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and risk of chronic kidney disease:
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Abstract

Objective: The aim of this study was to evaluate the association between nonalcoholic fatty
liver disease (NAFLD) and NAFLD with different comorbidities and risk of chronic kidney

disease (CKD) and abnormal albuminuria.

Materials and Methods: A total of 3872 Chinese individuals excluding those with hepatitis B
or C infection and absence of alcohol abuse were included in the study. NAFLD was diagnosed
by abdominal ultrasonography. The liver fibrosis was assessed by NAFLD fibrosis score

(NFS) and fibrosis-4 index (FIB-4). CKD was defined as an estimated glomerular filtration

rate (eGFR] < 60ml/min/1.73 m? and/or abnormal albuminuria (urinary albumin-to-
creatinine ratio =3 mg/mmol). The logistic regression analysis was performed to examine the
association between NAFLD and NAFLD with different comorbidities and risk of CKD.

Results: The prevalence of CKD and abnormal albuminuria was higher in individuals with
NAFLD than in those without NAFLD (15.8% vs 11.9%, p <0.001; 14.8% vs 11.0%, p <0.001).
Logistic regression analysis demonstrated that NAFLD was risk factor of CKD. Notably, after
adjustment for sex, age, and DM, NAFLD was associated with 1.31-fold higher risk of prevalent
CKD =1 (p<0.05). NAFLD individuals with elder age, DM, obesity, hypertension, MetS, and
advanced liver fibrosis had higher risks of both prevalent CKD and abnormal albuminuria than

those without comorbidities.

Conclusions: NAFLD and NAFLD with traditional comorbidities are strongly associated with
risk of prevalence of CKD and abnormal albuminuria. Patients with NAFLD especially those
with coexisting comorbidities were recommended to carefully access the development of CKD.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is one
of the most common chronic liver diseases! and
has become a worldwide health burden over the
past two decades. The prevalence of NAFLD has
been reported to be approximately 25% in the
general population, and it appears to be rapidly
increasing, with an estimated 3.6million new
cases annually.? NAFLD includes a broad range
of disease spectrum, such as simple hepatic stea-
tosis and nonalcoholic steatohepatitis (NASH),
which with time can progress to cirrhosis, end-
stage liver disease, hepatocellular carcinoma

(HCCQ), or the need for a liver transplant.? Studies
have demonstrated that NAFLD not only leads to
end-stage liver disease but is also strongly associ-
ated with extrahepatic diseases, such as obesity,
diabetes, dyslipidemia, and hypertension.*

The known risk factors for NAFLD are strongly
similar to those of chronic kidney disease (CKD).
CKD was defined by a low serum creatinine-
based estimated glomerular filtration rate
(eGFR) and/or raised urinary albumin measured
by the wurinary albumin-to-creatinine ratio
(ACR).> The prevalence of CKD is estimated to
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be 9.1% in the global population, which amounts
to approximately 700 million cases and brings
heavy health burden and socioeconomic costs.®
Some studies reported that the prevalence and
incidence risk of CKD were significantly
increased among NAFLD patients compared
with those without NAFLD.”® Furthermore,
CKD is independently associated with an
increased overall mortality among patients with
NAFLD.° One study analyzed the United
Network Organ Sharing (UNOS) database dur-
ing the years 2002-2011 and showed that up to
35% of patients transplanted for NAFLD-
related cirrhosis progressed to stage 3b-4 CKD
within 2 years after liver transplantation, com-
pared with 10% of patients transplanted for
other etiologies.!® As NAFLD-related cirrhosis
and HCC increase, the incidence of simultane-
ous liver-kidney transplantation has increased
remarkably in recent years.!1:12 NAFLD is an
emerging risk factor for renal dysfunction, unlike
other etiologies of cirrhosis. Early recognition
and interventions for CKD among NAFLD
patients to reduce the staggering cost of CKD
and related hospitalizations is a global priority.
Unfortunately, the impact of NAFLD on the
risk of CKD is often unrecognized and requires
further study.

The aim of this study was to evaluate the preva-
lence of CKD in a unique cohort of Chinese indi-
viduals, who attend physical examination in a
physical examination center and identify the asso-
ciation between NAFLD, especially in those with
different comorbidities, and risk of CKD.

Methods

Study population

This was a single-center cross-sectional general
population survey from a physical examination
center in Beijing, China, between 1 January 2018
and 31 December 2018. Individuals above the
age of 18years who visited the center for annual
physical examination were included. Individuals
with a history of hepatitis B surface antigen or
hepatitis C antibody positivity, excessive alcohol
consumption (=30g/day in men and =20g/day
in women), drug-induced liver disease, decom-
pensated liver cirrhosis, active malignancy, or had
missing important clinical and laboratory data or

urinary albumin-to-creatinine ratio (ACR) were
excluded from the analyses.

Sample size calculation and justification

Different sample sizes can be calculated based on
the different prevalence of CKD. Here, the sample
size was determined based on the overall prevalence
of CKD in China.!? Using Formula: n=4pq/d?;
p=10% that is, 0.1; ¢g=1-0.1 = 0.9; d = allowable
error; d=0.020; n=4X0.1X0.9/0.022 = 900.
Considering 15% of missing data or refusal, the jus-
tified sample size was 1035.

Data collection

The data were obtained from electronic medical
records (EMRs), including demographic charac-
teristics, past medical history, drug history, physi-
cal assessments (including weight, height, waist
circumference, and sitting blood pressure), labo-
ratory parameters, and liver ultrasonography.

A total of 3872 eligible individuals were included
in the final data analysis. Written informed con-
sent was obtained from each participant prior to
the data collection. The study was approved by
the Institutional Review Board of Beijing Ditan
Hospital, Capital Medical University, Beijing
(approval number: 2018-047-08).

Body mass index (BMI) is calculated as weight
in kilograms divided by height in meters squared.
Obesity was defined as a BMI of =28kg/m?2.
Diabetes mellitus (DM) was defined as a fasting
plasma glucose level of =7.0 mmol/LL or hemo-
globin Alc=6.5%, or prescription of antidia-
betic drugs. Hypertension was defined as systolic
blood pressure (SBP)=130mmHg, diastolic
blood pressure (DBP) = 85 mmHg, or prescrip-
tion of antihypertensive drugs. Metabolic syn-
drome (MetS) was defined according to
the National Cholesterol Education Program
ATP III criteria as the presence of any three
or more of the following metabolic conditions:
(1) abdominal obesity, waist circumfer-
ence = 102cm in men and = 88 cm in women;
(2) serum triglycerides (TG) = 150mg/dL
(1.7mmol/L) or drug treatment for elevated tri-
glycerides; (3) serum high-density lipoprotein
cholesterol <40mg/dL (1.0mmol/L) in men
and <50mg/dL (1.3 mmol/L) in women or drug
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treatment for low high-density lipoprotein
cholesterol; (4) blood pressure = 130/85 mmHg
or drug treatment for elevated blood pressure;
(5) fasting plasma glucose = 100 mg/dL
(5.6 mmol/L) or drug treatment for elevated
blood glucose.!4

Diagnostic criteria of NAFLD

Fatty liver was defined using liver ultrasonography.
Participants with other secondary causes of chronic
liver disease were excluded, as described in the
exclusion criteria. NAFLD was diagnosed based
on evidence of fatty liver on ultrasonography.

The severity of liver fibrosis was assessed non-
invasively using the NAFLD fibrosis score (NFS)
and fibrosis 4 (FIB-4) score. The NFS was calcu-
lated as: —1.675 + 0.037 X age (years) +
0.094 X BMI (kg/m2) + 1.13 Ximpaired fasting
glucose/diabetes (yes = 1, no = 0) + 0.99 X
AST/ALT ratio — 0.013 X platelet count (X10°
/L) — 0.66 X albumin (g/dL). The FIB-4 score
was calculated according to the following for-
mula: age X AST (IU/L) / [platelet count (X10°
/L) XALT (IU/L)Y2]. The lower and upper cut-
offs for NFS were —1.455 and 0.676, respectively,
and those for FIB-4 were 1.3 and 2.67, respec-
tively.15 A score below the lower cutoff was used
to exclude advanced fibrosis, while a score above
the upper cutoff was indicative of advanced
fibrosis.

Assessment of chronic kidney disease

The estimated glomerular filtration rate (eGFR)
was calculated using the Modification of Diet in
Renal Disease (MDRD) equation as follows:
eGFR = 186 X [serum creatinine (mg/
dL)]"1154X  [age (years)]™0203 X (0.742 if
female).1® CKD was defined as eGFR < 60mL/
min/1.73 m? and/or urinary albumin-to-creati-
nine ratio (ACR) = 3 mg/mmol.!” Stages of CKD
were defined according to the Kidney Disease:
Improving Global Outcomes (KDIGO) guide-
lines: stage 1, urinary albumin-to-creatinine ratio
(ACR) = 3mg/mmol with eGFR = 90mL/
min/1.73 m?; stage 2, ACR = 3mg/mmol with
eGFR of 60-89 mL/min/1.73 m?; stage 3, eGFR
of 30-59mL/min/1.73 m? (with or without
ACR = 3mg/mmol); stage 4, eGFR of 15—
29 ml/min/1.73 m?2; and stage 5, eGFR<15mL/
min/1.73 m2. Abnormal albuminuria was defined
as ACR = 3mg/mmol.!7

Statistical analysis

Data are presented as mean * standard deviation
(SD), median (interquartile range, IQR), counts,
or percentages (%) as appropriate. The normality
of the samples was assessed using SPSS. The
Kolmogorov—Smirnov test and Q-Q plot were
used for this analysis. Continuous data were com-
pared using an independent Student’s 7 test or
Mann—Whitney U test for groups without normal
distributions. Categorical variables were compared
using the chi-square test or Fisher’s exact test as
appropriate. Univariate analysis was performed
using Cox proportional hazard analysis to identify
the independent parameters of CKD or ACR.
Odds ratios (ORs) and 95% confidence intervals
(CIs) were calculated. In addition, stratified analy-
ses to evaluate whether the association of NAFLD
with CKD or NAFLD with ACR differed between
subgroups defined by sex, age (<60 or = 60years),
DM, obesity (BMI<28, =28kg/m?), hyperten-
sion, and MetS was performed. Statistical signifi-
cance was set at p<<0.05. All statistical analyses
were carried out using SPSS (version 16.0; IBM,
NY, USA), or R software (version 3.3.2; R
Development Core Team, Austria).

Results

Clinical characteristics of the study population
The demographic and clinical characteristics of the
study population are shown in Table 1. There were
1967 subjects without NAFLD and 1905 subjects
with NAFLD. The mean age was 60.0years. The
mean eGFR was 91.9mI/min/1.73 m2. The preva-
lence of NAFLD was 49.2%. Compared with
subjects without NAFLD, those with NAFLD
were more likely to be male, and have a higher
BMI, longer waist, DM, hypertension, and MetS.
Similarly, uric acid, urinary ACR, alanine ami-
notransferase (ALT), aspartate aminotransferase
(AST), serum alkaline phosphatase (ALP), gamma-
glutamyl transferase (GGT), albumin, glycosylated
hemoglobin (HbAlc), fasting plasma glucose
(FPGQG), total cholesterol (TC), triglyceride (TG),
high-density lipoprotein cholesterol (HDIL-C), and
platelet count were significantly higher in subjects
with NAFLD than in those without.

NAFLD and the prevalence of CKD or the

presence of abnormal albuminuria

The prevalence of CKD and the presence of
abnormal albuminuria are shown in Figure 1.
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Table 1. Demographic and clinical characteristics of the study population.

Characteristics Overall Non-NAFLD NAFLD p value
(n=3872) (n=1967) (n=1905)
Age (years) 60+10 60+ 11 60+10 0.050
Male (%) 2958 (76.4) 1396 (71.0) 1562 (82.0) <0.001
BMI (kg/m?) 25.6+3.0 262+26 27.0+2.8 <0.001
Waist (cm) 88.1+9.2 84.0+8.3 92.4+8.1 <0.001
Diabetes (%) 908 (23.5) 346 (17.6) 561 (29.4) <0.001
Hypertension (%) 1889 (48.8) 796 (40.5) 1093 (57.4) <0.001
Metabolic syndrome (%) 645 (16.7) 124 (6.3) 521 (27.3) <0.001
BUN (mmol/L) 5.6+ 1.4 5.6+ 1.5 5.6+ 1.4 0.423
Creatinine (umol/L) 83.8+21.2 83.3+255 84.3+15.3 0.122
Uric acid (umol/L) 348.7+76.8 337.7+78.2 382.0+80.7 <0.001
eGFR (mL/min/1.73 m)2  91.9+165 91.9+16.9 91.9+16.0 0.858
Urinary ACR (mg/mmol)  0.53(0.29,1.38) 0.48 (0.28,1.15) 0.58 (0.31,1.60) <0.001
ALT (U/L) 24.0(22.0, 28.0) 24.0(22.0,27.0) 26.0(22.0,30.0) <0.001
AST (U/L) 18.0 (13.0,24.0) 16.0(13.0,21.0) 22.0(17.0,29.0) <0.001
TBiL (umol/L) 11.2 (8.8,14.6) 11.5(9.0,15.1) 11.9 (9.3,15.3) 0.028
ALP (U/L) 66.0 (56.0,77.5) 66.0(55.0,77.0) 68.0 (58.0,81.0) <0.001
GGT (U/L) 25.0(18.0,37.0) 20.0(15.0,29.0) 30.0 (22.0,44.0) <0.001
LDH (U/L) 177.0 (159.0,196.0) 181.0 (168.0,186.0) 178.0 (161.0,197.0) 0.528
Albumin (g/L) 45.4+2.4 452+2.4 45.7+2.4 <0.001
HbA1c (%) 6.05+0.83 5.93+0.72 6.18+0.90 <0.001
FPG (mmol/L) 5.64+1.41 5.37 +1.23 5.92+1.52 <0.001
TC (mmol/L) 4.55+0.93 4.49+0.89 4.53+0.93 0.228
TG (mmol/L) 1.33(0.96,1.87) 1.09 (0.82,1.47) 1.63(1.22,2.26) <0.001
HDL-C (mmol/L) 1.34+0.37 1.46+0.39 1.22+0.29 <0.001
LDL-C (mmol/L) 2.96 +0.85 2.95+0.83 2.97+0.86 0.414
Platelet count (*107/L) 228.7+51.1 226.0+53.6 231.6 +53.4 <0.001

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index;
BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; FPG, fast plasma glucose; GGT, y-glutamyl
transpeptidase; HbA1c, hemoglobin Alc; HDL-C, high density lipoprotein- cholesterol; LDH, lactate dehydrogenase;
LDL-C, low density lipoprotein-cholesterol; NAFLD, nonalcoholic fatty liver disease; Thil, total bilirubin; TC, total

cholesterol; TG, triglycerides; URINARY ACR, urinary albumin/creatinine ratio.
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(b) the presence of abnormal albuminuria
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Figure 1. Comparison of prevalence of CKD (panel a) and presence of abnormal albuminuria (panel b)
between subjects with non-NAFLD, NAFLD, and NAFLD with difference comorbidities.
*p<0.05; **p<0.01; ***p<0.001. #p <0.05; ##p<0.01; ###p < 0.001.

*Value of p for non-NAFLD comparison.
#Value of p for NAFLD comparison.

The prevalence of CKD was higher in subjects
with NAFLD than in those without NAFLD
(15.8% vs 11.9%, p<<0.001). In addition, com-
pared with non-NAFLD subjects, the prevalence
of CKD was significantly higher in NAFLD with
DM, hypertension, and MetS (25.5%, 21.0%,
and 25.0%, respectively; all p<<0.001). There
was no significant difference in the prevalence of
CKD between NAFLD with obesity and NAFLD
subjects (15.8% vs 19.1%, p=0.068). Similarly,
the presence of abnormal albuminuria was higher
in subjects with NAFLD than in those without
NAFLD (11.0% vs 14.8%, p<<0.001). Compared
with non-NAFLD subjects, the presence of
abnormal albuminuria was significantly higher in
NAFLD with DM, hypertension, and MetS
(23.5%, 19.3%, and 23.2%, respectively; all
p<0.01). There was no significant difference in
the presence of abnormal albuminuria between
NAFLD with obesity and NAFLD subjects
(14.8% vs 18.0%, p=0.081). Subjects with
NAFLD and DM had the highest prevalence of
both CKD and abnormal albuminuria among
subjects with NAFLD and comorbidities.

Different groups of subjects with NAFLD and

CKD stages or abnormal albuminuria

The comparisons of CKD stage and abnormal
albuminuria between the non-NAFLD group
and different groups of subjects with NAFLD
are illustrated in Table 2. The stages of CKD

and abnormal albuminuria were significantly
different between subjects with and without
NAFLD. The NAFLD population was more
likely to have CKD 3-5 stage and levels of
abnormal albuminuria. In particular, the more
advanced CKD stage and increased rate of
abnormal albuminuria were more likely to be
observed in NAFLD subjects older than 60 years
of age, with DM, obesity, hypertension, and
MetS.

Risk of prevalent CKD and abnormal

albuminuria according to logistic regression
analysis

Univariate logistic regression analysis was used to
further understand the association between
NAFLD and kidney damage. As shown in Table 3,
the unadjusted OR for prevalent CKD stage = 1
was 1.39 (95% CI = 1.16-1.67). After adjustment
for age and sex, the OR for prevalent CKD
stage = 1 was 1.46 (95% CI = 1.21-1.76). After
adjustment for age, sex, and DM, the OR for prev-
alent of CKD stage = 1 remained statistically sig-
nificant (all p<<0.05). Similarly, there was a
significant association between NAFLD and albu-
minuria. Notably, after adjustment for age, sex,
and DM, the OR for the presence of abnormal
albuminuria remained statistically significant
(all p<0.05). Conversely, for prevalent CKD
stage = 3, no significant association was observed.
Compared with NAFLD subjects without
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Table 2. Comparison of CKD stages and abnormal albuminuria between different groups of subjects with

NAFLD."
Characteristics CKD stages ACR = 3mg/
No CKD CKD 1-2 CKD 3-5 mmol (%]
Non-NAFLD 1733 (88.1) 192 (9.8 42(2.1) 217 (11.0)
NAFLD 1604 (84.2) 263 (13.8) 38 (2.0) 281(14.8)
p value <0.001 <0.001
NAFLD (Male) 1326 (84.9) 203 (13.0) 33(2.1) 220 (14.1)
NAFLD (Female) 278 (81.0) 60 (17.5) 5(1.5) 61(17.8)
p value 0.074 0.080
NAFLD (age < 60) 820 (88.5) 103 (11.1) 4(0.4) 105 (11.3)
NAFLD (age = 60) 784 (80.2) 160 (16.4) 34 (3.4) 176 (18.0)
p value <0.001 <0.001
NAFLD without DM 1186 (88.2) 142 (10.6) 16 (1.2) 149 (11.1)
NAFLD with DM 418 (74.5) 121(21.6) 22(3.9) 132(23.5)
p value <0.001 <0.001
NAFLD without obesity 1160 (85.5) 173 (12.8) 23(1.7) 182 (13.4)
NAFLD with obesity 444 (80.9) 90 (16.4) 15 (3.7) 99 (18.0)
p value 0.032 0.010
NAFLD without hypertension 740 (91.1) 70 (8.6) 2(0.3) 70 (8.6)
NAFLD with hypertension 864 (79.0) 193(17.7) 36 (3.3) 211(19.3)
p value <0.001 <0.001
NAFLD without metabolic syndrome 1213 (87.6) 152 (11.0) 19 (1.4) 160 (11.6)
NAFLD with metabolic syndrome 391 (75.1) 111 (21.3) 19 (3.6) 121(23.2)
p value <0.001 <0.001

ACR, albumin/creatinine ratio; CKD, chronic kidney disease; DM, diabetes mellitus; NAFLD, nonalcoholic fatty liver

disease.

comorbidities, those with NAFLD and age more
than 60years, with DM, obesity, hypertension, and
MetS had a higher prevalence of CKD stage = 1
and increased wurinary albumin excretion (all
$<<0.05). Similarly, NAFLD subjects older than
60years of age, with DM, hypertension, and MetS
had a higher prevalence of CKD stage = 3 (all
$<<0.05).

Subgroup analysis of NAFLD with increased
prevalence of CKD and presence of abnormal
albuminuria

As shown in Figures 2 and 3, the association
between NAFLD and CKD or abnormal albumi-
nuria was evaluated in different subgroups. A pos-
itive association between NAFLD and CKD or
abnormal albuminuria was consistent in different
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Table 3. Associations of NAFLD and NAFLD with comorbidities with CKD (defined as either CKD stage = 1 or CKD stage = 3] and

abnormal albuminuria (defined as ACR = 3mg/mmol]."”

Variables CKD =1 CKD =3 ACR = 3 mg/mmol
OR (95% CI) pvalue OR(95% Cl) pvalue OR(95% CI) p value
NAFLD 1.39(1.16-1.67)  <0.001 1.07 (0.69-1.67) 0.759  1.40(1.15-1.69) 0.001
NAFLD (adjusted for age, sex) 1.46 (1.21-1.76)  <0.001 1.06 (0.67-1.67) 0.798  1.45(1.20-1.76) <0.001
NAFLD (adjusted for age, sex, DM)  1.31(1.08-1.58) 0.006  0.98(0.62-1.55) 0.937  1.30(1.07-1.58) 0.010
Sex
NAFLD (Male) 1.31(0.97-1.78) 0.078 1.46 (0.57-3.77) 0.435  1.32(0.97-1.80) 0.081
NAFLD (Female) Reference
Age
NAFLD (age = 60) 1.90 (1.47-2.45)  <0.001  8.31(2.94-23.51) <0.001  1.72(1.32-2.23)  <0.001
NAFLD (age < 60) Reference
DM
NAFLD with DM 2.57 (2.00-3.31)  <0.001 3.39 (1.77-6.50) <0.001 2.47(1.91-3.20) <0.001
NAFLD without DM Reference
Obesity
NAFLD with obesity 1.40 (1.08-1.82) 0.012 1.63 (0.84-3.14) 0.147  1.42(1.09-1.86) 0.010
NAFLD without obesity Reference
Hypertension
NAFLD with hypertension 2.72(2.05-3.61)  <0.001 13.79 (3.31-57.45) <0.001 2.54(1.90-3.38) <0.001
NAFLD without hypertension Reference
Metabolic syndrome
NAFLD with MetS 2.36 (1.83-3.04)  <0.001 2.72 (1.43-5.18) 0.002  2.31(1.78-3.01) 0.001
NAFLD without MetS Reference

ACR, albumin/creatinine ratio; 95% Cl, 95% confidence interval; CKD, chronic kidney disease; DM, diabetic mellitus; NAFLD, nonalcoholic fatty liver
disease; MetS, metabolic syndrome; OR, odds ratios.

abnormal albuminuria gradually increased in
accordance with the severity of NAFLD.

subgroups, except for sex subgroups (all p values
for interaction>0.10).

As shown in Table 4, the unadjusted ORs of prev-
alent of CKD stage = 1 or CKD stage = 3 or
abnormal albuminuria for NAFLD severity
assessed by NFS or FIB-4 scores were statistically
significant (all p<0.05). After adjustment for age

NAFLD severity and risk of prevalent CKD and
presence of abnormal albuminuria

As shown in Figure 4, the prevalence of CKD
stage = 1 or CKD stage = 3 and the presence of
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Subgroup Odds Ratio (95%Cl) P for interaction
All patients 1.390 (1.156-1.670) -

Sex 0.008
Male 1.21(0.982-1.492) -l

Female 2.194 (1.489-3.232) —a—

Age 0.684
More than 60 yr 1.37 (1.087-1.725) —i—

less than 60 yr 1.484 (1.088-2.024) ——

DM 0.668
Yes 1.156 (0.844-1.584) ——

No 1.26 (0.997-1.593) il

Obesity 0.942
Yes 1.307 (0.767-2.227) ——

No 1.279 (1.039-1.575) —l—

Hypertension 0.943
Yes 1.18 (0.936-1.487) i

No 1.197 (0.865-1.658) i—

Metabolic Syndrome 0.897
Yes 1.089 (0.687-1.727) '—r—'

No 1.126 (0.907-1.398) il

Odds Ratios for Chronic Kidney Disease

Figure 2. Odds ratios for prevalent CKD comparing participants with NAFLD with those without NAFLD in
different subgroups.

Subgroup Odds Ratio (95%Cl) P for interaction
All patients 1.395 (1.154-1.687) -

Sex 0.019
Male 1.232 (0.992-1.529) —l—

Female 2.114 (1.423-3.14) ——

Age 0.815
More than 60 yr 1.386 (1.090-1.764) ——

less than 60 yr 1.453 (1.064-1.984) ——

DM 0.526
Yes 1.131 (0.819-1.562) —

No 1.289 (1.012-1.641) i

Obesity 0.451
Yes 1.599 (0.893-2.861) ——

No 1.259 (1.017-1.56) T

Hypertension 0.747
Yes 1.171 (0.923-1.487) il

No 1.253 (0.899-1.747) ——

Metabolic Syndrome 0.815
Yes 1.198 (0.739-1.943) ——

No 1.124 (0.9-1.404) il

05 1 15 2 25 3

Odds Ratios for abnormal albumiuria

Figure 3. Odds ratios for abnormal albuminuria (increased ACR) comparing participants with NAFLD with
those without NAFLD in different subgroups.
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Figure 4. Comparison of prevalence of CKD (panel a, c] and presence of abnormal albuminuria (panel b, d)
between subjects with NAFLD and those without NAFLD stratified by NAFLD fibrosis score (NFS) and Fibrosis

4 score (FIB-4).
*Value of p for compare with non-NAFLD, p <0.05.

#Value of p compared with NFS < -1.455 or FIB-4 < 1.3, p<0.05.
$Value of p for compare with -1.455<NFS < 0.676 or 2.67 <FIB-4 < 1.3, p<0.05.

and sex, the ORs for prevalent CKD stage = 1 or
CKD stage = 3 or abnormal albuminuria for
NAFLD severity assessed by NFS or FIB-4 scores
were almost statistically significant (all p<<0.05,
except the prevalent CKD stage = 3 for NAFLD
severity assessed by FIB-4 scores). After adjust-
ment for age, sex, and DM, the ORs for prevalent
of CKD stage = 1 or CKD stage = 3 or abnor-
mal albuminuria for NAFLD severity assessed by
NFS were almost statistically significant (all
$»<<0.05), only the prevalent of CKD stage = 1
for NAFLD severity assessed by FIB-4 scores
remained statistically significant (p=0.026).
Univariable logistic regression analyses stratified
by the severity of NAFLD were performed to fur-
ther understand the association between NAFLD
and kidney damage. The ORs of prevalent CKD

stage = 1 for increasing levels of NFS were 1.00
(reference), 2.14 (1.65-2.77), and 2.49 (1.76—
3.54). Similarly, the ORs of prevalent CKD
stage = 1 for increasing FIB-4 score were 1.00
(reference), 1.36 (1.05-1.76), and 1.46 (1.08-
1.98). The ORs of prevalent of CKD stage = 3
or abnormal albuminuria for NAFLD severity
regardless of NFS or FIB-4 scores showed similar
trends.

Discussion

This study suggested that the prevalence of
NAFLD was 49.2% among the general popula-
tion in Beijing, China. The prevalence of CKD
and abnormal albuminuria was higher in individ-
uals with NAFLD than in those without NAFLD.
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Table 4. Associations of NAFLD severity (stratified by NFS scores and FIB-4 scores) with CKD (defined as either CKD stage = 1 or
CKD stage = 3) and abnormal albuminuria (defined as ACR = 3mg/mmol)."

Variables CKD =1 CKD =3 ACR = 3mg/mmol
OR (95% Cl) pvalue OR(95% Cl) pvalue OR(95% Cl) p value

NFS scores 2.25(1.78-2.83) <0.001 3.96(2.18-7.21)  <0.001 2.12(1.68-2.68) <0.001
NFS scores (adjusted for age, sex] 1.41(1.24-1.61) <0.001 1.73 (1.21-2.47) 0.003  1.40(1.23-1.60) <0.001
NFS scores (adjusted for age, sex, DM]  1.22 (1.06-1.41) 0.007 1.54 (1.03-2.30) 0.034 1.21(1.05-1.41) 0.01
NFS category

NFS < -1.455 Reference

_1.455 < NFS<0.676 214 (1.65-2.77) <0001 2.585(1.22-5.49)  0.013 2.11(1.62-2.75)  <0.001

NES = 0.676 2.49 (1.76-3.54) <0.001 4.533(2.65-7.77)  <0.001 2.15(1.49-3.09)  <0.001
FIB-4 scores 1.40 (1.13-1.73) 0.002 1.813(1.08-3.05) 0.025 1.31(1.05-1.63) 0.018
FIB-4 scores (adjusted for age, sex] 1.29 (1.07-1.56) 0.007  1.24(0.81-1.90) 0.313  1.27(1.05-1.53) 0.016
EIS]-A scores (adjusted for age, sex, 1.24(1.03-1.50) 0.026 1.20 (0.78-1.84) 0.41 1.21(0.99,1.48) 0.051
FIB-4 category

FIB-4 < 1.3 Reference

1.3 < FIB-4 < 2.67 1.36 (1.05-1.76) 0.020  2.06(1.06-3.99)  0.032 1.27(0.97-1.66) 0.077

FIB-4 = 2.67 1.46(1.08-1.98) 0.015 1.57 (0.75-3.31) 0.235 1.36(0.99-1.88) 0.057

ACR, albumin/creatinine ratio; 95% Cl, 95% confidence interval; CKD, chronic kidney disease; DM, diabetic mellitus; FIB-4, fibrosis 4 score; NAFLD,
nonalcoholic fatty liver disease; NFS, NAFLD fibrosis score; OR, odds ratios.

The comorbidities of NAFLD, including DM,
hypertension, and MetS, increased the risk of
CKD and abnormal albuminuria. The prevalence
of CKD and abnormal albuminuria were signifi-
cantly different in subgroup analyses stratified by
age and subgroups of individuals with and with-
out the presence of comorbidities such as DM,
obesity, hypertension, and MetS. NAFLD was
associated with a moderately increased risk of
CKD and abnormal albuminuria, independently
of traditional cardiometabolic risk factors. In
addition, a greater severity of NAFLD was
strongly associated with a higher risk of CKD and
abnormal albuminuria. To our knowledge, this is
the first cross-sectional study to investigate the
association between NAFLD and CKD or abnor-
mal albuminuria, and to analyze the association
between the severity of NAFLD and CKD or

abnormal albuminuria based on a health checkup
of a population from Beijing, China.

Several large cross-sectional and case-control
studies have reported that the prevalence of CKD
in patients with NAFLD is between 4% and
42%.1823 A cross-sectional analysis of 37,825
cases from health checkup centers in Taiwan
showed that the percentage of CKD was 17.5%
in individuals with NAFLD and a significantly
positive association between moderate to severe
NAFLD and CKD even after adjustment for
potential confounders such as age, sex, smoking,
components of MetS, and the ALT level.?* Their
results were similar to those of our study. Another
important observation of our study was that
NAFLD remained a risk factor for CKD regard-
less of age, sex, and DM. The results of subgroup
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analysis confirmed that NAFLD was positively
related to CKD even in female, younger individu-
als, and patients without comorbidities, suggest-
ing that more attention should be paid to renal
impairment in patients with NAFLD.

A previous meta-analysis of 11 longitudinal stud-
ies (involving a total of 28680 individuals)
reported that NAFLD was associated with an
almost 80% increased risk of incident CKD [ran-
dom-effects hazard ratio (HR) = 1.79, 95%
CI = 1.65-1.95].25 An updated meta-analysis
that incorporated nine observational studies with
96,595 adult individuals (34.1% with NAFLD)
found that NAFLD was associated with an
increased incidence of CKD (HR = 1.37, 95%
CI = 1.20-1.53) and patients with more
advanced NAFLD or fibrosis were more likely to
develop incident CKD (HR = 1.50, 95%
CI = 1.25-1.74).26 Another largest and most
updated meta-analysis of 13 studies with
1,222,032 individuals (28.1% with NAFLD) and
33,840 cases of incident CKD stage = 3 over a
median follow-up of 9.7years indicated that
NAFLD is significantly associated with ~1.45-
fold increased long-term risk of incident CKD
stage = 3, and the risk seems to parallel the sever-
ity of NAFLD, especially the severity of liver
fibrosis.® To date, convincing evidence suggests
that NAFLD could be a driving force for the
development and progression of CKD.

In our study, the prevalence of NAFLD with obe-
sity or DM was 28.8% and 29.4%, respectively.
Obesity, a component of MetS, is the most com-
mon risk factor for NAFLD and an independent
risk factor for CKD. Diabetes mellitus (DM) is
the leading cause of CKD. Patients with NAFLD
commonly develop DM. Targher er al.?! reported
that in NAFLD patients with DM, the prevalence
of CKD reached 40%. A previous study showed
that metabolic abnormality was associated with a
significantly increased risk of CKD progression.2”
In this study, we also found that individuals with
NAFLD and coexisting MetS had a higher preva-
lence of CKD and abnormal albuminuria. Our
study benefits from understanding the implica-
tions of both NAFLD and traditional risk factors
for CKD. CKD shares similar risk factors with
NAFLD, such as increasing age, obesity, hyper-
tension, DM, and MetS. The relationship
between NAFLD and CKD is complex and has
not been definitively demonstrated. Three

observational cohort studies have reported the
influence of NAFLD on the risk of all-cause mor-
tality, incidence of non-fatal cardiovascular events
(CVEs), or progression of kidney disease within
the CKD population.%2%2% Only one study
showed a strong association between NAFLD
and non-fatal CVEs in patients with CKD.28 The
results were conflicting for all-cause mortality and
progression of renal disease. Additional larger
prospective studies are needed to further examine
this association.

Some studies have further analyzed the possible
pathophysiological mechanisms by which
NAFLD may contribute to the development and
progression of CKD. Accumulating evidence
suggests that NAFLD (especially with advanced
fibrosis) exacerbates hepatic insulin resistance,
promotes atherogenic dyslipidemia, induces
hypertension, and causes the release of multiple
proinflammatory cytokines and hepatokines that
may contribute to the development and progres-
sion of CKD.73%:31 Adipose tissue has an endo-
crine function and can secrete many biologically
active adipokines. These cytokines affect the
metabolism of adipose tissue and the entire body
of the organism. Several studies have reported the
potential role of adipokines and other inflamma-
tory mediators in the etiopathogenesis of both
NAFLD and CKD. Higher levels of circulating
leptin have been found to be associated with
increased severity of NAFLD and contribute to
the development and progression of CKD.3233
Adiponectin enhances glucose and fatty acid oxi-
dation, improves insulin sensitivity, attenuates
plaque formation, and increases aldosterone pro-
duction.3* Decreased adiponectin levels are
inversely related to the severity of steatosis, necro-
inflammation, and fibrosis.3>3¢  Similarly,
decreased adiponectin levels were also associated
with a higher risk of end-stage renal disease inde-
pendent of conventional risk factors, BMI, and
metabolic syndrome.3”

Therapeutic interventions for the treatment of
both NAFLD and CKD are currently under
investigation, and shared common risk factors
such as obesity, insulin resistance, inflammation,
and underlying pathophysiology suggest that
medications and behavioral modifications may be
applicable to both diseases. Lifestyle interven-
tions, including exercise, weight loss, and bariat-
ric surgery, can decrease hepatic fat content and
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inflammation, result in regression of fibrosis, and
also have beneficial effects on renal functions,
which are associated with improvements in glo-
merular hemodynamics.3%:3% A recent cross-sec-
tional study determined that CKD-NAFLD
patients taking angiotensin-converting enzyme
inhibitors (ACEIs) or angiotensin receptor block-
ers (ARBs) had a lower degree of liver stiffness
than patients not on medications.?® Some
NAFLD studies suggest that ARBs can attenuate
steatosis, insulin resistance, inflammation, necro-
inflammation, NAFLD activity score, fibrosis
stage in NASH, and microalbuminuria.41-43
Glucagon-like peptide-1 receptor (GLP-1R) ana-
logs and dipeptidyl peptidase-4 (DPP-4) inhibi-
tors are all incretin mimetics, which have a
potential role in improving NASH and CKD
through multiple mechanisms.** Both GLP-1R
agonists and DPP-4 demonstrated nephroprotec-
tion in diabetic nephropathy.4>4¢ Recent clinical
trials reported that liraglutide induced significant
weight loss and NASH resolution and improved
markers of lipotoxicity, inflammation, and meta-
bolic dysfunction.4” However, sitagliptin did not
induce weight loss or improved radiological and
biochemical markers of steatosis, liver fibrosis,
and insulin resistance in diabetic NAFLD
patients.*® Given the disease burden imposed by
NAFLD and CKD worldwide, it is necessary to
identify NAFLD patients with higher risk of inci-
dent CKD to prevent early renal damage. Further
research is needed to clearly illustrate the mecha-
nism and provide effective treatment for liver and
kidney disease in NASH-related CKD.

There are several limitations to our study that
need to be noted. First, this is a cross-sectional
design; in comparison with a longitudinal design,
cross-sectional study is more prone to bias.
Furthermore, our findings determined simple
associations between NAFLD and CKD, which
are inherently inapt to establish a clear causal or
consequential nexus. Further intensive studies
remain to be conducted to determine the precise
relationship between the two. Second, the study
population only included Chinese individuals who
underwent annual physical examinations at the
outpatient clinic. This population might not be
representative of other ethnic groups and inpa-
tients. Third, only liver ultrasonography (US) was
used to diagnose the fatty liver. It is well known
that US can miss milder fatty liver (<25%).
However, the overdiagnosis of fatty liver on

ultrasound is not common. Liver biopsy is still the
gold standard for the diagnosis of NAFLD or
NASH with liver fibrosis. Our population was
physically examined, considering the risks and
costs associated with liver biopsy or other non-
invasive assessments such as Fibroscan or MRE
(magnetic resonance elastography) and their inap-
propriateness for widespread use. NFS and FIB-4
score were used instead to assess liver fibrosis in
this study. These scores were mainly designed to
rule out advanced fibrosis and are not specifically
useful for assessing liver fibrosis. In addition, our
study enrolled individuals with different BMI sta-
tuses, and a recent study*® that analyzed several
non-invasive NAFLD markers including NFS,
concluded that their reliability depends on BMI
status. The non-invasive markers used to evaluate
liver fibrosis in clinical practice should be further
explored. Despite these limitations, the results of
this study are important in raising awareness of
CKD among Chinese individuals with NAFLD.

Conclusion

In conclusion, NAFLD was associated with a
higher prevalence of CKD regardless of tradi-
tional risk factors, and the severity of NAFLD
assessed by non-invasive methods was also posi-
tively associated with the prevalence of CKD.
Our findings suggest that NAFLD with comor-
bidities may be associated with a higher risk of
CKD and abnormal albuminuria. It is recom-
mended that patients with NAFLD, especially
those with coexisting comorbidities, should be
carefully accessed for the development of CKD.
Future studies should focus on the mechanisms
and therapeutic targets for both NAFLD and
CKD in a comorbid setting.
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