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Visceral Fat Area Cutoff for the Detection of
Multiple Risk Factors of Metabolic Syndrome in
Japanese: The Hitachi Health Study

Matsushita Yumi', Nakagawa Toru?, Yamamoto Shuichiro?, Takahashi Yoshihiko?, Yokoyama Tetsuji?,

Mizoue Tetsuya® and Noda Mitsuhiko?

The relationships between metabolic risk factors and abdominal fat distribution determined using computed
tomography (CT) are poorly defined in large populations. We investigated the cutoff values of the visceral fat area
(VFA) to detect subjects with multiple risk factors of metabolic syndrome (MS) by sex and age groups, and attempted
to examine whether sex- and age-specific cutoff values are needed. The subjects of this study were 11,561 Japanese
men and women who participated in the Hitachi Health Study, received CT examination, and answered questionnaires
on lifestyles between 2004 and 2008. VFA and waist circumference were measured using CT. The VFA cutoff values
yielding an 80% sensitivity for the detection of multiple risk factors of MS were typically smaller among men under the
age of 40 years (<40 years vs. 240 years; 86.4cm?vs. 103.9cm?). The area under the receiver operator characteristic
curve of VFA for the detection tended to decrease according to age (P = 0.056 and P = 0.020 for trends in men and
women). Age- and sex-specific cutoff values are needed. The sensitivity of the subjects under the age of 40 years is
relatively smaller (70.0% for men and 60.0% for women) compare to other age groups when the same cutoff value

is used regardless of age (e.g., cutoff value calculated to correspond to 80% sensitivity for subjects of all ages).
Therefore, a smaller VFA cutoff point should be used among men under the age of 40 years.

Obesity (2012) 20, 1744-1749. doi:10.1038/0by.2011.285

The prevalence of metabolic syndrome (MS), which is com-
prised of a cluster of factors such as obesity, high blood pres-
sure, impaired lipid metabolism, and hyperglycemia, has
been growing globally. Individuals with MS have a higher
risk of cardiovascular disease and a subsequent increase in
disease mortality or morbidity (1-3). For the detection of
MS, waist circumference (WC) is almost always used as one
criterion, and this measure is typically used as a simplified
measure of the visceral fat area (VFA (4-7)). Fat tissue is
regarded as an endocrine organ, secreting adipocytokines,
and other vasoactive substances that can influence the risk
of developing traits of MS (8). In a previous study, we ana-
lyzed the epidemiological impact of VFA, compared with
that of the subcutaneous fat area, WC, and BMI, against the
clustering of metabolic risk factors and its components and
demonstrated a superior performance of VFA for predicting
the clustering of metabolic risk factors compared with other
anthropometric indexes (9). Despite it is reported that the
anthropometric values are changed by age (10), we had a

limitation that the sample size was not enough to analyze by
age groups in the previous study.

In this study, we extended the surveillance period and
increased the study subjects (n = 11,561; which was approxi-
mateély double in our previous study (9)). We investigated the
cutoff values of the VFA to detect subjects with multiple risk
factors of MS by sex and age groups, and attempted to examine
whether sex- and age-specific cutoff values are needed for a
Japanese population.

METHODS AND PROCEDURES

The employees of a company in Ibaraki Prefecture and their spouses
underwent health examinations between 2004 and 2009; all the health
examinations were performed after more than 12h of fasting. Of these
participants, we analyzed the data for 11,561 Japanese subjects (9,867
men and 1,694 women) between the ages of 20-76 years who had under-
gone a computed tomography (CT) examination, answered a question-
naire on lifestyle and health, and did not have a current treatment of
serious illness (cancer, cerebrovascular disease, myocardial infarction).
The VFA and WC were measured using a CT scanner and calculated
using the PC software application (fatPointer; Hitachi Medico, Tokyo,

Department of Clinical Research Coordination, National Center for Global Health and Medicine, Tokyb, Japan; 2Hitachi Health Care Center, Hitachi Ltd., ibaraki, Japan;
3Department of Diabetes and Metabalic Medicine and Diabetes Research Center, National Center for Global Health and Medicine, Tokyo, Japan; ‘Department of Health
Promotion, National Institute of Public Health, Saitama, Japan; SDepartment of Epidemiology and Prevention, National Center for Global Health and Medicine, Tokyo,

Japan. Correspondence: Yumi Matsushita (ymatsushita@ri.ncgm.go.jp)
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Table 1 Areas under the curve of ROC for detecting multiple risk factors of metabolic syndrome

Anthropometric  Presence/absence for the
indexes metabolic risk factors L L -

Z10Z LSNDNV | 8 H3BWNN 0Z IWNTOA | ALIS3F0

0T

[ 743

pos neg
Area Specificity  Corresponding ' Carresponding Corresponding
under Corresponding coresponding to maximal Corresponding to maximal Corresponding to maximal
the to 80% to 80% sensitivity plus  Sensitivity Specificity to 80% sensitivity plus to 80% sensitivity plus
Age Mean (s.d.) n curve  s.e. sensitivity sensitivity (%) specificity (%) (%) sensitivity specificity sensitivity specificity
Men
VFA under 100.7cm? (49.0) 366/994 0.741 (0.015) 86.4cm? 49.2 114.0cm? 64.2 72.9 1.58 2.37 0.41 0.49
40 vyears
40s 118.7cm? (51.8) 1,041/1,727 0.722 (0.010) 103.6cm? 52.6 106.6¢cm? 78.2 554 1.69 1.75 0.38 0.39
50s 125.6cm? (53.9) 1,429/1,897 0.697 (0.009) 104.5cm? 47.3 124.8cm? 67.6 62.6 1.52 1.81 0.42 0.52
60s 127.2cm? (57.0) 858/1,029 0.678 (0.012) 102.1cm? 44.2 120.4cm? 68.4 57.6 1.44 1.61 0.45 0.55
70s 128.7cm? (57.4)  242/284 0.706 (0.022) 109.4 cm? 50.4 104.8cm? 83.1 49.3 1.61 1.64 0.39 0.34
allages 120.7cm? (54.2) 3,936/5,931 0.712 (0.005) 102.4cm? 50.2 115.6cm? 724 59.8 1.61 1.79 0.40 0.47
over40 123.8cm? (54.3) 3,570/4,937 0.702 (0.0086) 103.9cm? 48.8 121.1cm? 68.9 61.3 1.56 1.78 0.41 0.51
years
WC Under 85.9cm (10.0) 366/994 0.729 (0.015) 83.4cm 51.9 85.6cm 721 62.0 1.66 1.90 0.39 0.45
40 years
40s 87.0cm (9.2) 1,041/1,727 0.701 (0.010) 83.8cm 474 87.6cm 64.2 65.0 1.52 1.83 0.42 0.55
50s 86.4cm  (8.4) 1,429/1,897 0.680 (0.009) 83.1cm 43.4 85.5cm 68.7 58.1 1.42 1.64 0.46 0.54
60s 85.0cm (8.2) 858/1,029 0.666 (0.012) 81.8cm 43.9 83.2cm 74.0 52.1 1.43 1.54 0.45 0.50
70s 853cm  (8.8) 242/284 0.677 (0.023) 82.0cm 46.5 81.9cm 80.6 46.1 1.49 1.50 0.44 0.42
Allages 86.2cm  (8.9) 3,936/5931 0.685 (0.005) 82.9cm 45.4 83.7cm 774 49.8 1.47 1.53 0.44 0.46
Over40 86.2cm (8.7) 3,570/4,937 0.679 (0.008) 82.8cm 441 83.7cm 77.0 49.0 1.43 1.51 0.45 0.47
years
BMI  Under 24.3kg/m? (3.5) 366/994 0.729 (0.015)  23.3kg/m? 49.8 25.3kg/m? 58.7 78.0 1.60 2.67 0.40 0.53
40 years .
40s 24.4kg/m? (3.3) 1,041/ 727 0.691 (0.010) 22.9kg/m? 44.8 24 8kg/m? 61.2 69.0 1.45 1.97 0.45 0.56
50s  23.9kg/m? (2.8) 1,429/1,897 0675 (0.009) 22.6kg/m? 43.3 23.8kg/m? 66.1 60.3 1.41 1.66 0.46 0.56
60s  23.6kg/m? (2.6) 858/1,029 0651 (0.013) 22.4kg/m? 414 22.8kg/m? 75.3 47.6 1.37 1.44 0.48 0.52
70s  23.5kg/m? (2.6) 242/284 0.661 (0.024)  22.3kg/m? 38.7 23.9kg/m? 60.7 67.6 1.30 1.88 0.52 0.58
allages 24.0kg/m? (3.0) 3,936/5,931 0.673 (0.005)  22.7kg/m? 431 24.2 kg/m? 59.5 66.0 1.41 1.75 0.46 0.61
over 40 24.0kg/m? (2.9) 3,570/4,937 0.669 (0.006) 22.6kg/m? 421 23.8kg/m? 65.5 59.5 1.38 1.62 0.48 0.58
years
Women
VFA under = 45.6cm? (33.1) 10/128 0.759 (0.015) 36.5cm? 51.2 60.2cm? 70.0 80.5 1.64 3.59 0.39 0.37
40 years
40s 61.6cm? (41.6) 40/251 0.823 (0.032) 66.4 cm? 67.7 63.3cm? 85.0 66.1 2.48 2.561 0.30 0.23

Table 1 Continued on next page
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Table 1 Continued

Anthropometric  Presence/absence for the

11
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indexes metabolic risk factors Lo Lo -
Area Specificity cor- Corresponding . Corresponding Corresponding
under Corresponding respondingto to maximal Corresponding to maximal Corresponding to maximal
the t0 80% 80% sensitivity plus  Sensitivity Specificity 10 80% sensitivity plus to 80% sensitivity plus
Age Mean (s.d.) n curve  s.e. sensitivity  sensitivity (%) specificity (%) (%) sensitivity specificity sensitivity specificity
50s 79.5cm?  (41.6) 146/449 0.746 (0.023) 68.3cm? 53.2 67.8cm? 82.9 53.0 1.71 1.76 0.37 0.32
60s 93.7cm? (46.7)  205/381 0.694 (0.023) 75.7¢cm? 43.0 97.7 cm? 65.9 65.7 1.40 1.92 0.46 0.52
70s 98.4cm?  (48.0) 31/58 0.672 (0.061) 77.3cm? 43.1 75.7cm? 87.1 43.1 1.42 1.53 0.45 0.30
allages 79.7cm? (45.8) 432/1,262 0.764 (0.014) 69.0cm? 54.0 67.8cm? 82.9 53.5 1.74 1.78 0.37 0.32
over40 B2.6cm? (45.6) 422/1,138 0.743 (0.014) 69.2cm? 50.9 97.6cm? 60.4 74.5 2.37 1.63 0.53 0.39
years
WC  under 78.0cm (9.0 10/123 0.818 (0.058) 78.7¢cm 64.2 75.3 cm 100.0 50.4 2.24 2.02 0.31 0.00
40 years
40s 8t.icm (10.0) 40/251 0.759 {0.035) 80.7cm 55.0 79.5¢cm 92.5 49.8 1.78 1.84 0.36 0.16
50s 83.4cm (9.3 146/449  0.688 (0.025) . 80.5cm 45.9 84.7 cm 63.7 65.5 1.47 1.85 0.45 0.55
60s 846cm (9.6 205/381 0.658 (0.024) 79.8cm 34.6 88.9cm 46.8 79.5 1.22 2.29 0.58 0.67
70s 84.6cm  (8.7) 31/68 0.679 (0.060) 81.8cm 46.6 89.4 cm 51.6 82.8 1.51 2.99 0.42 0.58
alages 83.0cm (9.6) 432/1,262 0.701 (0.014) 80.2 cm 45.7 84.1cm 66.4 63.2 1.47 1.46 0.44 0.40
over40 83.5cm  (9.6) 422/1,139 0.688 (0.015) 80.2¢cm 43.3 84.1cm 66.6 61.4 1.41 1.72 0.46 0.54
years )
BMI  under 21.7kg/m? (3.5) 10/123 0.869 (0.056) 22.1kg/m? 69.1 23.0kg/m? 80.0 80.5 2.59 4.10 0.29 0.25
40 years
40s  22.7kg/m? (3.6) 40/251 0.774 (0.037)  22.2kg/m? 54.6 23.9kg/m? 70.0 74.9 1.76 279 0.37 0.40
50s  23.0kg/m? (3.4) 146/449  0.689 (0.025) 21.6kg/m? 46.1 23.6kg/m? 57.5 70.8 1.49 1.97 0.43 0.60
60s  23.2kg/m? (3.2) 205/381 0.664 (0.024) 21.7kg/m? 40.2 23.8kg/m? 54.6 711 1.34 1.89 0.50 0.64
70s  22.8kg/m? (3.2) 31/58 0.715 (0.056) 21.6kg/m? 48.3 22.9kg/m? 71.0 65.5 1.56 2.06 0.40 0.44
allages 22.9kg/m? (3.4) 432/1,262 0.704 (0.014)  21.7kg/m? 46.9 23.5kg/m? 58.6 71.7 1.51 2.07 0.42 0.58
over40 23.0kg/m? (3.4) 422/1,139 0.692 (0.015) 21.7kg/m? 45.1 23.8kg/m? 56.2 72.3 1.46 2.02 0.44 0.61
years

Multiple risk factors: having two or more risk factors of metabolic syndrome defined by NCEP-ATPII (2005).

VFA, visceral fat area; WC, waist circumference.
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Japan) according to a protocol described elsewhere (11). Briefly, single
slice imaging at the umbilical level was performed using a CT machine
(Redix turbo; Hitachi Medico, Tokyo, Japan) while the subject was in
a supine position. The imaging conditions were 120kV, 50 mA, and
a 5-mm slice thickness. Height, weight, and body fat were measured
using an automated scale (BF-220; Tanita, Tokyo, Japan) with the
patient wearing a light gown. The BMI was defined as the weight (kg)
divided by the square of the height (m). The blood was collected from
each subject after more than 12h of fasting. The plasma glucose was
measured using the glucose oxidase enzyme-electrode method (A&T,
Tokyo, Japan) Triglyceride and high-density lipoprotein cholesterol lev-
els were measured using the enzymatic colorimetric method (Cholestest
TG; Sekisui Medical, Tokyo, Japan), the nonsettling enzymatic method
(Choletest NHDL; Sekisui Medical, Tokyo, Japan), respectively. Blood
pressure was measured using automated sphygmomanometer (Kentaro
ADVANCE BP-203RV III A/B; Colin, Tokyo, Japan). Informed consent
was obtained from each examinee regarding the use of his or her data
for research purposes. This study was approved by the ethics review
committee of the National Center for Global Health and Medicine.

In this study, subjects with two or more of the four risk factors (high
blood pressure, high triglyceride, low HDL-cholesterol, and hyperglyc-
emia) defined according to the criteria of the National Cholesterol Educa-
tion Program’s Adult Treatment Panel III guidelines in 2005 (6) except
for WC were defined as having the clustering of metabolic risk factors.
Subjects currently receiving treatment for hyperlipidemia, hypertension,
or diabetes were deemed as having the respective risk factors, regardless
of the biochemical values.

Receijver operator characteristic (ROC) analysis was used to develop
a cutoff of each anthropometric value associated with the presence of
two or more risk factors of MS, with the exception of WC. ROC analy-
sis is a formal method that plots sensitivity against 1-specificity for
assessing the trade-offs between sensitivity and specificity at various
test cutoff points or thresholds, providing a measure of diagnostic accu-
racy called area under the curve (AUC). We drew the ROC curves for
each anthropometric value, and calculated the corresponding AUC. To
test for the equality of the AUCs, an algorithm suggested by DeLong,
Delong, and Clarke-Pearson was applied for each anthropomet-
ric value (12). Pairwise comparisons of VFA with WC and BMI were
also performed, and the P values for multiple tests (two comparisons)
were adjusted using the Bonferroni-Holm method. The AUC and the
s.e. were calculated for each of the 10-year age groups. The decreas-
ing trend in the AUCs according to age was statistically tested using a
weighted regression analysis of AUC on age groups, where 1/s.e.2 was
used as the weight and the age group was coded as the median age of
the group. Sensitivity was plotted against 1-specificity for each seg-
ment of anthropometric value. Likelihood ratios were calculated as for
positive results ((LPOS) = sensitivity/(1-specificity)), and negative results
(L, ) (1-sensitivity)/specificity) for each segment of anthropometric
value. All analyses were performed using SPSS for Windows version 15.0
(SPSS, Chicago, IL) and Stata 10 (StataLP, College Station, TX).

RESULTS

The mean age was 51.9 + 10.4 years in men and 55.8 + 9.8 years
in women. The mean VFA was 120.7 + 54.2cm? in men and
79.7 + 45.8cm? in women. The mean WC was 86.2 £ 8.9cm
in men and 83.0 + 9.6 cm in women. The mean BMI was 24.0
* 3.0kg/m* in men and 22.9 # 3.4kg/m? in women. The mean
body fat percentage was 22.9 + 5.0% in men and 29.1 + 6.1% in
women. The prevalence of the multiple risk factors of MS was
39.9% in men and 25.5% in women.

We plotted the ROC curve to determine the cutoff values
of VEA, BMI, and WC in relation to the detection of multi-
ple risk factors. Table 1 shows the AUC values for VFA, BM],
and WC. The AUC values were greater in women than in men
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for all ages. The anthropometric measurement with the larg-
est AUC value was the VFA for both men and women (P <
0.001; VFA vs. each anthropometric values). Given that a WC
is used for the first screening of subjects as a prerequisite for the
detection of multiple risk factors of MS, setting a cutoff level to
obtain a high sensitivity of at least 80% may be justified, even if
the specificity is reduced to some extent. The VFA, BMI, and
WC cutoff values yielding an 80% sensitivity for the detection
of multiple risk factors of MS for all ages were 102.4cm?, 22.7
kg/m?, and 82.9 cm in men and 69.0cm?, 21.7 kg/m? and 80.2cm
in women, respectively. At an 80% sensitivity for all age group,
men who had multiple risk factors were 1.61 times more likely to
be above the criteria of VFA (102.4 cm?), and were only 0.40 times
more likely to be below it as compared to those who do not have.
BothL  and L had a monotonically increasing trend along
with VEA. Therefore, we could not identify a cut off that simulta-
neously satisfied maximized L, .and minimized L  atios.

The VFA cutoff values yleldmg an 80% sensx’uvﬂ:y for the
detection of clusters of multiple risk factors were typically
smaller in subjects under the age of 40 years (<40 years vs.
240 years; 86.4cm? vs. 103.9cm? for men and 36.5cm? vs.
69.2 cm? for women, respectively). The AUC of the body fat
percentage was the smallest of all of anthropometric values
(data not shown).

The mean VFA was larger in the higher age groups. The AUC
of the ROC curve of VFA for the detection of multiple risk
factors of MS tended to decrease according to age (P = 0.056
and P = 0.020 for trends in men and women, respectively). The
cutoff values for maximal sensitivity and specificity differed
according to age groups, yielding inconsistent sensitivity and
specificities among the groups.

DISCUSSION

In the present study, we proposed VFA cutoff points for the
detection of multiple risk factors of MS of 103.9 cm? in men
and 69.2 cm?® in women over the age of 40 years, yielding a sen-
sitivity of at least 80% for the prediction of clusters of multiple
risk factors in a Japanese population. Among subjects under
the age of 40 years, a smaller cutoff point should be used, i.e,,
86.4cm? in men. However, among the subjects under the age
of 40 years for women, the number of subjects having multiple
risk factors of MS was small; thus it may be difficult to detect
the cutoff values of VFA.

A few studies have reported appropriate VFA cutoff points for
the detection of multiple risk factors of MS (13,14). However, as
age-specific cutoff values were not calculated, the present study is
the first to examine whether age-specific cutoff values are needed.

Two methods have been reported for determining the cut-
off point. One is calculating L and L and using the cutoff
point that yields the highest value of L. and the lowest value
of L, concurrently. If there is no cutoff p point that corresponds
to both the highest and lowest values, the cutoff point for high-
est value of L and that for the lowest value of L are shown,
respectively. According to this method, a previous study
indicated that intra-abdominal adipose tissue above 131 cm?
was related to elevated multiple risk factors of cardiovascular
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disease, and intra-abdominal adipose tissue below 71 cm? was
associated with reduced multiple risk factors of cardiovascu-
lar disease in men (15). Similarly, another study showed the
upper and lower cutoff points of intra-abdominal adipose tis-
sue as 110cm? and 40 cm? in female subjects who have multi-
ple risk factors of cardiovascular disease (16). Another method
to determine the cutoff point is calculating the Youden index
(sensitivity + specificity —1) and using the maximal value of
it (17,18). Incorporating this method, Oka et al. showed the
optimal cutoff points of VFA for discriminating the subjects
with multiple risk factors of MS as 132.6 cm? and 91.5 cm? for
men and women, respectively (14). A separate study showed
the cutoff points of it as 103.0cm? and 69.0 cm? for men and
women, respectively (19). Though there have been several
studies before our own, our results show that both L and
L, tend to rise with an increase in VFA. Therefore, a cutoff
point that simultaneously meets a requirement of both maxi-
mized L and minimized L, ratios could not be determined
in our study. When attempting to classify individuals based on
anthropometric levels, it is always the intent to do so “opti-
mally” However, the event of interest may intrinsically involve
constraints that must be considered for ethical or fiscal reasons.
These constraints commonly account for the prevalence of the
event and the costs of misclassification, both monetary and
physiological (20). The maximal value of the Youden index,
used in previous studies to calculate the cutoff values, does not
take these points into consideration. Our purpose was to screen
individuals with multiple risk factors for MS; thus, the cost of
false-positive results may not be a serious problem because
the interventions, even among “false-positive” individuals, to
improve lifestyles would have some benefits and would have a
relatively low cost in the Japanese system. In Japan, the preva-
lence of MS is increasing because of the increasing prevalence
of obesity; thus, the Ministry of Health, Labour and Welfare of
Japan is making a strong effort to prevent MS. Therefore, for
the first screening of subjects as a prerequisite for the diagnosis
of MS, we set a cutoff level so as to obtain a relatively high sen-
sitivity (80%) to increase the probability of identifying people
with this disease.

The VFA cutoff point for the detection of multiple risk fac-
tors of MS vyielding a sensitivity of 80% increased with age.
This observation can likely be explained by the increase in the
mean VFA values in older age groups given the relationship
between VFA and having multiple risk factors does not dif-
fer among age groups. The cutoff values were typically smaller
among subjects under the age of 40 years. If the same cutoff
value (e.g., cutoff value corresponding to 80% sensitivity for
all ages) is used regardless of age, the sensitivity under the age
of 40 years is relatively smaller (70.0% for men and 60.0% for

women, respectively) than that in other age groups. Thus, age-
 specific cutoff values are especially needed for this generation.

Furthermore, the AUC of the ROC curve of VFA for the
detection of multiple risk factors of MS tended to decrease with
age in both sexes. The effect of VFA on the detection of multiple
risk factors of MS is thought to be stronger among young indi-
viduals and weaker among elderly individuals. In the elderly,
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MS may also be caused by risk factors other than VFA (such as
age-related hyperglycemia and high blood pressure).

The AUC for women was larger than that for men in all the
age groups. This finding can likely be explained by the fact that
men tend to have more other risk factors of MS which are not
used for the diagnostic criteria of MS (such as a smoking habit,
and alcohol drinking habit, stress, hard work, etc (21)); thus,
the contribution of VFA to the multiple risk factors of MS may
be relatively smaller in men than it is in women.

The present study described the VFA cutoff values yielding
a sensitivity of 80% according to age group. Further studies
are needed to elucidate the most suitable and easy method of
measuring VFA and the most appropriate cutoff point for use
in clinical settings.
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Short sleep duration in association with CT-scanned abdominal
fat areas: the Hitachi Health Study

S Yi'?, T Nakagawa®, S Yamamoto®, T Mizoue', Y Takahashi®, M Noda®* and Y Matsushita®

g OBJECTNE To examme the relatronshlp between short sleep duration and body mass mdex (BMI), warst crrcumference (WC)

vrscera! fat area (VFA) and subcutaneous fat area (SFA) among a working populatron in Japan

TfDESlGN Health—center-based cross-sectional study.

- SUBJECTS: The study subjects included 5400 men and 642 women aged 30 to 75 years who underwent i o

g computed tomography {CT) scanning examination in a comprehensive health checkup.

MEASUREMENTS Height and weight.were measured, and BMI was calculated. WC, VFA and SFA were measured usmg a CT o
~scanner. Sleep duratron was self-reported. Analysrs of covariance was used to estimate adJusted means of BMI, WC, VFA and
; SFA across categories of sleep duration wrth adjustments for potentxal confounders Trend of the assocra‘uon was assessed

~using’ multrp!e linear - regress:on analysis.

l[RESULTS In men, the mean values of BMI, WC and SFA decreased with lncreasmg sleep duratton after adJustment for age, f

: physrcal actrvrty, 'smoking and drinking (P-val ue for trend <0.001). Addmonal adjustment for physrcal ilinesses did not - .
attenuate the explanatory power of the models (P-value for trend <0001) In addition, the association between sleep duratron ¥

E :and SFA dld not change after con’crolhng for VFA (P-value for trend <0 001). The mean values of SFA for subjec‘cs sleepmg

'<5h,'5t0. <6h' ‘6to <7h"and >7h"perday were 145.8 £ 67.4cm?, 1387+615cm2 1347 £60.4cm? and S
respectrvely Sleep duratron was not apprecrably assocrated with VFA In women, no srgmﬁcant assocratron was “

‘ _‘1325+492cm
~detected in any mode!s

" CONCLUSION: Shorter sleep duration is assocrated wrth hlgher BMI, WC and SFA in.men. Further research is needed o
: exphcate the broiogrcai mechanisms behind these relationships and to see whether xnterventlons addressrng madequate sleep
i 'could treat or prevent obesrty by takmg gender drfferences |nto consrderatron oK

Im‘ernatlonal Joumal of Obestty (2013) 37, 129—134 do; 10. 1038/1)0 2012, 17 pubhshed onlme 21 February 2012

g Keywords' sleep duratron, general obesrty, central obes:ty, abdommal fat area Japan

INTRODUCTION

In the past few decades, there has been a significant increase in
the prevalence of obesity worldwide. The World Health Organiza-
tion describes obesity as one of the most visible, yet neglected,
public health problems, which threatens to overwhelm both more
and less developed countries.! The observation that obesity
prevalence has increased over the past decades at the same time
as sleep duration has decreased has drawn attention to
the possibility that sleep deprivation may have contributed to
the obesity epidemic? The interest may have been further
promoted by the recognition that obesity epidemic cannot easily
be attributed to the so-called obesogenic environment, which is
assumed to lead to overeating and sedentary lifestyle.®

In Japan, the prevaience of obesity in men aged 30 to 60 years
increased from ~20% in 1986 to >30% in 2006.* Meanwhile,
the average sleep duration among Japanese has decreased
steadily over the past 40 years. The average daily sleep duration
in people aged 10 years and older has declined from 493 min
(8.2h) in 1960 to 447 min (7.5h) in 1995, and further drop was
observed in 2005 to 442 min (7.3 h).* The small decrease in sleep
duration from 1995 to 2005 may suggest that the average sleep in

Japanese has reached the minimum requirement for human
survival.®

Evidence has grown over the past decade supporting the roles
of habitual sleep duration as a novel risk factor for obesity in both
children and adults” and its subsequent health outcomes
including all-cause mortality,? type 2 diabetes,® hypertension'®
and other cardiovascular outcomes.”' The relationship is typically
a U-shaped curve where the lowest risk is found at ~7 to 8h of
sleep per day with the odds rising for shorter and longer
sleepers.’? This pattern suggests that different mechanisms may
operate at either end of the distribution of sleep duration."
As a result of these findings, both sleep restriction' and
sleep extension'® have been suggested for potential health
interventions.

Although consistent findings have been observed in children,
controversy remains in the relationship between sleep duration
and obesity and/or weight gain in adults>'® Such relationships
have not been found in several epidemiological studies,'”'®
Furthermore, gender differences have also been reported, with
the significant association found in men but not in women'® or
vice versa.?® The interpretation and conclusion of the findings is

"Department of Epidemiology and Prevention, National Center for Global Health and Medicine, Tokyo, Japan; “Asia Health Policy Program, Walter H. Shorenstein Asia-Pacific
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Global Health and Medicine, 1-21-1 Toyama, Shinjuku-ku, Tokyo 162-8655, japan.
E-mail: ymatsushita@hosp.ncgm.go,jp
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hampered by fundamental conceptual and methodological
issues.®'® Few studies, for example, have considered physical
and mental health conditions as potential confounders. As shown
in a recent German study, the relationship between sleep duration
and body mass index (BMI) did not persist after controlling for
self-rated physical health and emotional status.”’

Moreover, the inconsistency might have been caused in part by
the different definitions and measurements of obesity. BMI, an
indicator of overall obesity, has been frequently used in previous
studies to define weight gain and obesity. The importance of
central obesity and abdominal fat mass has been known to have a
stronger relation to the prevalence of each component of
metabolic syndrome (hyperglycemia, diabetes and hypertension)
than BML?* OQur previous study has indicated a superior
performance of visceral fat area (VFA) to predict the clustering
of metabolic risk factors compared with BMI, waist circumference
(WC) and subcutaneous fat area (SFA) in a Japanese population.
It remains unclear, however, whether sleep duration is related to
abdominal fat areas after taking potential confounders into
account. The objective of this study was therefore to examine
the relationship between sleep duration and BMI, WC, VFA and
SFA in a large sample of Japanese working population enrolled in
the Hitachi Health Study.

MATERIALS AND METHODS
Study procedure and subjects

This cross-sectional study was conducted in 2009 and 2010 during a
comprehensive annual health examination conducted at the Hitachi
Health Care Center, Ibaraki prefecture, Japan. The procedure of the study
has been described elsewhere.**?% In brief, participants were asked to fill in
a computer-based survey questionnaire on the day of the regular health
checkup. In total, 17 606 male employees and their spouses underwent the
checkup after having fasted overnight. Of these participants, 6537 subjects
received an abdominal computed tomography (CT) scanning examination
and were the targets for this study. We excluded subjects with a history of
diabetes mellitus (n = 229), stroke (n = 28), myocardial infarction (n=39),
cancer (n=38), psychiatric illnesses (n=98) and insomnia (n=59). We
further excluded four subjects who did not provide information regarding
sleep duration. Some subjects were overlapped and fell into more than
one exclusion criteria. We finally included 6271 subjects in the analyses. We
obtained written informed consent from each participant after the nature
and possible consequences of the study had been fully explained. The
study protocol was reviewed and approved by the Ethics Committee of the
National Center for Global Health and Medicine, Tokyo.

Variables and measurements

Anthropometric and blood measurements. WC, VFA and SFA were
measured by using a CT scanner, the details of which have been described
elsewhere.® In brief, single slice imaging was performed at the umbilical
level in a supine position (Redix Turbo; Hitachi Medico, Chiyoda-ku, Tokyo).
The imaging conditions were 120 kV, 50 mA, with a slice thickness of 5 mm.
WC, SFA and VFA were calculated by using the PC software application
fatPointer (Hitachi Medico). Body height and weight were measured by
using an automated scale (BF-220; TANITA; ltabashi-ku, Tokyo) with the
subjects wearing a light gown. BMI was calculated as body weight in kg
divided by the square of body height in meter.

Sleep duration. Sleep duration was self-reported. The average sleep
duration on weekdays was defined by the response to the question (as
translated into English): ‘On average, how many hours do you sleep per
day?’ The response categories included: ‘<5 h’,'5to <6h’,’6to <7h'and
‘Z7h"

Confounding variables. Health-related lifestyles were ascertained by

using a questionnaire. Participants entered their responses to the
questionnaire directly into a computer using a custom-designed data
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entry system. Regarding the health conditions of participants , data were
obtained from the routine health examination. Physical illness was defined
as having been diagnosed with and/or being currently under treatment of
at least one of the following diseases: hypertension, diabetes mellitus,
hyperlipidemia, hyperuricemia, anemia, gastric ulcer, duodenal ulcer, colon
polyp, chronic hepatitis, fatty liver, gallstone, disk hernia, rheumatoid
arthritis, epilepsia, thyroid-gland-related diseases, angina, cardiac dysryth-
mia, tuberculosis, bronchial asthma, kidney diseases and other diseases.
Similarly, psychiatric iliness was defined as having been diagnosed with
and/or being currently under treatment of any psychiatric diseases.
Regarding cigarette smoking, the questionnaire inquired whether the
participants were nonsmokers, ex-smokers or current smokers. Non-
smokers and ex-smokers were later combined for statistical analyses.
For alcohol consumption, participants were asked whether they were
nondrinkers or current drinkers. For current drinkers, the frequency of
drinking and the amount of alcohol consumed per session was assessed in
terms of go (one go contains ~23 g of ethanol). A yes/no question was
used to assess regular physical activity.

Statistical analyses

To explore gender differences, all data analyses were conducted separately
in men and women. Characteristics of participants are presented as
numbers (percentages) for categorical variables and mean with s.d. for
continuous variables. Statistical differences in characteristics and anthro-
pometric measurements and according to sleep duration categories in
men and women were assessed using 2 test or Fisher's exact test for
categorical variables and t-test or one-way analysis of variance for
continuous variables.

Analysis of covariance was used to estimate adjusted means of BMI, WC,
VFA and SFA across categories of sleep duration (<5h, 5 to <6h, 6 to
<7h and =7h). In model 1, we adjusted for age (continuous), regular
physical activity (yes or no), current smoking status (nonsmokers or
smoker) and current alcohol drinking (nondrinkers or drinker). Because
physical illness has been found to be a potential confounder in the
association between sleep duration and obesity,?’ we included it in model
2 in addition to the covariates in model 1. An additional model (model 3)
was constructed for VFA and SFA. In addition to the covariates in model 2,
SFA was included in the model for VFA, and VFA was included in the model
for SFA. Trend of the association was assessed by using multiple linear
regression models with ordinal numbers of 0 to 3 assigned to the
categories of sleep duration with adjustments for the same covariates
included in each model of analysis of covariance. In addition, statistical
tests for a gender interaction were performed by including pair-wise
interaction terms (that is, BM! x gender, WC x gender, VFA x gender and
SFA x gender) in the multiple regression models. Two-sided P-values of
<0.05 were regarded as statistically significant. We used IBM SPSS
Statistics version 19.0 (IBM Corporation, New York, NY, USA) for all the
statistical analyses.

RESULTS

The study subjects included 5400 men and 642 women with an
age range between 30 to 75 years (mean = 53.3 years £ 10.0 years
in men and mean =58.2 years 9.4 years in women). Regarding
the average sleep duration, 5.4% of the total study population
slept <5h, 42.6% slept 5 to <6h, 39.4% slept 6 to <7h and
12.6% slept >=7h per day. The proportion of subjects sleeping
>6h per day was significantly higher in men than in women
(53.0% vs 47.5%). Men were also significantly more likely to be
current cigarette smokers (33.9% vs 3.3%) and current alcohol
drinkers (76.4% vs 21.2%). The mean value of BMI, WC and VFA
was significantly higher in men (mean=242+31kgm™?
mean =86.7 £ 83cm and mean=124.2 +53.8cm? respectively)
than in women (mean =23.1+3.3kg m % mean=83.6+9.5cm;
and mean=82.8+45.1cm? respectively). However, the mean
value of SFA was significantly lower in men (mean=136.5+57.8
cm?) than in women (mean=1859+758cm?. Men were
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significantly less likely to be living with at least one physical iliness
compared with women (37.1% vs 47.8%).

Tables 1 and 2 show characteristics of subjects according to
sleep duration categories in men and women, respectively, In
men, sleep duration increased as age increased. Men with shorter
sleep duration were more likely to be current cigarette smokers
and to be living with at least one physical iliness. However, men
with shorter sleep duration were less likely to be current alcohol
drinkers, and they were less likely to involve with regular physical
activity compared with those with longer sleep duration. In men,
mean values of BMI, WC and SFA significantly decreased as sleep
duration increased. In women, no significant association was
found between characteristics of subjects and sleeping duration.

Table 3 shows the adjusted mean values of anthropometric
indexes of subjects according to sleep duration categories in men.
After adjustment for age, regular physical activity, cigarette
smoking and alcohol drinking in model 1, mean values of BM,
WC and SFA decreased significantly with increasing sleep duration
(P-values for trend <0.001). Adjustment for physical illnesses
(model 2) did not significantly change the explanatory power of
the models. For subjects sleeping ‘<5h’, '5 to <6h’, 6 to <7h’
and ‘>7h per day, mean values of BMI were 24.8 +3.5kgm™?,
243+32kgm™2 240+27kgm™? and 23.8 £ 2.6 kgm~2, respec-
tively (P-values for trend <0.001), and mean values of WC were
879+93cm, 869+87cm, 864+78cm and 857%75cm,
respectively (P-values for trend <0.001). The significant inverse

Sleep duration and abdominal fat areas
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association between sleep duration and SFA was also not
attenuated after additional adjustment for physical illnesses
(model 2) and VFA (model 3). In fully adjusted model, the mean
values of SFA for subjects sleeping ‘<5h’,'5t0 <6h’,'6to <7h’
and ‘=7h' per day were 1458+674cm? 1387%615cm?,
134.7 £60.4cm? and 132.5+49.2cm?, respectively (P-values for
trend <0.001). Sleep duration was not appreciably associated
with VFA in men. As shown in Table 4, sleep duration was not
significantly associated with BMI, WC, VFA or SFA in any models in
women. Gender interaction tests were all statistically significant
for all the outcomes of interest (all P-values <0.001).

DISCUSSION

In this cross-sectional study, we investigated the relationship of
sleep duration with general obesity and abdominal fat areas. To
the best of our knowledge, this is the first study of its kind in
which CT scanner was used to measure WC, VFA and SFA. We
found that short sleep duration was strongly associated with
higher BMI, WC and SFA in men. The association was independent
of the effects of potential confounding factors such as physical
and psychiatric ilinesses. However, sleep duration was not
appreciably associated with VFA. Apparent gender differences
were observed as significant relationship was not detected
between sleep duration and any obesity-related measures in
women.

Table 1. Characteristics of subjects according to sleep duration categories in men
Variables Average sleep duration (hours per day)
Total <5 5to <6 6to <7 =7 P-value
Number of subjects 5400 272 2285 2152 690
Age (years, mean £ s.d.) 533+£100 49.1+94 505+9.2 545+9.8 60.3£9.6 <0.001
Current smokers (n, %) 1829 (33.9) 92 (33.8) 832 (36.4) 721 (33.5) 184 (26.7) <0.001
Current alcohol drinkers (n, %) 4127 (76.4) 191 (70.2) 1735 (75.9) 1656 (77.0) 545 (79.0) 0.03
Regular physical activity (n, %) 2419 (44.8) 82 (30.1) 942 (41.2) 1028 (47.8) 379 (54.9) <0.001
Physical illnesses® (n, %) 2001 (37.1) 88 (32.4) 743 (32.5) 826 (38.4) 344 (49.9) <0.001
Body mass index (years, mean +s.d.) 241 %30 249134 243+3.2 240%27 237125 <0.001
Waist circumference (cm, mean £ s.d.) 86.6+83 88.1+9.2 87.0+8.7 863178 85.6+74 <0.001
Visceral fat area (cm?, mean * s.d.) 124.1+53.7 1249+ 54.6 12221543 12491526 1272+ 540 0.16
Subcutaneous fat area (cm? mean = s.d.) 136.7 £57.2 1525+ 694 1415+61.8 1334+ 51.6 124.6 + 48.5 - <0.001

®physical illness was defined as having and/or being currently under treatment for at least one of the following diseases: hypertension; diabetes mellitus,
hyperlipidemia, hyperuricemia, anemia, gastric ulcer, duodenal ulcer, colon polyp, chronic hepatitis, fatty liver, gallstone, disk hernia, rheumatoid arthritis,
epilepsia, thyroid-gland-related diseases, angina, cardiac dysrythmia, tuberculosis, bronchial asthma, kidney diseases and other diseases.

Table 2. Characteristics of subjects according to sleep duration categories in women
Variables Average sleep duration (hours per day)
Total <5 5t <6 6to <7 =7 P-value
Number of subjects 642 286 230 69
Age (years, mean £s.d.) 582194 57.5+£96 57.2%9.2 59.2%+9.7 59.6+8.9 0.04
Current smokers {n, %) 21 (3.3) 1(1.8) 12 (4.2) 3(1.3) 5{7.2) 0.06
Current alcohol drinkers (n, %) 136 (21.2) 11 (19.3) 66 (23.1) 39 (17.0) 20 (29.0) 0.13
Regular physical activity (n, %) 295 (46.0) 27 (47.4) 120 (41.9) 118 (51.3) 32 (46.3) 0.20
Physical illnesses® (n, %) 307 (47.8) 31 (54.4) 126 (44.1) 118 (51.3) 32 (46.4) 0.29
Body mass index (years, mean *s.d.)’ 23134 23.2%3.0 233%36 229%3.2 23035 032
Waist circumference (cm, mean + s.d.) 834195 83.2+09.1 835198 83.2+9.0 83.8+9.5 0.83
Visceral fat area (cmz, mean *s.d.) 8221447 88.1£46.5 80.4+44.8 8281446 82.4+42.8 0.98
Subcutaneous fat area (cm?, mean * s.d.) 185.9+74.6 182.7 £ 66.7 186.0175.2 185.3+73.8 190.5+£74.6 0.71

#Physical illness was defined as having and/or being currently under treatment for at least one of the following diseases: hypertension, diabetes meilitus,
hyperlipidemia, hyperuricemia, anemia, gastric ulcer, duodenal ulcer, colon polyp, chronic hepatitis, fatty liver, galistone, disk hernia, rheumatoid arthritis,
epilepsia, thyroid-gland-related diseases, angina, cardiac dysrythmia, tuberculosis, bronchial asthma, kidney diseases and other diseases.
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Table 3. Adjusted mean values of anthropometric indexes of subjects according to sleep duration categories in men
Variables Average sleep duration (hour per day)
<5 5to <6 6to <7 =7 P for trend®
Number 272 2285 2152 690
Body mass index (kgm™?)
Model 12 248135 243+3.2 240+2.7 238126 <0.001
Model 2¢ 248+35 243132 240127 238126 <0.001
Waist circumference (cm)
Model 1° 879+93 86.9+8.7 86.4+7.8 858+ 75 <0.001
Model 2¢ 87.9+93 86987 864+7.8 85.7+75 <0.001
Visceral fat area (cm?)
Model 1° 1274+ 54.6 12431544 124.0+£526 122.0+54.0 0.23
Model 2¢ 127.3£54.6 1244+ 544 124.1 £52.6 121.4+53.9 0.16
Model 3¢ 121.1+53.9 123.1+538 1252 £52.9 124.7 +54.4 0.09
Subcutaneous fat area (cm?)
Model 1° 1479+ 69.5 13891618 134.7£51.6 131.3+48.6 <0.001
Model 2°¢ 147.9+69.5 139.0£61.9 1347 £51.6 130.8+48.5 <0.001
Model 3¢ 1458+ 67.4 138.7+615 134.7+£51.6 1325+49.2 <0.001

Values are means = s.d. 2P for trend values were based on linear regression analyses with ordinal numbers 0 to 3 assigned to lowest through highest categories
of sleep duration. PAdjusted for age (continuous), regular physical activity (yes or no), current cigarette smoking (yes or no) and current alcohol drinking
(yes or no). “Adjusted for age (continuous), regular physical activity (yes or no), current cigarette smoking (yes or no), current alcohol drinking (yes or no)
and physical illnesses {yes or no). “Adjusted for age (continuous), regular physical activity (yes or no), current cigarette smoking (yes or no), current
alcohol drinking (yes or no), physical ilinesses (yes or no) and subcutaneous fat area (continuous). *Adjusted for age (continuous), regular physical activity
(yes or no), current cigarette smoking (yes or no), current alcohol drinking {yes or no), physical illnesses (yes or no} and visceral fat area (continuous).

Table 4. Adjusted mean values of anthropometric indexes of subjects according to sleep duration categories in women

Variables Average sleep duration (hour per day)
<5 5t0 <6 6to <7 =7 P for trend®
Number 57 286 230 69
Body mass index (kgm™?)
Model 1° 23.2+3.0 233136 229+3.2 23.0+35 0.24
Model 2¢ 23.1+29 233%35 229132 230%3.6 0.28
Waist circumference (cm)
Model 1° 83.3+9.1 83.6+10.0 83.1£9.0 835+9.6 0.79
Model 2¢ 83.1£89 83.7 £10.1 83.0+8.9 83.6+9.7 0.86
Visceral fat area (cm?)
Model 1° 89.0 £ 46.5 82,0+ 449 81.1£44.7 80.8+42.9 0.34
Model 2¢ 88.31+45.8 82.1+£45.1 81.0+44.6 81.21+43.2 0.38
Mode! 3¢ 89.7 £ 47.3 81.7+44.4 81.6 £45.1 79.7 £42.2 0.17
Subcutaneous fat area (cm?)
Model 1° 183.3 £ 66.7 186.9+75.3 18431738 189.2 £ 82.1 0.88
Model 2¢ 182.0£65.2 187.2+76.4 184.1£73.6 189.9+82.6 0.81
Model 3¢ 17494623 187.21+76.5 1854749 191.0+£84.2 0.29

Values are means  s.d. P for trend values were based on linear regression analyses with ordinal numbers 0 to 3 assigned to lowest through highest categories
of sieep duration. Adjusted for age (continuous), regular physical activity (yes or no), current cigarette smoking (yes or no) and current alcohol drinking
(yes or no). “Adjusted for age (continuous), regular physical activity (yes or no), current cigarette smoking (yes or no), current alcohol drinking (yes or no)
and physical illnesses (yes or no). “Adjusted for age (continuous), regular physical activity (yes or no), current cigarette smoking (yes or no), current
alcohol drinking (yes or no), physical ilinesses (yes or no) and subcutaneous fat area (continuous). *Adjusted for age (continuous), regular physical activity
(yes or no), current cigarette smoking (yes or no), current alcohol drinking (yes or no), physical ilinesses (yes or no) and visceral fat area (continuous).

This study extends the understanding in the literature of sleep individuals as normal weight, overweight or obese in Asians.®
and obesity research in which sleep deprivation has been Asians have proportionally more fat for a similar BMI level and are
considered as a potential predictor of obesity, frequently defined at increased cardiovascular risk at lower BMI levels as compared
by using BMI. BMI is not a valid proxy for body fat mass, and with Caucasians.”” Findings from our study suggest that, in working
existing BMI cutoffs are not suitable for the classification of Japanese men, short sleep duration is associated not only with

International Journal of Obesity (2013) 129-134 © 2013 Macmillan Publishers Limited

18



