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Abstract: To analyze the association between non-alcoholic fatty liver disease (NAFLD)
and the incidence of diabetic nephropathy in patients with type 2 diabetes, the incidence of
diabetic nephropathy was assessed in 413 type 2 diabetic patients, by testing the 24 h urinary
albumin excretion rate (UAER). The NAFLD was diagnosed based on patient’s medical
history and liver ultrasound. The difference in diabetic nephropathy incidence between
patients with and without NAFLD was tested by y°. Multivariate logistic regression analysis
was used to assess the factors associated with diabetic nephropathy among type 2 diabetic
patients. Total 363 out of 413 type 2 diabetic patients were enrolled in this study. The
incidences of NAFLD and diabetic nephropathy in participants were approximately 56%
(202/363) and 38% (137/363) respectively, and there was no significant difference in the
prevalence of diabetic nephropathy between patients with and without NAFLD (37.1% vs.
38.5%, p =0.787). The duration of diabetes (odds ratio [OR] 1.065, 95% confidence interval
[CI] 1.014-1.120, p = 0.012), waist circumference (OR 1.077, 95% CI 1.040-1.116,
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p = 0.000), and fasting blood glucose (FBG; OR 1.136, 95% CI 1.023-1.1262, p = 0.017)
were significantly associated with diabetic nephropathy, whereas sex, high blood pressure,
total cholesterol (TC), triglyceride (TG), and ankle brachial pressure index (ABI) were not
significantly associated with the disorder. The present results suggest that NAFLD is not
related to the incidence of diabetic nephropathy in type 2 diabetes, but the duration of
diabetes, waist circumference, and FBG are important factors for diabetic nephropathy in
type 2 diabetes.
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1. Introduction

NAFLD is the most common liver disease in the United States and other developed
countries [1,2]. In the United States, about 30% of adults have NAFLD [3]. In the past, NAFLD was
considered to be a benign liver disease. However, a recent growing body of evidence suggests that some
patients with NAFLD may progress to nonalcoholic steatohepatitis (NASH), then cirrhosis and
eventually hepatocellular carcinoma [4]. Moreover, NAFLD can promote the development and
progression of diseases in other organs, which has attracted great interest. Several studies confirmed that
NAFLD is associated with a higher prevalence of cardiovascular disease and it is an independent risk
factor for cardiovascular disease in type 2 diabetes [5—7]. NAFLD also significantly increases the risk of
diabetes [8,9]. Although recent studies on the association between NAFLD and chronic kidney disease
(CKD) showed different results [10], whether or not NAFLD is an independent risk factor for diabetic
nephropathy in type 2 diabetes patients in China remains unclear. UAER is the best available marker for
the diagnosis of diabetic nephropathy [11,12]. Therefore, by testing UAER, the present study aims to
reveal the association between NAFLD and diabetic nephropathy in type 2 diabetes patients in China.

2. Results and Discussion
2.1. Study Participants

As shown in Figure 1, 413 type 2 diabetic patients were initially screened. Among them, excluded
patients consisted of 13 subjects who did not have a liver ultrasound examination, 11 subjects (male)
who consumed more than 20 g of alcohol per day, 1 subject who had autoimmune liver disease, and 25
subjects who did not have a UAER test. As a result, the remaining 363 patients met the inclusion criteria
for further diagnosis of NAFLD, i.e., hepatic steatosis without excessive alcohol consumption or other
causes of chronic liver disease.

2.2. The Clinical Features and Biochemical Characteristics of Participants

The prevalence of NAFLD in present study was approximately 56% (202/363). Table 1 shows the
clinical features and biochemical characteristics of the study group. Patients with NAFLD had higher
BMI (p < 0.001), higher waist circumference (p < 0.001), higher TG (p < 0.001), lower high density
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lipoprotein (HDL, p < 0.001), and higher liver enzymes (p < 0.001) than patients without NAFLD. The
sex, age, duration of diabetes, high blood pressure, FBG, HbA1C, TC, LDL cholesterol, and ABI did not

differ between the groups.

Figure 1. Diagram of the study design.
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Table 1. Clinical features and biochemical characteristics of participants.

Variables With NAFLD Without NAFLD t or X2 )4
n 202 161 - -
Sex (% men) 40.0 49.10 2.92 (%) 0.09
Age (years) 59.38 £11.43 60.55+11.52 0.97 (v) 0.33
Duration of diabetes (years) 8.95+6.78 9.81£7.29 1.17 (¥) 0.24
BMI (kg/m?) 26.76 £ 6.18 24.46 + 14.88 8539.50 (Mann-Whitney U) <0.001
Waist circumference (cm) 95.61 £10.20 87.44 +£9.80 =7.70 () <0.001
High blood pressure (%) 39.6 49.1 2.66 (%) 0.45
UAER (ug/min) 156.84 + 526.30 231.18 £791.98 16071.00 (Mann-Whitney U) 0.85
FBG (mmol/L) 8.03 £2.85 7.99 +£2.89 —0.13 () 0.89
HbAlc (%) 8.72+£1.89 9.12+£2.38 1.59 (¥) 0.11
TC (mmol/L) 4.99 £1.08 497 +1.18 —0.25 () 0.8
TG(mmol/L) 2.06£1.15 1.71£1.30 11848.00 (Mann-Whitney U)  <0.001
HDL (mmol/L) 1.11+£0.30 1.30+0.55 391 (9 <0.001
LDL (mmol/L) 3.18+0.93 3.12+£0.90 —=0.71 (¢) 0.48
AST (U/L) 24.59 £ 12.35 20.78 £ 6.61 =3.76 () <0.001
ALT (U/L) 22.95+15.52 16.44 £6.91 11131.50 (Mann-Whitney U)  <0.001
ABI (right) 1.03+£0.16 1.01+0.18 6017.50 (Mann-Whitney U) 0.6
ABI (left) 1.06 +0.17 1.02+0.20 5874.00 (Mann-Whitney U) 0.41

Values are means + SD; differences were assessed by the unpaired ¢ test (for normally distributed variables);

The Mann-Whitney test (for non-normally distributed variables); and the * test (for categorical variables).
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2.3. Incidence of Diabetic Nephropathy in Participants

The incidence of diabetic nephropathy among the participants was about 38% (137/363), and the
incidences of microalbuminuria and macroalbuminuria were approximately 25% (92/363) and 13%
(47/363), respectively. As shown in Table 2, the incidences of diabetic nephropathy between patients
with NAFLD and without NAFLD were not significantly different (» > 0.05). Neither were the
incidences of microalbuminuria nor macroalbuminuria significantly different (p > 0.05) between
patients with NAFLD and without NAFLD. These results suggest that NAFLD is not a risk factor for
diabetic nephropathy in type 2 diabetes.

Table 2. Incidence of diabetic nephropathy in participants.

With NAFLD (n =202) Without NAFLD (n =161) 1 p
Diabetic nephropathy 75 (37.1%) 62 (38.5%) 0.073  0.787
Microalbuminuria 51 (25.2%) 41 (25.5%) 0.502  0.778
Macroalbuminuria 24 (11.9%) 23 (14.3%) 0.50 0.480

2.4. Risk Factor for Diabetic Nephropathy

As shown in Table 3, in multivariate regression analysis, the duration of diabetes (OR 1.065, 95% CI
1.014-1.120), waist circumference (OR 1.077, 95% CI 1.040-1.116), and FBG (OR 1.136, 95% CI
1.023-1.1262) was significantly associated with diabetic nephropathy, whereas sex, high blood
pressure, TG, TC, and ABI were not significantly associated with the disorder.

Table 3. Multivariate logistic regression analyses of factors associated with diabetic
nephropathy among type 2 diabetic patients.

Variables OR 95% CI P
Duration of diabetes 1.065 1.014-1.120 0.012
Waist circumference 1.077 1.040-1.116 <0.001

FBG 1.136 1.023-1.262 0.017
SEX 0.612 0.326-1.150 NS
High blood pressure 1.318 0.697-2.491 NS
TG 1.226 0.976-1.541 NS
TC 1.143 0.863-1.514 NS
ABI (left) 0.313 0.015-6.570 NS
ABI (right) 0.373 0.016-8.951 NS

Nagelkerke R* = 0.286.

3. Discussion

Type 2 diabetes is a common metabolic disease with a rising global prevalence. Diabetic nephropathy
is a major complication of diabetes mellitus [13], and about 40% of patients with type 2 diabetes
progress to diabetic nephropathy, the most common cause of chronic kidney failure and end-stage
kidney disease in the developed world. With the increase of incidence of diabetes, such trend will
continue [14]. Identifying the risk factors for diabetic nephropathy is important for the prevention and
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treatment of the disease. Type 2 diabetes is frequently accompanied by NAFLD. Approximately
70%—75% of type 2 diabetic patients have NAFLD [7,15]. As a result, it is of significance to know
whether or not NAFLD is a risk factor for diabetic nephropathy in type 2 diabetes patients.

Recently, several studies have examined the prevalence of CKD in patients with NAFLD. The
majority found that NAFLD is associated with increased risk of prevalent chronic kidney disease. The
data has also shown that CKD and NAFLD share many important cardio-metabolic risk factors.
However, that of the NAFLD is associated with CKD for sharing these risk factors or whether NAFLD
itself contributes to the development of CKD independently without involving these factors remains
unclear. In a large cohort study of type 2 diabetic individuals, Targher et al. found that patients with
ultrasound-diagnosed NAFLD were associated with an increased prevalence of CKD, and such an
association appeared to be independent of a broad spectrum of baseline confounding variables, such as
traditional cardiovascular risk factors, diabetes duration, glycemic control, metabolic syndrome
components, and uses of medications such as hypoglycemic, lipid-lowering, anti-hypertensive and
anti-platelet drugs [16]. Hwang ef al. also found that patients with ultrasound-diagnosed NAFLD had a
greater prevalence of microalbuminuria compared with those patients with pre-diabetes or newly
diagnosed diabetes but without NAFLD [17]. Multivariate logistic regression analysis revealed that
NAFLD was associated with the presence of microalbuminuria independent from several potential
confounders. These results suggest that NAFLD is an independent risk factor for CKD in type 2 diabetic
patients; however, the intertwined mechanisms that link NAFLD and CKD remain unclear. Several
pro-inflammatory/pro-coagulant mediators from the steatotic/inflamed liver or the insulin resistance
induced by NAFLD itself and atherogenic dyslipidemia may have contributed to the pathogenesis of
CKD-related NAFLD. However, in a small study that used liver biopsy to diagnose NAFLD,
Manco et al. [18] failed to detect any significant differences in UAER between overweight/obese
children with NAFLD and age- and sex-matched control children without NAFLD. To our knowledge,
this study for the first time analyzed the association between NAFLD and diabetic nephropathy in
Chinese patients with type 2 diabetes. The present study did not find any significant differences in the
incidence of diabetic nephropathy between type 2 diabetic patients with NAFLD and without NAFLD
and suggested that NAFLD is not a risk factor for diabetic nephropathy in Chinese type 2 diabetic
patients. NAFLD includes simple fatty liver and NASH, a progressive form of NAFLD, where
accumulation of excessive fat coexists with liver cell injury and inflammation. Only liver
histopathological test, not ultrasound scanning, can distinguish NASH from simple fatty liver. Since the
patents in this study were not examined by histopathological test, the relationship between NASH and
CKD cannot be excluded and needs further studies. The contradictory results between ours and other
investigators’ may be due to the racial difference between participants. The present study found that the
duration of diabetes, waist circumference, and FBG were significantly associated with diabetic
nephropathy. Thus, early diagnosis of diabetes, maintaining a normal waist circumference, and keeping
blood sugar level as close to normal as possible are important in the prevention and treatment of
diabetic nephropathy.

The present study has limitations. First, it was a cross-sectional retrospective study in which some
indices or factors affecting albuminuria were missing or imperfect. While UAER is the best available
marker for the diagnosis of diabetic nephropathy, glomerular filtration rate is another available
diagnostic marker of diabetic nephropathy. Because the urine creatinine was not tested with the patients
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in this study, a glomerular filtration rate was not calculated; therefore, the relationship between
glomerular filtration rate and NAFLD was not analyzed in this study. Second, the diagnosis of NAFLD
was based on ultrasonography, a method that allows the detection of liver steatosis only when fat in liver
exceeds 33%. The proton magnetic resonance spectroscopy ('H-MRS) is a precise evaluation method
for liver steatosis; it is able to detect steatosis when liver fat exceeds 5.6%. However, 'H-MRS has some
disadvantages, such as easily affected by breathing artifacts, complex post-imaging data analysis, and
high cost. Therefore, "H-MRS has not been widely applied clinically. As a result, the detection rate of
NAFLD based on ultrasonography in this study may be lower than the actual incidence.

Although the present study is retrospective, many results are consistent with those reported
previously. For example, the incidence rate of diabetic nephropathy in type 2 diabetic patients in this
study (38%) is in agreement with that reported by Kumar ef al. (~40%) [14]. Zachary et al. also reported
that increased UAER was associated with greater waist circumference [19]. These results suggest that
our results are valid and reliable.

4. Materials and Methods
4.1. Participants

This study carried out a retrospective observational analysis with a total of 413 type 2 diabetic
patients in the Department of Endocrinology, Beijing Tongren Hospital, Capital Medical University,
Beijing, China.

4.2. Clinical and Laboratory Measurements
4.2.1. Human Body Indices

Human body indices included sex, age, duration of diabetes, height, body weight, waist
circumference, BMI and systolic and diastolic blood pressures. The waist circumference was measured
at the level of the umbilicus. The BMI was calculated by dividing body weight (kilograms) by height
(meters) squared. The blood pressure was assessed with a standard mercury manometer.

4.2.2. Biochemical Indices

Venous blood for biochemical indices was drawn from hospitalized patients in the morning after an
over-night fast. Blood biochemical measurements were determined by standard laboratory procedures.
The biochemical indices collected were as follows: FBG, glycosylated hemoglobin Alc (HbAlc), TC,
TG, HDL, low density lipoprotein (LDL), alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and y-glutamyltransferase (y-GT). The abnormal ALT, AST, and y-GT were defined as
ALT > 40 U/L, AST > 40 U/L, and y-GT > 50 U/L respectively.

4.3. Assessment of Diabetic Nephropathy

Twenty-four hour urine samples were collected for analyses of UAER. The patients with
UAER < 20 pg/min were considered normoalbuminuric; the patients with UAER between 20 and
200 pg/min were classified as microalbuminuric; and the patients with UAER > 200 pug/min were
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considered to have macroalbuminuria. The patients with microalbuminuria or macroalbuminuria were
considered to have DN [20].

4.4. Calculation of ABI

The ABI was calculated by dividing the systolic blood pressure at the ankle by the systolic blood
pressures in the arm.

4.5. Diagnosis of NAFLD

Fatty liver was diagnosed by hepatic ultrasound scanning, which, as a part of the regular clinical
assessment, was performed by a trained operator who was blind to all clinical and laboratory
characteristics of patients. The diagnosis of hepatic steatosis was made in the presence of two or three
abnormal findings on abdominal ultrasonography: diffusely increased echogenicity (“bright”) liver with
liver echogenicity greater than kidney, with vascular blurring and deep attenuation of ultrasound
signal [21]. NAFLD was diagnosed by referencing the guidelines for diagnosis and treatment of NAFLD
published by the fatty liver and alcoholic liver disease study group of the Chinese liver disease
association (2006) [22], i.e., fatty liver patients without excessive alcohol consumption or other causes
of chronic liver disease. The following exclusion criteria of NAFLD were applied: (1) patients with a
history of drinking alcohol, or alcohol intake per day is more than 20 g in men and 10 g in women.
Alcohol intake is calculated according to the following formula: the amount of alcohol (g) = alcohol
consumption (mL) x alcohol concentration (%) % 0.8 (alcohol density); (2) patients were positive for
hepatitis B or C viruses; (3) patients took liver disease-inducing drugs, such as tamoxifen, ethylamine
iodine furosemide ketone, sodium valproate, methotrexate, and glucocorticoids; and (4) patients were
positive for antinuclear or smooth muscle antibodies.

4.6. Statistical Analysis

The measurement data were presented as the means + SD, and the enumeration data were expressed
as percentages. The SPSS statistical package 11.5 was used for all statistical analyses. Values at p <0.05
were considered to be statistically significant. Two groups of participants were compared by the
unpaired #-test or Mann-Whitney test for measurement data (z-test for normally distributed variables,
Mann-Whitney test for not normally distributed variables) and the y’-test for count data. Multivariate
logistic regression analysis was used to assess the factors associated with diabetic nephropathy among
type 2 diabetic patients, and OR and 95% CI were calculated. In the logistic regression models, the
duration of diabetes, waist circumference, FBG, sex, high blood pressure, TG, TC, and ABI were
included as covariates.

5. Conclusions

To our knowledge, this is the first report on the association between NAFLD and diabetic
nephropathy in type 2 diabetes patients in China. Our results have shown that NAFLD is not associated
with the incidence of diabetic nephropathy in type 2 diabetes. The duration of diabetes, waist
circumference, and FBG are important factors for diabetic nephropathy in Chinese type 2 diabetic
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patients. These results suggest that treatment of NAFLD is not important for preventing diabetic

nephropathy, but early diagnosis and treatment of diabetes as well as reducing body weight may be

beneficial in the prevention of diabetic nephropathy.

References

10.

11.

12.

13.

14.

15.

Reid, A.E. Nonalcoholic steatohepatitis. Gastroenterology 2001, 121, 710-7232.

Angulo, P. Nonalcoholic fatty liver disease. N. Engl. J. Med. 2002, 346, 1221-1231.

McCullough, A.J. Pathophysiology of nonalcoholic steatohepatitis. J. Clin. Gastroenterol. 2006, 40,
S17-S29.

Starley, B.Q.; Calcagno, C.J.; Harrison, S.A. Nonalcoholic fatty liver disease and hepatocellular
carcinoma: A weighty connection. Hepatology 2010, 51, 1820-1832.

Targher, G.; Bertolini, L.; Poli, F.; Rodella, S.; Scala, L.; Tessari, R.; Zenari, L.; Falezza, G.
Nonalcoholic fatty liver disease and risk of future cardiovascular events among type 2 diabetic
patients. Diabetes 2005, 54, 3541-3546.

Targher, G.; Bertolini, L.; Rodella, S.; Tessari, R.; Zenari, L.; Lippi, G.; Arcaro, G. Nonalcoholic
fatty liver disease is independently associated with an increased incidence of cardiovascular events
in type 2 diabetic patients. Diabetes Care 2007, 30, 2119-2121.

Targher, G.; Bertolini, L.; Padovani, R.; Rodella, S.; Tessari, R.; Zenari, L.; Day, C.; Arcaro, G
Prevalence of nonalcoholic fatty liver disease and its association with cardiovascular disease among
type 2 diabetic patients. Diabetes Care 2007, 30, 1212—-1218.

Shibata, M.; Kihara, Y.; Taguchi, M.; Tashiro, M.; Otsuki, M. Nonalcoholic fatty liver disease is a
risk factor for type 2 diabetes in middle-aged Japanese men. Diabetes Care 2007, 30, 2940-2944.
Adams, L.A.; Waters, O.R.; Knuiman, M.W_; Elliott, R.R.; Olynyk, J.LK. NAFLD as a risk factor for
the development of diabetes and the metabolic syndrome: An eleven-year follow-up study. 4m. J.
Gastroenterol. 2009, 104, 861-867.

Targher, G.; Chonchol, M.; Zoppini, G.; Abaterusso, C.; Bonora, E. Risk of chronic kidney disease
in patients with non-alcoholic fatty liver disease: Is there a link? J. Hepatol. 2011, 54, 1020-1029.
Fugmann, T.; Borgia, B.; Révész, C.; Godd, M.; Forsblom, C.; Hamar, P.; Holthofer, H.; Neri, D.;
Roesli, C. Proteomic identification of vanin-1 as a marker of kidney damage in a rat model of type
1 diabetic nephropathy. Kidney Int. 2011, 80, 272-281.

Leitdo, C.B.; Canani, L.H.; Bolson, P.B.; Molon, M.P.; Silveiro, S.P.; Gross, J.L. What values
should be used to diagnose microalbuminuria in patients with diabetes mellitus? Arq. Bras.
Endocrinol. Metabol. 2006, 50, 322-326.

Levin-laina, N.; laina, A.; Raz, I. The emerging role of NO and IGF-1 in early renal hypertrophy in
STZ-induced diabetic rats. Diabetes Metab. Res. Rev. 2011, 27, 235-243.

Kumar, R.; Winocour, P.H. Dual blockade of the rennin-angiotensin system in diabetes—Rationale
and risks. Br. J. Diabetes Vasc. Dis. 2005, 5, 266-271.

Medina, J.; Fernandez-Salazar, L.I.; Garcia-Buey, L.; Moreno-Otero, R. Approach to the
pathogenesis and treatment of nonalcoholic steatohepatitis. Diabetes Care 2004, 27, 2057-2066.



Int. J. Mol. Sci. 2012, 13 14706

16.

17.

18.

19.

20.

21.

22.

Targher, G.; Bertolini, L.; Rodella, S.; Zoppini, G.; Lippi, G.; Day, C.; Muggeo, M. Non-alcoholic
fatty liver disease is independently associated with an increased prevalence of chronic kidney
disease and proliferative/laser-treated retinopathy in type 2 diabetic patients. Diabetologia 2008, 51,
444-450).

Hwang, S.T.; Cho, Y.K.; Yun, J.W.; Park, J.H.; Kim, H.J.; Park, D.I.; Sohn, C.I.; Jeon, W.K_;
Kim, B.I.; Rhee, E.J.; ef al. Impact of NAFLD on microalbuminuria in patients with prediabetes
and diabetes. Intern. Med. J. 2010, 40, 437-442.

Manco, M.; Ciampalini, P.; deVito, R.; Vania, A.; Cappa, M.; Nobili, V. Albuminuria and insulin
resistance in children with biopsy proven non-alcoholic fatty liver disease. Pediatr. Nephrol. 2009,
24,1211-1217.

Bloomgarden, Z.T. Diabetic Nephropathy. Diabetes Care 2005, 28, 745-751.

Lakhotia, M.; Gehlot, R.S.; Jain, P.; Sharma, S.; Singh, M. Lipoprotein(a) in Type 2 Diabetic
Subjects in relation to Diabetic Microvascular Complications. JIACM 2003, 4, 304-307.

Farrell, G.C.; Chitturi, S.; Au, G.K.; Sollano, J.D. Asia-Pacific Working Party on NAFLD.
Guidelines for the assessment and management of non-alcoholic fatty liver disease in the
Asia-Pacific region: Executive summary. J. Gastroenterol. Hepatol. 2007, 22, 775-777.

Zeng, M.D.; Li, Y.M.; Chen, C.W.; Lu, L.G.; Fan, J.G.; Wang, B.Y.; Mao, Y.M. Guidelines for the
diagnosis and treatment of alcoholic liver disease. J. Dig. Dis. 2008, 9, 113—116.

© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



