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BACKGROUND AND AIMS: The large global population of pa-
tients with metabolic dysfunction-associated steatotic liver
disease (MASLD) has recently been shown to have an associa-
tion with chronic kidney disease (CKD) due to a host of pro-
posed mechanisms, one of which being lipoprotein
dysmetabolism. Furthermore, metabolic comorbidities have been
concurrently prevalent in MASLD and CKD independently. This
study aimed at analyzing risk and predictive traits among an
obese population for both MASLD and CKD. METHODS: A
retrospective chart review of 546 obese patients with a diagnosis
of either MASLD or metabolic dysfunction-associated steatohe-
patitis between January 2020 and June 2021 was performed.
Markers of liver and kidney function in addition to demographic
data and renoprotective medications were recorded. Both uni-
variable and multivariable linear regression analyses were per-
formed to understand possible associations between MASLD
markers, renal function, and markers of metabolic de-
rangements. RESULTS: Univariate analysis revealed that
increased age (P < .001), elevated alanine aminotransferase
(defined as alanine aminotransferase � 30 IU/L, P ¼ .01), low
albumin (P ¼ .011), and increasing fibrosis-4 (FIB-4) (P ¼ .005)
were statistically associated with a reduced renal function. A
reduction in glomerular filtration was associated with an in-
crease in FIB-4 (effect size [beta] of a one-unit increase in
glomerular filtration on FIB-4 ¼ �0.013, P < .001) in univariate
linear regression. In multivariate linear regression, type 2 dia-
betes (T2D) was independently associated with increased liver
fibrosis (effect size of T2D on FIB-4 ¼ 0.387925, P < .02).
CONCLUSION: Our study shows that in a patient population with
obesity and a diagnosis of MASLD, advanced fibrosis is inde-
pendently associated with reduced renal function.
inhibitor; ALT, alanine aminotransferase; ARB, angiotensin receptor
blocker; AST, aspartate aminotransferase; BMI, body mass index; CKD,
chronic kidney disease; EMR, electronic medical record; GFR, glomerular
filtration rate; HTN, hypertension; ICD, International Classification of
Diseases; IR, insulin resistance; MASH, metabolic dysfunction-associated
steatohepatitis; MASLD, metabolic dysfunction-associated steatotic liver
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Introduction

Metabolic dysfunction associated steatotic liver
disease (MASLD) is characterized by fat
infiltration of the liver in the absence of secondary causes of
hepatic steatosis.1 Its global impact is staggering, affecting
more than a quarter of the world population while being the
fastest growing cause of hepatocellular carcinoma2 and a
rapidly increasing indication for liver transplantation.3 Liver
fibrosis as a result of MASLD is associated with major
adverse liver outcomes and all-cause mortality,4,5 with
atherosclerotic cardiovascular disease being the principal
cause of death in patients with MASLD.6

Metabolic comorbidities and individual components of
metabolic syndrome: visceral obesity, type 2 diabetes (T2D),
hypertension (HTN), and atherogenic dyslipidemia are
prevalent in MASLD.7–9 Recently, it has been established
that there is a strong association between MASLD and
chronic kidney disease (CKD), regardless of the presence of
potential confounding metabolic risk factors such as obesity,
HTN, and T2D. Both MASLD and CKD are associated with
visceral obesity, T2D, metabolic syndrome, and insulin
resistance (IR). The severity of metabolic dysfunction-
associated steatohepatitis (MASH) histology is associated
with decreased kidney function independent of IR and other
components of the metabolic syndrome.10 Moreover, a
meta-analysis showed that the presence and severity of
MASLD were associated with increased risk and severity of
CKD.11 Mechanisms proposed to account for how MASLD
might potentiate renal injury include lipoprotein
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Table 1. Patient Baseline Characteristics

Patient baseline characteristics

N ¼ 546
Mean

(standard deviation)

Age (y) 55.63 (12.8)

BMI (kg/m2) 35.73 (5.5)

Laboratory values
FIB-4 1.60 (1.69)
GFR (mL/min) 88.95 (22.91)
ALT (IU/L) 45.32 (48.12)
AST (IU/L) 36.85 (32.36)
Albumin (g/dL) 4.08 (0.48)
ALP (U/L) 90.74 (38.36)
GGT (U/L) 58.92 (103.89)
Platelet count (10

ˇ

9/L) 236.15 (70.98)
Cholesterol (mg/dL) 179.05 (40.70)
HDL (mg/dL) 48.34 (20.21)
LDL (mg/dL) 103.56 (35.36)

n (%)

Sex
Male 226 (41.4%)
Female 320 (58.6)

Ethnicity
Hispanic 131 (24.0)
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dysmetabolism and altered hepatic secretion of fibroblast
growth factor-21, fetuin-A, insulin-like growth factor-1, and
syndecan-1.12 Conversely, CKD may mutually aggravate
MASLD and associated metabolic disturbances through
altered intestinal barrier function and microbiota composi-
tion, accumulation of uremic toxic metabolites, and alter-
ations in prereceptor glucocorticoid metabolism. The liver
and kidney express all components of the RAS system
including both systemic and local ACE-AT2-AT1 which
supports the pathogenesis of MASLD and CKD.13

CKD is defined as a sustained reduction in the glomer-
ular filtration rate (GFR) or evidence of structural or func-
tional abnormalities of the kidneys based on urinalysis,
biopsy, or imaging.14,15 CKD has many potential causes,
which vary in frequency between different populations. In
developed countries, older age, HTN, T2D, obesity, and
dyslipidemia are consistently associated with CKD.14,15 Pa-
tients with CKD exhibit an elevated risk for the development
of cardiovascular disease.

The aim of this study was to explore the association and
identify risk factors between MASLD and CKD in a cohort of
patients with obesity (defined by a body mass index (BMI)
� 30 kg/m2), a population at high risk for developing both
MASLD and CKD.
Non-Hispanic 259 (47.4)
Unknown/not recorded 156 (28.6)

Race
White 207 (37.9%)
Black 83 (15.2%)
Asian 14 (2.6%)
Unknown 101 (18.5)
Other 141 (25.8)

Comorbidities
Hypertension 271 (49.6%)
Diabetes 190 (34.9)
CAD 57 (10.4)

Use of ACE/ARB 204 (37.36%)

Use of metformin 163 (29.9)

FIB-4 < 1.30 302 (57.2)

FIB-4 [1.30–2.67] 167 (31.6)

FIB-4 > 2.67 59 (11.2)

ALP, alkaline phosphatase; CAD, coronary artery disease;
GGT, gamma-glutamyl transferase; HDL, high-density li-
poprotein; LDL, low-density lipoprotein.
Methods
Patient Selection

Using an electronic medical record (EMR), we identified
patients aged 18 years and older with a BMI � 30 kg/m2 and a
diagnosis of MASLD or MASH, as determined by International
Classification of Diseases (ICD)-10 codes, (K76.0 or K75.8),
seen in a specialty gastroenterology and hepatology clinic be-
tween January 2020 and June 2021. Patients in these outpatient
clinical sites were seen for both liver and nonliver-related
medical conditions. Patients were excluded if they had addi-
tional causes of liver disease including viral hepatitis, biliary
obstruction, hepatocellular carcinoma, Wilson’s disease, Budd
Chiari syndrome, autoimmune hepatitis, alcoholic liver disease,
alcohol use (>20g/day women, >30g/day men), aspartate
aminotransferase (AST) or alanine aminotransferase (ALT) >
300 U/L, current use of steatogenic medications (amiodarone,
methotrexate, tamoxifen, and corticosteroids), pregnant, or
with a history of liver transplantation. The study was approved
by the institutional review board of the Icahn School of Medi-
cine at Mount Sinai and was performed in accordance with the
Declaration of Helsinki.

Study Design
A retrospective manual chart review of the EMR-identified

patients was conducted to capture the following patient char-
acteristics: demographic data including age, sex, race, and
ethnicity. Presence of metabolic comorbidities and BMI was
recorded. Laboratory values were documented during the
initial study visit, with a margin of 3 months before or after that
visit. Markers of liver inflammation (aminotransferases [ALT,
AST], alkaline phosphatase, gamma-glutamyl transferase) and
synthetic function [albumin and platelet count] were collected
and recorded. Estimated GFR (eGFR), which is a calculation
recorded in medical records, was observed as a surrogate of
renal function and will hereby be referenced as equivalent to
GFR. Proteinuria, albuminuria, and urinary biomarkers were
not evaluated, given that these markers are generally not
included in the routine testing during visits to gastroenterology
and hepatology clinics. HTN and T2D were documented using
ICD-10 codes from the EMR of each patient; as a result, distinct
markers of metabolic dysfunction were not directly observed.
This study also looked to see if there was an association be-
tween patients who were already on an angiotensin-converting
enzyme inhibitor (ACEi), angiotensin receptor blocker (ARB), or
metformin and its effect on renal function. To assess the degree
of fibrosis, the fibrosis-4 (FIB-4) score was calculated. A FIB-4



Table 2. Univariate Analysis

Univariate analysis

P

GFR (mL/min) >90 [60–89.99] [45–59.99] [30–49.99] <30

N 228 234 44 5 4

Age (y) (mean|s) 51.9 12.2 57.2 12.0 66.7 7.6 69.0 5.8 69.3 8.9 <.001

Sex
Male (#|%) 88 39% 104 44% 19 43% 1 20% 3 75% .371
Female (#|%) 140 61% 130 56% 25 57% 4 80% 1 25%

Ethnicity .466
Hispanic (#|%) 58 25% 59 25% 8 18% 0 0% 1 25%
Non-Hispanic (#|%) 98 43% 111 47% 24 55% 5 100% 2 50%
Unknown (#|%) 72 32% 64 27% 12 27% 0 0% 1 25%

AST (IU/L) (mean|s) 40.0 36.8 35.3 29.6 32.3 25.5 23.0 9.1 23.8 15.4 .285

ALT (IU/L) (mean|s) 51.6 55.1 42.9 43.2 29.3 20.0 18.4 7.1 13.8 5.1 .015

Albumin (mean|s) 4.1 0.5 4.1 0.5 4.0 0.5 3.4 0.4 4.0 0.6 .013

Platelet (#�10

ˇ

9/L) 244.3 71.1 233.4 70.4 214.8 67.8 233.0 104.0 208.0 99.6 .096

Mean FIB-4 1.5 1.9 1.6 1.2 2.3 2.4 2.3 2.2 3.7 4.8 .005
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<1.3 was considered as a low risk of significant fibrosis (<F2
fibrosis), values � 1.3 to 2.67 was considered as intermediate
risk (�F2 fibrosis), and values � 2.67 was considered high risk.
Statistical Analysis
Data were described and summarized using means and

standard deviations for continuous variables and frequencies
and proportions for categorical variables. Comparisons be-
tween independent variables were examined using t-tests for
continuous variables and chi-squared or Fisher’s exact tests
(for sample sizes with < 15 observations in any cell) for cat-
egorical variables. Univariate and multivariate linear and lo-
gistic regression models were constructed to identify factors
contributing to the stage of fibrosis. Confounders, including
T2D, HTN, race/ethnicity, and medications, were included in
multivariate regression models to account for their effects in
the relationship between CKD and degree of fibrosis. A P value
of < .05 was considered statistically significant.
Table 3.Multivariate Analysis

Multivariate analysis

Estimate (beta) P value

GFR �0.0129 <.001

HTN 0.055 .730

T2DM 0.365 .027

White race Reference N/A

Black race �0.387 .088

Asian race �0.435 .385

Other race 0.057 .763

Unknown race 0.020 .924
Results
A total of 546 individuals with a diagnosis of MASLD were

identified from a cohort of patients with obesity (n ¼ 1896,
BMI � 30 kg/m2) from January 2020 to June 2021. The de-
mographic and clinical characteristics of individuals at
baseline are outlined in Table 1. The majority of the patients
were female (58.6%), the mean age was 56 years � 12.7
years, and the mean BMI was 35.7 kg/m2 � 5.49 kg/m2,
consistent with class 2 obesity. The majority of the in-
dividuals included in this study identified as White, consti-
tuting 37.9%, 24% of the patients were Hispanic, and 15.2%
were Black. The most common metabolic comorbidities were
HTN (49.6%) and T2D (34.9%). It is also important to note
that 204 (37.36%) of the participants were on an ACEi/ARB
and 163 (29.9%) were on metformin. 302 of the patients had
a FIB-4 score < 1.30, 167 had a FIB-4 score between 1.30
and 2.67, and 59 had a FIB-4 score � 2.67 (see Table 1).

In univariate analysis (Table 2), increased age (P <

.001), elevated ALT (defined as ALT � 30 IU/L, P ¼ .01), low
albumin (P ¼ .011), and increasing FIB-4 (P ¼ .005) were
statistically associated with a reduced renal function, char-
acterized as a consistent measurement lasting for a duration
of 3 months or more, where the value of eGFR <60 ml/min/
1.73 m2. In univariate linear regression (Table 2), a reduc-
tion in GFR was associated with an increase in FIB-4 (effect
size [beta] of a one-unit increase in GFR on FIB-4 ¼ �0.013,
P < .001).

In multivariate linear regression (Table 3), T2D was
independently associated with increased liver fibrosis,
defined as equivalent to an increase in FIB-4 (effect size of
T2D on FIB-4 ¼ 0.387925, P < .02). After adjustment for
T2D, the relationship between GFR and FIB-4 was main-
tained (beta �0.012; P < .001). HTN did not significantly
change the relationship between GFR and FIB-4 in this
model (P > .05). To assess the impact of race and ethnicity



Table 4. Distribution of FIB-4 Based on Ethnicity and Race

Distribution of FIB-4 based on ethnicity and race

FIB-4 Avg ALT (IU/L) AST (IU/L) FIB-4 1 FIB-4 2 FIB-4 3

Hispanic ethnicity 1.87 48.5 38.6 53% 30% 17%

White race 1.65 45.8 36.9 52% 36% 13%

Black race 1.35 37.3 34.1 67% 23% 10%

Asian race 1.05 80.6 53.7 77% 23% 0%

Other race 1.69 45.7 36.5 58% 27% 15%

Unknown race 1.62 45.5 37.2 57% 38% 5%
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on the relationship between GFR and FIB-4, the effect size
was calculated (Table 4). Patients of Black race had a lower
FIB-4 (effect size of Black race, FIB-4 ¼ �0.442) compared
to White race (P < .05). Patients of Black race did not have
evidence of worse baseline renal function at baseline
compared to races of other patients included in this study
(see Figure). Furthermore, there was no difference in FIB-4
between races (P > .05). Adjusting for race did not alter the
underlying relationship between GFR and FIB-4.

Patients on ACEi, ARB, metformin, or combination of
these medications were not found to have a significant dif-
ference in renal function (P > .05).
Discussion
In our cohort study of individuals with obesity and

MASLD, 56% of the population was found to reduced renal
function (GFR<60 mL/min/1.73m2), with the majority
having stage 2 CKD (GFR 60–89 mL/min/1.73m2). We
observed a notable decrease in ALT levels alongside a pro-
gression of fibrosis, as evidenced by an upward trajectory in
FIB-4 scores, in the presence of impaired renal function.
Hepatocellular liver injury (indicated by aminotransferases),
age, albumin, and FIB-4 were associated with changes in
Figure.GFR levels stratified by race. Races: (1) White; (2)
Black; (3) Asian; (4) Other; (5) Unknown.
GFR. T2D was identified as an independent risk factor of
impaired renal function.

Obesity has been clearly identified as one of the leading
risk factors for MASLD, with approximated prevalence rates
as high as 50%–90%, and significantly higher rates with
increasing obesity classification.4 Several studies have
demonstrated the strong correlation of obesity with MASLD,
including advanced disease (MASH, MASH-related cirrhosis,
and hepatocellular carcinoma). On the basis of recent pub-
lications, the prevalence of CKD has significantly increased
among patients with MASLD. This has sparked interest in
trying to understand the relationship between CKD and
MASLD, MASLD fibrosis, and cirrhosis. Our study shows that
in a patient population with obesity and a diagnosis of
MASLD, advanced fibrosis is independently associated with
reduced renal function.

Similar studies have elucidated similar conclusions. In a
cross-sectional study conducted in China including 3872
individuals with MASLD (defined by abdominal ultraso-
nography), the prevalence of CKD was higher in individuals
with MASLD than in those without MASLD (15.8% vs 11.9%,
P < .001). In this study, MASLD was shown to be associated
with a 1.31 times higher risk of prevalent CKD after
adjusting for common variables such as age, sex, and pres-
ence of T2D.16 Results of this study, similar to ours, show
that T2D stands out as an independent risk factor for higher
FIB-4 and reduced renal function. These observations were
made in a Chinese population with an imperfect method of
diagnosing MASLD fibrosis (ultrasound imaging was
employed to detect fibrotic changes); our approach involves
using FIB-4, a widely accepted and validated noninvasive
test for assessing fibrosis, despite it not being the gold
standard method. Furthermore, our population is a robust
representation of the general population with inclusion of
populations that are commonly underrepresented with
MASLD studies (ie Black population accounted for 15% of
the total population).

Common generalizations about the predilection of
MASLD have been challenged with a growing body of
literature suggesting that there are racial and ethnic dis-
parities in MASLD prevalence. The Hispanic population is
commonly associated with high rates of MASLD and liver
fibrosis, influenced by the increased prevalence of genetic
variants such as PNPLA3 mutation and the presence of
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metabolic comorbidities.17 In contrast, Blacks are reported
to have lower MASLD prevalence and severity compared to
non-Hispanic Whites and Hispanic populations.17 In our
study, the Black population represented 15% of the entire
cohort. The mean FIB-4 was 1.35 with a standard deviation
of 0.80.

In a study by Browning et al, 287 subjects from multiple
ethnicities (32% White, 48% Black, and 18% Hispanic),
using proton magnetic resonance spectroscopy, one third of
the population had hepatic steatosis of which Hispanics
made up 45% compared to 33% in Whites and 24% in
Blacks. In our study, of the patients with documented
ethnicity, Whites represented the majority of the population
with obesity and MASLD and Hispanics constituted just
under half the population. Our study also showed that when
compared to White race, only patients of Black race had a
lower FIB-4 (effect size of Black race on FIB-4 ¼ �0.442
compared to White race, P < .05). In a systematic review
and meta-analysis by Rich et al, the highest burden on
MASLD was found in Hispanics and the lowest burden was
in Blacks.17

The observations made about renal dysfunction and
hepatofibrosis in our cohort of patients with obesity and
MASLD are noteworthy. However, the authors acknowledge
the study’s intrinsic limitations. These encompass the
retrospective study design, the challenges tied to electronic
medical record data, the precision of fibrosis measurements,
and the approach of involving the continuous analysis of
eGFR and FIB-4. Notably, the identification of MASLD relied
on ICD-10 codes (specifically K76.0 and K75.8), a method
that may not fully capture the actual prevalence of MASLD
within this high-risk population. The study cohort was
derived from a solitary tertiary care center, characterized by
a substantial immigrant demographic. This context likely
contributes to the nearly equivalent representation of White
and Hispanic individuals within the cohort. However, as in
other investigations into MASLD, the Black population re-
mains underrepresented. Furthermore, the utilization of
FIB-4 as a fibrosis indicator could potentially introduce
misclassification in specific cases, given its potential limi-
tations in distinguishing distinct fibrosis stages effectively.
Our choice to employ eGFR and FIB-4 as continuous vari-
ables in the analysis stemmed from a comprehensive eval-
uation of the overall data set. This assessment highlighted
the limitations within certain binary variable categories.
Notably, the cohort exhibited limited representation of
patients with advanced CKD (only N ¼ 4 for GFR<30 mL/
min), emphasizing the need for cautious interpretation.
Shifting the focus to liver fibrosis, it’s pertinent to note
that a FIB-4 score exceeding 2.67 was present in 59 pa-
tients, constituting 11.2% of the entire study population.
While this score aids in assessing risk, its capacity to
discriminate among diverse fibrosis stages requires care-
ful consideration. With a larger cohort, representing
diverse populations, the authors suspect the associations
between reduced renal function and fibrosis will reveal
interesting trends revealing unique patient phenotypes
and opportunities for therapeutics. In addition, the liver
AT2 promotes IR and pro-inflammatory cytokine produc-
tion which contributes to the development of MASLD. In
the kidney, ACE-AT2 activation formulates renal ectopic
lipid disposition and leads to obesity-associated CKD
development.13
Conclusion
Both MASLD and CKD are major public health prob-

lems and the prevalence and incidence is growing. MASLD
and CKD share many important cardiometabolic risk fac-
tors; however, understanding their overlapping pathways
is presently incomplete. Our data support a growing body
of literature that shows that there is likely a strong cor-
relation between development of CKD in MASLD, inde-
pendent of classic metabolic risk factors. Secondarily, we
observed that the degree and distribution of CKD may be
ethnicity specific, further supporting the racial and ethnic
disparities in MASLD prevalence that go beyond socio-
economic status but may in fact be influenced by intrinsic
pathophysiology.
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