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Purpose: In 2020, an international expert consensus proposed a novel concept, defined as
metabolic associated fatty liver disease (MAFLD). We aimed to investigate the association
between MAFLD and chronic kidney disease (CKD).

Methods: A total of 4869 subjects with demographic data, laboratory tests, and ultrasound
transient elastography from National Health and Nutrition Examination Surveys of the
United States (NHANES) 2017-2018 were included in the study. Statistical analysis was
performed to test the independent association between the demographic data, laboratory
tests, and non-invasive liver fibrosis scores in subjects with different subgroups of MAFLD.
Results: A total of 4869 subjects were identified in the NHANES 20172018, of which 1032
(21.2%) subjects were diagnosed with CKD. There was a higher prevalence of CKD in MAFLD
subjects than in non-MALFD subjects (22.2% vs 19.1, p=0.048). After 1:1 propensity score
matching by gender, age and race, we enrolled 1983 subjects with MAFLD diagnosed based on
liver ultrasound transient elastography and 1983 PS-matched subjects without MAFLD.
MAFLD was not independently associated with CKD after PSM. Further investigation showed
that age (OR: 1.05, 95% CI: 1.03~1.05, p<0.001), hypertension (OR: 1.66, 95% CI: 1.38~2.00,
p<0.001), DM (OR: 2.21, 95% CI: 1.89~3.11, p<0.001), hyperuricemia (OR: 1.91, 95% CI:
1.55~2.36, p<0.001), ALP (OR: 1.00, 95% CI: 1.00~1.01, p=0.010), and FIB-4 score (OR: 1.23,
95% CI: 1.05~1.01, p=0.011) were independently associated with CKD. In the subgroup
analysis, the subgroups of MAFLD complicated with DM, age, hypertension, and hyperuricemia
were independently related to the incidence of CKD. In the subgroup of DM without MAFLD,
age, hyperuricemia, ALP, and NFS score were independently related to the incidence of CKD. In
the subgroup of MAFLD without DM, age, hypertension, hyperuricemia, and ALP were
independently related to the incidence of CKD.

Conclusion: Based on the NHANES 2017-2018, MAFLD was not independently asso-
ciated with CKD. Thus, the link between MAFLD and CKD may be mediated by metabolic
abnormalities, such as diabetes mellitus and hyperuricemia.

Keywords: metabolic associated fatty liver disease, chronic kidney disease, diabetes
mellitus, hyperuricemia

Introduction

Non-alcoholic fatty liver disease (NAFLD) is one of the most common chronic liver
diseases, posing a significant health and economic burden.'* However, due to the
increasing prevalence of metabolic dysfunction, the diagnosis of NAFLD might be out-
of-date. Hence, an international expert consensus in 2020 proposed a novel concept,

defined as Metabolic Associated Fatty Liver Disease (MAFLD).>* The diagnostic
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criteria. of MAFLD are significantly distinguished from
NAFLD. The main difference of diagnostic criteria between
MAFLD and NAFLD is that MAFLD diagnosis does not
exclude patients with secondary etiologies of hepatic steato-
sis in the former disease, such as alcohol consumption,
hepatitis virus infection, autoimmune liver diseases, etc.
Due to which the prevalence of MAFLD can be higher than
that of NAFLD with a prevalence of about 25-30%.'®

Chronic kidney disease (CKD), which is another
worldwide public health problem affecting 10-15% of
the whole population, is a progressive chronic condition
which manifests with either abnormalities of renal struc-
ture or function for more than 3 months.*” Both NAFLD
and CKD have become major public health problems
owing to their increasing prevalence and incidence. Since
patients with NAFLD exhibit risk factors for CKD, such as
visceral obesity, arterial hypertension, and type 2 diabetes
mellitus (T2DM), NAFLD and CKD might be closely
connected. However, in previous cross-sectional studies
and cohort studies, the relationship between NAFLD and
CKD was controversial.®*'* Among them, two meta-
analyses and systematic reviews supported the assertion
that NAFLD increases risk of CKD.'*!°

Recently, a study compared the characteristics between
MAFLD and NAFLD based on National Health and
Nutrition Examination Surveys (NHANES) 1988-1994.
The study found that MAFLD patients had higher rate of
metabolic comorbidities and more severe liver injury.'®
Besides, a recent study conducted by Sun et al investigated
the relationship between MAFLD and CKD based on
NHANES 1988-1994, and revealed that MAFLD could
identify CKD better than NAFLD.'” Hence, MAFLD
could give physicians more chance to intervene in the
disease earlier. However, this study by Sun et al was
conducted with out-of-date data. Herein, we conducted
a cross-sectional study based on latest NHANES data,
the NHANES 2017-2018, to explore the relationship
between MAFLD and CKD, thus reflecting real-world
data more accurately.

Methods
Study Population

The study population was extracted from the latest
National Health and Nutrition Examination Surveys
2017-2018 (NHANES 2017-2018), conducted by the
National Center for Health Statistics of the Centers for
Disease Control and Prevention of the United States.

Although the NHANES 1988-1994 is the most studied
database of NAFLD, the data are outdated — more than
20 years, a period during which the disease fingerprint has
changed greatly. The National Center for Health Statistics
Research Ethics Review Board approved the NHANES
protocol and informed consent was obtained from all sub-
jects. The datasets and further information on NHANES
are available at https://wwwn.cdc.gov/nchs/nhanes/.

Diagnostic Criteria

Based on the international expert consensus statement,
diagnosis of MAFLD is defined by liver steatosis diag-
nosed by ultrasound transient elastography and one of the
following conditions, namely overweight or obesity, type
2 diabetes mellitus and lean/normal weight complicated
with no less than two metabolic risk abnormalities.
Overweight or obesity is defined as body mass index
(BMI) >25 kg/m? in Caucasians or BMI >23 kg/m? in
Asians. Type 2 diabetes mellitus is defined according to
widely accepted international criteria. Metabolic risk
abnormalities are listed below, 1) waist circumference
>102/88 cm in Caucasian men and women (or >90/
80 cm in Asian men and women); 2) blood pressure
>130/85 mmHg or specific drug treatment; 3) plasma
triglycerides >150 mg/dl or specific drug treatment; 4)
plasma HDL-cholesterol <40 mg/dl for men and <50 mg/
dl for women or specific drug treatment; 5) prediabetes
(ie, fasting glucose levels 100 to 125 mg/dl, or 2-hour
post-load glucose levels 140 to 199 mg/dl or HbAlc
5.7% to 6.4%; 6) homeostasis model assessment of insu-
lin resistance score >2.5; 7) plasma high-sensitivity
C-reactive protein level >2 mg/L>.

In the NHANES database, steatosis was assessed by
liver ultrasound transient elastography, which was per-
formed by ultrasound and the vibration controlled transient
elastography. According to description by the NHANES
2017-2018 data
excluded if they 1) were unable to lie down on the exam

documentation, participants were
table, 2) were pregnant (or unsure if pregnant) at the time
of their exam, or urine could not be obtained to test for
pregnancy, 3) had an implanted electronic medical device,
or 4) were wearing a bandage or had lesions on the right
side of their abdomen by the ribs (where measurements
would be taken). We defined hepatic steatosis as median
FibroScan CAP>240 dB/m.

The evaluation of liver fibrosis score was calculated by
fibrosis 4 (FIB-4) score and NAFLD fibrosis score (NFS).

Their formulas are as follows, FIB-4= age (years)<AST
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(IU/L) /(PLT(10"9/L)x\N(ALT(IU/L))), NFS= -1.675+
0.037xage (years) + 0.094xBMI (kg/m?) +1.13ximpaired
fasting glucose /diabetes (yes = 1, no = 0) +0.99xAST/
ALT - 0.013x platelet (x10°/1) - 0.66xalbumin (g/dl). The
lower cutoff and the upper cutoff, for FIB-4 were 1.3 and
2.67, for NFS were —1.455 and 0.676, respectively. We
defined the severity of fibrosis as grade 1, grade 2 and
grade 3, according to the cutoff value.

The definition of CKD is either an estimated glomerular
filtration rate (eGFR) of <60 mL/min/1.73m?> or the pre-
sence of albuminuria. The calculation of eGFR is based on
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation (2009) for standardized creatinine.
The equation is eGFR = 141 + min (3%, l)a *
)_1'209 * 0.99348¢ % 1.108[if female] x 1.159
(Sc; (Serum creatinine)) = mg/dL, k=0.7 (females) or 0.9

(males), a = —0.329 (females) or —0.411 (males), min =
indicates the minimum of Sc,/k or 1, max = indicates the

max (SC" 1

K

maximum of Sc./k or 1, age = years).'® Albuminuria was
defined as urinary albumin-to-creatinine ratio (UACR)
>30mg/g. As described by NHANES 20172018, urinary
albumin was measured by solid-phase fluorescent immu-
noassay, urinary creatinine was measured by enzymatic
method.

Other Diagnostic Criteria

Hypertension was defined by physician diagnosis of
hypertension or the use of antihypertensive medications
or mean artery systolic pressure >140mmHg or diastolic
pressure >90mmHg. Diabetes mellitus was defined as
a physician diagnosis of diabetes or the use of antidiabetic
medications. The definition of hyperuricemia is based on
female >360umol/L, and male >420pmol/L.

Variables

From the dataset, we obtained the following data, 1)
demographic data: age in years at time of screening,
gender, race, pregnancy status, etc. 2) Body measure-
ment data: weight, standing height, waist circumfer-
3) Standard blood
biochemistry profile data: alanine aminotransferase
(ALT), albumin, globulin, alkaline phosphatase (ALP),

creatinine, calcium, potassium, osmolality, etc. Besides,

ence, hip circumference, etc.

we had collected data about various questionnaire data,
prescription data, laboratory data, and examination
data.

Statistical Analysis

We obtained the data from the website mentioned pre-
viously. Then we merged the data by the unique respon-
dent sequence number, using RStudio (Version 1.3.959).
The included subjects were divided into two groups: the
MAFLD group and non-MAFLD group. To balance the
confounding factors, we calculated propensity score
matching (PSM) using logistic regression model for the
following variables: gender, age, and race. The two groups
were matched 1:1 with a caliper of 0.02.

The continuous variables were compared using
Student’s r-test, and categorical variables using y* test.
Binary regression analysis was used to assess independent
risk factors. All tests were two-tailed and results with a p <
0.05 were considered statistically significant. All calcula-
tions were conducted by SPSS software (version 24.0,

IBM Corp., Armonk, NY, USA).

Results

Baseline Characteristics of Subjects

9254 subjects in total and 1526 (16.5%) CKD subjects
from the NHANES 2017-2018 dataset were included.
Among them, we excluded subjects who were aged less
than 20 years old, pregnant, lacked creatinine and liver
ultrasound transient elastography (Figure 1). A final 4869
subjects, of which 1032 (21.2%) subjects had been diag-
nosed with CKD, were included.

Demographic Characteristics’ Comparison Between
Subjects with or without MAFLD

The comparison between subjects before and after propensity
score matching (PSM) is displayed in Table 1. Before PSM,
the number of MAFLD subjects with CKD was 614 (22.2%)),
which was higher than that of non-MAFLD subjects (22.2%
vs 19.1, p=0.048). However, after PSM, the two groups
showed similar prevalence of CKD (MAFLD: 20.6% vs non-
MAFLD: 20.5%, p=0.969). Age, gender, and race showed
significant difference between subjects with or without
MAFLD before PSM, as shown in Table 1, and these
indexes became comparable after PSM. Concerning the diag-
nostic criteria of MAFLD, before PSM participants with
MAFLD tended to be overweight (95.1% vs 52.2%,
p<0.001), have hypertension (36.1% vs 25.1%, p<0.001)
and diabetes mellitus (24.1% vs 9.4%, p<0.001). After
PSM, compared with non-MAFLD subjects, MAFLD sub-
jects had a higher prevalence of being overweight (95.4% vs
52.7%, p<0.001), having hypertension (34.2% vs 26.5%,
p<0.001) and DM (20.3% vs 9.9%, p<0.001).
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9,254 subjects from the
NHANES 2017-2018 dataset

2,986 subjects without Liver Ultrasound

Transient Elastography

n = 6,268

1,339 subjects excluded:

1,079 subjects < 20years old

55 pregnant

272 subjects creatinine value not available
(including 7 who were pregnant)

n =4, 869

Figure | Flowchart of the included 4869 subjects from 9254 subjects in the NHANES 2017-2018 dataset.

Abbreviation: NHANES, National Health and Nutrition Examination Surveys.

Laboratory Data Comparison Between Subjects with
or without MAFLD

We collected subjects’ laboratory data, including hsCRP, crea-
tinine, ALT, GGT, ALP, HbAlc, HbAc, total cholesterol, TG,
LDL-C, uric acid, and urine albumin creatinine ratio.
According to the diagnostic criteria mentioned previously,
we presumed subjects with abnormal values could be diag-
nosed with hyperuricemia, hypercholesterolemia, hypertrigly-
ceridemia, low HDL level or albuminuria as shown in Table 1.
Before PSM, compared with non-MAFLD subjects, MAFLD
subjects showed higher prevalence ratio in CKD, albuminuria,
hyperuricemia, hypertriglyceridemia, low HDL-C level, GGT,
ALT, FIB-4 score >1.3, NFS score>-1.455, and higher value in
hsCRP, ALT, ALP, GGT, FIB-4 score, and NFS score. After
PSM, there were no significant differences of eGFR, gender,
race, hsCRP, ALT, and GGT levels between two groups.

Associated Factors of CKD in the
Univariate and Multivariate Binary
Regression Analysis After PSM

To investigate the independently associated factors of CKD
subjects, we performed univariate and multivariate binary

regression analysis in the subjects after PSM, as shown in
Table 2. Binary regression analysis was adjusted for age,
smoking history, overweight, hypertension, DM, hyperurice-
mia, hyperuricemia, hypertriglyceridemia, hsCRP, ALT, ALP,
FIB-4 score, and NFS score. The results showed that age
(OR: 1.05, 95% CI: 1.03~1.05, p<0.001), hypertension (OR:
1.66, 95% CI: 1.38~2.00, p<0.001), DM (OR: 2.21, 95% CI:
1.89~3.11, p<0.001), hyperuricemia (OR: 1.91, 95% CI:
1.55~2.36, p<0.001), ALP (OR: 1.00, 95% CI: 1.00~1.01,
p=0.010), and FIB-4 score (OR: 1.23, 95% CI: 1.05~1.01,
p=0.011) were independently associated with CKD.

We further investigated the composition of different
fibrosis scores of CKD and non-CKD subjects (Figure 2).
The percentages of grade 1 fibrosis evaluated by FIB-4 or
NFS, in non-CKD group were 76% and 60%, but in CKD
group the percentages were 45% and 25%, respectively.
The percentages of grade 2 fibrosis were 22% and 34% in
non-CKD group, 45% and 52% in CKD group. For grade
3 fibrosis, the percentages were 2% and 6% in non-CKD
group, 10% and 24% in CKD group. Thus, compared with
non-CKD subjects, CKD subjects had higher grade of
fibrosis, which is more obvious in grade 3 fibrosis.
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Table | Baseline Characteristics Before and After Propensity Score (PS) Matching
Before PSM After PSM
Non-MAFLD MAFLD p Non-MAFLD MAFLD p
(n=2104) (n=2765) (n=1983) (n=1983)

CKD n (%) 418 (19.9) 614 (22.2) 0.048 | 408 (20.6) 407 (20.5) 0.969
Albuminuria n (%) 242 (11.5) 427 (15.4) <0.001 | 233 (11.7) 289 (14.3) 0.016*
eGFR 107.7 (34.3) 76.8 (47.4) <0.001 | 100.1 (40.4) 103.0 (40.4) 0.085
Age, years ¥ + 5 495 (19.1) 53.4 (16.2) <0.001 | 50.8 (18.8) 51.1 (16.0) 0.636
Male n (%) 923 (43.9) 1442 (52.2) <0.001 | 1068 (46.1) 1028 (51.8) 0.203
Race n (%) <0.001 0.558

Mexican American n (%) | 209 (9.9) 456 (16.5) 209 (10.5) 241 (12.2)

Other Hispanic n (%) 176 (8.4) 289 (10.5) 176 (8.9) 175 (8.8)

Non-Hispanic White n (%) | 769 (36.5) 938 (33.9) 718 (36.2) 692 (34.9)

Non-Hispanic Black n (%) | 542 (25.8) 559 (20.2) 477 (24.1) 484 (24.4)

Non-Hispanic Asian n (%) | 296 (14.1) 384 (13.9) 295 (14.9) 274 (13.8)

Other Race n (%) 112 (5.3) 139 (5.0) 108 (5.4) 117 (5.9)
Overweight n (%) 1059 (52.2) 2630 (95.1) <0.001 | 1004 (52.7) 1892 (95.4) <0.001*
Smoking n (%) 870 (41.3) 1181 (42.7) 0340 | 823 (42.0) 834 (42.1) 0.949
Hypertension n (%) 529 (25.1) 998 (36.1) <0.001 | 524 (26.5) 679 (34.2) <0.001*
DM n (%) 198 (9.4) 593 (24.1) <0.001 | 196 (9.9) 403 (20.3) <0.001*
Hyperuricemia n (%) 291 (13.8) 686 (24.8) <0.001 | 280 (14.1) 496 (25.0) <0.001*
Hypertriglyceridemia n (%) 383 (18.2) 1241 (44.9) <0.001 | 382 (19.3) 859 (43.3) <0.001*
Low HDL-C n (%) 223 (10.6) 15 (0.5) <0.001 | 197 (9.9) Il (0.6) <0.001*
Creatinine, pmol/L X + s 80.3 (38.7) 80.6 (44.9) 0.805 | 81.1 (39.6) 79.7 (47.3) 0315
hsCRP, mg/L % = 5 3.4 (8.1) 48 (82) <0.001 | 3.4 (83) 5.1 (83) <0.001*
AT IUL X +s 18.8 (14) 25.0 (17.8) <0.001 | 21.6 (13.8) 223 (11.9) 0.085
ALP IU/L % s 77 (29.9) 81.7 (25.2) 0.005 | 77.6 (30.1) 82.0 (25.3) <0.001%*
GGT UL ¥+ 28.5 (50.1) 35.9 (42.6) <0.001 | 159.3 (35.4) 160.4 (34.8) 0.304
FIB-4 Score X + s 1.18 (0.88) 1.01 (1.01) 0215 | 1.06 (0.71) 1.2 (0.88) <0.001*
FIB-4 Category 0.009 <0.001*

FIB-4 < 1.3 1402 (66.9) 1914 (69.5) 1463 (74.0) 1284 (64.9)

1.3< FIB-4 < 2.67 596 (28.4) 751 (27.2) 495 (232) 595 (30.1)

FIB-4 > 2.67 100 (4.8) 88 (3.2) 55 (2.8) 99 (5.0)
NFS Score & s ~1.79 (1.54) ~1.01 (1.55) <0.001 | 1.7 (153) ~1.2(1.57) <0.001*
NFS Category <0.001 <0.001*

NFS < —1.455 1268 (62.7) 1165 (42.3) 1158 (60.9) 903 (45.7)

~1.455 < NFS < 0.676 617 (30.5) 1239 (45.0) 607 (31.9) 839 (42.2)

NFS = 0.676 136 (6.5) 349 (12.7) 136 (7.2) 235 (11.9)

Notes: *A significant difference between groups. Categorical values are shown as n (%). Continuous variables are shown as mean * standard deviation.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CKD, chronic kidney disease; DM,
diabetes mellitus; eGFR, estimated glomerular filtration rate; FIB-4, fibrosis-4; GGT, y-glutamyl transpeptidase; HDL-C, high-density lipoprotein cholesterol; hsCRP, high-

sensitivity C-reactive protein; NFS, NAFLD fibrosis score.
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Table 2 Univariate and Logistic Regression Analysis in Patients Based on the PSM
Non-CKD (n=3151) CKD (n=815) p value Odds Ratio (95% CI) p value

MAFLD 1576 (50.0) 407 (49.9) 0.969
Age ¥ +s 479 (16.5) 63.6 (15.3) <0.001 1.04 (1.03~1.05) <0.001%*
Male n (%) 1668 (52.9) 428 (52.5) 0.844
Overweight n (%) 2282 (73.5) 614 (78.4) 0.004 0.98 (0.77~1.25) 0.723
Smoking n (%) 1272 (40.4) 394 (48.3) <0.001 0.92 (0.77~1.10) 0.388
Hypertension n (%) 778 (24.7) 425 (52.1) <0.001 1.66 (1.38~2.00) <0.001*
DM n (%) 329 (10.4) 270 (33.1) <0.001 221 (1.89~3.11) <0.001*
Hyperuricemia n (%) 484 (15.4) 292 (35.8) <0.001 1.91 (1.55~2.36) <0.001*
Hypertriglyceridemia n (%) 939 (29.8) 302 (37.1) <0.001 0.83 (0.69~1.00) 0.055
Low HDL n (%) 159 (5.0) 49 (6.0) 0.270
High hsCRP n (%) 81.1 (39.6) 79.7 (47.3) 0315
ALT IlU/Lx £ 22.2 (15.9) 20.8 (17.0) 0.028 1.00 (1.00~1.00) 0.231
ALPIU/L x £ 78.2 (27.0) 85.8 (30.2) <0.001 1.00 (1.00~1.01) 0.010*
FIB-4 Score 1.0 (0.70) 1.6 (1.0) <0.001 123 (1.05~1.45) 0011
FIB-4 Category <0.001

FIB-4 < 1.3 2382 (75.8) 365 (44.8)

1.3< FIB-4 < 2.67 684 (21.8) 370 (45.5)

FIB-4 = 2.67 75 (2.4) 79 9.7)
NFS score ~1.7 (1.4) ~0.40 (1.6) <0.001 1.09 (0.98~1.20) 0.102
NFS Category <0.001

NFS < —1.455 1870 (60.7) 194 (24.4)

—1.455 < NFS < 0.676 1041 (33.6) 405 (51.8)

NFS = 0.676 185 (6.0) 186 (23.8)

Notes: *A significant difference between groups. Categorical values are shown as n (%). Continuous variables are shown as mean % standard deviation.
Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CKD, chronic kidney disease; DM,
diabetes mellitus; eGFR, estimated glomerular filtration rate; FIB-4, fibrosis-4; GGT, y-glutamyl transpeptidase; HDL-C, high-density lipoprotein cholesterol; hsCRP, high-
sensitivity C-reactive protein; NFS, NAFLD fibrosis score; PSM, propensity score matching.

Associated Factors of CKD in MAFLD Subjects
Complicated with DM

Associations Between CKD in Subjects with MAFLD
Complicated with DM

In subjects with MAFLD complicated with DM, age (OR:
1.06, 95% CI: 1.02~1.09, p<0.001), hypertension (OR: 1.78,
95% CI: 1.16~2.58, p=0.008), and hyperuricemia (OR: 2.08,
95% CI: 1.03~3.32, p=0.008) were independently associated
factors of CKD (Table 3). However, ALP, FIB-4 score, and
NFS score were not independently associated with CKD.

Associations Between CKD in DM Subjects without MAFLD
In subjects with DM without MAFLD, age (OR: 1.06,
95% CI: 1.02~1.09, p=0.002), hyperuricemia (OR: 3.52,

95% CI: 1.52~8.15, p=0.003), ALP (OR: 1.02, 95% CI:
1.00~1.03, p=0.014), and NFS score (OR: 1.51, 95% CI:
1.01~2.15, p=0.022) were independently associated factors
of CKD (Table 4). However, hypertension and FIB-4 were
not independently associated with CKD (Table 4).

Associations Between CKD in MAFLD Subjects without DM
In subjects with MAFLD without DM, age (OR: 1.02, 95%
CI: 1.01~1.04, p=0.002), hypertension (OR: 2.01, 95%
CI: 1.54~2.86, p<0.01), hyperuricemia (OR: 2.25, 95% CI:
1.30~3.07, p<0.001), and ALP (OR: 1.01, 95% CI:
1.00~1.01, p=0.021) were independently associated factors
of CKD (Table 4). However, FIB-4 score and NFS score
were not independently associated with CKD (Table 5).
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Figure 2 Fibrosis classification based on FIB-4 or NFS scores in CKD and non-CKD subjects.
Abbreviations: CKD, chronic kidney disease; FIB-4, fibrosis-4; NFS, NAFLD fibrosis score.

Discussion

In this cross-sectional study, a total of 4869 subjects and
1032 (21.2%) CKD subjects meeting the inclusion cri-
teria from the NHANES 2017-2018 dataset were
included. Our results showed that the MAFLD group
had higher prevalence of CKD than non-MAFLD group
(22.2% vs 19.1%, p=0.048) before PSM. However, after
PSM by age, gender, and race, the prevalence of CKD
between MAFLD group and non-MAFLD group was
similar. The logistic analysis showed that the comorbid-
ities of MAFLD including hypertension and diabetes
mellitus were independently associated with CKD,
while MAFLD was not independently associated with
CKD. Meanwhile, apart from comorbidities of MAFLD,
age, hyperuricemia, and FIB-4 score were independently

Table 3 Associations Between CKD in Subjects with MAFLD
Comeplicated with DM

associated with CKD. Then, we analyzed subjects diag-
nosed with either or both DM and MAFLD and found that
age and hyperuricemia were independent risk factors for

Table 4 Associations Between CKD in DM Subjects Not
Complicated with MAFLD

p-value Odds Ratio (95% CI)
Age 0.002%* 1.06 (1.02~1.09)
Hypertension 0.310 1.45 (0.71~2.95)
Hyperuricemia 0.003* 3.52 (1.52~8.15)
ALP 0.014%* 1.02 (1.00~1.03)
FIB-4 Score 0.264 0.79 (0.52~1.19)
NFS Score 0.022 1.51 (1.01~2.15)

Note: *A significant difference between groups.
Abbreviations: MAFLD, metabolic associated fatty liver disease; ALP, alkaline
phosphatase; FIB-4, fibrosis-4; NFS, NAFLD fibrosis score.

Table 5 Associations Between CKD in Subjects with MAFLD
Not Complicated with DM

p-value Odds Ratio (95% CI) p-value Odds Ratio (95% CI)
Age <0.001* 1.04 (1.02~1.07) Age 0.002%* 1.02 (1.01~1.04)
Hypertension 0.008* 1.78 (1.16~2.58) Hypertension <0.001 2.01 (1.54~2.86)
Hyperuricemia 0.002* 2.08 (1.30~3.32) Hyperuricemia <0.001* 2.25 (1.30~3.07)
ALP 0.138 1.0l (1.00, 1.01) ALP 0.021* 1.01 (1.00, 1.01)
FIB-4 Score 0.985 1.00 (0.77~1.29) FIB-4 Score 0.060 1.00 (0.77~1.29)
NFS Score 0.357 1.10 (0.90~1.36) NFS Score 0.494 1.05 (0.91~1.21)

Note: *A significant difference between groups.
Abbreviations: MAFLD, metabolic associated fatty liver disease; ALP, alkaline
phosphatase; FIB-4, fibrosis-4; NFS, NAFLD fibrosis score.

Note: *A significant difference between groups.
Abbreviations: MAFLD, metabolic associated fatty liver disease; ALP, alkaline
phosphatase; FIB-4, fibrosis-4; NFS, NAFLD fibrosis score.
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all subgroups. Further investigation revealed that hyper-
uricemia had highest odds ratio in all the three groups,
with odds ratio>2.00. Especially, in the DM without
MAFLD group, the odds
reached 3.52.

MAFLD is a novel concept purposed by an authorized

ratio of hyperuricemia

international expert consensus statement,” and a real world
analysis indicated that MAFLD is more practical for iden-
tifying disease progression than NAFLD.'® The major
advantage of nomenclature of MAFLD is the connection
between known metabolic dysfunction factors and liver
fibrosis. The emphasis on metabolic dysfunction could
facilitate patient-physician communication and shared
decision-making, increase disease awareness, lead to
more efficient and effective therapy development.'”
However, in clinical practice, we cannot ignore the etiol-
ogies of liver fibrosis of MAFLD, such as alcohol con-
sumption, autoimmune liver disease, which could be
critical for treatment.

Numerous studies have investigated the relationship
between CKD and NAFLD. They concluded that
NAFLD could be a driving factor for the development
and progression of CKD.” The underlying mechanisms
include type 2 DM, metabolic syndrome, intestinal
dysbiosis, visceral adipose dysfunction, platelet activa-
tion et al.” In this study, we revealed that MAFLD was
not independently associated with CKD after correcting
for age, sex and race, which was different from the
study by Sun et al.'” Hence, more prospective multi-
center studies based on larger sample size should be
conducted in this field.

Diabetes has become the leading etiology of CKD and
end-stage kidney disease, especially in the developed coun-
tries and some developing countries. 20~40% of patients
with diabetes are complicated with CKD, which constitutes
20~30% of all CKD patients.®*°* However, in a cross-
sectional study based on 4637 Japanese individuals, dia-
betes was not an independent risk factor for CKD among
NAFLD and non-NAFLD patients, which may be due to the
limitation of sample size.'> What is more, another study of
NHANES 1988-1994 dataset indicated that diabetes was
not associated with CKD in NAFLD populations. The rea-
son might be that diagnosis of NAFLD is mainly dependent
on metabolic abnormalities and those abnormalities cannot
alleviate the risk of diabetes.'> Hence, more epidemiologi-
cal research and longitudinal studies are still needed to
investigate the association between diabetes mellitus in
MAFLD and CKD.

Uric acid has been suggested as a risk factor for var-
ious diseases, including cardio-cerebrovascular diseases,
CKD, hypertension, insulin resistance, etc.”>~* In this
study, hyperuricemia is another independently associated
factor for CKD. Though the relationship between hyper-
uricemia and CKD was controversial in the past, the
positive relationship has been verified in recent studies
and recognized in the guidelines and consensus.''?
Studies have shown that hyperuricemia could promote
the development of NAFLD, and increase the risk of
developing CKD in those NAFLD patients.”**’ In our
study, odds ratio (for CKD) of hyperuricemia was highest
in all the subgroups analysis, and reached 3.52 in DM
without MAFLD subjects. In a Korean cohort study for
outcomes in patients with chronic kidney disease (KNOW-
CKD), Oh et al found that hyperuricemia was an indepen-
dent risk factor for CKD, and the hazard ratio reached
3.590,% which was similar to our study.

Hypertension is another concerning public health pro-
blem, which is an independently associated factor for
CKD in all investigated subjects, but not in sub-group of
DM subjects without MAFLD. As hypertension is
a common disease affecting almost all human systems,

and a leading cause of CKD,**

the risk in the subgroup
might have been eliminated by other factors, such as
diabetes, hyperuricemia, being overweight.

Aging is a common risk factor for multi-systemic and
multi-organ diseases, including CKD, which has become
a public health problem, especially in developed countries.
In a 2019 survey by the United States Centers for Disease
Control and Prevention, it is reported that incidence of
CKD in people aged no less than 65 years was 38%,
while in people between 45-64 it was 13%, and between
18-44 years it was 7%.""'

Although triglycerides and HDL cholesterol are diag-
nostic parameters in the diagnosis of MAFLD, they did not
increase the risk of developing CKD in this study. In fact,
research on dyslipidemia and progression of CKD mainly
focused on children for the development of obesity related
nephropathy.’® However, this study only enrolled subjects
over 20 years old, and might have missed some data on
this part.

FIB-4 and NFS are accepted methods for the estima-
tion of advanced fibrosis as recommended in the major
guidelines.** However, the accuracy of the two scores
can be affected by other confounding factors, such as age
and BMI.>**7 In this study, we found that percentage of
grade 2 or 3 liver fibrosis estimated FIB-4 and NFS was
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higher in the CKD subjects, especially grade 3. The per-
centage of FIB-4 and NFS estimated grade 3 in CKD
group was quintupled and quadrupled compared to the
non-CKD group. In the data after PSM, FIB-4 score was
independently associated with CKD (OR: 1.23, 95% CI:
1.05~1.45, p=0.011), but the NFS score was not. However,
in the subgroup analysis, NFS score was only indepen-
dently associated with CKD in the DM subjects without
MAFLD (OR: 1.51, 95% CI: 1.01~2.15, p=0.011), and
FIB-4 was not independently associated with CKD in all
subgroups. The study conducted by Sun et al, based on
NHANES 1III, found that MAFLD with
advanced fibrosis scores was associated with higher risk

increased

of CKD and albuminuria.'” The difference between our
study and the study by Sun et al might be the different
datasets, which needs further investigation.

The limitations of this study are obvious, including the
following: firstly, it is a cross-sectional study which means
we lack follow-up, hence the 3 months’ renal abnormalities
required for the diagnosis of CKD were not available. But
the
Meanwhile, NHANES is an important epidemiological

results were consistent with CKD prevalence.
investigation database. Hence, the results were still reliable
and could be justified. Secondly, due to the limitation of
NHANES 2017-2018 datasets, parts of diagnostic para-
meters of MAFLD involving metabolic risk abnormalities
are lacking, such as insulin resistance score, 2-hour post-
load glucose level and types of DM. This might be the flaws
of the datasets, but the datasets provide large sample size
which could compensate for those drawbacks. Thirdly, the
diagnosis of hepatic steatosis in adults was based on liver
ultrasound transient elastography, which has been proven to
have high specificity and sensitivity, but liver biopsy is the
gold standard. Lastly, the risk factors for CKD could be
numerous, such as social status, alcohol drinking, insomnia,
dementia, but due to the limitation of the dataset we have
not used those factors in this study.

Conclusion

Although MAFLD was not independently associated with
CKD in our study, age, hypertension, DM, hyperuricemia,
ALP, and FIB-4 score were independently associated with
CKD. In subgroups analysis of subjects diagnosed with
either or both DM and MAFLD, age and hyperuricemia
were independently associated factors for CKD in all sub-
groups. These results indicate that in clinical practice, we
should scrutinize the risk factors of CKD such as hyper-

uricemia and diabetes for patients diagnosed with

MAFLD, especially in the elderly population. Future
large prospective studies should focus on this field to
validate the relationship between MAFLD and CKD.
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