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Table 1 Clinical characteristics of patients in the estimation and validation groups

Clinical parameter Estimation group (n = 177)

Validation group (n = 442)

NASH (n = 98) NonNASH (n = 79) P value NASH (n = 244) NonNASH (n = 198) P value
Age (years) 577+ 152 47.8 £+ 16.5 0.0001 54.2 £ 152 48.2 £ 14.3 <0.0001
Gender (female) 58 (59%) 28 (35%) 0.0024 127 (52%) 77 (39%) 0.0072
BMI (kg/m?) 28.5 £5.0 26.6 + 4.7 0.0075 284 £ 5.0 274 £ 4.7 0.0207
Obesity (BMI >25) 74 (76%) 46 (58%) 0.0311 187 (77%) 139 (70%) 0.1548
Dyslipidemia 57 (58%) 39 (49%) 0.2886 173 (71%) 149 (75%) 0.3339
Hypertension (yes) 33 (34%) 12 (15%) 0.0055 100 (41%) 47 (24%) 0.0002
Type 2 diabetes (yes) 50 (51%) 14 (18%) <0.0001 121 (50%) 69 (35%) 0.0027

Hemoglobin (g/dl)
Platelet count (x 10*/ul)

141 £ 1.6 (n =97)

AST (IU/) 70 £+ 30 44 £+ 25

ALT (IU/1) 102 + 53 79 + 54
AST/ALT ratio 0.77 £+ 0.32 0.63 + 0.23
GGT (IU/) 105 + 128 86 £ 66 (n = 78)

Cholinesterase (IU/1)
Total cholesterol (mg/dl)

365 + 83 (n = 93)
206 £ 43 (n =97)
Triglyceride (mg/dl)

Ferritin (ng/ml) 270.7 £ 231 160 + 158
FPG (mg/dl) 108 £ 45 96 + 17.0
IRI (uU/ml) 18.5 £ 14.7 9.6 +£6.3
Hyaluronic acid (ng/ml) 95 + 134 29 + 30
Type IV collagen 7S (ng/ml) 5.4 £ 1.7 39+07

Histological fibrosis

0-1 47 (48%)
2 29 (30%)
3 18 (18%)
4 4 (4%)

14.8 + 1.5 (n = 78)
213+ 64 (n=97) 248 +8.1 (n=78)

390 + 83 (n = 78)
2014+ 42 (n="17)
189 + 106 (n = 93) 167 £ 81 (n = 73)

0.0029 14.7 £ 2.5 (n =239) 147 £ 1.5 (n = 195) 0.9758
0.0018 21.2 £ 6.7 (n = 240) 24.1 £5.7 (n =194) <0.0001

<0.0001 88 =+ 387 38 +22 0.0694
0.0002 111 + 217 65 + 43 0.0001
0.0022 0.75 + 0.32 0.65 + 021 0.0001
01211 85+73 (n=242) 85+ 102 (n = 197) 0.9852
0.0317 364 + 89 (n =224) 387 & 85 (n = 176)  0.0091
02431 207 £43 (n=195) 210 £ 39 (n = 125) 05121
0.1365 172 + 106 (n = 241) 173 + 86 0.9038
0.0011 346 + 989 183 £ 159 0.0221
0.0301 113 + 63 105 + 39 0.1081

<0.0001 168 + 12.9 119 + 83 <0.0001

<00001 67+74 (=211 34+37@m=181) <0.0001
<0.0001 52+ 2.1 39+ 08 <0.0001
143 (59%)
56 (23%)
30 (12%)
15 (6%)

Results are presented as numbers with percentages in parenthesis for qualitative data or as means £ SD for quantitative data

BMI Body mass index, AST aspartate aminotransferase, ALT alanine aminotransferase, GGT gamma glutamyl transpeptidase, FPG fasting

plasma glucose, /R/ immunoreactive insulin

P values were calculated by 7 test or > analysis

(=55 years), female sex, obesity, Hb <14.5 g/dl, presence
of T2DM, platelet count <22 x 104/u1, AST =60 IU/,
ALT >90 IU/I, AAR >0.8, ferritin >200 ng/ml (female) or
>300 ng/ml (male), FPG >100 mg/dl, IRI >10.0 pU/ml,
HA >50 ng/ml, and type IV collagen 7S >5.0 ng/ml were
significant variables. By multivariate analysis, three vari-
ables remained significant, including ferritin, IRI, and
type IV collagen 7S. Thus, these three variables, ferritin
>200 ng/ml (female) or >300 ng/ml (male), IRI >10.0 pU/
ml, and type IV collagen 7S >5.0 ng/ml, were combined to
form the NAFIC score. The score was weighted based on OR
obtained from logistic regression analysis (Table 2). Ferritin
was given 1 point, IRI 1 point, and type IV collagen 7S 2
points. A score ranging from 0 to 4, defined by the presence
of laboratory parameters, was calculated. The score for
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NASH patients (n = 98, 2.36 £ 1.28) was significantly
higher than that for nonNASH patients (n = 79, 0.66 +
0.82, P < 0.0001). The percentage of NASH in NAFLD
with an NAFIC score of 0, 1, 2, 3, and 4 was 14% (6/44),
449% (34/61), 74% (14/19), 100% (28/28), and 92% (23/25),
respectively (Fig. 1). The score was significantly higher
even in NASH patients without significant fibrosis (stage 0
or 1) (n =47, 1.83 & 1.15) than in nonNASH patients
(P < 0.0001). Figure 2 shows the ROC curve for NAFIC
score to differentiate NASH from NAFLD. This scoring
system had an AUROC of 0.851. Ata cutoff value of NAFIC
score 2, the sensitivity, specificity, PPV, and NPV were 66,
91, 90, and 67%, respectively. At a cutoff value of NAFIC
score 1, the sensitivity, specificity, PPV, and NPV were 94,
48, 31, and 86%, respectively.
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Table 2 Results of univariate and multivariate analysis: independent predictors of NASH and assigned score values in the estimation group

(n=177)

Variables Unadjusted (univariate) Adjusted (multivariate) Score value
OR 95%CI P value OR 95%C1 P value

Age >55 years 228  1.24-4.18 0.0077

Gender (female) 2.64  1.43-4.87 0.0019

Obesity (BMI >25) 2.10  1.09-4.04 0.0268

Hemoglobin <14.5 g/dl 1.94  1.06-3.56 0.0312

Hypertension 2.83 1.35-5.96 0.0060

Type 2 diabetes 484  2.40-9.74 <0.0001

Platelet count <22 x 10%/ul 2.66 1.43-491 0.0019

AST =60 IU/ 574  281-11.73  <0.0001

ALT >90 1U/ 2.04  1.10-3.77 0.0230

AST/ALT ratio >0.8 1.98 1.18-4.76 0.0153

Cholinesterase <380 IU/I 1.55  0.83-2.90 0.1689

Ferritin >200 ng/ml (female) or >300 ng/ml (male) 5.08 2.48-10.37 <0.0001 4.01 1.07-15.02 0.0396 1

FPG >100 mg/dl 225 1.19-4.26 0.0127

IRI =10 pU/ml 533 2.78-1022 <0.0001 5.59 1.71-18.31 0.0045 1

Hyaluronic acid >50 ng/ml 494  238-10.26  <0.0001

Type IV collagen 7S >5.0 ng/ml 2120 7.19-62.49  <0.0001 1554  1.49-162.39  0.0219 2

OR Odds ratio, CI confidence interval, AST aspartate aminotransferase, ALT alanine aminotransferase, GGT gamma glutamyl transpeptidase,

FPG fasting plasma glucose, IR/ immunoreactive insulin

ONAFICO

Fig. 1 Distribution of NAFIC
scores in patients with NASH
and nonNASH in the estimation
group (n = 177)
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Validation results

The diagnostic accuracy of the scoring system in separating
patients with and without NASH was validated in 442
patients. Table 1 summarizes the clinical, laboratory, and
liver biopsy data of the patient population in the validation

NASH stage0-1 NASH stage2 NASHstage3 NASH staged
(@=47) n=29) (n=18) (n=4)

group. Two hundred and two patients (46%) were female,
and 326 (74%) patients were obese. Patients with NASH
were significantly older, predominantly female, heavier,
hypertensive, and more likely to have T2DM; had lower
platelet count and ChE level; and had higher levels of AST,
ALT, AAR, ferritin, IRI, HA, and type IV collagen 7S,
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Fig. 2 ROC curves for the
NAFIC score in the estimation a
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than those with nonNASH NAFLD. The NAFIC score of
NASH patients (n = 244, 2.03 £ 1.27) was significantly
higher than that of nonNASH patients (n = 198, 0.76 +
0.87, p < 0.0001). The percentage of NASH in NAFLD
with an NAFIC score of 0, 1, 2, 3, and 4 was 25%
(29/115), 44% (67/153), 76% (55/72), 92% (54/59), and
91% (39/43), respectively (Fig. 3). The score was signifi-
cantly higher even in NASH patients without significant
fibrosis (stage 0 or 1) (n = 143, 1.57 £ 1.17) than non-
NASH patients (p < 0.0001). The AUROC remained
relatively high in the validation set (0.782, Fig. 2;
Table 3). At a cutoff value of NAFIC score 2, the
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sensitivity, specificity, PPV, and NPV were 60, 87, 85 and
64%, respectively. At a cutoff value of NAFIC score 1,
the sensitivity, specificity, PPV, and NPV were 88, 43,
66, and 75%, respectively.

Comparing the NAFIC score to several previously
established scoring systems

The AUROCS of various scoring systems that have been
reported to differentiate NASH from NAFLD, or advanced
from mild fibrosis, are shown in Table 3. To differentiate
NASH from NAFLD, the AUROC in the validation group
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Table 3 AUROC of NAFIC score and various scoring systems previously reported in the estimation and validation groups

Score Group AUROC AUROC for AUROC for
for NASH significant fibrosis advanced fibrosis
NAFIC Estimation (n = 177) 0.851 0.835 0.856
Validation (n = 442) 0.782 0.833 0.874
Total (n = 619) 0.803 0.834 0.869
HAIR [15] Estimation (n = 177) 0.632 0.549 0.448
Validation (n = 432) 0.636 0.620 0.631
Total (n = 609) 0.631 0.593 0.566
Palekar et al. [17] Estimation (n = 173) 0.784 0.794 0.847
Validation (n = 390) 0.711 0.798 0.826
Total (n = 563) 0.733 0.799 0.835
Modified Palekar et al. Estimation (n = 173) 0.780 0.801 0.843
Validation (n = 390) 0.709 0.810 0.830
Total (n = 563) 0.730 0.808 0.837
Gholam et al. [18] Estimation (n = 177) 0.829 0.784 0.713
Validation (n = 442) 0.758 0.787 0.739
Total (n = 619) 0.777 0.786 0.729
BAAT [19] Estimation (n = 164) 0.672 0.533 0.473
Validation (n = 440) 0.633 0.560 0.498
Total (n = 604) 0.647 0.585 0.526
Modified BAAT Estimation (n = 164) 0.741 0.615 0.566
Validation (n = 440) 0.666 0.654 0.576
Total (n = 604) 0.687 0.641 0.573
BARD [20] Estimation (n = 164) 0.646 0.686 0.745
Validation (n = 440) 0.621 0.689 0.731
Total (n = 604) 0.627 0.688 0.734
Modified BARD Estimation (n = 164) 0.647 0.709 0.734
Validation (n = 440) 0.603 0.689 0.730
Total (n = 604) 0.614 0.695 0.730
NAFLD fibrosis score [21] Estimation (n = 168) 0.735 0.843 0.834
Validation (n = 420) 0.663 0.805 0.862
Total (n = 588) 0.685 0.817 0.853
N score (Nippon) [22] Estimation (n = 177) 0.733 0.739 0.728
Validation (n = 408) 0.642 0.715 0.698
Total (n = 585) 0.668 0.720 0.704

was greatest for NAFIC (0.782, Fig. 2), then Gholam’s
score (0.758), followed by Palekar’s score (0.711), modi-
fied Palekar’s score (0.709), modified BAAT (0.666), NFS
(0.663), N score (0.642), HAIR (0.636), BAAT (0.633),
BARD score (0.621), and modified BARD score (0.603).
Based on an evaluation of AUROC, NAFIC score outper-
formed other scoring systems in the estimation and vali-
dation groups to differentiate NASH from NAFLD. To
differentiate NASH with significant fibrosis from NAFLD,
the AUROC in the total cohort was greatest for NAFIC
score (0.834), then NFS (0.817), followed by modified
Palekar’s score (0.808), Palekar’s score (0.799), Gholam’s
score (0.786), N score (0.720), modified BARD (0.695),

BARD (0.688), modified BAAT score (0.641), HAIR
(0.593), and BAAT score (0.585). To differentiate NASH
with advanced fibrosis from NAFLD, the AUROC in the
total cohort was greatest for NAFIC score (0.869), then
NFS (0.853), followed by modified Palekar’s score (0.837),
Palekar’s score (0.835), BARD (0.734), modified BARD
(0.730), Gholam’s score (0.729), N score (0.704), modified
BAAT (0.573), HAIR (0.566), and BAAT score (0.526).
Among these prediction models, NAFIC score was superior
to others in not only detecting NASH, but also predicting
fibrosis stage.

We compared the diagnostic accuracy of NAFIC score
to that of NFS in detecting advanced fibrosis (stage 3—4)
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Table 4 Accuracy of the NAFIC score and NAFLD fibrosis score (NFS) in predicting advanced fibrosis (stage 3—4) and significant fibrosis
(stage 2—4) in the total cohort

NAFIC score NAFLD fibrosis score
0-1 2 34 Low cutoff point Indeterminate High cutoff point
(<—1.455) (—1.455 to 0.676) (>0.676)
Predicting advanced fibrosis (stage 3-4)
N (%) 374 (60%) 90 (15%) 155 (25%) 330 (56%) 209 (36%) 49 (8%)
Stage 0-2 371 82 99 325 171 28
Stage 34 3 8 56 5 38 21
Se 96% 84% 2% 33%
Sp 67% 82% 62% 95%
PPV 26% 36% 23% 43%
NPV 99% 98% 98% 92%
LR (+) 2.913 4.660 2427 6.141
LR (-) 0.067 0.200 0.126 0.710
Interpretation Absence of advanced Presence of advanced Absence of advanced Presence of advanced

fibrosis
(99% certainty)

fibrosis
(36% certainty)

fibrosis
(98% certainty)

fibrosis
(43% certainty)

NAFIC score NAFLD fibrosis score
0 1 24 Low cutoff point Indeterminate High cutoff point
(<—1.455) (—1.455 t0 0.676) (>0.676)
Predicting significant fibrosis (stage 2—4)
N (%) 160 (26%) 214 (35%) 245 (40%) 330 (56%) 209 (36%) 49 8%)
Stage 0-1 153 196 118 305 122 16
Stage 24 7 18 127 25 87 33
Se 95% 84% 86% 23%
Sp 33% 74% 69% 96%
PPV 32% 52% 47% 67%
NPV 96% 93% 92% 79%
LR (+) 1.416 3.260 2.657 6.301
LR (-) 0.141 0.070 0.250 0.801
Interpretation ~ Absence of Presence of Absence of Presence of

significant fibrosis

(96% certainty) (52% certainty)

significant fibrosis

significant fibrosis
(92% certainty)

significant fibrosis
(67% certainty)

Se Sensitivity, Sp specificity, PPV positive predictive value, NPV negative predictive value, LR likelihood ratio

and significant fibrosis (stage 2—4) (Table 4). To exclude
advanced fibrosis using the low cutoff point (NFS <
—1.455), 325 of 330 (98%) patients were correctly staged,
whereas only 5 (2%) were understaged. The NPV of this
cutoff for advanced fibrosis was 98%. Using the low cutoff
point (NAFIC <1), 371 of 374 (99%) patients were cor-
rectly staged, whereas only 3 (1%) were understaged. The
NPV of this cutoff for advanced fibrosis was 99%, which
was equal to that of NFS. Using the high cutoff point (NFS
>0.676), 21 of 49 (43%) patients were correctly staged,
whereas 28 (57%) were overstaged. The PPV of this cutoff
for advanced fibrosis was 43%. Using the high cutoff point
(NAFIC =3), 56 of 155 (36%) patients were correctly
staged, whereas 99 (64%) were overstaged. The PPV of
this cutoff for advanced fibrosis was 36%, which was lower
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than that of NFS. The percentage of the undetermined
range was much lower for the NAFIC score (15%) than for
NFS (36%) (Table 4).

When the NFS low cutoff (NFS <—1.455) was applied to
predict significant fibrosis, 305 of 330 (92%) patients were
correctly staged, whereas 25 of 330 (8%) patients were
understaged. The NPV for significant fibrosis was 92%.
When their high cutoff (NFS >0.676) was applied to predict
significant fibrosis, 33 of 49 (67%) patients were correctly
staged, whereas 16 of 49 (33%) patients were overstaged.
The PPV for significant fibrosis was 67%. When our low
cutoff point (NAFIC = 0) was applied to exclude signifi-
cant fibrosis, 153 of 160 (96%) patients were correctly
staged, whereas only seven (4%) were understaged. The
NPV of this cutoff for significant fibrosis was 96%, which
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was slightly higher than NFS. Using our high cutoff point
(NAFIC >2), 127 of 245 (52%) patients were correctly
staged, whereas 118 (48%) were overstaged. The PPV of
this cutoff for significant fibrosis was 52%, which was lower
than that of NFS (67%) (Table 4).

Discussion

In this study, we developed and validated a simple scoring
system to differentiate NASH from NAFLD. Our scoring
system with the three variables ferritin, IRI, and type IV
collagen 7S had an AUROC of 0.851 and 0.782 in the
estimation and validation groups, respectively. Elevation of
serum ferritin levels, a marker of iron storage, is associated
with NASH [24, 25]. We previously reported high fre-
quencies of hyperferritinemia and increased hepatic iron
stores in Japanese NASH patients [11]. Yoneda and
colleagues [26], our collaborative research group, also have
reported that measurement of serum ferritin is useful to
distinguish NASH from NAFLD. Their optimal cutoff value
was 196 ng/ml, and their results for sensitivity, specificity,
PPV, and NPV were 64, 77, 89, and 43%, respectively.
Serum ferritin levels have been found to be a significant
independent predictor of severe fibrosis in 167 Italian
NAFLD subjects [27], but this has not been confirmed by
other studies [28]. In Western countries, mildly increased
serum ferritin does not necessarily indicate coexisting iron
overload. However, it is well known that serum ferritin is
closely associated with IR and can be considered a marker
for metabolic syndrome [29].

Hyperinsulinemia (IRI >10.0 pU/ml) was also selected
as an independent predictor of NASH. Hyperinsulinemia
and increased IR could have important roles in the patho-
genesis of NASH in both Western and Asian countries
[30-33]. Hyperinsulinemia in NASH patients is attribut-
able to increased insulin secretion, which compensates for
reduced insulin sensitivity, and is not the consequence of
decreased hepatic extraction of insulin, which occurs in all
forms of CLD at the stage of advanced fibrosis or cirrhosis
[30, 31]. The homeostasis model assessment (HOMA) has
been validated and widely used for determining the degree
of IR, and strongly predicts the development of T2DM
[34]. Patients with NASH have a higher HOMA index
compared with those with nonNASH NAFLD [30, 35].
Similarly, another study has reported the QUICKI model as
being useful for predicting NASH [15]. However, appro-
priate cutoff values of these models have never been
established. In contrast with these parameters that are
mathematical transformations of FPG and IRI levels,
fasting IRI, which has the advantage of being easily
determined without calculations, was only applied to
multivariate analysis in our study.

Type IV collagen is one of the extracellular matrices
that are produced by hepatic fibroblasts. The 7S domain in
the N-terminus of type IV collagen is inserted in tissues
and released into the blood by turnover in connective tis-
sues. Therefore, the serum 7S domain level increases in
parallel with the amount of fibrosis and in synthesis from
stellate cells and myofibroblasts following increased liver
fibrosis [36]. In Japan, type IV collagen 7S is now widely
used for assessing the extent of hepatic fibrosis in CLD
because the test is covered by public health insurance.
According to two reports [37, 38], a cutoff point of 5.0 or
4.25 ng/ml provided high NPV to exclude advanced
fibrosis in Japanese NAFLD patients. Shimada et al. [39}
have demonstrated that a cutoff point of 5.0 ng/ml pro-
vided sensitivity and specificity of 41 and 95%, respec-
tively, to detect early-stage NASH. Serum HA levels are
elevated during accelerated deposition of collagen in the
extracellular space due to upregulation of HA production
by activated stellate cells and myofibroblasts, and down-
regulation of its clearance by sinusoidal endothelial cells.
Serum HA appears to be a relatively accurate predictor of
advanced fibrosis stage in NAFLD, but less for distin-
guishing between minor degrees of fibrosis in NASH and
nonNASH NAFLD [40, 41]. In our study, serum HA level
was not an independent predictor of NASH by multivariate
analysis. Moreover, HA increases in systematic inflam-
matory conditions, which might produce false-positive
results. We believe that type IV collagen 7S is superior to
HA in predicting the extent of fibrosis in NAFLD patients.

Currently, the NAFLD biomarkers have been evaluated
for (1) distinguishing NASH from NAFLD and/or (2)
diagnosing advanced fibrosis or cirrhosis. HAIR [15],
Palekar’s [17], and Gholam’s [18] scores were derived for
distinguishing NASH from NAFLD, and the others are for
detecting significant or advanced fibrosis. The present
study clearly demonstrated that NAFIC score was more
useful than other scoring systems for detection of NASH
and for prediction of fibrosis (Table 3). The HAIR score
uses a combination of presence of hypertension, elevated
ALT (>40 U/L), and IR, with at least two parameters that
indicate NASH with high sensitivity and specificity [15].
None had an IR index >5 in our overall cohort (data not
shown), and AUROCs were 0.632 and 0.634 in the esti-
mation and validation groups, respectively. The score does
not appear useful in a less obese population because it was
described in a group of severely obese patients who were
undergoing gastric bypass surgery. In Palekar’s study [17],
the presence of at least three out of six factors (age
>50 years, female sex, AST >45 IU/l, BMI >30 kg/m?,
AAR >0.80, and HA =55 ng/ml) had a sensitivity and
specificity for NASH diagnosis of 74 and 66%, respec-
tively. In our estimation group, the presence of at least
three of these factors had a sensitivity and specificity for
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NASH diagnosis of 68 and 71%, respectively. In our val-
idation group, the presence of at least three of these factors
had a sensitivity and specificity for NASH diagnosis of 63
and 64%, respectively. AUROCs were 0.784 and 0.711 in
the estimation and validation groups, respectively. There-
fore, Palekar’s score was not superior to NAFIC score for
predicting NASH (Table 3).

Gholam’s score [18], which consists of only two vari-
ables (AST and the presence of DM), is very simple and
equally useful as NAFIC score for detection of NASH, but
it was not superior to our score for predicting severe
fibrosis in our cohort. Gholam et al. [18] have constructed
other models that consist of ALT and HbAlc to detect the
presence of fibrosis. We could not evaluate these models
because HbAlc was only measured in a limited number of
patients. Angulo et al. [21] have shown that the NFS, which
consists of six variables (age, BMI, AAR, IFG/DM, platelet
count, and albumin), can reliably predict advanced fibrosis.
In ROC analysis, NFS is shown to be useful for prediction
of advanced or significant fibrosis. The low cutoff point
(NFS <—1.455) showed higher NPV (98%) than that in the
estimation (93%) and validation (88%) cohort reported by
Angulo et al. The low cutoff point in NAFIC score (<1)
had equally high NPV (99%). In contrast, the high cutoff
point (NFS >0.676) showed lower PPV (43%) than that in
the estimation (98%) and validation (80%) cohort reported
by Angulo et al. The high cutoff point in NAFIC score
(>3) had lower PPV (36%). By applying the low cutoff
score (NFS <—1.455, NAFIC <1), advanced fibrosis could
be excluded with high accuracy. By applying the high
cutoff score (NFS >0.676, NAFIC >3), the presence of
advanced fibrosis could not be diagnosed with high accu-
racy. Consistent with our results, a separate validation
study of NFS in 162 Chinese patients found that the NPV
for excluding advanced fibrosis was 91%, but the PPV for
predicting advanced fibrosis was 0% [42]. It is suggested
that this low PPV might be due to lower prevalence of
advanced fibrosis in the study of Wong et al. (11%) [42]
than in that by Angulo et al. (27%) [21]. Similarly, the
prevalence of advanced fibrosis was low (11%) in our
study.

In Asian patients, steatohepatitis and other metabolic
complications tend to develop at a lower BMI, which is one
of the factors in the equation of the NFS. Therefore, NFS
and NAFIC score were applicable to exclusion rather than
detection of significant or advanced fibrosis. NFS can be
easily obtained in clinical practice, but this scoring system
can be cumbersome and difficult to apply in every practice.
The easily determined NAFIC score is at least equivalent to
the more complex NFS. Our results suggest that liver
biopsies can be avoided in NAFLD patients with a NAFIC
score of 0 or 1 because they are likely to have NAFLD
without advanced fibrosis. In contrast, liver biopsies should
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be recommended in NAFLD patients with an NAFIC score
of >2 to assess the extent of hepatic fibrosis and predict
prognosis. The BARD score developed by Harrison et al. is
a weighted sum of three easily available variables [BMI
>28 l(g/m2 (1 point), AAR >0.8 (2 points), and DM (1
point)], and the authors have shown that a score of 2—4 was
associated with an OR of 17 for predicting advanced
fibrosis [20]. Although the BARD score is simple to cal-
culate, our validation study did not reveal an advantage of
this score over others. In our cohort, when a BARD score
of >2 was found, the sensitivity, specificity, PPV, and NPV
for detecting advanced fibrosis were 73, 65, 19, and 95%,
respectively. According to a study of 122 Japanese NAFLD
patients by Fujii and colleagues [43], our collaborative
research group, when a BARD score of >2 was used, the
AUROC was 0.73 with an OR of 4.9 for detection of
advanced fibrosis. It has been concluded that BARD score
is less predictive of advanced fibrosis in Japanese NAFLD
patients because they are not as obese as those in Western
countries. Disappointingly, modified scores of Palekar’s
score, BAAT, and BARD could not improve the diagnostic
accuracy for NASH or advanced fibrosis. The N score (the
total number of the following risk factors: female sex, age
>60 years, T2DM, and hypertension), which was estab-
lished on the basis of data collection from 182 Japanese
NAFLD patients in multiple centers in Nagasaki [22], is
very simple, without the need for detailed laboratory tests.
However, it was not superior to other scoring systems in
our validation study.

Our study had several limitations. The fact that we
excluded diabetic patients treated with exogenous insulin
or insulin sensitizers (metformin or pioglitazone) from the
analysis was a major limitation. In the future, we must find
better scoring systems that are applicable to these patients.
Other limitations include the largely retrospective study
design and lack of complete data in many subjects. We
included patients from different hepatology centers in
Japan that have a particular interest in studying NAFLD,
and thus, some referral bias could not be ruled out. Patient
selection bias could also have existed because liver biopsy
might have been considered for NAFLD patients who were
likely to have NASH. We acknowledge that pathological
diagnosis was mainly determined using liver tissues
derived from percutaneous liver biopsy, which is prone to
sampling error or interobserver variability [8, 9]. In fact, 11
patients of our total cohort were diagnosed as nonNASH in
spite of an NAFIC score of 3 or 4. Although the exact
reason was unknown, sampling error could have led to this
misdiagnosis. These patients need follow-up care or repeat
liver biopsies. It should be emphasized that we had a
central pathology review by two hepatopathologists to
prevent interobserver variability, although we were not
able to quantify the effect on our results of some
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intraobserver variability. Because all participants were
Japanese, there is a possibility that our results might not be
adaptable for NAFLD patients of other races. Due to these
limitations, the present results need to be validated in
independent populations by other investigators.

In conclusion, NAFIC score can predict NASH in Jap-
anese NAFLD patients with sufficient accuracy and sim-
plicity to be considered for clinical use, thus identifying a
very high-risk group in whom liver biopsy would be very
likely to detect NASH, as well as a low-risk group in whom
liver biopsy can be safely delayed or avoided.
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T&T5.
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NOEBET~DBRBEDH THET HBIDZ .

L2 L, BRRTFOEETYELZVEER
R L7- NASH TlE, & 0 RRRHN %Y E D)
PET, SEEREICES L i3l 4 OFEBIOTRE
L, PR, 1 >R AETTHESEERT
w2 %IR¢ 5. Lo L, NASH id hetero-
geneous REETH Y, #H— L 7- AR

- 146 -



104 # & B8 # 2011.1/Vol.60/No.1

EEEEOYE
Weight loss agents
Bariatricsurgery
TZDs
Metformin -
Nateglinide
Caveolin
Oligofructose

Statins
Clofibrate
Gemfibrozil
Probucol
Omega-3-FAs
Aquaporin
Rimonabant
Ezetimibe

Pentoxifylline
Metformin
Probiotics
ARB

-

Vitamin E
Betaine
UDCA

Pioglitazone D & %14
(N Engl J Med 2006
Gastroenterology 2008)

Pioglitazone & 1) Vit. E0SA %) (DM®D 72 v E%E)

(N Engl J Med 2010)

NASHOER CHEIL & N7 R
%<, BERRH

K3 NASH D&

27\ (3).

1. FEERFEH, FESHF NASH (2349 3 piog-
litazone &5

PPARy V) "~ K T & 4 thiazolidinediones
(TZDs) RFEMRIL, 1 v A VIRPUESEEA
T HT HIDIERIRERICAENTH ), 2hT
b¥ts) 8oL, OO DR~
FERFER D ENE % FIH 4 5, @ AMP kinase DIF
AL I U CIRIERSBR L 2 HIH 5 5. S 51,
TNFaDIFLNVETIFSZ L bfgsh, £
ERAIZ X EMIRR OTEIEAL 2 H001 L CRRHEL 2 e
T5.

FEACHEE 20 ) 554 D NASH FEFI~ DT
T, ¥A 7)) ¥ o5 TIidary ba— Vi
2L TREACE, ALT fE, FRHERSET R (BEREAT,
PR AR, RE) OF B WE SR S
722, FERRREADE L TV 72\ NASH7ABIAN DR
T, ¥y vk TIIay ra—L
BRI L TRAEZRERENN(—0.55 vs +2.77kg ;

p=0.04) SRS N7-AY, ZERERFMAESE (0.4 vs
—0.1mmol/L ; p=0.02), HbAlc B (+0.16 vs
—0.18 % ; p=0.006), 1 ¥ A" ¥ CX7F N
(+42 vs —78pmol/L ; p=0.02), ALT fE(—10.9
vs —36.2u/L ; p=0.002), yGTP ffi (—9.4 vs
—41.2u/L ; p=0.002), ferritin & (—11.3 vs
—90.5ug/L ; p =0.01) IFFEIZLEL, PRk
FrRIZBWT D HFHMEESE (p=0.005,

Mallory-Denk & (p=0.004), ##EIL (p=0.05)
DYUENRONTWEY, Z0OM%, HERFEOLZ W
NASH ~O¥X 71 %, Vit. E, 77€&
TOIHEMHR GO LLEBERER T, Vit.E, €47/
)& L D ICIMIE ALT KT, RERGRT &/
HRIEDLENR LN/2D, ThoDHER
Vit.E REHETOAT T LRI L TEE LY
ERoN, ERIFEAHE L TV NASH @
BRI VILE DS L VAR EERLTHAY. L
AL, Vit.E BT oS EIZ43% (K47
VY UEEM%) LR N DARTH Y, NASH
DR RFFREIZ D72 ) heterogeneous THDHZ &
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2. metformin
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T, AMP-activated protein kinase {&E{L/EH
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3. orlistat

AFNL, B LRSS D lipase DM FHE
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Aim: The biological basis of variability in histological pro-
gression of non-alcoholic fatty liver disease (NAFLD) remains
unknown. Dehydroepiandrosterone (DHEA), the most abun-
dant steroid hormone, has been shown to influence sensi-
tivity to reactive oxygen species, insulin sensitivity and
expression of peroxisome proliferator-activated receptor-o.
Our aim was to determine whether more histologically
advanced NAFLD is associated with low circulating levels of
DHEA in Japanese patients.

Methods: Serum samples were obtained in 133 Japanese
patients with biopsy-proven NAFLD and in 399 sex- and age-

matched healthy people undergaing health checkups. Serum:

levels of sulfated DHEA (DHEA-S) were measured by chemilu-
minescent enzyme immunoassay.

Results: Serum DHEA-S levels in NAFLD patients were similar
to those in the control group. Of 133 patients, 90 patients
were diagnosed as non-alcoholic steatohepatitis (NASH): 73

patients had stage 0-2, and 17 had stage 3 or 4. Patients with
advanced NAFLD (NASH with fibrosis stage 3 or 4) had lower
plasma levels of DHEA-S than patients with mild NAFLD
{simple steatosis or NASH with fibrosis stage 0-2). The area
under the receiver operating characteristic curve for DHEA in
separating patients with and without advanced fibrosis was
0.788. A “dose effect” of lower DHEA-S and incremental fibro-
sis stage was observed with a mean DHEA-S of 170.4 £ 129.2,
137.6 £ 110.5, 96.2 + 79.3, 61.2 + 46.3 and 30.0 + 32.0 pg/dL
for fibrosis stages 0, 1, 2, 3, and 4, respectively. The associa-
tion between DHEA-S and severity of NAFLD persisted after
adjusting for age, sex and insulin resistance.

Conclusion: Low circulating DHEA-S might have a role in the
deveiopment of advanced NASH.

Key words: fibrosis, dehydroepiandrosterone, insulin
resistance, non-alcoholic fatty liver disease.

INTRODUCTION

ON-ALCOHOLIC FATTY LIVER disease (NAFLD)
is the most common chronic liver disease in many
developed countries and results in a serious public
health problem worldwide. NAFLD includes a wide
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spectrum of liver diseases, ranging from simple steatosis
(SS), which is usually a benign and non-progressive
condition, to non-alcoholic steatohepatitis {NASH),
which may progress to liver cirrhosis (LC) and hepato-
cellular carcinoma (HCC) in the absence of significant
alcohol consumption.'-? In Japan, current best estimates
make the prevalence of NAFLD approximately 20% and
of NASH 2-3% in the general population.** Although
several factors have been associated with more advanced
NAFLD, the biological basis of the histological diversity
of severity of NAFLD (i.e. why some patients develop
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SS and others develop NASH with advanced fibrosis)
remains unknown. More advanced NAFLD is character-
ized by insulin resistance,® oxidative stress*’ and
advanced fibrosis.

Endocrine hormones control cell metabolism and
the distribution of body fat and therefore may contrib-
ute to the development of NAFLD or NASH. It has
been postulated that dehydroepiandrosterone (DHEA)
and its sulfate ester, dehydroepiandrosterone sulfate
(DHEA-S), the major secretory products of the human
adrenal gland, may be discriminators of life expectancy
and aging.® DHEA-S concentration is independently
and inversely related to death from any cause and
death from cardiovascular disease in men over the age
of 50 years.!' DHEA is a potential mediator of reactive
oxygen species scavenger synthesis'? and has also been
reported to augment insulin sensitivity'*'® and peroxi-
some proliferator activation.”'® Recently, Charlton
et al. observed that levels of DHEA are significantly
lower in patients with histologically advanced NASH,
as compared with patients with mild NASH or $S.”
DHEA levels exert a good sensitivity and specificity in
discriminating patients with more advanced histologi-
cal disease, as shown by receiver-operator curve
(ROC) analysis.

To validate their results, we determined circulating
DHEA levels in Japanese patients with biopsy-proven
NAFLD.

METHODS

Patients

TOTAL OF 133 patients with well-characterized

and liver biopsy-confirmed NAFLD were included
in this study. They were consecutively biopsied patients
seen at the Center for Digestive and Liver Diseases, Nara
City Hospital during 2007-2009. The diagnosis of
NAFLD was based on the following criteria: (i) persis-
tent elevations of transaminase activities for more than
6 months; (ii) liver biopsy showing steatosis in at least
5% of hepatocytes;® and (iii) appropriate exclusion of
liver diseases of other etiology induding viral hepatitis,
autoimmune hepatitis, drug-induced liver disease,
primary biliary cirrhosis (PBC), biliary obstruction,
hemochromatosis, Wilson's disease, and «-1-
antitrypsin-deficiency-associated liver disease. Patients
consuming more than 20 g alcohol/day and patients
with evidence of decompensated LC or HCC were
excluded from the present study. Written informed
consent was obtained from all patients at the time of
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their liver biopsy, and the study was conducted in con-
formance with the Helsinki Declaration. In addition,
399 sex- and age-matched healthy people participating
in health checkups who showed normal levels of
alanine aminotransferase (ALT) levels (<30 IU/L) were
also enrolled as the control group.

Clinical laboratory parameters

Venous blood samples were taken in the moming after
a 12-h overnight fast. The laboratory evaluation in all
patients included a blood cell count and the measure-
ment of aspartate aminotransferase (AST), ALT,
y-glutamyltransferase (YGT), cholinesterase (ChE), total
cholesterol, triglyceride, albumin, fasting plasma
glucose (FPG), immunoreactive insulin (IRI), free fatty
acid (FFA), ferritin levels, hyaluronic acid and type IV
collagen 7S. These parameters were measured using the
standard techniques of clinical chemistry laboratories.
Body mass index (BMI) was calculated using the follow-
ing formula: weight in kilograms / (height in meters).?
Obesity was defined as a BMI greater than 25, according
to the criteria of the Japan Society for the Study of
Obesity.?! Patients were assigned a diagnosis of diabetes
mellitus (DM) if a documented use of oral hypoglyce-
mic medication, a random glucose level in excess of
200 mg/dL or an FPG greater than 126 mg/dL was
present.?? Dyslipidemia was diagnosed if the cholesterol
level was higher than 220 mg/dL and/cr the triglyceride
level was over 160 mg/dL. Hypertension was diagnosed
if the patient was on antihypertensive medication
and/or had a resting recumbent blood pressure of
greater or equal to 140/90 mmHg on at least two
occasions.

Sulfated DHEA concentrations were measured by
chemiluminescent enzyme immunoassay (CLEIA).
Serum DHEA-S levels of the control group were deter-
mined in the Anti-Aging Medical Research Center,
Graduate School of Life and Medical Science, Doshisha
University, Kyoto, Japan. The Homeostatic Model of
Assessment of Insulin Resistance (HOMA-IR) was calcu-
lated on the basis of fasting values of plasma glucose
and insulin according to the HOMA model formula:
HOMA-IR = IRI (uU/mL) x FPG (mg/dL) / 405.” Quan-
titative insulin sensitivity check index (QUICKI) =1/
(log fasting IRI [uU/mL] + log FPG [mg/dL]).%*

Histological evaluation

All patients enrolled in this study underwent a percuta-
neous liver biopsy under ultrasonic guidance. The liver
specimens were embedded in paraffin and stained with
hematoxylin-eosin, Masson trichrome and reticulin
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Table 1 Characteristics of NAFLD patients and control group

Low levels of serum DHEA-S in advanced NASH 903

Parameters NAFLD Control P-value
n 133 399
Sex (female} 70 (53%) 210 (53%) Matched
Age (year) 552 (15.4) 55.6 (12.1) 0.7990
BMI (kg/m?) 279 (4.9) 23.4 (3.4) <0.0001
Obesity (BMI > 25 kg/m?) 98 (74%) 109 (27%) <0.0001
AST (IU/L) 58.0 (33.0) 21.7 (4.9) <0.0001
ALT (IU/L) 85.6 (51.7) 19.4 (5.4) <0.0001
YGT (IU/L) 82.8 (73.0) 33.1 (28.8) <0.0001
Cholesterol (mg/dL) 207.9 (41.2) 215.6 (34.9) 0.0572
Triglyceride (mg/dL) 179.1 (96.3) 109.0 (87.8) <0.0001
HDL-C (mg/dL) 52.0 (24.7) 63.8 (16.6) <0.0001
FPG (mg/dL) 103.5 (38.9) 97.5 (15.7) 0.0131
IRI (LU/mL) 14.70 (9.46) 5.57 (4.17) <0.0001
HOMA-IR 3.93 (3.83) 1.37 (1.09) <0.0001
QUICKI 0.33 (0.03) 0.38 (0.04) <0.0001
DHEA-S (ng/dL) 128.7 (111.2) 113.6 (91.8) 0.1578

P-values were calculated by Student’s t-test or x’-test analysis.

Results are presented as numbers with percentages in parenthesis for qualitative data or as means with standard deviation in

parenthesis for quantitative data.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DHEA-S, dehydroepiandrosterone sulfate; FPG,
fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, Homeostasis Model Assessment for Insulin Resistance;
IRI, immunoreactive insulin; NAFLD, non-alcoholic fatty liver disease; QUICKI, Quantitative insulin sensitivity check index; YGT,

gamma glutamyl transpeptidase.

silver stain. A pathologist (S. I.) who was blinded to the
clinical data reviewed the liver biopsy specimens.
Adequate liver biopsy sample was defined as biopsy
specimen length greater than 1.5 cm and/or having
more than six portal tracts. NASH was defined as
steatosis with lobular inflammation and ballooning
degeneration with or without Mallory-Denk body or
fibrosis.>®> Patients whose liver biopsy specimens
showed steatosis, or steatosis with non-specific inflam-
mation, were identified as the SS cohort.>* The severity
of hepatic fibrosis (stage) was defined as follows: stage
1, zone 3 perisinuscidal fibrosis; stage 2, zone 3 perisi-
nusoidal fibrosis with portal fibrosis; stage 3, zone 3
perisinusoidal fibrosis and portal fibrosis with bridging
fibrosis; and stage 4, cirthosis.” Scoring of steatosis
included both microvesicular and macrovesicular ste-
atosis and was based on the percentage area of the
parenchyma that was fatty. Mild was considered less
than 33%, moderate 33-65% and advanced if greater
than 66% was observed.”

Statistical analysis

Results are presented as the means and standard
deviation (SD) for quantitative data or as numbers

with percentages in parentheses for qualitative data.
Statistical differences in quantitative data were deter-
mined using the Student's t-test (Table 1). Statistical
differences among three groups for quantitative data
were determined by one-way ANOVA with Scheffe's
post-hoc test (Table 3). Fisher's exact probability test
or x*test analysis was used for qualitative data
(Tables 1,3). Cormelation coefficients were calculated
by using Spearman’s rank cormelation analysis
(Table 2). Multivariate analysis was performed by
logistic regression analysis to identify variables inde-
pendently associated with advanced stage of NASH
(Table 4). To assess the accuracy of clinical scoring
system in differentiating NASH from SS or advanced
NAFLD from mild NAFLD, we calculated the sensitivity
and the specificity for each value of each test and then
constructed ROC by plotting the Se against the reverse
Sp (1 - Sp) at each value (Fig. 1). The diagnostic per-
formance of scoring systems was assessed by analysis
of ROC. The most commonly used index of accuracy is
the area under the ROC (AUC), with values close to
1.0 indicating high diagnostic accuracy (Table 4). The
Youden index was used to identify the cptimal cut-off
points. Differences were considered statistically signifi-
cant at all P <0.05. ‘

© 2010 The Japan Society of Hepatology
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Table 2 Correlation between serum DHEA-S and cdlinical
parameters in 133 patients with biopsy-proven NAFLD

Variables Correlation P-value
coefficient

Age -0.6982 <0.0001
Hemoglobin 0.4859 <0.0001
Platelet 0.3475 <0.0001
AST -0.1988 0.0218
ALT 0.1733 0.0460
AST : ALT ratio -0.5847 <0.0001
YGT -0.0580 0.5092
Cholinesterase 0.3827 <0.0001
Albumin 0.4165 <0.0001
Prothrombin time 0.0767 0.4029
Cholesterol 0.1525 0.0820
Triglyceride 0.2037 0.0206
HDL-C -0.2016 0.0033
FPG -0.1386 0.1158
IRI -0.0208 0.8138
HOMA-IR -0.0545 0.5379
QUICKI 0.0545 0.5379
Free fatty acid (n=121) -0.1023 0.2644
Ferritin 0.0037 0.9666
Hyaluronic acid —-0.6408 <0.0001
Type IV collagen 7 s ~0.4477 <0.0001

P-values are based on Spearman’s non-parametric correlation
analysis.

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
DHEA-S, dehydroepiandrosterone sulfate; FPG, fasting plasma
_glucose; HDL-C, high-density lipoprotein cholesterol; HOMA-IR,
Homeostasis Model Assessment for Insulin Resistance; IRI,
immunoreactive insulin; NAFLD, non-alcoholic fatty liver
disease; QUICKI, Quantitative insulin sensitivity check index;
YGT, gamma glutamyl transpeptidase.

RESULTS
Patient demographics

IABLE 1 SUMMARIZES the ¢linical, laboratory and

liver biopsy data of the patient population and the
control group. NAFLD patients were predominantly
obese, had higher levels of transaminase activities, YGT,
triglyceride, FPG, IRl and insulin resistance, and had
lower levels of high-density lipoprotein cholesterol
(HDL-C). Serum levels of DHEA-S in NAFLD patients
were not different from those in sex- and age-matched
controls. In both groups, there were significant sex dif-
ferences in serum levels of DHEA-S (control group, male
154.4 £ 102.1 vs female 76.8 £ 59.6 pug/dL, P < 0.0001;
NAFLD group, male 186.7£129. 2 vs female 76.5 +
53.1 pg/dL, P < 0.0001).

© 2010 The Japan Society of Hepatology
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Of 133 NAFLD patients involved in this study, 90
patients (68%) were histologically diagnosed as NASH,
and 43 patients (32%) were SS. NASH patients were
significantly older, predominantly female, hypertensive,
more likely to have DM, had lower levels of hemoglobin
(Hb), platelet count, albumin, cholinesterase and
QUICK], and had higher levels of AST, ALT, IR], hyalu-
ronic acid, type IV collagen 7S and HOMA-IR. Patients
with NASH had lower levels of DHEA-S (108.8 %
96.1 pg/dL) than those with $S (170.4 + 129.2 ug/dL,
P=0.003). The AUC for DHEA in separating patients
with and without NASH was 0.678 (Fig. 1a). The sensi-
tivity of a DHEA-S-value of 99 ug/dL or less for the
presence of NASH was 62.2% {56/90) and specificity
was 67.4% (29/43).

Correlation between DHEA-S and other
clinical variables in NAFLD patients

Levels of DHEA-S were positively correlated with Hb,
platelet, ALT, cholinesterase, albumin and triglyceride,
and negatively correlated with age, AST, AST/ALT ratio,
ALP, HDL-C, hyaluronic acid and type IV collagen 7S.
They had no associations with markers of insulin resis-
tance such as HOMA-IR and QUICKI (Table 2). Serum
DHEA-S levels were not different between patients
with HOMA-IR of more than 2.5 (n=73, 125.6%
116.0 ug/dL) and with HOMA-IR of less than 2.5
(n=57, 134.4+107.9ug/dl, P=0.660). Similarly,
serum DHEA-§ levels were not different between
patients with QUICKI of more than 0.3 (n=102,
1237+ 114.4 pg/dL) and with QUICKI of less than 0.3
(n=26, 114.8 £ 108.2 pg/dL, P =0.448).

Comparison between participants with
simple steatosis, and mild and

advanced NASH

Patients with NAFLD were divided into three groups,
including 8S, mild NASH (NASH with fibrosis stage
0-2) and advanced NASH (NASH with fibrosis stage
3-4). Female sex was more prevalent in patients with
advanced NASH than in those with SS and mild NASH.
Participants in the SS group were younger than partici-
pants with mild and advanced NASH. The prevalence of
obesity and lifestyle-related diseases did not differ
among three groups. Platelet count decreased in accor-
dance with the incremental fibrosis of NAFLD. The AST/
ALT ratio, fibrosis markers (hyaluronic acid, type IV
collagen 7S) and insulin resistance were elevated in the
advanced stage of NAFLD. Participants with advanced
NASH had significantly lower levels of DHEA-S com-
pared with participants with SS, and tended to have low
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Table 3 Comparison between participants with simple steatosis, and mild and advanced NASH

Parameters Simple steatosis Mild NASH Advanced NASH P-value
(SS) * (mNASH) (aNASH)

n 43 73 17
Sex (fernale) 16 (37%) 40 (55%) 14 (82%) 0.0020
Age (year) 48.7 (15.9)° 56.8 (14.9)  65.1 (7.9) *0.0007 vs aNASH, 0.0169 vs. mNASH
BMI (kg/m?) 27.0 (4.8) 28.5 (5.0) 27.2 (4.0) NS

obesity (BMI > 25 kg/m?) 30 (70%) 56 (77%) 12 (71%) NS
Diabetes 10 (23%) 38 (52%) 9 (53%) NS
Hypertension 8 (19%) 30 (41%) 5 (29%) NS
Dyslipidemia 12 (43%) 26 (36%) 9 (53%) NS
Hemoglobin (g/dL) 14.8 (1.5) 14.1 (1.4)° 13.9 (1.3) ®0.046 vs S§
Platelet (10%/uL) 24.4 (5.5) 222 (63) . 177 (5.6) €0.0007 vs SS, 0.0210 vs mNASH
AST (IU/L) 40.8 (24.0)¢ 64.1 (31.8) 75.6 (40.5) 90,0001 vs mNASH, aNASH
ALT (YU/L) 72.2 (56.5) 93.8 (48.0) 84.4 (50.2) NS
AST/ALT ratio 0.64 (0.20) 0.75 (0.31)  0.96 (0.28)°  *0.0003 vs SS, 0.0160 vs mNASH
vGT (IU/L) 75.6 (66.9) 84.4 (81.4) 93.4 (45.8) NS
Cholinesterase (IU/L) 397.8 (69.2) 378.9 (67.6) 3249 (101.3) f0.0039 vs SS, 0.0283 vs aNASH
Albumin(g/dL) 4.51 (0.32) 437 (030)  4.29 (0.38) NS
Cholesterol (mg/dL} 214.5 (43.7) 208.3 (39.6) 189.9 (38.5) NS§
Triglyceride (mg/dL) 172.9 (83.6) 189.1 (105.0) 153.4 (86.7) NS
HDL-C (mg/dL) 50.8 (14.7) 52.8 (31.5)  51.8 (10.7) NS
Prothrombin time (%) 106.9 (16.3) 99.0 (17.8) 903 (17.7)¢  $0.0061 vs 5SS
Ferritin (ng/mL) 179.0 (182.6)  241.0 (182:1) 278.1 (246.2) NS
Hyaluronic add (ng/mL) 26.1 (21.8) 69.8 (104.7) 169.1 (1724)"  "<0.0001 vs SS, 0.0014 vs mNASH
Type IV collagen 7s (ng/mL)  3.67 (0.61) 4.99 (151  6.86 (1.68) <0.0001 vs S, i<0.0001 vs SS, mNASH
FPG (mg/dL) 97.8 (17.8) 107.8 (49.2) 99.1 (24.7) NS
IRI (uU/ml) 9.0 (5.6) 16.6 (8.7) 21.0 (12.9) P < 0.0001 vs aNASH, 0.001 vs mNASH
HOMA-IR 2.15 (1.34) 4.68 (4.51) 5.21 (3.45) '0.0023 vs mNASH, 0.0160 vs aNASH
QUICKI 0.35 (0.03)}™ 0.32 (0.03) 0.31 (0.03) ™<0.0001 vs mNASH, 0.001 vs aNASH
Free fatty acid (mEq/L) 0.56 (0.18) 0.58 {0.20)  0.58 (0.16) NS
DHEA-S (ug/dL) 170.4 (129.2) 1212 (100.7)  55.7 (45.0)  "0.0012 vs SS

Results are presented as numbers with percentages in parenthesis for qualitative data or as means with standard deviation in
parenthesis for quantitative data.

P-values were calaulated by Scheffe’s method or x*-test analysis.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DHEA-S, dehydroepiandrosterone sulfate; FPG,
fasting plasma glucose; HDL-C, high density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment for insulin resistance;
IR], immuno-reactive insulin; QUICKI, quantitative insulin sensitivity check index; YGT, y-glutamyl transpeptidase.

compared with participants with mild NAFLD (S8S
and NASH with stage 0-2 fbrosis) (55.7+45.0 vs
139.4 + 114.1 pg/dL, P=0.003). None of the younger
patients (<40 years, n=21) had advanced NASH. We
compared DHEA-S levels in patients with more

levels of DHEA-S compared with mild NASH (Table 3}.
Though patients with SS had significantly higher
levels of serum DHEA-S (170.4 +129.2 pg/dL) than
the control group (113.6 + 91.8 ug/dL, P <0.001), the .
former was younger (48.7 £ 15.9 years) than the latter

(55.6 £ 12.1 years, P<0.001) (Tables 1,3). Thus, we
selected 129 sex- and age-matched healthy people out of
the control group to clarify whether the real difference
exists. Serum DHEA-S levels of 129 sex- and age-
matched healthy people (145.0 + 114.8 pug/dL) were not
different from patients with SS (P = 0.225).
Participants with advanced NAFLD (NASH with stage
3-4 fibrosis) had significantly lower levels of DHEA-S

advanced NASH, aged 40-65years (mean 57.9%
4.2 years), with patients with mild NAFLD, aged
40-65 years (mean 53.8+7.5years, P=0.139).
DHEA-S levels tended to be lower in patients with
advanced NASH than in patients with mild NAFLD
(76.1 £55.9 vs 117.1 + 66.2 ug/dL, P=0.098) without
reaching significant difference. Next, we compared
DHEA-S levels in patients with more advanced NASH,
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