (n=214,145). Data are expressed as means ± SD, medians (interquartile ranges), or n (%). †, high alcohol intake was defined as 
>30 g/day in men and >20 g/day in women, respectively. SLD, steatotic liver disease; NAFLD, non-alcoholic fatty liver disease; MASLD, 
metabolic dysfunction-associated steatotic liver disease; BMI, body mass index; BP, blood pressure; HOMA-IR, homeostatic model 
assessment of insulin resistance; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase; HDL, 
high-density lipoprotein; LDL, low-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; CAD, coronary artery disease; eGFR, 
estimated glomerular filtration rate; ACR, albumin-to-creatinine ratio; SD, standard deviation. 
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Table 2 Associations between MASLD or NAFLD status (or different SLD groups) at baseline and risk of developing incident chronic kidney 
disease (stage ≥3) 

Status of liver steatosis PY Event
Incident rate  

(104 PY), (95% CI)
Model 1 Model 2

According to the presence or absence of NAFLD or MASLD

No-MASLD (n=156,360) 944,550.12 432 4.57 (4.16–5.03) 1.0 (reference) 1.0 (reference)

MASLD (n=57,785) 350,981.42 397 11.31 (10.25–12.48) 1.36 (1.17–1.57) 1.21 (1.04–1.39)

No-SLD (n=151,759) 916,334.73 427 4.66 (4.24–5.12) 1.0 (reference) 1.0 (reference)

NAFLD (n=48,175) 294,667.40 323 10.96 (9.83–12.22) 1.35 (1.15–1.57) 1.18 (1.01–1.38)

SLD not categorized as NAFLD (n=14,211) 84,529.41 79 9.35 (7.50–11.65) 1.06 (0.82–1.36) 1.07 (0.83–1.39)

According to different SLD subgroups 

No-SLD (n=151,759) 916,334.73 427 4.66 (4.24–5.12) 1 (reference) 1.0 (reference)

NAFLD-only (n=3,921) 24,087.54 4 1.66 (0.62–4.42) 0.36 (0.13–0.97) 0.45 (0.17–1.20)

MASLD-only (n=13,531) 80,401.56 78 9.7 (7.77–12.11) 1.09 (0.84–1.41) 1.09 (0.85–1.41)

Both NAFLD and MASLD (n=44,254) 270,579.86 319 11.79 (10.56–13.16) 1.4 (1.20–1.64) 1.21 (1.04–1.42)

SLD not categorized as NAFLD or MASLD (n=680) 4,127.85 1 2.42 (0.34–17.2) 0.38 (0.05–2.72) 0.52 (0.07–3.70)

Cohort size, n=214,145. CKD stage ≥3 was defined as occurrence of eGFR <60 mL/min/1.73 m2 (as estimated by using the CKD-EPI 
equation). Model 1: adjusted for age, sex, education level, smoking status, regular exercise (3 times/week), alcohol intake, and prior 
history of coronary artery disease, and use of any anti-hypertensive medications (as time-varying variable). Model 2: adjusted for age, sex, 
education level, smoking history, regular exercise (3 times/week), alcohol intake, prior history of coronary artery disease, use of any anti-
hypertensive medications (as time-varying variable), and levels of eGFR at baseline. MASLD, metabolic dysfunction-associated steatotic 
liver disease; NAFLD, non-alcoholic fatty liver disease; SLD, steatotic liver disease; PY, person years; CI, confidence interval; CKD, chronic 
kidney disease; eGFR, estimated glomerular filtration rate; EPI, Epidemiology Collaboration. 

for potential confounding factors including also baseline 
eGFR levels, compared to the no-MASLD group [adjusted 
model 2: hazard ratio (HR) =1.21; 95% confidence interval 
(CI): 1.04–1.39]. Furthermore, when participants were 
subdivided into the no-SLD, the NAFLD, and the SLD 
not categorized as NAFLD groups, only the NAFLD group 
was significantly associated with a higher risk of developing 
incident CKD, compared to the no-SLD group (adjusted 
model 2: HR =1.18; 95% CI: 1.01–1.38). 

When the study participants were subdivided into five 
groups according to their SLD status at baseline (as also 
shown in Table 2), the both NAFLD and MASLD group 
was significantly associated with a higher risk of developing 
incident CKD compared with the no-SLD group (adjusted 
model 2: HR =1.21; 95% CI: 1.04–1.42), even after 
adjusting for potential confounders. The MASLD-only 
group also tended to have a higher risk of incident CKD 
than the no-SLD group, although the HR did not achieve 
statistical significance (adjusted model 2: HR =1.09; 95% 
CI: 0.85–1.41). Conversely, the NAFLD-only group was 
not independently associated with the risk of incident CKD 

compared with the no-SLD group (adjusted model 2: HR 
=0.45; 95% CI: 0.17–1.20). When we analyzed the risk of 
CKD according to SLD status by sex, we found the same 
pattern as the result of the total study population for both 
sexes (Table S1). 

As shown in Figure 1, the cumulative incidence rates of 
CKD stage ≥3 were significantly greater in participants with 
SLD by either definition than in those with no-SLD. When 
participants were categorized by the combination of the two 
criteria, the cumulative incidence rates of CKD were the 
highest in the both NAFLD and MASLD group, followed 
by the MASLD-only group, and then the other groups 
(being the lowest risk observed in the NAFLD-only group).

Risk of incident abnormal albuminuria according to 
different steatotic liver disease categories at baseline

We examined the associations between each baseline 
category of SLD and the risk of developing abnormal 
albuminuria (defined as occurrence of urinary ACR  
≥30 mg/g) in a subset of individuals who had data on 

https://cdn.amegroups.cn/static/public/HBSN-23-558-Supplementary.pdf
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Figure 1 Cumulative incidence rates of chronic kidney disease stage ≥3 by Kaplan-Meier methods according to presence and combination 
of NAFLD and/or MASLD. MASLD, metabolic dysfunction-associated steatotic liver disease; CKD, chronic kidney disease; NAFLD, non-
alcoholic fatty liver disease; SLD, steatotic liver disease. 

albuminuria both at baseline and at follow-up (n=8,322) 
(Table 3). During the follow-up period, 876 (10.5%) 
subjects developed incident abnormal albuminuria. When 
the participants were subdivided into the no-MASLD and 
MASLD groups, multivariable Cox proportional hazards 
analyses showed that MASLD was associated with a 1.98-
fold increase in the risk of developing incident abnormal 
albuminuria after adjusting for potential confounders 
(adjusted model 2: HR =1.98; 95% CI: 1.61–2.44 versus 
the no-MASLD group). When the participants were 
categorized into the no-SLD, NAFLD, and SLD not 
categorized as NAFLD groups, both the NAFLD group 
and the SLD not categorized as NAFLD group were 
associated with a higher risk of developing incident 
abnormal albuminuria, compared with the no-SLD group 
(adjusted model 2: HR =1.93; 95% CI: 1.54–2.41 for the 
NAFLD group, and HR =1.89; 95% CI: 1.39–2.57 for the 

SLD not categorized as NAFLD group versus the no-SLD 
group). 

When the study participants were subdivided into five 
subgroups according to their SLD status at baseline (as 
also shown in Table 3), the MASLD-only group and the 
both NAFLD and MASLD group were associated with the 
highest risks of developing abnormal albuminuria compared 
with the no-SLD group (adjusted model 2: HR =1.96; 95% 
CI: 1.44–2.67 for the MASLD-only group and HR =1.98; 
95% CI: 1.58–2.49 for the both NAFLD and MASLD 
group versus the no-SLD group). When we analyzed the 
risk of developing abnormal albuminuria according to SLD 
status by sex, we found the same pattern as the result of the 
total study population for both sexes (Table S2). 

The cumulative incidence rates of abnormal albuminuria 
were significantly greater in participants with SLD by either 
definition than in those without (Figure 2). When participants 

https://cdn.amegroups.cn/static/public/HBSN-23-558-Supplementary.pdf
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Table 3 Associations between MASLD or NAFLD status (or different SLD groups) at baseline and risk of developing incident abnormal 
albuminuria 

Status of liver steatosis PY Event
Incident rate  

(104 PY), (95% CI)
Model 1 Model 2

According to the presence or absence of NAFLD or MASLD

No-MASLD (n=5,729) 22,068.65 214 0.97 (0.85–1.11) 1.0 (reference) 1.0 (reference)

MASLD (n=2,593) 10,828.90 224 2.07 (1.81–2.36) 1.97 (1.6–2.42) 1.98 (1.61–2.44)

No-SLD (n=5,536) 21,402.62 209 0.98 (0.85–1.12) 1.0 (reference) 1.0 (reference)

NAFLD (n=2,006) 8,168.70 163 2 (1.71–2.33) 1.91 (1.53–2.39) 1.93 (1.54–2.41)

SLD not categorized as NAFLD (n=780) 3,326.23 66 1.98 (1.56–2.53) 1.89 (1.39–2.56) 1.89 (1.39–2.57)

According to different SLD subgroups 

No-SLD (n=5,536) 21,402.62 209 0.98 (0.85–1.12) 1.0 (reference) 1.0 (reference)

NAFLD-only (n=153) 493.14 4 0.81 (0.3–2.16) 1.02 (0.38–2.75) 1.02 (0.38–2.75)

MASLD-only (n=740) 3,153.33 65 2.06 (1.62–2.63) 1.96 (1.44–2.67) 1.96 (1.44–2.67)

Both NAFLD & MASLD (n=1,853) 7,675.56 159 2.07 (1.77–2.42) 1.97 (1.57–2.47) 1.98 (1.58–2.49)

SLD not categorized as NAFLD or MASLD (n=40) 172.90 1 0.58 (0.08–4.11) 0.68 (0.09–4.84) 0.67 (0.09–4.81)

Cohort size, n=8,322. Abnormal albuminuria was defined as occurrence of urine ACR ≥30 mg/g. Model 1: adjusted for age, sex, education 
level, smoking status, regular exercise (3 times/week), alcohol intake, and prior history of coronary artery disease, and use of any anti-
hypertensive medications (as time-varying variable). Model 2: adjusted for age, sex, education level, smoking history, regular exercise (3 
times/week), alcohol intake, prior history of coronary artery disease, use of any anti-hypertensive medications (as time-varying variable), 
and levels of eGFR at baseline. MASLD, metabolic dysfunction-associated steatotic liver disease; NAFLD, non-alcoholic fatty liver disease; 
SLD, steatotic liver disease; PY, person years; CI, confidence interval; ACR, albumin-to-creatinine ratio; eGFR, estimated glomerular 
filtration rate. 

were categorized by the combination of the two criteria, the 
cumulative incidence rates of abnormal albuminuria were 
the highest in the MASLD-only group, followed by the both 
NAFLD and MASLD group, and then the no-SLD group, 
the NAFLD-only group, and the SLD not categorized as 
NAFLD or MASLD group, in that order. 

Discussion

In this large-scale retrospective longitudinal cohort study, 
including 214,145 Korean adult individuals with normal 
kidney function at baseline, we assessed the comparative 
associations between NAFLD and MASLD definitions 
with the risk of developing incident CKD (stage ≥3) or 
abnormal albuminuria. Our results showed that individuals 
with MASLD or NAFLD had a significantly higher risk 
of developing incident CKD and abnormal albuminuria 
over a median follow-up of 6.1 years. This risk remained 
significant even after adjusting for multiple potential 
confounding factors, such as age, sex, education level, 
smoking, regular exercise, alcohol intake, prior history of 

CAD, use of any anti-hypertensive medications (modelled 
as time-varying variable), and baseline levels of eGFR. In 
addition, and most importantly, when the study participants 
were subdivided into five subgroups according to their SLD 
status at baseline, patients with NAFLD without coexisting 
metabolic abnormalities at baseline (i.e., the NAFLD-
only group) did not have any significant risk of developing 
incident CKD or abnormal albuminuria, while those with 
MASLD alone had a significantly higher risk of developing 
kidney dysfunction (especially abnormal albuminuria) 
during the follow-up period. The risk of developing 
incident CKD or abnormal albuminuria was an even greater 
among participants who had both NAFLD and MASLD 
at baseline (i.e., the both NAFLD and MASLD group). 
Collectively, these findings indicate that MASLD definition 
can identify individuals at high risk of developing incident 
CKD or abnormal albuminuria better than NAFLD 
definition. 

Using the NAFLD definition, previous published studies 
have repeatedly reported that NAFLD is associated with 
an increased prevalence and incidence of CKD (23-26). 
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Figure 2 Cumulative incidence rates of abnormal albuminuria by Kaplan-Meier methods according to presence and combination of 
NAFLD and/or MASLD. MASLD, metabolic dysfunction-associated steatotic liver disease; NAFLD, non-alcoholic fatty liver disease; SLD, 
steatotic liver disease. 

However, a consensus of international experts has recently 
proposed a terminology change from NAFLD to MASLD, 
thus further emphasizing the key role of metabolic 
dysregulation in the pathophysiology of this common and 
burdensome liver disease. This proposal was also made 
in response to the possible criticisms regarding the use of 
the adjective “non-alcoholic” in the NAFLD’s term (27). 
Although there is a high concordance between NAFLD and 
MASLD diagnostic criteria in “real-word” data, these two 
conditions may be at least partly discordant (28-30). So, it 
is crucial to better establish the natural course of hepatic 
and extrahepatic clinical outcomes in each subgroup of 
individuals with SLD—the MASLD-only, the NAFLD-
only, and the both NAFLD and MASLD groups—in 
comparison with individuals without SLD. This could help 
to improve the identification of subjects who may develop 
adverse clinical outcomes associated with their baseline 

SLD status, and to start early prevention and treatments 
tailored to specific types of SLD.

By applying the newly proposed MASLD definition, a 
new subgroup of individuals with hepatic steatosis without 
coexisting metabolic dysfunction and other competing 
causes of hepatic steatosis (the NAFLD-only group) can 
be identified. Interestingly, in our study we showed that 
the NAFLD-only group was not independently associated 
with an increased risk of developing CKD stage ≥3 or 
abnormal albuminuria during the follow-up. Similarly, 
we also showed that the SLD not categorized as NAFLD 
or MASLD group, which includes individuals who have 
SLD (that is largely attributable to significant alcohol 
consumption or other concomitant liver diseases) in the 
absence of metabolic dysregulation, did not show any 
significant risk of developing incident CKD or abnormal 
albuminuria, compared to the no-SLD group. At first 
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glance, these findings suggest that coexisting metabolic 
abnormalities such as diabetes, obesity and dyslipidemia, 
rather than fatty liver alone, may play a predominant role in 
the development of kidney dysfunction. However, the fact 
that the both NAFLD and MASLD group had the highest 
risk of developing incident CKD and abnormal albuminuria 
over the follow-up also suggests that some other hepatic 
mediators released by the steatotic/inflamed liver (besides 
coexisting metabolic disorders) might synergistically 
interact, thus increasing the risk of kidney dysfunction over 
time. 

In this study, we found that only the both NAFLD and 
MASLD group exhibited the highest risk of developing 
incident CKD, although the MASLD-only group also had 
a tendency towards an increased risk of CKD. Conversely, 
the MASLD-only group and the both NAFLD and 
MASLD group had the highest risk of developing abnormal 
albuminuria, and this risk was comparable between the 
two groups. It could be partly explained by the fact that 
the follow-up duration of the study was relatively short 
to observe an eGFR decline among our relatively young 
participants, whereas it was sufficient to observe the 
occurrence of abnormal albuminuria. Since abnormal 
albuminuria typically precedes the progressive decline in 
renal function, it is possible to hypothesize that a longer 
follow-up duration would have revealed a significantly 
higher risk of incident CKD also in the MASLD-only 
group compared to the no-SLD group. 

That said, our findings suggest that newly proposed 
MASLD criteria can identify individuals at risk of 
developing incident CKD (stage ≥3) and abnormal 
albuminuria better than the old NAFLD criteria. 
Therefore, our findings corroborate and expand the results 
of other recent cohort studies supporting the superiority 
of MASLD definition for identifying patients with more 
advanced liver fibrosis, and those at higher risk of incident 
CVD events and all-cause mortality (9,14,16,31-33). When 
it comes to the risk of CKD, Sun et al. using cross-sectional 
data from 12,571 participants in the National Health and 
Nutrition Examination Survey (NHANES)-III 1988–1994 
who underwent liver ultrasonography and did not have 
viral hepatitis, were the first to show that individuals with 
MASLD had significantly lower eGFR levels and a greater 
prevalence of stage 3–5 CKD than those with NAFLD (34).  
Furthermore, these authors also found that severe MASLD 
(as assessed by the NAFLD fibrosis score, i.e., a non-
invasive biomarker of advanced fibrosis) was associated with 
a nearly 1.3-fold higher risk of prevalent CKD than that of 

individuals without MASLD, even after adjustment for sex, 
age, ethnicity, alcohol intake and pre-existing T2DM (34).  
In a retrospective cohort study involving 16,938 Japanese 
adult individuals, Hashimoto et al. showed that MASLD on 
ultrasound had a higher risk of developing CKD (defined 
as an eGFR of <60 mL/min/1.73 m2 and/or proteinuria), 
whereas SLD without metabolic dysregulation was not 
independently associated with incident CKD (35). In 
another cohort study of 13,159 Japanese individuals with 
baseline liver ultrasound data who were followed for a 
10-year period, Tanaka et al. also reported that MASLD 
was associated with incident CKD (defined as eGFR 
<60 mL/min/1.73 m2 or positivity for urinary protein 
on dipsticks) and predicted independently the risk for 
CKD development better than NAFLD (36). However, 
unlike our study, the investigators did not measure urinary 
albumin extraction and plasma hs-CRP levels. Finally, in a 
retrospective nationwide cohort study of 268,946 middle-
aged Korean adults undergoing National Health Insurance 
Service health examinations, Jung et al. also confirmed 
that MASLD identified a higher proportion of individuals 
at risk of developing incident CKD [defined as eGFR  
<60 mL/min/1.73 m2 or proteinuria (≥ trace) compared 
to NAFLD] (37). However, the major limitations of this 
retrospective cohort study were that the authors did not 
have any data on albuminuria and the diagnosis of fatty 
liver was only based on the fatty liver index (FLI), which 
may have resulted in under- or over-estimation of the true 
prevalence of SLD. In this regard, our result can robustly 
support the superior utility of MASLD in identifying 
patients at high risk for metabolic dysfunction, the hepatic 
and extra-hepatic complications (38-40).

Although the precise reasons why MASLD predicts the 
development of kidney dysfunction better than NAFLD 
are not fully understood, the putative mechanisms linking 
MASLD and CKD involve a number of shared risk factors 
that contribute to kidney-liver crosstalk (41). These signals 
include metabolic risk factors (for example, those associated 
with insulin resistance, abdominal obesity, hypertension, and 
T2DM), liver-related proinflammatory mediators, intestinal 
dysbiosis and certain genetic risk factors [as extensively 
reviewed in (28)]. Thus, it is also conceivable that the newly 
proposed definition of MASLD is more closely aligned with 
the underlying pathophysiological mechanisms of kidney 
damage than that of NAFLD (28). 

Our cohort study has some important limitations that 
should be mentioned. Firstly, although we did not directly 
measure GFR, we used the most widely accepted serum 
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creatinine-based equation for estimating GFR in both large 
epidemiological studies and clinical practice. In addition, 
both eGFR and albuminuria were measured only once. 
Secondly, because our study participants were Korean 
individuals, the results may not be generalizable to other 
ethnic groups. Thirdly, we did not assess the severity of 
liver fibrosis by using either vibration-controlled transient 
elastography or other non-invasive imaging methods (42). 
Fourthly, as discussed above, considering that our study 
participants were relatively young, the follow-up length of 
the study (median of 6.1 years) might be insufficient also to 
detect a significant and independent association between 
the MASLD-only status and incident CKD. However, it 
may help to rule out other serious comorbidities typically 
seen in older adults that may increase the risk of CKD, thus 
making it easier to detect a possible direct link between 
SLD and CKD development. Finally, we cannot exclude 
residual confounding due to unmeasured risk factors (e.g., 
changes in SLD status over the follow-up) or factors that we 
could not include in the model because of multicollinearity 
(e.g., diabetes, dyslipidemia, and obesity). Despite these 
limitations, we believe that the most important strengths of 
our study are that we analyzed data from a large cohort of 
healthy individuals who underwent liver ultrasonography to 
diagnose hepatic steatosis; we measured both eGFR levels 
and albuminuria, and we adjusted the data for multiple 
potential confounders, including also the use of any anti-
hypertensive medications (modelled as time-varying 
variable), and baseline eGFR levels. 

Conclusions

In conclusion, this large Korean cohort study provides 
strong evidence to the notion that MASLD can identify 
patients at risk of developing incident CKD (stage ≥3) or 
abnormal albuminuria more accurately than NAFLD. Our 
results also suggest that the NAFLD-only status (including 
persons with SLD without any coexisting metabolic 
dysregulation) is not independently associated with the risk 
of developing incident CKD or abnormal albuminuria. 
The clinical implication for these findings is that patients 
with MASLD may benefit from more intensive surveillance 
and treatment of cardiometabolic risk factors to decrease 
the risk of CKD. It suggests that the applying the MASLD 
definition may help to integrate SLD into multidisciplinary 
care and new clinical trials for patients with metabolic 
disease (43). Further prospective studies from different 
countries are needed to study the comparative associations 

of MASLD or NAFLD definitions with the risk of 
developing kidney dysfunction. Additionally, a better 
understanding of the different mechanisms potentially 
implicated in the link between MASLD and NAFLD 
definitions with the risk of kidney dysfunction is warranted 
to develop personalized therapeutic strategies for patients 
with different SLD subtypes. 
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