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Background: Nonalcoholic fatty liver disease (NAFLD) is associated with chronic kidney disease (CKD). However, the causal re-
lationship between NAFLD and CKD is uncertain, particularly in patients with type 2 diabetes mellitus (T2DM). We aimed to in-
vestigate the association between the presence and severity of NAFLD and incident CKD in patients with T2DM.

Methods: In this longitudinal cohort study of patients with T2DM, 3,188 patients with preserved renal function were followed up
for the occurrence of incident CKD. NAFLD was defined as the presence of hepatic steatosis on ultrasonography, without any
other causes of chronic liver disease. Advanced liver fibrosis of NAFLD was defined as a fibrosis-4 index >2.67. CKD was defined
as an estimated glomerular filtration rate <60 mL/min/1.73 m”.

Results: At baseline, 1,729 (54.2%) patients had NAFLD, of whom 94 (5.4%) had advanced liver fibrosis. During the follow-up of
8.3+3.6 years, 472 (14.8%) patients developed incident CKD: 220 (15.1%) in the non-NAFLD group, 231 (14.1%) in the NAFLD
without advanced fibrosis group and 28 (31.1%) in the NAFLD with advanced fibrosis group. There was no increased risk of inci-
dent CKD in the NAFLD group compared to the non-NAFLD group (P=0.435). However, among patients with NAFLD, ad-
vanced liver fibrosis was associated with an increased risk of CKD (adjusted hazard ratio, 1.75; 95% confidence interval, 1.15 to
2.66; P=0.009).

Conclusion: Advanced liver fibrosis in patients with NAFLD is independently associated with an increased risk of incident CKD
in patients with T2DM.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the most common
cause of chronic liver disease worldwide with a prevalence of
10% to 30% in the general population [1]. The incidence of
NAFLD is expected to increase rapidly with an increase in the
prevalence of obesity, especially in Asia [2]. NAFLD encom-
passes a broad spectrum of liver diseases ranging from simple

steatosis to nonalcoholic steatohepatitis (NASH) and liver cir-
rhosis [3]. NAFLD is highly prevalent in patients with type 2
diabetes mellitus (T2DM), with a prevalence of 50% to 75%
[4,5]. Risk factors associated with the progression to NASH or
advanced liver fibrosis have been widely investigated, and
T2DM is a significant predictor of hepatic fibrosis [6,7]. The
presence of advanced liver fibrosis is clinically important be-
cause it is associated with an increased risk of liver transplanta-
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tion, liver-related mortality, cardiovascular outcomes, and all-
cause mortality in patients with NAFLD [8,9].

There is growing evidence suggesting a possible link be-
tween NAFLD and chronic kidney disease (CKD). NAFLD
and CKD share some common features, including visceral
obesity, metabolic syndrome, and increased risk of cardiovas-
cular disease [10,11]. Several cross-sectional and longitudinal
studies mainly involving patients without diabetes have shown
that the presence and severity of NAFLD is associated with an
increased risk of CKD [12-14]. However, limited studies have
been conducted on patients with diabetes [15-19]. To date,
only two longitudinal studies have examined the association
between NAFLD and incident CKD in patients with diabetes,
which demonstrated that NAFLD is associated with an in-
creased incidence of CKD [15,16]. However, both studies ex-
amined cohorts of Italian patients, and the association between
the severity of NAFLD and the risk of incident CKD in pa-
tients with diabetes was not studied. Therefore, this longitudi-
nal study aimed to evaluate whether the presence of NAFLD
or advanced liver fibrosis in NAFLD is independently associat-
ed with the development of incident CKD in a large cohort of
Asian patients with T2DM and preserved renal function.

METHODS

Study population

A total of 13,296 patients from the Seoul Metabolic Syndrome
cohort were enrolled between January 2000 and December
2016 at the Huh Diabetes Center in Seoul, Republic of Korea.
Patients aged <19 years and with type 1 diabetes mellitus
(T1DM, n=133), those with missing data on baseline abdomi-
nal ultrasonography (n=3,602) and laboratory results includ-
ing renal function tests and rate constant for plasma glucose
disappearance (KITT, n=4,940), those with daily alcohol con-
sumption >30 g for men and >20 g for women or with other
causes of liver disease (n=264), those with an estimated glo-
merular filtration rate (eGFR) of <60 mL/min/1.73 m? (n=
918), and those with <3 annual follow-up visits with renal
function assessment (1=251) were excluded from the study
(Supplementary Fig. 1). Finally, 3,188 patients who had pre-
served renal function (eGFR >60 mL/min/1.73 m?) at baseline
and complete information on all covariates including at least
three consecutive annual renal function assessments and who
underwent both short insulin tolerance test (SITT) and ab-
dominal ultrasonography were included in the analyses. The
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interval between each visit varied among patients, and the last
follow-up was conducted in December 2019. All participants
provided written informed consent, and the study was ap-
proved by the Institutional Review Board of Inha University
Hospital (IRB no. 2020-04-037).

Measurements of clinical and laboratory indices
Anthropometric indices, including weight, height, and waist
circumference (WC), were measured in all patients by a well-
trained nurse who was blinded to the patients’ clinical and lab-
oratory data. WC was measured at the midpoint of the lower
ribs and the iliac crest at the end of the expiratory phase. All
patients underwent blood tests to measure the metabolic pa-
rameters including fasting plasma glucose, glycosylated hemo-
globin (HbA1c), C-peptide, insulin, total cholesterol, low-den-
sity lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), triglyceride (TG), and high-sensitivity
C-reactive protein (hs-CRP) levels; renal and liver function
tests, including plasma alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) levels; and complete blood
count assessment including platelet count. Data on patients’
social and medical histories were collected using a self-ques-
tionnaire.

Definition of incident chronic kidney disease

The eGFR values were calculated using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) creatinine
equation [20]: eGFR=141xmin (Scr/x, 1)*xmax (Scr/x,
1)7%%0.993%¢x 1.018 (if female), where Scr is the serum creat-
inine level in mg/dL, « is 0.7 for women and 0.9 for men, o is
—0.329 for women and —0.411 for men, min is the minimum
value of Scr/x or 1, and max is the maximum value of Scr/« or 1.
Incident CKD was defined as an eGFR of <60 mL/min/1.73 m*
for two consecutive times during follow-up visits.

Short insulin tolerance test

SITT was performed to assess the insulin sensitivity. The KITT
(%/min) was used as a marker of insulin sensitivity [21]. As
previously described [22], the test was performed at 8:00 AM
after an 8-hour fasting. Venous blood samples were collected
at 0, 3, 6, 9, 12, and 15 minutes after an intravenous bolus in-
jection of regular insulin (Humulin, Eli Lilly, Indianapolis, IN,
USA) at a dose of 0.1 U/kg. Plasma glucose levels were mea-
sured immediately after sampling using a Beckman Glucose
Analyzer II (Beckman Instruments, Fullerton, CA, USA). Af-
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ter the test, 100 mL of 20% dextrose solution was immediately
administered intravenously to prevent potential hypoglycemia.
The KITT value was calculated from the slope of the fall in the
log-transformed plasma glucose level from 3 to 15 minutes,
which was used to calculate the time taken for the basal level of
blood glucose to decrease by half (t"?). The formula used was
KITT=0.693/t">x100 (%/min). Higher KITT values indicate
higher insulin sensitivity.

Assessment of NAFLD and definition of advanced liver
fibrosis

Abdominal ultrasonography was performed by a well-trained
radiologist using a high-resolution ultrasonography device
with a 3.5-MHz transducer (iU22, Philips Healthcare, Ando-
ver, MA, USA) after an 8-hour fast. NAFLD was defined as the
presence of hepatic steatosis on ultrasonography based on the
following sonographic features: hepatorenal echo contrast, liv-
er brightness, deep attenuation, and vascular blurring [23]. The
NAFLD fibrosis score (NFS) and fibrosis-4 (FIB-4) index were
selected as surrogate indices for defining severe NAFLD with
advanced liver fibrosis. Calculations of NFS and FIB-4 were
conducted only in patients with NAFLD. The following equa-
tions were used to calculate these indices: NFS=-1.675+
0.037 xage (years)+0.094x body mass index (BMI, kg/m*)+
1.13ximpaired fasting glucose or diabetes (yes=1, no=0)+
0.99x AST/ALT ratio—0.013 x platelet count (x10°/L)—0.66x
serum albumin [g/dL]; and FIB-4=(age [years] x AST [U/L])/
(platelets [10°/L] x [ALT (U/L)]"?) [24]. Significant fibrosis was
defined as an NFS >0.675 or FIB-4 >2.67 [24]. To test the ro-
bustness of our findings, we also used the hepatic steatosis in-
dex (HSI) to define NAFLD and those with HSI >36 were con-
sidered to have NAFLD: HSI=8x (ALT/AST ratio)+BMI (+2,
if female; +2, if diabetes mellitus) [25].

Statistical analysis

Continuous variables are reported as mean +standard devia-
tion or medians with interquartile ranges, while categorical
variables are reported as numbers and percentages. The pa-
tients were grouped according to the presence and severity of
NAFLD as non-NAFLD (patients without NAFLD), NAFLD
without advanced fibrosis, and NAFLD with advanced liver fi-
brosis. To evaluate the differences in demographic characteris-
tics between the non-NAFLD, NAFLD without advanced fi-
brosis, and NAFLD with advanced liver fibrosis groups, analy-
sis of variance with Bonferroni correction was used for contin-
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uous variables and the chi-square test was used for categorical
variables. The baseline characteristics according to the pres-
ence of NAFLD or incident CKD were compared using Stu-
dents t-test for continuous variables and the chi-square test or
Fisher’s exact test for categorical variables as appropriate. Cu-
mulative event rates for incident CKD were estimated using
Kaplan—Meier survival curves and the log-rank test. The Cox
proportional hazards model was used to determine the inde-
pendent association between NAFLD or advanced liver fibro-
sis and incident CKD after adjusting for confounding variables
including age, sex, BMI, duration of diabetes, hypertension
(HTN), systolic blood pressure (SBP), baseline HbAlc level,
total cholesterol level, eGFR, use of sulfonylurea, insulin,
statin, and angiotensin converting enzyme (ACE) inhibitors or
angiotensin II receptor blockers (ARB), hs-CRP levels, and
KITT values. The adjusted hazard ratios (HRs) were estimated
using 95% confidence intervals (Cls). Statistical significance
was set at P<0.05. All statistical analyses were performed using
SPSS statistical software version 19.0 (IBM Co., Armonk, NY,
USA).

RESULTS

Baseline characteristics of the study population according
to the presence of NAFLD

As shown in Table 1, a total of 3,188 people were included in
the study; the mean age was 56.7+10.1 years, 685 participants
(46.9%) were male, and the mean duration of diabetes was
7.4%6.8 years. The prevalence of NAFLD was 54.2%. Com-
pared with patients without NAFLD, those with NAFLD were
younger, more likely to be men, and had a shorter duration of
diabetes. In addition, patients with NAFLD had a poorer meta-
bolic profile with higher BMI, WC, SBP, hs-CRP levels, total
cholesterol levels, TG levels, and LDL-C levels and lower KITT
values and HDL-C levels than those without NAFLD (P<0.05)
(Supplementary Table 1). Patients with NAFLD had higher
AST and ALT levels than those without NAFLD. Baseline
eGFR did not differ between patients with and without
NAFLD.

Baseline characteristics of the study population according
to the severity of NAFLD

Patients were stratified according to the severity of NAFLD us-
ing a combination of abdominal ultrasonography and FIB-4
index: 1,459 (45.8%) did not have NAFLD (non-NAFLD),
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1,635 (51.3%) had NAFLD without advanced fibrosis, and 94
(2.9%) had NAFLD with advanced liver fibrosis (Table 1).
Compared with patients without NAFLD, those with NAFLD
with advanced liver fibrosis were older; had higher BMI, WC,
SBP, triglyceride, AST, and hs-CRP levels; and lower KITT val-
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ues, and HDL-C levels. Moreover, patients with NAFLD with
advanced liver fibrosis were more likely to have HTN and use
sulfonylurea, ACE inhibitors, or ARBs than those without
NAFLD. Among patients with NAFLD, those with advanced
liver fibrosis were older and had higher BMI, WC, SBP, and

Table 1. Baseline characteristics of the non-NAFLD, NAFLD without advanced liver fibrosis and NAFLD with advanced liver fi-

brosis group

Characteristic Non-NAFLD NAFLD without advanced ~ NAFLD with advanced liver Pvalue
(n=1,459) fibrosis (n1=1,639) fibrosis (n=90)

Age, yr 57.6+10.2 55.4+9.9° 64.8+7.2% 0.039°
Male sex 685 (46.9) 863 (52.7) 49 (54.4) 0.005°
Duration of diabetes, yr 8.4+74 6.4%6.0° 81+7.3 <0.001°
BMI, kg/m’ 23.0£2.8 25.6+£2.9* 26.3+2.7% <0.001¢
WC, cm 79.5+7.9 86.9+7.6" 89.9+7.0° <0.001¢
SBP, mm Hg 132.8+£18.3 135.8+£16.9* 142.3+18.4* <0.001¢
DBP, mm Hg 90.9+275.7 87.0x11.0 86.3+12.3 0.565

FPG, mg/dL 158.6+£61.5 161.0£55.1 161.1£56.5 0.263

HbAlc, % 8.3+2.1 84+1.8 8.1+1.7 0.606

KITT, %/min 23+1.0 1.9+0.8* 1.7+0.8* <0.001¢
Total cholesterol, mg/dL 189.4+37.8 201.9+41.8° 194.0+37.6 <0.001¢
Triglyceride, mg/dL 114.9+68.8 175.1£132.6° 158.1+£90.8° <0.001¢
HDL-C, mg/dL 54.3+14.8 48.7+£12.0° 48.8+13.2° <0.001¢
LDL-C, mg/dL 112.6+£32.6 119.2+37.3* 114.6+34.4 <0.001¢
AST, IU/L 25.8+13.0 28.5+12.2° 56.1£46.9* <0.001¢
ALT, IU/L 24.7+17.5 34.0+25.6° 52.4+69.5* <0.001°
eGFR, mL/min/1.73 m* 90.9+15.7 91.8+15.4 86.3+14.3 0.924

Hs-CRP, mg/dL 0.6 (0.3-1.1) 1.0 (0.5-2.0)* 1.0 (0.6-2.2)* <0.001¢
Uric acid, mg/dL 42 +1.3 46+1.4 46+1.3" <0.001°
Hypertension 358 (24.5) 493 (30.1)* 34 (37.8)° <0.001°¢
Insulin 204 (14.0) 131 (8.0)° 13 (14.4) <0.001¢
Metformin 541 (37.1) 815 (49.7)° 26 (28.9) <0.001°
Sulfonylurea 739 (50.7) 875 (53.4) 51 (56.7)* 0218

Thiazolidinedione 160 (11.0) 125 (7.6)° 10 (1L.1)° 0.005¢
ARB/ACE inhibitors 60 (4.1) 106 (6.5)* 10 (11.1)% 0.001¢
Statin 177 (12.1) 320 (19.5) 8(8.9)° <0.001¢
Incident CKD 220 (15.1) 231(14.1) 28 (31.1)* <0.001¢

Values are presented as mean +standard deviation, number (%), or median (interquartile range).

NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood
pressure; FPG, fasting plasma glucose; HbAlc, glycosylated hemoglobin; KITT, rate constant for plasma glucose disappearance; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
eGFR, estimated glomerular filtration rate; Hs-CRP, high-sensitivity C-reactive protein; ARB, angiotensin II receptor blockers; ACE, angioten-

sin converting enzyme; CKD, chronic kidney disease.

“Indicates P<0.05 compared with NAFLD (-), "Indicates P<0.05 compared with NAFLD without advanced liver fibrosis, “Statistically signifi-

cant.
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AST levels than those without advanced liver fibrosis. The use
of sulfonylurea, thiazolidinediones, ACE inhibitors, or ARBs
was higher in patients with advanced liver fibrosis than in
those without advanced liver fibrosis. When NAFLD was de-
fined using HSI, similar findings were observed (Supplemen-
tary Table 2).

Risk of incident CKD according to the severity of NAFLD

During the mean follow-up duration of 8.3+3.6 years, 472
(14.8%) patients developed incident CKD. The cumulative in-
cidence rates of CKD were 220 (15.1%) in the non-NAFLD
group, 226 (12.8%) in the NAFLD without advanced fibrosis
group, and 26 (27.7%) in the NAFLD with advanced fibrosis
group. Table 2 shows the baseline characteristics of the patients

Table 2. Baseline characteristics of the study population stratified by the development of incident CKD

Characteristic No CKD (n=2,716) Incident CKD (n=472) Pvalue
Age,yr 55.5+10.1 63.4+7.6 <0.001°
Male sex 1,426 (52.5) 170 (36.0) <0.001°
Duration of diabetes, yr 6.9+6.5 10.2£7.5 <0.001*
BMI, kg/m’ 244+32 24.6+3.0 0.175
WC, cm 83.6+8.8 84.0£7.6 0.300
SBP, mm Hg 133.2+£17.2 142.8+18.2 <0.001°
DBP, mm Hg 85.4%11.0 108.4+48.3 0.303
FPG, mg/dL 159.5+£57.9 162.0+£59.2 0.395
HbAlc, % 83+19 8.6xt1.9 0.003*
KITT, %/min 2.1+1.0 1.9+0.9 <0.001°
Total cholesterol, mg/dL 195.7+40.1 197.1+£41.7 0.473
Triglyceride, mg/dL 145.5+110.0 156.1+116.3 0.055
HDL-C, mg/dL 51.4%13.6 50.5£13.8 0.187
LDL-C, mg/dL 116.0+£34.9 116.0+£37.4 0.993
AST, IU/L 28.0+15.8 28.3+134 0.683
ALT, IU/L 30.5+25.9 28.8+22.2 0.130
eGFR, mL/min/1.73 m* 92.9+15.1 81.3+14.2 <0.001°
Hs-CRP, mg/dL 0.8 (0.4-1.6) 0.9 (0.5-2.2) <0.001°
Uric acid, mg/dL 44+13 4.7+15 <0.001*
Hypertension 690 (25.4) 195 (41.3) <0.001*
Insulin 257 (9.5) 91 (19.3) <0.001°
Metformin 1,158 (42.6) 224 (47.5) 0.057
Sulfonylurea 1,365 (50.3) 300 (63.6) <0.001*
Thiazolidinedione 251(9.2) 44 (9.3) 1.000
ARB/ACE inhibitors 149 (5.5) 27 (5.7) 0.924
Statin 400 (14.7) 105 (22.2) <0.001°
NAFLD (+) 1,476 (54.4) 252 (53.4) 0.732

Values are presented as mean +standard deviation, number (%), or median (interquartile range).

CKD, chronic kidney disease; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure;
FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; KITT, rate constant for plasma glucose disappearance; HDL-C, high-density li-
poprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase; eGFR, esti-
mated glomerular filtration rate; Hs-CRP, high-sensitivity C-reactive protein; ARB, angiotensin II receptor blocker; ACE, angiotensin convert-
ing enzyme; NAFLD, nonalcoholic fatty liver disease.

*Statistically significant.
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according to the development of incident CKD. Compared
with patients who did not develop CKD, those who developed
CKD were older, more likely to be women, had a longer dura-
tion of diabetes, and had lower eGFR levels at baseline. In ad-
dition, patients with incident CKD had a poorer metabolic
profile, with higher SBP, HbA1c, and hs-CRP levels, and lower
KITT values. Patients who developed CKD had a higher prev-
alence of HTN and were more likely to be treated with insulin,
sulfonylureas, or statins at baseline than those who did not de-
velop CKD (Table 2). The cumulative incidence of CKD was
not significantly different between patients with and without
NAFLD. Among patients with NAFLD, the cumulative inci-
dence of CKD was significantly higher in patients with ad-
vanced liver fibrosis than in those without advanced liver fi-
brosis (P<0.0001 by log-rank test) (Fig. 1A). Almost identical
results were found when NFS was used to estimate advanced
liver fibrosis among patients with NAFLD (Fig. 1B).

To further examine the relationship between NAFLD and
incident CKD, the Cox proportional hazards model was used.
No significant association was observed between NAFLD and
incident CKD (Table 3). However, in patients with NAFLD,
the presence of advanced liver fibrosis was associated with a
significantly increased risk of incident CKD after adjusting for
age, sex, and BMI (Model 1: HR, 1.96; 95% CI, 1.32 to 2.92; P=
0.001). The association remained significant after further ad-
justment for clinical risk factors including duration of diabetes,
HTN, SBP, baseline HbA1c level, total cholesterol level, eGFR,
and medications (sulfonylurea, insulin, statin, ACE inhibitors,
or ARBs). Finally, this association remained robust even after
further adjustment for hs-CRP level and KITT value (Model 4:
HR, 1.75; 95% CI, 1.15 to 2.66; P=0.009) (Table 4). When ad-

1.0 F —~FIB-4 <2.67
g -"FIB-4 22.67
s 08
< 0
2
= 0.6
2
3 04 f
g -
5 0.2 Tt
S — Log-rank test, P<0.001
0 1 1 1 1 1

2.5 5.0 7.5 10.0 12.5
Time (yr) e
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vanced liver fibrosis was assessed using the NFS, a similar as-
sociation was observed between advanced liver fibrosis and in-
cident CKD (Table 4). When NAFLD was defined using HSI,
these findings were consistent (Supplementary Table 3).

DISCUSSION

In this longitudinal study with a large cohort of Korean pa-
tients with T2DM and preserved renal function at baseline, we
found that advanced liver fibrosis in NAFLD was associated
with an increased risk of incident CKD during a mean follow-

Table 3. Multivariable Cox regression analyses showing the as-
sociations between NAFLD and the risk of incident CKD
among adults with type 2 diabetes mellitus

HR 95% CI Pvalue
Crude hazard ratio 0.98 0.82-1.18 0.849
Model 1 1.09 0.91-1.30 0.368
Model 2 1.13 0.94-1.36 0.194
Model 3 1.13 0.93-1.36 0.212
Model 4 1.08 0.89-1.32 0.435

Model 1: adjustment for age (age was applied as a categorical variable
with median age of 58 years), sex, and body mass index; Model 2:
Model 1+adjustment for duration of diabetes, systolic blood pressure,
hypertension, glycosylated hemoglobin level, total cholesterol level,
and estimated glomerular filtration rate; Model 3: Model 2+adjust-
ments for use of sulfonylurea, insulin, statin, and angiotensin convert-
ing enzyme inhibitor or angiotensin II receptor blockers; and Model 4:
Model 3+adjustments for log high-sensitivity C-reactive protein level
and rate constant for plasma glucose disappearance (KITT) value.
NAFLD, nonalcoholic fatty liver disease; CKD, chronic kidney dis-
ease; HR, hazard ratio; CI, confidence interval.

1.0  ~NFS <0.675
-"NFS >0.675
0.8

02

* Log-rank test, P<0.001
1 1

Cumulative incidence

2.5 5.0 7.5 10.0 12.5
Time (yr) e

Fig. 1. Kaplan-Meier curves for camulative incidence of chronic kidney disease in patients with type 2 diabetes mellitus and non-
alcoholic fatty liver disease (NAFLD) with (red) and without (blue) advanced liver fibrosis using (A) fibrosis-4 (FIB-4) index and

(B) NAFLD fibrosis score (NFS).

https://e-dmj.org  Diabetes Metab J 2022;46:630-639

635



Seo DH, et al.

dmj

Table 4. Multivariable Cox regression analyses showing associations of advanced liver fibrosis (defined by FIB-4 and NFS) and
the risk of incident CKD among adults with type 2 diabetes mellitus and NAFLD

By FIB-4 By NFS
HR 95% CI Pvalue HR 95% CI Pvalue
Crude hazard ratio 2.86 1.93-4.23 <0.001* 2.32 1.55-3.48 <0.001*
Model 1 1.96 1.32-2.92 0.001* 1.52 1.01-2.29 0.046*
Model 2 1.88 1.26-2.81 0.002* 1.50 1.00-2.27 0.056
Model 3 1.84 1.23-2.75 0.003* 1.49 0.98-2.27 0.063
Model 4 1.75 1.15-2.66 0.009* 1.58 1.03-2.41 0.035*

Model 1: adjustment for age (age was applied as a categorical variable with median age of 58 years), sex, and body mass index; Model 2: Model
1+adjustment for duration of diabetes, systolic blood pressure, hypertension, glycosylated hemoglobin level, total cholesterol level, and estimat-
ed glomerular filtration rate; Model 3: Model 2+adjustments for use of sulfonylurea, insulin, statin, and angiotensin converting enzyme inhibi-
tor or angiotensin II receptor blockers; and Model 4: Model 3+adjustments for log high-sensitivity C-reactive protein level and rate constant for
plasma glucose disappearance (KITT) value.

FIB-4, fibrosis-4; NFS, NAFLD fibrosis score; CKD, chronic kidney disease; NAFLD, nonalcoholic fatty liver disease; HR, hazard ratio; CI, con-

fidence interval.
*Statistically significant.

up of 8.3 years. However, there was no association between the
presence of NAFLD and CKD incidence. The association be-
tween advanced liver fibrosis in NAFLD and incident CKD
seems to be independent of numerous confounding factors in-
cluding age, sex, BMI, duration of diabetes, SBP, baseline
HbAlg, total cholesterol, and eGFR levels, use of sulfonylurea,
insulin, statin, ACE inhibitors or ARB, hs-CRP level, and
KITT value.

There has been growing epidemiological evidence suggest-
ing a link between NAFLD and CKD in the general popula-
tion. However, the results have been inconclusive due to differ-
ences in the study populations, diagnostic modalities to detect
NAFLD, and outcome definitions [12,13]. In recent meta-
analyses, NAFLD was associated with a 1.3 to 2.1-fold in-
creased risk of prevalent CKD and incident CKD, and the risk
of incident CKD increased progressively with increased
NAFLD severity [14,26]. However, in a large Asian cohort
study using non-invasive fibrosis markers, the increased risk of
incident CKD was restricted to patients with advanced liver fi-
brosis [27]. Only a few studies have examined the association
between NAFLD and CKD in the diabetic population. In two
cross-sectional studies by Targher et al. [17,18], the presence of
NAFLD was associated with an increased risk of CKD in pa-
tients with T1IDM and T2DM. Similarly, in a prospective study
of 1,827 patients with T2DM, ultrasound-diagnosed NAFLD
was associated with a 1.6-fold increased risk of incident CKD
[15]. Overall, the direction of NAFLD-related effects on the
risk of prevalent or incident CKD seems to be similar, but with
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greater magnitude than that observed in the population with-
out diabetes. However, previous studies with a diabetic popula-
tion did not assess the association between the severity of
NAFLD and the risk of incident CKD. In the current study, we
demonstrated that only the severe form of NAFLD was associ-
ated with a 1.7 to 1.9-fold increased risk of incident CKD in
patients with T2DM. This relationship is similar to that ob-
served in a comprehensive meta-analysis, which demonstrated
a strong link between the severity of NAFLD and increased
risk of fatal and nonfatal cardiovascular outcomes [8,19]. The
association between advanced liver fibrosis and CKD is further
supported by a clinical trial involving patients with biopsy-
proven NASH, in which improvement of liver fibrosis stages
with lifestyle modification was independently associated with
improved renal function [28].

The underlying mechanisms linking NAFLD and CKD are
not fully understood. However, accumulating evidence sug-
gests that NAFLD is involved in the pathogenesis of CKD, with
systemic release of multiple mediators including increased re-
active oxygen species, advanced glycation end products, hs-
CRP, and pro-inflammatory, pro-fibrogenic, and anti-fibrino-
lytic molecules including fibroblast growth factor-21, tumor
necrosis factor-o, and transforming growth factor-g (TGFp),
all of which can promote kidney injury [29,30]. It has also been
suggested that insulin resistance, atherogenic dyslipidemia, re-
nin-angiotensin-aldosterone system activity, and release of
pro-inflammatory cytokines through activation of hepatic
macrophages and hepatic inflammation are contributing
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mechanisms linking NAFLD and CKD [31]. Findings from
our study and previous studies suggest that liver fibrosis and its
progression in NAFLD play a key role in the development of
CKD [10,32]. Although not completely understood, TGF is
the most potent fibrogenic cytokine and a key driver of liver fi-
brosis [33] and CKD progression [34]. Thus, we can speculate
that TGFf may act as a link between liver fibrosis in NAFLD
and CKD progression, even in patients with T2DM. Further
studies are warranted to elucidate the underlying mechanisms.

Advanced liver fibrosis is a strong predictor of all-cause
mortality, liver-related mortality, and liver-related events in pa-
tients with NAFLD [9]. It is particularly important in patients
with diabetes, as comorbid metabolic abnormalities are associ-
ated with a significantly higher risk of advanced liver fibrosis
among patients with NAFLD [35]. In addition to the known
risks of advanced liver fibrosis, there is also a higher risk of de-
veloping CKD in such patients, as reported in our study, indi-
cating the need for surveillance and preventive measures for
CKD in patients with advanced liver fibrosis and T2DM.

This study has some strengths. This is a longitudinal study
that involved serial measurements of kidney function to accu-
rately identify incident CKD during 8.3+ 3.6-year follow-up.
We only included patients with preserved renal function to as-
sess the association between baseline severity of NAFLD and
incident CKD. Moreover, our cohort consisted of a large num-
ber of participants from a homogeneous population with >8
years of follow-up. We also measured the degree of insulin re-
sistance using a standard KITT method and included a broad
spectrum of clinical variables as clinical risk factors in our
analysis. To our knowledge, this is the first longitudinal study
to report that the severe form of NAFLD is associated with an
increased risk of incident CKD in Asian patients with T2DM
and preserved renal function.

However, this study has some limitations. First, we used ab-
dominal ultrasonography to assess the presence of NAFLD in-
stead of liver biopsy, which is the gold standard for the diagno-
sis of NAFLD. Moreover, we used fibrosis prediction models
instead of histological confirmation to assess the severity of
NAFLD. For this large cohort of patients with T2DM, it would
be unethical to perform an invasive liver biopsy with histologi-
cal confirmation in asymptomatic patients. Abdominal ultra-
sonography is more frequently used owing to its low cost, easy
accessibility, and noninvasiveness [23]. In clinical and popula-
tion settings, ultrasonography is likely the imaging technique
of choice for screening of NAFLD, and fibrosis prediction
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models have been well validated in different patient popula-
tions and ethnicities [36]. Second, we did not measure any bio-
markers of fibrosis in NAFLD to support the link between
CKD and advanced liver fibrosis in patients with T2DM. Last-
ly, we did not have data on albuminuria, which is an important
marker of diabetic nephropathy. However, it is still valuable to
assess the risk factors that can lead to a reduction in renal func-
tion in patients with diabetes. Therefore, our findings may have
an additive role in identifying individuals at risk for CKD.

In conclusion, in a large cohort of Korean patients with
T2DM, we demonstrated that advanced liver fibrosis is associ-
ated with an increased risk of incident CKD, independent of
traditional risk factors. In addition to its role as a monitoring
tool for hepatic disease progression, the fibrosis prediction
models in patients with diabetes and NAFLD may also serve as
a tool to identify those at risk of extrahepatic complications, in
this case, CKD in patients with T2DM. Future prospective tri-
als are warranted to better understand the natural course of
CKD associated with longitudinal dynamic changes in NAFLD
in patients with T2DM.
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