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Abstract

Objective In addition to excess visceral fat, lipid deposition in the liver and skeletal muscle has been impli-
cated in the pathophysiology of type 2 diabetes and metabolic syndrome. This study was designed to explore
the relationship between hepatic and muscular lipid deposition and visceral fat accumulation in 105 middle-
aged men with metabolic syndrome.

Methods Abdominal computed tomography (CT) was used to simultaneously evaluate the visceral fat area
(VFA) and CT Hounsfield unit (HU) values of three different portions of skeletal muscle and the liver.
Results A significant inverse correlation was observed between the VFA and the CT HU values of the
iliopsoas muscle, back muscle, rectus abdominis muscle and liver. Three types of interventions, i.e., lifestyle
modification and treatment with antidiabetic drugs, such as Pioglitazone or Miglitol, caused significant de-
creases in visceral fat accumulation. The extent of lipid deposition in the liver was strongly correlated with
the levels of glucose-lipid metabolic markers, which decreased significantly following Pioglitazone treatment.
On the other hand, the amount of lipid deposition in the three skeletal muscles and the liver did not decrease
after Miglitol treatment.

Conclusion Visceral fat accumulation is accompanied by excess lipid deposition in skeletal muscle and the
liver in patients with metabolic syndrome. The CT-based simultaneous, concise evaluations of ectopic lipid
deposition and visceral fat mass used in the present study may provide unique information for assessing car-
diometabolic risks and the therapeutic impact in patients with diabetes-obesity syndrome.
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has been implicated in the pathophysiology of diabetes, in-
Introduction sulin resistance and dyslipidemia (3). Of note, Japanese pa-

tients with metabolic syndrome exhibit a relatively lower de-

In addition to visceral fat accumulation (1, 2), ectopic gree of obesity than Caucasians (4). However, the preva-
lipid deposition, especially in the liver and skeletal muscle, lence of diabetes among the Japanese population is compa-
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rable to that observed in the United States, thus leading to
the speculation that excessive energy intake by Japanese in-
dividuals may exaggerate ectopic lipid deposition due to
their limited capacity to store subcutaneous fat tissue (5).

Animal experiments have demonstrated that excess accu-
mulation of lipids in pancreatic islets is associated with pro-
gressive beta cell apoptosis, which results in impaired secre-
tion of insulin (6). When fed a high-fat diet, transgenic mice
overexpressing the leptin receptor (Ob-R) exclusively in adi-
pose tissue under a genetically obese and diabetic db/db
background exhibit marked weight reduction compared to
db/db mice per se. In contrast, lipid deposition in the liver,
cardiac muscle and pancreas is pronounced, which aggra-
vates the severity of diabetes in transgenic animals (7). Age-
dependent declines in the mitochondrial function and in-
creases in intramyocellular lipid content have also been re-
ported (8). In humans, lifestyle modification markedly de-
creases intramyocellular lipid deposition in association with
concomitant increases in insulin-mediated glucose uptake in
muscles (9).

To the best of our knowledge, there are no reports de-
scribing the association between visceral fat accumulation
and lipid deposition in the liver or skeletal muscle in a large
number of patients with metabolic syndrome. Therefore, the
present study was designed to investigate the metabolic link
between lipid deposition, particularly in skeletal muscles and
the liver, and visceral fat accumulation in relation to life-
style and pharmacological interventions. Recently, proton
magnetic resonance spectroscopy ('H-MRS) has been em-
ployed to precisely evaluate ectopic lipid accumulation. Be-
cause the technique is expensive and elaborate, however, its
use is not yet prevalent in clinics. In this context, we at-
tempted to establish a concise method for evaluating ectopic
lipid deposition using abdominal computed tomography
(CT) scanning.

Materials and Methods

Subjects

Our study included patients who visited Tomishiro Cen-
tral Hospital (Okinawa prefecture, Japan) via self-referral or
recommendation for further checkup by local health care in-
stitutions. In the present study, we performed an ad hoc
analysis using the pooled database of 332 men who agreed
to participate in interventional trials performed at Tomishiro
Central Hospital. The results of some parts of these inter-
ventional trials have recently been published (10), while
other parts are currently in the process of manuscript prepa-
ration. Subjects taking antidyslipidemic or antidiabetic drugs
were completely excluded. Furthermore, no drugs were ad-
ministered to subjects recruited during the observation pe-
riod. The convergence of metabolic abnormalities was evalu-
ated during medical checkups. According to the current defi-
nition of metabolic syndrome in Japan (11, 12), the presence
of abdominal obesity (a waist circumference of 285 cm for

men and 290 cm for women) is essential for making a diag-
nosis of metabolic syndrome. In the present study, metabolic
syndrome was defined according to the 2005 International
Diabetes Federation (IDF) guidelines (13), which include the
presence of at least two of the following four factors: (1)
elevated triglycerides (TG) (2150 mg/dL (1.7 mmol/L)), (2)
reduced high-density lipoprotein (HDL) cholesterol (<40
mg/dL (1.03 mmol/L) in men and <50 mg/dL (1.29 mmol/
L) in women), (3) elevated blood pressure (a systolic blood
pressure of 2130 mmHg or a diastolic blood pressure of >85
mmHg or both) and (4) elevated fasting plasma glucose
(FPG) (2100 mg/dL (5.6 mmol/L)). The present study was
approved by the ethical committee for human research at
Tomishiro Central Hospital (November 16, 2011. No. 104).

Study 1: Relationship between ectopic lipid deposi-
tion and metabolic parameters

Evidence regarding the association between excessive
lipid deposition in nonadipose tissue, also known as ectopic
lipid deposition, and metabolic derangement has been accu-
mulating (14). In Study 1, we focused on ectopic lipid
deposition in the skeletal muscles and liver. We analyzed
105 men under 60 years of age who underwent abdominal
CT before receiving various types of clinical interventions.
The study included 105 middle-aged men (age: 49.0+8.0
years) with metabolic syndrome who were diagnosed using
the IDF criteria described above. At the umbilical level, the
CT Hounsfield unit (HU) values of three different regions of
skeletal muscle (the iliopsoas muscle, back muscle and rec-
tus abdominis muscle) and the visceral fat area (VFA) were
simultaneously measured using unenhanced CT. On the CT
slices obtained at the umbilical level, the adipose tissue area
located in the peritoneal cavity was defined as the VFA and
the adipose tissue area underlying the skin layer was defined
as the subcutaneous fat area (SFA). Using the abdominal CT
images in the pooled database, we measured the CT values
of the iliopsoas muscle, back muscle, rectus abdominis mus-
cle and liver. In the present study, the CT HU value was
used to assess the relative extent of ectopic lipid deposition,
as described below. Anthropometric and metabolic parame-
ters were analyzed as previously reported (Table 1 (15)).

Study 2: Effects of lifestyle modification and phar-
maceutical interventions on ectopic lipid deposition
and fuel metabolism

The impact of lifestyle modification and pharmacological
interventions on ectopic lipid deposition and glucose-lipid
metabolism was investigated by examining 68 men between
32 and 76 years of age. Before the intervention, all partici-
pants received guidance for lifestyle modification. The sub-
jects followed a standard diet (25 kcal/kg + 0-200 kcal)
and engaged in regular exercise by walking approximately
10,000 steps per day or approximately one hour per day for
three to five days per week during the study period. In
Study 2, we analyzed 181 subjects who received interven-
tions with either lifestyle modification alone (104 cases),
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Table 1. Patient Characteristics (Study 1)

Age (years) 49.0+8.0
Body weight (kg) 782+9.9
BMI (kg/m?) 278+3.4
Waist circumference (cm) 93.9+7.4
VFA (cm?) 185.0 + 58.3
SFA (cm?) 177.8 +66.6
FPG (mg/dL) 115.0 £23.0
Fasting insulin (WU/mL) 13.0£6.8
HOMA-IR 3.6+£2.0
HOMA-B 99.7 +58.7
HbAlc (%) 7.0£1.3
T-Cho (mg/dL) 210.0+35.8
HDL-C (mg/dL) 47.0+10.9
TG (mg/dL) 213.0+2154
AST (IU/L) 30.0+18.7
ALT (IU/L) 45.0+29.5
y-GTP (IU/L) 82.0+83.6
UA (mg/dL) 63+13
CRP (mg/dL) 0.2+0.2
FFA (mmol/L) 0.5+0.2
SBP (mmHg) 140.0£15.3
DBP (mmHg) 87.0+9.7
Pulse (beats/min) 78.0+12.2
CT HU value of iliopsoas muscle 442+59
CT HU value of back muscle 41.8+8.2
CT HU value of rectus abdominis muscle 282+ 14.1
CT HU value of liver 502+11.3
CT HU value of spleen 478+5.1
Tliopsoas muscle area (cm?) 1,322.3 £277.2
Back muscle area (cm?) 2,775.4 £ 590.7
Rectus abdominis muscle area (cm®) 602.0 + 149.7

The plus-minus values indicate the mean + SD.

VFA : Visceral fat area, SFA : Subcutaneous fat area, FPG : Fasting plasma
glucose, HDL-C: High-density lipoprotein cholesterol, TG: Triglyceride,
AST: Aspartate 2-oxoglutarate aminotransferase, ALT: Alanine
2-oxoglutarate aminotransferase, UA: Uric acid, CRP: C-reactive protein,
HbAlc: Glycosylated hemoglobin, T-Cho: Total cholesterol, FFA: Free
fatty acid, y-GTP: Gamma-glutamyl transpeptidase, SBP: Systolic blood
pressure, DBP: Diastolic blood pressure, BMI: Body mass index

The body mass index is the weight in kilograms divided by the square of
the height in meters.

The value for HbAlc (%) is estimated as the NGSP equivalent value (%)
calculated according to the formula HbAlc (%) = HbAlc (JDS) (%) + 0.4%,
considering the relational expression of HbAlc (JDS)(%) measured based
on the previous Japanese standard substance and measurement methods and
HbAlc (NGSP) (15).

JDS: Japan Diabetes Society, NGSP: National Glycohemoglobin

Standardization Program

lifestyle modification with Pioglitazone treatment (39 cases)
or lifestyle modification with Miglitol treatment (38 cases).
The baseline characteristics were roughly similar between
the three groups.

Next, we performed an ad hoc analysis of 68 men who
underwent abdominal CT before and after receiving various
types of clinical interventions, a group who underwent life-
style modification alone (28 cases), a group who underwent
lifestyle modification with Pioglitazone treatment (24 cases)
and a group who underwent lifestyle modification with
Miglitol treatment (16 cases). Briefly, Group A (n=28; age:
55+11.4 years) maintained the lifestyle modifications for
three months. Group B (n=24; age: 55+9.0 years) received
treatment with Pioglitazone (30 mg/day) for three months.
Group C (n=16; age: 58+9.7 years) received treatment with
Miglitol (150 mg/day) for three months. Before and after
the treatment period, the amount of ectopic lipid deposition
and the anthropometric and metabolic parameters were ana-
lyzed, as in Study 1. The clinical characteristics of the
Study 2 participants are summarized in Table 2.

Assessment of the CT HU values of the nonadipose
tissues

(1) Assessment of the CT HU values of the three
types of skeletal muscles

CT scans of lipid deposition in skeletal muscle, including
the iliopsoas muscle, back muscle and rectus abdominis
muscle, performed at the umbilical level usually result in the
detection of patchy or diffuse areas (16). Commonly, a re-
gion of interest (ROI) is determined to evaluate the average
CT HU value (17). Notably, skeletal muscles are known to
exhibit wide regional differences in the density of muscle fi-
bers (16, 18), and the CT HU value of the muscle greatly
depends on the ROI location. Therefore, in the present
study, ROIs were not used. Instead, minor modifications
were made to a previously described method (19), according
to which cross sections of the iliopsoas muscle, back muscle
and rectus abdominis muscle were outlined at the umbilical
level using a cursor. The CT HU value of the region sur-
rounded by the line was employed as the average CT HU
value of the respective skeletal muscle, and the values ob-
tained on each side were averaged to obtain the representa-
tive CT HU value. A lower CT HU value reflects increased
lipid deposition in each tissue.

(2) Assessment of the CT HU values of the liver

Similar to the results of the analyses of skeletal muscles,
lipid deposition in the liver is usually detected in a diffuse
or patchy pattern (20). Contrary to the evaluations of skele-
tal muscles, ROIs were employed to assess the CT HU val-
ues of the liver in this study. To carefully prevent contami-
nation of blood vessels, ROIs broader than 100 mm’ were
measured in the liver parenchyma (two sites in the right
lobe and one site in the left lobe) (21). The average CT HU
value assessed according to this method exhibited a signifi-
cant inverse correlation with the degree of fatty liver, as de-
scribed in the Results section.
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Table 2. Clinical Parameters Measured before and after Three Months of Intervention

Group A Group B Group C
Lifestyle modification Pioglitazone Miglitol
(n=28) (n=24) (n=16)
0M 3M oM 3M 0M 3M

Age (years) 55+11.4 55+9.0 58+9.7
Body weight (kg) 76.0£10.2 74.0+£10.0 ** 74.0+12.1 73.0+12.6 76.0 £ 8.0 73.0+£7.1 **
BMI (kg/m?) 27.1+35 26.7+£3.6 ** 27.0+39 26.7+4.1 28.5+£2.7 273+£23 **
Waist circumference (cm) 944+6.1 92.3+£82 ** 93.9+8.7 90.4+8.4 943+59 90.7+4.9 **
VFA (cm?) 187.0+55.3 174.0 £58.8 ** 200.0+61.0 176.0£63.1 **  207.0+£482  171.0+£40.3 **
SFA (cm?) 159.1 +60.9 154.4 £63.1 1642+72.9 167 +84.6 171.0 £46.5 152.0+£379 *
CT HU value of iliopsoas muscle 43.0£4.6 462+49 ** 44.0+54 429+49 42.0£33 43.0+3.1
CT HU value of back muscle 40.0+9.3 428+9.6 ** 41.1+£79 394+83 37.6+59 39.6+3.8
CT HU value of rectus abdominis 246134 264+17.5 29.3+£9.5 27.6+13.3 23.0+17.6 25.6+14.3
muscle
CT HU value of liver S51.7+£11.0 55.0+8.8 52.0+11.5 573+89 ** 50.5+12.3 51.6+9.5
FPG (mg/dL) 114.0 +12.9 111.9+11.3 122.0+18.8 115.6+£194 * 113.0+16.1 108.0 + 14.2
Fasting insulin (wU/mL) 11.0+5.3 11.3+6.9 12.0+8.6 9.0+£53 ** 14.0+6.3 11.0+3.4 *
HOMA-IR 31+1.5 3119 3.6+22 26+£20 ** 40+19 31+£12 *
HOMA-B 84.1 +44.4 87.8+54.2 88.0+£55.2 67.0+£34.7 * 111.2+59.0 96.0 +39.0
HbAlc (%) 59+0.7 59+0.5 6.3+0.9 6.1+07 * 5.9+0.6 57+0.5
T-Cho (mg/dL) 199.4 +41.5 189.9+£37.3 209.6+37.7  204.8+443 201.8+33.3 193.8 £41.7
HDL-C (mg/dL) 439+95 56.5+33.8 ** 50.8+14.3 54.5+12.4 48.2+10.0 47.9+10.5
TG (mg/dL) 178.8 £96.5 146.7 + 84.5 257.3+353.5 142.7+59.7 * 171.6+£79.6  136.9+66.9
AST (IU/L) 28.2+12.6 22.1+72 * 245+7.1 213+65 ** 32.6+13.7 30.8+15.2
ALT (IU/L) 43.7+358 28.4+18.1 ** 38.9+20.1 21.2+£7.1 ** 44.0+24.2 40.9+19.1
y-GTP (IU/L) 68.0£73.6 55.4+£66.8 ** 79.5+55.8 4524340 **  950+120.5 94.4+162.6
UA (mg/dL) 6.5+1.3 6.3+£1.2 65+14 59+£1.5 6.7+14 6.4+12
CRP (mg/dL) 0+0.18 0.3+0.63 02+0.3 0.1+0.1 0.24+0.3 0.15+£0.2
FFA (mmol/L) 0+0.15 0.5+0.55 0.5+0.2 04+02 0.46£0.2 0.38£0.2
SBP (mmHg) 135.0+15.1 131.0+14.2 144.0+13.4 132.0£13.7 ** 143.0+£12.2 133.0+£12.4 **
DBP (mmHg) 82.0+12.0 80.0 +10.0 87.0+£12.7 83.0+89 * 89.0+7.5 82.0+7.0 **
Pulse (beat/min) 78.0 £ 14.8 75.0+11.2 78.0+15.4 77.0 +14.5 76.0+11.7 72.0+11.9
CT HU value of spleen 50.0 £ 4.6 50.2+7.6 50.8 £4.1 48.0+5.4 45.6+4.3 451422

The plus-minus values indicate the mean + SD.

The body mass index is the weight in kilograms divided by the square of the height in meters.

*p<0.05, **p<0.01 vs. OM

VFA: Visceral fat area, SFA: Subcutaneous fat area, FPG: Fasting plasma glucose, HDL-C: High-density lipoprotein cholesterol, TG: Triglyceride, AST:

Aspartate 2-oxoglutarate aminotransferase, ALT: Alanine 2-oxoglutarate aminotransferase, UA: Uric acid, CRP: C-reactive protein, HbAlc: Glycosylated
hemoglobin, T-Cho: Total cholesterol, FFA: Free fatty acid, y-GTP: Gamma-glutamyl transpeptidase, SBP: Systolic blood pressure, DBP: Diastolic blood

pressure, BMI: Body mass index

Statistical analyses

The values are expressed as the mean * standard devia-
tion (SD). The differences were analyzed using paired Stu-
dent’s z-test or the Wilcoxon signed-rank test as appropriate.
Pearson’s correlation coefficients and Spearman’s correlation
coefficients were used where applicable. Values that were
not distributed normally were transformed into logarithms
(base e) (log) and subsequently analyzed using Pearson’s
correlation coefficients. Values that were not distributed nor-
mally even after being transformed into logarithms (base e)
(log) were analyzed using Spearman’s correlation coeffi-
cients. Multiple regression analyses were applied to deter-
mine whether a line of variables was significantly associated
with glucose-lipid metabolic markers. Due to the cross-
sectional nature of the analysis, the associations do not nec-

essarily indicate causality. Therefore, we attempted to inves-
tigate the potential associations between the changes in the
CT HU values of the three skeletal muscles (delta value: 3
months (3M)-0 month (OM)) and changes in the other vari-
ables, including VFA (delta value: 3 months (3M)-0 month
(OM)), during the observation period. A p value of <0.05
was considered to be statistically significant.

Results

Study 1

A total of 105 men (age: 49.0+8.0 years; BMI: 27.8+3.4
kg/m’; waist circumference: 93.9+7.4 cm; body weight:
78.249.9 kg) were included in the present study. The CT
HU values of each muscle were as follows: iliopsoas mus-
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A comparison of the computed tomography (CT) Hounsfield unit (HU) values of the liv-

er and skeletal muscles. No correlations were observed between the CT HU values of the iliopsoas

muscle and liver (a), between the CT HU values of the back muscle and liver (b) and between the CT

HU values of the rectus abdominis muscle and liver (c). Overall, the CT HU values of the liver ex-
hibited greater variability than those of the skeletal muscles. Among the three skeletal muscles, the
CT HU values of the rectus abdominis muscle exhibited the widest variation.

cle: 44.2+5.9 HU (95% confidence interval (CI), 43.1-45.3);
back muscle: 41.8+8.2 HU (95% CI, 40.2-43.4); and rectus
abdominis muscle: 28.2+14.1 HU (95% CI, 25.5-30.9). The
intrasubject coefficients of variation of the CT HU values of
the iliopsoas muscle, back muscle, rectus abdominis muscle
and liver were 1.6%, 1.1%, 4.4% and 0.7%, respectively (n=
10). The intersubject coefficients of variation of the CT HU
values of the iliopsoas muscle, back muscle, rectus abdomi-
nis muscle and liver were 8.7%, 5.1%, 36.0% and 25.8%,
respectively (n=5).

Notably, there were no correlations between the CT HU
values of the three types of skeletal muscles and those of
the liver. Overall, the CT HU values of the liver exhibited
greater variability than those of the skeletal muscles (Fig. 1).
Among the three skeletal muscles, the CT HU values of the
rectus abdominis exhibited greater variation (Fig. 1). Impor-
tantly, significant inverse correlations were observed be-
tween the VFA and the CT HU values of the iliopsoas mus-
cle, back muscle, rectus abdominis muscle (r=-0.27, r=-0.47
and r=-0.37, respectively; p<0.01) and liver (r=-0.23, p<
0.05) (Fig. 2). Furthermore, significant inverse correlations
were observed between age and the CT HU values of the
iliopsoas muscle, back muscle and rectus abdominis muscle
(r=-0.45, r=-0.45 and r=-0.41, respectively; p<0.01). In con-
trast, no correlations were observed between the CT HU
values of the three skeletal muscles and body weight, waist
circumference, SFA, the levels of hepatic enzymes or the

levels of glucose-lipid metabolic markers.

Significant positive correlations were observed between
the iliopsoas muscle area and BMI, waist circumference and
SFA (r=0.54, r=0.40 and r=0.38, respectively; p<0.01).
Similarly, significant positive correlations were observed be-
tween the rectus abdominis muscle area and BMI, waist cir-
cumference and SFA (r=0.47, r=0.44 and r=0.29, respec-
tively; p<0.01). The iliopsoas muscle area was correlated
with the levels of fasting insulin, homeostasis model assess-
ment of resistance (HOMA-IR), aspartate 2-
oxoglutarate (AST) 2-
oxoglutarate aminotransferase (ALT) (r=0.38, r=0.38, r=
0.32, p<0.01; r=0.30, p<0.05). Inverse correlations were ob-
served between the back muscle area and HDL-C and free
fatty acid (FFA) (r=-0.31 and r=-0.36, respectively; p<0.01).
However, no correlations were observed between the back
muscle area and BMI, waist circumference or SFA.

A significant positive correlation was observed between
the iliopsoas muscle area and the CT HU value of the iliop-
soas muscle (r=0.30, p<0.01). Similarly, a significant posi-
tive correlation was observed between the back muscle area
and the CT HU value of the back muscle (r=0.28, p<0.01).
On the other hand, no correlations were observed between
the rectus abdominis muscle area and the CT HU value of
the rectus abdominis muscle (r=0.17, p=0.07).

We next explored the possible associations between the
CT HU values and the levels of glucose-lipid metabolic

insulin

aminotransferase and alanine
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Figure 2. A comparison between the visceral fat area and the CT HU values of the liver and skele-
tal muscles. Significant inverse correlations were observed between the visceral fat area and the CT
HU values of the iliopsoas muscle (a), back muscle (b), rectus abdominis muscle (c) and liver (d).

markers in groups stratified according to BMI. Inverse cor-
relations were observed between the CT HU value of the
iliopsoas muscle and the levels of triglycerides and HOMA-
B in subjects with a BMI of less than 25 kg/m® (r=-0.46, p<
0.05, r=-0.58, p<0.01). Inverse correlations were observed
between the level of uric acid and the CT HU values of the
iliopsoas muscle and the rectus abdominis muscle in sub-
jects with a BMI ranging from 25 to 30 kg/m® (r=-0.33, p<
0.05, r=-0.35, p<0.01). Positive correlations were observed
between the level of ALT and the CT HU values of the
iliopsoas muscle, back muscle and rectus abdominis muscle
in subjects with a BMI ranging from 25 to 30 kg/m’ (r=
0.29, r=0.28 and r=0.29, respectively; p<0.05). Positive cor-
relations were observed between the level of triglycerides
and the CT HU values of the back muscle and rectus ab-
dominis muscle in subjects with a BMI higher than 30 kg/
m’ (r=0.45, p<0.01; r=0.40, p<0.05).

Of note, inverse correlations were observed between the
liver CT HU value and the levels of liver enzymes (AST
and ALT) (r=-0.42 and r=-0.49) and glucose-lipid metabolic
markers (fasting insulin, HOMA-IR, HOMA-B and glyco-
sylated hemoglobin) (r=-0.52, r=-0.51, r=-0.41 and r=-0.30,
respectively; p<0.01), confirming that lipid deposition in the
liver is indicative of hepatic dysfunction and glucose dysho-
meostasis.

In a multiple regression analysis, the CT HU values of
the three kinds of skeletal muscles were found to have no
significant impact on the levels of glucose-lipid metabolic
markers (Table 3).

Study 2

Group A (Lifestyle modification)

A total of 28 men (age: 55+11.4 years; body weight:
76.0x10.2 kg; BMI: 27.1+3.5 kg/m’; waist circumference:
94.4+6.1 cm) were included in this study. All participants
adopted lifestyle modifications, including walking (approxi-
mately 10,000 steps per day or approximately one hour per
day for three to five days per week) and a specific diet (25
kcal/kg + 0~200 kcal), for three months. After this three-
month period, significant decreases in body weight (from
76.0+£10.2 to 74.0+10.0 kg, p<0.01), BMI (from 27.1+3.5 to
26.7+3.6 kg/m’, p<0.01) and waist circumference (from
94.4+6.1 to 92.3+£8.2 cm, p<0.01) were observed. The VFA
values also significantly decreased (from 187.0+55.3 to
174.0£58.8 cm’, p<0.01). On the other hand, no significant
changes were observed in SFA. After the interventions, sig-
nificant increases in the CT HU values of the iliopsoas mus-
cle (from 43.0+4.6 to 46.2+4.9 HU, p<0.01) and back mus-
cle (from 40.0+£9.3 to 42.8+9.6 HU, p<0.01) were detected.
In contrast, no changes were observed in the CT HU values
of the rectus abdominis muscle. Although the differences
were not significant, there was a trend toward improvement
in the CT HU values of the liver (from 51.7x11 to 55.0+8.8
HU, p=0.4). No changes were observed in the tested fuel
metabolism markers.

1566



Intern Med 52: 1561-1571, 2013 DOI: 10.2169/internalmedicine.52.0521

Table 3. Potential Associations between the CT HU Values of Each Tissue and the Levels of Glucose-lipid Metabolic

Markers in a Multiple Regression Analysis

Predictor variable

CT HU value of CT HU value of CT HU value of CT HU value of VFA
iliopsoas muscle back muscle rectus abdominis liver
muscle
F value F value F value F value F value

FPG (mg/dL) 0.459986 1.514525 0.310999 0.09517 0.022875
Fasting insulin (uU/mL) 0.016163 0.269931 0.372145 28.75759  ** 6.411355 **
HOMA-IR 0.024614 0.19633 1.271732 26.29663  ** 8.971085 **
HOMA-B 1.337558 2.450484 0.104022 12.38965  ** 4258011 *
HbAlc (%) 0.000122 0.055566 0.343369 0.786111 0.738849
T-Cho (mg/dL) 2.807251 0.52064 2.110077 0.6234 0.702938
HDL-C (mg/dL) 0.480973 0.005649 0.741931 0.042927 0.376761
TG (mg/dL) 0.046872 0.069886 0.042644 0.516454 0.361545
AST (IU/L) 0.056663 0.296184 5.598727 * 0.000453 0.710747
ALT (IU/L) 0.285036 0.417567 2.133421 0.799271 1.506195
v-GTP (IU/L) 0.136143 0.56958 0.020191 0.506694 0.059505
FFA (mmol/L) 0.679677 0.034012 0.161059 0.148468 0.020256

#p<0.05,** p<0.01

VFA: Visceral fat area, FPG: Fasting plasma glucose, HDL-C: High-density lipoprotein cholesterol, TG: Triglyceride, AST: Aspartate 2-oxoglutarate

aminotransferase, ALT: Alanine 2-oxoglutarate aminotransferase, HbAlc: Glycosylated hemoglobin, T-Cho: Total cholesterol, FFA: Free fatty acid,

v-GTP: Gamma-glutamyl transpeptidase

Group B (Pioglitazone treatment)

A total of 24 men (age: 55+£9.0 years; body weight: 74.0+
12.1 kg; BMI: 27.0+3.9 kg/m’; waist circumference: 93.9+
8.7 cm) were included. The subjects were treated with Pio-
glitazone (30 mg/day) for three months. After treatment, no
changes were observed in body weight, BMI or waist cir-
cumference. A significant decrease was observed in VFA
(from 200.0+61.0 to 176.0£63.1 c¢cm’, p<0.01). In contrast,
no significant changes were detected in SFA. No changes
were observed in the CT HU values of the iliopsoas muscle,
back muscle or rectus abdominis muscle. At the end of
treatment, significant increases in the CT HU values of the
liver were observed (from 52.0+11.5 to 57.3£8.9 HU, p<
0.01) (Fig. 3) accompanied by significant improvements in
the liver function. Significant decreases were also observed
in the levels of FPG (from 122.0+18.8 to 115.6+19.4 mg/
dL, p<0.05), fasting insulin (from 12.0+8.6 to 9.0+5.3 pU/
mL, p<0.01), HOMA-IR (from 3.6+2.2 to 2.6+2.0, p<0.01)
and triglycerides (from 257.3+353.5 to 142.7+59.7 mg/dL, p
<0.05).

Group C (Miglitol treatment)

A total of 16 men (age: 58+9.7 years; body weight: 76.0+
8.0 kg; BMI: 28.5+2.7 kg/m*;, waist circumference: 94.3+5.9
cm) were included in this section of the study. The partici-
pants were treated with Miglitol (150 mg/day) for three
months. At the end of the treatment period, significant de-
creases in body weight (from 76.0+8.0 to 73.0+7.1 kg, p<
0.01), BMI (from 28.5+2.7 to 27.3+2.3 kg/m’, p<0.01) and

waist circumference (from 94.3£5.9 to 90.7+4.9 cm, p<0.01)
were observed. Significant decreases in VFA (from 207.0+
48.2 to 171.0+40.3 cm’, p<0.01) and SFA (from 171.0+46.5
to 152.0£37.9 cm’, p<0.05) were also observed. No changes
in the CT values of the iliopsoas muscle, back muscle, rec-
tus abdominis muscle or liver were observed (Fig. 3). Sig-
nificant decreases in the levels of fasting insulin (from 14.0+
6.3 to 11.0+3.4 pU/mL, p<0.05) and HOMA-IR (from 4.0+
1.9 to 3.1+1.2, p<0.05) were observed. No changes were
observed in the FPG levels or lipid metabolism.

Potential associations between the changes in the
CT HU values of the three skeletal muscles and
changes in the other variables

Due to the cross-sectional nature of the analysis, the asso-
ciations do not necessarily indicate causality. Therefore, we
attempted to investigate the potential associations between
the changes in the CT HU values of the three skeletal mus-
cles (delta value: 3 months (3M)-0 month (OM)) and
changes in the other variables, including VFA (delta value: 3
months (3M)-0 month (OM)), during the observation period.
The results were newly appended in Table 4. Overall, with
the exception of some of the delta values in the metabolic
parameters, the changes in the CT HU values of the three
skeletal muscles did not exhibit any significant correlations
with the changes in the other variables, including VFA.

Discussion

Using abdominal CT scan analyses, we herein attempted
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Figure 3. Changes in the CT HU values of the liver and skeletal muscles in the patients receiving

pharmacological treatments. (a) The Pioglitazone-treated patients (n=24) exhibited significant in-
creases in the CT HU values of the liver. (b) The Pioglitazone-treated patients (n=24) exhibited no
changes in the CT HU values of the skeletal muscles before and after the three-month treatment. (c)
The Miglitol-treated patients (n=16) exhibited no changes in the CT HU values of the liver before
and after the three-month treatment. (d) The Miglitol-treated patients (n=16) exhibited no changes
in the CT HU values of the skeletal muscles before and after the three-month treatment.

to establish a concise, comprehensive evaluation method of
assessing ectopic lipid deposition in conjunction with vis-
ceral fat accumulation. The major findings of the present
study of middle-aged, mildly obese Japanese men are sum-
marized as follows. In patients with metabolic syndrome, (1)
visceral fat accumulation is correlated with lipid deposition
in the iliopsoas muscle, back muscle, rectus abdominis mus-
cle and liver, (2) lifestyle modifications and treatment with
antidiabetic drugs, including Pioglitazone and Miglitol, sig-
nificantly attenuate visceral fat accumulation and (3) liver
lipid deposition is strongly correlated with biochemical
markers of glucose-lipid metabolism.

A limited number of reports have explored the potential
association between ectopic lipid deposition and visceral fat
accumulation using the 'H-MRS method (22, 23). Recent
studies using 'H-MRS in healthy, young populations have
reported significant positive correlations (1) between the ex-
tent of intramyocellular lipid deposition in the soleus muscle
and the VFA and (2) between the extent of intrahepatic lipid
deposition and the VFA. Moreover, these studies reported
positive correlations between the extent of intramyocellular
lipid deposition in the soleus muscle and intrahepatic lipid
deposition (22, 23). However, no correlations have been ob-
served between the extent of intramyocellular lipid deposi-
tion in the tibialis anterior muscle and intrahepatic lipid

deposition. Overall, there have been no reports addressing
the association between visceral fat mass and skeletal mus-
cle and liver lipid deposition in patients with metabolic syn-
drome. In this context, the present study demonstrated sig-
nificant correlations (1) between the CT HU values of three
different skeletal muscle lipid depots and the VFA and (2)
between the CT HU value of the liver and the VFA. In con-
trast, there were no correlations between the CT HU values
of the skeletal muscles and liver. In previous studies using
'H-MRS, the intramyocellular lipid content was measured
exclusively in the lower thigh in healthy, young popula-
tions (22, 23). In the present study, however, the skeletal
muscle CT HU value was measured using the trunk mus-
cles. Although the CT HU values of the liver and skeletal
muscles may not necessarily reflect the intramyocellular and
intrahepatic lipid content (24), the present study describes a
concise, comprehensive method of evaluating ectopic lipid
deposition that may be beneficial for assessing the metabolic
status and the impact of therapy in patients with metabolic
syndrome.

In the present study, lifestyle modifications caused signifi-
cant decreases in lipid deposition in the iliopsoas and back
muscles, whereas the amount of lipids in the rectus abdomi-
nis muscle did not change. Although the differences were
not significant, there was a trend toward improvement in the
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Table 4. Associations between the Changes in the CT HU Values of the Three Skeletal Muscles and the Changes in the Other

Variables during the Observation Period

Group A Group B Group C
Lifestyle modification Pioglitazone Miglitol
(n=28) (n=24) (n=16)
ACT HU ACT ACT HU ACT HU ACT ACT HU ACT HU ACT ACT HU
value of HU value of value of HU value of value of HU value of
iliopsoas value rectus iliopsoas value rectus iliopsoas value rectus
muscle of back abdominis muscle of back abdominis muscle of back abdominis
muscle muscle muscle muscle muscle muscle
r r T r r T r r r
ABody weight (kg) -0.183 -0.413  * -0.282 -0.020 -0.173 -0.453 * -0.153 -0.294 -0.368
AWaist circumference -0.291 -0.445 -0.214 0.071 -0.036 0.036 -0.303 -0.379 0.104
(cm)
AVFA (cmz) -0.287 -0.304 -0.124 0.257 -0.063 0.031 0.395 -0.181 -0.197
ASFA (cmz) -0.033 -0.406 * -0.169 -0.290 -0.344 -0.348 -0.431 -0.400 -0.335
ACT HU value of 0.534  ** 0491 * 0.796 ** 0.646 ** 0.627 ** 0.124
iliopsoas muscle
ACT HU value of back 0.534 ** 0.354 0.796  ** 0.642  ** 0.627 ** 0.256
muscle
ACT HU value of 0491 * 0.354 0.646 ** 0.642  ** 0.124 0.256
rectus abdominis
muscle
ACT HU value of liver -0.140 0.009 -0.108 0.287 0.306 0.079 0.138 0.494 -0.191
AFPG (mg/dL) -0.052 0.039 -0.339 -0.064 -0.045 -0.478 * 0.221 -0.077 0.150
AFasting insulin -0.051 -0.310 0.015 0.283 0.276 -0.244 0515 * 0.163 -0.138
(nU/mL)
AHOMA-IR -0.038 -0.302 -0.032 0.261 0.217 0.167 0.474 0.110 -0.032
AHOMA-B -0.059 -0.285 0.136 0.390 0.390 0.166 0.350 0.227 -0.132
AHbAlc (%) -0.123 -0.137 -0.309 -0.105 -0.289 0.199 0.257 0.143 0.504
AT-Cho (mg/dL) 0.298 0.153 0.025 0.160 0.117 -0.243 0.516 * 0.083 -0.188
AHDL-C (mg/dL) 0.134 0.284 0.030 0.252 0.083 0.241 -0.005 0.261 -0.029
ATG (mg/dL) 0.068 0.210 -0.067 -0.019 -0.018 -0.217 -0.012 -0.035 0.132
AAST (IU/L) 0.001 0.022 0.205 -0.013 -0.049 -0.220 -0.046 -0.002 0.135
AALT (IU/L) 0.115 0.142 0.229 0.173 0.187 0.254 0.060 0.014 -0.159
Ay-GTP (IU/L) 0.240 0.406 * 0.127 0.399 0.394 -0.151 0.011 0.169 0.010
AUA (mg/dL) -0.407 * -0.170 -0.269 0.144 0.252 -0.002 0.103 0.147 -0.156
ACRP (mg/dL) 0.142 -0.270 -0.094 -0.036 -0.029 0.168 -0.254 -0.241 0.162
AFFA (mmol/L) -0.643 -0.643 -0.714 -0.133 -0.191 -0.065 0.359 0.016 -0.433
ASBP (mmHg) -0.427 * -0.426 ** -0.211  * 0.116 0.088 -0.116 0.046 0.192 0.488
ADBP (mmHg) -0.232 -0.218 -0.241 0.507 * 0415 * 0.138 -0.221 -0.195 0.042
APulse (beat/min) -0.091 -0.047 -0.124 0.297 0.508 * 0.395 -0.176 -0.071 0.018
ACT HU value of 0.624  ** 0.370 0.470 0419 * 0493 * 0433 * 0.556 * 0.508 * -0.009

spleen

1: correlation coefficient
*p<0.05, **p<0.01

VFA: Visceral fat area, SFA: Subcutaneous fat area, FPG: Fasting plasma glucose, HDL-C: High-density lipoprotein cholesterol, TG: Triglycerides, AST: Aspartate 2-oxoglutarate

aminotransferase, ALT: Alanine 2-oxoglutarate aminotransferase, UA: Uric acid, CRP: C-reactive protein, HbAlc: Glycosylated hemoglobin, T-Cho: Total cholesterol, FFA: Free fatty acid,

v-GTP: Gamma-glutamyl transpeptidase, SBP: Systolic blood pressure, DBP: Diastolic blood pressure

CT HU values of the liver. Noteworthy is the finding that
the CT HU value of the rectus abdominis muscle exhibited
significantly larger variation among individuals than the val-
ues of the iliopsoas and back muscles (Fig. 1). The greater
interindividual variation observed in lipid deposition in the
rectus abdominis may be linked to unique properties in the
response to lifestyle modifications. Site-specific differences
in muscle fiber components or sensitivity to stretch or exer-
cise may also be involved. In this context, further studies
are warranted to clarify which sites in human skeletal mus-
cles are more susceptible to lipid deposition under condi-
tions of overnutrition or decreased physical activity. Interest-
ingly, in Study 1, a positive correlation was found between
the iliopsoas muscle area and insulin resistance and an in-
verse correlation was observed between the back muscle
area and the level of HDL-C. These findings suggest that

the degree of muscular lipid deposition in each tissue is not
necessarily correlated with muscular size.

The examination of the potential relationships between
ectopic lipid deposition and metabolic parameters conducted
in Study 1 revealed strong correlations between liver lipid
deposition and the levels of glucose-lipid metabolic markers.
Furthermore, treatment with Pioglitazone (Study 2) resulted
in decreases in liver lipid deposition with concomitant im-
provements in the levels of glucose-lipid metabolic markers.
These results are consistent with those of a previous study
showing that the administration of Pioglitazone leads to im-
provement of hepatic insulin sensitivity and attenuation of
liver lipid deposition in patients with nonalcoholic steatohe-
patitis (25). In this context, our data showing that Pioglita-
zone treatment improves insulin resistance and decreases
lipid deposition in the liver validate the clinical setting of
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the present study. It is, therefore, tempting to speculate that
liver lipid overload may have a greater impact on glucose-
lipid metabolic markers than skeletal muscle lipid overload.

The present study demonstrated that visceral and subcuta-
neous adipose tissue mass is reduced during treatment with
Miglitol. On the other hand, ectopic lipid accumulation did
not improve significantly in the patients treated with Migli-
tol. To our knowledge, there have so far been no reports ad-
dressing the mechanisms whereby Miglitol reduces visceral
and subcutaneous adipose tissue mass (10). Further studies
are warranted to clarify these underlying mechanisms.

The present study showed that lipid deposition in the
iliopsoas muscle, back muscle and rectus abdominis muscle
increases with age. This finding is in agreement with the re-
sults of a previous study that showed that age-related de-
creases in mitochondrial activity are closely associated with
skeletal muscle lipid deposition (8). Furthermore, it is note-
worthy that the extent of the decreases observed in lipid
deposition in the skeletal muscles and liver exhibited wide
variation among the three kinds of studies (Fig. 3). There-
fore, it is possible that depot-specific susceptibility to lipid
deposition exists. These findings lead to the speculation that
changes in ectopic lipid deposition reflect responsiveness to
antidiabetic drugs. Further studies are therefore warranted to
test the hypothesis that depot-specific susceptibility to ec-
topic lipid deposition is associated with therapeutic effec-
tiveness in patients with metabolic syndrome.

The use of proton 'H-MRS to evaluate tissue lipid content
is not yet prevalent in clinics because the technique is ex-
pensive and elaborate. In line with this notion, we did not
obtain our own data regarding a comparison between the
MRS and CT HU values. However, a previous work re-
ported that the liver fat content, as assessed by MRS, in pa-
tients with nonalcoholic fatty liver disease exhibits good
correlation with the CT HU values (26). Therefore, future
studies are warranted to verify that such a correlation would
also be reproduced in a variety of skeletal muscles in hu-
mans.

In summary, the present study is the first to show that
visceral fat accumulation is correlated with lipid deposition
in the iliopsoas muscle, back muscle, rectus abdominis mus-
cle and liver in middle-aged men with metabolic syndrome.
CT-based simultaneous evaluations of ectopic lipid deposi-
tion and visceral fat accumulation may provide unique infor-
mation for assessing cardiometabolic risks and therapeutic
impact.

Study limitations

There were some limitations associated with this study.
First, we did not measure the tissue lipid content directly us-
ing 'H-MRS. The CT HU values of the liver and skeletal
muscles may not necessarily reflect the intramyocellular or
intrahepatocellular lipid content, although they do reflect the
extent of relative lipid deposition in each tissue.

Second, the correlations between the CT HU values of the
truncal muscles and body weight, waist circumference, the

levels of hepatic enzymes and the levels of glucose-lipid
metabolic markers were negligible. Therefore, it remains un-
clear in the present study whether changes in the CT HU
values of the truncal muscles reflect whole body glucose-
lipid metabolism.

Third, there is a limitation of a [ error (type 2 error) in
our analysis due to the inclusion of 105 patients.

Indeed, we performed a post hoc power calculation to
analyze whether the study was adequately powered to detect
associations between these variables and the CT HU values
of the three skeletal muscles. In our samples, given a total
sample size of 105 at the 5% level of significance, the
power (1-B error probability) of the associations between the
CT HU values of the iliopsoas, back and rectus abdominis
muscles and the visceral fat area was calculated to be 0.78,
0.99 and 0.99, respectively, showing enough power to detect
significant associations. Meanwhile, the power of the asso-
ciations between the CT HU values of the iliopsoas, back
and rectus abdominis muscles and the levels of FPG, fasting
insulin, HOMA-IR, HOMA-B, HDL-C, total cholesterol (T-
Cho), triglyceride (TG), AST, ALT, glycosylated hemoglobin
(HbAlc), FFA and y-GTP in our 105 samples was quite low
(power=0.05 to 0.07), except for the association between the
CT HU value of the rectus abdominis muscle and the level
of AST (power=0.79). Since at least 200 subjects are re-
quired to detect mild associations (r>0.20) with 80% power
at the 5% level of significance, there is a limitation to com-
mit a  error (type 2 error) in our analysis.
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