R3 KEHT Y BIEE - MERE - RBEREDRFE: (Kt n=571)

BifE BifE
i B ~ flEE  AEE
SooEE pomE  pome oo - 2T Pl
B =l B
=D A)
A& (N 68 22 125 334 22
T R 49.0 50.6 49.9 49.0 47.2 0.112
BMI (kg/m2) 22.9 22.9 23.3 23.2 22.9 0.857
IHERAMLE (mmHg) 112.3 110.5 115.2 113.9 120.0 0.126
PEEREMME (mmHg) 68.7 67.0 70.9 70.5 76.5 0.007
EfERS (mg/dl)  116.0 106.5 113.5 109.8 95.4 0.672
#avzare-y (mg/dl)  207.1 192.0 202.8 202.7 189.2 0.086
LDL ava7e-Mmg/dL) 132.8 115.1 126.1 123.1 103.3 0.076
HDL 2V27n-Wmg/dL) 58.0 57.9 56.7 61.5 64.6 0.001
HbAlc (%) 4.67 4.56 4.59 4.59 4.43 0.005
y-GTP (IU/L) 19.6 19.1 23.7 21.8 46.2 <0.001
BUEREE (%) 7.4 9.1 5.6 7.8 40.9 <0.001
ERRSRCR - %0, | 2.1 2.5 2.8 15 0.263
(CSi5))
BEFH (B 11.4 11.7 11.4 11.7 11.9 0.442
FREEmE
Taa— (g/B) 0.0 0.0 0.0 4.3 36.4 <0.001
TRNAF— (kcal/H) 1732 1645 1782 1821 1907 0.016
REFME, BREE TAa— VRS RAE—EL)
TRNF— (kcal/H) 1731 1645 1780 1789 1677 0.126
%378 (%keal) 16.2 16.1 16.1 16.3 18.4 0.001
RAEE (%kcal 27.2 24.8 25.8 27.1 29.8 0.001
A (%keal)  56.6 59.1 58.0 56.5 51.9 <0.001
TR A
2339 2430 2355 2373 2852 <0.001
(mg/1,000kcal)
BB
8.8 9.8 9.6 8.8 7.4 <0.001
(g/1,000kcal)

P, #HELHIL ANOVA, EE (%) 1E chisquare BRIEIZ L B,
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<HFFE>

R4 AR 7 v Fu—AOFENTEREE, FHEL] EERE

AERY v

ABRY w7 .
o Re—AabhY v Ra—Aal P
N ¢ % 248 820

G 53 65.5 +9.0 63.6 +10.2 0.005
—HAT7La— L& g/H 25.7 +27.5 22.6 +27.2 0.113
&R cm 92.4 +5.7 83.3 +7.4 <0.001
BMI kg/m2 25.9 +2.5 22.9 +2.8 <0.001
S H o JE mmHg 1454 *16.9 133.5 +18.7 <0.001
PEAR A £ mmHg 84.1 +10.6 78.3 £10.7 <0.001
RS mg/dl 178.0 +94.0 111.0 +69.0 <0.001
HDL =L X5 o —/L mg/dl 51.0 *13.0 61.0 +17.0 <0.001
7o [ B i mg/dl 115.0 +27.0 98.0 +16.0 <0.001

FRRE (ERIAR) . AEMER: <0.05
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BEAFEHRFEHAEMBE (BRHEE - ERASEEEERSRRSTAER)
BHREICBT 2HBEOERBIBEL L U7V a— ) VITEET 5 AFEER &
Z ORISR ERIBIZ
(HrreEE O &)

R 24 EESEMEREE
AFEEJ ]\ > 7Xu/%@ujbbféﬁk{ggtﬁkéﬁglﬁ%& @F‘?‘g 5?

MIEmEE FH B
BRBERFRFRERFER SR LSRR - EEEERY #

WHREE: SFETIZ, BUBELIEVFCBERE L OBEERMENT L, BEEZ2EE XS RlE
ERBEREOUBEILOFREELZHE L TW5, SHEIOFFE T, BE2Z2E IR, 1B
BF LRI & OBEIZ W TRE 21T-7-, 2011 4E| Aﬁbzﬁ%watln&%&%éww
B/ 4t 4271 B) - xb8r & U 7= AW RF 2T Cid BERGRTFISSERIR S S L = ERREFTh o 72, F72,
2006 FEEITHERIT D /2o T2 %2E (5346 ) # 1t & 45 & FRRAFIX 2011 EEOFERREE
WWEHEETHMY LIEBREF Tholz Gy YV HIZEMED 1. 73, &R 4.13), & 512, BB
RIBRFRIEICMEIICER T ER ChH oo, UEDZ Lh, BELEIIERED L  IXIEH
P %20 U CHERBRIEZ M T A EENH 5,

W E
SRHTE - EIRBREAERENFR

ZEHB
SETIT, BB L IBIFAFCIRER Y L OE
ERRNT U, T e BB AR RA BTN oRE R
BEORBICEILOFEEZHREL TV D, &
BIOBZ T, BEZZELRIT, BUFL
FERIA & OREIZ DWW THRET LTz,

B. BIREFE

2011 FEEIZAB Ky 7 222 L= 5 6882
B, &t 4271 Flextg e Lz, £D 55, HBs
PR L HOV HiiER VT b M. BERKE. BE
B%. BIUEOMERED 2B 3705 6], %«
8 2549 B% V- THEMT LTz, BERBOBWILZE
FERFMFE 126 mg/dl LA L. & L < i% HbAlc (JDS)
6. 1%LLEEER L, /2. ThHORNEE
DHH, 2006 FITFERFIEN - B 3352
B, ZtE 1994 Bl %2 %t & U CHEBTBFZE 21T -
770

(fREE~DELE)

BRERBEHRIIEAMLL THDLOEZHAW, BHA
BHRREIE DT, BITHERCEIRIERE IR
BIZRE L, BTk y b —27 hhlElrEn
fraryEa—F%E AW,

C. HERFR

11163 £ & xR & L7 BElrprsE T, RERGAT
RERBFOMS L7-fElRRF (R 1. Ay Yk
IXEMED 1.97, &N 3.12) ThoT-, 7.
UA N AR —H—fatE, EEGEROBERED
RVKRE DD 6254 FIORNTH RABEOR
RTholz, DT, KB THIEIFIIRE
RFBEDCFEREFTHo7m (4 vV H[95%
CI]ix B MEA 1.95 [1.24-3.09] . # % A3
2.3000.98-5.38]), —H. B TIIRKIBIIEIE
BICBHO O PERBREICIHMIERL, &
PETIEA B OBKIBE D ¥E R R R E IS HHI I
RAT3@ERmThot (1),

D. E%

AEE BT LR L OWERTAF 92 2 AV T
WERFRBEICHEETH5RF LN L. BB
WERRBEEICEET I MY L-BEREFTH
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BT LER LT, —F., FERBRE CEIEIL
BIBER T 2EM CTH o T2,

BRRIEBFOfBREFTCHY . SERL
B OB RN O IIERB L BIFO &
LORFERE 2o TV NIXEETE Ao, L
DL, ARFFETIX 2006 EIIEIFFNEET S
&L 2011 FITERRICZ VT W L ER LT,
DT S, ERFIEBHFOAKREFTH
HE iz, EHFIIERBORIEICHFST D
HFTHY ., IBUHFOSENSFERBRE TEHIC
DRMWBEEZ BT,

—7 . BB IIHER IR A T DR E (2 Pl AY
WAERTOFREMENBE SN TWAE Z b,
HBEEIIERBICR VIS WATREENRH B,
Fx ORITH, BUHETIIENES. LT
BREE (=& /) —VHE T 20g/BLLT) 135
BRI/ D YV RY (v VH) MEVERETH
o7z, ZEFKIBEIIIRFCBERER 2 3E L.
WERIRRIEZRE T HFIREMITH 245, HWER
BB IR R R EIH & BET S REMEN &
D, ZEHTCOILRIBIBLETHB,

E. WFERER
1. ®XER
1)  Shima T, Uto H, Ueki K, Ueki K,
Takamura T, Kohgo Y, Kawata S, Yasui K,
Park H, Nakamura N, Nakatou T, Tanaka N,
Umemura A, Mizuno M, Tanaka J, Okanoue
T. <Clinicopathological features of
liver injury in patients with type 2
diabetes mellitus and comparative study
of histologically proven nonalcoholic
fatty liver diseases with or without
mellitus. J
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2012.
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print]

Imamura Y,
Hidaka Y,

Kuwahara T, Kusano K, Saito K, Oketani

2) Hosoyamada K, Uto H,

Hiramine Y, Toyokura E,

M, Ido A, Tsubouchi H. Fatty liver in men
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dense low-density lipoprotein
Diabetol Metab Syndr.

small,
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2012; 4: 34.

2. FERER

1) Yoshimine Y, Uto H, Kumagai K, Arima
S, Ibusuki R, Mera K, Mawatari S, Tabu
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#1

2011 E AR v

EN
T2

BEOBRW(CLZERMA(FBS > 126 mg/dl, Alc > 61 %) D) 2

Variables

Men (n=6882)

Men* (n=3708)

Women (n=4271) Women**(2549)

Age
30-39
40-49
50-59
60-69
70-79
BMI
Underweight
Normal weight
Overweight
Obesity
Hypertension
Dyslipidemia
Fatty liver
Stoking status
Never smoking
Former smoking

Current smoking

Alcohol consumption

Non

Less than 20 g/day
20 g/day or more

1 (reference)
2.38[149-3.94)
5.03[3.23-8.27)
7.64[4.85-12.70]
7.35[453-1254]

117 [0.67-1.92]
1 (reference)

159[0.95-1.41]
170 [1.40-2.07]

1.35[1.16-1.58]
197 [1.66-2.32)

1 (reference)
1.22[1.02-1.46]
142 [1.16-1.74]

1 (reference)
0.82[0.67-1.02]

0.76 [0.60-0.56]

1 (reference)
2.15[1.13-455]
5.17{2.81-107]
783 [4.17-16.41]
7.86[3.86-17.42]

1.38[0.67-2.57]
1 (reference)

1.21[0.89-1.65]
166{121-2.28]
094[0.72-1.21]
114[0.89-1.45]
2.33[1.78-3.05]

1 (reference)
1.30[0.96-1.76]
163[1.19-2.26]

1 (reference)
0.78 [0.57-1.09]
0.79[0.56-1.13]

1 (reference)

0.52[0.21-1.33]
1.38[0.68-3.20]
2.32[1.14-5.40]
3.02[143-7.16]

0.70[0.29-1.44]
1 (reference)
158 {1.11-2.25]
1.52 [1.05-2.19]
2.19({1.65-2.91]
144[1.09-1.91]
312(2.29-4.26]

1 (reference)
146 [0.77-2.61]
0.65[0.19-1.64]

1 (reference)
0.75[0.65-1.01]
1.24[0.41-3.01]

1 (reference)
0.37[0.12-1.11]
106 [0.47-2.71]
1.35[0.59-3.51]
1.88[0.72-5.29]

1.25[0.46-2.87]
1 (reference)

1.77 [1.00-3.10]
1.20[0.63-2.26]
2.24(1.39-355)
0.89[0.56-1.41]
4.25{2.51-7.20]

1 (reference)
1.25[0.42-3.02]
0.38[0.02-1.88]

1 (reference)
0.62[0.37-1.01]
110{0.17-4.06]

Data are expressed as odd's ratios [95% confidence intervals]. Logistic regression analysis was
carried out using variables in this table.
*/**, subjects are limitted to those who were HBs-Ag (-), HCV-Ab (-), and without medication for
hypertension and/ or dyslipidemia.
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Abstract

Background The Japan Society of Diabetes Mellitus
reported that the leading cause of death in patients with
diabetes mellitus (DM) was chronic liver disease; however,
there are limited studies investigating the cause of liver
injury in these patients. Our study aimed to clarify the
clinicopathological features of liver injury and the char-
acteristics of nonalcoholic faity liver disease (NAFLD) in
DM patients.

Methods 1In total, 5,642 DM patients and 365 histologi-
cally proven NAFLD patients were enrolled. Clinical and
laboratory parameters and liver biopsy results were,
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respectively, recorded and analyzed for the two sets of
patients.

Results Positivity rates for Hepatitis B surface antigens
(HBsAg) and anti-hepatitis C virus antibodies (anti-HCV
Ab) were 1.7 and 5.1 %, respectively. The proportion of
drinkers consuming 20-59 g and >60 g alcohol daily was
149 and 4.3 %, respectively. The percentage of DM
patients with elevated serum alanine aminotransferase
(ALT) levels (=31 IU/L) was 28.6 %. Alcohol consump-
tion had no significant effect on serum ALT levels. Sev-
enty-two percent of HBsAg-positive patients were serum
hepatitis B virus (HBV)-DNA negative, whereas 10 %
exhibited high levels of the same (>4.0 log copies/ml).
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Thirty-eight percent of anti-HCV Ab-positive patients were
serum HCV-RNA negative. Among the NAFLD patients,
the frequencies of NASH and advanced stage NASH were
significantly higher in male DM patients than in male
patients without DM.

Conclusions Although HBsAg- and anti-HCV Ab-posi-
tivity rates were high in our Japanese DM patients, a
majority of liver injuries could be associated with NAFLD/
nonalcoholic steatohepatitis.

Keywords Nonalcoholic fatty liver disease -
Nonalcoholic steatohepatitis - Diabetes mellitus - Hepatitis
virus carrier - Alcoholic liver disease - Nationwide study

Abbreviations

HCC Hepatocellular carcinoma
NAFLD Nonalcoholic fatty liver disease
DM Diabetes mellitus

NASH Nonalcoholic steatohepatitis

HBV Hepatitis B virus

HCV Hepatitis C virus

AST Aspartate aminotransferase

ALT Alanine aminotransferase

GGT Gamma glutamy! transpeptidase

FPG Fasting plasma glucose

HOMA-IR The homeostasis model assessment of
insulin resistance index

HBsAg Hepatitis B surface antigen

anti-HBc Ab  Anti-hepatitis B core antibody

anti-HCV Ab  Anti-hepatitis C virus antibody

HBV-DNA Hepatitis B virus-deoxyribonucleic acid

HCV-RNA Hepatitis C virus-ribonucleic acid

OR Odds ratio

CI Confidence interval

Introduction

As per the International Diabetes Federation, the number of
diabetes mellitus (DM) sufferers rose to 366 million in
2011, representing 8.3 % of the global adult population,
which is increasing in every country [1]. Worldwide,
hepatocellular carcinoma (HCC) is the fifth most common
cancer and the third most common cause of cancer mor-
tality [2]. HCC largely occurs in patients with chronic liver
disease. Persistent hepatitis C virus (HCV) or hepatitis B
virus (HBV) infections are the main causes of HCC;
however, non-HCV- and non-HBV-associated HCC cases
are increasing in Japan [3].

In 2007, the Japan Society of DM reported that the most
frequent cause of death among 18,385 DM patients who
died in hospitals during 1991-2000 was malignancy
(34.1 %), followed by ischemic heart disease (10.2 %) and

Q Springer

cerebrovascular disease (9.8 %) [4]. Among the malig-
nancies, HCC showed the highest frequency (8.6 %), fol-
lowed by lung (5.3 %), pancreatic (4.8 %), and gastric
cancer (3.5 %). Furthermore, the frequency of deaths
caused by liver cirrhosis was 4.7 %, and in total, 13.3 %
DM patients died of liver diseases. The cancer death rate in
that study was quite different from that reported in the
general Japanese population, in which lung (5.7 %), gastric
(4.7 %), and colon (2.5 %) cancer occur with high fre-
quencies [5]. Moreover, the death rate from liver diseases
(13.3 %) was three times higher than that in the general
Japanese population (HCC 3.2 %, liver cirthosis 1.5 %,
total 4.7 %) [6]. However, the incidences of HBV and
HCYV infection and the details of alcohol intake were not
analyzed in that report.

The Japan Nonalcoholic Steatohepatitis (NASH) Study
Group was founded in 2007 to investigate the cause of
death in DM patients, the genetic factors in nonalcoholic
fatty liver disease (NAFLD) patients, and the background
of NASH-HCC patients [7]. This study focused on clari-
fying the cause of liver injury in Japanese DM patients and
investigating the histological distribution of NAFLD in
patients with and without DM.

Patients and methods
Patients

Intotal, 5,642 DM patients (3,238 males, 2,404 females) who
visited nine DM clinics belonging to the Japan NASH Study
Group (Saiseikai Suita Hospital; Kagoshima University
Graduate School of Medical and Dental Sciences; Graduate
School of Medicine, The University of Tokyo; Kanazawa
University Graduate School of Medical Science; Depart-
ment of Medicine, Asahikawa Medical College; Yamagata
University Faculty of Medicine; Kyoto Prefectural Univer-
sity of Medicine; Okayama Saiseikai General Hospital;
Fukui-ken Saiseikai Hospital) between January 2008 and
December 2009 were enrolled in this observational study.

Three hundred and sixty-five NAFLD patients (182
males, 183 females) who visited Saiseikai Suita Hospital
were enrolled in the histopathological study.

The study protocol was approved by the Human Ethics
Committee of each participating hospital. Informed consent
was obtained from all patients in accordance with the
Declaration of Helsinki.

Clinical and laboratory assessment
Demographic parameters, including age, sex, height, weight,

and body mass index (BMI), and comorbidities, including
alcohol consumption, hypertension, and dyslipidemia, were
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recorded for all subjects in addition to the treatment
administered for DM and the frequency of HCC occurrence.
Clinical laboratory tests were conducted to measure aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), gamma glutamyl transpeptidase (GGT), albumin,
total cholesterol, triglyceride (TG), ferritin, uric acid,
hemoglobin Alc, fasting plasma glucose (FPG), and insulin
levels. The homeostasis model assessment of insulin resis-
tance (HOMA-IR) index; platelet (PLT) count; and hyalu-
ronic acid, type IV collagen 78S, hepatitis B surface antigen
(HBsAg), anti-hepatitis B core antibody (anti-HBc Ab), anti-
HCYV antibody (anti-HCV Ab), HBV-DNA, and HCV-RNA
levels were also measured.

Blood samples were procured in the morning after
overnight fasting. HOMA-IR was only calculated for sub-
jects with FPG <140 mg/dL. HBV-DNA levels were
measured by PCR (Amplicor HBV-DNA kit, Roche
Diagnostics) or real-time PCR (TagMan HBV-DNA kit,
Roche Diagnostics) for HBsAg-positive, whereas HCV-
RNA levels were measured by PCR (Amplicor HCV-RNA
kit, version 2.0, Roche Diagnostics) or real-time PCR
(TagMan HCV-RNA kit, Roche Diagnostics) for anti-HCV
Ab-positive patients.

Histopathological examination

In total, 365 patients (177 non-DM and 188 DM) at Sais-
eikai Suita Hospital fulfilled the criteria for NAFLD,
namely serum HBsAg and anti-HCV Ab negativity, no
alcohol consumption, and the absence of antoimmune liver
diseases or hereditary liver injury. These patients under-
went an ultrasound-guided liver biopsy using a 16G needle.

Specimens were fixed in formalin, embedded in paraffin,
and subjected to hematoxylin—eosin, Masson trichrome,
and Perl’s iron staining. Histological features of samples
were interpreted according to a method described by
Matteoni et al [8]. NASH stage was classified according to
Brunt’s classification [9].

Statistical analysis

All statistical analyses were performed using SPSS for
Windows (SPSS Japan Inc.). Data were summarized by
frequency for categorical variables and mean &+ standard
deviation (SD) for continuous variables. The Chi-square
test was used to determine the differences between cate-
gorical variables. Student’s ¢ test was used to compare
means of continuous valuables with equal variance, and the
Mann—Whitney U test was used for non-normally distrib-
uted variables. The Cochran—Armitage test was used to
study the trend of continuous variables. Forward stepwise
logistic regression analysis was used to identify indepen-
dent variables related to elevated serum ALT (=31 IU/L)

levels. A p value of <0.05, obtained by a two-tailed test,
was considered statistically significant.

Since there is no official report on the HBV and HCV
carrier rate in the general Japanese population, we utilized
blood donor data for comparison with our patients [10].

Results
Baseline characteristics

The mean age and BMI of male and female DM patients
was 622 and 64.8 years and 24.5 and 24.7 kg/m?,
respectively (Table 1). Hypertension and dyslipidemia
occurred in 51.0 and 63.3 % of DM patients, respectively.
Respective DM treatment types in DM patients were as
follows: no medication, 20.5 %; oral drugs, 47.7 %; insu-
lin, 28.9 %; and oral drugs and insulin, 2.8 % (Table 2).

Mean ALT level was significantly higher in males
(30.6 IU/L) than in females (Table 1). Abnormal serum
ALT levels (=31 IU/L) were found in 28.6 % of DM
patients (males 32.8 %, females 23.0 %). When the healthy
upper limit of abnormal serum ALT level in females was
defined as 20 TU/L according to Prati et al.’s [11] criteria,
the frequency of abnormal ALT (=21 IU/L) levels in
females was 43 %. The mean PLT count was 20.8 x 10%
L in males and 21.9 x 10*/uL in females. Mean values of
other clinical laboratory tests are shown in Table 1.

Prevalence of HBV and HCV infection and drinking
and their effects on liver function tests

HBsAg positivity was detected in 1.7 % of DM patients (M
1.8 %, F 1.6 %) (Table 2); this was significantly higher
than that (total 0.9 %, M 1.0 %, F 0.7 %) detected in
1.7 million blood donors aged >40 years (p < 0.001). For
both sexes, the HBsAg detection rate was significantly
higher in DM patients than in blood donors in the 50- to 59-
and 60- to 69-year age groups (p < 0.05) (Fig. 1). There
were no significant differences in serum AST, ALT, and
GGT levels between HBsAg-positive and HBsAg-negative
DM patients of both sexes.

Seventy-two percent of HBsAg-positive patients (M
69 %, F 79 %) demonstrated HBV-DNA negativity
(<2.6 log copies/ml) (Table 3). Of the HBsAg-positive
patients, only 10 % showed high serum HBV-DNA levels
(=4.0 log copies/ml); these could be HBV infection-
induced liver injury cases. Mean values of age, serum ALT
level, and PLT counts in HBV-DNA-negative HBV carri-
ers were 63.6 years, 25.3 IU/L, and 20.5 x 10%pL,
respectively. HBV-DNA-negative HBV carriers were older
and exhibited lower ALT levels and higher PLT counts;
however, the differences were not significant.
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Table 1 Backgrounds of diabetes mellitus patients (1)

Characteristic Total subjects Males Females
n M+ SD n M =+ SD n M+ SD p
Age (years) 5510 63.3 £ 12.7 3,164 622 + 125 2,346 64.8 + 12.9 <0.001
BMI (kg/m?) 5,173 24.6 + 4.7 2,987 245+ 42 2,186 247 £ 5.2 0.629
Aspartate aminotransferase (IU/L) 5,568 264 + 17.2 3,188 27.1 =+ 18.0 2,380 25.5 + 15.9 <0.001
Alanine aminotransferase (IU/L) 5,569 282 + 245 3,190 30.6 + 26.9 2,379 249 & 20.5 <0.001
GGT (IU/L) 5476 483 £ 725 3,131 59.6 + 86.7 2,345 33.1 + 429 <0.001
Albumin (g/dL) 5,031 42 £ 04 2,869 42+ 05 2,162 4.1+ 04 <0.001
Platelet (x10*/L) 5,419 213+ 6.1 3,112 20.8 + 6.0 2,307 219+ 6.1 <0.001
Fasting plasma glucose (FPG; mg/dL) 5,123 152.7 + 61.7 2,945 156.0 + 63.9 2,178 1483 + 58.2 <0.001
HbAlc (%) 5,479 72+ 1.7 3,143 72417 2,336 72+ 1.6 0.744
HOMA-IR (FPG <140) 1,005 2.55 &+ 2.60 570 251+ 2.59 435 261 £+ 2.60 0.209
Total cholesterol (mg/dL) 5,260 195.1 + 39.5 3,016 191.6 + 40.0 2,244 199.6 + 38.5 <0.001
Triglycerides (mg/dL) 5,443 136.3 £ 102.7 3,119 145.1 + 111.9 2,324 1245 + 87.5 <0.001
Hyaluronic acid (ng/mL) 559 74.5 + 98.6 319 59.3 + 73.0 240 94.6 + 122.1 <0.001
Type 4 collagen 7S (ng/mL) 474 49 +20 269 48 +20 205 49 £19 0.544
Ferritin (ng/mL) 1,838 142.0 + 157.0 1,084 1719 + 1749 754 99.1 £ 114.1 <0.001
Uric acid (mg/dL) 3,645 54+ 15 2,043 57+ 14 1,602 49+ 14 <0.001
Results are shown as mean &+ SD
GGT gamma glutamy! transpeptidase, HOMA-IR homeostasis model assessment of insulin resistance
Table 2 Backgrounds of diabetes mellitus patients (2)
Characteristic Total subjects Males Females
n Positive n Positive n Positive r
(%) (%) (%)

Hepatitis B surface antigen 4,867 83 (1.7 %) 2,796 50 (1.8 %) 2,071 33 (1.6 %) 0.604
Anti-hepatitis B core antibody 3,211 958 (29.8 %) 1,824 572 (31.4 %) 1,387 386 (27.8 %) 0.030
Anti-hepatitis C virus antibody 4,877 247 (5.1 %) 2,812 144 (5.1 %) 2,065 103 (5.0 %) - 0.834
Alcohol 4,443 2,554 1,889 <0.001

<20 g/day 3589 (80.8 %) 1769 (69.3 %) 1820 (96.3 %)

20-59 g/day 661 (14.9 %) 609 (23.8 %) 52 (2.8 %)

>60 g/day 193 (4.3 %) 176 (6.9 %) 17 (0.9 %)
Hypertension 4,936 2515 (51.0 %) 2,841 1419 (49.9 %) 2,095 1096 (52.3 %) 0.100
Dyslipidemia 5,423 3434 (63.3 %) 3,091 1882 (60.9 %) 2,332 1552 (66.6 %) <0.001
Diabetes mellitus (intervention) 5,227 3,013 2,214 0.002

None 1072 (20.5 %) 629 (20.9 %) 443 (20.0 %)

Oral drugs 2495 (47.7 %) 1489 (49.4 %) 1006 (45.4 %)

Insulin 1513 (28.9 %) 810 (26.9 %) 703 (31.8 %)

Oral drugs + insulin 147 (2.8 %) 85 (2.8 %) 62 (2.8 %)
Hepatocellular carcinoma 4,700 67 (14 %) 2,696 48 (1.8 %) 2,004 19 (0.9 %) 0.017

Anti-HCV Ab positivity was detected in 5.1 % (M
5.1 %, F 5.0 %) of DM patients; this rate was significantly
higher than that (total 1.0 %, M 1.1 %, F 1.0 %) in blood
donors of every age group of both sexes (p < 0.001),
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except for females aged 50-59 years (Table 2; Fig. 2).
ALT and GGT levels were significantly higher in male
anti-HCV Ab-positive patients than in their negative
counterparts (p < 0.001, p < 0.05) (Fig. 2). For both sexes,
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Table 3 Serum HBVDNA and HCVRNA levels, age, serum ALT level, and platelet (PLT) counts in HBsAg-positive patients and anti-HCV

Ab-positive patients

% (n) Mean age (years) Mean ALT levels (IU/L) Mean PLT count(x 10*pL)

Serum HBV-DNA*®
Negative (<2.6 log copy/ml) 72 (29) 63.6 25.3 20.5
Positive (=2.6 log copy/ml) 28 (1) 55.6 28.0 185
=2.6<4.0 18 (7) 61.9 26.6 18.9
=4.0 10 (4) 50.0 30.5 17.8

Serum HCV-RNA®
Negative (<2.7 log IU/ml) 38 (57) 67.2 282 17.7
Positive (=2.7 log IU/ml) 62 91) 67.4 517 153
=2.7<5.0 34) 65.1 28.0 16.4
=5.0 59 (87) 67.5 52.7 15.2

* Results are presented as either frequency or mean in 40 HBsAg-positive patients

® Results are presented as either frequency or mean in 148 anti-HCV Ab-positive patients

the PLT count was significantly lower in anti-HCV
Ab-positive DM patients than in their negative counterparts
(»p < 0.001).

Thirty-eight percent of anti-HCV Ab-positive patients
M 36 %, F 42 %) demonstrated HCV-RNA negativity
(Table 3), and 96 % of HCV-RNA-positive patients
exhibited high serum HCV-RNA levels (>5.0 log IU/ml).
Seram ALT levels in anti-HCV Ab-positive patients with

HCV-RNA positivity and those with HCV-RNA negativity
were 51.7 &+ 39.7 and 28.2 £ 18.1 IU/L, respectively,
whereas those in anti-HCV Ab-negative patients were
27.7 £ 228 TU/L. Serum ALT levels were significantly
higher in HCV-RNA-positive patients than in HCV-RNA-
negative patients (p < 0.001).

The proportion of DM patients consuming >60 g and
20-59 g alcohol daily was 4.3 % (M 6.9 %, F 0.9 %) and
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Fig. 2 Prevalence of HCV
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14.9 % (M 23.8 %, F 2.8 %), respectively (Table 2). The
highest percentage of drinkers were males in the 60- to
69-year age group and females in the <40-year age group.
Male drinkers consuming >60 g alcohol daily had signifi-
cantly higher serum AST and GGT levels compared with
nondrinkers (patients consuming <20 g of daily alcohol
intake) (p < 0.001). Serum ALT levels in drinkers con-
suming >60 g alcohol daily were comparable with those in
nondrinkers. Drinkers of both sexes consuming 20-59 g
alcohol daily had significantly higher serum GGT levels
(r < 0.001) (Fig. 3).

Factors related to serum ALT levels

With increasing age in both sexes, the number of DM
patients with elevated serum ALT levels and high BMI
decreased, whereas those with decreased PLT counts
increased. The number of DM patients with elevated serum
ALT levels increased with increasing BMI in both sexes
(Fig. 4).

A forward stepwise logistic regression model yielding
odds ratios (ORs) and 95 % confidence intervals (Cls) was
used to analyze the factors related to elevated serum ALT
levels. The model included BMI, age, drinking status,
HBsAg status, anti-HCV Ab status, PLT count, hyperten-
sion status, and dyslipidemia status as independent

‘E’_:i Springer

variables. The odds ratio shown indicates the change in
odds for one SD increase in each variable.

Multivariate analysis showed that age (M: OR 0.674, CI
0.613-0.741; p < 0.001; F: OR 0.767, CI 0.683-0.861;
p < 0.001), PLT count (M: OR 0.806, CI 0.732-0.886;
p < 0.001, F: OR 0.714, CI 0.632-0.808, p < 0.001), anti-
HCV Ab status (M: OR 1.321, CI 1.218-1.433; p < 0.001;
F: OR 1.232, CI 1.117-1.359; p <0.001), and BMI
(M: OR 1.509, CI 1.374-1.657; p < 0.001; F: OR 1.487, CI
1.330-1.663; p < 0.001) were significantly associated with
elevated serum ALT levels (Table 4).

For both sexes, AST and ALT levels were similar in
drinkers consuming 20-59 g alcohol daily and those con-
suming <20 g alcohol daily (Fig. 3). After eliminating
HBV-positive patients and/or HCV carriers and heavy
drinkers consuming >60 g alcohol daily, the number of
male, female, and total DM patients with elevated serum
ALT levels were 33.4, 23.3, and 28.3 %, respectively.
These values were comparable with those in all DM
patients, including those with hepatitis and/or those con-
suming alcohol (M 32.8 %, F 23.0 %, total 28.6 %).

Liver histology in DM patients

The median age of histologically proven, DM- (n = 87)
and non-DM-associated (n = 95) male NAFLD patients
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Fig. 4 Influence of age on the ratio of patients with elevated serum
ALT Ilevel, decreased PLT count and abnormal BMI, and the
relationship between BMI and the ratio of patients with elevated
serum ALT level. a The ratio of patients with elevated serum ALT

level (=31 IU/L). b The ratio of patients with decreased PLT count
(<15 x 10%, uL). ¢ The ratio of patients with abnormal BMI (=25).
d The relationship between BMI and the ratio of patients with
elevated serum ALT level (=31 IU/L)
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Table 4 Multivariate analysis

dentify ind P) Regression Standard Odds 95 % confidence )4
o1 entily independent coefficient error ratio interval
variables related to elevated
serum ALT level (=31 IU/L) Males
Age -0.394 0.048 0.674 0.613-0.741 <0.001
Platelet -0.216 0.049 0.806 0.732-0.886 <0.001
Anti-hepatitis C 0.278 0.042 1.321 1.218-1.433 <0.001
virus
Body mass index 0411 0.048 1.509 1.374-1.657 <0.001
Females
Age —0.265 0.059 0.767 0.683-0.861 <0.001
Platelet —0.336 0.063 0.714 0.632-0.808 <0.001
Anti-hepatitis C 0.208 0.050 1.232 1.117-1.359 <0.001
Body mass index 0.397 0.057 1.487 1.330-1.663 <0.001
was 60 and 45 years, respectively; in corresponding Male Female
females, the median age was 66 (n = 101) and 61 years 100%'; - 100% L "
(n = 82), respectively. No significant difference was noted 80% 80% -
in BMI between DM and non-DM NAFLD patients (M i :
26.0 and 27.5 kg/m®, respectively; F 26.0 and 27.0 kg/m?, 60% ! stpos  60% - = type 4
respectively). Male NAFLD patients without DM were Ll “hipe 3 " *type 3
ignificant] han those with DM (p < 0.001) 0% 1 wpe2  40% oz
significantly younger than ose wi ’ . . ; otype 1 etypo 1
NAFLD patients were classified according to Matteoni’s 20% + 20% +
classification. Type 1, 2, 3, and 4 cases were 14 (16 %), 14
o . B CANEIS - R
(16 %), 4 (5 %), and 55 (63 %), respectively, among male 0% onDM DM 0%~ on-oM” DM
(n=95)  (n=87) (n=82)  (n=101)

DM patients and 28 (29 %), 23 (24 %), 11 (12 %), and 33
(35 %), respectively, among male non-DM patients. Type
1,2, 3, and 4 cases were 16 (16 %), 8 (8 %), 4 (4 %), and
73 (72 %), respectively, among female DM patients and 9
(11 %), 9 (11 %), 7 (9 %), and 57 (69 %), respectively,
among female non-DM patients (Fig. 5). The frequency of
Type 4 NASH was significantly higher in male DM
patients than in male non-DM patients (p < 0.001).The rate
of Type 4 NASH was high in both female DM and non-DM
patients.

In total, 244 (M 103, F 141) NASH patients were
classified according to Brunt’s classification. The number
of patients with stage 0 (Matteoni Type 3), 1, 2, 3, and 4
were 2 (3 %), 27 (46 %), 10 (17 %), 17 (29 %), and 3
(5 %), respectively, among male DM patients and 10
(23 %), 16 (36 %), 8 (18 %), 9 (21 %), and 1 (2 %),
respectively, among male non-DM patients. Stage 0, 1, 2,
3, and 4 cases were 4 (5 %), 25 (33 %), 24 (31 %), 13
(17 %), and 11 (14 %), respectively, among female DM
patients and 4 (6 %), 28 (44 %), 20 (31 %), 10 (16 %), and
2 (3 %), respectively, among female non-DM patients
(Fig. 6). The frequency of advanced stage NASH was
significantly higher in male DM patients than in male non-
DM patients (p < 0.05).The rate of Stage 4 NASH was
higher in female DM patients than in female non-DM
patients; however, the difference was not significant
(p = 0.198).

@ Springer

Fig. 5 Distibution of Matteoni’s type classification in individual
status of glucose metabolism among NAFLD patients. The frequency
of type 4 NASH was significantly higher in male DM patients than in
male non-DM patients (p < 0.001). The rate of type 4 NASH was
high in both female DM and non-DM patients
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Fig. 6 Distribution of Brunt’s stage in individual status of glucose
metabolism among NASH patients. The frequency of advanced stage
NASH was significantly higher in male DM patients than in male
non-DM patients (p < 0.05). The rate of stage 4 NASH was higher in
female DM patients than in female non-DM patients; however, the
difference was not significant (p = 0.198)

HCC incidence in DM patients

In total, 67 (M 48, F 19) HCC cases (1.4 %) were reviewed
(Table 2). HCC incidence was significantly higher in males
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than in females. Five of 67 HCC patients consumed >60 g
alcohol daily, and two of these five patients were anti-HCV
Ab positive. HBsAg positivity, anti-HCV Ab positivity,
and non-B non-C prevalence in the HCC patients was 8.6,
50.0, and 41.4 %, respectively. In a Japanese nationwide
survey of 19,499 HCC patients [3], HBsAg positivity, anti-
HCV Ab positivity, and non-B non-C prevalence was 15.0,
67.7, and 17.3 %, respectively. Non-B non-C prevalence
was higher in our DM patients with HCC than in the
nationwide HCC survey participants (p < 0.001). Mean
PLT count in DM patients with HCC was as follows:
HBsAg-positive patients, 12.4 £ 6.8; anti-HCV Ab-posi-
tive patients, 12.4 £ 5.6; and non-B non-C patients,
16.0 & 7.0 (x10*uL); PLT count was significantly higher
in the non-B non-C patients than in the anti-HCV-positive
patients (p < 0.05). Mean BMI in these three patient
groups was as follows: HBsAg-positive patients,
23.2 £ 5.1; anti-HCV Ab-positive patients, 22.8 £ 3.3;
and non-B non-C patients, 27.2 + 4.4 (kg/m?); BMI was
significantly higher in the non-B non-C patients than in the
anti-HCV Ab-positive patients (p < 0.001).

Discussion

This is the first multicenter study, as per our knowledge,
that clarifies the cause of liver injury in DM patients in
Japan. Most Japanese HBV carriers are genotype C,
acquired via perinatal vertical transmission or early child-
hood infection [12]. The HBV carrier rate in Japan is
higher than that in western countries and significantly
lower than that in other Asian countries [13]. In 1986, the
Japanese government initiated a nationwide hepatitis B
immunization program for infants born to HBV carrier
mothers to prevent perinatal transmission. Consequently,
the number of young serum HBsAg-positive individuals is
extremely low. In our study, although the HBV carrier rate
in DM patients was significantly higher than that in blood
donors, 72 % of HBsAg-positive patients were serum
HBV-DNA negative. Only 10 % of HBsAg-positive
patients exhibited high serum HBV-DNA levels (>4.0 log
copies/ml), which is likely to induce hepatitis. These
results indicate that a majority of DM patients who are
HBV carriers may be asymptomatic.

Chronic hepatitis C may result in life-threatening com-
plications, including cirrhosis and HCC. Worldwide, cir-
rhosis can be attributed to HBV (30 %) and HCV infection
(27 %) [14]. The leading cause of cirrhosis among HBV
and HCV sufferers and alcohol consumers varies with
individual countries. A recent nationwide Japanese survey
reported the etiology of cirrhosis in Japan as follows: HCV
60.9 %, HBV 13.9 %, alcoholism 13.6 %, primary biliary
cirrhosis 2.4 %, NASH-related 2.1 %, and autoimmune

hepatitis 1.9 % [15]. However, we must consider that
hepatic triglycerides diminish with liver fibrosis progres-
sion in NASH patients (so-called “bumed-out” NASH),
resulting in difficulty in diagnosing NASH. Sixty-two
percent of anti-HCV Ab-positive DM patients were HCV-
RNA positive; these patients showed significantly higher
serum ALT levels compared with HCV-RNA-negative
patients. These results indicate that HCV infection is
involved in the etiology of liver disease in DM patients.

There is no doubt that the positive rates of serum
HBsAg and anti-HCV Ab in the general population are
higher than in blood donors. Unfortunately, there were no
data in the distribution of the rate of hepatitis virus car-
riers in each age group in Japan. In the present study, the
positive rates of HBsAg and anti-HCV Ab in DM patients
were significantly higher than that in blood donors.
However, the present study demonstrated that most of
HBsAg positive patients were negative for serum HBV
DNA or had low serum HBV DNA levels and around
one-third of anti-HCV Ab positive patients were negative
for serum HCV RNA.

These results indicate the possibility that the frequency
of hepatitis virus carriers in DM patients is higher than
that in general population but no significant differences
might be noted between DM patients and the general
population.

Alcohol consumption is reportedly a significant factor
associated with the risk of HCC development in patients
with NASH-associated cirrhosis [16]. In our study, serum
AST and ALT levels were comparable between drinkers
consuming 20-59 g alcohol daily and nondrinkers. The
ratio of heavy drinkers consuming >60 g alcohol daily
was low (4.3 %) in our study. Moreover, drinking was not
chosen as a variable related to elevated serum ALT levels.
These results suggest that alcohol intake is not an
important factor in the pathogenesis of liver disease in
DM patients.

In our study, the frequency of anti-HCV Ab-positive
DM patients was 5 %, whereas the serum HCV-RNA
positivity rate in anti-HCV Ab-positive patients was 62 %.
Therefore, the HCV carrier rate was calculated as 3 %.
Since the proportion of HCV carriers and patients with
elevated ALT levels were 3 % and up to 29 %, respec-
tively, the influence of HCV infection is estimated to be no
more than 10 % (3 % divided by 29 %) among DM
patients with elevated ALT levels. There was no significant
change in the number of DM patients with elevated ALT
levels before and after elimination of HBV and/or HCV
carriers and heavy drinkers. These results suggested that
the major cause (up to 90 %) of liver injury in DM patients
may be NAFLD.

In the present study, the frequency of advanced stage
NASH was significantly higher in male DM patients than
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in male non-DM patients. Neuschwander-Tetri et al. [17]
reported that patients with advanced stage NASH were
more likely to have DM. Mayaaki et al. [18] also examined
the relationship between hepatic fibrosis stage and DM
prevalence. In the mild fibrosis group, only 42 % were
complicated with DM, whereas in the severe fibrosis group,
the prevalence was as high as 71 % (p = 0.020). Lo et al.
[19] reported that DM exacerbated diet-induced NASH
fibrosis in mice. Therefore, DM may be an important factor
in hepatic fibrosis development in NAFLD patients.

HCC frequency is significantly higher in obese and DM
patients than in non-obese and non-DM patients [20, 21].
Recently, Tokushige et al. [22] reported on the back-
grounds of Japanese HCC patients, and non-B non-C HCC
accounted for 16 % of cases. A recent report has shown
that NASH patients are likely to develop HCC in an earlier
stage of fibrosis compared with chronic hepatitis C patients
[23]. Our previous study analyzed 87 histologically proven
NASH-HCC patients [24]; 37 % (20/54) of male HCC
patients had a mild to moderate stage of liver fibrosis (F1 or
F2); however, no female HCC patients were F1 stage, and
only 15 % (5/33) were F2 stage. In the present study, DM
patients with non-B non-C HCC exhibited a tendency to
have higher PLT counts than those in DM patients with
HCV-HCC, indicating that non-B non-C HCC is more
likely to occur in DM patients with less advanced liver
disease than in those with viral hepatitis.

In conclusion, HBsAg and anti-HCV Ab positivity rates
were high; however, most of these patients were HBV-
DNA negative or had low serum HBV-DNA levels. One-
third of anti-HCV Ab-positive patients were HCV-RNA
negative, and 4.3 % patients were drinkers whose ALT
levels were comparable with those of nondrinkers. From
these results, we conclude that up to 90 % of Japanese DM
patients with liver injury may have NAFLD/NASH.
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