130

Environ Health Prev Med (2010) 15:129-134

Introduction

Moderate physical exercise is believed to be beneficial to
health by reducing the risk of several diseases, including
cardiovascular problems and diabetes mellitus. However, it
has been suggested that extreme endurance exercise may
be detrimental because reactive oxygen species (ROS) are
generated by excessive oxygen consumption [1]. Oxidative
stress (OS) can be defined as “an imbalance between the
free radical production and antioxidant defense mecha-
nisms of a biological organism that results, directly or
indirectly, in cellular damage” [2].

The human body is protected by anti-oxidant systems,
including that of thioredoxin (TRX) [3]. TRX is a ubiqui-
tous small protein (12 kDa) that acts as an antioxidant via a
cysteine thiol-disulfide exchange in which it functions as a
proton donor. This function is dependent on the cyclic
reduction—oxidation of a single S-S bond. When the
reduced form of TRX [TRX-(SH),] captures ROS, it is
transformed into oxidized-TRX (TRX-S,) and H,0.
Oxidized-TRX is then reduced by TRX reductase to
become reduced-TRX [4]. This redox reaction suggested
that TRX plays an important role as an antioxidant [5].

TRX has been reported to be a sensitive OS marker,
with its levels increasing in relation to hydrogen peroxide,
ultraviolet irradiation, and inflammation [3, 4, 6]. It is
associated with the signal transduction of cellular redox
regulation and with cytoprotection against OS [3]. Elevated
plasma TRX concentrations suggest not only an elevated
level of OS, but also enhancement of the anti-oxidative
system through the activation of TRX gene expression [7].

TRX was originally purified from Escherichia coli in
1964 as a proton donor to ribonucleotide reductase, and it
was thought to be a regulator of cellular redox status [8].
In 1989, Yodoi’s group identified the adult T-cell leuke-
mia-derived factor as TRX [Y], originally defined as an
interleukin-2 receptor a-chain inducer in human T-lym-
photropic virus type I-transformed cells. TRX has both
extra- and intra-cellular functions, and it is one of the key
signaling regulators in the cellular response to various OS.
It is also associated with the redox regulation of cellular
activation and redox-sensitive molecules, such as NF-kB,
AP-1, and glucocorticoid receptors, indicating both anti-
oxidant and effects [4, 10, 11].

Results from earlier studies suggested that extreme
exercise elevates OS markers, including urinary 8-hy-
droxydeoxyguanosines (8-OHdG), oxidized DNA nucleo-
sides [8, 12, 13], malondialdehydes, isoprostanes, and lipid
peroxides (LPO) [2, | 4]. Intense physical exercise was also
found to increase the plasma concentrations of free fatty
acids (FFA) and fatty acid oxidation [ 5]. Plasma FFA are
used as an energy source and are also associated with the
generation of OS through lipid peroxidation.
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To the best of our knowledge, no data have been
reported on the variations in plasma TRX concentrations
during physical exercise. Here, we report our analysis of
changes in plasma TRX concentrations in participants in an
ultra-marathon, based on blood samples taken before,
during, and after the race, and our comparison of these
changes with the lipid profile.

Subjects and methods
Ultra-marathon race

A non-competitive ultra-marathon race was held in Gifu
Prefecture, Japan, on July 24-25, 2004 [16]. The race
covered a distance of 130 km and comprised running and
mountaineering activities over the 2-day period. On the
first day, at 11 a.m., the participants began a full-length
marathon race to be completed within 6.5 h. At 3:30 a.m.
on the second morning, they resumed the race, covering
approximately 90 km, including climbing a mountain
approximately 1100 m high, then returning to the starting
point within 15.5 h. It was very hot and sultry during the
race, with the temperature hovering around 35.5°C. There
were no dietary restrictions during the race, and runners
were free to take any food and beverage of their choice.

Subjects

Non-professional Japanese male athletes participated in our
study. We asked 41 runners to participate in our analysis,
of whom 24 agreed. We received written informed consent
for their completion of lifestyle questionnaires, measure-
ments of anthropometric characteristics, and blood sam-
pling. The protocol was approved by the Institutional
Review Board of Nagoya City University Graduate School
of Medical Sciences and by the chairman and organizing
committee of the race.

Anthropometric measurements and blood sampling

Anthropometric measurements and the sampling of venous
blood were performed at six time points: i.e., before the race
(baseline), immediately after completing the first stage (Day
1) and after completing the final stage (Day 2), early
morning 1 day after the race (Day 3), 3 days after the race
(Day 5), and 5 or 6 days after the race (Day 7) (Fig. 1).
About 1-2 h before the race, we obtained spot (non-fasting)
venous blood using a vacuum tube with serum separating
medium (Tube 1) and with EDTA-2Na (Tube 2) and the
anthropometric data. Immediately after the participants
finished the race on Day 1 and Day 2, respectively, we
obtained spot venous blood samples using the same
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before the race (baseline), after
completing the first stage (DAY

1), after completing the final
stage (DAY 2), and 1 day (DAY
3), 3 days (DAY 5), and 5/6 days

(DAY 7) after the race

procedure as for the baseline samples. The tubes from all
three samplings (baseline, Days 1 and 2) were kept in an
ice-cooled box for several hours and then transported to a
commercial laboratory on the same day. Early morning
(about 7:30-8:00 a.m.) fasting blood was sampled on
Days 3, 5, and 7, respectively. Tube 1 was centrifuged into
serum and analyzed for biochemical markers, including
hematocrit, platelet, hemoglobin (Hb), total protein, FFA,
triglycerides, total cholesterol, and high-density lipoprotein
cholesterol (HDL-cholesterol) using a Hitachi 7600
machine (Hitachi High-Tech K. K., Tokyo, Japan). Tube 2
was separated into plasma, buffy coat, and red blood cell
(RBC) fractions and then stored in a deep freezer (—80°C)
until analysis for plasma TRX.

Measurements of TRX

All plasma TRX concentrations, including reduced- and
oxidized-TRX, were determined with a sensitive sandwich
enzyme-linked immunosorbent assay (ELISA) kit (Redox
Bioscience, Kyoto, Japan), as reported elsewhere [17].
Human TRX-antibody-precoated 96-microwell plates were
incubated for 2 h at room temperature with 25 pL of
plasma or with a standard solution (human TRX antigen;
0, 2.5, 5, 10, 20, 40, 80, 160 ng/mL) in the presence of
250 pL of 50 mmol/L sodium phosphate buffer (pH 6.0)
containing 150 mmol/L NaCl, 1.0 mmol/L Mg Cl,, 1.0%
bovine serum albumin (BSA), and 0.1% NaNj. The plates
were washed five times with 10 mmol/L sodium phosphate
buffer (pH 7.5) containing 0.05% Tween 20 and
150 mmol/L NaCl (Washing Solution), 200 pL horseradish
peroxidase-labeled anti-human TRX antibody was then
added, and the plates were incubated at room temperature
for 2 h. After a further five washings with Washing Solu-
tion, we introduced 100 pL of 100 mmol/L triethanola-
mine-succinate buffer (pH 4.4) containing 1.5 mmol/L
H,0, and 0.13% ABTS [2,2'-azino-di (3-ethylbenzthiazo-
line sulfonic acid)]. Incubation at room temperature was
continued for 30 min. The reaction was stopped by adding
100 pL of 0.25 M H,SO4 solution, and the optical density
of the plates was measured at 450/620 nm with a

microplate reader (Spectramax 340; Molecular Devices,
Sunnyvale, CA). All assessments were made in triplicate,
and the average value was calculated.

Statistical analysis

Data are expressed as mean with standard deviation (SD) to
show the distribution of baseline values, or as the standard
error of the mean (SEM) to demonstrate the difference of
means. The general linear model (GLM procedure) along
with the post hoc Dunnett’s test was applied to detect
statistical significance at p < 0.05 in comparison with each
time point. The SAS ver. 9.1 software package (SAS
Institute, Cary, NC) was used for the statistical analyses.

Results

Of the 24 runners included in the study, 18 completed the
race and six dropped out during the race. All 18 were
non-smokers. In terms of anthropometric and demographic
measures (Table 1), the average age of the 18 runners was
54 + 12 years (mean =+ SD), and their average body mass
index (BMI) was 21.4 £ 1.6 kg/m>. These runners had a
recent average monthly running distance of 247.5 +
96.8 km. In this race, their average completion time for the
2-day ultra-marathon race was 1,106.0 &= 179.0 min (range
711.0 to 1,313.0 min).

The hematocrit rose significantly. from 42.3 + 0.7%
(mean &= SEM) at baseline to 43.9 + 0.7% on Day 1,
returning to 43.0 £ 0.5% by Day 2. The Hb count was
144 £ 03 g/dL at baseline, increasing significantly to
15.1 & 0.3 g/dL on Day 1, but returning to 14.8 + 0.2 g/dL.
on Day 2. A platelet count of 21.3 + 1.2 x 10* cell/yL was
found at baseline; it increased to 23.9 + 1.5 x 10* cell/uL
onDay 1 (Fig. 2)andt026.1 £ 1.0 x 10* cell/pL onDay 2.
On Day 7, the platelet count had fallen to 22.1 & 1.2 x
10* cell/pL. There was a significant positive correlation
between plasma TRX levels and platelet counts (r = 0.318,
p < 0.01) (Fig. 3). The total protein level of 7.1 &+ 0.1 g/dL
at baseline rose significantly to 7.6 £ 0.1 g/dL on Day 1 and
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Table 1 Bascline characteristics of 18 subjects who completed the

2-day ultra-marathon

Characteristic Mean £ SD
Age 54 + 12
Body mass index (kg/m?) 214+ 1.6
White blood cell count (x10° cell/pL) 4.85 £+ 1.00
Red blood cell count (x10° cell/uL) 4.47 + 0.40
Hemoglobin (g/dL) 144 + 1.1
Hematocrit (%) 423 + 28
Platelet count (x10% cell/plL) 213 £5.1
Total protein (g/dL) 7.10 £+ 0.40
BUN (mg/dL) 167 + 4.6
Uric acid (mg/dL) 6.10 + 1.10
Total cholesterol (mg/dL) 210 £ 27
HDL cholesterol (mg/dlL.) 1.0 £+ 18.3
Free fatty acids (mEq/L) 0.120 + 0.100
Triglycerides (mg/dL) 118 + 83
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Fig. 3 Correlation between plasma TRX and platelet counts through-
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Fig. 2 Changes in plasma thioredoxin (TRX) and platelet counts
throughout the study period. Solid line with filled circles Plasma TRX
concentrations, dotted line with filled triangles platelet counts. Data
are given as the mean + standard error of the mean (SEM). *p < 0.05
denotes a significant difference from the baseline value

returned to 7.3 & 0.1 g/dL on Day 2. In order to adjust the
effects of dehydration [18], we multiplied the levels of TRX,
FFA, platelet count, total cholesterol, HDL-cholesterol, and
triglycerides by the ratio of the hematocrit at baseline/its
value at five of the six time points (excluding baseline
sampling).

The average baseline plasma TRX level of 179 £
1.2 ng/mL increased significantly to 57.3 £ 5.0 ng/mL on
Day 1 (p < 0.05 vs. baseline value). On Day 2 it rose to
fourfold the baseline concentration (70.1 & 6.9 ng/mL,
p < 0.05), then decreased to 204 + 1.7 ng/mL on Day 3
(not significantly different from the baseline value), stabi-
lizing around that level on Days 5 and 7 (Figs. 2, 4).
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concentrations throughout the study period. Solid line with filled
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plasma FFA levels. Data are expressed as the mean * SEM.
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In terms of the lipid profiles, the plasma FFA level of
0.12 £ 0.02 mEq/L at baseline increased significantly to
1.15 £ 0.12 mEq/L on Day 1 (p < 0.05 vs. baseline value)
(Fig. 4) and 1.89 + 0.17 mEq/L on Day 2 (p <0.05)
before declining on Day 3, reaching 0.42 + 0.06 mEq/L
on Day 7. There was a significant positive correlation
between plasma TRX and plasma FFA concentrations
(r = 0.647, p < 0.0001) (Fig. 5).

The triglyceride level was 118.3 + 19.5 mg/dL at
baseline, declining gradually to 46.0 £ 5.4 mg/dL on Day
2 (p < 0.05 vs. baseline value) and to 40.3 &+ 4.2 mg/dL
on Day 3 (p < 0.05) (Fig. 6) and then returning to baseline
on Day S and Day 7. The total cholesterol level of
210.5 + 6.4 mg/dL at baseline rose slightly to 219.8 +
6.9 mg/dL on Day | and then declined to 199.1 &+ 7.1 mg/
dL on Day 3. There was a significant difference in total
cholesterol levels on Day 7 (p < 0.05). The HDL-choles-
terol level of 81.0 & 4.3 mg/dL at baseline significantly
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increased to 92.5 + 6.0 mg/dL on Day 2 (p < 0.05 vs.
baseline value), but it had returned to the baseline value
(80.9 & 4.6 mg/dL) by Day 7.

Discussion

Our analysis of the plasma OS in marathon runners par-
ticipating in a 2-day 130-km competition showed a con-
tinuous increase in plasma TRX concentrations during this
extreme endurance exercise when adjustments were made
for the effects of plasma volume change. The change in
plasma FFA concentrations resembled that of plasma TRX
levels, and there was a significant correlation between TRX
and FFA levels, suggesting that plasma TRX is a useful OS
marker.

We found that plasma triglycerides decreased steadily
regardless of what foods/beverages were consumed during
the race, but that they recovered 5/6 days after the race, as
has been described earlier [19]. Most fat is stored as tri-
glycerides in the subcutaneous and visceral fat tissues, and
the latter are taken up by the skeletal muscle cells as FFA
during exercise [20]. Plasma FFA subsequently become the
major source of energy during exercise, indicating a
reduction in plasma triglycerides. In agreement with this,
we found that plasma total cholesterol gradually declined
during and after the race.

A significant correlation between the plasma TRX level
and platelet count has been reported earlier, with the
presence of TRX in platelets confirmed by immunochem-
ical methods [21]. In a later study, Miyamoto et al. [22
reported that the plasma TRX level relates significantly to
platelet aggregability in patients with acute myocardial
infarction. In our study, we found a significant positive
correlation between plasma TRX level and platelet counts,
suggesting that TRX is derived from the platelets.
However, we did not measure platelet aggregability.

There have been many studies on OS using several
markers, including urinary 8-OHdG, malondialdehydes,
and plasma isoprostanes [2, 14, 22-24]. Studies on urinary
8-OHdG concentrations among healthy subjects, however,
indicate that the range is narrow even in ultra-marathon
runners [13, 24]. In contrast, we found that TRX is an OS
marker that shows distinct changes in the blood.

ROS are generated by excess oxygen consumption
during physical exercise. It is, however, difficult to detect
ROS directly because they are highly labile and unstable.
We analyzed TRX levels before, during, and after an ultra-
marathon race and observed a significant increment in
plasma TRX concentrations among ultra-marathon runners.
Based on these results, it may be concluded that TRX is a
useful OS marker during physical exercise. Further studies
of TRX are therefore needed to investigate an appropriate
level of physical exercise, including jogging, for the pur-
pose of promoting good health.
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Abstract

Background Metabolic syndrome (MetS) is an estab-
lished concept. However, it is characterized by a number of
different definitions as well as different cut-off points
(COPs) for waist circumference (WC) and different modes
for incorporating WC into the diagnostic criteria.
Methods Abdominal ultrasonography was performed in
2,333 subjects who also underwent comprehensive medical
examinations between April and July 2006. The odds ratios
for the number of MetS components were calculated by
taking central obesity status into account and considering
concurrent fatty liver as an independent variable. We
compared the areas under the receiver operating charac-
teristic (ROC) curves for fatty liver and MetS using several
MetS criteria.
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Results Regardless of the WC criterion selected, we
observed a strong linear trend for an association (trend
P < 0.0001) between MetS and the number of components.
The odds ratio (OR) of subjects without central obesity but
with all three MetS components was 9.69 (95% confidence
interval 3.11-30.2) in men and 55.3 (6.34—483) in women.
The COP for the largest area under the curve in men and
women was >82 cm (OR 0.701) and >77 cm (OR 0.699),
respectively, when WC was considered as a component.
When WC distribution is taken into consideration, practical
and appropriate COPs should be >85 cm for men and
>80 cm for women.

Conclusion We suggest that a WC of >85 cm for men
and >80 cm for women would be optimal COPs for the
central obesity criteria in the Japanese population. In
addition, central obesity should be incorporated as a
component of MetS rather than an essential requirement for
the diagnosis of MetS.

Keywords Central obesity - Diagnostic criteria -
Metabolic syndrome - ROC curve

Introduction

The prevention of metabolic syndrome (MetS), for which
visceral fat accumulation and insulin resistance are con-
sidered upstream factors, has recently attracted the atten-
tion of the medical world as a useful approach to protect
against lifestyle-related diseases typified by arteriosclerotic
diseases [1-8]. Visceral fat accumulates for many reasons,
including hyperalimentation and inadequate exercise,
among others, and causes the abnormal functioning of fat
cells and excessive secretion of hormones that are involved
in various pathological conditions [9, 10]. Excessive
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secretion of these hormones is thought to act in combina-
tion with other factors to cause arteriosclerotic and other
serious diseases, such as renal failure, blindness, lower
limb amputation, cerebral apoplexy, cardiac arrest, and
cerebrovascular diseases. The progression of conditions,
from obesity into serious diseases, is sometimes referred as
the metabolic domino effect [I1, 12}, and includes fatty
liver disease.

Diagnostic criteria for MetS have been published by the
World Health Organization {13], American National Cho-
lesterol Education Programs, Adult Treatment Panel III
(NCEP-ATP III) [I4], and International Diabetes Federa-
tion (IDF) [15] for Asian countries, including Japan [16]. In
Japan, the Examination Committee for Criteria of MetS
introduced diagnostic criteria for Japanese metabolic syn-
drome (JMetS) [16], which are similar to the ones defined
by IDF. The criteria essentially include central obesity and
several other components, such as hypertension, hyper-
glycemia, and abnormal lipid metabolism. In Japan, the
most prominent difference between the IDF and Exami-
nation Committee criteria for evaluating central obesity is
in the cut-off point (COP) for waist circumference (WC),
especially that for women: in all countries of the world,
with the exception of Japan, the COP for WC is larger for
men than that for women.

The relative newness of the MetS concept necessitates
that the diagnostic criteria be updated as and when needed.
The association between the diagnosis of MetS and
downstream diseases in the metabolic domino needs to be
addressed in prospective studies. In the study reported here,
we applied several criteria to examine the association
between metabolic status and concurrent fatty liver, which
we used as a specific example of a disease in the metabolic
domino. Our aim was to identify preliminary criteria and
COPs for WC that can be used in diagnosing MetS.

Subjects and methods

Height, weight, and WC were measured, and abdominal
ultrasonography was performed in 2,333 subjects (1,195
men and 1,138 women) of 2,428 subjects aged 40—
79 years. These subjects underwent comprehensive
medical examinations at the Kasugai City Medical Center
during a 3-month period between April and July 2006.
Patients receiving drug treatment(s) for liver diseases,
hypertension, diabetes mellitus, or hyperlipidemia were
excluded from the study. Height and weight were measured
using an automatic scale (Tanita BF-220). The WC was
measured in standing subjects with a tape measure placed
horizontally at the level of the navel while the subject was
gently exhaling. If the abdomen was protuberant and the
navel was deviated downwards, the tape measure was
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placed at the midpoint level between the lower intercostal
border and the anterior superior iliac spine.

Fatty liver was diagnosed after discussion with medical
technologists (including ultrasound technicians), radiology
technologists, and physicians and by taking fatty liver
scores (as shown in Table 1) obtained at Kasugai City
Medical Center into consideration. These scores were
based on previous studies [17-20].

Blood pressure was measured on the right arm using a
mercury sphygmomanometer; the subject was in a lying
position and had rested for at least 5 min prior to the mea-
surement. Venous blood samples were collected in the
morning from subjects after a fasting period of 12 h. Tri-
glyceride (TG) and serum high-density lipoprotein choles-
terol (HDL-C) were measured by the direct enzymatic
method, and fasting plasma glucose (FPG) was measured by
the glucose oxidase method. Their concentrations were
measured using an automated analyzer (model 7170S;
Hitachi, Japan).

Current JMetS criteria require a central obesity (visceral
adipose tissue area >100 cm? or WC >85 c¢m for men and
>90 cm for women) and two or more of the following
three components: (1) high blood pressure, based on a
systolic blood pressure >130 mmHg and/or diastolic blood
pressure >85 mmHg; (2) hyperglycemia, based on FPG
>110 mg/dl; (3) abnormal lipid metabolism, based on TG
>150 mg/dl and/or HDL-C <40 mg/dl [16]. The Exami-
nation Committee for Criteria of MetS in Japan also
defined a “risk group for MetS” (yobi-gun) consisting of
people who have central obesity and one of the three
components listed above (high blood pressure, hypergly-
cemia, or abnormal lipid metabolism). In our study, as in
most epidemiological studies, only WC was considered in
our evaluation of central obesity; the visceral adipose tissue
area was not assessed.

Our primary aim was to identify and propose new MetS
criteria based on our results. Our suggested criteria (our
criterion 1) considers central obesity not to be an essential
requirement for MetS but as only one of the components of
MetS. Accordingly, we defined our patients as having MetS
when they demonstrated three or more components of

Table 1 Fatty liver score

Condition Points
Bright echo pattern Oorl
Hepatorenal or hepatosplenic contrast Qorlor2
Unclear vessels Oorl
Deep attenuation Oorlor2
Fatty bandless sign Oorl
Liver swelling Qorl

A total score of >3 points is considered to indicate fatty liver
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MetS, regardless of their central obesity status. Similarly,
the risk group for MetS consisted of those individuals who
demonstrated two components.

Taking the number of MetS components listed above in
consideration, we first calculated the odds ratios of fatty
liver according to central obesity status in men and women
by logistic regression. We then constructed receiver oper-
ating characteristic (ROC) curves to assess the detecting
power of MetS criteria for concurrent fatty liver and cal-
culated the areas under the curve (AUC) for diagnostic
criteria. These procedures were repeated using the IDF
COP for WC in the Japanese population, i.e., >90 cm for
men and >80 cm for women (our criterion 2). We also
calculated the COP for the largest AUC and suggested an
optimal COP for men and women based on the study
results. Statistical analyses were performed using the SAS
system for Windows (release 9.1.3; SAS Institute, Cary,
NC), and the AUC value was obtained to refer to the
¢ statistic in PROC LOGISTIC output. All statistical tests

Table 2 Criteria of metabolic syndrome and number of subjects

were two-sided, and a P value <0.05 was considered to be
significant. The study was approved by the ethics com-
mittee of Nagoya City University.

Results

Table 2 shows the number of subjects diagnosed with MetS
according to the JMetS criteria and our newly proposed
criteria, respectively. This diagnosis was based on the
number of MetS components, other than central obesity,
calculated by WC status in both men and women. Only
8.4% of the women satisfied the central obesity criterion of
JMetS, whereas 26.7% men satisfied the criterion. When
the COP for central obesity was changed to >80 cm,
36.6% of women satisfied the criterion. Among the 13 men
and six women who were newly diagnosed with MetS
based on our criteria using the same WC COP, seven men
(53.8%) and five women (83.3%) had fatty liver. The

Number of Criteria Our Number of patients Criteria Our Number of patients
components® of JMetS criteria diagnosed with MetS of JMetS criteria diagnosed with MetS
Men
Waist circumference <85 cm Waist circumference >85 cm
0 Normal Normal 391 (32.7%) Normal Normal 93 (7.8%)
1 Normal Normal 357 (29.9%) Risk MetS Risk MetS 152 (12.7%)
2 Normal Risk MetS 115 (9.6%) MetS MetS 61 (5.1%)
3 Normal MetS 13 (1.1%) MetS MetS 13 (1.1%)
Total 876 (73.3%) 319 (26.7%)
Waist circumference <90 cm Waist circumference =90 cm
0 - Normal 453 (37.9%) - Normal 31 2.6%)
1 - Normal 457 (38.2%) - Risk MetS 52 (4.4%)
2 - Risk MetS 151 (12.6%) - MetS 25 2.1%)
3 - MetS 20 (1.7%) - MetS 6 (0.5%)
Total 1,081 (90.5%) 114 9.5%)
Women
Waist circumference <90 cm Waist circumference =90 cm
0 Normal Normal 603 (53.0%) Normal Normal 28 (2.5%)
1 Normal Normal 357 (31.4%) Risk MetS Risk MetS 45 (4.0%)
2 Normal Risk MetS 76 (6.7%) MetS MetS 18 (1.6%)
3 Normal MetS 6 (0.5%) MetS MetS 5 (0.4%)
Total 1,042 (91.6%) 96 (8.4%)
Waist circumference <80 cm Waist circumference >80 cm
0 - Normal 458 (40.2%) - Normal 173 (15.2%)
1 - Normal 211 (18.5%) - Risk MetS 191 (16.8%)
2 Risk MetS 49 (4.3%) - MetS 45 (4.0%)
- MetS 4 (0.4%) - MetS 7 (0.6%)
Total 722 (63.4%) 416 (36.6%)

JMetS Japanese metabolic syndrome, Risk MetS individuals with central obesity and one of three components (high bloed pressure, hyperglycemia, or
abnormal lipid metabolism), as defined by the Examination Committee for Criteria of MetS in Japan, MetS individuals with MetS

* Number of the components of MetS other than abdominal obesity
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prevalence of fatty liver was much higher than the total
prevalence of fatty liver in men and women, i.e., 27.1 and
16.5%, tespectively.

Table 3 shows the characteristics of the subjects diag-
nosed with MetS based on the application of several cri-
teria. The prevalence of MetS using the JMetS criteria was
6.2% in men and 2.0% in women; based on our criteria
using the JMetS COP for central obesity, MetS prevalence
was 7.3 and 2.5%, respectively. When we applied the cri-
terion for >80 cm COP for central obesity in women using
our criteria, the prevalence of fatty liver increased to 4.9%.
Similarly, the application of the COP increased the

prevalence among the MetS risk group to 21.1%, which
was close to that observed in men according to our criteria
which include the >85 cm COP for central obesity. Since
central obesity is an essential criterion for determining
JMetS or the JMetS risk group, the subjects in these cate-
gories are much more obese than those falling in the nor-
mal category. The difference in WC and BMI between
subjects in the MetS group and the normal group was
12.1 cm and 3.5 kg/m2, respectively, in men and 17.6 cm
and 5.7 kg/m® in women. When our criteria were used,
these differences decreased to 10.4 cm and 3.0 kg/m?,
respectively, in men and 14.5 cm and 5.0 kg/m® in women.

Table 3 Characteristics of the subjects by MetS status

Characteristics Men Women
Normal Risk MetS MetS Normal Risk MetS MetS
Criteria of JMetS (cut-off of WC) (85 cm) (90 cm)
Number (row%) 969 (81.1%) 152 (12.7%) 74 (6.2%) 1,070 (94.0%) 45 (4.0%) 23 (2.0%)
Fatty liver prevalence (%) 20.6% 46.1% 73.0% 14.5% 40.0% 65.2%
Age (years) 63.0 + 8.8 633 + 84 634+179 61.6 £ 8.0 658 £ 8.1 644 +6.7
BMI (kg/m?) 223+24 258 £ 24 258+ 25 217 £ 2.6 272 +34 274 £3.1
WC (cm) 77.8 £ 64 89.6 £ 5.3 899 + 49 765 £ 7.5 950+ 5.1 941 +£3.7
Systolic blood pressure (mmHg) 122.6 & 15.1 126.5 + 16.0 1362 £ 124 1222 £ 170 132.0 + 13.8 142.3 £ 147
Diastolic blood pressure (mmHg) 719 + 8.6 75.0 £ 89 799 + 8.2 705 £ 93 74.6 + 83 79370
Triglycerides (mg/dl) 1143 £ 708 1427 £ 71.6 196.2 &+ 150.0 975+ 498 120.7 + 52.7 204.5 £ 101.1
HDL-cholesterol (mg/dl) 62.1 + 164 533 £ 126 51.9 £ 14.8 722 £ 171 64.7 £ 14.3 54.1 £13.6
Fasting glucose (mg/dl) 96.0 + 17.2 100.0 & 18.1 122.9 + 48.1 924 £ 15.8 95.1 + 135 1173 + 30.9
Our criteria 1 (cut-off of WC) (85 cm) (90 cm)
Number (row%) 841 (70.4%) 267 (22.3%) 87 (7.3%) 988 (86.8%) 121 (10.6%) 29 (2.5%)
Fatty liver prevalence (%) 17.6% 43.1% 70.1% 12.7% 35.5% 69.0%
Age (years) 627 £ 89 63.9 + 8.1 642 + 8.0 61.3 + 8.0 647+ 79 648 £6.8
BMI (kg/m®) 222 +£25 245 27 252+ 26 217 £ 26 240+ 37 26.7 £32
WC (cm) 77.6 + 6.6 849 +72 88.0 £ 6.7 764 £ 7.6 843 + 10.1 909 + 7.6
Systolic blood pressure (mmHg) 1205 + 14.1 130.8 & 15.9 137.1 £ 119 120.7 £ 163 1372 + 140 1439 + 144
Diastolic blood pressure (mmHg) 710+ 83 76.1 £ 9.0 794 £ 8.0 699 +£9.1 76.8 £ 8.7 799 %75
Triglycerides (mg/dl) 103.8 £ 50.2 159.2 + 103.1 1974 + 1409 912 + 402 1521 £ 764 207.7 + 924
HDL-cholesterol (mg/dl) 63.2 + 16.0 544 + 150 513 4 148 730 £ 168 633 + 16.7 552 +14.0
Fasting glucose (mg/dl) 932+ 122 1053 £ 24.5 1245 £ 450 912 + 139 1003 + 21.6 1219 + 332
Our criteria 2 (cut-off of WC) (90 cm) (80 cm)
Number (row%) 941 (78.7%) 203 (17.0%) 51 (4.3%) 842 (74.0%) 240 21.1%) 56 (4.9%)
Fatty liver prevalence (%) 19.6% 50.2% 74.5% 10.3% 27.9% 60.7%
Age (years) 62.8 + 838 640 + 82 639+ 7.9 60.6 + 8.0 649 + 72 64.6 7.7
BMI (kg/m?) 225+25 243 £ 3.0 256+ 33 213 £25 239+ 3.1 254429
WC (cm) 78.6 + 6.9 843 £8.2 88.8 £ 8.6 75074 843 74 87.8 +6.6
Systolic blood pressure (mmHg) 1212 + 144 1334 £ 155 1382 £ 115 118.1 &+ 149 1355 £ 152 143.1 £ 14.8
Diastolic blood pressure (mmHg) 715+ 84 769 £ 9.1 802+ 7.9 68.8 + 8.6 76.1 + 8.8 79.8 £ 8.0
Triglycerides (mg/dl) 107.6 £ 53.0 172.0 £ 112.7 2112 £ 1723 87.0 + 36.5 1263 + 564 195.5 £ 102.1
HDL-cholesterol (mg/dl) 622 £ 159 54.7 £ 16.1 50.1 + 149 746 + 16.6 642 + 157 564 +£13.3
Fasting glucose (mg/dl) 939 + 134 109.7 &£ 28.2 131.1 £ 499 90.8 + 144 954 & 14.7 115.5 £ 30.7

Data are given as the mean =+ standard deviation (SD)

WC Waist circumference, BMI body mass index, HDL high-density lipoprotein
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When the COP of >80 cm was applied, the differences
decreased to 12.8 cm and 4.1 kg/m?, respectively.

Table 4 shows the odds ratios and 95% confidence
interval (CI) for fatty liver according to the number of
MetS components other than central obesity by WC status.
Regardless of sex and the WC COP selected, a strong linear
trend was observed for the association (trend P < 0.0001)
with the number of components. The odds ratio for subjects
without central obesity and with all three components of
MetS was 9.69 (95% CI 3.1130.2) in men and 55.3 (6.34~
483) in women. Using the >90 and >80 ¢cm COP criterion
for central obesity in men and women, respectively, the
odds ratio was 55.3 (6.34—483) and 62.4 (6.23-626). These
point estimates of odds ratios were higher than those of
MetS subjects with two risk factors other than obesity
ambng women, and even among men, they were higher
than those of the risk group for MetS who satisfied the
central obesity criterion. ‘

Figure | shows the ROC curves for the diagnosis of
fatty liver according to MetS status by the JMetS criteria
and by our criteria. The AUC for the JMetS criteria and

our criteria 1 and 2 in men was 0.638, 0.681, and 0.655,
respectively. In women, the AUC for our criteria using
>90 and >80 cm COPs for central obesity were 0.625
and 0.681, respectively, whereas that for the JMetS cri-
teria was only 0.570. Based on the findings of our study,
the largest AUC was recorded using our criterion 1
(=85 cm) in men and our criteria 2 in women (=80 cm).
The shapes of the ROC curves of our criterion 2 for men
and our criterion 1 for women were very similar, with the
coordinates (false positive rate, true positive rate) for

. MetS and the risk group for MetS being (0.030, (.188)

and (0.204, 0.543), respectively, for men and (0.023,
0.181) and (0.205, 0.537), respectively for women. In
addition, when WC was considered as a component, the
COP for the largest AUC among men and women was
>82 cm (0.701) and >77 cm (0.699), respectively. We
therefore conclude that it would be both practical and
appropriate to take WC into consideration, with WC
COPs of >85 cm for men and >80 cm for women. In our
study population, 26.7% of the men and 36.6% the
women satisfied the criteria.

Table 4 Odds ratio and 95% confidence interval for fatty liver according to the number of the components of MetS other than obesity by waist

circumstance status

95% confidence interval

Odds ratio 95% confidence interval

Number of the components® Odds ratio
Men
Waist circumference <85 cm
0 1.00 Reference
1 1.99 1.32-3.01
2 5.34 3.26-8.74
3 9.69 3.11-30.2
P for trend <0.0001
Waist circumference <90 cm
0 1.00 Reference
1 1.88 1.33-2.66
2 517 3.40-7.85
3 14.71 5.45-39.72
P for trend <0.0001
Women
Waist circumference <90 cm
0 1.00 Reference
1 232 1.56-3.46
2 542 3.10-9.48
3 553 6.34-483
P for trend <0.0001
Waist circumference <80 cm
0 1.00 Reference
1 2.67 . 145492
2 6.02 2.70-134
3 62.4 6.23-626
P for trend <0.0001

Waist circumference >85 cm

5.49 3.25-9.27
7.09 4.51-11.1
18.4 9.78-34.4
99.7 12.6-786
<0.0001
Waist circumference >90 cm
7.66 3.59-16.32
11.91 6.34-22.39
19.96 7.67-51.93
31.53 3.62-274.34
<0.0001

Waist circumference >90 cm

9.59 4.32-213
7.37 3.80-143
17.4 6.45-46.8
442 4.85-403
<0.0001
Waist circumference >80 em
6.67 3.82-11.7
8.63 5.04-14.8
26.0 12.5-54.1
125 14.4-1084
<0.0001

* Number of the components of metabolic syndrome other than abdominal obesity
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Discussion

In the present study, we considered concurrent fatty liver to
be a specific example of a disease in the metabolic domino
of MetS and observed that the accumulation of MetS
components was associated with higher odds ratios, even
without the central obesity component. Taking these results
as a whole, we observed stronger associations between
MetS and fatty liver in men and women when we consid-
ered central obesity as a component rather than an essential
requirement for the diagnosis of MetS. We therefore sug-
gest that individuals with an accumulation of components
should be regarded as having MetS even in the absence of
central obesity, since fatty liver is a component of the
metabolic domino. In addition, these individuals may
belong to a risk group for other metabolic diseases,
including cardiac arrest and cerebrovascular diseases. We
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also suggest that the optimal COP for WC should be
>85 ¢m for men and >80 ¢m for women.

Although the main concepts of MetS are consistent, the
COPs for defining central obesity for MetS are controver-
sial, especially in Japan [21]. Several studies have been
performed to elucidate the optimal COPs in which ROC
analyses with obesity and two or more MetS components
other than obesity [22-25] were used. The results sug-
gested that the optimal cut-offs for men and women are 84—
90 and 78-82 cm, respectively. Our results are consist with
these reported values. However, these earlier studies were
based on the internal conmsistency of obesity and MetS
components other than obesity. Further ROC analyses need
to be performed to establish the optimal COP for WC, and
these should include certain diseases not currently included
in MetS. This study is one such analysis.

An important question is whether central obesity should
be considered as a requirement for the diagnosis of MetS or
as a component of MetS. To answer this question, we need
to examine the association between the number of MetS
components and particular diseases stratified by central
obesity. To date, there have been only two prospective
cohort studies [26, 27] from Japan on cardiovascular dis-
eases. Results from NIPPON DATA [26] show the exis-
tence of risk accumulation among non-obese subjects,
whereas those from Hisayama-cho [27] indicate there is no
risk accumulation in such subjects. Data from many stud-
ies, including those from our study, are required to facili-
tate further discussion on this question. However, before
the absence of risk accumulation can be established among
non-obese individuals, it is possible to treat central obesity
as a component of MetS as a precautionary measure.

In general, if a factor is considered to be an essential
requirement for the diagnosis of a certain disease, then that
factor should not only be etiologically essential but also
amenable to accurate measurement in practice; at the very
least, the COP should be a sensitive measure. Otherwise, a
considerable number of cases would not be detected by the
criterion. In fact, the COPs based on the IDF criteria
(>94 cm for men and >80 cm for women), with central
obesity as a requirement, are more sensitive than those of
the NCEP-ATP III criteria (=102 cm for men and >88 cm
for women), wherein central obesity is considered a com-
ponent. Although the JMetS definition is similar to the IDF
definition, the JMetS COP for WC in women (>90 cm) is
much less sensitive than the COP of the IDF (>80 cm).
The COP for central obesity for the diagnosis of JMetS is
based on the association between visceral fat area and WC
[16]. The committee reported that simple correlation
analysis of the regression line in women indicated that a
WC corresponding to 100 cm? of visceral fat was 92.5 cm.
However, the correlation coefficient was only 0.65, and
more than half of the women with a visceral fat area
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>100 ¢cm? would not be found using the WC COP of
>90 cm (meaning that sensitivity is <0.5). The poor sen-
sitivity of the WC in detecting abdominal adiposity is
directly linked to the poor sensitivity of the JMetS criteria,
in which WC is an essential requirement.

Conclusion

Based on the findings of our study, we suggest that a WC of
>85 cm for men and >80 c¢m for women would be optimal
COPs for central obesity for the diagnosis of MetS in the
Japanese population. We also suggest that central obesity
should be used as a component of MetS rather than an
essential requirement for the diagnosis of MetS. No definite
conclusion has yet been reached regarding the most appro-
priate diagnostic criteria for MetS. However, within the
framework of our study in which fatty liver was considered to
be an independent variable, we found that defining abdom-
inal circumference as a component of MetS was less likely to
cause errors of oversight and was thus more appropriate than
considering abdominal circumference to be a required cri-
terion. The challenge for the future is to identify pathologic
conditions that are responsible for MetS and to find better
diagnostic criteria through further similar studies that con-
sider factors, other than fatty liver, involved in the metabolic
domino effect [1 1, 12] as independent variables.
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Introduction

Accumulation of triglycerides in hepatocytes is increasing due to
consumption of a high-fat and high-calorie diet and a sedentary
lifestyle and the prevalence of fatty liver is now 20-30% in Japan
and other countries.'”” Fatty liver is asymptomatic and the most
common condition assessed by ultrasonography at health check-
ups.27# In particular, non-alcoholic fatty liver disease (NAFLD)

is considered a hepatic consequence of the metabolic syndrome,
7-11

closely associated with insulin resistance.

It is widely accepted that impaired fasting glucose (IFG),
elevated systolic blood pressure, a high body mass index (BMI), a
family history of diabetes mellitus (DM), and adiposity and vis-
ceral fat distribution are risk factors for type 2 diabetes mellitus
(T2DM).'*" In addition, markers of liver injury may be associated
with the metabolic syndrome and be independent predictors of
T2DM.51 Thus, elevation of liver enzymes caused by fatty liver
appears associated with insulin resistance.!*1%172% Although one
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Abstract

Background and Aim: The question of whether fatty liver might predict impaired fasting
glucose or type 2 diabetes mellitus in a longitudinal manner was assessed in Japanese
subjects undergoing a health checkup.

Methods: A total of 12 375 individuals (6799 men and 5576 women) without hypergly-
cemia or type 2 diabetes mellitus in 2000 and participating in 2005 were included. Multiple
logistic regression analyses were performed for both sexes, adjusted for age, body mass
index, elevated blood pressure or hypertension, family history of diabetes mellitus, alcohol
drinking and smoking.

Results: Impaired fasting glucose and type 2 diabetes mellitus were newly diagnosed in
7.6% and 1.0% of men and 3.8% and 0.5% of women, respectively, within the 5-year
period. The prevalence of newly diagnosed impaired fasting glucose and type 2 diabetes
mellitus was significantly higher in the participants with fatty liver than without fatty liver
in both sexes. Fatty liver adjusted for the other factors was thus a risk factor for impaired
fasting glucose and/or type 2 diabetes mellitus in both sexes (men odds ratio [OR] 1.91,
95% confidence interval [CI] 1.56-2.34 and women OR 2.15, 95% CI 1.53-3.01). The
impact of fatty liver was stronger among the participants with a lower body mass index
(men OR 0.92, 95% CI 0.86-0.99 and women OR 0.90, 95% CI 0.81-0.99, for one
increment of body mass index).

Conclusion: Fatty liver is an independent risk factor for impaired fasting glucose and type
2 diabetes mellitus, having a stronger impact in those Japanese with a lower body mass
index undergoing a health checkup.

3

study of Japanese men demonstrated that fatty liver assessed by
ultrasonography was not a risk factor for T2DM,! the majority of
investigations have revealed a link between NAFLD and impaired
glucose metabolism as well as diabetes.?*?!? Recently, it was also
reported that fatty liver was an independent risk factor for T2DM
in participants including alcohol drinkers at a health checkup in
Korea.* Although it thus appears likely that fatty liver is a risk
factor for T2DM, one study was performed in a cross-sectional
manner? and the others featured only small numbers of partici-
pants, only men or analysis of men and women together.>4?!
Because sex and weight status may modify the relationship
between metabolic risk factors and NAFLD,? the sexes should be
treated separately. Furthermore, because insulin resistance and
hyperinsulinemia may be closely associated with NAFLD in the
subjects with normal bodyweight and that non-obese subjects with
NAFLD are prone to cardiovascular disease,” 2 it is important to
determine the interaction between fatty liver and BMI regarding
the risk of IFG and/or T2DM. '
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The metabolic syndrome is characterized by visceral adiposity
(large waist circumference), dyslipidemia, hypertension, and IFG
(= 110 mg). IFG itself is independently associated with cardio-
vascular risk factors such as hypertension and dyslipidemia as well
as coronary artery calcification, subclinical atherosclerosis.”’?®
There is also an independent link with T2DM."¥® Therefore, it
may be more beneficial to predict IFG, a prediabetic status, rather
than T2DM itself in consideration of preventive measures against
cardiovascular disease.

Therefore, in the present longitudinal investigation we assessed
risk factors including fatty liver assessed by ultrasonography in
2000 for IFG or T2DM in both sexes of Japanese subjects under-
going a health checkup. Adjustment was made for age, BMI,
elevated blood pressure or hypertension, family history of DM,
alcohol drinking and smoking. A particular focus was on the rela-
tionship between fatty liver and BMI.

Methods

Design of the study

This study included retrospective longitudinal analyses to investi-
gate whether fatty liver, assessed by ultrasonography, is associated
with IFG or T2DM in apparently healthy Japanese subjects under-
going a health checkup. Informed consent was obtained from all
participants.

Subjects of the study

The numbers of participants undergoing medical checkups,
including ultrasonography in 2000 and 2005 were 26 247 (14 627
men and 11 620 women) and 32 548 (17 207 men and 15 341
women), respectively. A total of 14 617 (8377 men and 6240
women) underwent health checkups at both time-points. After
exclusion of participants who had past and present illness of DM
(551) and hepatic diseases (632), positive results for hepatitis
viruses (159), fasting hyperglycemia in 2000 (1505), a total of
12 375 participants (men 6799, 49.2 £ 10.5 years old and women
5576, 50.6 * 9.3 years old) were included.

Questionnaire

Subjects provided data for family history of DM, alcohol drinking
habits and smoking status through a self-administered question-
naire which was checked during individual interview by expert
nurses in the center. Alcohol drinking habits were classified into
occasional and daily. Family history of DM was defined if a parent
had either a past history or present illness.

Measurements

Age was categorized into four categories. Bodyweight was mea-
sured, in light clothing, to the nearest 0.1 kg and height to the
nearest 0.1 cm. BMI was calculated as kg/m® and divided into
three categories according to the criteria determined by the Japan
Society for the Study of Obesity.

Blood samples were taken from each participant after overnight
fasting. Fasting blood glucose (FBG) was measured with Hitachi
autoanalyzer models 7600 and 7700 (Hitachi Medical, Tokyo,
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Japan) and the presence of IFG or T2DM was defined as values
between 110 and 125 mg/dL and 126 mg/dL or more, respectively.

Blood pressure was measured to the nearest 1 mmHg by an
automatic sphygmomanometry (BP-203 RV III B; Nippon
COLIN, Komaki, Japan). Elevated blood pressure or hypertension
was diagnosed if resting blood pressures were 130/85 mmHg or
more or if the participants had either a history of hypertension or
use of antihypertensive medication, respectively.

Abdominal ultrasonographic examination was performed using
convex-type real-time electronic scanners (SSA 250 and 300;
Toshiba Medical, Tokyo, Japan) by 10 technicians without any
information about any present illness. All images were printed on
the sonographic papers and reviewed by other technicians and
physicians. Fatty liver was assessed according to the modified
criteria reported previously.®3 Liver brightness (diagnosed by
difference of more than 10 from the average of liver and renal
cortical echo amplitudes), attenuation of echo penetration and
decreased visualization of veins were included as criteria.

Statistical analyses

Logistic regression analyses were, respectively, performed to
determine the risk of IFG or T2DM in both men and women
separately. We evaluated two models in both sexes; an age-
adjusted and a multivariate model with adjustment for age (< 40,
40-49, 5059 and = 60 years), BMI (< 25 kg/m?, 25-29.9 kg/m?
and = 30 kg/m?), alcohol drinking (none, occasional, daily or
unknown), smoking (never, ever or unknown), family history of
DM (yes, no or unknown) and fatty liver (yes or no) which were
assessed in 2000.

We also determined the interaction between fatty liver and BMI
in a separate study. BMI was incorporated into the models as a
continuous variable. In order to simplify interpretation, BMI was
transformed by subtracting 22 (centerization). Statistical differ-
ences among groups were identified using one-way ANova, fol-
lowed by multiple comparisons using Bonferroni’s method. The
x*-test and Fisher’s test were employed for comparison of preva-
lence of fatty liver, IFG, and T2DM. Logistic regression analyses
were performed using computer software (SPSS ver. 13.0 for
Windows; SPSS, Chicago, IL, USA). P-values less than 0.05 were
considered significant.

Results

Incidences of newly diagnosed IFG and T2DM between 2000 and
2005 were, respectively, 5.9% and 0.8% overall (7.6% and 1.0% in
men and 3.8% and 0.5% in women). They were 10.6% and 2.9%
in men with fatty liver, and 5.2% and 0.6% in men without fatty
liver. For women, the respective figures were 9.4% and 2.0% with
fatty liver, and 2.6% and 0.4% without fatty liver. In both sexes, the
differences were significant. The 78.0% of male and 71.3% of
female participants with fatty liver in 2000 were assessed as fatty
liver in 2005.

Table 1 shows the characteristics of the subjects by fatty liver
status in men and women. BMI, systolic and diastolic pressures,
and FBG were significantly elevated in the participants with fatty
liver than those without fatty liver in both sexes. The prevalence of
family history of T2DM was also significant.
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Table 1 Clinical characteristics of the participants with and without fatty liver in 2000

Overall No fatty liver Fatty liver
Men

Age 49.2 + 10.5 495 + 10.7 481 * 9.6*
BMI (kg/m?) 29+28 224 £25 253 + 2.7*
Systolic blood pressure (mmHg) 118.2 £ 16.7 117.0x 166 122.8 = 16.3*
Diastolic blood pressure (mmHg) 74.1 £ 109 73.4 £ 109 77.1 £ 10.6*
FBG (mg/dL) 95.1 + 6.9 946+ 69 97.1 £ 6.4%
Family history of diabetes mellitus 126 12.0 14.7%
Smoker {%) 45.7 47.2 © 401
Drinker (%)

QOccasional 33.6 31.7 414

Daily 45.9 485 35.5

Women

Age 50.6 + 9.3 503 +93 53.7 + 8.8*
BM! (kg/m?) 221+ 28 218+ 26 25.2 + 3.0%
Systolic blood pressure (mmHg) 116.3 + 17.0 1144 = 16.7 1245 + 17.2*
Diastolic blood pressure {(mmHg) 71.0£108 705+ 106 76.2 £ 11.1*
FBG {mg/dL) 916=x72 81.2+70 965+ 71*
Family history of diabetes mellitus 15.3 14.8 19.8%
Smoker (%) 7.1 7.3 6.5
Drinker (%)

Occasional 29.3 298 24.4

Daily 8.2 8.5 49

*P < 0.001 compared to no fatty liver. BMI, body mass index; FBG, fasting blood glucose.

Table 2 Multiple logistic regression analysis for impaired fasting
glucose (IFG) or type 2 diabetes mellitus (T2DM}

Age 95% CI Multivariate 95% Cl
adjusted ORt OR#%
Men
No fatty liver 1.00 Reference 1.00 Reference
Fatty liver 2.34 1.95-2.81 1.9 1.66-2.34
Women
No fatty liver 1.00 Reference 1.00 Reference
Fatty liver 3.45 2.64-467 215 1.53-3.01

tAdjusted by age for fatty liver. $Adjusted for age, body mass index
(BMI), elevated blood pressure or hypertension, alcohol drinking, and
smoking status for fatty liver. Cl, confidence interval; OR, odds ratio.

Table 2 shows the age-adjusted and multivariate odds ratios
with underlying fatty liver for IFG and T2DM. After adjustment
for the potential confounders, fatty liver was a significant risk
factor for IFG and T2DM in both men and women. The impact did
not differ with the sex. The odds ratios (OR) were significantly
larger among those with lower BMI. We thus found significant
decrease of OR with fatty liver for IFG and T2DM, that is 0.92
(95% confidence interval [CI] 0.86~0.99) in men and 0.90(95% C1
0.81-0.99) in women, for one increment of BMI.

Discussion

The present study demonstrated that fatty liver as assessed by
ultrasonography is an independent risk factor for IFG and T2DM
in Japanese subjects undergoing health checkups. The incidence of
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newly diagnosed IFG or T2DM over the 5-year period was sig-
nificantly higher in the participants with fatty liver than without
fatty liver in both sexes. In addition, a significant interaction
between fatty liver and BMI was observed and risk was higher
among the leaner participants.

It has been demonstrated that fasting hyperglycemia, systolic
blood pressure, BMI, family history of DM and visceral adipos-
ity are risk factors for T2DM.}2™ Elevation of liver enzymes,
including y-glutamyltransferase and alanine aminotransferase is
associated with the metabolic syndrome and is an independent
predictor of T2DM."*'® In most cases, elevation is due to fatty
liver.'2161720 Tndeed, it has been shown that NAFLD is a risk
factor for impaired glucose metabolism and T2DM,>**?! as con-
firmed for both sexes in the present study. It is well established
that obesity is a strong risk factor for T2DM and a link has been
found with increased BMI even within non-obese levels*
Insulin resistance and hyperinsulinemia appear closely associated
with NAFLD in the subjects with normal bodyweight***¢ and
there may be increased risk of cardiovascular diseases.’®
Indeed, we demonstrated herein that the impact of fatty liver on
the risk factor of IFG or T2DM was stronger in leaner partici-
pants of both sexes. Taken together with the previous reports, we
conclude that non-obese participants with fatty liver should be
advised to make appropriate lifestyle changes.

The mechanisms by which fatty liver might lead to IFG or
T2DM could not be elucidated in the present study. However, it is
widely accepted that there is a close association with insulin
resistance.”1%® Hepatic lipid accumulation causes impaired
insulin clearance and defects in insulin suppression of glucose
production which results in increased fasting serum glu-
cose. /1133637 On the other hand, it was demonstrated that percent
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bodyfat was an independent predictor of fatty liver in non-
alcoholic and non-overweight subjects,®® suggesting that increased
percent bodyfat may reflect central bodyfat distribution. Thus, we
speculate that increased central bodyfat distribution may be related
to the mechanism of a stronger impact of fatty liver on the leaner
participants.

A major limitation of the present study was the retrospective
longitudinal design. The subjects were limited to the Japanese
participants undergoing voluntary health checkups at our center
and might not necessarily be representative of the general popu-
lation. Only 55.7% of the participants in 2000 received the health
checkup in 2005. Although histological diagnosis would have been
more accurate, liver biopsy is not an option at a health checkup.
Therefore, we had to rely on ultrasonography for the purposes of
the present study. However, this approach has been widely used as
a non-invasive procedure with relatively high sensitivity and speci-
ficity for screening purposes®™* and the 23.3% in men and 9.8%
in women found in the present study are consistent with values in
the previous reports.>>7* Finally, it is possible that misdiagnosis
of IFG or T2DM have occurred in some cases because we had to
rely on a single result of FBG for assessment.

In conclusion, fatty liver as assessed by ultrasonography may
predict the development of IFG and T2DM in Japanese under-
going a health checkup, having strongest impact on those with a
lower BMI. We propose that irrespective of BMI, the participants
with fatty liver at health checkups should be advised to take
action to reduce its risk factors to avoid possible development of
diabetes. Cohort studies are now necessary to confirm the present
findings.
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Midline uterine defect size is correlated with
miscarriage of euploid embryos in recurrent cases

Mayumz Sugiura-Ogasawara, M.D., Ph.D.,* Yasuhiko Ozaki, M.D., Ph.D.," Tamao Kitaori, M.D.,
Ph.D." Kyoko Kumagai, M.D., Ph.D.,* and Sadao Suzuki, M.D., M.Sc., Ph.D.®

* Department of Obstetrics and Gynecology; and ° Department of Public Health, Nagoya City University, Graduate School of
Medical Sciences, Nagoya, Japan

Objective: To compare subsequent pregnancy outcomes after two or more miscarriages in patients with and with-
out congenital uterine anomalies.

Design: Case-control study. :

Setting: Nagoya City University Hospmﬂ

Patient(s): A total of 42 patients with a bicornuate or septate uterus and 1528 with normal uteri.

Intervention(s): No surgery. -

Main Outcome Measure(s): The cumulative success rate for birth, abnormal chromosorne karyotyperate in aborted
coneepti, and the predictive valies of the height of the defect/length of the remaining uterine cavity ratio (D/C ratio).

Resull(s): Of the total of 1676 patients, 54 (3.2%) had congenital uterine anomalies; 25 (59. 5%) of the 42 patients
with a bicornuate or septate uterus had a successful first pregnancy after examination, while this was the case for
1096 (71.7%) of the 1528 with normal uteri. There was no difference in the cumulative live-birth rate (78 0% and
85.5%) within the follow—up period. However, the rates for an abnormal chromosome karyotype in aborted con-
cepti in cases with and without uterine anomalies were 15.4% (two of 13) and 57.5% (134 of 233), respecuvely,
with the latter being qxgmﬁcantly higher. The D/C ratio in the miscarriage group was also significantly greater than
that for the live-birth group.

Conclusion(s): Congenital uterine anomalies have a negative impact on reproductive outcome in couples with re-
current miscarriage and are associated with further miscarriage with a normal embryonic karyotype. The D/C ratio
was found to have a predictive value for further miscarriages in recurrent cases. (Fertil Steril® 2010;93:1983-8.
©2010 by American Society for Reprodictive Medicine.)

Key Words: Bicornuate uterus, congenital uterine anomaly, recurrent miscarriage, septate uterus

Established causes of recurrent miscarriages are antiphospho-
lipid antibodies (aPL), uterine anomalies, and chromosomal
abnormalities in the embryo (1-3). Abnormal chromosomes
in either partner, particularly translocations, are also risk fac-
tors (4). Regarding uterine anomalies, Raga et al. reported that
patients (6.3%, 54 of 868; P<.05) with a history of two or
more miscarriages had a significantly elevated incidence of
Mullerian anomalies compared with fertile (3.8%, 49 of
1289) and sterile (2.4%, 25 of 1024) cases (2). The frequency
of congenital uterine anomalies has been reported to be be-
tween 1.8% and 37.6% in women with a history of recurrent
miscarriage, the variation largely depending on the methods
of selection and criteria for diagnosis (5-7).

Thus, affected patients are offered surgery in an attempt to
restore the uterine anatomy (8-16). The conclusion is that
operations can increase successful pregnancies, but to our
knowledge there have been no prospective studies comparing
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pregnancy outcomes between cases with and without surgery
in patients with a history of recurrent miscarriage. Lee et al.
reported a preoperative pregnancy loss rate of 77.4%,
a 18.2% miscarriage rate, and a 77.3% uncomplicated deliv-
ery rate after hysteroscopic septum resection { 14). However,
itis inappropriate to simply make comparisons before and af-
ter surgery because the miscarriage rate before examination
might be 100% but the subsequent success rate is never 0.
The subsequent live-birth rate is expected to be 72% in recur-
rent miscarriage patients without abnormal chromosomes in
either partner (17) and decreases with the number of previous
miscarriages (3).

Information concerning the prognosis in women with con-
genital uterine anomalies with a history of recurrent miscar-
riage is limited. The present study was therefore conducted to
assess the subsequent live-birth rate, comparing pregnancy
outcome between cases with and without bicomis or septum
in individuals with a history of recurrent miscarriage.

PATIENTS AND METHODS

We conducted a case-control study. We studied 1676 patients
with a history of two or more (2-12) consecutive miscarriages
whose subsequent pregnancies were ascertained at least once
in our medical records. Hysterosalpingography (HSG), chro-
mosome analysis for both partners, determination of aPL,
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including lupus anticoagulant and $2-glycoprotein I depen-
dent anticardiolipin antibodies ( 18), and blood tests for hyper-
thyroidism, diabetes mellitus, and hyperprolactinemia were
performed for all patients before subsequent pregnancy. All
patients were examined between 1986 and 2007 at Nagoya
City University Hospital.

Laparoscopy/laparotomy and/or magnetic resonance im-
aging (MRI) were performed to ascertain the type of anomaly
(investigating both the uterine cavity and the external uterine
contours) in accordance with the American Fertility Society
classification of Mullerian anomalies (19-21). Tompkin’s in-
dex was used to distinguish between arcuate uterus and mild
septate or bicornuate uterus (22). A Tompkin’s index >25%
was the criterion for septate or bicornuate uterus. Patients
desiring surgical treatment before subsequent pregnancies
underwent a Jones metroplasty, Strassman metroplasty, or
hysteroscopic transcervical resection (TCR; 8-10).

All pregnancy outcomes of 1676 patients were examined.
Patients with at least one kind of aPL were treated with low-
dose aspirin and heparin combined therapy. Gestational age
was calculated from basal body temperature charts. Ultra-
sound was performed once or twice a week from 4 1o 8 weeks’
gestation. Dilation and curettage was performed on all patients
diagnosed with miscarriage, and the karyotypes of aborted
conceptuses were determined with the use of a standard
G-banding technique. The study was approved by the Research
Ethics Committee at Nagoya City University Medical School.

In the present study, [1] the prevalence of clear congenital
uterine malformations such as septate uterus, bicornuate
uterus, unicornuate uterus, and didelphys was examined;
[2] the first pregnancy outcome after systematic examination
for recurrent miscarriage was determined for both septate and
bicornuate uterus cases, comparing patients with or without
anomalies; [3] all pregnancy outcomes after systematic ex-
amination were also assessed, and the final live-birth rate/pa-
tient was calculated; [4] abnormal karyotype rates for aborted
concepti at the first miscarriage after the ascertainment of
uterine abnormalities were also compared between patients
with and without congenital uterine anomalies; [5] the height
of the defect/length of the remaining uterine cavity (D/C)
ratios were calculated in cases with bicornuate and septate
uterine and compared between miscarriages and live birth
at the subsequent first pregnancy. We also ascertained
whether the D/C ratio has predictive value for further miscar-
riage in recurrent miscarriage cases.

The analysis was carried out using the SAS system (SAS
Institute Inc., Cary, NC) with receiver operating curve
(ROC) analysis and logistic regression. P<.05 was consid-
ered statistically significant.

RESULTS
Baseline Charaeteristics

One thousand six hundred seventy-six patients became preg-
nant after systematic examination for recurrent miscarriages.

Sugiura-Ogasawara et al.
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Of this total, 54 (3.2%) had congenital uterine anomalies, 38
with partial bicornis unicolli, 10 with a septum, five with a
unicornis, and one with a didelphys. None of them had
hypoplasis/agenesis or diethylstilboestrol (DES) drug-related
anomalies. Two patients with a septate uterus and a bicornuate
uterus also had translocations in either partner. The 94 patients
who had structural chromosome abnormalities, including 73
translocations, in either partner, were excluded from the analysis.

One thousand five hundred twenty-eight patients had nei-
ther congenital uterine anomalies nor an abnormal chromo-
some karyotype in either partner; 75 patients exhibited
persistent aPL and were treated with low-dose aspirin and
heparin combined therapy.

One of the two patients with bicornuate uteri underwent
a Jones metroplasty, and the other underwent a Strassman
metroplasty (8. 9). One patient with a septum also received
a Jones metroplasty, and hysteroscopic TCR was performed
for the other four patients with septate uteri.

We compared pregnancy outcomes between 42 patients
with septate or bicornuate uteri not undergoing surgery
and 1528 patients without uterine anomaly. We found no dif-
ferences in baseline characteristics between the two groups
(Table 1).

Pregnancy Outcome

Subsequent pregnancy outcomes are summarized in Table 2.
Twenty-five of the 42 patients with a septate or bicornuate
uterus (59.5%) treated without any kind of surgery had a suc-
cessful outcome, while this was the case for 1096 (71.7%) of
the 1528 without congenital uterine anomalies at the subse-
quent first pregnancy (P=.084). Four of five patients with
a septate uterus and 21 of 37 patients with a bicornuate uterus
gave birth to live babies. There was one case with a bicornuate
uterus who suffered from uterine rupture in the first trimester
because of the limited capacity.

One patient received surgery after further miscarriage.
Thus, 32 (78.0%) of 41 patients and 1307 (85.5%) of 1528
patients with and without uterine anomalies could cumula-
tively have a live baby within the follow-up period (? = not
significant). Live-birth rates of patients with congenitaluterine
anomalies tended to be lower both at the first pregnancy after
ascertainment and cumulatively. Final live-birth rates/person
are also shown in Table 2.

Furthermore, rates for an abnormal chromosome karyo-
type in aborted concepti in cases with and without uterine
anomalies were 15.4% (two of 13) and 57.5% (134 of 233),
respectively, at the first pregnancy after ascertainment of
uterine anomalies, the difference being highly significant
(Fisher’s exact probability test, P=.006).

One of five patients with a unicornuate uterus succeeded in
having a baby at the first pregnancy after examination, and
four of five could have a baby, cumulatively. The patient
with didelphys also succeeded at the first pregnancy after
examination. '
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TABLE 1 : ,
Baseline characteristics of patients with and without congenital uterine anomalies.
Patients with anomalies Patients without anomalies
(n =42 (n = 1528) P value
Maternal age, y .
Mean (SD) 31.5(3.9) 31.1 4.3) NS
Median (interquartile range) 31 (29) - 31 (28) NS
Number of previous miscarriages '
2 17 (40.5) 765 (50.1)
3 18 (42.9) 537 (35.1)
4 7 (16.7) 136 (8.9)
5 or more 0 90(5.9) .085
Mean (SD) 2.74 (0.77) 2.77 (1.12) NS
~ Median (interquartile range) 3@ 22 NS
No. of previous live births
-0 37 (88.1) 1328 (86.9)
1 ’ 4 (9.5) 186 (12.2)
2 or more 12.4) 14 (0.9) NS
Mean (SD) 0.1 0.14 (0.37) NS
No. of previous stillbirths .
0 40 (95.2) 1491 (97.6)
- One or more 2 (4.8 37 (2.4) NS
Note: Values are numbers (percentages) of patients unless otherwise specified.
Sugiura-0g a. Uterine ly and recurrent miscarriage. Fertil Steril 2010.

Predictive Value for the D/C Ratio

Mean values (SD) for the D/C ratio in the miscarriage and
live-birth groups were 0.8332 (0.3974) and 0.4776
(0.2745), respectively (P=.0057, 95% confidence interval
[CI]; 0.1115-0.5998). When two miscarriage cases caused
by an abnormal embryonic karyotype were excluded, the
value for the D/C ratio in the miscarriage group was also sig-
nificantly higher than in the live-birth group (P=.0051).
Mean (SD) age and number of previous miscarriages for
the 15 patients whose subsequent pregnancy ended in miscar-
riage and the 17 patients who experienced live births were
315 (3.0) versus 31.5 (3.8) and 2.76 (0.75) versus 2.72
(0.79), respectively (P = not significant). Ten patients were
excluded because HSG films were not available.

The ROC curve is shown in Figure 1. From the figure, the
cutoff value would be appropriate somewhere between 0.59
and 0.64, giving the sensitivity and specificity around 0.75-
0.80. The area under the ROC curve, meaning the total diagnos-
tic accuracy of the D/C ratio on live birth, was 0.808. From the
logistic regression, the D/C ratio was found to be an indepen-
dent risk factor on the failure of live birth after adjusting for
age and previous number of miscarriages. The odds ratio for
the 0.1 increment of D/C ratio was 142 (95% CI, 1.06-1.91).

DISCUSSION

In the present study, the live-birth rate of patients with con-
genital uterine anomalies tended to be lower, both at the first

Fertility and Sterility®

pregnancy after ascertainment and cumulatively, than that of
patients with a normal uterus, although the differences were
not significant. Congenital uterine anomalies were associated
with miscarriages with a normal embryonic karyotype. Thus,
congenital uterine anomalies impacted the progression of
normal pregnancies.

Salim et al. earlier found no significant difference in the
relative frequency of various anomalies or depth of fundal
distortion as determined by three-dimensional (3D) ultra-
sound between women with and without a history of recur-
rent miscarriage, although abnormalities in uterine anatomy
were more severe in women with a history of recurrent mis-
carriages (23). In this context, the finding in the present study
that the D/C ratio is a predictor of further miscarriage in
recurrent cases is clearly of interest.

However, 59.5% and 78.0% of our patients with a septate
or bicornuate uterus without any kind of surgery could have
a baby at the first pregnancy or cumulatively. Several studies
concerning obstetric outcome after removal of a uterine sep-
tum have been reported ( 10-16). Lee et al. described a77.3%
uncomplicated delivery rate after hysteroscopic septum
resection (14). Kormayos et al. compared pregnancy outcome
after removal of septum between cases with and without a
residual septum in patients with a history of two or three mis-
carriages and concluded that the live-birth rate in cases with
no remnant was significantly higher than that in cases with
a remnant (15). However, the live-birth rate for patients
undergoing first hysteroscopy was 35.1% (33 of 94), and the
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