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Abstract Received Date: November 5, 2015

Objective: HIV-infected patients are at an increased risk of developing Hepatic Ste- Accepted Date: November 30, 2015
atosis (HS), which may progress to nonalcoholic steatohepatitis. The aim of this study Published Date: December 2, 2015
was to evaluate HS in Japanese HIV-infected patients using a novel technique called

Controlled Attenuation Parameter (CAP). Citation: Hirashima, N., et al. Hepatic
Methods: Sixty HIV-infected outpatients were included in this study and underwent Steatosis, Measured by Transient Elas-
transient elastography with CAP. Significant Hepatic Steatosis (SHS) was defined us- tography with Controlled Attenuation Pa-
ing the previously established CAP cut-off of 232dB/m. The relationships between rameter, Is Highly Prevalent in Japanese
SHS and blood chemistry, HBV/HCV co-infection and antiretroviral drugs were ana-  [{pv_Infected Patients. (2015) J Gastroin-
lyzed in HIV-infected patients. test Disord Liver Func 1(2): 25- 31.
Results: The mean CAP level was 228dB/m. SHS was detected in 25 patients (42.3%).

In the univariate analysis, the percentage of patients with SHS increased with the lev-

els of triglyceride, fasting plasma glucose, HbAlc and BMIL SHS was observed less ~ IKeywords: Controlled attenuation pa-
frequently among those who had been treated with oral tenofovir for 2 years or longer. ~ rameter; Hepatic steatosis; BMI; HIV
Neither Hepatitis B surface Antigen (HBsAg) -positive rates, the duration for which

patients were positive for HBsAg, HCV antibody-positive rates, nor the duration for  poT: 10.15436/2471-0601.15.006
which patients were positive for HCV RNA were associated with SHS. In a multivari-

ate analysis, the only factor associated with SHS was BMI (adjusted odds ratio 1.727,

95% CI: 1.095 - 2.724; P=0.019).

Conclusion: The prevalence of SHS was markedly higher as 42.3% among HIV-in-

fected patients and higher BMI in Japanese individuals was associated with SHS.

Introduction

Hepatic steatosis (HS) is one of the most common causes of liver disease in human immunodeficiency virus (HIV)-infected
patients as well as in the general population-?!. HS is associated with an increased risk of liver inflammation and fibrosis, “so called”
Nonalcoholic Steatohepatitis (NASH), a recognized cause of Liver Cirrhosis (LC) and Hepatocellular Carcinoma (HCC). HS in
HIV-infected patients may progress to NASH, LC and HCC. The prevalence of HS and its risk factors in HIV-infected patients cur-
rently remain unclear®. HS rates in HIV-infected patients have been estimated based on the findings of previously conducted liver
biopsy studies, which mostly involved HIV/HCV-co-infected patients. Liver biopsy is an invasive technique and sampling errors are
common*¢l, A new non-invasive assessment of HS through the measurement of controlled attenuation parameter (CAP) using the
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transient elastography (M probe) (FibroScan®; Echosens, Paris,
France) has been developed. This novel technique estimates the
presence of Significant Hepatic Steatosis (SHS) based on more
than 10% of hepatocytes being detected in a liver biopsy sam-
ple[7]. Therefore, the aim of the present study was to evaluate
SHS in Japanese HIV-infected patients using CAP[8].

Materials and Methods

Between January 2014 and May 2015, all HIV-infected
outpatients in the Department of Infectious Diseases and Im-
munology, Clinical Research Center, National Hospital Organi-
zation Nagoya Medical Center, Nagoya, were included in this
study. They provided written informed consent to participate in
this study and underwent transient elastography. CAP measure-
ments were performed by an experienced practitioner at the De-
partment of Gastroenterology, National Hospital Organization
Nagoya Medical Center, Nagoya, using FibroScan®. CAP is an
estimate of total ultrasonic attenuation and expressed in dB/m.
In a previous study, examinations with ten successful shots, an
interquartile range (IQR) for liver stiffness of less than 30% of
the median value, and a success rate of at least 60%, were con-
sidered as reliable[9] and included in this study.

Sasso M, et al.[8] previously reported the CAP cut-off
that defines SHS by presenting at least 10% hepatocytes to be
238dB/m. But, Masaki K, et al.[10] identified the CAP cut-off
for defining SHS in Japanese patients as 232dB/m. Therefore,
we herein selected 232dB/m as the CAP cut-off.

This study was designed in accordance with the Hel-
sinki declaration and approved by the Ethics Committee of the
National Hospital Organization Nagoya Medical Center.

Statistical Analysis

The primary outcome was the presence of SHS, defined
as a CAP value equal to or greater than 232dB/m. The relation-
ships between the following factors and SHS were analyzed:
age, sex, race, rate of HIV infection, alcohol intake, tobacco
consumption, CD4+ cell count, HIV RNA viral load, use of
Antiretroviral Therapy (ART), AST, ALT, yGTP, platelet count,
triglycerides, total cholesterol, LDL cholesterol, HDL cholester-
ol, fasting plasma glucose, HbAlc, Hepatitis B surface antigen
(HBsAg), HBeAg, HBeAb, HBV DNA, the HBV genotype,
HCV Ab, HCV RNA, the HCV genotype, BMI, waist circum-
ference and Liver Stiffness Measurement (LSM). Continuous
variables were expressed as a median (minimum-maximum) or
mean (standard deviation, SD). Categorical variables were ex-
pressed as numbers (percentage). Factors associated with the
primary outcome in logistic regression analysis with a P-val-
ue less than 0.05 were considered to be significant. Statistical
analyses were performed using the SPSS 22 statistical software
package (SPSS, Chicago, Illinois, USA).

Results

Patient Characteristics

The characteristics of the 60 patients who participated
in this study are presented in (Table 1). All patients successfully
underwent elastography. It was possible to measure CAP in 59
patients (98%) using M probe. Thus, data collected from these
patients were analyzed statistically. No patient had a self-re-
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ported alcohol intake of more than 40g/day. Five patients (8%)
tested negative for HCV Ab, HBsAg, HBc Ab and HBsAb. The
number of HBsAg-negative and HBc and/or HBsAb-positive
(indicating a history of HBV infection) patients was 13 (22%).
Among the 28 (46%) HBsAg-positive patients, 14 (50%), 10
(36%), and 12 (43%) were also HBeAg-, HBeAb-, and HBV
DNA-positive, respectively. The median duration for which pa-
tients were positive for HBsAg was 46 (12-85) months. Eighteen
patients (64%) had HBV genotype A, two (8%) genotype B, and
four (14%) genotype C. Fourteen patients (23%) tested positive
for HCVAD. Five of them were negative for HCV RNA because
they had previously received pegylated interferon with Ribavirin
therapy and achieved a Sustained Virological Response (SVR).
The median duration for which patients were positive for HCV
RNA was 72 (2-80) months, while the median duration after
SVR was 36 (24-84) months. Six patients (43%) had HCV gen-
otype 1, three (31%) genotype 2, four (29%) genotype 3, and one
(7%) genotype 6.

Table 1: Patient Characteristics of this study (n=60)

Characteristics
Male, n (%) 58 o7
Age?, years 42 (31-73)
Race, n (%)
Japanese 57 (95)
Chinese 2 3)
Korean 1 2)
Route of HIV infection

Sextual transmission 51 86

Blood transfysion

Intravenous drug use
Daily alcohol intake, n (%)

0 31 (52)

1-39 g/day 29 (48)

240 g/day 0 (0)
Tobacco consumption, n (%) 15 (25)
CD4+ cell counts® (cells/ul) 487 (258)
HIV RNA, n (%)

Undetectable 33 (55)

<20 copies/ml 14 (23)

=20 copies/ml 13 (22)
under AART, n (%) 58 97)
AST* (IU/L) 24 (12-237)
ALT* (IU/L) 27 (7-308)
yGTP? (IU/L) 37 (9-246)
Platelet® (10%/pl) 21 (7.7)
Triglycerides® (mg/dl) 127 (38-641)
Total cholesterol® (mg/dl) 152 (79-233)
LDL cholesterol® (mg/dl) 85 (42-155)
HDL cholesterol* (mg/dl) 39 (10-75)
Fasting plasma glucose®* (mg/dl) 101 (76-211)
Hb Alc® (%) 53 (0.6)
HCV Ab HBsAg HBcAb HBsAb, n (%)
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The mean BMI was 23 (3.9). Obesity, defined as BMI

6 6 6 6 5 (®
more than 25, was observed in 17 patients (28%). The mean
- - +) and/or (+ 13 22 L )
0 O (andor(*) 22) waist circumference was 83 (10) cm.
0 ® 28 (47) Fifty-eight patients (97%) were treated with ART, with
(t) () () and/or (+) 12 (20) 33 (55%) showing undetectable HIV RNA levels. The distribu-
GG COENC) 2 (3) tion of antiretroviral drugs administered to patients is summa-
rized in [Tables 2-3].
positive for HBsAg, n (%) 28 (46) Table 2: Antiretroviral drugs ever administered to this study patients
positive for HBeAg, n (%) 14 (50) and significant hepatic steatosis (CAP=232 dB/m)
positive for HBeAb, n (%) 10 (36) Drug n CAB2232 dB/m, n (%) p
positive for HBV DNA, n (%) 12 (43) tenofovir 0.187
Duration positive for HBsAg® (months) 46 (12-85) yes 47 13 (28)
HBV genotype, n (%) no 12 7 (58)
A 18 (64) emtricitabine 0.308
B 2 (3) yes 43 12 (28)
C 4 (14) no 16 8 (50)
unknown (14) lamivudine 0.545
yes 21 10 (48)
positive for HCV Ab, n (%) 14 (23) no 38 10 (6)
HCV RNA positive 9 abacavir 0.434
HCV RNA negative* yes 18 9 (50)
Duration positive for HCV RNA® (months) 72 (2-80) no 41 11 (29)
Duration after SVR® (months) 36 (24-84) sanilvudine 0.122
HCV genotype, n (%) yes 9 6 (67)
1 6 (43) no 50 14 (28)
2 3 21 didovudine 0.596
3 4 (29) yes 9 3(33)
6 1 (7) no 50 17 (34)
didanosine 0.691
BMI® (kg/m?) 23 (3.9) yes 6 3 (50)
BMI<25, n (%) 43 (72) no 53 17 (32)
BMIZ25, n (%) 17 (28) reltegravir 0.767
Waist circumference® (cm) 83 (10) yes 27 12 (44)
Liver stiffness no 32 8(22)
measured by M probe : XL probe 59:1 dolutegravir 0.182
Liver stiffness® (Kpa) 4.7 (2.6-22.8) yes 12 3 (25)
CAP no 47 17 (36)
measured by M probe 59 (98) elvitergravir 0.396
CAP® (dB/m) 228 (59) yes 7 3 (43)
CAP=232, n (%) 25 (42.3) no 52 17 (33)
AART, a(ftive aptiretroviral therapy; AST, aspartate aminotasferase; lopinavir 0.655
ALT, alanine aminotasferase;
yGTP, gamma-glutamyl transferase; LDL, low-density lipoprotein; yes 1 4(30)
HDL, high -density lipoprotein; no 48 16 (33)
HBYV, heptitis B virus, HCV, hepatitis C virus; HBsAg: HB surface an- | ;10 00vir 0.199
tigen, HBsAb: HB surface antibody
HBcAb: HB core antibody, HBeAg: HB e antigen, HBeAb: HB e an- yes 9 2(22)
tibody no 50 18 (36)
HCV Ab: HCV antibody CAP, SVR: sustaind virological response, con- darunavir 0.830
trolled attnuation parameter 16 319
aMedian (minimum-maximum) yes a9
"Mean (SD) no 43 17 (40)
‘Pegylated interferon with ribavirin was carried out and achieved SVR. ritonavir 0.993
yes 27 7 (26)
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no 32 13 (41) = 2 years 6 (10) 3.857 (0.581- 0.162
nelfinavir 0.312 25.0601)
yes 5 1(20) didovudine | none 50 (859
no 54 19 (35) drug expo-| 3(5) | 1.031(0.87-12.236) | 0.981
sure<2 years
fosamprenavir 0.638 Y
yes 6 0 = 2 years 6 (10) | 1.031(0.171-6.235) | 0.973
o 53 20 (38) reltegravir none 32 (54)
. drug expo- | 10 (17) 3.472 (0.760- 0.108
Saqunavir - sure<2 years 15.896)
e ! 0 >2years | 17(29) | 1.667 (0.470- | 0.429
no 58 20 (34) 5.916)
indinanir - dolutegravir | none 47 (80)
yes 1 0 drug expo- | 12 (20) | 0.684 (0.160-2.923) | 0.608
no 58 20 (34) sure<2 years
nevirapine 0.999 = 2 years 0
yes 3 3 (100) elvitergravir | none 52 (88)
no 56 17 (30) drug expo-| 7(14) | 1.500 (0.301-7.467) | 0.621
rilpivirine 0.911 sure<2 years
yes 5 2 (40) = 2 years 0
no 54 18 (33) lopinavir none 48 (82)
efavirenz 0.891 drug expo- | 2(3) - 0.999
9 4 aa sure<2 years
e 50 16((32)) = 2 years 9 (15) | 1.600 (0.377-6.789) | 0.524
no
traviri 0312 atazanavir none 50 (85)
etravirine .
5 120 drug expo-| 1(2) - 1.000
yes (20) sure<2 years
e > ACD) =2 years | 8(14) | 0.733(0.129-4.168) | 0.733
faraviroe 0.999 darunavir none 43 (73)
e 3 0 drug expo- | 3(5) - 0.999
no 56 20 (36) sure<2 years
= 2 years 13 (22) | 0.476 (0.115-1.9839 | 0.308
Table 3: Antiretroviral drugs exposure (drug exposure<2 years vs = 2 " - 32 (54
years) and significant hepatic steatosis (CAP=232 dB/m) ronavit none (54
antiretroviral n (%) | odds ratio (95%CI) | p drug expo-| 1 (2) )
drugs sure<2 years
tenofovir none 12 (20) = 2 years 26 (44) | 0.567 (0.186-1.725) | 0.567
drug expo- | 14 (24) | 0.035 (0.101-2.185) | 0.469 | | Devirapine | none 36 99)
sure<2 years drug expo-| 2(3) - 1.000
=2 years | 33(56) | 0.210 (0.054-0.810) | 0.023 sure<2 years
> -
emtricitabine | none 16 (27) — = 2 years 1@ 0.999
drug expo- | 14 (23) | 0.565 (0.122-3.603) | 0.462 | | Filpivirine | none 34 (92)
sure<?2 years drug €xXpo- 3 (5) 1.000 (0.085- 1.000
>2years | 29(50) | 0358 (0.100-1.283) | 0.115 sure<2 years 11.778)
emivadine | none 38 (65) =2vyears | 2(3) |2.000(0.118-33.856) | 0.631
drug expo- | 2(3) 2.800 (0.160- | 0.481 | |cfavirenz | none 30 (85)
sure<2 years 49,103) drug €Xpo- 23) 2.125 (0.125- 0.602
>2years | 19(32) | 2240 (0.690-7.29) | 0.179 sure<2 years 36.182)
>
abacavir none 41 (70) = 2 years 742 0.571
S;lrleg@eyxer;?; >®) 1'811 § g(;'62)67_ 0-3411 950,C1: 95% confidential interval
=2years | 13(22) | 3.182(875-11.569) | 0.079 |  preyalence of and factors associated with SHS
sanilvudine | none 50 (85) The mean CAP in the 59 HIV-infected patients ex-
drug expo- | 3(5) 7.714 (0.739- 0.088 | amined in this study was 228 (59) dB/m. SHS, with CAP of at
sure<2 years 80.554) least 232dB/m, was observed in 25 patients (42.3%). Neither
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age, sex, the CD4+ cell count, HIV RNA viral load, AST, ALT,
vGTP, nor the platelet count were associated with SHS. High-
er concentrations of triglycerides (odds 1.012, 95%CI: 1.003-
1.021; P=0.006), fasting plasma glucose (odds 1.048, 95%CI:
1.008-1.190; P=0.018), HbAlc (odds 2.821, 95%CI: 1.002-
7.945; P=0.050), BMI (odds ratio 1.709, 95%CI: 1.280-2.382;
P=0.0001), and waist circumference (odds ratio 1.303, 95%CI:
1.125-1.510; P=0.001) were associated with SHS. HBsAg-posi-
tive rates, the duration for which patients were positive for HB-
sAg, HCV Ab-positive rates, and the duration for which patients
were positive for HCV RNA were not associated with SHS.
LSM was also not associated with SHS. Relationships with SHS
identified by a univariate analysis are summarized in [Table 4].

Table 4: Associations with significant hepatic steatosis (CAP=232
dB/m)

Varialle odds ratio (95%CI) | p
Age, years 0.98 (0.941-1.029) | 0.478
CD4+ cell counts® (cells/ul) 1.002 (1.000-1.004) | 0.115
HIV RNA 0.750 (0.06-2.134) | 0.590
AST (IU/L) 1.012 (0.994-1.030) | 0.184
ALT (IU/L) 1.009 (0.997-1.022) | 0.151
yGTP (IU/L) 1.008 (0.997-1.019) | 0.153
Platelet (10%/ul) 0.951 (0.887-1.020) | 0.159
Triglycerides (mg/dl) 1.012 (1.003-1.021) | 0.006
Total cholesterol (mg/dl) 0.998 (0.982-1.015) | 0.814
LDL cholesterol (mg/dl) 0.994 (0.974-1.013) | 0.524
HDL cholesterol (mg/dl) 0.963 (0.917-1.011) | 0.126
Fasting plasma glucose (mg/dl) 1.048 (1.008-1.190) | 0.018
Hb Alc (%) 2.821 (1.002-7.945) | 0.050
positive for HBs antigen, n (%) 1.038 (0.369-2.920) | 0.943
Duration positive for HBsAg | 0.995 (0.977-1.013) | 0.574
(months)

Duration positive for HBV DNA | 0.995 (0.974-1.017) | 0.656
(months)

positive for HCV antibody, n (%) 1.500 (0.449-5.008) | 0.150
Duration positive for HCV RNA | 1.010 (0.989-1.032) | 0.342
(months)

Duration after SVR (months) 1.035 (0.981-1.093) | 0.205
BMI (kg/m?) 1.709 (1.280-2.282) | 0.0001
Waist circumference (cm) 1.303 (1.125-1.510) | 0.0001
Liver stiffness (Kpa) 1.074 (0.960-1.201) | 0.213

95%CI: 95% confidential interval

The relationship between the antiretroviral drugs ad-
ministered to our patients and SHS is shown in [Table-2]. The
administration or not of antiretroviral drugs was not associated
with SHS. The relationship between antiretroviral drug exposure
for less than two years and equal to or greater than two years
and SHS is shown in [Table-3]. The incidence of SHS decreased
only when administering oral Tenofovir for 2 years or longer
(odds ratio 0.210, 95%CI: 0.054-0.810; P=0.023).

A multivariate analysis revealed that the only factor as-
sociated with SHS was BMI [Table-5]. Waist circumference and
HbA 1c were excluded, because these were considered to present
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same aspects with BMI and fasting plasma glucose. BMI was
the only predictor of SHS (per unit increase, adjusted odds ratio
1.727, 95%CI: 1.095-2.724; P=0.019)

Table 5: Association of significant hepatic steatosis with the factors in
multivariate analysis (CAP=2232 bB/m).

Variable Adjusted odds ratio Multi-
(95%CI) variate p

Age per year 0.927 (0.849-1.013) 0.094

BMI per unit increase 1.727 (1.095-2.724) 0.019

Undetectable | yes vs no 0.159 (0.020-1.260) 0.082

HIV RNA

Triglycerides | per unit increase 1.014 (0.999-1.028) 0.070

Fasting plas- | per unit increase 1.018 (0.976-1.063) 0.405

ma glucose

Undetectable | yes vs no 1.289 (0.107-15.582) 0.842

HBsAg

Undetectable | yes vs no 7.109 (0.549-92.002) 0.133

HCV Ab

tenofovir exposure§2years 0.269 (0.043-1.666) 0.161
vs the others

95%CI: 95% confidential interval
Discussion

SHS, estimated to contain more than 10% of hepato-
cytes in liver biopsy samples and CAP of at least 232dB/m,
was detected in 25 patients (42.3%) in the present study. The
prevalence of HS in the general population in Western coun-
tries was previously reported to be approximately 20-30%; 30%
in USA and 25% in Italy. In Japan, the prevalence of HS has
been increasing and was reported to be 29.7% between 2009
and 2010[2]. CAP measurements revealed that the prevalence of
SHS was higher among HIV-infected patients than in the general
population[11]. Macias J, et al. found that the prevalence of SHS
among HIV-infected patients in Spain, as measured by CAP, was
40%, which is consistent with the results of the present study. A
survey to estimate HS using transient elastography with CAP
was recently performed on various hepatic disorders[12-15].
However, these surveys are rarely conducted on HIV-infected
patients[16]. Previous studies demonstrated that it was possible
to accurately detect SHS using a CAP cut-off of 238dB/m in
Western countries and 232dB/m in Japan. The prevalence of HS
and its risk factors in HIV-infected patients have not yet been
clarified[8,10,15]. The previously reported prevalence of HS in
HIV-infected patients was mostly derived from biopsy studies
involving HIV/HCV-co-infected patients. Liver biopsy is an
invasive technique and sampling errors are common[4-6]. The
prevalence of HS in HIV/HCV-co-infected patients are known
to be approximately 50%][17] however, few studies have exam-
ined HS in HIV-infected patients without HCV. In some cohort
studies of HIV-infected patients, the prevalence of HS diagnosed
using abdominal Ultrasound (US) was 31-53%][6,18].The preva-
lence of HS in HIV-infected patients without hepatitis and diag-
nosed using abdominal CT was found to be 37%[19]. US is not
sufficiently sensitive to detect HS and the rate obtained may be
an underestimation or overestimation of the actual value. CAP
may be simultaneously measured with LSM and more precisely
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estimates the rate of HS than the previously identified CAP cut-
off of 232dB/m.

HS is the one symptom of metabolic syndrome. Pa-
tients in the present study also showed a close association with
metabolic syndrome complicated by SHS[17-19]. In a univariate
analysis, metabolic factors including triglycerides, fasting plas-
ma glucose, HbAlc, BMI and waist circumference were associ-
ated with SHS. In a multivariate analysis, the only factor associ-
ated with SHS was BMI. Increases in the BMI of HIV-infected
patients may have reflected the presence of obesity or metabolic
syndrome involving SHS among such patients.

In the present study, the only factor associated with
SHS was BMI. Obesity has been identified as one of the most
important risk factors for HS in the general population. HS oc-
curs due to the excessive accumulation of triglycerides in he-
patocytes[2,11]. Another mechanism responsible for HS is the
impaired oxidation of fatty acids due to mitochondrial toxici-
ty associated with Nucleoside analogue Reverse Transcriptase
Inhibitors (NRTI) and Efavirenz. But some studies report-
ed that no relationship existed between HS and antiretroviral
drugs[5,20-22]. In the present study, while univariate analysis
suggested that oral Tenofovir administration for 2 years or lon-
ger prevented SHS, multivariate analysis did not show a rela-
tionship[4,18,19]. On the other hand, while univariate analysis
suggested that lower percentage of patients with a BMI of 25 or
greater when treated with oral Lopinavir was observed (the re-
sults not shown in Table 2,3), multivariate analysis did not show
a relationship. Thus, SHS and BMI were not more frequently
among the patients who had been treated with the oral antiretro-
viral drugs in the present study.

BMI is known to increase in HIV-infected patients fol-
lowing the initiation of ART. Gracia A, et al. reported that the
amounts of limb and visceral fat were higher in HIV-infected
patients within the first 96 weeks of ART. As HS is a type of
visceral fat, it may be appropriate to consider the redistribution
of fat related to HIV infection which increases its volume[23].

In the present study, 28 (46%) patients tested positive
for HBsAg and 14 (23%) were positive for HCV Ab. Although
42 (70%) patients had a hepatitis virus co-infection, HBsAg-pos-
itive rates, the duration for which patients were positive for HB-
sAg, HCV Ab-positive rates and the duration for which patients
were positive for HCV RNA were not associated with SHS.

In conclusion, the prevalence of HS was higher as
42.3% among HIV-infected patients. The prevalence of HS
needs to be determined more precisely because it progresses to
NASH, LC and HCC. Increases in BMI and obesity of HIV-in-
fected patients are the most important factors associated with
HS. Clinicians need to recommend changes to diet and life-
style-related habits in order to lower BMI, thereby reducing the
risk of HS progressing to NASH.
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