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Purpose: This study aimed to investigate the common and unique risk factors and bidirec-

tional relationship between chronic kidney disease (CKD) and nonalcoholic fatty liver

disease (NAFLD) in patients with type 2 diabetes mellitus (T2DM).

Patients and Methods: This was a cross-sectional study of patients with T2DM enrolled in

a disease management program at two specialized diabetes outpatient clinics. Common and

unique risk factors for CKD and NAFLD were examined using structural equation models

(SEMs). SEMs were also used to examine direct and indirect effects of NAFLD on CKD and

those of CKD on NAFLD.

Results: A total of 1992 subjects with T2DM were enrolled in this study. In multivariate

analysis, NAFLD was independently associated with the odds of CKD (adjusted odds

ratio=1.59, 95% confidence interval=1.12–2.25, P=0.009). SEMs showed that age, triglycer-

ide, uric acid (UA), albumin, and HbA1c levels had statistically significant direct effects on

CKD, and the final model could explain 22% of the variability in CKD. Age, triglycerides,

body mass index (BMI), UA, white blood cell (WBC) count, serum glutamic pyruvic

transaminase (SGPT) level, and smoking status had statistically significant direct effects on

NAFLD, and the final model could explain 43% of the variability in NAFLD. The common

risk factors contributing to both CKD and NAFLD were age, triglycerides, and UA. The

unique risk factors were albumin and HbA1c for CKD, and BMI, WBC, SGPT, and smoking

for NAFLD. In addition, SEM analysis also confirmed the bidirectional causal relationship

between NAFLD and CKD.

Conclusion: Common and unique risk factors and a bidirectional relationship existed

between CKD and NAFLD in our patients with T2DM.

Keywords: bidirectional relationship, chronic kidney disease, nonalcoholic fatty liver

disease, risk factor, structural equation modeling, type 2 diabetes mellitus

Introduction
The incidence of diabetes mellitus is increasing worldwide, and it is the most

common cause of chronic kidney disease (CKD) and end-stage renal disease

(ESRD). Diabetic nephropathy has been reported to affect 20–40% of people with

diabetes.1 In addition, nonalcoholic fatty liver disease (NAFLD) has also been

associated with type 2 diabetes mellitus (T2DM), with an incidence in the general

population ranging from 20–30% and up to 75% in patients with T2DM.2 CKD is
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also a global health issue, and it is associated with

increased risks of ESRD, cardiovascular disease, high

rates of morbidity and mortality, and high health care

costs.3 NAFLD has increasingly been reported to be

a common cause of chronic liver disease, and to be asso-

ciated with both liver-related morbidity and mortality4 and

increased risks of developing cardiovascular disease

(CVD) and adverse CVD outcomes.5

An increasing number of epidemiologic studies have

reported an association between NAFLD and CKD, espe-

cially in people with T2DM,6,7 and there has also been

increased focus on NAFLD-related CKD.8 Diverse and

complex factors have been associated with the develop-

ment and progression of CKD and NAFLD. Previous

studies have consistently reported that an older age, dia-

betes, hypertension, dyslipidemia, and obesity are asso-

ciated with either CKD or NAFLD.9–11 However, few

studies have examined the characteristics of the risk fac-

tors for both NAFLD and CKD,9–11 and the relationships

among the unique risk factors for NAFLD and CKD in

patients with T2DM. Although CKD and NAFLD may

share many common pathogenic mechanisms and cardio-

metabolic risk factors, it would seem that as yet unknown

unique risk factors and pathways are involved in NAFLD

and CKD in patients with T2DM.12 To fill this information

gap, we evaluated associations among NAFLD and other

factors with CKD in patients with T2DM in this study, and

assessed the effects of demographic data, inflammation

factors, anthropometric and metabolic variables on CKD

and NAFLD using structural equation models (SEMs). In

addition, we also used an SEM to explore the potential

mediators and bidirectional relationship between CKD and

NAFLD.

Patients and Methods
Study Participants
In this cross-sectional analysis, we enrolled patients with

T2DM who participated in a disease management program

from October 2006 to May 2017 at two specialized diabetes

outpatient clinics in Pingtung Christian Hospital and E-Da

Hospital (n = 2,283).13 The diagnosis of T2DM was based

on World Health Organization criteria.14 Patients with liver

cirrhosis, positive hepatitis B surface antigen or hepatitis

C virus antibodies (n = 61), history of cancer (n = 12), CVD

(includingmyocardial infarction, angina, symptomatic periph-

eral artery disease, ischemic stroke, coronary/peripheral revas-

cularization procedures) (n = 22), alcohol intake ≥ 30 g/day in

men or ≥ 20 g/day in women (n = 75), and those receiving

medical treatment for current chronic glomerulonephritis other

than diabetic kidney disease (n = 11) were excluded. Patients

with missing information on alcohol intake (n = 108) and

variables required to calculate NAFLD fibrosis score (n = 2)

were also excluded. Since more than one exclusion criterion

could have applied to each patient, we finally enrolled 1,992

patients (682 men and 1,310 women). All of the patients

provided written informed consent for collection of data and

samples, and also for the analysis of these data. This study was

performed in accordance with the principles of the Declaration

of Helsinki, and the study protocol and procedures were

approved by the Ethics Committees of Pingtung Christian

Hospital and E-Da Hospital with a Clinical Trial Approval

Certificate of Pingtung Christian Hospital on 16th Dec 2005

and E-Da Hospital Institutional Review Board number

EMRP-106-058. All experiments were performed according

to the relevant regulations and guidelines.

Data Collection
Data on demographics, alcohol consumption, smoking sta-

tus, medical history, psycho-social factors, diabetic self-

management behavior, and the use of medications were

collected using a standardized questionnaire. Current smo-

kers were defined as those who had smoked within 1 year of

the examination, and nonsmokers were defined as those

who had stopped smoking for > 1 year before the examina-

tion. Most of the participants did not drink alcohol (88%) or

drank in moderation (alcohol intake < 20 g/day; 12%).

Trained nurses measured the weight, height, and sitting

blood pressure of each patient. Body mass index (BMI)

was calculated as weight (kg)/height (m2). In addition,

venous blood was drawn in the morning after an overnight

fast. The kinetic Jaffé method was used to measure levels of

serum creatinine using a SYNCHRON CX System analyzer

(SYNCHRON, Los Angeles, CA) with reagents purchased

from Beckman Coulter Diagnostics (Beckman Coulter Inc.,

Los Angeles, CA). Standard commercial methods were

used to measure levels of total cholesterol, high-density

lipoprotein cholesterol (HDL-C), low-density lipoprotein

cholesterol (LDL-C), serum triglycerides, albumin, glu-

cose, uric acid (UA), and white blood cell (WBC) count

using a parallel-multichannel analyzer (SYNCHRON).

High performance liquid chromatography was used to mea-

sure levels of hemoglobin A1c (HbA1c). Serum glutamic

pyruvic transaminase (SGPT) was measured according to

the International Federation of Clinical Chemistry methods.
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Measurement of Estimated Glomerular

Filtration Rate (eGFR) and Definition of

CKD Risk Status
EGFR was calculated using the CKD-EPI two-

concentration race equation,15 and CKD status was con-

firmed with follow-up eGFR measurements taken 3 months

later according to the modified National Kidney Foundation

classification of CKD.16 In this study, we classified patients

with an eGFR < 60 mL/min per 1.73m2 into the CKD group,

but not those with stage 1 or 2 CKD (eGFR ≥ 60mL/min per

1.73m2).17

Liver Ultrasonography and Fatty Liver

Index (FLI) Calculation
All of the participants underwent hepatic ultrasonography

which was performed by the two experienced physicians

who were blinded to their clinical data. Hepatic steatosis

was diagnosed according to the following sonographic

features: evidence of diffuse hyperechogenicity in the

liver relative to the kidneys, poor visualization of intrahe-

patic structures, and ultrasound beam attenuation. As

patients with excess alcohol intake (≥ 30 g/day for men

and ≥ 20 g/day for women) in addition to other identifiable

causes of fatty liver were excluded from this study, a fatty

liver was considered to indicate NAFLD.

The FLI was calculated as follows:

FLI = [e0.953×loge (triglycerides) + 0.139×BMI +

0.718×loge (GGT) + 0.053×waist circumference-15.745)]/[1

+ e0.953×loge (triglycerides) + 0.139×BMI+0.718×loge (GGT)

+ 0.053×waist circumference-15.745] ×100, with GGT in U/l,

triglycerides in mmol/l, and waist circumference in cm, as

previously reported by Bedogni et al.18

Statistical Analysis and SEMs
The Kolmogorov–Smirnov test was used to analyze normality

of the data. Normally distributed continuous variables are

presented as mean ± SD, and non-normally distributed vari-

ables as median (interquartile range). Statistical differences in

variables were compared using unpaired Student’s t-tests for

normally distributed variables. Levels of serum triglycerides,

SGPT, and urine albumin to creatinine ratio (UACR) were

logarithmically transformed before performing the statistical

tests to achieve normal distribution. Categorical variables are

presented as frequencies and/or percentages, and the χ2 test

was used for inter-group comparisons. Multivariate logistic

regression models were used to investigate whether NAFLD

was independently associated with CKD. Adjusted odds ratios

and 95% confidence intervals were estimated to assess the

independent effects of potential risk factors. All tests were

two-tailed, and a P-value of <0.05 was considered to be

statistically significant. Statistical Package for Social Science

software was used for all statistical analyses (SPSS for

Windows, version 21.0; SPSS Inc., Chicago, Ill, USA).

To explore the common and unique risk factors for

CKD and NAFLD, we performed measured variable

path analysis (MVPA), a type of SEM, to evaluate

relationships among age, education, BMI, triglycerides,

HbA1c, systolic blood pressure (SBP), UA, and albumin

on CKD, and relationships among age, education, BMI,

triglycerides, HbA1c, SGPT, UA, WBC, and smoking

on NAFLD. In addition, a path model based on covar-

iance structural analysis was then constructed to inves-

tigate relationships between BMI and UA, and in

particular to identify the factors associated with BMI

and UA that were most likely to have causal effects on

the risks of CKD and NAFLD.19

Given the potential bidirectional relationship between

CKD and NAFLD, we used the following analytic

approach: first, we tested for mediation according to the

study by Baron and Kenny,20 and then we used SEMs to

analyze the direct and indirect effects of CKD on NAFLD

and of NAFLD on CKD. The basic theoretical forms of

the SEMs are shown in Figure S1.

Initial analysis revealed that obesity and UA were com-

mon mediators contributing to the pathogenesis of both CKD

and NAFLD. We then used a logistic regression model with

BMI as a function of NAFLD and other potential risk factors

in the final model of CKD (Figure S1). As NAFLD has been

associated with CKD,21 we used a further model with BMI

added to the CKD-NAFLD model to assess whether the

relationship remained after adding BMI. A similar process

was used to assess whether UA mediated the relationship

between CKD and NAFLD as with obesity. We fitted the

following SEMs: (1) Model A for CKD risk status: NAFLD,

BMI, and UA leading to CKD risk status, with NAFLD

leading to obesity. (2) Model B for CKD risk status:

NAFLD, BMI, and UA leading to CKD risk status, with

obesity leading to NAFLD. (3) Model C for NAFLD out-

comes: CKD risk status leading to NAFLD, with BMI and

UA leading to CKD risk status. (4) Model D for NAFLD

outcomes: CKD and BMI leading to NAFLD, with BMI and

UA leading to CKD.

IBM SPSS AMOS version 24 (Amos Development

Corporation, Meadville, PA, USA) software was used to fit
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the path model and SEMs are depicted in Figures 1–3. We

used standard criteria including standardized root mean square

residual (SRMSR) < 0.06, root mean square error of approx-

imation (RMSEA) < 0.08, and comparative fit index

(CFI) > 0.90 as indices of the statistical fit of the models to

the data.22 In addition, we used the maximum likelihood

method to estimate the fit of a model. The results are presented

as standardized path coefficients with their statistical

significance.

Results
Baseline Clinical and Biochemical

Characteristics in the T2DM Patients

with and Without CKD
Baseline clinical and biochemical characteristics in the T2DM

patients with and without CKD are shown in Table 1. The

CKD patients had higher rates of illiteracy, education to ele-

mentary school, being a widow or widower, NAFLD, and

A

B

BMI

Age

HbA1c

Triglycerides

Education to junior high 
school or below

SBP

Uric acid

CKD
(R2=0.22)

Albumin

0.179***

-0.126***

0.128***

0.097**

0.108***

0.094**

0.152*** 0.062*

0.126***

0.150*** 0.109***-0.248***
0.096***

-0.142***

0.377***

0.140***

0.070**

BMI

Age

HbA1c

Triglycerides

SGPT

Uric acid

NAFLD
(R2=0.43)

WBC

0.179***

-0.126***

0.128***

0.097**

0.108***

0.094**

0.175***
0.113***

0.128***

0.167*** 0.168***

0.066**

-0.029

0.089***

Education to junior high 
school or below

0.072*

-0.079**

Smoking

0.055*

0.081***

0.072*

0.122***

0.073*

0.106***0.057

0.074*

0.543***

0.126***

Figure 1 Structural equation model for chronic kidney disease in the patients with type 2 diabetes mellitus. χ2 = 57.90, p <0.05; Comparative Fit Index (CFI), 0.934;

Goodness of Fit Index (GFI), 0.989; root mean square error of approximation (RMSEA), 0.046; standardized root mean square residual (SRMR), 0.034. *P<0.05, **P<0.01,
and ***P<0.001. Path loadings are standardized coefficients (A). Structural equation model for nonalcoholic fatty liver disease in the patients with type 2 diabetes mellitus. χ2

= 53.54, p <0.05; CFI, 0.965; GFI, 0.991; RMSEA, 0.037; SRMR, 0.029. *P<0.05, **P<0.01, and ***P<0.001. Path loadings are standardized coefficients (B). Variables that were
included in the structural equation model are presented in Supplemental Tables 1 and 2.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; CKD, chronic kidney disease; SGPT, serum glutamic pyruvic transaminase; WBC, white blood cell;

NAFLD, nonalcoholic fatty liver disease.
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obesity, and lower rates of education to high school and

college, and single marital status than the patients without

CKD (P<0.05). In addition, the patients with CKD were

older and had a higher known duration of diabetes (DMDU),

fatty liver index, BMI, waist circumference, SBP, fasting

glucose, HbA1c, triglycerides, UA, creatinine, and UACR

than the patients without CKD (P<0.05). The patients with

CKD also had a lower Mini-Mental State Examination

(MMSE) score, and lower levels of HDL-C, albumin, SGPT,

and eGFR than the patients without CKD (P<0.05).

Baseline Clinical and Biochemical

Characteristics of the T2DM Patients

with and Without NAFLD
The baseline clinical and biochemical characteristics of the

T2DM patients with and without NAFLD are shown in

Table 2. The NAFLD patients were predominantly male,

younger, had a higher rate of education to junior high

school, cut-off value of FLI ≥60, smoking, CKD, and

obesity, and a lower rate of education to high school than

the patients without NAFLD (P<0.05). In addition, the

patients with NAFLD had a higher BMI, waist circumfer-

ence, SBP, diastolic blood pressure, fasting glucose,

HbA1c, total cholesterol, triglycerides, LDL-C, SGPT,

FLI, fibrosis-4 index, UA, creatinine level, UACR, and

WBC count than the patients without NAFLD (P<0.05).

The patients with NAFLD also had a lower MMSE score

and lower levels of DMDU, HDL-C, and eGFR than the

patients without NAFLD (P<0.05).

Associations Among NAFLD and Other

Factors with CKD in the Patients with

T2DM
In univariate regression analysis (Table 3), NAFLD was

associated with an increased odds of CKD. Older age,

diabetes duration, BMI, SBP, triglycerides, HbA1c, UA,

SGPT, obesity, and current use of medications (insulin,

lipid-lowering, antihypertensive drugs) were also asso-

ciated with an increased odds of CKD, whereas gender,

smoking, and LDL-C were not. In multivariate regression

analysis (Table 3), the association between NAFLD and

CKD (OR=1.83, 95% CI, 1.38–2.42, P<0.0001) was not

significantly affected by adjustments for gender and age

(model 1). Additional adjustments for baseline confound-

ing factors did not alter the significant relationship

between NAFLD and CKD (OR=1.59, 95% CI, 1.12–2.25,

P=0.009) (model 2).

SEM Analysis
As with the multiple logistic regression models described

above (Table 3), we designed two SEM models to assess

the common and unique risk factors for CKD and NAFLD.

The estimated MVPA with parameters and statistical sig-

nificance of individual paths is shown in Figure 1. The

estimated model demonstrated good model fit, with CFI,

0.93; RMSEA, 0.05; and SRMSR, 0.03 (Figure 1A). There

were statistically significant positive direct effects from

Path model A

Path model B

Path model C

Path model D

Uric acid

BMI

BMI
NAFLD
R2=0.36

0.597***

Uric acid
0.448*** CKD

R2=0.20

CKD
R2=0.200.181***

Uric acid

BMI

NAFLD
R2=0.370.181***

0.124***

0.574***

0.437***

0.063*

Figure 2 Path models (A–D). The paths are displayed with coefficients that

indicate the standardized coefficient of the regressing independent variable on the

dependent variable of the relevant path (path model (A), uric acid to chronic kidney

disease (CKD) risk status; path model (B), body mass index (BMI) to nonalcoholic

fatty liver disease (NAFLD); path model (C), uric acid and/or BMI to CKD risk

status; path model (D), uric acid and/or BMI to NAFLD). *P<0.05 and ***P<0.001.
Abbreviations: CKD, chronic kidney disease; NAFLD, nonalcoholic fatty liver

disease; BMI, body mass index; R2, squared multiple correlation.
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triglycerides, UA, age, and HbA1c on CKD, and

a statistically significant negative direct effect from albu-

min on CKD (Figure 1A). The model explained 22% of

the variability in CKD. Although BMI, education to junior

high school or below, and SBP had no direct effect on

CKD, BMI had an indirect effect on CKD (β=0.097)
through triglycerides. Education to junior high school or

below had an indirect effect on CKD (β=0.072) through
HbA1c. SBP had an indirect effect on CKD (β=0.109)
through UA. In addition, the estimated model demon-

strated good model fit, with CFI, 0.97; RMSEA, 0.04;

and SRMSR, 0.03 (Figure 1B). There were statistically

significant positive direct effects from triglycerides, BMI,

WBC count, UA, SGPT, age, and smoking on NAFLD

(Figure 1B). The model explained 43% of the variability in

NAFLD. Although education to junior high school or

below and HbA1c had no direct effect on NAFLD, educa-

tion to junior high school or below had an indirect effect

on NAFLD (β=0.072) through HbA1c. In addition, HbA1c

had an indirect effect on NAFLD through triglycerides and

SGPT (β=0.094, β=0.113). The variables included in the

SEMs are shown in Tables S1 and S2. According to these

results, the risk factors common to CKD and NAFLD were

age, triglycerides, and UA, while the unique risk factors

were albumin and HbA1c for CKD, and BMI, WBC,

SGPT, and smoking for NAFLD.

Path Analysis
The hypothesis and results of the initial path models a and

b are illustrated in Figure 2. This approach was predicated

Model A CKD structural equation model Model B CKD structural equation model
χ2 (1992) = 25.89, p = 0.0001, CFI = 0.969, χ2 (1992) = 25.89, p = 0.0001, CFI = 0.969,
RMSEA = 0.080, SRMR = 0.041 RMSEA = 0.080, SRMR = 0.041

Model C NAFLD structural equation model Model D NAFLD structural equation model
χ2 (1992) = 9.972, p = 0.002, CFI = 0.989,              χ2 (1992) = 9.972, p = 0.002, CFI = 0.989,
RMSEA = 0.070, SRMR = 0.021                       RMSEA = 0.070, SRMR = 0.021

0.126***

0.579*** 0.181***

0.437***

0.114*** -0.003

0.597*** 0.181***

0.425***

BMI
R2=0.36

NAFLD Uric acid
R2=0.03

CKD 
R2=0.20

0.114***

0.181***

0.425***

BMINAFLD
R2=0.36

Uric acid
R2=0.03

CKD 
R2=0.20

-0.003

0.597***

0.192***

0.593*** 0.132***

0.442***

BMI
R2=0.37

NAFLD
R2=0.04

Uric acid
R2=0.03

CKD
R2=0.20

-0.030

BMINAFLD
R2=0.37

Uric acid
R2=0.03

CKD 
R2=0.21

0.063*

Figure 3 Structural equation models outlining four possible bidirectional relationships between the risk of chronic kidney disease (A and B) and nonalcoholic fatty liver

disease (C and D), mediated by body mass index and uric acid. *P<0.05 and ***P<0.001. Path loadings are standardized coefficients.

Abbreviations: CKD, chronic kidney disease; NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; R2, squared multiple correlation.
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on the hypothesis that UA and BMI may have exerted

causal effects on CKD risk status and NAFLD. The simple

path model for confirmation factor analysis showed that

UA (β=0.448, P<0.001) and BMI (β=0.597, P<0.001)

significantly influenced CKD risk status and NAFLD,

respectively. Path models c and d were drawn in

a similar manner from UA and BMI to CKD risk status

and NAFLD. Associations between UA and BMI were

illustrated using two-way arrows (Figure 2). After standar-

dizing all of the variables, the final model showed that

CKD risk status was predicted by UA (β=0.437, P<0.001)

and BMI (β=0.063, P<0.05), and that NAFLD was also

Table 1 Baseline Clinical and Biochemical Characteristics in Type 2 Diabetes Patients with and Without Chronic Kidney Disease

Variables All subjects Chronic Kidney Disease P-value

Yes No

No 1992 622 1370

Age (years) 66.0±10.9 71.3±8.8 63.5±10.9 <0.0001

Male gender 682(34.2) 198(31.8) 484(35.3) 0.128

DMDU (years) 14.1±7.4 16.7±8.4 13.0±6.6 <0.0001

WHO 5 well-being 18.1±3.5 18.0±3.5 18.1±3.6 0.713

MMSE 25.4±4.3 24.5±4.6 26.0±4.1 <0.0001

Education

Illiterate 364(18.3) 173(27.8) 191(13.9) <0.0001

Elementary school 636(31.9) 236(37.9) 400(29.2) 0.0001

Junior high school 299(15.0) 81(13.0) 218(15.9) 0.094

High school 422(21.2) 77(12.4) 345(25.2) <0.0001

College 271(13.6) 55(8.8) 216(15.8) <0.0001

Marital Status

Single 92(4.6) 18(2.9) 74(5.4) 0.014

Married 1656(83.1) 502(80.7) 1154(84.2) 0.052

Divorced 38(1.9) 7(1.1) 31(2.3) 0.086

Widow or widower 206(10.3) 95(15.3) 111(8.1) <0.0001

Smoking 292(14.7) 82(13.2) 210(15.3) 0.210

Fatty liver index 33.7(17.1–58.5) 41.9(22.2–66.1) 31.4(15.5–53.2) <0.0001

NAFLD 1113(55.9) 400(64.3) 713(52.0) <0.0001

Obesity 812(40.8) 289(46.5) 523(38.2) 0.001

Body mass index (kg/m2) 26.4±4.2 27.0±4.2 26.2±4.2 0.0003

Waist circumference (cm) 89.4±10.1 91.3±10.0 88.5±10.1 <0.0001

Systolic blood pressure (mmHg) 133±18 137±19 132±18 <0.0001

Diastolic blood pressure (mmHg) 75±12 76±12 75±12 0.564

Fasting glucose (mmol/L) 8.0±2.5 8.2±2.8 7.9±2.3 0.017

HbA1c (%) 7.4±1.3 7.6±1.4 7.3±1.2 <0.0001

Total cholesterol (mmol/L) 4.6±0.8 4.6±0.9 4.6±0.8 0.167

Triglycerides (mmol/L) 1.3±0.9 1.5±1.1 1.3±0.9 <0.0001

HDL cholesterol (mmol/L) 1.5±0.4 1.4±0.4 1.5±0.4 0.001

LDL cholesterol (mmol/L) 2.3±0.7 2.4±0.7 2.3±0.6 0.554

Albumin (g/L) 43±3 42±3 44±3 <0.0001

SGPT (mg/dL) 29.2±24.4 25.5±16.4 30.8±27.1 <0.0001

Uric acid (µmol/L) 321.2±101.1 374.7±101.1 291.5±83.3 <0.0001

Creatinine (µmol/L) 97.2±53.0 141.4±79.6 79.6±17.7 <0.0001

Estimated GFR (mL/min/1.73m2) 70.7±22.6 44.8±12.3 82.4±15.3 <0.0001

Urinary albumin to creatinine ratio 12.6(3.4–36.3) 25.6(8.0–66.0) 10.7(2.9–29.4) <0.0001

White blood cell count (109/l) 7139±1982 7218±2015 7103±1967 0.230

Note: Data are expressed as mean ± SD, number (%), or median (interquartile range).

Abbreviations: DMDU, known diabetic duration; MMSE, Mini-Mental State Examination; BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density;

lipoprotein; SGPT, serum glutamic pyruvic transaminase; GFR, glomerular filtration rate.
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predicted by UA (β=0.124, P<0.001) and BMI (β=0.574,

P<0.001). Both UA and BMI were associated with the

risks of CKD and NAFLD, and we believe that this

model is consistent with the renal-metabolic law.

Bidirectional Relationship Between CKD

and NAFLD
As with the multiple logistic regression models and path

models described above, we designed four SEMs to assess

whether there was a bidirectional relationship between

NAFLD and CKD risk status (Figure 3). Models a and

b depicted the SEMs for CKD risk status outcomes.

Model a showed that in assessments of the role of

NAFLD leading to obesity (β=0.597, P<0.001), NAFLD

had a significant direct effect on CKD risk status (β=0.114,

P<0.001), and that this effect was indirectly through BMI

and UA. AMOS analysis showed that the model had a close

fit (CFI, 0.97; SRMSR, 0.04), indicating the statistical plau-

sibility of this pathway. We then assessed the role of obesity

leading to NAFLD in model b, and the results also showed

an acceptable fit of the model (CFI, 0.97; SRMSR, 0.04),

providing additional support for the significant direct effect

of NAFLD on the risk of CKD (β=0.114, P<0.001), and the

significant indirect effect of BMI on CKD through NAFLD

(β=0.597, P<0.001) and UA (β=0.181, P<0.001).
The SEMs for the outcome of NAFLD were assessed

in models c and d. In model c, CKD was shown to have

a significant direct effect on NAFLD (β=0.192, P<0.001)

in assessments of the role of NAFLD leading to obesity

(β=0.593, P<0.001), whereas BMI had a significant indir-

ect effect on NAFLD through CKD risk status and UA.

These results suggested that an increase in NAFLD was

associated with an increase in BMI, which in turn led to an

increase in UA level, which in turn led to an increase in

the risk of CKD. The direct effect of BMI on the risk of

CKD was not significant, however the indirect effect of

BMI on the risk of CKD (through UA (β=0.132,

P<0.001)) was significant. Model c (CFI, 0.99; SRMSR,

0.02) had a better fit than model a, suggesting that model

c represented a more plausible explanation of these asso-

ciations than model a. In addition, the closer fit of model

d (CFI, 0.99; SRMSR, 0.02) compared to model c with

regards to the role of obesity leading to NAFLD (β=0.579,

P<0.001) suggested that the risk of CKD had a significant

direct effect on NAFLD (β=0.126, P<0.001). BMI seemed

Table 2 Baseline Clinical and Biochemical Characteristics in Type

2 Diabetes Patients with and Without Nonalcoholic Fatty Liver

Disease

Variables Ultrasound-Diagnosed

NAFLD

P-value

Yes No

No 1113 879

Age (years) 65.4±11.3 66.7±10.3 0.006

Male gender 418(37.6) 264(30.0) 0.0004

Known diabetic duration (years) 13.8±7.3 14.5±7.6 0.031

WHO 5 well-being 18.0±3.5 18.2±3.5 0.181

Mini-Mental State Examination 25.1±4.5 25.8±4.1 0.007

Education

Illiterate 218(19.6) 146(16.6) 0.088

Elementary school 347(31.2) 289(32.9) 0.419

Junior high school 190(17.1) 109(12.4) 0.004

High school 208(18.7) 214(24.4) 0.002

College 150(13.5) 121(13.8) 0.852

Marital Status

Single 57(5.1) 35(4.0) 0.229

Married 917(82.4) 739(84.1) 0.319

Divorced 20(1.8) 18(2.1) 0.685

Widow or widower 119(10.7) 87(9.9) 0.563

Cut-Off Value of Fatty Liver Index

<60 630(56.6) 732(83.3) <0.0001

≥60 483(43.4) 147(16.7)

Smoking 184(16.5) 108(12.3) 0.008

Chronic kidney disease 400(35.9) 222(25.3) <0.0001

Obesity 717(64.4) 97(11.0) <0.0001

Body mass index (kg/m2) 28.6±4.0 23.7±2.7 <0.0001

Waist circumference (cm) 94.3±9.2 83.1±7.5 <0.0001

Systolic blood pressure (mmHg) 136±18 131±19 <0.0001

Diastolic blood pressure (mmHg) 77±11 73±12 <0.0001

Fasting glucose (mmol/L) 8.2±2.7 7.7±2.1 <0.0001

HbA1c (%) 7.6±1.4 7.2±1.1 <0.0001

Total cholesterol (mmol/L) 4.6±0.9 4.5±0.8 0.002

Triglycerides (mmol/L) 1.6±1.1 1.1±0.6 <0.0001

HDL cholesterol (mmol/L) 1.4±0.3 1.6±0.4 <0.0001

LDL cholesterol (mmol/L) 2.4±0.7 2.3±0.6 0.0002

Albumin (g/L) 43±3 43±3 0.378

Serum glutamic pyruvic

transaminase (mg/dL)

27.0(19.0–40.0) 20.0(15.0–27.0) <0.0001

Fatty liver index 50.4(32.1–76.2) 29.7(16.5–47.5) <0.0001

FIB-4 index 1.65(1.03–2.04) 1.16(0.82–1.95) 0.021

Uric acid (µmol/L) 339.0±101.1 297.4±89.2 <0.0001

Creatinine (µmol/L) 97.2±53.0 88.4±53.0 <0.0001

Estimated GFR (mL/min/1.73m2) 68.8±23.3 73.1±21.5 <0.0001

Urinary albumin to creatinine

ratio

17.1(4.9–48.3) 8.9(2.5–26.1) 0.0003

White blood cell count (109/l) 7466±2048 6724±1815 <0.0001

Note: Data are expressed as mean ± SD, number (%), or median (interquartile

range).

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; FIB-4,

fibrosis-4; GFR, glomerular filtration rate.
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to both directly and indirectly affect NAFLD through an

elevated UA level and the risk of CKD. Taken together,

models a, c, and d appeared to be the most plausible, with

each model suggesting that there may have been

a bidirectional relationship between NAFLD and CKD

risk status. NAFLD impacted the risk of CKD directly,

CKD impacted NAFLD directly, and NAFLD indirectly

affected the risk of CKD through BMI and UA.

Discussion
In the patients with T2DM in this study, NAFLD was

associated with an increased risk of CKD, and CKD was

associated with an increased risk of NAFLD. Moreover,

this association remained after controlling for conventional

risk factors including age, gender, BMI, SBP, UA, SGPT,

diabetes duration, HbA1c, LDL-C, triglycerides, smoking,

and current use of medications. The risk factors common

to CKD and NAFLD were age, triglycerides, and UA,

while the unique risk factors were albumin and HbA1c

for CKD, and BMI, WBC, SGPT, and smoking for

NAFLD. Three of four SEMs were plausible and sug-

gested a bidirectional relationship between NAFLD and

CKD, and that this relationship was mediated by BMI and

UA. To the best of our knowledge, this is the first study to

investigate the common and unique risk factors and

bidirectional relationship between CKD and NAFLD in

patients with T2DM.

In this study, SEM analysis demonstrated that age,

triglyceride, UA, albumin, and HbA1c levels had statisti-

cally significant direct effects on CKD, and the final model

could explain 22% of the variability in CKD. Age, trigly-

cerides, BMI, UA, WBC count, SGPT, and smoking had

statistically significant direct effects on NAFLD, and the

final model could explain 43% of the variability in

NAFLD. According to these results, the risk factors com-

mon to CKD and NAFLD were age, triglycerides, and UA.

These findings are consistent with previous studies in

which hyperuricemia, old age, and higher level of trigly-

cerides were strongly associated with the risk of CKD23,24

and NAFLD25,26 in patients with T2DM. Furthermore, the

risk factors unique to CKD were albumin and HbA1c, and

those unique to NAFLD were BMI, WBC, SGPT, and

smoking. Previous studies have also reported that hypoal-

buminemia and hyperglycemia were uniquely associated

with the progression of kidney disease in patients with

T2DM.27,28 As expected, we found a strong significant

association between NAFLD and BMI. As NAFLD is

associated with insulin resistance, dyslipidemia, hyperten-

sion, and obesity, it is considered to be a liver manifesta-

tion of the metabolic syndrome.29 Both excessive BMI and

Table 3 Univariate and Multivariate Logistic Regression Analyses Showing Associations Among Nonalcoholic Fatty Liver Disease and

Other Factors with Chronic Kidney Disease Among the Patients with Type 2 Diabetes

Univariate Multivariate Model 1 Multivariate Model 2

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

NAFLD (yes versus no) 3.47 (2.69–4.47) <0.0001 1.83 (1.38–2.42) <0.0001 1.59 (1.12–2.25) 0.009

Age (per year) 1.08 (1.07–1.10) <0.0001 1.08 (1.07–1.10) <0.0001 1.07 (1.05–1.08) <0.0001

Gender (male versus female) 0.86 (0.70–1.05) 0.143 0.91 (0.74–1.13) 0.407 0.58 (0.42–0.80) 0.001

Smoking (yes versus no) 0.84 (0.64–1.10) 0.207 1.13 (0.80–1.59) 0.491 1.24 (0.82–1.88) 0.317

Diabetes duration (per year) 1.07 (1.05–1.08) <0.0001 1.04 (1.03–1.06) <0.0001 1.02 (1.00–1.04) 0.021

Obesity (yes versus no) 1.43 (1.18–1.74) <0.0001 1.92 (1.56–2.38) <0.0001 1.34 (1.03–1.76)a 0.030

Body mass index (per unit) 1.04 (1.02–1.07) <0.0001 1.09 (1.06–1.11) <0.0001 1.02 (1.01–1.06)b 0.040

Systolic blood pressure (per unit) 1.01 (1.01–1.02) <0.0001 1.01 (1.01–1.02) <0.0001 1.00 (0.99–1.01) 0.966

LDL-cholesterol (per unit) 1.00 (0.99–1.01) 0.532 1.01 (1.00–1.01) 0.008 1.00 (0.99–1.01) 0.493

Triglycerides (per unit) 1.00 (1.00–1.00) <0.0001 1.00 (1.00–1.01) <0.0001 1.00 (1.00–1.01) <0.0001

HbA1c (per unit) 1.21 (1.12–1.30) <0.0001 1.27 (1.18–1.38) <0.0001 1.08 (0.97–1.21) 0.140

Uric acid (per unit) 1.79 (1.66–1.94) <0.0001 1.90(1.75–2.07) <0.0001 1.80 (1.64–1.96) <0.0001

SGPT (per unit) 0.99 (0.98–0.99) <0.0001 0.99 (0.99–1.00) 0.004 0.98 (0.98–0.99) <0.0001

Insulin treatment (yes versus no) 2.22 (1.79–2.75) <0.0001 2.59 (2.05–3.28) <0.0001 1.76 (1.28–2.42) 0.001

Antihypertensive treatment (yes versus no) 2.93 (2.40–3.59) <0.0001 2.49 (2.02–3.08) <0.0001 1.65 (1.27–2.15) <0.0001

Lipid-lowering treatment (yes versus no) 1.44 (1.16–1.80) 0.001 1.40 (1.11–1.77) 0.005 1.21 (0.91–1.61) 0.197

Notes: Multivariate model 1: Adjusted for age and gender. Multivariate model 2: All covariates were used for analysis. aIn multiple logistic regression analysis, all covariates

except body mass index were used for analysis. bIn multiple logistic regression analysis, all covariates except obesity were used for analysis. CKD was defined as

eGFR<60 mL/min per 1.73m2.

Abbreviations: NAFLD, nonalcoholic fatty liver disease; LDL, low-density lipoprotein; SGPT, serum glutamic pyruvic transaminase; OR, odds ratio.
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visceral obesity are known risk factors for NAFLD, and

around 66% of patients with obesity and T2DM have been

reported to exhibit hepatic steatosis.2,30 Furthermore, some

prior studies have indicated that WBC,31 SGPT,32 and

smoking33 are better predictors of NAFLD. The findings

of the current study support that these factors do have

direct effects on NAFLD. Surprisingly, our results did

not show associations between WBC, SGPT, or smoking

and CKD. WBC34 and smoking35 have been reported to be

risk factors for a decline in kidney function. However,

consistent with our findings, Sato et al did not find an

association between WBC36 and eGFR. Similarly, we

found that the patients with CKD also had lower levels

of SGPT than the patients without CKD (Table 1). This

finding is consistent with a previous study that reported

lower SGPT levels in patients with CKD on hemodialysis

(with or without viral hepatitis) than in patients with

normal renal function.37 This may explain the lack of an

association between SGPT and CKD in the present study.

Our findings regarding NAFLD and CKD are consis-

tent with those of previous studies.6,7 Targher et al

reported that patients with diabetes and NAFLD had

higher rates of diabetic nephropathy.6 In addition, Hwang

et al reported a close association between microalbumi-

nuria and NAFLD in prediabetic patients and in those with

newly diagnosed diabetes.38

In the present study, multivariate logistic regression mod-

els 1 and 2 indicated the robustness of the effect of NAFLD

on CKD. Furthermore, path models based on covariance

structure analysis confirmed that the relationship between

NAFLD and CKD was mediated by BMI and UA.

Moreover, four biologically plausible SEMs39 identified

a bidirectional relationship between NAFLD and CKD in

addition to mediation of this effect through BMI and UA.

Obesity has been associated with CKD,40 and this was shown

in model 2 (Table 1) which incorporated another 14 potential

risk factors. Relationships among CKD, obesity, and

NAFLD were further investigated using the mediation

approach propose by Baron and Kenny,20 and the results

showed that BMI and UA mediated the relationship between

CKD and NAFLD. The results of the direct and indirect

effects in the four path models supported the bidirectional

relationship between CKD and NAFLD, and that BMI and

UA mediated this relationship.

In addition to the novel application of complex statis-

tical methods in this study, the results suggest potential

pathways that could be used to prevent and detect CKD

via screening of NAFLD. Furthermore, the significance of

our results is supported by a previous consensus statement

on the association with hepatorenal syndrome.41 This con-

sensus statement states that liver disease may increase the

risk of CKD based on evidence from many studies that

have supported the association between NAFLD and

increased systemic inflammation, and that this inflamma-

tory component of NAFLD may also be linked to CKD.

There are several limitations to this study. First, causal

inference is generally not possible in cross-sectional studies

as temporal associations cannot be assessed. Therefore, we

used SEM analysis as it allowed us to test the statistical

plausibility of the hypothesized causal relationships. The

SEMs were shown to have a close fit, therefore suggesting

the plausibility of the proposed causal relationships given

the potentially complex relationships between CKD and

NAFLD,42 and the paths could be tested for significance.

Further longitudinal studies are warranted to examine this

potential bidirectional relationship in greater detail. Second,

we included a middle-aged, elderly Chinese population, and

thus our results may not be generalizable to other popula-

tions. Third, we only included WBC count in the SEM

models to assess the common and unique risk factors for

CKD and NAFLD. However, other systemic inflammatory

factors including C reactive protein, serum amyloid

A protein, and fibrinogen should also be tested in future

studies. Fourth, patients with NAFLD who consumed

a low-fat/low-calorie diet and exercise often have reduced

liver inflammation and scarring. However, patients with

CKD who consume a low-protein diet and are inactive

have reduced physical functioning and performance.

Hence, diet and physical activity are different between

patients with NAFLD and CKD, and this may affect the

disease status. In the present study, all patients were mana-

ged through a comprehensive diabetes program that was

reimbursed by the National Health Insurance system, and

a dietitian reviewed and modified their dietary habits.

However, analyzing detailed diet records and the nutritional

content of the diets and physical activity of the patients was

beyond the scope of this study. Fifth, in the present study,

the NAFLD was assessed by ultrasound but was not con-

firmed pathologically. Although liver biopsy is the gold

standard to diagnose fatty liver,43 it is difficult to perform

liver biopsies to assess NAFLD in clinical practice.

Furthermore, in accordance with the Taiwan Bureau of

National Health Insurance guidelines, liver biopsy is not

routinely measured in patients with fatty liver, and thus no

liver biopsies to confirm the diagnosis of NAFLD data were

available in the current study. Moreover, Joy et al has been
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reported that the sensitivity and specificity of ultrasound in

the diagnosis of fatty liver, as assessed by liver biopsy,

were 60–94% and 84–95%, respectively.44 Furthermore,

a previous meta-analysis also reported that the sensitivity

and specificity of ultrasound in the diagnosis of fatty liver,

as assessed by liver biopsy, were 84.8% and 93.6%,45

respectively, and demonstrated that ultrasonography

allowed for the accurate and reliable detection of moderate

to severe fatty liver compared to histology. Because of its

safety, low cost, and accessibility, ultrasound is likely to be

the imaging technique of choice for screening fatty liver in

most clinical settings. In addition, Koh et al showed that

serum adipocyte fatty acid-binding protein levels were

associated with NAFLD in T2DM patients, and that the

severity of NAFLD could only be detected by ultrasound.46

Conclusions
We used SEMs to simultaneously model direct and indir-

ect effects of the common and unique risk factors and

bidirectional relationship between CKD and NAFLD in

patients with T2DM. The results showed that the risk

factors common to CKD and NAFLD were age, triglycer-

ides, and UA, while the unique risk factors for CKD were

albumin and HbA1c, and for NAFLD were BMI, WBC,

SGPT and smoking. In addition, NAFLD was indepen-

dently associated with CKD in a bidirectional relationship

mediated by BMI and UA in our Chinese population with

T2DM. Further prospective studies on the bidirectional

relationship between CKD and NAFLD are warranted to

assess the causal inference. As both NAFLD and CKD are

common diseases worldwide, our findings may provide

important public health implications for the prevention

and management of both conditions.
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