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Abstract
AIM: To study the relation between hepatitis C virus 
(HCV) genotype 4 and microalbuminuria and renal im-
pairment in relation to hepatic histology, and viremia in 
the absence of cryoglobulinemia, and to examine the 
effect of treatment on microalbuminuria.

METHODS: Three hundred subjects, including 233 
HCV genotype-4 infected patients, were tested for 
cryoglobulinemia, microalbuminuria, albumin creatinine 
ratio (ACR), urea, creatinine, and estimated glomerular 
filtration rate (eGFR). The parameters were measured 
again in the HCV patients after 48 wk of treatment 
with pegylated interferon and ribavirin. 

RESULTS: Significantly higher levels of microalbumin-
uria were detected in HCV-positive patients compared 
to HCV-negative controls (median 9.5 vs  5.9, respec-
tively, Kruskal-Wallis P  = 0.017). Log microalbuminuria 
was significantly correlated with hepatic inflammation  
(r  = 0.13, P  = 0.036) and fibrosis (r  = 0.12, P  = 0.061), 
but not with viral load (r  = -0.03, P  = 0.610), or alanine 
transaminase (r  = -0.03, P  = 0.617). Diabetes mellitus 
neither significantly moderated (χ2 = 0.13, P  = 0.720), 
nor mediated (Sobel test P  = 0.49) the HCV effect. HCV 
status was significantly associated with log microalbu-
minuria (χ2 = 4.97, P  = 0.026), adjusting for age, gen-
der, diabetes, cryoglobulinemia, urea and creatinine. 
A positive HCV status was not significantly associated 
with low eGFR (< 60 mL/min every 1.73 m2) [odds ra-
tio (OR): 0.5, 95% confidence interval (CI): 0.2-1.4], 
nor with high ACR (OR: 1.7, 95% CI: 0.7-4.1). End-of-
treatment response (ETR) was achieved in 51.9% of 
patients. Individuals with ETR had significantly lower 
microalbuminuria post-treatment (χ2 = 8.19, P  = 0.004).

CONCLUSION: HCV affected the development of mi-
croalbuminuria independent of diabetes or cryoglobuli-
nemia. Combination therapy of pegylated interferon-rib-
avirin had a positive effect in reducing microalbuminuria.
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INTRODUCTION
Hepatitis C virus genotype 4 (HCV-G4) is prevalent in 
the Middle East and Africa and has spread to several 
regions in Europe[1]. HCV infection is associated with 
several renal diseases including mixed essential cryo-
globulinemia, membranoproliferative glomerulonephritis 
and, less frequently, membranous nephropathy and cres-
centic glomerulonephritis[2]. HCV is a significant cause 
of  glomerulopathy in countries with a high prevalence 
of  HCV infection[3]. Several studies have postulated a 
causal link between HCV infection and renal diseases 
through the induction of  cryoglobulinemia[4]. The af-
finity for the kidney mesangium appears to be a major 
factor responsible for the precipitation of  type-Ⅱ mixed 
cryoglobulins in glomerular structures and the ensuing 
damage[5]. The principal clinical manifestations of  glo-
merular disease in HCV-infected patients are the pres-
ence of  proteinuria and microscopic hematuria with or 
without impaired kidney function[6]. Diabetes mellitus-
mediated glomerulonephropathy in HCV patients may 
be considered, particularly with epidemiological studies 
showing a high occurrence of  type 2 diabetes in patients 
with chronic HCV-G4[7]. Various approaches have been 
tried for the treatment of  HCV-associated glomerulo-
nephritis, including immunosuppressive therapy (corti-
costeroids and cytotoxic agents), plasma exchange and 
antiviral agents. Limited data exist regarding antiviral 
treatment of  HCV-associated glomerulonephritis.

We present a novel study reporting the prevalence 
of  microalbuminuria, with other measures of  renal in-
sufficiency [albumin creatinine ratio (ACR), estimated 
glomerular filtration rate (GFR)] in HCV-G4 patients 
compared to HCV-negative controls, and the effect of  
viral load on liver histology, microalbuminuria, and renal 
insufficiency. Also, we investigated the effect of  antiviral 
therapy with pegylated interferon and ribavirin on micro-
albuminuria, and other measures of  renal insufficiency.

MATERIALS AND METHODS
In this prospective study, 300 consecutive eligible sub-
jects who attended the gastroenterology clinic in Hamad 
Hospital were recruited in the period between January 
2006 and 2009. Of  these, 233 were chronic HCV-G4 
patients who fulfilled the inclusion criteria, and 77 were 
control subjects who were either non hepatic patients 
followed in the clinic during the same period or healthy 
volunteers who were referred to Hamad hospital when 
they were ill. Controls were eligible if  they did not have 
liver disease, evidenced by: persistently normal transami-
nases, negative serology for hepatitis serology, negative 
screening for auto-immune disease and no history of  
alcohol consumption, normal platelet count and α feto-
protein, and normal ultrasound scans.

All study participants were seen 2-3 times to provide 
repeated blood samples at baseline. Chronic HCV pa-
tients were also seen periodically to assess the response 
to treatment. All patients provided written informed 

consent as stated in the Declaration of  Helsinki of  1979, 
and the ethics research committee of  the Hamad Medi-
cal Corporation provided ethical approval.

Chronic HCV infection was evidenced by persistently 
increased alanine aminotransferase (ALT) levels, positive 
serology for anti-HCV, active virus replication by detec-
tion of  HCV RNA in serum, and histological findings 
of  chronic active hepatitis according to the Scheur score. 
The patients were excluded if  they had: (1) concurrent 
hepatitis B or human immunodeficiency virus infections, 
autoimmune hepatitis, hemochromatosis, or Wilson’s dis-
ease; (2) systemic hypertension or if  they reported current 
use of  antihypertensive medication; (3) active alcohol con-
sumption; (4) antiviral or corticosteroid treatment; and (5) 
chronic renal disease or history of  dialysis.

The HCV patients who were candidates for treatment 
were given 180 μg of  peginterferon α-2a (Pegasys®;  
Hoffmann-LaRoche, Basel, Switzerland) subcutaneously 
once weekly and ribavirin (Copegus®; Hoffmann-La 
Roche, Basel, Switzerland) at a daily oral dose of  1000 mg 
(body weight < 75 kg) or 1200 mg (body weight > 75 mg) 
for 48 wk. 

Laboratory measurement
Testing for anti-HCV was carried out using a commer-
cial ELISA kit (Axsym HCV version 3.0; Abbott Labo-
ratories, Chicago, IL, USA). All patients were HCV-G4 
as detected by the Inno-LiPA HCV II assay (Innogenetics 
Inc., Alpharetta, GA, USA). Monitoring serum HCV 
RNA levels was by Amplicor (version 2.0, Hoffmann-La 
Roche) with a minimum detection limit of  50 IU/mL.

Microalbuminuria was measured on a spot of  second 
morning urine after an overnight fast, taking the mean 
of  at least 2 samples collected for each subject. Urine 
albumin measurements were obtained by an automated 
immunoturbidometric assay (Roche Hitachi 902, Roche 
Diagnostics, Indianapolis, IN 46250 USA).

For quantitative determination of  creatinine in serum 
or urine, creatinine blanked kinetic Jaffé (Roche Diagnos-
tics, Hitachi 917, Modulator P analyzer Roche Diagnos-
tics) was used. We estimated GFR (eGFR) using the ab-
breviated modification of  diet in renal disease equation. 

After an overnight fast, samples for cryoglobulin 
measurement were collected at a temperature of  37℃, 
centrifuged at 37℃ for 10 min, and the serum separated; 
5 mL of  the serum was allowed to stand in a cryocrit tube 
at 4℃ for 2-7 d, with formation of  precipitate confirmed 
visually. If  the test was positive we proceeded to elec-
trophoresis and immunofixation for typing. All subjects 
were tested for cryoglobulin.

Measures of renal insufficiency
Three measures of  renal insufficiency were examined, 
namely eGFR, microalbuminuria, and serum creatinine. Low 
eGFR was defined as eGFR < 60 mL/min every 1.73 m2.  
The presence of  microalbuminuria was tested using (1) 
albuminuria level; or categories of  microalbuminuria, de-
fined as individuals with an albuminuria level higher than 
the upper tertile of  the albuminuria level among controls 
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(2) ACR: to adjust for the variation in urine concentration, 
microalbuminuria was assessed by ACR. Gender-specific 
values for the ACR were 2.2 mg/mmol for males and  
2.8 mg/mmol for females. High levels of  serum creatinine 
were defined as > 1.2 mg/dL for males and > 1.1 mg/dL 
for females.

Outcomes and covariates definitions
Subjects were considered diabetic if  they had a fasting 
blood glucose level ≥ 5.6 mmol/L, or self-reported as 
being diabetic or on anti-diabetic medication. End-of-
treatment response (ETR) was defined as loss of  detect-
able serum HCV RNA at the end of  treatment. Normal 
ALT was defined as ALT ≤ 31 U/L for women and ≤ 
40 U/L for men.

Statistical analysis
Unadjusted association between renal insufficiency and 
HCV infection was evaluated. For categorical variables, 
the unadjusted association was tested using the Chi-
square test (Fisher exact test if  there was limited sample 
size thus violating the Chi-square test assumptions), 
while for continuous variables, analysis of  variance or 
the Kruskal-Wallis test (when the assumption of  nor-
mality was violated) were employed. Multivariate logistic 
regression (for categorical variables) and multivariate 
linear regression (for continuous variables) were used to 
test for the null hypothesis of  no significant association 
between renal insufficiency and HCV infection control-
ling for possible confounders and covariates. Microalbu-
minuria, ACR and eGFR data were log transformed to 
adjust for skewedness. 

We tested for the presence of  an interaction between 
HCV and diabetes, by adding the cross product term of  
HCV × diabetes in addition to HCV and diabetes in the 
regression model predicting microalbuminuria.

In addition, we employed mediation analysis to test 
whether the effect of  HCV on the risk of  developing 
microalbuminuria was mediated by diabetes. Baron and 
Kenny’s criteria was used to assess the presence of  me-
diation[8]. Mediation was expected if  diabetes accounted 
for part or all of  the relationship between HCV and 
microalbuminuria, as manifested by a decrease in the 
magnitude of  the previously significant association be-
tween HCV and microalbuminuria upon controlling for 
diabetes[8]. The significance of  the mediation pathway 
was tested using the Sobel test as described elsewhere[9].

To test for treatment effect, we examined differences 
between pre- and post-treatment using the Wilcoxon 
Signed Rank test which is a non-parametric equivalent 
of  the paired t-test. In the multivariate analysis we tested 
for significant predictors of  microalbuminuria post-
treatment compared to pre-treatment, using the general-
ized estimating equation model. 

All analyses were conducted using SAS 9.1 software.

RESULTS
The study population consisted of  300 subjects, of  

whom 233 (77.7%) were HCV-positive. At enrolment 
138 (46.6%) were diabetics. The majority of  the study 
participants [239 (79.9%)] were male and 195 (81.6%) 
of  the males were HCV-positive compared with 37 
(61.7%) of  females. Median age of  the study partici-
pants was 46 years (inter-quartile range, 41-53 years). 
The histopathological changes of  the liver in HCV pa-
tients were classified according to the Scheuer score, and 
fibrotic changes of  Stages Ⅰ, Ⅱ, Ⅲ and Ⅳ were seen 
in 58 (25.1%), 89 (38.3%), 60 (25.7%) and 26 (10.9%) 
patients, respectively. Necro-inflammatory changes were 
seen in 23 (9.9%), 109 (46.8%), 58 (25.1%) and 4 (1.7%) 
patients, respectively. A median microalbuminuria of  
8.2 (inter-quartile range, 4.4-16.9) μg/mg was observed, 
while the median eGFR was 98 (inter-quartile range, 
85-112) mL/min every 1.73 m2. One hundred and eigh-
teen individuals had microalbuminuria (39.7%), includ-
ing 44 (37.6%) HCV-positive non-diabetic, 58 (49.6%) 
HCV-positive diabetic, 7 (6.0%) control non-diabetic, 
and 8 (6.8%) control diabetic subjects. Forty five individ-
uals had high ACR (15.8%), including 13 (29.6%) HCV-
positive non-diabetic, 25 (56.8%) HCV-positive diabetic, 
2 (4.6%) control non-diabetic, and 4 (9.1%) control dia-
betic subjects. Only 15 (5.3%) had low eGFR, of  whom 
there were 3 (20%) HCV-positive non-diabetic, 7 (46.7%) 
HCV-positive diabetic, 3 (20%) control non-diabetic, and 
2 (13.3%) control diabetic subjects. Of  85 HCV patients 
who were on treatment, 44 (51.8%) showed an ETR.

Table 1 demonstrates the study participants’ charac-
teristics by HCV status. HCV-positive individuals had 
significantly higher ALT levels and higher microalbu-
minuria. No difference was detected in age, body mass 
index, urea, creatinine or gender (Table 1).
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Table 1  Study subjects characteristics by HCV status  

Characteristics HCV status

HCV-negative HCV-positive

Age (yr)   46.0 (57.0)   46.0 (51.0)
Gendera n (%)
   Male      44 (18.4)    195 (81.6)
   Female      23 (38.3)      37 (61.7)
Diabetes n (%)
   No      31 (19.6)    127 (80.4)
   Yes      32 (23.2)    106 (67.8)
Fibrosisa n (%)
   No/mild      67 (54.0)   57 (46)
   Moderate/severe      0 (0.0)   137 (100)
Inflammationa n (%)
   No/mild     67 (100)      0 (0.0)
   Moderate/severe      0 (0.0)   194 (100)
Body mass index (kg/m2)   27.9 (26.7)   29.2 (25.3)
Urea (mmol/L)     4.6 (41.4)       4.7 (128.9)
Creatinine (mg/dL)     75.0 (248.0)     77.0 (230.0)
ACR (mg/mmol)        1 (36.8)         1 (193.9)
eGFR (mL/min every 1.73 m2)     99.5 (317.0)     98.0 (155.0)
Microalbuminuriaa,b (µg/mg)       5.9 (299.0)       9.5 (399.0)
ALTa,b (U/L)     25.0 (110.0)     66.0 (583.0)
Hemoglobina,b (g/dL) 14.0 (7.0) 14.9 (9.5)

aP < 0.05; bKruskal-Wallis test. HCV: Hepatitis C virus; ACR: Albumin 
creatinine ratio; eGFR: Estimated glomerular filtration rate; ALT: Alanine 
aminotransferase. Quantities given as median (range). 
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Microalbuminuria
Levels of  microalbuminuria were significantly higher 
among HCV-positive individuals than HCV-negative 
patients (median 9.5 vs 5.9, respectively, Kruskal-Wallis 
P = 0.017). A significantly higher prevalence of  microal-
buminuria (defined as albuminuria > upper tertile of  the 
controls) was observed among HCV-positive individuals 
(53.7%) compared to HCV-negative individuals (31.8%), 
(χ2 = 9.8, P = 0.002).

Log microalbuminuria was significantly correlated with 
grade (r = 0.13, P = 0.036), borderline correlated with 
older age (r = 0.11, P = 0.069) and more fibrosis (r = 0.12, 
P = 0.061), but not significantly associated with viral load  
(r = -0.03, P = 0.610), or ALT levels (r = -0.03, P = 0.617).

There was no significant interaction between HCV 
status and diabetes such that the odds ratio (OR) of  
microalbuminuria among diabetics compared to non-
diabetics was not significantly higher in HCV-positive 
individuals compared to HCV-negative controls (P for 
interaction = 0.720) (Table 2).

For sensitivity analysis we restricted the analysis to 
non-diabetics. Among non-diabetics, the prevalence 
of  microalbuminuria was significantly higher in HCV-
positive individuals (50%) compared to HCV-negative 
controls (25.8%) (χ2 = 5.9, P = 0.015). Restricting the 
analysis to individuals with no cryoglobulinemia revealed 
that microalbuminuria was significantly higher in HCV-
positive individuals (53.3%) compared to HCV-negative 
controls (31.8%) (χ2 = 9.4, P = 0.002).

To adjust for potential confounders and important 
covariates we employed multivariate regression to test 
for the significance of  HCV as a predictor for microal-
buminuria. Log microalbuminuria was used in the linear 
regression analysis because of  the skewedness of  the mi-
croalbuminuria data. Similar to the unadjusted analysis, 
we did not detect a significant interaction between dia-
betes and HCV (χ2 = 1.2, P = 0.272), thus no interaction 
term was included in the final model. 

After adjusting for age, gender, diabetes, cryoglobu-
linemia, urea and creatinine, there was a significant asso-
ciation between HCV status and log microalbuminuria 
(χ2 = 4.97, P = 0.026). Microalbuminuria was significant-
ly associated with urea (χ2 = 8.2, P = 0.004), creatinine (χ2 
= 27.0, P < 0.0001), diabetes (χ2 = 8.2, P = 0.004), but 
not with age (χ2 = 0.0, P = 1.0) or gender (χ2 = 0.4, P = 
0.530) or cryoglobulinemia (χ2 = 0.2, P = 0.703).

We tested whether diabetes mediated the effect of  
HCV on microalbuminuria risk. Diabetes was not a sig-
nificant mediator of  the effect of  HCV on microalbu-
minuria risk, as manifested by the non fulfillment of  the 
Baron and Kenny criteria for mediation, such that HCV 
did not significantly predict diabetes (χ2 = 0.56, P = 0.45), 
and therefore the Sobel test for mediation was not sig-
nificant (P = 0.49).

Albumin creatinine ratio (ACR)
Median ACR was 1.0 (range, 36.8) mg/mmol in HCV-
negative subjects vs 1.0 (range, 193.9) mg/mmol in HCV-

positive subjects. Positive HCV status was not associated 
with a significantly high ACR [OR: 1.7, 95% confidence 
interval (CI): 0.7-4.1], which also did not change by 
stratifying according to diabetic status (P for interaction = 
0.752) (Table 2). 

In multivariable regression analysis, and adjusting for 
age and gender, there was no significant association be-
tween HCV status and high ACR (χ2 = 0.86, P = 0.35).

eGFR
The prevalence of  low eGFR < 60 mL/min every 1.73 m2  
was lower in HCV-positive individuals than HCV-nega-
tive individuals (4.4% vs 8.9%). Positive HCV status was 
not associated with significantly low eGFR < 60 mL/min  
every 1.73 m2 (OR: 0.5, 95% CI: 0.2-1.4). Median eGFR 
was 99.5 (range, 317.0) mL/min every 1.73 m2 in HCV-
negative subjects and was 98.0 (range, 155.0) mL/min 
every 1.73 m2 in HCV positive subjects. We did not 
detect a significant interaction between HCV status and 
diabetic status (P for interaction = 0.175) (Table 2).

Multivariate regression analysis revealed that, upon 
adjusting for age, and gender there was no significant as-
sociation between HCV status and low eGFR (χ2 = 1.12, 
P = 0.29). 

Serum creatinine
Median creatinine was 0.75 (range, 248) mg/dL in HCV 
negative subjects, vs 0.77 (range, 230) mg/dL in HCV 
positive subjects. Negative HCV status was borderline 
associated with high serum creatinine (OR: 2.6, 95% CI: 
1.02-6.68, P = 0.05). There was no statistically significant 
difference in serum creatinine comparing diabetics to 
non-diabetics among HCV positive and HCV negative 
controls (Table 2).

In the multivariable regression analysis, and adjust-
ing for age, and gender, there was significant association 
between HCV negative status and high serum creatinine 
(OR: 3.3, 95% CI: 1.2-9.2, P = 0.02). 
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1P for interaction is the P-value of the cross product term of HCV × 
diabetes in the logistic regression models predicting renal insufficiency. 
OR: Odds ratio.

Table 2  Renal insufficiency in diabetics compared with non-
diabetics among HCV-positive and HCV-negative controls 

Renal function Diabetes

OR (95% CI) P -value1

Microalbuminuria 0.720
HCV-positive 1.4 (0.8-2.3)
HCV-negative 1.7 (0.6-5.1)

eGFR 0.175
HCV-positive   3.0 (0.8-11.9)
HCV-negative 0.6 (0.1-4.0)

Albumin creatinine ratio 0.752
HCV-positive 2.9 (1.4-6.1)
HCV-negative   2.1 (0.4-12.7)

Creatinine 0.627
HCV-positive 0.9 (0.3-2.8)
HCV-negative 0.5 (0.1-2.5)
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Microalbuminuria and treatment effect
Log microalbuminuria pre-treatment median level was 
2.26 (inter-quartile range, 1.5-3.1), while median post-
treatment level was 2.04 (inter-quartile range 1.5-2.6), 
(Wilcoxon signed rank test P = 0.09). Adjusting for age, 
sex, fibrosis, grade, log ACR, ALT, diabetes and viral 
load the decline was more pronounced in individuals 
with ETR compared to individuals without ETR (χ2 = 
8.19, P = 0.004).

The pre- to post-treatment log microalbuminuria dif-
ference was significantly correlated with pre-treatment 
older age (r = 0.37, P < 0.001), fibrosis (r = 0.26, P = 
0.017), grade (r = 0.23, P = 0.042) and log ACR (r = 
0.38, P < 0.001), but not correlated with male gender  
(r = 0.-14, P = 0.222), diabetes (r = 0.12, P = 0.265), urea 
(r = 0.015, P = 0.896), creatinine (r = -0.05, P = 0.658) or 
ALT (r = -0.07, P = 0.508).

In multivariate regression, after adjusting for gender, 
age, pre-treatment ALT, log ACR, diabetes, fibrosis and 
grade, only log ACR, ETR, and fibrosis were moderately 
associated with a greater decline in log microalbuminuria 
post-treatment (χ2 = 8.98, P = 0.003; χ2 = 8.19, P = 
0.004; χ2 = 9.35, P = 0.053, respectively), while age, gen-
der, ALT, diabetes, and grade were not associated with 
log microalbuminuria decline (χ2 = 0.70, P = 0.401; χ2 = 
0.13, P = 0.718; χ2 = 1.31, P = 0.253; χ2 = 0.0, P = 0.969; 
χ2 = 1.33, P = 0.722, respectively).

DISCUSSION
Hepatitis C infection is known to have a higher preva-
lence of  some components of  metabolic syndrome 
and to be associated with chronic renal disease. Renal 
involvement in the course of  HCV infection is attrib-
uted to a high incidence of  intrinsic diabetic renal dis-
ease or cryoglobulinemia. Studying microalbuminuria 
in HCV-G4 patients and its relationship to response to 
treatment is a novel report, especially after recent evi-
dence for diabetes-inducing effects of  HCV-G4[10]. In 
the current study, using the same definition of  micro-
albuminuria as Liangpunsakul et al[11], the prevalence of  
microalbuminuria in HCV-G4 was 20%, similar to that 
reported by the Third National Health and Nutrition 
Examination Survey (12.4%). In contrast to the limita-
tions of  the NHANES Ⅲ study, we were able to study 
the mean of  multiple microalbuminuria readings, adjust-
ing for stage of  hepatic fibrosis, grade of  inflammation, 
viral load and cryoglobulinemia. 

In our study, not only was the prevalence of  micro-
albuminuria higher among HCV-positive individuals but 
significantly higher levels were noted compared to non-
HCV subjects. Although the prevalence of  microalbu-
minuria was higher among diabetic HCV patients, testing 
for the effect of  diabetes did not reveal a significant in-
teraction with HCV infection nor a significant mediation 
of  the HCV effect. In contrast to a previous suggestion 
of  a link between HCV infection and diabetes[12], our 
results revealed that HCV infection was not associated 

with type 2 diabetes mellitus. Our results are in accor-
dance with other reports that revealed no interaction be-
tween HCV infection and diabetes, and the association 
between HCV infection and albuminuria was not altered 
upon adjustment for diabetes[13,14]. In addition HCV in-
fection was not associated with cryoglobulinemia. There-
fore, our results suggested that HCV-G4 was associated 
with microalbuminuria independently of  cryoglobuline-
mia or diabetes status. 

HCV-induced glomerulonephropathy in the absence 
of  cryoglobulinemia was explained in previous reports 
by direct or indirect pathways: deposition in the glom-
erulus of  a monoclonal IgM rheumatoid factor with 
particular affinity for the glomerular matrix, which is 
produced by permanent clones of  B lymphocytes in-
fected by the virus or immune complexes composed of  
HCV antigens and anti-HCV IgG antibodies can deposit 
directly in the glomerular structures in the absence of  
a concomitant type Ⅱ mixed cryoglobulin. HCV RNA 
genomic sequences and HCV core protein detected in 
kidney glomerular and tubular structures point to dis-
tinct pathways of  HCV-related damage in glomeruli and 
tubules[15]. Kidney disorders constitute patho- and mor-
phogenesis of  systemic infection in HCV[16]. 

In spite of  HCV-induced microalbuminuria, which 
was in agreement with Liangpunsakul et al[11], Moe et al[17] 
and Tsui et al[18] but in contrast to Dalrymple et al[13] and 
Tsui et al[14], we did not find an increased risk for renal 
disease in HCV-G4 as reflected by undetectable changes 
in creatinine, ACR or eGFR. This discrepancy might be 
explained by long-term infection in some studies, the 
definition of  renal insufficiency, or the viral genotype. 
These findings suggested that the principal clinical mani-
festation of  glomerular disease in HCV-G4-infected 
patients is the presence of  microalbuminuria without 
impaired kidney function[19].

The lack of  increased risk of  renal disease persisted 
even after restricting the analysis to diabetics which is 
consistent with a previous report[20].

We found a significant correlation between micro-
albuminuria and necroinflammatory changes, but not 
fibrotic changes; this represents a relation with viral 
activity rather than progression of  liver disease. In the 
absence of  a significant correlation between microal-
buminuria and viral load, hepatic fibrotic changes or 
platelet count, we suggest that HCV infection per se in 
HCV-G4 and not the stage of  liver disease is the cause 
of  microalbuminuria.

There was a moderate reduction in microalbuminuria 
after pegylated interferon therapy which was more pro-
nounced in patients with an ETR, those with higher pre-
treatment fibrosis and higher pre-treatment log ACR. 
regardless of  the grade of  inflammation, diabetes or liver 
function. This post-treatment reduction in proteinuria in 
HCV-G4 indirectly suggested an improvement in renal 
pathology[21], and reinforced the hypothesis that the devel-
opment of  microalbuminuria in HCV infection is possibly 
by mechanisms other than diabetes or cryoglobulinemia.
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In conclusion, renal disorders in the form of  micro-
albuminuria increased in HCV-G4 infection, especially 
in older patients, regardless of  the stage of  liver disease 
or viral load. In our study, diabetes did not mediate 
or moderate the effect of  HCV infection, suggesting 
that HCV independently affected the development of  
microalbuminuria. Combination therapy of  pegylated 
interferon-ribavirin had a positive effect in reducing mi-
croalbuminuria.

COMMENTS
Background
Hepatitis C virus (HCV) is a significant cause of glomerulopathy in countries 
with a high prevalence of HCV. The principal clinical manifestations of 
glomerular disease in HCV-infected patients are the presence of proteinuria and 
microscopic hematuria with or without impaired kidney function.
Research frontiers
Microalbuminuria is observed in HCV-positive individuals. However, the 
prevalence of microalbuminuria in HCV-genotype 4 (HCV-G4) patients 
compared to HCV-negative controls and its association with liver histology, viral 
load, and response to treatment has not been indisputably addressed. In this 
study, the authors demonstrate that antiviral therapy with pegylated interferon 
and ribavirin could have a beneficial effect on microalbuminuria.
Innovations and breakthroughs
Latest reports have provided evidence of a significant increase in renal 
disease in HCV infection, in particular HCV-induced microalbuminuria. This is 
the first study to report the increase in microalbuminuria in HCV-G4 patients. 
Furthermore, the study demonstrated that antiviral therapy with pegylated 
interferon and ribavirin could have a beneficial effect on the microalbuminuria.
Applications
Understanding how microalbuminuria is related to HCV infection, grade, fibrosis 
and response to treatment, may provide an insight for future strategy for post-
treatment follow-up and for predicting response to treatment.
Terminology
Microalbuminuria, estimated glomerular filtration rate, and serum creatinine 
are measures of renal insufficiency. End-of-treatment response is the loss of 
detectable serum HCV RNA at the end of treatment. 
Peer review
In the current study, the authors demonstrated the independent effect of 
HCV-G4 infection on the development of microalbuminuria through prospective 
comparison to HCV-negative control groups and the positive effects of antiviral 
therapy. This study included some interesting points. 
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