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Table3 Numbers, SMRs, and 95 % Cls for non-cancer disease from 1960 to 1978 in the exposed area (Tamanoura and Naru) and Shimo-Goto region excluding the exposed area

All causes Diabetes mellitus

Tamanoura Naru Shimo-Goto® Tamanoura Naru Shimo-Goto®

Obs. SMR (95 % CI)  Obs. SMR (95 % CI)  Obs. SMR (95 % CI)  Obs. SMR (95 % CI) Obs. SMR (95 % CI) Obs.  SMR (95 % CI)
1963 (—5) 62 1.1(0.8,1.4) 60 0.9 (0.7, 1.2) 642 1.0 (0.9, 1.1) 0 NE 2 8.4 (2.1, 33.5) 2 0.8(0.2,3.3)
1964 (—4) 69 1.3 (1.0, 1.6) 52 0.9 (0.7, 1.1) 567 0.9 (0.9, 1.0) 1 3.8 (0.5, 26.8) 0 NE 1 0.3 (0.0, 2.5)
1965 (—3) 60 1.1 (0.8, 1.4) 52 0.8 (0.6, 1.1) 628 1.0 (0.9, 1.1) 0 NE 0 NE 6 1.8 (0.8, 4.0)
1966 (—2) 47 0.9 (0.7, 1.2) 39 0.7 (0.5,0.9) 597 1.0 (0.9, 1.1) 0 NE 0 NE 0 NE
1967 (—1) 43 0.8 (0.6, 1.0) 53 0.9 (0.7, 1.1) 619 1.0 (0.9, 1.1) 0 NE 0 NE 9 2.6(1.4,5.0)
1968 (0) 57 1.2 (0.9, 1.5) 57 1.0 (0.8, 1.3) 576 1.0 (0.9, 1.1) NA NA NA
1969 (1) 70 1.5(1.2,1.9) 46 0.8 (0.6, 1.1) 589 1.1(1.0,1.2) 3 8.8(2.8,27.2) 0 NE 2 0.5(0.1,2.1)
1970 (2) 62 1.3 (1.0, 1.6) 51 0.9 (0.7, 1.2) 585 1.0 (0.9, 1.1) 0 NE 0 NE 6 1.2 (0.5,2.7)
1971 (3) 45 1.0 (0.8, 1.4) 39 0.8 (0.6, 1.0) 471 0.9 (0.8, 1.0) 1 2.1(0.3, 14.6) 1 1.9 (0.3, 13.3) 12 22(1.3,3.9)
1972 (4) 67 1.5(1.2,1.9) 54 1.0 (0.8, 1.3) 476 0.9 (0.8, 1.0) 0 NE 0 NE 6 1.1 (0.5,2.4)
1973 (5) 42 1.0 (0.7, 1.4) 46 0.9(0.7, 1.3) 508 1.0 (0.9, 1.1) 0 NE 0 NE 0 NE
1974 (6) 42 1.0 (0.7, 1.3) 52 1.0 (0.8, 1.4) 501 1.0 (0.9, 1.1) 0 NE 0 NE 2 0.4 (0.1, 1.7)
1975 (7) 44 1.1 (0.8, 1.4) 40 0.8 (0.6, 1.1) 493 1.0 (0.9, 1.1) 0 NE 0 NE 6 1.140.5,2.5)
1976 (8) 42 1.0 (0.7, 1.3) 49 1.0 (0.8, 1.3) 511 1.0 (0.9, 1.1) 1 2.5(0.3,17.5) 0 NE 3 0.6 (0.2, 1.9)
1977 (9) 34 0.8 (0.6, 1.1) 63 1.3 (1.0, 1.7) 484 1.0 (0.9, 1.0) 3 5.9(1.9,18.2) 2 3.3(0.8,13.3) 4 0.6(0.2,1.7)
1978 (10) 45 1.2 (0.9, 1.6) 47 1.0 (0.8, 1.4) 499 1.1 (1.0, 1.2) 1 2.1(0.3, 14.8) 1 1.8 (0.2, 12.6) 3 0.5(0.2, 1.6)

Heart diseases Hypertensive diseases

Tamanoura Naru Shimo-Goto® Tamanoura Naru Shimo-Goto®

Obs. SMR (95 % CI)  Obs. SMR (95 % CI)  Obs. SMR (95 % CI)  Obs. SMR (95 % CI)  Obs SMR (95 % CI) Obs. SMR (95 % CI)
1963 (-5) 7 1.2 (0.6, 2.6) 3 0.8 (0.3,2.0) 61 1.0 (0.8, 1.2) 1 1.3(0.2,9.4) 3 3.9 (1.3, 12.1) 15 1.8 (1.1, 3.0)
1964 (—4) 10 1.8 (1.0,3.4) 1 0.2 (0.0, 1.2) 53 0.9 (0.7,1.2) 1 1.4 (0.2,9.7) 0 NE 8 1.0 (0.5, 2.0)
1965 (—3) 9 1.6 (0.9, 3.2) 3 0.5(0.2, 1.6) 83 1.4 (1.1, 1.7) 5 7.7 (3.2, 18.5) 3 4.5(1.4,13.9) 28 3.92.7,5.7)
1966 (—2) 3 0.5 (0.2, 1.7) 2 0.3(0.1, 1.4) 45 0.7 (0.6, 1.0) 2 2.2 (0.6, 8.8) 0 NE 13 1.3(0.8,2.3)
1967 (—1) 6 1.0(0.4,2.2) 2, 0.3(0.1, 1.3) 58 0.9 (0.7, 1.1) 3 3.1(1.0,9.5) 0 NE 16 1.5(0.9,2.5)
1968 (0) 11 2.0 (1.1, 3.6) 6 0.9(0.4,2.1) 63 1.0 (0.8, 1.3) 1 0.6 (0.1, 3.9) 3 1.5 (0.5, 4.6) 24 1.2 (0.8, 1.7)
1969 (1) 12 2.0 (1.2,3.6) 3 0.4 (0.1, 1.4) 84 1.2(1.0,1.5) 3 1.8 (0.6, 5.6) 2 1.1 (0.3,4.3) 24 1.3 (0.8, 1.9)
1970 (2) 4 0.6 (0.2, 1.7) 2 0.3 (0.1, 1.1) 72 1.0 (0.8, 1.2) 4 2.0(0.8,5.3) 0 NE 17 0.7 (0.5,1.2)
1971 (3) 3 0.5(0.2,1.7) 4 0.6 (0.2, 1.7) 55 0.8 (0.7, 1.1) 0 NE 3 1.5(0.5,4.5) 16 0.8 (0.5, 1.2)
1972 (4) 5 0.9 (0.4,2.2) 3 0.5(0.2, 1.5) 57 0.9 (0.7, 1.1) 5 2.7(1.1,6.4) 6 29 (1.3,6.4) 19 0.9 (0.6, 1.4)
1973 (5) 4 0.7 (0.3,1.9) 1 0.2 (0.0, 1.1) 54 0.8 (0.6, 1.1) 1 0.5 (0.1, 3.5) 1 0.5 (0.1, 3.2) 36 1.5:(1.1,2.1)
1974 (6) 8 1.4(0.7,2.8) 1 0.2 (0.0, 1.1) 53 0.8 (0.6, 1.0) 2 0.9(0.2,3.7) 1 0.4 (0.1, 3.0) 23 0.9 (0.6, 1.3)
1975 (7) 11 1.9 (1.0, 3.4) 8 1.2 (0.6,2.4) 78 1.1(0.9,1.4) 2 1.0 (0.2, 3.8) 0 NE 22 0.9 (0.6, 1.3)
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Table3 continued

Heart diseases

Hypertensive diseases

Tamanoura Naru Shimo-Goto* Tamanoura Naru Shimo-Goto*
Obs. SMR (95 % CI)  Obs. SMR (95 % CI)  Obs. SMR (95 % CI)  Obs. SMR (95 % CI)  Obs. SMR (95 % CI) Obs. SMR (95 % CI)

1976 (8) 7 1.1 (0.5, 2.3) 10 1.4 (0.7, 2.6) 75 1.0(0.8,1.2) 1 0.4(0.1,3.2) 0 NE 11 0.4 (0.2,0.7)
1977 (9) 2 0.3(0.1,1.2) 10 1.4 (0.7,2.5) 71 0.9 (0.7, 1.1) 0 0.9 (0.2,3.7) 0 NE 24 0.9 (0.6, 1.4)
1978 (10) 10 1.7 (0.9, 3.2) 8 1.1 (0.6,2.3) 80 1.1 (0.9, 1.4) 0 NE 0 NE 16 0.7(0.4,1.2)

Cerebrovascular diseases Pneumonia and bronchitis

Tamanoura Naru Shimo-Goto® Tamanoura Naru Shimo-Goto*

Obs. SMR (95 % CI)  Obs. SMR (95 % CI)  Obs. SMR (95 % CI)  Obs. SMR (95 % CI)  Obs. SMR (95 % CI)  Obs. SMR (95 % CI)
1963 (—5) 10 0.8 (0.4, 1.5) 6 0.5(0.2, 1.0) 108 0.8 (0.7,0.9) 3 0.8 (0.2,2.4) 12 2.6(1.5,4.5) 73 1.6 (1.3,2.1)
1964 (—4) 14 1.0 (0.6, 1.7) 14 1.0 (0.6, 1.7) 126 0.8 (0.7, 1.0) 8 24(1.2,49) 7 1.8 (0.9, 3.8) 61 1.6 (1.3,2.1)
1965 (—3) 9 0.7 (0.3, 1.3) 18 1.3 (0.8, 2.0) 114 0.8 (0.6,0.9) 6 1.5(0.7,3.3) 5 1.1.(0.5,2.7) 73 1.6 (1.3,2.0)
1966 (—2) 14 1.0 (0.6, 1.7) 14 1.0(0.6,1.7) 138 0.9 (0.8, 1.1) 1 0.3(0.0,2.5) 4 1.2 (0.5,3.3) 48 1.5(1.1,2.0)
1967 (—1) 13 0.9 (0.5, 1.6) 19 1.3 (0.8,2.1) 134 0.9 (0.7, 1.0) 2 0.7 (0.2,2.7) 7 2.1(1.0,4.4) 42 1.3(0.9,1.7)
1968 (0) 13 1.1 (0.6, 1.8) 14 1.0 (0.6, 1.7) 147 1.1(09,1.2) NA NA NA
1969 (1) 13 0.9 (0.5, 1.6) 9 0.6 (0.3, 1.1) 156 1.0 (0.8, 1.1) 1 0.5(0.1,3.2) 4 1.5(0.6,4.1) 28 1.1 (0.7, 1.5)
1970 (2) 14 1.1 (0.7, 1.9) 11 0.8(0.4,1.4) 145 1.0 (0.9, 1.2) 6 2.2(1.0,4.9) 2 0.6 (0.2, 2.5) 27 0.8 (0.6, 1.2)
1971 (3) 0.4 (0.1, 0.9) 6 0.5 (0.2, 1.1) 119 0.9 (0.8, 1.1) 1 0.5(0.1, 3.3) 1 0.4 (0.1,2.8) 14 0.6 (0.3, 0.9)
1972 (4) 18 1.5(1.0,2.4) 8 0.6 (0.3, 1.2) 130 1.0 (0.8, 1.2) 3 1.3 (0.4, 4.0) 3 1.1 (0.4,3.4) 17 0.6 (0.4, 1.0)
1973 (5) 7 0.7 (0.3, 1.4) 15 1.2(0.7,2.1) 129 1.0 (0.8, 1.2) 4 1.9 (0.7, 4.9) 7 2.9 (1.4, 6.0) 30 1.1 (0.8, 1.6)
1974 (6) 9 0.9 (0.4, 1.6) 7 0.6 (0.3,1.2) 125 1.0 (0.8, 1.2) 4 1.5(0.6,4.1) 7 24(1.1,5.0) 27 0.8 (0.6, 1.2)
1975 (7) 12 1.2 (0.7, 2.0) 7 0.6 (0.3, 1.2) 99 0.8 (0.7, 1.0) 2 0.8 (0.2,3.2) 4 1.4 (0.5, 3.8) 21 0.7 (0.4, 1.0)
1976 (8) 13 1.3(0.7,2.2) 11 0.9 (0.5,1.7) 123 1.0 (0.8, 1.2) 0 NE 2 0.7 (0.2,2.7) 42 1.3 (1.0, 1.8)
1977 (9) 14 1.4 (0.8,2.4) S 0.5(0.2,1.1) 109 0.9 (0.8, 1.1) 1 0.4 (0.1, 3.0) 2, 0.8 (0.2, 3.1) 19 0.7 (0.4, 1.1)
1978 (10) 6 0.7 (0.3, 1.5) 6 0.6 (0.3, 1.3) 103 1.0 (0.8, 1.2) 2 0.9 (0.2, 3.6) 11 4.2 (2.3,7.6) 25 0.9 (0.6, 1.3)

Liver disease Nephritic disorders

Tamanoura Naru Shimo-Goto* Tamanoura Naru Shimo-Goto®*

Obs. SMR (95 % CI) Obs. SMR (95 % CI) Obs. SMR (95 % CI) Obs. SMR (95 % CI)  Obs. SMR (95 % CI)  Obs. SMR (95 % CI)
1963 (—5) 6 5.6 (2.5, 12.5) 1 0.9 (0.1, 6.0) 10 0.9 (0.5, 1.6) 1 0.8 (0.1,5.9) 2 1.5(0.4,5.9) 13 1.0 (0.6, 1.6)
1964 (—4) 3 2.9 (0.9, 8.9) 1 0.9 (0.1,6.2) 11 1.0 (0.5, 1.7) 0 NE 1 0.9 (0.1, 6.2) 8 0.7(0.3,1.4)
1965 (—3) 1 1.1(0.1,7.5) 4 3.8 (1.4, 10.1) 12 1.2 (0.7,2.0) 1 0.9 (0.1, 6.6) 1 0.8 (0.1, 5.8) 13 1.1 (0.6, 1.8)
1966 (—2) 1 1.0 (0.1,6.7) 0 NE 10 0.9 (0.5, 1.6) 3 3.5(1.1, 10.8) 1 1.0 (0.1, 7.0) 31 3,122, 4.5)
1967 (—1) 1 0.9(0.1,6.4) 0 NE 16 1.3 (0.8,2.1) 1 1.3(0.2,9.1) 0 NE 5 0.6(0.2,1.4)
1968 (0) 0 NE 0 NE 0 NE NA NA NA
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Table3 continued
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SMR (95 % CI)
0.9 (0.5, 1.8)

Obs.

8

SMR (95 % CI)
3.3(1.1,10.3)

Obs.
3

1

SMR (95 % CI)
NE

Obs.
0

SMR (95 % CI)
0.7 (04, 1.4)

Obs.

SMR (95 % CI)
1.6 (0.4, 6.5)
0.8 (0.1,5.3)

Obs.
2

SMR (95 % CI)
0.9 (0.1, 6.7)

Obs.
1
1
1
2

0
0

9
8
14
9
9
19

11

1969 (1)

1.4 (0.8,2.6)
1.0 (0.5,2.2)
1.5(0.8,2.9)

0.4 (0.1, 1.7)

11

1.3(0.2,8.9)

NE

NE

0.6 (0.3, 1.2)

1
1
1

0.9 (0.1, 6.3)

1970 (2)

NE

0
0
0

1.3(0.7,2.1)

0.9(0.1,6.1)

1.0 (0.1,7.3)

1971 (3)

NE

NE

0.7 (0.4, 1.4)

0.8 (0.1, 5.6)

NE

1.9(0.5,7.5)

NE

1972 (4)

NE
4.1(1.0,16.2)

NE

0.8 (0.4, 1.5)

1973 (5)

0.6 (0.2, 1.9)

3

2.5(0.4,18.1) 2
NE

1
0
0
0
2

1.5(0.9,2.3)
1.0 (0.5, 1.7)

0.8 (0.1,5.4)

NE

NE 1

1974 (6)

0.9(0.3,2.4)

NE

NE

0
1
0
4

1975 (7)
1976 (8)
1977 (9)

0.2 (0.0, 1.5)

1

2.1(0.3, 14.8)

NE

1

NE

1.3(0.8,2.2)
0.7 (0.3, 1.4)

15

NE

0

1.0 (0.1,7.4)

NE

0.7 (0.2,2.1)

NE

8

11

NE

1.4 (0.7,2.9)

8

1.8 (0.3, 12.9)

1

4.5 (1.1, 18.0)

1.0 (0.5, 1.8)

NE

0

4.5(1.7,11.9)

1978 (10)

95 % CI 95 % confidence interval, NA not available, NE not evaluated, Obs observation number, SMR standard mortality ratio

* Shimo-Goto was excluded from the exposed area (Tamanoura and Naru)

cancer (30-34 years), and leukemia (after 10 years) were
significantly elevated.

For reference, the number of cases and SMRs for cancer
from 1963 to 2002 at shorter length intervals (5 years) are
shown in Online Table 4. The SMRs by short interval, all-
cancer mortality in Tamanoura was sporadically elevated
after 15-19 years. At this same time, elevated SMRs in
the comparison area of Shimo-Goto were also observed.
Regarding leukemia, high SMRs were observed after
5 years in Naru.

Discussion

The present study evaluated the acute and long-term health
effects of ingestion of rice oil contaminated with PCBs
and PCDFs in two severely affected areas (Tamanoura and
Naru). After accounting for existing trends in mortality
before the incident, as well as the situation in other areas
within the same archipelago, SMRs for all-cause mortal-
ity, diabetes mellitus, and heart disease were found to have
increased in Tamanoura shortly after the outbreak. In addi-
tion, SMRs for several cancers were found to be higher in
the long term.

Our study’s novel finding was that SMRs for all can-
cer, uterine cancer, and leukemia were also found to have
increased in the long term (Table 5). First, SMRs for
all-cancer mortality were significantly elevated in both
exposed areas at 30-34 years. This was consistent with a
previous Yusho study. In a previous 40-year follow-up
study among officially certified Yusho patients, the SMR
for all cancer between 1968 and 2007 had significantly
increased (SMR: 1.37, 95 % CI 1.11-1.66) (Onozuka et al.
2009). In the present study, however, SMRs in the compari-
son area of Shimo-Goto were also significantly elevated.
Although we could not remove the effects of area-specific
characteristics of the Goto archipelago from these results,
further evaluation, which target residents who ingested the
contaminated rice oil, should be conducted since these peo-
ple might have moved to other areas away from the expo-
sure area after such a long period.

SMRs for uterine cancer were significantly higher
in Tamanoura 30-34 years after the incident, but not in
the comparison area. These elevated SMRs were also
observed over the whole exposed area. In a previous
40-year follow-up study among officially certified Yusho
patients, the SMR for uterine cancer between 1968 and
2007 had not significantly increased (SMR: 1.14, 95 % CI
0.24-3.33) (Onozuka et al. 2009). In Seveso, Italy, where
severe exposure to 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin
(TCDD) occurred, reported SMRs for uterine cancer had
not significantly increased. For example, while two cohort
studies did not observe elevated SMRs for uterine cancer
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Table 4 Numbers, SMRs, and 95 % ClIs for non-cancer disease for whole period before the accident (1963-1937) and after the period (1668—
1978 in the exposed area (Tamanoura and Naru) and Shimo-Goto region excluding the exposed area

Tamanoura Naru Shimo-Goto®
Obs. SMR (95 % CI) Obs. SMR (95 % CI) Obs. SMR (95 % CI)

All causes

Before the accident (1963-1967) 281 1.0(0.9, 1.1) 256 0.8 (0.7, 1.0) 3,053 1.0 (1.0, 1.0)

After the accident (1968-1977) 505 1.1 (1.0, 1.2) 497 1.0 (0.9, 1.0) 5,194 1.0 (1.0, 1.0)
Diabetes mellitus

Before the accident (1963-1967) 1 0.7 (0.1,5.2) 2 1.3(0.3,5.4) 18 1.2(0.8,1.9)

After the accident (1968-1977) 8 2.1(1.0,4.1) 3 0.7 (0.2,2.1) 41 0.9(0.7,1.2)
Heart diseases

Before the accident (1963-1967) 35 1.2(0.9,1.7) 13 0.4 (0.3,0.8) 300 1.0 (0.9, 1.1)

After the accident (1968-1977) 67 1.1(0.9,1.4) 48 0.7 (0.5, 1.0) 662 0.9 (0.9, 1.0)
Hypertensive diseases

Before the accident (1963-1967) 12 3.0(1.7,5.3) 6 1.5(0.7, 3.3) 80 1.8 (1.5,2.3)

After the accident (1968-1977) 21 1.1 (0.7, 1.6) 16 0.7 (0.4, 1.2) 216 0.9(0.8,1.1)
Cerebrovascular diseases

Before the accident (1963-1967) 60 0.9 (0.7, 1.1) 71 1.0 (0.8, 1.3) 620 0.8 (0.8,0.9)

After the accident (1968-1977) 117 1.0 (0.9, 1.2) 93 0.7 (0.6, 0.9) 1,282 1.0 (0.9, 1.0)
Pneumonia and bronchitis

Before the accident (1963-1967) 20 1.2(0.8,1.8) 35 1.8 (1.3,2.5) 297 1.5(1.4,1.7)

After the accident (1968-1977) 22 1.0 (0.7, 1.5) 32 1.3(0.9,1.8) 225 0.9(0.8,1.0)
Liver disease

Before the accident (1963-1967) 12 2.3(1.3,4.0) 1.0 (0.5,2.3) 59 1.0(0.8,1.3)

After the accident (1968-1977) 6 0.6 (0.3, 1.3) 0.5(0.2,1.1) 102 0.8 (0.7, 1.0)
Nephritic disorder

Before the accident (1963-1967) 6 1.2(0.5,2.7) 0.9(04,2.1) 70 1.2 (1.0, 1.6)

After the accident (1968-1977) 1 0.2 (0.0, 1.7) 1.3(0.6,2.8) 47 0.9(0.7,1.2)

95 % CI 95 % confidence interval, Obs observation number, SMR standard mortality ratio

? Shimo-Goto was excluded from the exposed area (Tamanoura and Naru)

(Consonni et al. 2008; Bertazzi et al. 2001), one other
recent cohort study suggested a slightly elevated SMR,
although not significant, for uterine cancer 20 years after
the incident (SMR: 2.34, 95 % CI 0.87-6.27) (Pesatori
et al. 2009). Other studies from Seveso have also sug-
gested a potential increase in endometriosis (Eskenazi
et al. 2002) and a decrease in uterine leiomyoma (Eske-
nazi et al. 2007). In contrast, increased risks for uterine
cancer with increasing estimated cumulative PCB expo-
sure have been reported to be significant in other PCB
studies (Verkasalo et al. 2004; Ruder et al. 2014). PCBs
and PCDFs are known to have estrogenic, anti-estrogenic,
or anti-androgenic activity (Lauby-Secretan et al. 2013;
IARC 2013; Eskenazi et al. 2007), which may explain the
increased incidence of uterine disorders following expo-
sure to PCBs and PCDFs.

While our results showed that the SMRs for leukemia
were elevated 10-19 years after the incident in Tamanoura
and 10-35 years after the accident in Naru, similar findings

have also been reported in previous studies on PCBs and
PCDF exposure. In one Taiwanese study of yu cheng (“oil
disease”), caused by a similar exposure to contaminated
rice oil, the SMR for malignant neoplasm of lymphatic and
hematopoietic tissue (ICD-9: 200-208) was found to have
increased among men diagnosed with Yu-Cheng disease
(SMR: 3.0, 95 % CI 1.1-6.6) (Li et al. 2013). In Seveso,
although a significant elevated SMR for leukemia was not
observed at 2.1 (95 % CI 0.8-5.8), the SMR for myeloid
leukemia (ICD-9: 205) was significantly elevated at 3.8
(95 % CI 1.1-12.5) during the 15- to 20-year follow-up
period (Bertazzi et al. 2001). Consistent with our findings,
the SMR for myeloid leukemia was found to be elevated
15-20 years after the incident (SMR: 3.8, 95 % CI 1.1-
12.5). Although the associations between PCBs and leuke-
mia and non-Hodgkin lymphoma were still considered as
providing limited evidence (Lauby-Secretan et al. 2013;
IARC 2014), there have been reports of a positive asso-
ciation between PCB and non-Hodgkin lymphoma (Engel

@ Springer
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Table 5 Numbers of cases,
SMRs, and 95 % CIs for cancer
mortality at 10-year intervals
(1963-2002) in the exposed
area (Tamanoura and Naru) and
Shimo-Goto region excluding
the exposed area

95 % CI 95 % confidence
interval, NE not evaluated,
Obs observation number, SMR
standard mortality ratio

? Shimo-Goto was excluded
from the exposed area
(Tamanoura and Naru)

Tamanoura Naru Shimo-Goto®
Obs. SMR (95 % CI) Obs. SMR (95 % CI) Obs. SMR (95 % CI)
All cancer
1963-1967 (—5to —1) 33 0.9(06,1.2) 32 0.8(0.5,1.1) 403 1.0(0.9,1.1)
1968-1977 (0-9) 86 1.1(0.9,1.4) 101 1.1(0.9,1.4) 902 1.0(0.9,1.1)
1978-1987 (10-19) 97 1.1(0.9,1.4) 124 1.2(1.0,1.4) 1,094 1.0(1.0,1.1)
1988-1997 (20-29) 83 09(08,1.2) 128 1.1(0.9,1.3) 1,364  1.2(1.1,1.3)
1998-2002 (30-34) 63 1.4(1.1,1.8) 82. 1.2(1.0,1.5) 753 1.2(1.1;,1.3)
After whole period (0-34) 329  1.1(1.0,1.2) 435  1.1(1.0,1.2) 4,113 1.1(1.1,1.1)
Stomach cancer
1963-1967 (=5 to —1) 11 0.8(04,1.4) 7 05(0.2,1.0) 167 1.1(1.0,1.3)
1968-1977 (0-9) 24 0.9(0.6,1.4) 28  0.9(0.6,1.3) 232 0.8(0.7,0.9)
1978-1987 (10-19) 20  1.0(0.6,1.5) 20 0.8(05,1.2) 197 0.8 (0.7,0.9)
1988-1997 (20-29) 14 0.9(0.6, 1.6) 11 0.5(0.3,1.0) 163 0.8 (0.7,1.0)
1998-2002 (30-34) 9 14(0.7,2.7) 12  1.3(0.7,2.3) 78 0.9(0.7,1.1)
After whole period (0-34) 67 1.0(0.8, 1.3) 71  0.8(0.7,1.0) 670 0.8 (0.7,0.9)
Bronchial/lung cancer
1963-1967 (—5to —1) 0 NE 2 0.6 (0.2,2.5) 27  0.8(0.6,1.2)
1968-1977 (0-9) 11 14(08,2.5) 13 1.4(038,2.4) 98 1.1 (0.9, 1.3)
1978-1987 (10-19) 12 09(0.5,1.6) 19 12(0.7,1.8) 181 1.1(1.0,1.3)
1988-1997 (20-29) 15 0.9(05,1.5) 23 1.0(0.7,1.6) 290 14(1.2,1.5)
1998-2002 (30-34) 10 1.1(0.6,2.0) 18 1.4(0.9,2.2) 164 13(1.1,1.6)
After whole period (0-34) 48 1.0(0.8,1.3) 73 1.2(1.0, 1.5) 733 1.2(1.2,1.3)
Uteri cancer
1963-1967 (=5 to —1) 0 NE 4 14(05,3.8) 28 1.0(0.7,1.5)
1968-1977 (0-9) 3 09(0.3,2.8) 2 05(0.1,2.0 37 1.0(0.7,1.3)
1978-1987 (10-19) 4  1.6(0.6,4.2) 3 09(03,2.8) 22 0.7(0.5,1.1)
1988-1997 (20-29) 2 1.3(03,5.0) 1 04(0.1,3.2) 28 1.3(09,1.9)
1998-2002 (30-34) 3 4.1(1.3,12.6) 2 1.8(0.5,7.3) 14 1.3(0.8,2.2)
After whole period (0-34) 12 1.5 (0.8, 2.6) 8 0.8(04,1.5) 101 1.0(0.8,1.2)
Breast cancer
1963-1967 (=5 to —1) 0 NE 0 NE 6 09(04,1.9)
1968-1977 (0-9) 0 NE 0 NE 11 0.8(0.5,1.5)
1978-1987 (10-19) 2 1.2(0.3,5.0) 1 04(0.1,3.1) 24 1.1(0.8,1.7)
1988-1997 (20-29) 3 1.7(05,52) 2 0.70.2,29) 26 1.0(0.7,1.5)
1998-2002 (30-34) 0 NE 2 1.2(0.3,4.8) 18 1.1(0.7,1.8)
After whole period (0-34) 5 09(04,22) 5 0.6(0.3,1.5) 79 1.0(0.8,1.3)
Leukemia
1963-1967 (—5to —1) 1 09(0.1,6.3) 1 0.7(0.1,4.8) 16 1.2(0.7,2.0)
1968-1977 (0-9) 1 0.6(0.1,4.3) 5 22009,53) 17 0.8(0.5,1.3)
1978-1987 (10-19) 7 30(1.4,62) 8 24(1.2,4.8) 32 1.0(0.7,1.4)
1988-1997 (20-29) 6 1.8(0.8,3.9) 17 34(2.1,55) 68 1.4(1.1,1.8)
1998-2002 (30-34) 3 1.6(05,49) 12 4224,7.3) 36 1.3(1.0,1.9)
After whole period (0-34) 17 1.8 (1.1,2.9) 42 3.1(23,42) 153 1.2(1.0,1.4)

et al. 2007; Robertson and Ruder 2010; Kramer et al. 2012)
and childhood leukemia (Ward et al. 2009). Although adult
T cell leukemia caused by HTLV-1 was endemic in Kyushu
during the study period, the SMR for leukemia was not
elevated in the comparison area (after 10-19 years), thus

@ Springer

reducing the possibility of confounding due to HTLV-1.
Considering the carcinogenicity of PCBs and PCDFs, fur-
ther study for leukemia is required, such as further inves-
tigation of different leukemia subtypes, or affects at dif-
ferent ages, in particular for those exposed earlier, such as
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the 0- to 5-year-old cohort at the time of the outbreak, or
regarding in utero exposure.

In short, after the event, SMRs for all cause, diabetes
mellitus, and heart disease were elevated in Tamanoura, but
not in Naru. As we discussed in a previous study (Kashima
et al. 2011), elevated risk for diabetes mellitus (Wang et al.
2008; Consonni et al. 2008; Magliano et al. 2014; Persky
et al. 2012) and cardiovascular disease (including heart and
hypertensive disease) (Humblet et al. 2008; Consonni et al.
2008; Gustavsson and Hogstedt 1997) was observed in pre-
vious PCB or PCDF studies. In 2013, 14 % of the popula-
tion in 1970 were certified as Yusho patients in Tamanoura
and 3 % in Naru (Table 1), and more residents were consid-
ered to be exposed to the rice oil in both areas. While the
different findings among the two exposed areas could be
explained by the difference in the proportion of residents
exposed in each area, we could not confirm this as precise
data on the number of people exposed was unavailable.

The present study has several limitations. As with our
previous ecological study, there may have been selection
bias due to a lack of information on local migration, mis-
classification of exposures caused by adopting Nagasaki
Prefecture as the reference population (which included
residents in exposed areas), and residual confounders. A
more detailed explanation of these limitations is given else-
where (Kashima et al. 2011). Additionally, misclassifica-
tion of exposure may have occurred in this setting between
1963 and 1967, which is the period before the discovery
of the contaminated rice oil. Although the rice oil was offi-
cially reported to produce and distributed in February 1968
(Kuratsune et al. 1972), several patients who had similar
symptoms to those of Yusho patients, including of skin
diseases, were reported a few years prior to the wide-scale
outbreak (Shimoda 2008; Kuratsune and Yoshimura 1996).
Therefore, although the level of PCB and PCDF contami-
nation was likely to have been substantially lower than dur-
ing the outbreak, it cannot be ruled out that contaminated
rice oil was not distributed before 1968. This may have
resulted in an underestimation of the strength of the asso-
ciation between exposure to PCBs and PCDFs in the period
following the incident.

Conclusions

The present study found evidence for increased all-cause
mortality, in addition to deaths due to diabetes mellitus and
heart disease shortly after exposure to rice oil contaminated
with PCBs and PCDFs in Tamanoura. This remained the
case even after accounting for the time trend in mortality
before the outbreak. Additionally, mortality due to uterine
cancer in Tamanoura and leukemia in the whole exposed
area was elevated for many years afterward. While the

potential for dilution or unadjusted confounders was con-
sidered non-negligible in this ecological study, we were
able to overcome some of the limitations of previous stud-
ies. Further research is suggested, especially studies look-
ing at PCBs and PCDFs in relation to leukemia.
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