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Objective: To explore the relationship between non-alcoholic fatty liver disease (NAFLD) and chronic kidney disease (CKD) in
patients with type 2 diabetes mellitus (T2DM).
Methods: A total of 1168 patients with T2DM were divided into the non-CKD and CKD groups, and the difference in the prevalence of
NAFLD was compared. The differences in serum creatinine (SCr) and urine albumin-to-creatinine ratio (UACR) levels were compared
between the non-NAFLD and NAFLD groups. Patients with T2DM were divided into three groups according to their UACR levels
(UACR < 30 mg/g [U1 group]; UACR ≤ 30 mg/g to < 300 mg/g [U2 group]; and UACR ≥ 300 mg/g [U3 group]) or estimated glomerular
filtration rate (eGFR) levels (≥ 90 mL/min [G1 group]; eGFR ≤ 60 mL/min to < 90 mL/min [G2 group]; and eGFR < 60 mL/min (G3
group]). The difference in the prevalence and risks of NAFLD in the different UACR or eGFR level groups was analyzed.
Results: The prevalence of NAFLD in the CKD group was higher than that in the non-CKD group (63.5% vs 50.5%, p < 0.001). The
SCr and UACR levels in the NAFLD group were higher than those in the non-NAFLD group (both p<0.05). The prevalence of
NAFLD in the U3 group (75.6%) was higher than that in the U1 (50.5%, p < 0.05) and U2 (60.1%, p < 0.05) groups, and the
prevalence of NAFLD in the U2 group (60.1%) was higher than that in the U1 group (50.5%, p < 0.05). The risk of NAFLD in the U3
group was higher than that in the U2 group (odds ratio [OR] = 3.032 and 1.473). Despite adjusting the parameters further, the NAFLD
risk in the U3 group remained higher than that in the U2 group (OR = 1.660 and 2.342).
Conclusion: The risk of NAFLD in patients with T2DM is closely related to CKD.
Keywords: type 2 diabetes, non-alcoholic fatty liver disease, chronic kidney disease

Introduction
According to a report by the International Diabetes Federation in 2019, there are approximately 463 million patients with
diabetes worldwide, 90% of whom have type 2 diabetes mellitus (T2DM). The number of patients with diabetes in China
is approximately 129.8 million, accounting for a quarter of the global total. Diabetes mellitus has become an important
public health problem.1

Chronic kidney disease (CKD) secondary to diabetes has become the main cause of end-stage renal disease in China.2

It has been reported that 20–40% of patients with diabetes will eventually develop kidney damage.3,4 According to
a survey of more than 60,000 patients with T2DM in 28 countries, the prevalence rate of CKD was 27.9%.5 In the United
States, its prevalence was 23.7%, according to the National Nutrition and Health Survey.5,6 Meanwhile, a retrospective
survey of chronic complications of T2DM conducted by the Chinese Diabetes Association in 2001 showed that the
prevalence of renal complications in patients with T2DM in tertiary hospitals was 34.7%.7

Non-alcoholic fatty liver disease (NAFLD) is a chronic metabolic disease closely related to insulin resistance (IR) and
one of the causes of CKD.8–10 Furthermore, NAFLD is associated with an increased risk of T2DM11,12 and increased
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prevalence and morbidity of CKD.13–15 However, a negative correlation has also been found between NAFLD and the
prevalence of diabetic retinopathy or nephropathy in Korean and Iranian patients with T2DM,16,17 and another study
showed that there is no relationship between CKD and NAFLD.18 Thus, the relationship between CKD and NAFLD
remains controversial.

Most scholars believe that the relationship between NAFLD and CKD is bidirectional in patients with T2DM.19 The
same pathogenic mechanisms between CKD and NAFLD were revealed, such as excessive oxidative stress, out of
control renin-angiotensin-aldosterone system (renin-angiotensin-aldosterone system, [RAAS]), and changes in intestinal
flora.20 This study aimed to explore the relationship between NAFLD and CKD in patients with T2DM.

Participants and Methods
Participants
A total of 1213 patients diagnosed with T2DM in the Department of Endocrinology of Lanzhou University First Hospital
from April 2016 to December 2020 were selected according to the inclusion and exclusion criteria. Eventually, 1168
patients were enrolled in this study. This study was approved by the Ethics Committee of the First Hospital of Lanzhou
University, and all participants provided written informed consent. The STROBE flow chart is shown in Figure 1.

Inclusion Criteria
1. Patients with T2DM aged ≥ 18 years and (2) duration of T2DM ≥ 1 year.

Exclusion Criteria
1. Patients with kidney diseases caused by diseases other than diabetes, such as primary nephrotic syndrome,

glomerulonephritis, renal artery stenosis, acute renal failure, polycystic kidney disease, and urinary tract infection;
(2) patients with abnormal liver function due to other causes, such as malignant tumors, liver cirrhosis, chronic
and heavy alcohol consumption (>140 g of ethanol per week for men and >70 g for women), positive markers of
viral hepatitis, autoimmune hepatitis, and a history of drug use of liver injury; and (3) lack of clinical data.

Figure 1 Diagram of the study design.
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Methods
Data Collection
The name, sex, age, height, weight, systolic and diastolic blood pressure, diabetes duration, hypertension (HP), history of
other diseases, and therapeutic drugs of each participant were reviewed.

The levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP),
gamma-glutamyl transferase (GGT), triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), serum uric acid (SUA), serum creatinine (SCr), and blood
urea nitrogen (BUN) levels were measured using a BS-220 automatic biochemical analyzer (Shenzhen Mindray Bio-
Medical Electronics Co., Ltd.; Shenzhen, China). In addition, the glycosylated hemoglobin (HbAlc) level was measured
using high-performance liquid chromatography (Bio-Rad-D10; Bio-Rad Laboratories; Hercules, California).
Furthermore, fasting plasma glucose (FPG), fasting insulin (FINS), and 2-hour postprandial plasma glucose (2hPG)
levels were measured using a chemiluminescence assay (ADVIA Centaur-XP; Siemens Healthineers; Erlangen,
Germany). Urinary microalbumin level was determined by rate scattering turbidimetry, while urinary creatinine (CR)
was measured using the creatinine oxidase method.

The body mass index (BMI) was calculated as weight (kg)/height (m2).
The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated using the following formula:

HOMA-IR = FPG × FINS/22.5.
The urine albumin-to-creatinine ratio (UACR) was calculated as follows: albumin (mg/24 h)/Cr (g/24 h).
The estimated glomerular filtration rate (eGFR) was calculated using the following formula: eGFR = 186 × SCr -

1.154 × age - 0.203 (female × 0.742) mL/(min/1.73).21

Diagnostic Criteria
T2DM was diagnosed according to the World Health Organization 1999 criteria.

NAFLD was diagnosed according to the criteria published by the American Society of Liver Diseases in 2017. Each
participant was examined using abdominal ultrasound by an experienced sonographer. The presence of any two of the
following abdominal ultrasound findings suggested diffuse fatty liver: (1) the near-field echo of the liver showing diffuse
enhancement stronger than that of the kidney and spleen; (2) unclear intrahepatic duct structure; and (3) gradually
weakening far-field echo of the liver.

The diagnostic criteria of CKD were based on the UACR level ≥ 30 mg/g or eGFR level < 60 mL/min.

Study Population Grouping
Depending on the presence or absence of CKD in the patients with T2DM, the study population was divided into the
CKD and non-CKD groups. The difference in the prevalence of NAFLD and other indicators between the CKD and non-
CKD groups were compared.

Depending on the presence or absence of NAFLD in the patients with T2DM, the study population was divided into
the NAFLD and non-NAFLD groups. The differences in the SCr, eGFR, and UACR levels between the non-NAFLD and
NAFLD groups were compared.

Patients with T2DM were grouped according to the UACR or eGFR level as follows: U1 group: UACR < 30 mg/g;
U2 group: UACR ≤ 30 mg/g to < 300 mg/g; and U3 group: UACR ≥ 300 mg/g and G1 group: ≥ 90 mL/min; G2 group:
eGFR ≤ 60 mL/min to < 90 mL/min; and G3 group: eGFR < 60 mL/min. The differences in the prevalence and risk of
NAFLD in the different UACR or eGFR level groups were compared.

Statistical Methods
The data were analyzed using the Statistical Package for the Social Sciences software (version 26.0; IMB; Armonk,
New York). Normally distributed measurement data are expressed as the mean ± standard deviation (x�s), and non-
normally distributed measurement data are expressed as the median and interquartile range. The numerical data are
expressed as frequencies and percentages (%). The t-test and Mann–Whitney U-test were used for the normally and non-
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normally distributed data, respectively, while the chi-square test was used for the numerical data. The p value of intra-
group multiple comparisons was adjusted using the Bonferroni method. The risks of NAFLD were analyzed using
stratified logistic regression analysis. A p-value <0.05 was considered statistically significant.

Results
Comparison of the Prevalence of NAFLD and Other Indicators Between the CKD and
Non-CKD Groups
A total of 1168 patients with T2DM were divided into the CKD and non-CKD groups. CKD was diagnosed in 394
patients (33.7%). Of the participants, 737 were male (63.1%) and 431 were female (36.9%). The mean age was 59.66 ±
19.88 years (range 35–85 years).

The prevalence of NAFLD in the CKD group was higher than that in the non-CKD group (63.5% vs 50.5%, p<0.001). In
addition, age; duration of diabetes; prevalence of HP; systolic blood pressure (SBP); and AST, ALP, SUA, HbAlc, FPG,
2hPG, HOMA-IR, SCr, BUN, and UACR levels in the CKD group were higher than those in the non-CKD group. However,
the ALT, HDL-C, and eGFR levels in the CKD group were lower than those in the non-CKD group (Table 1).

Table 1 Comparison of the Prevalence of NAFLD and the Other Indicators Between
CKD and Non-CKD Groups

Non-CKD (n=774) CKD (n=394) P

Male/Female-n (%) 481(62.1)/293(37.9) 256(65)/138(35.0) 0.343

Age (years) 57.98±11.61 62.97±29.86 <0.001
BMI (kg/m2) 24.48±3.30 24.64±3.29 0.465

Duration(years) 7(3,13) 10(5,17) <0.001

HP-n(%) 365(47.2) 251(63.7) <0.001
SBP(mmHg) 138.94±21.99 146.94±25.46 <0.001

DBP(mmHg) 82.94±22.30 85.29±37.82 0.183

AST(U/L) 20(17,26) 23(18,30) <0.001
ALT(U/L) 22(16,33) 20(15,30) 0.032

GGT(U/L) 25.40(18.90,42.38) 26.55(18.90,43.70) 0.238

ALP 79(65,99) 87(73,104) <0.001
TG(mmol/L) 1.56(1.1,2.26) 1.66(1.12,2.55) 0.082

TC(mmol/L) 4.34±1.20 4.34±1.27 0.963

HDL-C(mmol/L) 1.04±0.28 1.00±0.25 0.024
LDL-C(mmol/L) 2.71±0.79 2.64±0.84 0.165

SUA(μmol/L) 323.67±102.43 347.66±95.75 <0.001

HbAlc (%) 8.37±2.02 9.14±2.21 <0.001
FPG(mmol/L) 9.15±4.32 9.97±3.22 0.001

2hPG(mmol/L) 17.37±11.86 18.79±5.07 0.024

FINS(mU/L) 7.24(4.95,10.55) 7.58(5.00,10.98) 0.671
HOMA-IR 2.82(1.77,4.25) 3.16(2.02,4.56) 0.009

SCr(μmol/L) 67.50±14.70 85.42±52.00 <0.001

BUN(mmol/L) 5.86±3.81 7.09±5.11 <0.001
eGFR(mL/min) 106.78±38.84 92.04±41.49 <0.001

UACR(mg/g) 11.44(7.64,16.66) 77.37(44.15,252.12) <0.001

NAFLD-n(%) 391(50.5) 250(63.5) <0.001

Abbreviations: BMI, body mass index; HP, hypertension; SBP, systolic blood pressure; DBP, diastolic blood
pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, Alkaline phosphatase; GGT, gamma-
glutamyl transferase; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; SUA, serum uric acid; HbAlc, glycosylated hemoglobin; FPG, fasting plasma
glucose; 2hPG, 2-hour postprandial blood glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment
of insulin resistance; SCr, serum creatinine; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate;
UACR, urinary albumin creatinine ratio; NAFLD, nephropathy and nonalcoholic fatty liver disease.
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Comparison of the SCr, UACR, and eGFR Levels Between the NAFLD and
Non-NAFLD Groups
The SCr (76.36 ± 35.93 µmol/L) and UACR (20.49 [10.42, 62.31] mg/g) levels in the NAFLD group were higher than
those in the non-NAFLD group (70.05 ± 30.19 µmol/L, p<0.05 and 14.56 [8.47, 32.84] mg/g, p<0.001). Conversely, the
eGFR level in the NAFLD group was lower than that in the non-NAFLD group (98.00 ± 47.00 mL/min vs 106.44 ±
31.61 mL/min, p<0.001) (Figure 2).

Comparison of the Prevalence of NAFLD in the Different UACR Level Groups
The prevalence of NAFLD in U3 group (75.6%) was higher than that in U1 group (50.5%, p<0.05) and U2 group
(60.1%, p<0.05), and the prevalence of NAFLD in U2 group (60.1%) was higher than that in U1 group (50.5%, p<0.05)
(Figure 3A).

Comparison of the Prevalence of NAFLD in the Different eGFR Level Groups
The prevalence of NAFLD in G2 group (63.0%) was higher than that in G1group (50.8%, p<0.05), and no significant
difference was found between G1 and G3 groups (50.8% vs 64.3%, p>0.05), or between G2 and G3 groups (63.0% vs
64.3%, p>0.05) (Figure 3B).

Correlation Analysis of NAFLD and CKD in Patients with T2DM Using Univariate
Logistic Regression Analysis
T2DM with or without NAFLD was defined as a dependent variable, whereas age; sex; duration of diabetes; BMI; SBP;
diastolic blood pressure; and AST, ALT, ALP, GGT, TG, TC, HDL-C, LDL-C, SUA, HbAlc, FPG, 2hPG, FINS, HOMA-
IR, SCr, BUN, UACR, and eGFR levels were considered as the independent variables. The univariate logistic regression
analysis showed that NAFLD was positively correlated with SBP and UACR, SCr, AST, ALT, ALP, GGT, TG, TC, SUA,
HbAlc, FPG, and HOMA-IR levels (all p<0.05), and negatively correlated with eGFR level, age, duration of diabetes,
and HDL-C level (both p<0.05; Table 2).

Figure 2 Comparison of the SCr, UACR, and eGFR levels between the NAFLD and non-NAFLD groups. (A) SCr level, (B) eGFR level, (C) UACR level.
Abbreviations: SCr, serum creatinine; eGFR, estimated glomerular filtration rate; UACR, urinary albumin creatinine ratio; NAFLD, non-alcoholic fatty liver disease.
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Risk Analysis of NAFLD in the Different UACR Level Groups Using Stratified Logistic
Regression Analysis
T2DM with or without NAFLD was considered a dependent variable, and the U1, U2, and U3 groups defined as the
independent variables. With the U1 group as the reference group, the risk of NAFLD in the different UACR level groups
was analyzed using stratified logistic regression analysis.

In model 1, the risk of NAFLD in the U3 group (odds ratio [OR]=3.032, 95% confidence interval [CI] (1.817, 5.058),
p<0.001) was higher than that in U2 group (OR = 1.473, 95% CI [1.127, 1.926], p=0.005). In model 2, after adjusting for
sex; age; duration of diabetes; BMI; SBP; and AST, ALT, ALP, GGT, TG, TC, and HDL-C levels, the risk of NAFLD in
the U3 group (OR=3.601, 95% CI (1.966, 6.596), p<0.001) was still more than twice than that in the U2 group
(OR=1.762, 95% CI [1.279, 2.428], p= 0.001). In model 3, after further adjusting for SUA, HbAlc, FPG, HOMA-IR
SCr, BUN, and eGFR levels based on the model 2, the risk of NAFLD in the U3 group (OR=2.342, 95% CI [1.203,
4.559], p=0.012) was still higher than that in the U2 group (OR=1.660, 95% CI [1.193, 2.310], p=0.003; Table 3).

Discussion
In this study, patients with T2DM and the prevalence of NAFLD in the CKD group was higher than that in the non-CKD
group, the SCr and UACR levels in the NAFLD group were higher than those in the non-NAFLD group, while eGFR
level in the NAFLD group was lower than that in the non-NAFLD group. In addition, the increase in UACR levels was
closely related to the prevalence and risk of NAFLD.

This study had some limitations. First, our research was a cross-sectional study, limiting our ability to assess and
conclude a causal relationship between the variables studied. Nevertheless, it is noteworthy that there is a correlation
between NAFLD and CKD. Second, the gold standard for NAFLD is puncture biopsy; however, in this study, the
diagnosis of NAFLD was based on ultrasound. Thus, the severity could not be graded to further explore the relationship
between the severity of NAFLD and CKD.

Similar to our results, Lee3 and Targher et al22 reported that CKD in patients with T2DM was positively correlated
with the presence of NAFLD. However, NAFLD was also reported to be closely related to microalbuminuria in newly
diagnosed and early patients with diabetes.23 A large meta-analysis showed that the prevalence and incidence of CKD
increased by approximately two times in the NAFLD population compared with the non-NAFLD population.

Figure 3 Comparison of the prevalence of NAFLD in the different UACR level groups or eGFR level groups. (A) The prevalence of NAFLD in different UACR levels groups,
(B) the prevalence of NAFLD in different eGFR levels groups.
Abbreviations: eGFR, estimated glomerular filtration rate; UACR, urinary albumin creatinine ratio; NAFLD, non-alcoholic fatty liver disease.
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Furthermore, the prevalence and incidence of CKD were higher in the patients with non-alcoholic steatohepatitis than in
those with NAFLD.24

Several scholars believe that there is a two-way relationship between NAFLD and CKD. CKD increases the risk and
progression of NAFLD.20 Another study reported that the severity of the fibrosis associated with NAFLD also increases

Table 2 Correlation Between NAFLD and CKD in T2DM Patients by Univariate Logistic
Regression Analysis

Variables β OR 95% CI P

Male(reference)

Female 0.291 1.337 1.052,1.701 0.018

Age −0.015 0.985 0.975,0.995 0.002
Duration −0.055 0.947 0.930,0.963 <0.001

BMI 0.258 1.295 1.238,1.354 <0.001

SBP 0.007 1.007 1.002,1.012 0.004
DBP 0.002 1.002 0.997,1.007 0.406

AST 0.03 1.030 1.019,1.042 <0.001
ALT 0.018 1.018 1.011,1.025 <0.001

ALP 0.008 1.008 1.004,1.012 <0.001

GGT 0.014 1.014 1.010,1.019 <0.001
TG 0.311 1.365 1.232,1.512 <0.001

TC 0.357 1.429 1.280,1.596 <0.001

HDL-C −1.027 0.358 0.226,0.568 <0.001
LDL-C 0.114 1.121 0.971,1.295 0.12

SUA 0.003 1.003 1.002,1.005 <0.001

HbAlc 0.08 1.084 1.025,1.145 0.005
FPG 0.071 1.074 1.032,1.117 <0.001

2hPG 0.020 1.020 0.997,1.044 0.09

FINS 0.007 1.007 0.994,1.020 0.29
HOMA-IR 0.031 1.032 1.000,1.06–52 0.049

SCr 0.007 1.007 1.003,1.012 0.003

BUN −0.029 0.972 0.940,1.005 0.097
eGFR −0.007 0.993 0.989,0.997 0.001

UACR 0.003 1.003 1.002,1.005 <0.001

Abbreviations: BMI, body mass index; duration, duration of diabetes; BP, systolic blood pressure; DBP, diastolic blood
pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl
transferase; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipopro-
tein cholesterol; SUA, serum uric acid; HbAlc, glycosylated hemoglobin; FPG, fasting plasma glucose; 2hPG, 2-hour postprandial
blood glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance; SCr, serum creatinine; BUN,
blood urea nitrogen; eGFR, estimated glomerular filtration rate; UACR, urinary albumin creatinine ratio.

Table 3 Risk Analysis of NAFLD in the Different UACR Levels by Stratified Logistic
Regression Analysis

Dependent Variables Model OR(95% CI) p

U1 group 0a

U2 group Model 1 1.473(1.127,1.926) 0.005
Model 2 1.762(1.279,2.428) 0.001

Model 3 1.660(1.193,2.310) 0.003

U3 group Model 1 3.032(1.817,5.058) <0.001
Model 2 3.601(1.966,6.596) <0.001

Model 3 2.342(1.203,4.559) 0.012

Notes: aReference group. Model 1, not adjusted; Model 2, adjusted sex, age, duration of diabetes, BMI, SBP, AST, ALT,
ALP, GGT, TG, TC and HDL-C; Model 3, adjusted Model 2+ SUA, HbAlc, FPG, HOMA-IR SCr, BUN and eGFR.
Abbreviations: OR, odds ratio; CI, confidence interval.
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the risk of CKD incidence and progression,25 this may be related to the severity of the fibrosis associated with NAFLD
was based on non-invasive testing methods in the study. However, it was recently observed using liver biopsy that
steatohepatitis represents the sole feature of liver damage in T2DM.26 Therefore, the difference between NAFLD and
NASH in patients with T2DM may need to be confirmed by more relevant studies. Moreover, the specific mechanism
underlying this relationship remains unclear, although it may be due to the common pathogenesis of NAFLD and CKD,
such as IR, dyslipidemia, obesity, inflammation, cellular oxidative stress, impaired regulation of the renin-angiotensin
system (RAS), and changes in the intestinal flora.

IR is considered a major factor in the induction of NAFLD and CKD. An important etiology of NAFLD in the human
liver is the two-way induction of IR and NAFLD.27,28 In human kidneys, IR can directly lead to the production and
circulation of advanced glycation end products, activation of the sympathetic nervous system, and changes in hemody-
namics and hormone levels.29

It is believed that IR and NAFLD promote each other. IR is closely related to the liver and peripheral IR. NAFLD acts
on cells in the peripheral adipose and muscle tissues, directly weakening insulin’s ability to inhibit adipose tissue
degradation and enhancing the body’s degradation of adipose tissue. Under normal circumstances, insulin promotes fat
synthesis in the liver. In theory, IR leads to a decrease in synthetic fat in the liver, but this is not the case. Therefore, most
scholars believe that there is selectivity in the liver IR as it only affects liver glucose metabolism. Meanwhile, it does not
affect lipid metabolism in the liver and increases or, at least, maintains fat synthesis, called “liver selective IR.” This
weakens the ability of the liver to inhibit very-low-density lipoprotein, leading to an increase in blood lipids.30–32 In turn,
NAFLD overproduces glucose and very-low-density lipoprotein and promotes the secretion of a variety of inflammatory
factors, liver cytokines, and insulin, resulting in persistently high insulin levels, systemic IR, impairment of the islet β-
cell function, and gradual depletion of the islet β-cell reserve.28,30–32

Dyslipidemia is an important risk factor for NAFLD as it is further aggravated by the latter. In a diabetes intervention and
complication cohort epidemiological analysis, the reduced risk of moderate-level proteinuria progressing to severe-level
proteinuria or end-stage renal disease was closely associated with low levels of low-density lipoprotein cholesterol and TG.33

Patients with NAFLD usually have complications of IR and hyperinsulinemia, which can affect lipid metabolism.
Dyslipidemia and ectopic accumulation of lipids in the kidney lead to lipotoxicity, which promotes podocyte injury, renal
tubular injury, mesangial hyperplasia, endothelial activation, and formation of macrophage-derived foam cells.29

Obesity is also closely related to NAFLD and CKD, with BMI being positively correlated with the occurrence of kidney
disease.27,34 Obesity may lead to both NAFLD and CKD. Although in some cases, the association between NAFLD and
CKD may result from obesity, and the correlation between NAFLD and CKD in T2DM could have an important clinical
impact, some studies showed that both conditions correlate with high cardiovascular risk.35–37 Further studies that clarify the
possible additive role on the cardiovascular risk of the coexistence of the two conditions are needed.

Oxidative stress is another important factor that promotes NAFLD and CKD.19 Oxidative stress and a decrease in
inflammation may have protective effects against NAFLD and CKD.27

Some scholars believe that RAS plays a key role in the pathogenesis of NAFLD and CKD.29,31,38 In the liver,
angiotensin-converting enzymes promote IR, new adipogenesis, and production of pro-inflammatory cytokines such as
IL-6 and tumor growth factor-β, which trigger fiber formation and promote histological changes in non-alcoholic
steatohepatitis.39 In the kidney, the activation of RAS plays a key role in the accumulation of ectopic lipids, which
leads to glomerulosclerosis, oxidative stress, and inflammation through the vasoconstriction of the glomerular efferent
arterioles.39 The role of the RAS system in the liver and kidney makes it a main inhibitory target for reducing NAFLD
fibrosis and CKD.39,40

Conclusion
The risk of NAFLD in patients with T2DM is closely related to CKD.

Abbreviations
T2DM, type 2 diabetes mellitus; NAFLD, non-alcoholic fatty liver disease; CKD, chronic kidney disease; BMI, body
mass index; HP, hypertension; SBP, systolic blood pressure; DBP, diastolic blood pressure; AST, aspartate
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triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; SUA, serum uric acid; HbAlc, glycosylated hemoglobin; FPG, fasting plasma glucose; 2hPG, 2-hour
postprandial blood glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance;
SCr, serum creatinine; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; UACR, urinary albumin
creatinine ratio.
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