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Abstract

There has been debate on causal association between type 2 diabetes and dioxins and polychlorinated biphenyls.
Current report of 24-year follow-up of Yucheng cohort may provide a good opportunity for the hypothesis
examination. The matched controls recruited based on registered 2,061 exposed cases during 1979-93. Between
1993 and 2003, we have followed 1144 exposed subjects and their controls by trained interviewers blinded to
exposure status. For the current study, individually well paired 506 Yucheng subjects and their matched controls
were reported. Odds ratio of diabetes for Yucheng relative to controls remained significant (OR=3.4, 95% ClI:
1.2-11.3) for 55-64 age group, after the adjustment for age, BMI, cigarette smoking and alcohol drinking. We
compared diabetes rate in subjects with chloracne to those without, and found highly significant Adjusted OR of
5.2 (2.1-14.1) in women but not in men. We report increased type 2 diabetes risk associated with PCBs/PCDFs
body burden in Yucheng women at the age between 55 and 64 years in 2003, particularly among those with
chloracne. Reason for the higher risk for women needs further investigations. The mechanisms may involve
estrogen dependent PPAR pathway leading to down-regulation of IGFBP-1 and/or IRS-1.

Introduction

There has been debate on causal association between type 2 diabetes occurrence and body burden of persistent
organic pollutants; particularly with dioxins and polychlorinated biphenyls (PCBs)*2 Current report of 24-year
follow-up of Yucheng cohort may provide a good opportunity for the hypothesis examination. In 1979, over
2000 people in central Taiwan ingested cooking rice oil contaminated with polychlorinated biphenyls (PCBs)
and dibenzo-furans (PCDFs), with 10-40 times higher than background and 10,000 times higher for penta-CDF°.
This report focused on individuals born before 1 January 196 for subjects all over the age of 40 years, in order to
study the chronic disease of type 2 diabetes risks.

Materials and Methods

From 1979 to 1983 the Taiwan Provincial Department of Health registered 2,061 cases based on signs and
symptoms of the illness or a history of consumption of the contaminated oil. Participation in the registry was
voluntary, and the registration provided free access examinations and medical care. The individual matched
controls recruited in 1993 were from the neighborhood with the same gender, within 3 years of age and not in the
registry. Between 1993 and 2003, we have carried out morbidity follow-up of 1144 exposed subjects and their
controls by trained interviewers blinded to exposure status. The information on disease diagnosed or treated by
western-style medical doctors was acquired by phone. For the current study, individually well paired 506
Yucheng subjects and their matched controls were reported.

The serum samples collected in 1979-83 were analyzed for total PCBs by means of packed-column,
electron-capture gas chromatography and an adaptation of the Webb-McCall method to a computer data system,
in which PCBs (Kanechlor 500) were used as reference standard. Student t and Chi-square tests was used to
compare continuous and categorical variables between the exposed and control groups. Univarient and
multivarient logistic regression models were utilized to evaluate odds ratios for diabetes prevalence among
exposed relative to control subjects with or without adjustment for potential covariates.

Results and Discussion

Table 1 shows very similar distribution in age, gender body mass index (BMI), education, life style and
occupational between Yucheng cohort and their age and gender matched controls. Mean PCBs in Yucheng
subjects, with large variation, were about 40-50 folds of controls.

Diabetes risk increased substantially in 55-64 age group particularly for women (Table 2). Odds ratio of diabetes
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for Yucheng relative to controls remained significant (OR=3.4, 95% CI: 1.2-11.3) after the adjustment for age,
BMI, cigarette smoking and alcohol drinking. Physical activity and diet habits were not detailed recoded during
the interview. However, we believe that it would be different substantially because social-economic status was
also very similar between the two groups. The prevalence of diabetes in controls (7.8%) was comparative to the
ones in the national survey in Taiwan®. The 55-64 age group has a mean age of about 60 years. Thus the Yucheng
subjects might be heavily exposed at the mean ages of around 35 years. It might be suggested that the excess risk
of diabetes may occur after the incidental exposure to PCBs/PCDFs. Other related chronic diseases such as
hypertension, cardiovascular diseases, endometriosis and hormonal abnormality also have increased ORs but
without statistical significance. Yucheng subjects experienced very high risk of having chloracne as compared to
the controls with Adjusted OR of about 40. The exposure was based self-report to get registered and free medical
examinations and care. We suspected that there might be some misclassification from control to exposure group
in which case the ORs might be underestimated.

We compared diabetes rate in subjects with chloracne to those without, and found highly significant AOR of 5.2
in women but not in men (Table 3). This is also true for hypertension, cardiovascular disease and hypothyroidism.
It is interesting that women with chloracne did not have significantly higher PCBs than those without (114 vs. 81
ppb, p=0.1). This might resulted from limited sample size or some common genetic susceptibility for
diabetes/hypertension to chloracne in women. On the other hand, one may think of females being more
vulnerable to PCBs/PCDFs intoxication than men. Further studies are warrant for this gender difference.
Tetra-chlorinated dibenzo-p-dioxin (TCDD) was found up-regulate Insulin-like Growth Factor Biding Protein-1
(IGFBP-1)° in MCF-7 cells co-treating estrogens by most likely Peroxisome proliferator-activated

receptor (PPAR) pathway’, and also in female AhR knockout female rats®. This counterpart insulin action which
down-regulates IGFBP-1. Thus dioxin may disrupt glucose homeostasis. In addition, TCDD-altered insulin
receptor substrate-1 (IRS-1) down-regulation was reported in MCF-7 cells®. These may confer to our observation
and might explain in pat the etiology of dioxin-like chemicals causing type 2 diabetes. This situation might be
exaggerated as a result from hypertriglycemia state usually in diabetic patients and thus delay the degradation
and/or excretion of the lipophilic compounds.

Table 1. General characteristics in Yucheng cohort and their matched controls in 2003

men women

Characteristics Yucheng Control Yucheng Control
(n=174) (n=174) P (n=332) (n=332)

Age (years, %) 59.5+12.1° 59.1+12.0 ns 48.6+12.9 48.4+12.8 ns
<45 28 (16.1) 28 (16.1) 158 (47.6) 158 (47.6)
45-54 41 (23.6) 41 (23.6) 86 (25.9) 90 (27.1)
55-64 40 (22.9) 44 (25.3) 38 (11.5) 33(9.9)
>65 65 (37.4) 61 (35.0) 50 (15.0) 51 (15.4)

BMI (kg/m?) 24.2+3.0 24.0£3.1 ns 23.9+7.5 232434 ns

Education (years) 7.314.2 7.0£3.8 ns 7.6£4.7 8.0+4.6 ns

Current smoker (%) 92 (53.5)° 105 (61.8) ns 4(1.2) 1(0.3) ns

Alcohol Drinking (%) 46 (27.1) 39(23.1) ns 5(1.3) 2(0.6) ns

Occupation (%):

None 77 (44.3) 72(41.3) ns 149 (44.9) 137 (41.3) ns
Government 6 (3.5) 4 (2.3) 16 (4.8) 17 (5.0)
Agriculture 13 (7.5) 24 (13.8) 6 (1.8) 8(2.4)
Manufacturing 61(35.1) 60 (34.5) 119 (35.8) 122 (36.8)
Commercial 18 (9.6) 14 (8.1) 42 (12.7) 48 (14.5)
Serum PCBs (ppb) 71.6+£79.9 1.67 89.0+135.4 1.67

a. Meanzstandard deviation.
b. Values shown in parentheses are percent.
C. General population had mean serum PCB levels of 1.67 ppb wet weight as previously reported*
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Table 2. Prevalence (%) of reported diseases ever diagnosed by a physician in Yucheng and control groups by gender in Taiwan, 2003

Men women total
Yucheng Control OR Yucheng Control OR Yucheng Control OR
(n=174) (n=174) (95% ClI) AOR (n=332) (n=332) (95% CI) AOR (n=506) (n=506) (95% CI) AOR

130.7 *** 125.1%%* 26.5 ** 23.4 %% 44.6* 30.7 ***
Chloracne 75(436)  1(06)  (5539390)  (26.7-2233.7) 82 (24.9) 402 (109.87.7) (9.6-77.7) 157 (31.3) S0 (501-126.6) (17.8-113.0)
Qi’ggetes 2 23(135) 24(141) o 5-105'3 0.9 (0.5-1.8) 25 (7.6) 20(6.1) 12(07-2.3) 22*(1.0-4.7) 48 (9.6) 44(89)  11(0.7-1.7) 1.3 (0.8-2.1)
<55 3(44) 7(105) 04(01-15) 05 (0.1-2.0) 7(2.9) 7(29) 1.0(03-30) 1.0(0.3-3.1) 10 (3.2) 14(45)  0.7(0.3-16) 0.7 (0.3-1.6)
55-64 9(231) 5(114) 23(0.7-83) 3.7(0.9-17.6) 6 (15.8) 1(30) 6.0 (L0-117) - 15 (19.5) 6(7.8) 29%(11-84) 34+*(12-11.3)
~65 11(175) 12(20.3) 08(0.3-21)  0.7(0.3-2.1) 12(245)  12(235) 11(04-27)  2.6(0.9-9.3) 23 (20.5) 24(21.8) 0.9 (05-1.8) 1.3 (0.6-2.9)
ontherapy 23 (134) 19(11.2)  12(0.6-24) 1.2 (0.6-2.5) 17 (5.2) 14(43) 12(06-25 2.5 (1.0-6.7) 40 (8.0) 33(6.7)  1.2(0.8-2.0) 15 (0.9-2.7)
<55 3(44)  3(45)  1.0(0254) 1.2(0.2-7.2) 3(12) 5(21)  06(0.1-2.4) 0.6 (0.1-2.4) 6 (1.9) 8(26) 0.7(0.2-2.1) 0.8 (0.3-2.4)
55-64 9(231) 5(114)  2.3(0.7-83) 3.7(0.9-17.7) 3(7.9) 0 (0.0) - - 12 (15.6) 5(65)  2.7(0.9-8.7) 2.7 (0.9-9.7)
>65 11(17.2) 11(186) 09(0.4-23) 0.9(0.3-2.6) 11 (22.5) 9(17.7)  1.4(05-3.7) a 6_2564’; 22 (19.5) 20(18.2)  1.1(0.6-2.1) 1.8 (0.8-4.1)
Gout 35(204) 27(159) 14(08-2.4) 13(0.7-2.4) 16 (4.9) 6(18) 2.7*(L1-7.7) 25*(10-7.4) 51 (10.2) 33(6.7) 16(1.0-25)  16*(1.0-2.6)
;'%’52” dism 2(12) 1(08) 20(02432) 1.8(0.2-39.5) 9(2.7) 3(09) 3.0(0.9-13.7) 3.0(0.9-13.6) 11 (2.2) 4(08) 28(09-100) 2.7 (0.9-10.0)
Goiter 000)  0(00) - - 19 (5.8) 5 (1.5) 3.9 397 19 (3.8) 5 (1.0) 397 3 9% (15-11.8)

' ' ' : (1.6-11.9) (1.5-11.9) ' ' 15117) > Dm

31 3.0** 31 .
-on therapy 0(00)  0(0.0) - - 15 (4.6) 5(1.5) (12956) (11:9.4) 15 (3.0) 5 (1.0) (1205 307 (L193)
Hypertension 53(30.8) 45(265)  1.2(0.8-2.0)  1.1(0.6-2.0) 50(15.2)  41(12.6)  1.2(0.819) 1.2(0.7-2.1) 103 (20.5) 86(17.3) 1.2 (0.9-1.7) 1.1(0.8-1.7)
-ontherapy 47 (27.3) 35(20.6) 15 (0.9-2.4)  1.3(0.7-2.5) 35 (10.6) 28(8.6) 13(0821) 1.4(0.7-2.6) 82 (16.3) 63(12.7)  1.3(0.9-1.9) 1.3(0.8-2.0)
CVD 26 (150) 17 (9.8)  16(09-3.2)  1.2(0.6-2.5) 42 (12.7) 30(9.0)  15(09-2.4) 14 (0.8-2.5) 68 (13.4) 47(93) 15 (1.0-2.3) 1.4 (0.9-2.1)
Endometriosis 6 (L8) 2(06) 3.0(0.7-20.7) 3.2 (0.7-21.9)
*: p<0.05, **: p <0.05, ***: p <0.001
AOR: Adjusted for age, BMI, cigarette smoking and alcohol drinking
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Table 3. Lifetime prevalence of medical conditions (%) in Yucheng individuals without (-) or with (+) reported chloracne

Men Women

-(n=97) +(=75) p OR AOR -(n=248) +(n=82) P OR AOR
Age (mean+SD) 60.6+1.2 57.7+14 0.1 48.0+0.8  50.1+14 0.2
BMI (mean+SD) 24.2+0.3 24.2+04 1.0 23.9+05 241+09 0.8
Diabetes (%) 11(11.3) 12(16.2) 04 1.5(0.6-3.7) 2.0(0.7-5.5) 11 (4.4) 14 (17.1) 0.0005 4.4***(1,9-10.4) 5.2 ***(2.1-14.1)
Max. glucose (mean£SD)  274+34 22039 0.3 (n=7) 232424 275+38 0.4 (n=4)
Hypertension (%) 34(35.1) 19(25.3) 0.2 0.6 (0.3-1.2) 0.7 (0.3-1.5) 28 (11.3) 22(26.8) 0.0012 2.9 ***(15-54) 2.8 *** (1.3-6.2)
Hypothyroidism (%) 0 (0.0) 2(27 01 - - 4 (1.6) 5(6.1) 0.05 4.0 * (1.0-16.3) 4.3*(1.1-18.0)
Goiter (%) 0 (0.0 0(0.0 - - - 11 (4.4) 8(9.8) 0.09 2.3 (0.9-6.0) 2.3(0.9-6.1)
Gout (%) 20(20.6) 15(20.0) 0.9 1.0(0.4-2.0) 1.0(0.4-2.2) 10 (4.0) 6 (7.3) 0.3 1.9 (0.6-5.2) 2.0 (0.6-5.9)
CVD (%) 14 (14.4) 12(16.0) 0.8 1.1(0.5-2.6) 1.0(0.4-2.7) 25(10.1) 17(20.7) 0.02 23* 26*

(1.2-4.6) (1.2-5.5)

PCB (ppb) (mean+SD) 53.949.2 95.8£10.1 0.003 81.0+10.6 113.7¥174 0.11

*:p<0.05, **: p <0.05, ***; p <0.001
AOR: Adjusted odds ratio for age, BMI, cigarette smoking and alcohol drinking

In conclusion, increased type 2 diabetes was associated with PCBs/PCDFs body burden in Yucheng women at the ages between 55 and 64 in 2003,
particularly among those with reported chloracne. The disease is likely to occur after the incidentally exposure to high PCBs/PCDFs. It is suggested that
this causal factor might increase diabetes risk through estrogen dependent PPAR pathway leading to down-regulation of IGFBP-1 and/or IRS-1.
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