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Background and objectives: We assessed whether nonalcoholic steatohepatitis (NASH) diagnosed by liver biopsy is
associated with decreased kidney function and whether such association is independent of insulin resistance and features of
the metabolic syndrome.

Design, settings, participants, & measurements: We enrolled 80 consecutive overweight patients with biopsy-proven NASH
and 80 nonsteatotic control subjects who were matched for age, gender, and body mass index. Chronic kidney disease (CKD)
was defined as the presence of estimated GFR (eGFR) of <60 ml/min per 1.73 m2 and/or abnormal albuminuria (i.e., urinary
albumin/creatinine ratio >30 mg/g).

Results: NASH patients had significantly (P < 0.001) lower eGFR (75.3 � 12 versus 87.5 � 6 ml/min per 1.73 m2) and a greater
frequency of abnormal albuminuria (14 versus 2.5%) and CKD (25 versus 3.7%) than control subjects. The significant
differences in eGFR, albuminuria, and CKD that were observed between the two groups were only slightly weakened after
adjustment for age, gender, body mass index, smoking status, insulin resistance (by homeostasis model assessment), and
components of the metabolic syndrome. Notably, histologic severity of NASH (i.e., fibrosis stage) was strongly associated with
either decreasing eGFR or increasing albuminuria (P < 0.01 or less), independently of potential confounding factors.

Conclusions: Our findings suggest that patients with biopsy-proven NASH have moderately decreased eGFR and a higher
frequency of abnormal albuminuria and CKD than matched control subjects and that the severity of NASH histology is
associated with decreased kidney function, independently of traditional risk factors, insulin resistance, and components of the metabolic
syndrome.
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N onalcoholic fatty liver disease (NAFLD) is the most
frequent cause of chronic liver disease among adults
in Western countries (1–4). It comprises a disease

spectrum ranging from simple steatosis to nonalcoholic steato-
hepatitis (NASH) and cirrhosis. The prevalence of NAFLD has
been estimated to be between 20 and 30% in the general adult
population, but this value is much higher in people with type 2
diabetes or obesity (i.e., approximately 70 and 90%, respec-
tively) (1–4).

In recent years, the increasing recognition of the importance
of NAFLD/NASH and its strong association with the metabolic
syndrome has stimulated an interest in the putative role of
NAFLD/NASH in the development and progression of cardio-

vascular disease (5). Similarly, the possible link between
NAFLD/NASH and chronic kidney disease (CKD) has also
attracted scientific interest. Although there is now growing
evidence to suggest that NAFLD/NASH is closely linked to an
increased risk of cardiovascular morbidity and mortality (2,5),
the available information on the association between NAFLD/
NASH and kidney disease is quantitatively limited.

A number of epidemiologic studies have recently shown that
NAFLD/NASH is strongly associated with an increased prev-
alence (6–10) and incidence (11–14) of CKD in both nondiabetic
and diabetic individuals. However, in all these studies, the
diagnosis of NAFLD/NASH was based on either serum liver
enzymes or ultrasound imaging, but was not confirmed by a
liver biopsy, which is the gold standard for diagnosing
NAFLD/NASH (1,2).

Thus, the aim of this study was to evaluate whether patients
with histologically defined NASH have a greater frequency of
CKD than nonsteatotic healthy controls and whether there is a
significant association between decreased kidney function and
the histologic features of NASH. Clarification of this research
question may help to clarify the underlying biologic mecha-
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nisms and may be of clinical importance in planning preventive
and therapeutic strategies.

Materials and Methods
We enrolled 80 consecutive overweight subjects with biopsy-proven

NASH (i.e., cases) and 80 subjects with normal serum liver enzymes
and without hepatic steatosis on ultrasound (i.e., controls), who were
selected in 1:1 ratio with the cases to be matched for age, gender, and
body mass index (BMI). Some of these participants have been included
in a previous study (15).

No participants had any clinical evidence of cancer, cirrhosis, ad-
vanced kidney disease, or cardiovascular events. All patients with
NASH had chronically elevated serum liver enzymes and hepatic ste-
atosis on ultrasound. Ten subjects with NASH had pre-existing type 2
diabetes: seven managed their diabetes with diet alone, and three were
taking metformin. None of the control subjects had diagnosed diabetes.
The local Ethics Committee approved the study. All participants gave
their informed consent.

Liver ultrasonography scanning was performed in all participants by
an experienced radiologist, who was blinded to participants’ details.
The diagnosis of hepatic steatosis was made on the basis of character-
istic sonographic features, i.e., evidence of diffuse hyperechogenicity of
liver relative to kidneys, ultrasound beam attenuation, and poor visu-
alization of intrahepatic structures (1–4).

The diagnosis of NASH was based on liver biopsy and exclusion of
other secondary causes of chronic liver disease (alcohol abuse, viral
hepatitis, autoimmune hepatitis, hemochromatosis, or use of poten-
tially hepato-toxic medications). An experienced hepato-pathologist
blinded to subjects’ details scored liver biopsy specimens using the
semiquantitative classification of Brunt et al. (16). NASH was defined as
the presence of steatosis plus lobular inflammation plus hepatocellular
ballooning or steatosis plus any stage of fibrosis.

BMI was calculated by dividing weight in kilograms by height in
meters squared. Waist circumference was measured at the level of the
umbilicus. BP was measured with a standard mercury manometer.

Venous blood was drawn in the morning after an overnight fast.
Serum liver enzymes, creatinine (measured using a Jaffé rate-blanked
and compensated assay), and other biochemical blood measurements
were determined by standard laboratory procedures (DAX 96; Bayer
Diagnostics, Milan, Italy). Normal ranges for aspartate aminotransfer-
ase, alanine aminotransferase, and �-glutamyltransferase, in our labo-
ratory, were 10 to 35 U/L for women and 10 to 50 U/L for men. LDL
cholesterol was calculated by the Friedewald’s equation. All partici-
pants had negative serology for viral hepatitis B and C. Insulin resis-
tance was estimated by the homeostasis model assessment (HOMA-IR
score) (17). Hemoglobin A1c (HbA1c) was measured using an HPLC
analyser (HA-8140; Menarini Diagnostics, Florence, Italy) only in the
subgroup of NASH patients with diagnosed diabetes (n � 10); their
mean HbA1c was 6.6 � 0.5% (SD).

GFR was estimated from the four-variable Modification of Diet in
Renal Disease (MDRD) study equation as follows: estimated GFR
(eGFR) � 175 � (serum creatinine�1.154) � (age�0.203) � 1.212 (if
black) � 0.742 (if female) (18). Urinary albumin excretion was mea-
sured from an early morning urine sample as the albumin/creatinine
ratio by an immuno-nephelometric method. Abnormal albuminuria
was defined as an albumin/creatinine ratio �30 mg/g. CKD was
defined as the presence of estimated GFR �60 ml/min per 1.73 m2

and/or abnormal albuminuria (18).
The metabolic syndrome was diagnosed by a modified Adult Treat-

ment Panel III definition that was recently proposed by the American
Heart Association and the National Heart, Lung, and Blood Institute

(19). In accordance with this definition, a person was classified as
having the metabolic syndrome if he/she had at least three of the
following risk determinants: (1) waist circumference �102 cm in men or
�88 cm in women, (2) fasting glucose �5.6 mmol/L or drug treatment,
(3) triglycerides �1.70 mmol/L or drug treatment, (4) HDL �1.0
mmol/L in men and �1.29 mmol/L in women or drug treatment, and
(5) BP �130/85 mmHg or drug treatment.

Statistical Analyses
Data are expressed as means � SD or percentages. Skewed variables

(serum liver enzymes, triglycerides, and HOMA-IR score) were loga-
rithmically transformed to improve normality before analysis and then
back-transformed to their natural units for presentation in tables. Sta-
tistical analyses included one-way ANOVA, �2 test with Yates’s cor-
rection for continuity (for categorical variables), and analysis of covari-
ance. Nonparametric statistical tests were also used, but because the
results were identical to those obtained by parametric procedures, only
the latter are presented. The independence of the associations of vari-
ables with CKD, considered as the dependent variable, was also as-
sessed by multivariate logistic regression analysis and expressed as
odds ratio (OR). In the fully adjusted logistic regression model, along
with the presence/absence of NASH, gender, age, BMI, smoking his-
tory, HOMA-IR score, and the metabolic syndrome (considered as a
single clinical entity) were included as covariates. Separate regression
models were also tested with the individual components of the meta-
bolic syndrome that were simultaneously included as either continuous
or categorical variables in the same equation. The above-mentioned
covariates were chosen because of their biologic plausibility or statis-
tical association with CKD. The existence of multicollinearity in the
logistic regression model was excluded by using appropriate collinear-
ity diagnostic statistics. P � 0.05 was considered statistically significant.

Results
Among patients with NASH, the liver histopathology results

showed NASH with fibrosis stage of 0 in 26 subjects, NASH/
fibrosis stage 1 in 27 subjects, NASH/fibrosis stage 2 in 16
subjects, and NASH/fibrosis stage 3 in 11 subjects. None had
cirrhosis (NASH/fibrosis stage 4).

The clinical and biochemical characteristics of participants
stratified by NASH status are shown in Table 1. Because of the
study design, case and control subjects were almost identical in
terms of age, gender, and BMI. The metabolic syndrome and all
its individual components occurred more frequently in patients
with NASH. They also had higher serum liver enzymes and
HOMA-IR score. Compared with nonsteatotic control subjects,
those with NASH had moderately decreased eGFR and a
greater frequency of abnormal albuminuria or CKD (i.e., de-
fined as eGFR �60 ml/min per 1.73 m2 and/or abnormal
albuminuria). Among the NASH patients, 20% of them had
stage 3 CKD (irrespective of albuminuria), whereas no patients
had stage 4 CKD. When albuminuria was considered as a
continuous measure, NASH patients had significantly higher
mean (SD) values of albuminuria than control subjects (19.0 �

58 versus 9.5 � 23 mg/g; P � 0.01).
Notably, the marked differences in eGFR, abnormal albumin-

uria, and CKD that were observed between the two groups
were only slightly weakened after adjustment for age, gender,
BMI, smoking status, HOMA-IR score, and presence of the
metabolic syndrome (P � 0.01 for albuminuria and P � 0.001
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for both eGFR and CKD, by analysis of covariance). Almost
identical results were also obtained when we adjusted for the
individual components of the metabolic syndrome (instead of
the metabolic syndrome considered as a single clinical entity)
or when NASH patients with diagnosed diabetes (n � 10) were
removed from analysis (data not shown).

Similarly, in logistic regression analysis, the presence of
NASH was strongly associated with an increased prevalence of
CKD (OR, 8.31; 95% confidence interval, 2.4 to 16.8; P � 0.001).
This association was only slightly attenuated after adjustment
for age, gender, BMI, waist circumference, smoking, systolic
BP, HOMA-IR score, and plasma triglycerides (adjusted OR,
6.14; 95% confidence interval, 1.6 to 12.8; P � 0.001). Other
independent predictors of CKD were older age, male gender,
higher BMI, and higher systolic BP.

As shown in Figure 1, the histologic severity of NASH (i.e.,
NASH/fibrosis stage that was included as categorical variable)
was associated with decreasing mean (SD) values of eGFR even
after adjustment for age, gender, waist circumference,
HOMA-IR score, systolic BP, and plasma triglycerides (P �

0.001 for the trend by analysis of covariance). Results remained
essentially unchanged after additional adjustment for albumin-
uria or when patients with diagnosed diabetes (n � 10) were
removed from analysis (data not shown). Similar significant
and independent trends were also found for albuminuria (P �

0.01) and CKD (P � 0.001), respectively.

Discussion
This study has shown, for the first time, that patients with

histologically defined NASH have moderately decreased eGFR
and higher frequencies of abnormal albuminuria and CKD than
matched nonsteatotic controls and that the severity of NASH
histology (i.e., fibrosis stage) is associated with decreased kid-

Table 1. Clinical and biochemical characteristics of NASH patients and control subjects

NASH Patients
(n � 80)

Control Subjects
(n � 80) P

Sex (% male) 63 63 NSa

Age (years) 51 � 2 50 � 2 NSa

Body mass index (kg/m2) 27.2 � 2.3 27.0 � 2.1 NSa

Current smokers (%) 20 23 0.73
Waist circumference (cm) 98 � 5 92 � 3 �0.05
Systolic BP (mmHg) 130 � 9 124 � 4 �0.05
Diastolic BP (mmHg) 84 � 5 81 � 3 0.23
Fasting glucose (mmol/L) 6.4 � 1.0 5.5 � 0.3 �0.05
HOMA insulin resistance score 4.12 � 2.0 2.78 � 1.1 �0.001
Triglycerides (mmol/L) 1.49 � 0.8 1.15 � 0.4 �0.001
HDL cholesterol (mmol/L) 1.33 � 0.4 1.44 � 0.3 �0.05
LDL cholesterol (mmol/L) 3.17 � 0.3 3.19 � 0.3 0.61
ALT (U/L) 98 � 20 24 � 3 �0.001
GGT (U/L) 61 � 20 32 � 4 �0.001
Metabolic syndrome (%) 56 1.2 �0.001
Diabetes (%) 12.5 0 �0.001
Estimated GFR (ml/min per 1.73 m2) 75.3 � 12 87.5 � 6 �0.001
Abnormal albuminuria (%) 14 2.5 �0.001
Chronic kidney disease (%)b 25 3.7 �0.001

Data are expressed as means � SD or percentages. ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; NS,
not significant.

aMatched variables.
bChronic kidney disease was defined as abnormal albuminuria (i.e., albumin/creatinine ratio � 30 mg/g) and/or estimated

GFR � 60 ml/min per 1.73 m2.

Figure 1. Adjusted means (�SD) of eGFR in relation to the
histologic severity of nonalcoholic steatohepatitis (i.e., NASH/
fibrosis stage increasing from 0 to 3) in patients with histolog-
ically defined NASH. P value for the trend is assessed by
analysis of covariance.

2168 Clinical Journal of the American Society of Nephrology Clin J Am Soc Nephrol 5: 2166–2171, 2010



ney function, independently of several potential confounding
factors, including the metabolic syndrome, an atherogenic con-
dition that is closely associated with NASH and CKD.

These findings confirm and extend a recent work by Yilmaz
et al. (20), showing that microalbuminuria is independently
associated with the histologic features of NAFLD (i.e., fibrosis
stage) in a selected sample of nondiabetic patients with biopsy-
proven NAFLD; however, in this study, both patients with
simple steatosis and those with borderline or definitive NASH
were included and, more importantly, a control group was
lacking (20). Our findings are also corroborated by recent large
observational studies showing that the presence of NAFLD as
detected by either serum liver enzymes (6,7,11,12) or liver
ultrasound (8–10,13,14) (and should therefore be interpreted
with caution) is strongly associated with an increased preva-
lence and incidence of CKD in both nondiabetic and diabetic
individuals.

Given the cross-sectional design of this study, we are unable
to draw conclusions about causality of the relationship between
NASH and decreased kidney function. The most obvious ex-
planation for our findings is that the decreased kidney function
in NASH patients may simply reflect the coexistence of under-
lying cardiometabolic risk factors, such as overweight/obesity,
hypertension, and the metabolic syndrome. Several recent ep-
idemiologic studies have shown that obesity and the metabolic
syndrome are independent predictors of CKD (21,22) and
NASH (1,2). Both entities share many cardiometabolic risk
factors and some pathophysiological mechanisms (1,2,5,23,24).
However, because in our study the participants with and with-
out NASH were comparable for age, gender, and BMI, and the
presence of NASH was significantly associated with lower
eGFR, higher albuminuria, and higher CKD even after adjust-
ing for the clinical traits of the metabolic syndrome, HOMA-
estimated insulin resistance, and smoking, it is also possible to
speculate that NASH is not only associated with CKD as a
consequence of the shared cardiometabolic risk factors but that
NASH itself might at least in part contribute to the develop-
ment of CKD independently of shared risk factors. Neverthe-
less, the possibility of a reverse causality (i.e., CKD causing the
development of NASH) cannot be definitely excluded from our
study. However, the evidence from recent prospective studies
suggests that ultrasound-diagnosed NAFLD independently
predicts incident CKD (13,14).

The underlying mechanisms putatively responsible for the
observed association between NASH and kidney disease are
not fully understood. The close intercorrelations between
NASH, abdominal obesity, insulin resistance, and the metabolic
syndrome make it extremely difficult to dissect the precise
causal relationships responsible for the increased risk of CKD
observed in patients with NASH. Currently, however, there is
mounting evidence to suggest that NAFLD, especially in its
necro-inflammatory form (NASH), is not only a marker of
kidney damage but also may be involved in its pathogenesis,
possibly through the systemic release of pathogenic mediators
from the steatotic and inflamed liver, including increased reac-
tive oxygen species, advanced glycation end products, C-reac-
tive protein (CRP), plasminogen activator inhibitor-1 (PAI-1),

TNF-�, TGF-�, and other proinflammatory cytokines (5,13).
Importantly, several studies have shown that these plasma
inflammatory and hemostatic factors and oxidative stress
markers are remarkably higher in patients with NAFLD/
NASH than in those without those conditions (25,26) and are
also thought to play a role in the development and progression
of CKD (27,28). Additionally, some experimental studies re-
ported a strong positive relationship between intrahepatic
mRNA expression of IL-6, CRP, or PAI-1 and the severity of
NASH histology (29–31). Recently, we also reported that over-
weight patients with biopsy-proven NASH had significantly
higher plasma CRP, fibrinogen, and PAI-1 activity levels and
lower adiponectin levels than nonsteatotic overweight patients
with comparable values of visceral adiposity and that there
were strong, graded relationships between these proinflamma-
tory/hemostatic factors and the histologic features of NASH,
independently of visceral adiposity, insulin resistance, and
other potentially confounding factors (15). Consistent with the
hypothesis that liver inflammation (or other liver-derived fac-
tors) in NAFLD/NASH may play a role in CKD pathogenesis,
Cheng et al. (32) reported that, in a large cohort of individuals
with type 2 diabetes, those with chronic hepatitis B virus infec-
tion were more likely to develop ESRD than those who were
not infected with hepatitis B virus. Further research is needed
to uncover other potentially causative mechanisms by which
NAFLD/NASH may contribute to CKD pathogenesis. As re-
ported above, however, it is also important to underline that
other pathophysiologic mechanisms that are not strictly related
to liver inflammation may contribute to the development of
CKD in patients with NAFLD/NASH.

This study has some important limitations such as its cross-
sectional design (that precludes the establishment of causal or
temporal relationships between NASH and kidney dysfunc-
tion) and the use of eGFR (i.e., the four-variable MDRD study
equation) instead of a directly measured GFR to define CKD. It
is known that the MDRD study equation underestimates renal
function in obese subjects and has greater inaccuracy in popu-
lations without known CKD than in those with kidney disease
(18,33,34). Nonetheless, current GFR estimates facilitate the
detection, evaluation, and management of CKD, and many
organizations recommend that the MDRD study equation be
used to estimate kidney function in epidemiologic studies and
in clinical practice (18). Finally, although our results have been
adjusted for HOMA-IR score, a reliable method for estimating
insulin resistance in vivo (17), we did not directly measure
insulin sensitivity by euglycemic hyperinsulinemic clamp. An
accurate assessment of insulin resistance during an euglycemic
clamp would be particularly important to better understand
whether the relationship between NAFLD/NASH and CKD is
affected by insulin resistance.

Despite these limitations, our study has several strengths,
including the relatively large number of participants, the com-
plete nature of the data set, the ability to adjust for multiple
potential confounders, and the histologic diagnosis of NASH
for all patients. In addition, our patients were free of diagnosed
cardiovascular disease and cirrhosis (thus excluding also pa-
tients with hepato-renal syndrome); the evaluation of patients
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with such complications would almost certainly have con-
founded interpretation of the data.

In conclusion, our results suggest that patients with histolog-
ically confirmed NASH have moderately decreased eGFR and a
greater frequency of abnormal albuminuria and CKD than
matched nonsteatotic control subjects and that the severity of
NASH histology is associated with kidney dysfunction, inde-
pendently of classical risk factors, insulin resistance, and met-
abolic syndrome components. These cross-sectional findings,
although not definitive, are sufficiently provocative and hy-
pothesis-generating to warrant further study. Future experi-
mental and follow-up studies using liver biopsies are needed to
confirm these findings and to elucidate the underlying biologic
mechanisms before causality can be firmly established.

Disclosures
None.
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