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Abstract A clustering of metabolic abnormalities such as
dyslipidemia, hypertension, and diabetes mellitus, all of which
are major risk factors for cardiovascular disease (CVD), oc-
curs more often than by chance. Numerous epidemiological
studies, as well as basic researches, have revealed that visceral
fat accumulation is closely involved in this risk clustering.
This morbid condition is now well recognized as the metabol-
ic syndrome. The concept of the metabolic syndrome, i.e., the
involvement of visceral adiposity in the clustering of CVD
risk factors, implies that an effective CVD risk reduction will
be accomplished by an intervention to reduce visceral fat
deposits. The primary strategy of the intervention is lifestyle
modification, which can be put into practice in healthcare
fields, without necessity of medical treatment. Now that
CVD is a leading global health burden, the metabolic syn-
drome attracts increasing attention in the world. To take global
action against the syndrome, several working groups devel-
oped its internationally unified diagnostic criteria. Most re-
cently, the International Diabetes Federation (IDF) and the
American Heart Association/National Heart, Lung, and
Blood Institute (AHA/NHLBI) jointly proposed the criteria,
although some cautions will be needed in their practical use.
In this review, we mainly focus on the findings observed in
clinical and epidemiological studies, to discuss a practical
strategy of the management of the metabolic syndrome in
healthcare fields.
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1 Introduction: history of metabolic syndrome

In the last century, cardiovascular disease (CVD) was identi-
fied as a leading cause of morbidity and mortality in devel-
oped countries, and numerous epidemiological studies were
launched in search of its contributing factors. Consequently,
metabolic abnormalities such as dyslipidemia, hypertension,
and diabetes mellitus were revealed to be major risk factors of
CVD [1, 2]. Importantly, as was long suggested [3], these
metabolic abnormalities often coexisted, especially in the
individuals with abdominal obesity.

Subsequent epidemiological researches, assessing fat dis-
tribution in the body by the use of computed tomography,
demonstrated that intra-abdominal visceral fat accumulation,
rather than subcutaneous fat accumulation, is closely linked
with a clustering of metabolic abnormalities in human [4-6].
In addition, basic researches found that adipose tissue secretes
various bioactive substances, i.e., adipocytokines, such as
adiponectin, which are closely involved in the homeostasis
of various metabolisms, and that visceral adiposity disturbs
their secretion and increases CVD risk [7—11]. On the basis of
these findings, this clinically morbid condition, i.e., a cluster-
ing of metabolic abnormalities linked with visceral adiposity,
has been established as a syndrome, which is now well rec-
ognized as the metabolic syndrome.

In the current century, CVD is still a leading global health
burden and its prevention remains a key issue in the world.
The concept of the metabolic syndrome, i.e., the involvement
of abdominal obesity in a clustering of CVD risk factors,
implies that an effective CVD risk reduction can be accom-
plished through an intervention to reduce visceral fat deposits.
In addition, the metabolic syndrome is at the same time a risk
factor for future development of type 2 diabetes mellitus,
another key healthcare burden in the world [12]. An interven-
tion to the metabolic syndrome is therefore expected to be also
beneficial against diabetes pandemic. The metabolic
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syndrome now attracts increasing attention in both developed
and developing countries.

2 From abdominal obesity, via metabolic abnormalities,
to CVD

Ever since the etiological involvement of visceral adiposity in
metabolic abnormalities was first demonstrated in human by
evaluating abdominal visceral fat area with computed tomog-
raphy [13], some novel imaging techniques for quantifying
visceral fat deposits have been developed and have strength-
ened their etiological significance in human [14—16]. In addi-
tion, the establishment of commercial-based kits to measure
circulating adipocytokines levels in recent years has enabled
their measurement in larger clinical and epidemiological stud-
ies and has helped confirm the etiological importance of
adipocytokines in human [17-20]. It is now no doubt that
visceral fat accumulation and its associated phenomenon,
dysregulated secretion of adipocytokines, are closely linked
with a clustering of metabolic abnormalities [21, 22].
However, it is also known that metabolic abnormalities are
multifactorial and are not derived solely from abdominal
obesity. It has long remained to be clarified to what extent
abdominal obesity exactly contributes to a clustering of met-
abolic abnormalities in vivo in human.

We recently addressed this issue by performing the struc-
tural equation modeling (SEM) analysis, with the use of a data
of 1,989 Japanese employees [23]. In this study, we developed
a multiple indicator multiple cause (MIMIC) model according
to the concept of the metabolic syndrome. In brief, a latent
variable named “risk clustering” was introduced in the model,
to express a morbid change in the body leading to a clustering
of metabolic abnormalities. We investigated to what extent the
measurements of visceral fat area and circulating adiponectin
levels would explain this morbid condition named “risk clus-
tering.” The following clinically measurable parameters were
set as the phenotypes of, i.e., the indicators of, the “risk
clustering”: systolic blood pressure, glucose, high-density
lipoprotein cholesterol, triglycerides, uric acid, and alanine
aminotransferase levels. Consequently, as shown in Fig. 1,
the squared multiple correlation R* of the “risk clustering” was
calculated to be as much as 0.73, indicating that the measure-
ments of visceral fat area and adiponectin levels explained
73 % of the variance in the risk clustering [23]. These findings
support that abdominal obesity was considerably involved in a
clustering of metabolic abnormalities in vivo in human.

In addition to the impact of abdominal obesity on the
prevalence of metabolic abnormalities, its impact on CVD
incidence has been investigated by a substantial number of
epidemiological studies. These studies have reported that
subjects with abdominal obesity at baseline had an increased
risk of the future incidence of CVD [24-26]. On the other
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hand, the impact of abdominal obesity on future CVD risk is
attenuated after adjustment for hypertension, dyslipidemia
and diabetes mellitus [27], indicating that abdominal obesity
increases CVD risk mainly via its associated metabolic abnor-
malities. These findings would reflect the pathophysiology of
the metabolic syndrome, i.e., the stream from visceral adipos-
ity, via metabolic abnormalities, to future CVD risk.

3 Intervention to abdominal obesity for CVD risk
reduction

Given that visceral adiposity is the upstream of CVD risk, it is
expected that CVD risk can be reduced through an interven-
tion on visceral fat accumulation. Indeed, longitudinal studies
including ours demonstrated that in subjects who received
health promotion programs, visceral fat reduction was signif-
icantly associated with the improvement of metabolic profiles
as well as circulating adipocytokine levels [28-32]. In addi-
tion, our 4-year observational study demonstrated that in
subjects with visceral fat accumulation at baseline, those
who succeeded in visceral fat reduction had a significantly
lower incidence of CVD, compared to those with visceral fat
deposits unchanged or increased [33]. These observations
indicate that visceral fat reduction is a practical strategy for
CVD risk reduction.

The primary strategy of visceral fat reduction is lifestyle
modification [34, 35], which is in accordance to the conven-
tional treatment strategy for obesity [36]. Indeed, previous
studies have confirmed that lifestyle modification programs,
including both improved dietary habits and increased physical
activity levels, reduce not only body weight but also visceral
fat deposits [37-39] (Table 1). However, this does not mean
that every participant in the intervention programs achieves
and maintains successful visceral fat reduction. Some partic-
ipants will fail to achieve visceral fat loss, or will regain
visceral fat deposit over time after a temporary reduction.
For these subjects, pharmacotherapy, and sometimes bariatric
surgery, may be considered as an adjunct to lifestyle interven-
tion to help achieve targeted visceral fat reduction and health
goals, as guidelines recommend for the management of over-
weight and obesity [36]. To date, some anti-obesity medica-
tions [40—44] and bariatric surgery [45—48] are reported to be
beneficial not only for weight loss but also for visceral fat
reduction, leading to the amelioration of metabolic abnormal-
ities. In addition, bariatric surgery, but not anti-obesity medi-
cation, has been shown to reduce cardiovascular mortality in
obese subjects [49, 50]. Nonetheless, it should be noted that
these beneficial effects of anti-obesity medications and bariat-
ric surgeries on visceral adiposity have been usually assessed
as secondary outcomes in clinical trials which were primarily
targeted at weight reduction in obese subjects. Their study
designs such as inclusion criteria, outcome setting, and sample
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Fig. 1 The concept of the metabolic syndrome [23]. Impact of visceral
fat accumulation and adiponectin on a clustering of metabolic abnormal-
ities was investigated by the use of the structural equation modeling
(SEM) analysis. Data are standardized regression weights (along arrows)
and the squared multiple correlations R”. An ellipse represents a latent
variable, whereas rectangles and circles represent observed variables and
error variables, respectively. The R* of the risk clustering was as much as
0.73, indicating that the measurements of VFA and adiponectin levels
explained 73 % of the variance in the risk clustering. The R* between the
risk clustering and metabolic parameters were ranged from 0.14 to 0.54,
indicating that when the morbid condition of the risk clustering was

size calculation were not primarily for the assessment of
visceral fat reduction in subjects with abdominal obesity. In
addition, these medical options always accompany potential
risks of adverse effects and costs; careful consideration there-
fore should be given to whether the potential benefits will be
over the potential risks [49, 50].

Compared to these medical options as adjuncts to lifestyle
modification, lifestyle modification itself is a foundational
strategy for visceral fat reduction, regardless of combination
of these medical options. What is important is that lifestyle
modification programs can be put into practice even in
healthcare fields, without necessity of medical treatment.
This is in distinct contrast to anti-obesity medications and
bariatric surgery. Carrying out the programs in healthcare
fields means that a larger number of subjects with abdominal
obesity are expected to be targeted and to benefit by the
programs. It is true that there are so far few well-designed
randomized controlled trials investigating the effects of these
programs in subjects with abdominal obesity rather than

developed in the body, these metabolic parameters reflect it within the
range from 14 to 54 %. Log(x) represents log-transformed x, whereas e,
to eg represent error variables. Adpn, adiponectin; ALT, alanine amino-
transferase; HDL-C, high-density lipoprotein cholesterol; PG, plasma
glucose; SBP, systolic blood pressure; TG, triglycerides; UA, uric acid;
VFA, visceral fat area evaluated by the bioelectrical impedance method.
(From Takahara M, Katakami N, Kaneto H, Noguchi M, Shimomura I.
Contribution of Visceral Fat Accumulation and Adiponectin to the Clus-
tering of Metabolic Abnormalities in a Japanese Population. J Atheroscler
Thromb. 2014;21(6):543-53, with permission of the Japan Atherosclero-
sis Society)

general obesity. However, recent observational or single-arm
studies including ours suggest that health promotion programs
which are based on the concept of the metabolic syndrome
and in which visceral adiposity heavily weigh will bring the
reduction of visceral fat deposits and the improvement of
various metabolic profiles in healthcare practice, seemingly
without remarkable adverse effects [51, 52] (Table 1). Future
well-designed trials will be needed to accurately assess their
beneficial effects and potential risks as well as their cost
performance, although existing statements by authorities al-
ready recommend lifestyle modification as a key strategy for
dealing with the metabolic syndrome [34, 35].

4 Diagnosis of metabolic syndrome
The metabolic syndrome is now a worldwide public health

concern, and there are urgent needs to take global action
against the syndrome. To identify individuals with the
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Table 1 Visceral fat reduction after lifestyle modification in human longitudinal studies

Study

Design and subjects

Lifestyle modification

Findings

Sacks [37]

Vissers [38]

Borel [30, 31], Pelletier-
Beaumont [32], and
Nazare [39]

Ryo [51] and Okauchi
[28, 29, 33]

Muramoto [52]

Design: Four-arm

Subjects: overweight and
obese adults with body mass
index of 25 to 40 kg/m?

Design: meta-analysis

Subjects: overweight and
obese adults in 15 studies,
with mean age of >18 years
and mean body mass index
of >25 kg/m?

Design: Single-arm
Subjects: Men with abdominal
obesity and lipid abnormalities

Design: Single-arm
Subjects: Employees

Design: single-arm
Subjects: adults with abdominal

obesity or obesity and metabolic

abnormalities

Four different diets:

- Containing 1) low fat and average
protein, 2) low fat and high protein,
3) high fat and average protein,
4) high fat and high protein.

- With a 750-kcal/day deficit of calorie.

- Combined with 90-min/week
moderate exercise.

Exercise programs:

- Including voluntary aerobic-,
resistance-, and combined-
training programs.

- For 10 weeks to 12 months

- With low-to-moderate or
vigorous intensity for at least
two sessions per week.

Individual counseling once every
2 weeks for 4 months:

- To elicit a 500-kcal/day deficit
of caloric intake

- To encourage 160-min/week
exercise with moderate intensity
endurance and 10,000-step daily
walking.

Health guidance

- To promote the understanding of the
stream from visceral adiposity to
CVD risk.

- To counsel subjects with the metabolic
syndrome and/or at high risk for
CVD about eating and exercise habits

Health guidance

- Focusing on abdominal obesity

- To promoting lifestyle modification
including improved dietary habit
and increased physical activity level

During the 2-year study period,
all diets similarly reduced body
weight and waist circumference.
The amelioration of metabolic
abnormalities including lipid-
related risk factors and fasting
insulin levels was accompanied.

Exercise programs reduced visceral
fat deposits. Aerobic training of
moderate or high intensity has
the highest potential to reduce
visceral fat deposits.

After 1 year, visceral fat volume
decreased by 26 %, with 20 %
increase of cardiorespiratory
fitness. Plasma adipocytokine/
inflammatory markers, and lipid
and glucose homeostasis were
improved. Visceral fat volume
was associated with these
parameters.

Changes in both global diet quality
and physical activity level
synergistically reduced visceral
fat volume.

During 2-year period, waist
circumference and the prevalence
of the metabolic syndrome were
decreased.

During 1-year period, The change of
estimated visceral fat area was
associated with the change of the
number of accumulated metabolic
abnormalities and the change of
serum adiponectin levels.

During 4-year period, the change
of estimated visceral fat area
was associated with CVD incidence.

After 6 months, body weight and
waist circumference were decreased.
Metabolic abnormalities were
ameliorated.

The studies listed in the table were those cited in the Section 3 (“Intervention to abdominal obesity for CVD risk reduction’)

metabolic syndrome, or its high risk population in the world,
the establishment of its valid diagnostic criteria unified across
ethnicity and country is critical. To this end, several working
groups have made an effort to establish such diagnostic tools.
Most recently, the International Diabetes Federation (IDF) and
the American Heart Association/National Heart, Lung, and
Blood Institute (AHA/NHLBI) collaborated and delivered a
joint statement on unified diagnostic criteria of the metabolic
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syndrome [53]. However, some cautions will be need in their
practical use.

According to the criteria, the metabolic syndrome can be
diagnosed when subjects have three or more of the following
five components: abdominal obesity, elevated triglycerides
levels, reduced high-density lipoprotein cholesterol levels,
elevated blood pressure, and elevated fasting glucose levels.
In other words, in the criteria, abdominal obesity was not
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treated as an obligatory component required in the diagnosis.
That was in contrast to other criteria previously proposed such
as the prior version of the IDF criteria [35] and those proposed
in Japan [34], which positioned abdominal obesity as an
obligatory component of the diagnosis. Consequently, the
current joint criteria by the IDF and the AHA/NHLBI mean
that some subjects diagnosed as the metabolic syndrome may
have metabolic abnormalities without abdominal obesity.
Indeed, we confirmed in a Japanese population that a substan-
tial number of subjects who had three or more metabolic
abnormalities and could be diagnosed as the metabolic syn-
drome according to their criteria were free from abdominal
obesity (Fig. 2) [54]. As discussed above, in subjects who
have metabolic abnormalities as well as abdominal obesity, a
strategy of targeting visceral fat reduction is expected to be
beneficial. On the other hand, in subjects with metabolic
abnormalities but without abdominal obesity, such a strategy
will not be so effective, since visceral fat accumulation is
unlikely the origin of their metabolic abnormalities. Their
metabolic abnormalities may be coincidently overlapped and
medical intervention to respective independent etiologies may
be required [21]. It would be worth emphasizing in healthcare
practice that the metabolic syndrome diagnosed by their joint
criteria is composed of two different pathogeneses which may
require different management strategies.

It should be also noted that the diagnostic criteria of the
metabolic syndrome is not a tool to predict future absolute
cardiometabolic risk [53]. It is true that patients with the
metabolic syndrome have an increased risk for future devel-
opment of CVD and type 2 diabetes mellitus [55, 56].
However, the diagnostic criteria were not developed for the
primary purpose of predicting these risks. They does not
contain many of the factors that determine these absolute
risks, such as age, sex, cigarette smoking, and total or low-

>

Frequency (n)
N Eay [} (0]
o o o o

_al

60 80 100 120 140
Waist circumference (cm)

o

Fig. 2 Waist circumference in subjects with three or more metabolic
abnormalities [54]. Data are the distribution of waist circumference in
Japanese male (A) and female (B) employees, who had three or more of
the following four components: hypertriglyceridemia, decreased HDL
cholesterol level, raised blood pressure, and elevated fasting glucose
level. These subjects therefore could be diagnosed as the metabolic
syndrome according to the current joint criteria by the IDF and the
AHA/NHLBI [53]. They accounted for 58 % of males and 71 % of

density lipoprotein cholesterol levels for CVD [57-61], and
age, sex, and family history of diabetes mellitus for type 2
diabetes mellitus [62—65]. The risk assessment based on such
diagnostic criteria are therefore at risk of inaccuracy and might
be misleading. The risk for future development of CVD and
type 2 diabetes mellitus should be estimated rather by the risk
prediction tools developed for the purposes [66—70].

5 Identification of abdominal obesity

Epidemiological studies have demonstrated that cardiometa-
bolic risks is increased in an almost linear fasion as visceral fat
is accumulated [71]. This relationship indicates that waist
circumference, a relevant index of visceral fat accumulation
[72], has no clear threshold above which cardiometabolic risks
would increase sharply. Nonetheless, to act against abdominal
obesity in healthcare practice, a cutoff point of waist circum-
ference needs to be determined as the action level.

In the current joint criteria of the metabolic syndrome by
the IDF and AHA/ NHLBJI, adhering to the prior version of
the IDF criteria, proposed different cutoff points in different
populations and ethnic groups [53, 35]. This sensible idea
was based on the recognition that different ethnic groups
had different relationships of waist circumference to cardio-
metabolic risks, partly due to the interethnic difference in body
shape, and partly due to that in susceptibility to cardio-
metabolic risks [35, 73-78]. Based on this idea, they
proposed ethnic-specific cutoff points of waist circum-
ference, which were originally derived from previous
studies performed in individual ethnic groups [35, 53].
The process for proposing ethnic-specific cutoff points
would be apparently logical. However, it should be
noted that these cutoff points in different ethnic groups
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females with the metabolic syndrome. Note that the cutoff points of waist
circumference for detecting abdominal obesity in Japanese males and
females are proposed to be 85 cm and 90 cm, respectively [34]. (From
Takahara M, Kaneto H, Shimomura 1. High prevalence of normal waist
circumference in Japanese employees with a cluster of metabolic abnor-
malities. J Atheroscler Thromb. 2013;20(3):310-2, with permission of
the Japan Atherosclerosis Society)
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were originally derived from studies separately per-
formed through different statistical procedures based on
different working hypotheses. The current joint criteria
just diverted and reproduced these values, ignoring their
difference in statistical procedures.

For example, Western countries derived their cutoff points
of waist circumference from its correlation with body mass
index [79-81]. The cutoff points were set to be the values
corresponding to 25 or 30 kg/m* of body mass index, well
established cutoff points of body mass index for detecting
general adiposity. General adiposity is involved not only in
metabolic abnormalities but also in other unfavorable health
problems, e.g., osteoarthritis. This statistical approach would
enable to detect general adiposity including abdominal adipos-
ity by waist circumference as a substitute for body mass index.

In contrast, some Asian countries attempted to develop
their cutoff points by the use of the receiver operating charac-
teristic (ROC) curve for detecting a clustering of metabolic
abnormalities [82—85]. Importantly, metabolic abnormalities
cannot be assessed without sphygmomanometer or blood
sampling. The assessment may be difficult in some healthcare
fields. The ROC curve-derived cutoff points of waist circum-
ference will fit the purpose of predicting the presence of
undiagnosed metabolic abnormalities in these fields.

On the other hand, in Japan, the cutoff points was set to
correspond to the absolute risk of the presence of metabolic
abnormalities; subjects with waist circumference above the
cutoff points are likely to have more than one metabolic abnor-
mality [34]. These cutoff points are assumed to be used in the
environment where metabolic abnormalities can be directly
assessed by sphygmomanometer and blood sampling. When
subjects are found to have metabolic abnormalities, it can be
judged by using the cutoff points whether their metabolic
abnormalities come from visceral fat accumulation or not.

As thus far seen, the currently prosed ethnic-specific cutoff
points of waist circumference were based on various working
hypotheses and were derived from various statistical ap-
proaches. Different statistical procedures themselves can
cause the generation of different cutoff points, as we

illustrated elsewhere using a data of a Japanese population
(Table 2) [71]. It is also noteworthy that the cutoff points are
dependent on age of the population. Analyses in different age-
groups provide different cutoff points, irrespective of statisti-
cal procedures, as shown in Table 2. Furthermore, when the
cutoff points are derived from the ROC-curve analysis, they
are also influenced by the distribution of waist circumference
in the population. For example, in our simulated Japanese
populations, a right or left shift of the distribution by 5 cm
resulted in an increment or decrement of the cutoff point by
around 5 cm, respectively [71]. These findings indicate that
both different statistical approaches and different population
attributes such as age and waist circumference distribution
could generate different optimal cutoff points of waist circum-
ference, even in a same ethnic group. Practically in healthcare
settings, action should be taken on the basis of the proper
cutoff points of waist circumference for its definite purpose.

6 Deeper understanding of metabolic syndrome

It is now well recognized that an excessive amount of intra-
abdominal visceral adipose deposition is closely involved in a
clustering of metabolic abnormalities, whereas subcutaneous
adipose deposition in contrast demonstrates if any weaker
associations with these CVD risk factors [15, 16, 86,
87]. Visceral fat accumulation is no doubt a key feature
of the metabolic syndrome. Nonetheless, the following
two points, apparently conflicting, would be also worth
mentioning for a deeper understanding of the metabolic
syndrome.

First, ample evidence has indicated that visceral fat accu-
mulation is not only a cause of the pathophysiology but also is
a marker of a morbid condition in which dysfunctional adi-
pose tissue is unable to appropriately store the energy excess,
resulting in non-physiological fat deposition in non-adipose
tissues, e.g., the liver, the skeletal muscle, the pancreas, and
the heart [88, 89]. Such morbid fat deposition in undesirable
sites, called ectopic fat deposition, has been revealed to play

Table 2 Different cutoff points of waist circumference on different grounds [71]

30-year-old population

45-year-old population 60-year-old population

Male: 84 cm / Female: 83 cm
Male: 84 ¢cm / Female: 77 cm
Male: 93 ¢cm / Female: 102 cm

Association with BMI
ROC curves
Association with absolute risk

Male: 86 cm / Female: 85 cm
Male: 85 ¢cm / Female: 80 cm
Male: 87 cm / Female: 97 cm

Male: 89 ¢cm / Female: 86 cm
Male: 87 ¢cm / Female: 84 cm
Male: 75 cm / Female: 89 cm

Data are the cutoff points of waist circumference in simulated 30-, 45-, and 60-year-old Japanese populations on different statistical grounds [71]. In the
analysis of the association with BMI (Top), the cutoff points corresponded to 25 kg/m* of BML In the ROC-curve analysis (Middle), the cutoff points
were those with the smallest value of [(ksensitivity)2 +(lfspeciﬁcity)2 ]0‘5 in a ROC curve for a clustering of more than one of the three metabolic
abnormalities (i.e., elevated blood pressure, lipid abnormalities, and hyperglycemia). In the analysis of the association with the absolute risk (Bottom),
the probit analysis was used to determine the cutoff points corresponding to more than one of the three metabolic abnormalities. BMI, body mass index;

ROC, receiver operating characteristic
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an important role in the pathophysiology of the meta-
bolic syndrome, along with an excessive visceral fat
deposition [90-100]. The comparable importance of ec-
topic fat deposition may be partly supported by a series
of recent clinical trials in patients with abdominal obe-
sity, which reported that surgical removal of visceral fat
by omentectomy brings a limited, or no obvious im-
provement in metabolic profiles in human [101-106].
Nonetheless, the emphasis on visceral fat accumulation
as an origin of various metabolic abnormalities would
make sense in healthcare practice, because waist circum-
ference, as its relevant index [72], is a simple and
familiar barometer with reality to general population
and is expected to easily receive popular attention.
Furthermore, practically in healthcare fields, visceral fat re-
duction through lifestyle modification programs is actually
accompanied by ectopic fat reduction, which brings a success-
ful improvement of metabolic profiles [107—109]. The chief
focus on waist circumference is likely a practical strategy in
healthcare fields. Waist circumference will therefore continue
to be a purposeful index in healthcare practice.

Second, although associated metabolic abnormalities,
i.e., elevated blood pressure, lipid abnormalities, and hy-
perglycemia, are often equally treated without any
weighting in discussing the metabolic syndrome, the in-
volvement of visceral adiposity considerably varies among
these metabolic abnormalities, as suggested by a broad

range of R® of metabolic parameters in Fig. 1. Indeed,
as shown in Table 3, despite significant associations of
waist circumference with all kinds of metabolic abnormal-
ities, the impacts of waist circumference quite differed
among the metabolic abnormalities. The impact was the
strongest on lipid abnormalities, followed by elevated
blood pressure and hyperglycemia. Importantly, the differ-
ence in the impact on metabolic abnormalities was ob-
served not only regarding waist circumference at baseline,
but also regarding the change of waist circumference from
baseline. Practically in healthcare settings, these findings
suggest that visceral fat reduction would bring different
beneficial effects among metabolic abnormalities. The
presence of lipid abnormalities would be the most sensi-
tive to the change of waist circumference, whereas that of
hyperglycemia would be the least. It implies that patients
who had a clustering of all the three metabolic abnormal-
ities as well as visceral adiposity in the past and have
succeeded in visceral fat reduction might most likely get
rid of lipid abnormalities. On the other hand, patients who
were free from any metabolic abnormality in the past
and have gained waist circumference might be more
likely subject to lipid abnormalities than to hypergly-
cemia. The understanding of these associations would
be of healthcare importance to appropriately interpret
the change of the risk accumulation along with the
change of waist circumference.

Table 3 Different impact of abdominal obesity on metabolic abnormalities (unpublished data)

Age-adjusted odds ratio of waist

Fold difference of odds ratio among metabolic abnormalities

circumference in 10-cm increment

Compared to elevated
blood pressure

Compared to
hyperglycemia

Compared to lipid
abnormalities

Odds ratio of waist circumference at baseline
2495 %CIL: 2.1t02.7) -
3.0(95 % CI: 2.6 to 3.3)
1.8(95 % CI: 1.7t0 2.1)
Odds ratio of change of waist circumference

2.1(95 %CI: 1.7 to 2.4) -
3.1(95 % CI: 2.7 to 3.7)
1.6 (95 % CI: 1.3 t0 2.0)

Elevated blood pressure
Lipid abnormalities
Hyperglycemia

Elevated blood pressure
Lipid abnormalities
Hyperglycemia

1.2 (95 % CI: 1.1 to 1.3)
0.8 (95 % CI: 0.7 to 0.9)

1.5095%CI:1.2t0 1.9) -
0.8 (95 % CI: 0.6 to 1.0)

0.8(95%CL 0.7t00.9) 1.3 (95%CIL 1.2 to 1.4)
- 1.6 (95 % CI: 1.4 to 1.7)

0.6(95%CL 0610 0.7)  —

0.7(95 % CI: 0.5t0 0.8) 1.3 (95 % CI: 1.0 to 1.6)

1.9 (95 % CI: 1.5 t0 2.5)

0.5 (95 % CI: 0.4 t0 0.7) -

The impact of waist circumference on metabolic abnormalities were analyzed using a database of 1,285 Japanese male employees of the city office of
Amagasaki, Hyogo, who participated in annual health check-ups at the office more than once between 2004 and 2008. The database are from the
Amagasaki Visceral Fat Study (UMIN000002391). Approval of the human ethics committee of Osaka University and written informed consent from
every participant were obtained. Data are the age-adjusted odds ratios of waist circumference at baseline (WC) and the change of waist circumference
from baseline (AWC) for the following metabolic abnormalities: elevated blood pressure (systolic blood pressure >130 mmHg, diastolic blood pressure
>85 mmHg, or anti-hypertensive treatment), lipid abnormalities (triglycerides >1.7 mmol/l, high-density lipoprotein cholesterol<1.0 mmol/l, or
treatment for dyslipidemia), and hyperglycemia (fasting glucose >6.1 mmol/l or treatment for diabetes mellitus) [34]. The odds ratios were assessed
using the generalized linear mixed model with a logit link function as follows. The individual metabolic abnormalities were treated as the dependent
variables in a common model, in which the indication of the outcome F (i.e., either elevated blood pressure, lipid abnormalities, or hyperglycemia) as
well as WCy, AWC, and age was included as the fixed effect, whereas the inter-subject variability was as the random effect. Furthermore, interaction
terms between £ and the other factors WCy, AWC, and age were additionally entered as the fixed effect in the model, to assess the difference in the impact
among outcomes. Data are presented per 10-cm increments of waist circumference
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7 Conclusions

Visceral fat accumulation is importantly involved in the clus-
tering of metabolic abnormalities, leading to an increase of
future CVD risk. The concept is now well recognized as the
metabolic syndrome. The introduction of this concept to
healthcare settings would be beneficial for public CVD risk
reduction.
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