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The Association of Low Free Testosterone with
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in Japanese Men
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Abstract
Aim: Testosterone deficiency in men is associated with an increased risk of obesity,
metabolic syndrome and type 2 diabetes. However, the relationship between
nonalcoholic fatty liver disease (NAFLD) and the levels of free testosterone (FT)
in the serum remains unknown. Our aim was to investigate the association of
serum levels of FT in male patients with NAFLD.
Methods: Serum levels of FT were measured in 66 Japanese men with NAFLD and
in 82 age-matched healthy men. Liver histology was also evaluated in 44 patients
with NAFLD.

Results: The serum levels of FT in male patients with NAFLD were significantly
lower (median, 7.0 pg/ml) compared with those in the control population
(median, 9.1 pg/ml, P <0.001). Of the 44 patients with NAFLD who received liver
biopsies, 25 were diagnosed with nonalcoholic steatohepatitis (NASH). Patients
with NASH showed significantly lower levels of FT (median, 6.0 pg/ml) than
those with nonalcoholic fatty liver (NAFL) (median, 8.9 pg/ml, P <0.001). The
area under the receiver operating characteristic curve for FT in patients with and
without NASH was 0.832. Levels of FT decreased significantly with the increased
incidence of lobular inflammation (P <0.001), hepatocyte ballooning (P <0.05),
NAFLD activity score (P <0.05), and fibrosis (P <0.001). In multiple regressions,
the association between FT and NASH persisted after the adjustment for age, BMI,
and insulin resistance.
Conclusion: FT levels are lower in males with NAFLD compared to control
population. Low levels of circulating FT are an independent predictor for the
development of male NASH, independent of age, BMI and insulin resistance.

Keywords: Nonalcoholic fatty liver disease; Insulin resistance; Fibrosis;
Testosterone; Nonalcoholic steatohepatitis

Abbreviations: DHEA: Dehydroepiandrosterone; FT: Free

Testosterone; IGF-1: Insulin-Like Growth Factor-1; NAFLD:
Nonalcoholic Fatty Liver Disease; NASH: Nonalcoholic
Steatohepatitis; NAFL: Nonalcoholic Fatty Liver

Introduction

Nonalcoholic fatty liver disease (NAFLD), a hepatic
manifestation of metabolic syndrome, is the most common
chronic liver disease (CLD) worldwide. NAFLD includes non
alcoholic fatty liver (NAFL), nonalcoholic steatohepatitis
(NASH), and NASH-related liver cirrhosis (LC) or hepatocellular
carcinoma (HCC) [1-3]. In Japan, the current prevalence of NAFLD
is estimated to be 25-30% while that of NASH is thought to be
2-3% in the general population [4,5]. The biological basis of the
histological diversity in the severity of NAFLD remains unknown,
although more advanced NASH is characterized by insulin
resistance [6], oxidative stress, [7,8] and hormone deficiency [9].
Serum testosterone concentrations decline progressively with age
in men [10]. Some aging men develop a condition of suppressed
serum testosterone levels, which is associated with diffuse sexual,
physical and psychological symptoms. Several terms are used for
this syndrome, but late-onset hypogonadism (LOH) is preferred.
LOH is associated with an increased risk of chronic diseases,
including obesity, metabolic syndrome, diabetes, cardiovascular
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disease, and atherosclerosis. The Japanese Urological Association
and the Japanese Association for Men’s Health have recommended
a diagnosis of LOH based on FT values [11,12]. Low levels of
serum FT are associated with metabolic syndrome [13], type 2
diabetes [14], atherosclerosis [15,16], erectile dysfunction [17]
and sarcopenia [18]. No studies have investigated the association
between FT and NAFLD, although a few reports have addressed
the potential relationship between the levels of total testosterone
and NAFLD [19,20]. However, histological evaluation was not
performed to differentiate NASH from NAFL in those studies.
Therefore, we examined FT by direct immunoassay and evaluated
its association with NAFLD in adult males. The aim of this study
was to investigate if the endogenous androgen concentration
is lower in a relatively large number of Japanese patients with
NAFLD compared with healthy men and to identify what factors
may be associated with low serum FT concentrations in men with
NAFLD.

Methods
Patients

A total of 66male Japanese patients with well-characterized
NAFLD (>18 years) were included in this study. Diagnosis was
confirmed by liver biopsy in 44 of the 66 patients. These were
Gastroenterol Hepatol Open Access 2015, 2(4): 00052
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consecutively biopsied patients seen at the Center for Digestive
and Liver Diseases, Nara City Hospital during the period of 20112013 or at the Department of Gastroenterology and Hepatology,
Kyoto Prefectural University of Medicine during the period of
2012-2013. The diagnosis of NAFLD was based on the following
criteria:
i. persistent elevations in transaminase activity for more than 6
months,

ii. liver biopsy showing steatosis in at least 5% of hepatocytesor
fatty liver by imaging studies (US/CT) and

iii. Appropriate exclusion of liver diseases of other etiology
including viral hepatitis, autoimmune hepatitis, drug-induced
liver disease, primary biliary cirrhosis, biliary obstruction,
hemochromatosis, and Wilson’s disease.

Patients who consumed more than 20 g of alcohol per day and
patients with evidence of LC or HCC were excluded from the present
study. Written informed consent was obtained from all patients
at the time of their liver biopsy, and the study was conducted in
accordance with the Declaration of Helsinki and approved by the
ethical committee of each institution. In addition, 82 age-matched
healthy men who received health checkups were also enrolled as
the control group. All patients in the control population presented
with normal ALT levels (<30 IU/L) [21] without evidence of fatty
liver as evaluated by imaging studies. We excluded patients who
received steatogenic drugs such as gluco corticoids, estrogen,
amiodarone, methotrexate, and sodium valproate. Patients were
excluded if they had been castrated for the treatment of testicular
or prostate cancer or if they were taking any medications known
to affect the concentration of sex hormones (e.g. anti androgenic
agents for prostate cancer). We also excluded patients with
low levels of FT secondary to pituitary adenoma or Kleinfelter
syndrome. Two NAFLD patients who received antidepressant
drugs were included in this analysis, although antidepressant
drugs can affect serum FT levels. Self-report data on smoking
habits such as number of cigarettes smoked per day and duration
of smoking (measured in years) were collected during personal
interviews. Participants were categorized as current smokers,
past smokers, and never smokers. Men who had smoked cigarettes
for 6 months or longer and reported that they were still smoking
at the time of liver biopsy were considered “current smokers”,
whereas men who had stopped smoking since more than 6months
prior to liver biopsy were considered “past smokers” and those
who never smoked were “never smokers”.

Clinical laboratory parameters

Venous blood samples were obtained in the morning after
a 12-hour overnight fast. The laboratory evaluation in all
patients included a blood cell count and the measurement
of the levels of the following: aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), gamma glutamyltranspeptidase (γ GT), cholinesterase
(ChE), total cholesterol, triglyceride (TG), albumin, fasting
plasma glucose (FPG), immuno reactive insulin (IRI), free fatty
acids (FFAs), Ferritin, hyaluronic acid, type IV collagen 7S,
dehydroepiandrosterone-sulfate (DHEA-S) and insulin-like
growth factor-1 (IGF-1). These parameters were measured by the
standard techniques used by clinical chemistry laboratories. Body
mass index (BMI) was calculated with the following formula:
weight in kilograms/ (height in meters) [2]. Obesity was defined as
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a BMI greater than 25, according to the criteria of the Japan Society
for the Study of Obesity [22]. Patients were assigned a diagnosis of
diabetes mellitus (DM) if a documented use of oral hypoglycemic
medication, a random glucose level in excess of 200 mg/dl, or a
FPG greater than 126 mg/dl was present [23]. For diagnosing
dyslipidemia, TG and HDL-C were used as parameters. Plasma
TG (>150mg/dL) and HDL-C (<40mg/dL for males and <50mg/
dL for females) as listed in NCEP guidelines [24]. Hypertension
was diagnosed if the patient was on antihypertensive medication
and/or had a resting recumbent blood pressure greater than or
equal to 140/90 mmHg on at least two occasions. The HOMA-IR
was calculated on the basis of fasting values of plasma glucose
and insulin according to the HOMA model formula: HOMA-IR=
IRI (μU/ml) × FPG (mg/dl) ÷ 405. Serum concentrations of FT
were measured by RIA (the Coat-A-Count: Diagnostic Products
Corporation, Los Angeles, CA, USA) [25]. A low level of FT in the
serum was defined according to the clinical practice guideline for
LOH of the Japanese Urological Association/Japanese Society for
the Study of the Aging Male [11]. According to this guideline, the
FT level for diagnosis of LOH was set at -2 SD from the mean for
men in their 20s (8.5pg/mL).Genotyping for rs738409 (patatinlike phospholipase domain-containing protein 3: PNPLA3) was
accomplished using the TaqMan SNP Genotyping Assay system
(Applied Biosystems, Foster City, CA, USA) with the commercially
available pre-designed SNP-specific primers for PCR amplification
and extension reactions according to the manufacturer’s protocol
[26].

Histological evaluation

Forty-four patients underwent a percutaneous liver biopsy
under ultrasonic guidance. The liver specimens were embedded
in paraffin and stained with hematoxylin and eosin, Massontrichrome, and reticulin silver stain. Two hepatopathologists (S.I.
and Y.S.) who were blinded to the clinical data reviewed the liver
biopsy specimens. An adequate liver biopsy sample was defined
as a biopsy specimen with a length greater than 1.5 cm and/or
with more than 6 portal tracts. NASH was defined as steatosis
with lobular inflammation and ballooning degeneration with or
without the presence of Mallory-Denk bodies or fibrosis. Patients
whose liver biopsy specimens showed steatosis, or steatosis with
nonspecific inflammation, were identified as the NAFL cohort
[2,3]. The score, named NAS (NAFLD Activity Score) proposed by
Kleiner et al. [27] is the unweighted sum of the scores for steatosis
(0-3), lobular inflammation (0-3), and ballooning degeneration
(0-2) [27]. The severity of hepatic fibrosis was defined as
follows: Stage 1, zone 3 per sinusoidal fibrosis; Stage 2, zone 3
per sinusoidal fibrosis with portal fibrosis; Stage 3, zone 3 per
sinusoidal fibrosis and portal fibrosis with bridging fibrosis; and
Stage 4, cirrhosis [28].

Statistical analysis

The results are presented as medians and interquartile
ranges for quantitative data or as numbers with percentages
in parentheses for qualitative data. Significant differences in
quantitative data were determined using the Mann-Whitney
U test (Tables 1 & 2, Figure 1). The Fisher’s exact probability
test or χ2 analysis was used for qualitative data (Tables 1 & 2).
Correlation coefficients were calculated with the Spearman rank
correlation analysis. A multivariate analysis was performed by
logistic regression analysis to identify variables independently
associated with FT levels (Table 3) and NASH (Table 4). To
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assess the accuracy of variables in the differentiation of NASH
from NAFL or advanced NAFLD from mild NAFLD, we calculated
the sensitivity and the specificity for each value from each test;
we then constructed ROC curves by plotting the Se against the
reverse Sp (1 minus Sp) for each value (Figure 2). The diagnostic
performance of the scoring systems was assessed by analysis
of the ROC curves. The most commonly used index of accuracy
is the area under the ROC curve (AUROC), where values close
to 1.0 indicate high diagnostic accuracy. The you den index was
used to identify the optimal cut-off points. Significant differences
among the three groups with respect to quantitative data were
determined by one-way analysis of variance with Scheffe’s post
hoc test (Figure 3). Differences were considered statistically
significant at all P values less than 0.05.

Figure 1C: The prevalence of low FT levels according to BMI.

FT(Pg/ml)
Figure 1A: Serum free testosterone (FT) levels in patients with NAFLD and in the control group.

Figure 1D: The prevalence of low FT levels according to age.
The box comprises the values between the 25th and 75th percentiles
while the horizontal line indicates the median; the error bars stretch
from the 10th to the 90thpercentile, and individual outliers are represented by crosses. * P <0.001 vs. control, ** P <0.001 vs. NAFL.
Figure 1B: Serum FT levels in patients with biopsy-proven NAFL and
NASH.
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Figure 2: ROC analysis for the differentiation of NASH from NAFL.
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Figure 3: Variation in free testosterone (FT) levels with steatosis, ballooning, NAS, activity, and fibrosis stage for participants with NAFLD.
The box comprises the values between the 25th and 75th percentiles while the bold horizontal line indicates the median; the error bars stretch
from the 10th and to the 90th percentile.
* P =0.007, ** P =0.028 vs. Grade0, # P =0.007, ## P =0.008 vs. Stage 0

Citation: Sumida Y, Fukui M, Soh J, Tanaka S, Imai S, et al. (2015) The Association of Low Free Testosterone with Histological Severity of Nonalcoholic
Fatty Liver Disease in Japanese Men. Gastroenterol Hepatol Open Access 2(4): 00052. DOI: 10.15406/ghoa.2015.02.00052

The Association of Low Free Testosterone with Histological Severity of Nonalcoholic
Fatty Liver Disease in Japanese Men

Table 1: Characteristics of male patients with NAFLD and control population.
Parameters
Age (yr)

BMI (kg/m2)

NAFLD (n=66)
57 (47, 65)

57 (49, 65)

matched

14.5 (12.0, 15.2)

<0.001

21.4 (17.0, 25.4)

20.8 (18.4, 24.4)

AST (IU/L)

36 (25, 52)

ALT (IU/L)

P

22.2 (20.7, 23.7)

15.3 (14.5, 15.9)

Platelet (104/μL)

Control (n=82)

28.0(25.0-29.6)

Hemoglobin (g/dL)

56 (37, 78)

<0.001

19 (15, 24)

173 (155,221)

Cholesterol (mg/dl)

199 (186, 219)

193 (181, 212)

HDL-C (mg/dl)

46 (40, 55)

63 (51, 74)

Triglyceride (mg/dl)
FPG (mg/dl)

47 (31, 98)

154 (107, 231)
99 (94, 108)

31 (21, 51)

0.014

FT < 8.5 pg/ml

45 (68.2%)

34 (41.5%)

34 (51.5%)
21 (31.8%)
11 (16.7%)

0.337

94 (87, 100)

147 (119, 208)

Cigarette smoking habits
Never smoker
Past smoker
Current smoker

<0.001
<0.001

161 (84, 213)
7.0 (5.4, 9.2)

<0.001

103 (62, 128)

DHEA-S (μg/dl)
FT (pg/ml)

0.830

<0.001

216 (191, 260)

6/11

<0.001

21 (18, 24)

ALP (IU/L)
γGT (IU/l)
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<0.001
0.779

9.1 (7.2, 12.2)

<0.001

40 (48.8%)
18 (22.0%)
24 (29.3%)

0.339

0.002

Results are presented as numbers (%) for qualitative data or as medians (25% percentile, 75% percentile) for quantitative data. BMI: Body Mass Index;
AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase; γGT: Gamma Glutamyltranspeptidase; HDL-C: High Density Lipoprotein Cholesterol;
FPG: Fasting Plasma Glucose; DHEA-S: Dehydroepiandrosterone Sulfate. P-values were calculated by Mann-Whitney U analysis or χ2 analysis.
Table 2: Characteristics of male patients with biopsy-proven NAFLD (n=44).
Parameters
Age (yr)

BMI (kg/m2)

Obesity (BMI>25 kg/m2)
Diabetes [yes (%)]

NAFL
(n=19 [43.2%])
50 (45, 60)

28.1 (25.7, 29.2)
15 (78.9%)
3 (15.8%)

NASH
(n=25[56.8%])

P

59 (45,69)

0.118

20 (80.0%)

1.000

27.9 (25.2, 30.9)
7(28.0%)

Hemoglobin (g/dl)

15.9 (15.1, 16.3)

15.3 (14.6, 15.8)

AST (IU/l)

34 (25, 46)

46 (35, 71)

Platelet (104/μl)
ALT (IU/l)

23.3 (19.8, 25.8)
34 (58, 78)

19.8 (15.3, 26.3)
69 (46, 103)

ALP (IU/L)

217 (197, 241)

230 (205, 287)

Cholinesterase (IU/l)

421 (380, 442)

386 (329, 392)

Cholesterol (mg/dl)

198 (191, 230)

206 (190, 222)

γGT (IU/l)

Albumin(g/dl)

Triglyceride (mg/dl)
HDL-C (mg/dl)

39 (25, 60)

4.5 (4.4, 4.7)

149 (98, 298)
41 (35, 50)

Prothrombin time (%)

113 (106, 126)

Hyaluronic acid (ng/ml)

17 (11, 37)

Ferritin (ng/ml)

264 (228, 387)

67 (45, 109)

4.5 (4.4, 4.5)

166 (111, 213)
51 (43, 56)

109 (97, 114)

260 (117, 309)
38 (20, 72)

0.859
0.474
0.106
0.222
0.050
0.184
0.250
0.036
0.030
0.197
0.951
0.926
0.073
0.098
0.245
0.010

Citation: Sumida Y, Fukui M, Soh J, Tanaka S, Imai S, et al. (2015) The Association of Low Free Testosterone with Histological Severity of Nonalcoholic
Fatty Liver Disease in Japanese Men. Gastroenterol Hepatol Open Access 2(4): 00052. DOI: 10.15406/ghoa.2015.02.00052

Copyright:
©2015 Sumida et al.

The Association of Low Free Testosterone with Histological Severity of Nonalcoholic
Fatty Liver Disease in Japanese Men

Type IV Collagen 7s (ng/ml)

4.2 (4.1, 4.9)

4.9 (4.1, 6.5)

0.188

IRI (μU/ml)

11.1 (7.1, 15.2)

13.9 (11.0, 18.1)

0.168

DHEA-S (μg/dl)

212 (129, 289)

106 (67, 207)

FT (pg/ml)

8.9 (7.2,10.3)

6.0 (5.0, 7.0)

<0.001

15 (60.0%)
6 (24.0%)
4 (16.0%)

0.231

FPG (mg/dl)

98 (94.105)

HOMA-IR

100 (94, 110)

2.7 (2.0, 3.6)

IGF-1 (ng/ml)

3.4 (2.6, 2.9)

117 (113, 159)

FT < 8.5 pg/ml

Antidepressant Drugs Use (yes)

1 (5.3%)

PNPLA3 SNP (CC/CG/GG)

0.003

1 (4.0%)

3/5/6 (n=14)

0.115
0.343

22 (88.0%)

8 (42.1%)
6 (31.6%)
5 (26.3%)

0.752
0.011

108 (89,148)

8 (42.1%)

Cigarette smoking habits
Never Smoker
Past Smoker
Current Smoker

7/11

0.595

2/8/5 (n=15)

0.885

Results are presented as numbers (%) for qualitative data or as medians (25% percentile, 75% percentile) for quantitative data. BMI: Body Mass Index;
AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase; γGT: Gamma Glutamyltranspeptidase; HDL-C: High Density Lipoprotein Cholesterol,
LDL-C: Low Density Lipoprotein Cholesterol; FPG: Fasting Plasma Glucose; IRI: Immuno-Reactive Insulin; HOMA-IR: Homeostasis Model Assessment
for Insulin Resistance; DHEA-S: Dehydroepiandrosterone Sulfate; IGF-1: Insulin Like Growth Factor-1; FT: Free Testosterone and SNP: Single Nucleotide
Polymorphism. P-values were calculated by Mann-Whitney U analysis or χ2 analysis.
Table 3: Multiple regression analysis of correlates with free testosterone (FT).
Standard
Partial Regression Coefficient

Standard
Error

95% CI

P

Age

-0.017

0.032

-0.084~0.049

0.591

Albumin

2.690

1.379

-0.207~5.588

0.067

Variables

ALP

Cholinesterase

0.001
0.014

HOMA-IR

-0.400

Prothrombin time

0.013

Cholesterol

Type IV collagen 7S
DHEA-S

0.007

-0.013~0.014

0.006

0.013

0.000~0.027

0.136

-0.685~-0.114

0.025

-0.038~0.065

0.012

-0.149

0.048
0.009

-0.012~0.038

0.364

0.009

0.912

0.298
0.590

-0.914~0.616

0.006

0.688

-0.003~0.021

Table 4: Logistic regression models of the association of NASH with FT levels and other clinical variables.

0.125

Variables

OR

95%CI

P

FT

0.538

0.366-0.791

0.002

FT

0.559

0.378-0.825

0.003

FT

0.522

0.348-0.782

0.002

FT

0.529

0.720-0.873

0.013

Model 1
Model 2

Model 3

Model 4

Age
BMI
Age

1.023
1.023
1.016

0.966-1.083
0.784-1.123
0.948-1.089

0.437
0.938
0.662
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BMI

1.023

0.810-1.291

0.849

FT

0.530

0.320-0.877

0.014

BMI

1.025

0.810-1.291

0.838

HOMA-IR
Age

HOMA-IR
Ferritin

0.855
1.016
0.853
1.000

0.588-1.243
0.806-1.304
0.584-1.245
0.996-1.004

8/11

0.411
0.658
0.410
0.934

OR: Odds Ratio; CI: Confidence Interval; FT: Free Testosterone; BMI: Body Mass Index; HOMA-IR: Homeostasis Model Assessment for Insulin Resistance

Results

Table 1 summarizes the clinical and laboratory data of the
patient population and the control group. Patients with NAFLD
were predominantly obese, had higher levels of hemoglobin (Hb),
transaminase activity, γGT, TG, and FPG, and had lower levels of
HDL-C. The levels of the FT in the serum were significantly lower
(7.0 [5.4, 9.2] pg/ml) in patients with NAFLD compared to those
in the control population (9.1 [7.2, 12.2] pg/ml, P <0.001, Figure
1A). Serum levels of FT less than -2.0 SD from the mean for men
in their 20s (8.5pg/mL) were found in 68.2% of the patient group
compared with 41.5% of the control group (P =0.002).Of two
NAFLD patients who received antidepressant drugs, one patient
had paroxetine hydrochloride hydrate (serum FT, 6.4pg/ml), and
another had aripiprazole (serum FT, 10.1pg/ml).

In 66 patients with NAFLD, Spearman’s rank correlations
between FT levels and clinical parameters were calculated. The
levels of FT were positively correlated with platelets (r=0.290,
P =0.030), albumin (r=0.384,P =0.004), ChE(r=0.356,P =0.028),
cholesterol (r=0.413, P =0.004), prothrombin time (r=0.281, P
=0.037), and DHEA-S (r=0.564, P <0.001) and were negatively
correlated with age (r=-0.288, P =0.019), ALP (r=-0.339, P
=0.011), IRI (r=-0.464, P =0.005), HOMA-IR(r=-0.463, P =0.006)
and type IV collagen 7S (r=-0.304, P =0.019). The FT level had
no association with BMI (r=-0.123, P =0.334), Hb (r=0.239, P
=0.076), AST (-r=0.103, P =0.451), ALT (r=0.120, P =0.384), γ
GT (r=-0.071, P =0.604), FPG (r=-0.040, P =0.764), TG (r=0.065,
P =0.646), HDL-C (r=-0.052, P =0.719), Ferritin (r=0.163, P
=0.222), hyaluronic acid (r=-0.158, P =0.242), or IGF-1 (r=0.205,
P =0.110). To determine the independent determinants of serum
FT, we performed a stepwise regression analysis that included
variables that were significantly related to serum FT (r>0.20;
P <0.05). Variables that were independent determinants of
serum FT were included in a combination multiple regression
analysis (Table 3). In this analysis, we found HOMA-IR to be the
most important determinant of FT levels (P =0.009). Another
important determinant was the level of ChE (P =0.048). Of 44
patients with NAFLD who underwent a liver biopsy, 25 patients
(56.8%) were histologically diagnosed with NASH. Patients with
NASH had lower levels of ChE, and DHEA-S, but had higher levels
of GGT, hyaluronic acid, type IV collagen 7S, and HOMA-IR (Table
2). Patients with NASH had lower levels of FT (6.0 [5.0, 7.0] pg/
ml) than those with NAFL (8.9 [7.2, 10.3] pg/ml, P <0.001) (Figure
1B). The percentages of patients who demonstrated less than -2.0
SDS of the mean of FT (8.5 pg/ml) were 42.1% and 88.0% in cases
of NAFL and NASH, respectively (P =0.003). Diabetic patients
presented with similar levels of serum FT (7.2 [6.9, 9.1] pg/ml) as

non-diabetic patients (6.4 [5.5, 9.0] pg/ml, P =0.157). Serum FT
levels were significantly lower in patients with HOMA-IR >2.5 (6.3
[5.7, 8.1] pg/ml) and with HOMA-IR <2.5 (8.9 [7.3, 10.4]pg/ml, P
=0.011). The prevalence of low FT (<8.5 pg/ml) was compared
according to histological diagnosis and BMI or according to age
in Figure 1C & 1D. In patients with NAFL, the percentage of low
FT increased in proportion to increased BMI or age. Most of the
patients with NASH (more than 75%) exhibited low FT levels,
independent of BMI and age. The distribution of the PNPLA
genotype was similar between the NAFL and NASH groups. The
distribution of smoking habits was similar between the NAFL and
NASH groups. Serum FT levels did not differ according to smoking
habits (never smoker, 6.1 [4.8, 9.0] pg/ml; past smoker, 7.3 [6.4,
8.7] pg/ml; current smoker, 7.0 [4.1, 9.0] pg/ml).

The AUROC in the separation of patients with and without
NASH was the greatest for FT (0.832), followed by hyaluronic
acid (0.733), DHEA-S (0.730), cholinesterase (0.659), and γGT
(0.565) (Figure 2). The sensitivity of a FT value of <7.2pg/ml for
the presence of NASH was 80.8% (21/26), and the specificity was
73.7% (14/19). The positive predictive value (PPV) of the cutoff
value was 80.8% (21/26), and negative predictive value (NPV)
was 73.7% (14/19). Logistic regression analysis was performed
to find independent variables which are associated with NASH
(Table 4). As illustrated in Table 4, the unadjusted (model 1)
association of FT levels with the severity of NAFLD remained
highly significant even after adjustment for age (model 2) and BMI
(model 3). The FT levels remained highly significantly associated
with advanced NAFLD after adjustment for insulin resistance or
levels of Ferritin in the serum (models 4 and 5).

The association of FT with liver histology was also examined.
The levels of FT decreased significantly with increasing lobular
inflammation (P <0.001), ballooning (P <0.05), NAS (P <0.05) and
fibrosis (P <0.001). No relationship was observed between the
levels of FT and the grade of steatosis (Figure 3). We performed
a multiple stepwise regression analysis with FT as the dependent
variable and with liver histology parameters (steatosis, ballooning,
inflammation, and fibrosis) as independent variables. We found
lobular inflammation to be the most important determinant of
serum FT levels.

Discussion

In this study, we first confirmed that serum FT levels are
significantly lower in male Japanese patients with NAFLD
than in age-matched controls. Then, we found that patients
with biopsy-proven NASH, a severe form of NAFLD, exhibited
significantly lower levels of serum FT compared with those with
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NAFL even after adjustment for age, BMI, and insulin resistance.
The relationship between NAFLD and serum testosterone
concentrations has not yet received sufficient attention. A low
serum total testosterone level was independently associated
with NAFLD in patients in Korea [19] and Germany [20] while
serum FT levels were not associated with NAFLD in patients with
type2 diabetes [29] and in healthy men [30] in China, and postmenopausal women in Greece [31]. This discrepancy may be
explained by gender distribution (if women were included in the
study or not), the diagnostic method of NAFLD (US vs. biopsy), the
method of testosterone determination (total testosterone vs. FT),
the number of patients involved (small vs. large), and ethnicity
(Asian vs. Caucasian). Total testosterone in the serum consists of
three components including testosterone bound to sex hormone
binding globulin (SHBG), testosterone bound to albumin, and FT.
FT and testosterone bound to albumin are called as bioavailable
testosterone (BAT). Although FT is a minor component (2-3%), it is
the only component with hormone activity. In Japan, the Japanese
Urological Association and the Japanese Association of Men’s
Health recommend the measurement of FT levels in the diagnosis
of LOH, for the following reasons: 1) It has been demonstrated
that FT is more strongly correlated with calculated BAT, than total
testosterone, showing a statistically significant difference; 2) The
behavior of FT is highly consistent with that of BAT, with FT levels
being markedly decreased due to aging; 3) For the measurement
of FT, a method that allows the measurement of FT only, without
affecting the balance between FT and protein-bound testosterone
in blood, is available; and 4) The mean total testosterone by age
range decreases only to 80% of the young adult mean even during
presenile and senile periods, when LOH occurs most frequently,
but the FT level shows a linear decrease with aging and drops to
50% of the young adult mean. FT is a more accurate parameter of
androgen status in conditions of altered SHBG, such as CLD [32].
We clearly confirmed lower levels of serum FT in Japanese men
with NAFLD compared to age-matched healthy people. A higher
proportion of patients with NAFLD (68.2%) presented with
serum FT levels below -2 SD of the mean level for men in their 20s
(8.5pg/mL) [11] compared with the control population (41.5%, P
=0.0016). This result suggests the association of LOH syndrome
with NAFLD. It is counterintuitive to base the diagnosis of LOH
solely on serum FT levels, and it has to be supported by clinical
symptoms [11,12]. Various questionnaires have been constructed
over the years to monitor the symptoms of LOH and their
response to testosterone treatment. They include the Aging Male
Symptom Score, the Androgen Deficiency in Aging Males. By using
these questionnaires, we will examine symptoms, metal status,
and quality of life in enrolled patients to realize this association.
The mechanisms that lead to a decrease in serum FT in cases of
NAFLD are still unclear. Low serum testosterone levels are closely
related with visceral fat accumulation and insulin resistance
[33]. In our study, the serum FT levels were well-correlated
with insulin resistance, as evaluated by HOMA-IR. Obesity can
decrease the levels of testosterone through the conversion of
aromatase to estradiol in adipose tissue and through the release
of inflammatory cytokines that can inhibit the hypothalamicpituitary-gonadal (HPG) axis at multiple levels. According to
a recent report by Senmaru et al. [34] testosterone deficiency
increases hepatic TG content via the regulation of the expression
of genes involved in the synthesis and secretion of TG and VLDL
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in the liver such as sterol regulatory element–binding protein 1,
peroxisome proliferator–activated receptor-α, and microsomal
TG transfer protein. Unfortunately, the expression of these genes
was not evaluated in this study. This report is the first to show
that patients with NASH had significantly lower levels of FT
than patients with NAFL, independent of age, BMI, and insulin
resistance. In our multivariate analysis, histological activity was
well-correlated with serum FT levels in biopsy-proven NAFLD.
Testosterone has been known to have a variety of functions,
including anti-inflammatory properties and anti-oxidative effects.
First of all, low serum testosterone is associated with markers
of inflammation [35,36]. Testosterone was found to attenuate
inflammatory cytokines [37] and to up-regulate anti-inflammatory
cytokine [38]. Significant improvement has been shown in the
levels of inflammatory markers following androgen replacement
therapy in hypogonadal men with metabolic syndrome [39,40].
On the other hand, locally produced inflammatory cytokines such
as TNFα, interleukin 1(IL-1), and IL-6can markedly stimulate
the aromatase activity in peripheral tissues with subsequent
increased conversion of testosterone to estradiol. These cytokines
are reported to play an important role in the development of
NAFLD, although inflammatory cytokines were not measured
in this study. There appears to be a bidirectional relationship
between decreased levels of serum FT and hepatic inflammation.
Oxidative stress could be another possible link between low levels
of testosterone and NASH, as oxidative stress may be important in
the pathogenesis of NASH.8,9Accumulating evidence shows that
testosterone exhibits antioxidant effects, although the precise
mechanisms remain unknown [41-43]. Taken into consideration,
it is plausible that low levels of testosterone can exacerbate
hepatic inflammation or oxidative stress which might lead to
NASH or fibrosis.

Currently, liver biopsy is the gold standard for the diagnosis
of NASH, and no established parameters exist for the prediction
of NASH without a liver biopsy [44]. ROC analysis exhibited
the greatest AUROC for FT among several parameters which
demonstrated a significant difference between NAFL and NASH.
This result also suggests that determinations of serum FT may
help us distinguish NASH from NAFL in male patients with NAFLD.
A “dose effect” of lower FT with advanced fibrosis was observed
with a median level of FT of 8.9, 6.2, and 5.7pg/ml for fibrosis
stages 0, 1, and 2-3, respectively. The mechanisms that underlie the
association between decreased FT and advanced fibrosis are still
largely unknown. HPG dysfunction in patients with cirrhosis was
discovered more than three decades ago. Irrespective of etiology,
patients with cirrhosis had significantly reduced concentrations
of FT [45]. Men with chronic non-alcoholic liver disease had
reduced levels of FT, which were correlated with disease severity
and were improved after hepatic transplantation [46]. A recent
study demonstrated the protective effects of testosterone on the
pathogenesis of hepatic steatosis in rats that were fed a high-fat
diet [47]. In 117 hypogonadal elderly men, the levels of ALT, AST,
and CRP had decreased significantly after one year of testosterone
treatment [48]. In that study, a remarkable improvement in body
weight, BMI and waist circumference was observed along with
an improvement in lipid profiles. We are now performing a pilot
study to investigate whether testosterone administration can
improve NASH histology as well as the results of liver function
tests in the future. On the other hand, it is possible that caloric
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restriction can increase serum testosterone concentrations in
obese male subjects [49]. In the near future, we should investigate
serial changes of serum FT levels after body weight reduction or
medical treatments for NASH/NAFLD.
Our study has several important limitations. Unfortunately,
we did not assess the associations of serum FT with erectile
dysfunction, atherosclerosis, or sarcopenia. These associations
should be clarified in NAFLD patients. Unfortunately, we could not
examine SHBG, protein-bound testosterone and total testosterone
because of high cost and a small amount of frozen sera. There may
have been patient selection bias because a liver biopsy might be
considered for patients with NAFLD who are likely to have NASH.
We acknowledge that the pathological diagnosis was primarily
determined with liver tissues that were obtained by percutaneous
liver biopsy, which is prone to sampling error or inter-observer
variability. Since all subjects in the present study were Japanese
men, the present results cannot simply be extrapolated to other
ethnic groups. Further longitudinal cohort studies are needed
to verify the causal relationship between NAFLD and FT levels,
and well-designed randomized controlled trials are necessary
to determine whether testosterone replacement therapy can
improve NAFLD/NASH. Despite these limitations, a significant
contribution of this study is that it is the first one to identify the
association of FT with NASH. In conclusion, we have found that
patients with NAFLD, especially with NASH, have low circulating
levels of FT. These data provide novel evidence for FT deficiency
in male Japanese patients with histologically advanced NASH,
independent of age, obesity, and insulin resistance.
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