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Abstract. The prevalence of diabetes is increasing globally. In addition to established risk factors for diabetes, such as
diet, inactivity, overweight and obesity, the involvement of persistent organic pollutants, including dioxins and
polychlorinated biphenyls (PCBs), has also been suggested to be a possible, but controversial, cause of this epidemic. The
present study investigated the association between blood PCB congener levels and the prevalence of diabetes among
middle-aged, overweight and obese Japanese participants in the Saku Control Obesity Program. One hundred seventeen
participants had their congener-specific PCB levels measured in addition to undergoing routine bload analyses at the time
of a medical checkup. Prevalent diabetes was defined according to two methods: definite diabetes was defined as people
with an HbA Ic level > 6.9% or who were taking medication for diabetes, and all diabetes was defined as people with an
HbA Ic level = 6.5%. a fasting plasma glucose level > 126 mg/dL, or a history of doctor-diagnosed diabetes. A multiple
logistic regression analysis was performed to analyze the association between the PCB levels and the prevalence of diabetes,
with adjustments for sex, age, body mass index and total lipids. As a result, PCB 146 and 180 were positively associated
and PCB 163/164 and 170 were negatively associated with the prevalence of definite diabetes. The significance of the
association of PCB 180 and [63/164 with the prevalence of diabetes persisted regardless of the definition of diabetes or

adjustments for total lipids. suggesting the possibility that these parameters may modify the risk of diabetes.

Key words: Diabetes, Polychlorinated biphenyl, Risk factor, Saku Control Obesity Program

DIABETES mellitus is increasing in Japan and other
countries worldwide. The global prevalence of diabe-
tes is estimated to be 285 million people among adults
aged 20 to 79 years in 2010, and it is projected to
increase to 439 million by 2030, accounting for 7.7%
of the world population [1].

Well-established risk factors for the development of
type 2 diabetes include excessive food consumption, a
lack of physical activity, overweight and obesity, aging,
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smoking, socioeconomic status, and genetic predispo-
sition [2, 3]. In addition to these factors, the involve-
ment of persistent organic pollutants (POPs), such as
dioxins and polychlorinated biphenyls (PCBs), in the
increasing prevalence of diabetes has also been consid-
ered. Observations of occupational or accidental expo-
sure to high levels of POPs have suggested a relation-
ship between POPs and diabetes [4-9]. US Air Force
veterans who participated in the spraying of aerial her-
bicide during the Vietnam War had higher levels of
serum 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD),
compared with veterans who performed other tasks, and
exhibited a significantly higher prevalence of diabetes,
increased use of medicines for diabetes, and a shorter
duration until the onset of diabetes [4]. A cross-sec-
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tional study examining the effect of occupational expo-
sure to TCDD among US workers showed a positive
association between the TCDD concentration and the
risk of diabetes and a higher fasting serum glucose level
[5]. In a follow-up study of ltalian citizens who were
exposed to TCDD as a result of an industrial accident
that occurred in 1976, a significantly elevated diabetes-
related mortality was observed among women [6-9].

However, the relationship between exposure to low
levels of POPs and diabetes is less consistent. A cross-
sectional study of a general population in the USA indi-
cated that the prevalence of diabetes, as determined by
a fasting plasma glucose (FPG) level > 126 mg/dL, a
non-FPG level > 200 mg/dL, or a self-report of diabe-
tes diagnosed by a physician, was associated with the
concentrations of 2.2°.4.4° 55 -hexachlorobiphenyl
(PCB 153), 1,2,3,4,6.7.8-heptachlorodibenzo-p-dioxin
(HpCDD), 1,2,3.4,6,7,8,9-octachlorodibenzo-p-dioxin
(OCDD), oxychlordane, p,p -dichlorodiphenyltrichlo-
roethane (DDE), and trans-nonachlor [10]. Another
cross-sectional study of a Native American population
concluded that the total PCB concentrations of 101 PCB
congeners, PCB 153, PCB 74, DDE, and hexachlo-
robenzene (HCB) were positively associated with dia-
betes, as defined by an FPG level > 125 mg/dL or the
use of hypoglycemic medication [11]. PCB 126, along
with polychlorinated dibenzo-p-dioxin and p,p’-DDT,
was considered in a general population in the USA, and
a significant association was found with diagnosed dia-
betes and undiagnosed diabetes, which was defined as
an HbAlc level > 6.1% [12]. Among the general popu-
lation of Japan, a cross-sectional study measured seven
polychlorinated dibenzo-p-dioxins (PCDDs), ten poly-
chlorinated dibenzofurans (PCDFs) and 12 dioxin-like
PCBs and showed that the accumulated toxic equiva-
lents (TEQs) of these compounds were positively cor-
related with the HbAlc level [13]. In addition, the
prevalence of diabetes, as defined by the self-reporting
of physician-diagnosed diabetes or an HbAlc level >
6.5%, was positively associated with the accumulated
TEQs of dioxin-like PCBs [13].

On the other hand, some studies have not confirmed
a positive relationship. A cross-sectional study among
Greenland Inuit did not find any association between
subclasses of 13 PCB congeners and organochlorine
pesticides and the prevalence of diabetes, as detected
using a 75-g oral glucose tolerance test (OGTT) or
self-reporting [14]. A nested case-controlled study of
African-American and white youths showed nonlinear

associations between POPs (35 PCB congeners, nine
organochlorine pesticides, ten polychlorinated diphe-
nyl ether congeners and one polybrominated biphenyl
conger) and the prevalence of diabetes defined by the
prescription of hypoglycemic medication or an FPG
level > 126 mg/dL at two or more blood tests [15]. A
cross-sectional study in Belgium found significantly
negative associations between PCB 170, 180, and the
PCB total and insulin resistance [16]. Therefore, the
effect of low levels of POPs apparently varied among
studies, and further investigation is needed to deter-
mine whether POP exposure may be a risk factor for
diabetes.

In the present study, 13 PCB congeners that are
regarded as commonly present among Japanese adults
were measured [17], and the associations with diabetes
were assessed in middle-aged obese Japanese people
without apparent exposure to POPs.

Subjects and Methods

Study population

This study was performed among the participants of
the Saku Control Obesity Program (SCOP), the details
of which have been described previously [18]. Briefly,
the program consisted of a randomized intervention
trial using cognitive-behavioral treatment at the Saku
Health Dock Center. People who had undergone health
checkups at the center were registered in the database,
and 976 members aged 40 to 64 years who were free
of type | diabetes or severe diseases such as stroke,
cardiovascular disease, advanced cancer or signifi-
cant renal or hepatic dysfunction and had a body mass
index (BM1) in the upper five percentile (28.3 or above
at their last medical checkup) were invited. A total
of 235 people agreed to participate in the SCOP, and
anthropometric measurements, various biomarkers and
questionnaires regarding dietary habits, lifestyle, past
and present medical history, and family history were
obtained at baseline and during a follow-up examina-
tion. The participants were randomly assigned to two
groups; group A, who participated in a lifestyle inter-
vention program during year 1, and group B, who par-
ticipated in the same intervention program during year
2. All the procedures were reviewed and approved
by the ethical committees of the National Institute of
Health and Nutrition and Saku Central Hospital, and
written informed consent was obtained from all the
participants.
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Blood sampling and PCB congener-specific analysis

One hundred seventeen people participated in group
A, and each participant provided a whole blood sam-
ple at baseline examination. The blood samples were
obtained by venipuncture after fasting, and 2 mL of the
sample was used for the PCB analysis. The PCB conge-
ners that were measured were PCB 74,99, 118, 138, 146,
153, 156, 163/164, 170, 180 and 182/187. These con-
geners reportedly account for 75% of the total amount
of detected PCBs among healthy Japanese adults [17].
The PCB congeners were analyzed using high-resolution
gas chromatography/high-resolution mass spectrome-
try (HRGC/HRMS) at Otsuka Pharmaceutical Co. Ltd.
(Tokushima, Japan) using a method described in detail
elsewhere [17].

The obtained PCB concentrations were measured in
units of pg/g blood; however, PCB concentrations are
often expressed in terms of lipid weight because of the
lipophilic nature of POPs and the invariability of lip-
id-adjusted PCB values, regardless of fluctuations in
serum lipid levels [19, 20]. To correct for the serum
total lipid level and obtain the lipid-adjusted PCB
value (ng/g lipid), the measured PCB concentration in
pg/g blood was divided by the total lipid value, as cal-
culated using the short formula proposed by Phillips et
al. [19, 20] as follows:

Total lipids=(2.27<total cholesterol)+triglycerides+62.3(mg/dL)

The resulting value was then multiplied by 10° to adjust
the unit.

Evaluation of diabetes

Diabetes was diagnosed based on blood test results,
prescribed medication, and the medical history.
Subjects with an HbAlc level > 6.9% or a prescription
for a hypoglycemic medicine were regarded as the ‘def-
inite diabetes’ group. In addition, a broader definition
was also considered and consisted of the combination
of a FPG level and HbA 1c measurements indicative of
diabetes [21], since conducting a 75-g OGTT in all the
participants was not practical for the detection of undi-
agnosed diabetes. Accordingly, subjects with an FPG
level > 126 mg/dL, an HbAIc level > 6.5%, a prescrip-
tion for hypoglycemic medicine, or a history of physi-
cian-diagnosed diabetes were defined as the “all diabe-
tes’ group. The value for HbA I¢ (%) was estimated as
an NGSP equivalent value (%) calculated by the for-
mula HbA1c (%) = HbA 1¢ (JDS)(%) + 0.4%, consider-
ing the relational expression of HbA I¢c (JDS)(%) mea-
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sured by the previous Japanese standard substance and
measurement methods and HbA 1¢c (NGSP) [22].

Statistical analyses

The association between exposure variables and the
prevalence of diabetes was estimated using odd ratios,
95% confidence intervals, and p values obtained from
multiple logistic regression analyses. Three models
were applied to analyze the associations between the
prevalence of diabetes and the serum PCB concentra-
tions. In the first model, the directly measured wet
weight concentration (pg/g blood) of PCBs was applied
with age (continuous variable), sex (dichotomous vari-
able) and BMI (continuous variable) as potential con-
founders. Next, the serum total lipid value was added
as an adjustment. In the third model, the lipid-adjusted
PCB concentration (ng/g lipid), age, sex and BMI were
included in the model.

All analyses were performed using Stata SE 10.1
(StataCorp LP, TX, USA), and p values less than 0.05
were considered statistically significant.

Results

The basic characteristics of the participants are sum-
marized in Table 1. Among the 117 group A members,
59 (50.4%) were male and 58 (49.6%) were female.
Fifteen (12.8%) were classified in the definite diabetes
group, and 32 (27.4%) were classified in the all diabe-
tes group. No significant differences in the mean val-
ues of data for the diabetes and non-diabetes groups
were observed except for the HbAlc and FPG levels.

Table 2 summarizes the blood PCB congener lev-
¢ls among the participants. All the congeners were
skewed to the right. Mean of their concentration was
higher among older age group people for all of the PCB
congeners. PCBs that were common within the par-
ticipants were PCB 153, 180, 138 and 118, and this
tendency was similar in other studies measuring these
congeners among the population [17, 23].

The results of the multiple logistic regression analy-
ses with definite diabetes as the dependent variable are
shown in Table 3. PCB 146 and 180 had a statistically
significant positive association with definite diabetes,
and PCB 163/164 and 170 had a significantly negative
association with definite diabetes when the PCB conge-
ners were adjusted for sex, age and BMI. An additional
adjustment for total lipids did not change the signifi-
cance of these associations. When the analyses were



Table 1 Characteristics of participants.

Tanaka et al.

Definite DM Not definite DM All DM Not all DM
Number 15 102 32 85
Sex (male/female) 7/8 52/50 17/15 42/43
Age (years) 55567 540+6.6 55460 53.8+68
BMI 309+3.0 303+£2.7 305+£27 303+27
Waist circumference (cm) 101.8+7.7 101.7£73 101471 101.8+7.5
Abdominal fat (cm?) 1494 £ 652 136.7+45.1 1424+519 136.8:46.7
HbAlc (%) 82+19 5904 73%1.5 57+03
FPG (mg/dL) 159.7+51.3 1034+ 114 136.5+42.2 100.9+9.0
Total cholesterol (mg/dL} 207.7+244 208.8 £34.1 202.8+264 210.8+35.0
Triglycerides (mg/dL) 176.7+ 104.6 145.8+ 78.5 154.6 + 80.7 147.9 £ 83.4
HDL cholesterol {mg/dL) 539+13.1 520119 509+129 528+11.7
LDL cholesterot (mg/dL) 118.5+249 1283 £ 309 121.0 £ 25.6 1293+ 31.7
Total lipid (mg/dL) 710.4 = 129.7 682.0+123.5 6774+ 1104 688.8+ 1294
Urinary acid (mg/dL) 5713 6.0+1.4 5812 6014
Systolic blood pressure (mmHg) 136.7+ 12.4 131.6 £ 16.0 1348+ 14.6 131.3+ 16.0
Diastolic blood pressure (mmHg) 809£85 81.0+ 135 829+ 13.0 802129

Definite DM: subjects with an HbAIc level > 6.9% or a prescription for hypoglycemic medicine. All DM: subjects with an
FPG level > 126 mg/dL, and HbA 1¢ level > 6.5%, a prescription for hypoglycemic medicine, or a history of diabetes. Data are
the mean =+ standard deviation. Total lipid was estimated from the measured total cholesterol and triglyceride levels.

Table 2 Concentrations of PCB congeners.

Age group (Number) <50(27) 50-59 (62) >= 60 (28) All ages (117)
Mean + SD Mean + SD Mean £ SD Mean + SD Median Range
PCB 74 pg/g blood 224 £ 16.0 333159 5134255 351 £21.1 28.7 94 - 1208
ng/g lipid 33+21 5025 7.7+ 45 53+34 44 14 -233
PCB 99 pg/g blood 192+ 113 249 £ 11.2 326+ 214 254 149 21.6 47 - 123.7
ng/g lipid 28+14 37+18 50 4.1 38+£26 34 05 - 238
PCB 118 pg/g blood 479 £ 32.1 59.1 £ 304 87.9 + 52.1 634 £ 395 54.0 16.1 - 293.8
ng/g lipid 71+42 2.8 + 4.4 13.5 £ 100 96 £ 6.5 79 1.8 - 56.6
PCB 138 pg/g blood 63.3 = 38.2 779 + 319 104.2 = 68.2 809 + 464 73.7 232 - 405.6
ng/g lipid 9246 1.7 £ 52 16.0 = 133 12.2 + 8.1 11.0 33 -782
PCB 146 pg/g blood 18.8 £ 10.2 23.7 £ 106 331 £220 248 £ 148 21.5 6.0 - 131.8
ng/g lipid 2712 36+£18 5143 37+26 33 1.0 - 254
PCB 153 pg/gblood 129.6 = 74.8 168.1 = 74.1 2305 £ 1589 174.1 £ 106.1 1542 509 - 9475
ng/g lipid 18.8 £ 9.0 254 £ 122 35.5 = 31.0 263 + 188 232 74 - 182.7
PCB 156 pg/g blood 140 £ 7.0 179 £ 7.6 23.6 = 13.1 183 96 16.1 62 - 733
ng/g lipid 2009 2712 35+24 2716 25 09 - 14.1
PCB 163/164 pg/g blood 306 + 155 393+ 170 54,0 +£ 329 408 = 229 36.0 103 - 2003
ng/g lipid 45+20 59+28 82+ 64 6.1 +4.1 5.5 1.6 - 38.6
PCB 170 pg/g blood 166 £ 7.6 220+ 84 293 +£199 225 %127 19.7 7.8 - 1109
ng/g lipid 24%1.0 3313 44 £37 3422 30 1.1 -214
PCB 180 pg/g blood 632 + 30.1 83.0 + 302 111.7 £ 76.1 85.3 £ 48.1 75.7 28.5 - 4463
ng/g lipid 92 £ 39 125 £ 5.1 169 = 145 128 = 8.5 11.3 39 - 86.0
PCB 182/187 pg/g blood 33.0+203 423+ 196 58.6 £ 40.5 441 £ 275 39.3 11.3 - 2433
ng/g lipd 47+25 64 34 9.0+ 79 6.6 =49 6.1 1.5 - 46.9
Total PCB pg/gblood 4587 £ 2492 5913 £ 2302 817.0 £ 5139 6147 £ 3451 5355 1815 - 30973
ng/g lipid 66.8 £ 30.3 89.1 + 37.8 125.0 £ 100.0 92.5 + 60.8 82.7 26.9 - 597.1

SD: standard deviation.
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Table 3 Risk of definite diabetes according to PCBs.

No adjustment for lipid ?

Adjusted for total lipids ®

Lipid-adjusted PCBs ©

OR (95% CI) OR (95% Cl) OR (95% CI)
PCB 74 0.92 (0.79-1.07) 0.91 {0.79-1.06) 0.67 (0.25-1.83)
PCB 99 1.09 (0.84-1.41) 1.05 (0.79-1.38) 2.02 (0.36-11.18)
PCB 118 1.00 (0.91-1.09) 1.00 0.92-1.09) 097 (0.52-1.82)
PCB 138 1.02 (0.89-1.16) 1.03 (0.90-1.17) 0.93 (0.39-2.24)
PCB 146 2.36 (1.06-5.24) 2.46 (1.09-5.59) 137 (0.80-23650)
PCB 153 0.93 (0.85-1.01) 0.94 (0.86-1.02) 0.64 (0.37-1.1D)
PCB 156 1.60 0.92-2.77) 1.52 (0.86-2.67) 202 (0.57-713)
PCB 163/164 0.60 (0.39-0.91) 0.59 (0.38-0.91) 0.03 (0.002-0.46)
PCB 170 0.45 (0.25-0.79) 0.42 (0.23-0.78) 0.01 (0.0003-0.42)
PCB 180 1.3§ (1.10-1.67) 1.39 (1.10-1.76) 532 (1.46-19.32)
PCB 182/187 0.95 (0.70-1.28) 0.88 (0.62-1.26) 1.21 (0.15-10.03)

4 Adjusted for sex, age and BMI1. ® Adjusted for sex, age, BMI and total lipid. Adjusted for sex, age and BMI using
lipid-adjusted PCBs. Data arc odds ratio (95% confidence interval).

Table 4 Risk of all diabetes according to PCBs.

No adjustment for lipid ? Adjusted for total lipids Lipid-adjusted PCBs ©
OR (95% CI) OR (95% C) OR (95% CI)
PCB 74 1.02 (0.94-1.10) 1.02 (0.94-1.10) 1.16 (0.68-1.98)
PCB 99 1.08 (0.92-1.27) 1.10 (0.94-1.30) 1.70 {0.60-4.80)
PCB 118 0.97 (0.91-1.02) 0.97 (0.91-1.02) 0.79 (0.54-1.15)
PCB 138 1.0l (0.93-1.10) 1.02 (0.93-1.1D) 1.17 (0.67-2.06)
PCB 146 1.56 (1.05-2.31) 1.59 (1.08-2.35) 292 (1.89-451)
PCB 153 0.96 (0.91-1.01) 0.95 (0.90-1.00) 0.73 (0.51-1.07)
PCB 156 0.93 (0.68-1.27) 0.99 (0.71-1.37) 0.94 (0.12-7.62)
PCB 163/164 0.80 (0.65-0.98) 0.77 (0.62-0.93) 0.14 (0.03-0.58)
PCB 170 0.85 0.67-1.07 0.86 (0.69-1.08) 0.40 (0.09-1.91)
PCB 180 1.10 (1.10-1.20) 1.09 (1.01-1.19) 1.76 (1.01-3.08)
PCB 182/187 1.00 (0.85-1.17) 1.05 (0.88-1.25) 1.15 (0.36-3.64)

3 Adjusted for sex, age and BMI. ® Adjusted for sex, age, BMI and total lipid. © Adjusted for sex, age and BMI using
lipid-adjusted PCBs. Data are odds ratio (95% confidence interval).

performed using the lipid-adjusted PCB concentra-
tions, the significance of the positive relation between
PCB 146 and definite diabetes was attenuated, but the
positive association with PCB 180 and the negative
association with PCB 163/164 and 170 remained.

On the other hand, broadening the definition of dia-
betes to include all diabetic participants attenuated the
association between the PCB levels and the risk of dia-
betes (Table 4). PCB 146 and 180 continued to have
positive associations with definite diabetes, but the sig-
nificance of the negative association with PCB 170 was
lost and only PCB 163/164 maintained a significant
negative association. Adding total lipids as a potential
confounder or using the lipid-adjusted PCB values did
not change the significant associations with PCB 146,
180 and 163/164.

Discussion

Statistically significant associations between the
PCB congener concentrations and the prevalence of
diabetes were observed among middle-aged Japanese
obese adults. PCB 180 was positively and PCB
163/164 was negatively associated with both the defi-
nite diabetes and the all diabetes groups, regardless of
adjustments for possible confounding factors. A pos-
itive association between PCB 146 and diabetes was
observed except in the analysis using lipid-adjusted
PCB concentrations in the definite diabetes group, and
anegative association for PCB 170 was observed in the
definite diabetes group.

To date, information about the relationship between
specific PCB congeners and diabetes is limited. Many
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epidemiological studies have focused on TCDD, which
is known to cause dermal toxicity, neurotoxicity, immu-
notoxicity and carcinogenicity, as well as PCB 153,
which is thought to be correlated with the total amount
of PCBs and may be useful as an indicator substance
of multifarious PCBs [24]. Recent studies have mea-
sured more PCB congeners in detail; however, analy-
ses were performed using the accumulated TEQs [{13]
or the total/subtotal sum of PCB congeners [14, 25],
and differences in the specific effects of PCB conge-
ners have rarely been reported.

Knowledge from experimental studies is also insuf-
ficient. The biological pathway is thought to include
interactions among aryl hydrocarbon receptor (AhR)
[26], peroxisome proliferator-activated receptor (PPAR)
[27], and type 4 glucose transporter (GLUT4) [28], but
these findings have mainly been obtained for TCDD,
and the biological functions of PCB 146, 163/164, 170
and 180 are not known in detail.

Although the results of previous studies have not
exactly supported the findings of the present study, the
influence of PCBs on diabetes through indirect mecha-
nisms can be considered. Many cross-sectional studies
have shown that PCBs correlate positively with BMI,
which may increase insulin resistance and the risk of
diabetes. A positive relation was observed between
BMI and serum level of PCB 180 [29] and the sum of
PCB 118, 138, 153 and 180 [30]. Other studies inves-
tigated that total PCB concentration of 101 congeners
and the concentrations of PCB 74, 99, 153 and 206 were
inversely associated with the serum testosterone levels
in men [31], and lower testosterone levels are corre-
lated with higher insulin resistance [32] and a higher
risk of diabetes [33]. In addition, testosterone replace-
ment for hypogonadal men with diabetes reduced their
insulin resistance and improved their control of diabe-
tes [34]. Therefore, PCBs may be partly responsible
for the development of diabetes by lowering the tes-
tosterone level and increasing insulin resistance, even
though PCB 146, 163/164, 170 or 180 was not associ-
ated with BMI in the present study.

On the other hand, there were studies showing
inverse relationship between PCBs and insulin resis-
tance. There were cross-sectional studies reporting
that the serum levels of PCB 118, 138, 153 and 180
[35], PCB 153, 170, 180 and the sum of these PCB
congeners and PCB 138 were inversely associated with
obesity, while the concentrations of PCB 170, 180 and
the sum of the PCBs were correlated negatively with

insulin resistance [16].

These findings suggest that PCBs may be positively
or negatively associated with insulin resistance and
diabetes. As the PCB 170 concentration was especially
low among obese people [16], PCB 170 may have a
stronger weight reduction effect, compared with the
other congeners. The participants of the present study
were extremely obese subjects in the Japanese popula-
tion; therefore, the effect of obesity might have been
pronounced.

The strength of the present study is that diabetes was
ascertained using a blood test, as a certain proportion of
undiagnosed diabetes exists among the general popula-
tion. In fact, among the participants of this study, there
were only nine self-reported physician-diagnosed cases
of diabetes, but blood sample measurements enabled
the identification of six undiagnosed cases of diabetes
using the definite diabetes criteria and 23 cases using
the all diabetes criteria.

Nevertheless, the present study also has several lim-
itations. First, because of its cross-sectional design, the
cause-effect relation could not be explained. Although
the elimination rate of TCDD has been suggested to be
unrelated to the presence of diabetes among US veter-
ans [36], implying that the difference in blood TCDD
levels occurred before the development of diabetes, the
difference in elimination rates among PCB congeners
is not well known.

Environmental exposure to PCBs is more compli-
cated than occupational or accidental exposures. Food
and inhalation are the main routes of intake, and metab-
olism and excretion are related to elimination; however,
such factors have not been fully explored. Meat, dairy
products and fish are the major sources of PCBs, and
the consumption of certain types of fish is correlated
with certain types of PCBs [25, 37]; however, appro-
priate data that would enable adjustments to the analy-
ses were not available for the present study population.
The possibility that the negative association between
PCB congeners and the prevalence of diabetes was due
to the protective effect of n-3 polyunsaturated fatty
acids contained in fatty fish cannot be denied, consid-
ering that the blood levels of dioxins and PCBs are well
correlated with fish consumption [38]. The number of
parities and lifetime lactation may influence the elimi-
nation of PCBs [39], but this information was also not
considered. Further studies that include such missing
data may clarify the robustness of the present findings.

In conclusion, PCB 180 had a positive associa-

62—



Congener-specific PCBs and diabetes 7

tion and PCB 163/164 had a negative association with
the prevalence of diabetes among middle-aged, obese
Japanese subjects after adjustments for age, sex, BMI,
and total lipids. PCB 146 and 170 may have posi-
tive and negative associations, respectively, with the
prevalence of diabetes. Further consideration, includ-
ing the intake and elimination of PCB congeners, may
strengthen these findings.
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ABSTRACT

Background and objective : Japan’s remarkable longevity is a definite accomplishment as a nation which
fully benefited from all local sources of their healthy diet. However, obesity and other non-communicable dis-
eases will be a big threat to the Japan’s aging population in the near future. Hence, one extreme reaction has
been resistance to the economic development in the name of protecting and sustainability of public health
nutrition so-called Shokuiku. The objective of the literature review is to provide an overview of the nutrition
transition in Japan and how the concept of sustainable development in health has been broadened to the con-
tinuity of people’s well being including food and nutrition education Shokuiku as a prioritized area.

Methods: A review of literature on current nutrition and health problems and its relationship with the sus-
tainability in health studies related to Japanese people were summarized.

Results: Studies showed the transition of nutrition occurred and how changing of lifestyles such as smok-
ing, falling rate of physical activity, increased stress and anxiety due to rapid urbanization and nutrition par-
adigm gave threat to sustainability in health in present and future generation. However, to fulfill Health
Japan 21 vision, Basic Law on Shokuiku regarding food and nutrition. This law is considered sustainable due
to encouragement of respect for diverse traditional food culture which is healthy, appreciation of food pro-
duction in harmony with environment, revitalization of rural communities with locally grown products and
improvement of food security. On the other hand, this nutrition education comply the term of sustainable
meaning the center of the needs of future generation including environmental issues, whereas development
capture the needs of current generation.

Conclusion: 1n short, Shokuiku cover the sustainability in nutrition education for a long term and fulfill
the needs of present population without neglecting the ability of future generation in meeting their needs.
Shoku means diet and iku stand for education is an initiation in health promotion, and should be conceptual-

21

ized and well-defined for everyone in achieving sustainability in health for future Japan.
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CURRENT NUTRITION AND HEALTH
ROBLEMS IN JAPAN

The Japanese enjoy the world’s longest lifespan and
healthy lives. Japan’s aging society is becoming a demo-
graphic dilemm" contributing to a skyrocketing of health
care costs and its high dependency ratio*. And yet, Japan’s

longevity is a definite accomplishment as a nation fully
benefiting from all local sources of their healthy diet in sur-
prising ways. There are two threats to the success of
Japan’s health system, the frontline is a rapid increase of
aging population, followed by remarkable acceleration
structural-reform from of agricultural to industrial-based
economy®. The transition to a post-Fordist economy (new
economy) driven by rapid socioeconomic progress® may

Received on April 19, 2010 and accepted on July 12, 2010

1) Department of Community Medicine, School of Medical Sciences, Universiti Sains Malaysia

Health Campus, Malaysia
2) Department of Nutrition Education, National Institute of Health & Nutrition
Toyama, Japan

3) Center of Collaboration Research & Partnership, National Institute of Health & Nutrition

Toyama, Japan
Correspondence to: Rohana Abd Jalil
(e-mail: anajalil@kck.usm.my)

—65—

© 2011 Japan Internationa) Cultural Exchange Foundation



