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A 40-year follow-up study was conducted to examine mortality among 1,664 patients in Japan suffering from
“Yusho,” a disease caused by ingestion of rice oil contaminated with polychlorinated biphenyls and polychlorinated
dibenzofurans. To evaluate the effects of exposure on mortality, the authors calculated standardized mortality
ratios. National mortality rates for major causes of death were used as reference points. A total of 1,596 Yusho
patients (95.9%) were followed until death or the end of the study (December 31, 2007). The standardized mortality
ratios for most major causes of death were not significantly elevated, with the exceptions of all types of cancer
(standardized mortality ratio (SMR) = 1.37, 95% confidence interval (Cl): 1.11, 1.66), liver cancer (SMR = 1.82,
95% CI: 1.06, 2.91), and lung cancer (SMR = 1.75, 95% CI: 1.14, 2.57) in males. In addition, the standardized
mortality ratios for all cancers, liver cancer, and lung cancer among males tended to decrease over time. Results
from this study suggest that the carcinogenicity of polychlorinated biphenyls and polychlorinated dibenzofurans
must be taken into account when evaluating mortality risk.

cohort studies; food contamination; mortality; neoplasms; polychlorinated biphenyls

Abbreviations: CDF, chlorinated dibenzofuran; ClI, confidence interval; ICD, International Classification of Diseases; PCB, poly-
chlorinated biphenyl; PCDF, polychlorinated dibenzofuran; SMR, standardized mortality ratio.

In 1968, a mass accidental exposure to dioxin-like com-
pounds occurred in western Japan through the ingestion of
a contaminated commercial brand of rice oil (1). The con-
taminants consisted of at least 74 different polychlorinated
biphenyl (PCB) compounds and 47 congeners of tetra-
through octa-polychlorinated dibenzofuran (PCDF) (1). As
a result, approximately 1,800 patients suffered a range of
symptoms, including acneiform eruptions; pigmentation of
the skin, nails, and conjunctiva; increased discharge from
the eyes; and numbness of the limbs. The syndrome result-
ing from this mass poisoning was named ‘“Yusho,” which
means “oil disease” in Japanese (1). In 1979, a similar
incident occurred in central Taiwan (referred to as the
Yucheng incident; “Yucheng” is “oil disease’’ in Chinese),
in which approximately 2,000 individuals consumed con-
taminated rice oil and developed similar symptoms (2). In
both incidents, PCBs used as heat exchangers contaminated
rice bran cooking oil during processing. These PCBs had

been thermally degraded and were thus contaminated by
PCDFs (1, 2). Thus, these incidents have subsequently been
used for the evaluation of adverse and prolonged health
effects associated with PCB and PCDF ingestion.

On the basis of evidence from animal studies, PCBs are
considered potentially carcinogenic to humans. However,
the results of studies in human populations exposed to PCBs
have been inconsistent. Follow-up studies of workers ex-
posed to PCBs suggested inconsistent association with ele-
vated mortality rates for malignant melanoma (3-5); brain
cancer (3-5); gastrointestinal cancer (4, 6-8); cancer of the
biliary tract, liver, and gallbladder (4, 8—-12); cancer of the
hematopoietic system (4, 6, 11, 12); and prostate cancer
(8, 13). Cardiovascular disease, diabetes, and autoimmune
disease mortality were not found increased in most of the
above studies. In addition, follow-up of occupational
cohorts exposed to polychlorinated dibenzodioxins,
2,3,7,8-tetrachlorodibenzo-p-dioxin, and PCDFs suggested
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increased cancer mortality (14-19). Significant cause-
specific cancer mortalities were reported for rectal cancer
(16), laryngeal cancer (15), bladder cancer (15), lung cancer
(14, 16-18), soft tissue sarcoma (14, 20), and lymphatic and
hematopoietic cancer (15, 16). Although the Seveso cohort
exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin failed to
exhibit a significant increase in all-cancer mortality, mortal-
ity was increased from lymphatic and hematopoietic cancers
(21, 22). Mortality from circulatory diseases was increased
in the Ranch Hand Cohort Study (19). Mortality from di-
abetes and chronic obstructive pulmonary disease was found
to be increased in the Seveso cohort (21, 22).

In the Japanese Yusho population exposed to PCBs and
PCDFs, results of several investigations have been pub-
lished since the incident. PCB concentrations in the adipose
tissue of Yusho patients were estimated to have reached
46-76 ppm (wet weight basis; concentration of the analytes
reported based on the sample’s wet weight) soon after the
incident (23). Adipose PCB concentrations decreased rap-
idly to 2-fold or 3-fold those of the general population 1-2
years after the incident and remained elevated until recent
years (24). The concentrations of residual PCDFs in the
blood and adipose tissue of Yusho patients 20 years after
exposure remained 3-fold to 64-fold greater than those of
the general population (25). Preliminary follow-up studies
conducted in 1983 and 1990 were reported in 1987 and
1996, respectively. These studies showed that the standard-
ized mortality ratios for liver cancer and lung cancer had
increased in male incident victims compared with those in
the general Japanese population (26, 27). Mortality caused
by chronic liver disease was found increased at a statistically
nonsignificant level (26, 27). However, there were 2 key
problems with the interpretation. First, the standardized
mortality ratio for liver cancer decreased by approximately
40% between 1983 and 1990, and second, in the Yucheng
incident, the standardized mortality ratio for liver cancer did
not increase, whereas that for liver cirrhosis did (28, 29).
The last evaluation of the Yusho-poisoned cohort was con-
ducted more than 10 years ago, and that update left some
open questions regarding the effects of PCBs and PCDFs on
hepatic and other adverse mortality effects.

In this study, we updated follow-up study data for Yusho
patients and reevaluated the mortality in the Yusho cohort
40 years after exposure to PCBs and PCDFs. This study
advances knowledge about mortality effects by adding sub-
stantial follow-up time.

MATERIALS AND METHODS

The total number of Yusho patients listed in the Yusho
case register as of December 31, 2007, was 1,918 (977 males
and 941 females). Among 1,918 Yusho patients, 254 cases
who were registered in the list after 1977 were excluded
from the analysis, because those have not been diagnosed
as Yusho from the beginning of the Yusho incident. Because
the designation procedures of Yusho were revised several
times after the Yusho incident, these factors could have
caused us to miss potentially affected patients who died
prior to the official registration period and to potentially
introduce bias into this study. Thus, we analyzed a total of
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1,664 cases (86.8% of Yusho patients) as Yusho cohort sub-
jects. The members of this cohort did not receive any special
care (such as more frequent medical screenings) that could
have resulted in early diagnoses of diseases and therefore
less mortality.

The subjects were identified by name, date of birth, sex,
address, and date and place of registration. Follow-up
surveys to determine vital status were conducted with the
cooperation of the municipal health departments overseeing
the regions in which the Yusho patients had lived or were
still living. Residency and death registration are required by
Family Registration Law in Japan and were believed to be
complete across Japan. Details regarding the underlying
causes of death were collected by transcribing copies
of death certificates archived in regional public health cen-
ters and reported to the Ministry of Health, Labour, and
Welfare, Japan.

The underlying causes of death identified in the survey
were ascertained by record linkage (i.e., matching the fol-
low-up data with the national vital statistics). This method
has been shown to be a reliable and valid manner of tracing
a target person (30). Death certificate diagnoses were
provided by the Ministry of Health, Labour, and Welfare
under special permission from the Statistics Bureau of the
Ministry of Internal Affairs and Communications of Japan.
The underlying causes of death were defined according to
the International Classification of Diseases (ICD), Eighth
Revision, for certificates issued before 1979; the ICD, Ninth
Revision, for certificates issued between 1979 and 1994,
and the ICD, Tenth Revision, for certificates issued in
1995 and later for national vital statistics. Therefore, all
deaths that occurred in the cohort were confirmed by death
certificates from a public health center, except for subjects
who died after they moved from their original community,
in which case the subject was treated as a censored case. In
the case of successful linkage, we obtained the ICD death
codes. To ensure compatibility with mortality rates, all death
codes were translated to the Ninth Revision codes.

We calculated the person-years at risk for each Yusho
patient from the patient’s official registration date to one
of the following dates, selected according to vital status:
the date of death, the last vital status confirmation date for
those lost to follow-up, or December 31, 2007, for those
who had completed the follow-up. We chose the official
registration date as a starting date for calculating person-
years because the detection of affected individuals was
difficult at the time of exposure; the distribution of the con-
taminated rice oil was broad and scattered throughout west-
ern Japan, and it was technically impossible to measure
PCBs and PCDFs in the human body at the time of the
incident. Thus, we may have missed potential person-years
between the exposure date and the registration date, and
some affected individuals who survived might not have been
identified. We divided person-years for the patients into
gender, calendar period, and age categories. We calculated
the expected number of deaths by using cause-specific mor-
tality rates specific for cause of death, sex, 5-year calendar
periods, and 5-year age classes (31).

We used an age-modified method to calculate standard-
ized mortality ratios, according to sex and cause of death, by
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Table 1. Distribution of Age in 1968 and Vital Status in 2007 of the
Japanese Yusho Cohort

Males (n = 860) Females (n = 804)

No. % No. %
Age in 1968, years
<20 345 4041 305 379
20-29 94 10.9 99 12.3
30-39 126 14.7 136 16.9
4049 140 16.3 130 16.2
50-59 82 9.5 68 8.5
60-69 49 5.7 43 5.3
70-79 20 2.3 21 2.6
>80 4 0.5 2 0.2
Vital status on
December 31, 2007
Alive 591 68.7 632 786
Dead 269 31.3 172 21.4
Person-years of 25,292 25,481
follow-up

dividing the number of observed deaths by the number of
expected deaths in each calendar period. The 95% confi-
dence interval was calculated for each standardized mortal-
ity ratio, assuming that the number of observed deaths was
a Poisson distribution and that the expected value was
known without error. All analyses were conducted by using

SAS, version 8.2, software (SAS Institute, Inc., Cary, North
Carolina).

RESULTS

A total of 1,596 Yusho patients (95.9%) were followed up
until death or the end of the study (December 31, 2007).
Table 1 shows the distribution of age in 1968 and vital status
in 2007 among the Yusho cohort. As of December 31, 2007,
a total of 1,664 Yusho cases (860 males and 804 females)
with 50,773 person-years (25,292 person-years for males
and 25,481 person-years for females) were at risk. Approx-
imately 39% of the cohort was under 20 years of age in
1968. The mean age of Yusho patients alive in 2007 was
57.9 (standard deviation, 14.1) years in males and 61.3
(standard deviation, 15.2) years in females. A total of 441
deaths (269 males and 172 females) occurred during the 40-
year follow-up period.

Tables 2—4 show the observed and expected numbers of
deaths, standardized mortality ratios, and 95% confidence
intervals for the major causes of death among the Yusho
patients between 1968 and 2007. Over the entire study pe-
riod, the male and female standardized mortality ratios for
all-cause mortality were not significantly elevated compared
with those in the Japanese general population (Table 2).
Significant elevations occurred among males for all cancers
(standardized mortality ratio (SMR) = 1.37, 95% confi-
dence interval (CI): 1.11, 1.66) and for lung cancer
(SMR = 1.75, 95% CI: 1.14, 2.57). Among females, the
standardized mortality ratio for stomach cancer (SMR =
0.22, 95% CI: 0.03, 0.81) was decreased. The standardized

Table 2. Observed and Expected Number of Deaths, Standardized Mortality Ratios, and 95% Confidence Intervals for the Major Causes of

Death Among Japanese Yusho Patients Between 1968 and 2007

Males Females
33;13?9%0[:1?5‘;‘ Obs:;ved, Exp::’:ted, Stv;:ﬂged Congfisg/eonce Obs:;ved, Exp:;:ted, Stil'llg'?;ﬂi;ed Congfist:/eonce
: : Ratio Interval : : Ratio Interval

All causes (001-999) 269 238.3 1.13 1.00, 1.27 172 170.8 1.01 0.86, 1.17
All cancers (140-208) 100 731 1.37 1.11,1.66 33 44.3 0.75 0.51, 1.05
Stomach (151) 20 171 1.17 0.72, 1.81 2 8.9 0.22 0.03, 0.81
Rectum (154) 2 3.1 0.65 0.08, 2.36 1 1.8 0.56 0.01, 3.10
Liver (155) 17 9.4 1.82 1.06, 2.91 7 3.6 1.95 0.78, 4.01
Pancreas (157) 6 4.0 1.49 0.55, 3.24 3 29 1.02 0.21,2.98
Lung (162) 26 14.8 1.75 1.14, 2.57 4 4.9 0.82 0.22, 2.11
Breast (174) 0 0.0 3 3.2 0.93 0.19, 2.72
Uterus (179-182) 3 2.6 1.14 0.24, 3.33
Leukemia (204—-208) 2 1.7 1.19 0.14, 4.29 0 1.1 0.00 0.00, 3.25
Diabetes mellitus (250) 2.9 0.35 0.01, 1.94 2 25 0.79 0.10, 2.83
Hypertension (401-405) 2 2.2 0.92 0.11, 3.32 1 2.7 0.37 0.01, 2.08
Heart disease (393-398, 410-429) 38 36.0 1.06 0.75, 1.45 34 30.0 1.13 0.78, 1.58
Cerebrovascular disease (430-438) 34 36.3 0.94 0.65, 1.31 32 31.8 1.01 0.69, 1.42
Hepatic disease (570-573) 11 6.7 1.63 0.81,2.92 4 2.8 1.42 0.39, 3.64

Abbreviation: ICD-9, International Classification of Diseases, Ninth Revision.
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mortality ratio for liver cancer was elevated in both males
and females (males: SMR = 1.82, 95% CI: 1.06, 2.91; fe-
males: SMR = 1.95, 95% CI: 0.78, 4.01). Non-cancer-
related mortality did not differ from that in the background
population.

We compared the number of observed and expected
deaths for each major cause of death in eight 5-year intervals
since the incident (Tables 3 and 4). Among males, the stan-
dardized mortality ratios for all cancers, liver cancer, and
lung cancer were elevated during the first 5 years (0-4
years), with standardized mortality ratio estimates of
3.31 (95% CI: 1.21, 7.20), 6.22 (95% CI: 0.16, 34.65),
and 5.13 (95% CI: 0.13, 28.58), respectively. However, such
an increase in the standardized mortality ratio was not seen
after the fourth 5-year period. Among females, we did not
observe meaningful increases (or decreases) in the standard-
ized mortality ratios for the major causes of death in any
calendar-year category, with the exception of heart disorders
25-29 years after the incident (SMR = 2.40, 95% CI:
1.15, 4.41).

DISCUSSION

Several notable points were shown by our findings. Most
importantly, our results suggest that male Yusho patients
showed elevated mortality from all types of cancers, liver
cancer, and lung cancer in particular in comparison with the
general population (Table 2). These causes of death were
found to be increased in the early period after the Yusho
accident in exposed males but not in females. This result
possibly may be due to the differential effects of some of the
endocrine-disrupting PCBs and PCDFs in males and fe-
males. The data also suggested possible increases in mor-
tality from other cancer (stomach cancer in males) and other
diseases (heart disease in females). These results were in-
formative because the power of this study to detect changes
continues to increase with continued long-term follow-up.

Mortality from all cancers among males was significantly
elevated throughout the follow-up period. The magnitude of
this increase was similar to that estimated in previous long-
term studies on high-exposure male cohorts (16, 20). Our
results suggest that exposure to PCBs and PCDFs may result
in an excess of all cancers among males, which is consis-
tent with previous reports (16, 17, 19). However, among
Yucheng cases, mortality from all malignant neoplasms was
not different from that for the general population (28, 29).

Lung cancer mortality was also elevated among males
throughout the follow-up period. Several independent stud-
ies examining male cohorts with biologically documented
exposure to high levels of dioxin detected an elevated risk of
lung cancer (14, 16, 17). On the other hand, mortality from
lung cancer among the Yucheng cases was not different
from that for the general population (28, 29). The lung is
one of the target organs of the carcinogenic action of dioxins
in animals (32). Although we did not have individual data on
smoking habits, homogeneity in educational and cultural
features among the Yusho patients and the general popula-
tion makes systematic differences quite improbable. A sec-
ond indicator that individual smoking habits did not affect
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mortality is that other smoking-related cancers did not
increase.

Gastric and rectal cancer mortality showed no increases
during any interval of the follow-up period. Indeed, little
experimental evidence exists of a relation between dioxin
exposure and such digestive-type cancers, although an in-
crease in these cancers was noted in previous occupational
cohort studies in Germany and New Zealand (33). Colorec-
tal cancer was also increased in Seveso males (21, 22).

We also did not detect an increase in breast or uterine
cancers. These results are consistent with previous findings
of mortality investigations on PCBs and PCDFs. However,
recent case-control studies in selected samples of the Seveso
incident population suggested a positive association with
breast cancer (34) and a negative association with uterine
cancer (35). A recent updated study of the mortality of the
whole Seveso population suggested no excess of breast and
other gynecologic cancers (22). Other gender-specific
effects recently examined in relation to well-established en-
docrine disruptors (36) were endometriosis and ovarian
function; however, no association was found (37).

Although the results of previous experimental studies in-
dicated an association between dioxin exposure and leuke-
mia (38), we observed 2 cases of leukemia among our
subjects. Previous studies suggested the increased cancer
mortalities of soft tissue sarcoma (14, 20) and lymphatic
and hematopoietic cancer (15, 16, 21, 22). However, hy-
pothesizing about systematic differences between the ex-
posed and general populations is difficult in terms of
exposure to known biologic, chemical, or radiologic risk
factors for hematologic neoplasms (39).

The standardized mortality ratio for liver cancer was el-
evated in both males and females (males: SMR = 1.82, 95%
CI: 1.06, 2.91; females: SMR = 1.95, 95% CI: 0.78, 4.01).
Furthermore, the standardized mortality ratio for hepatic
disease was also increased in both sexes (males: SMR =
1.63, 95% CI: 0.81, 2.92; females: SMR = 1.42, 95% CI:
0.39, 3.64). These results are consistent with those of pre-
vious studies on the Yusho patients (26, 27). However, the
standardized mortality ratios for malignant and nonmalig-
nant hepatic diseases in these patients showed only insignif-
icant increases during the recent intervals. Thus, we cannot
ascertain whether prolonged exposure to PCBs and PCDFs
at the observed levels is carcinogenic. Among the Yucheng
population, excess mortality due to liver cancer was not
reported among patients exposed to PCBs and PCDFs,
whereas liver cirrhosis mortality was (28, 29). This differ-
ence may be due to misclassification of diagnoses between
liver cancer and liver diseases (40). The potential misclas-
sification bias, if any, is likely to induce or reduce the rela-
tive risk for malignant and nonmalignant hepatic diseases.
Hence, any residual misclassification between liver cancer
and hepatic disease may lead to overestimation of the liver
cancer risk. Moreover, Japan has the highest rate of liver
cancer in any industrialized country, and the annual number
of death cases is expected to rise above 34,000 over the next
10 years, according to a report by the Japan Society of
Hepatology. In 2002, the mortality rate of liver cancer
among males and females in Japan was 38.7 cases per
100,000 individuals and 16.8 cases per 100,000 individuals,
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Table 3. Observed and Expected Numbers of Deaths, Standardized Mortality Ratios, and 95% Confidence Intervals for Major Causes of Death Among Male Japanese Yusho Patients in
Each 5-Year Interval From 1968 to 2007

No. of Years Since the Accident

Cause of Death 0-4 (1968-1972) 5-9 (1973-1977) 10-14 (1978-1982) 15-19 (1983-1987)
(ICD-9 Codes) Standardized 95% Standardized 95% Standardized 95% Standardized 95%
Observed, Expected, Mortality Confidence Observed, Expected, Mortality Confidence Observed, Expected, Mortality Confidence Observed, Expected, Mortality Confidence
no. no. ) no. no. . no. no. N no. no. )
Ratio Interval Ratio Interval Ratio Interval Ratio Interval
All causes 16 9.8 1.64 0.94, 2.66 28 21.2 1.32 0.88, 1.91 30 28.2 1.07 0.72,1.52 43 30.0 1.43 1.04, 1.93
(001-999)
All cancers 6 1.8 3.31 1.21,7.20 10 4.6 2.18 1.05, 4.01 15 7.2 2.08 1.17,3.44 1 8.7 1.26 0.63, 2.25
(140-208)
Stomach (151) 3 0.8 3.80 0.78,11.10 6 1.8 3.31 1.22,7.21 1 2.4 0.42 0.01, 2.35 2 2.4 0.84 0.10, 3.04
Rectum (154) 0 0.1 0.00 0.00, 55.04 0 0.2 0.00 0.00, 20.05 0 0.3 0.00 0.00, 12.50 0 0.4 0.00 0.00, 10.21
Liver (155) 1 0.2 6.22 0.16, 34.65 2 0.4 4.84 0.59, 17.50 4 0.8 4.99 1.36, 12.77 1 1.2 0.86 0.02, 4.79
Pancreas (157) 0 0.1 0.00 0.00, 51.74 0 0.2 0.00 0.00, 19.11 1 0.4 2.82 0.07,15.73 1 0.5 2.09 0.05, 11.65
Lung (162) 1 0.2 5.13 0.13, 28.58 1 0.6 1.60 0.04, 8.90 3 1.2 2.57 0.53, 7.51 5 1.6 3.07 1.00, 7.17
Breast (174) 0 0.0 0 0.0 0 0.0 0 0.0
Uterus
(179-182)
Leukemia 0 0.1 0.00 0.00, 50.69 0 0.1 0.00 0.00, 25.88 1 0.2 5.32 0.13, 29.64 1 0.2 4.65 0.12, 25.93
(204-208)
Diabetes mellitus 0 0.1 0.00 0.00, 38.42 1 0.3 3.93 0.10, 21.90 0 0.3 0.00 0.00, 12.13 0 0.3 0.00 0.00, 11.06
(250)
Hypertension 0 0.2 0.00 0.00, 20.87 0 0.5 0.00 0.00, 8.11 0 0.5 0.00 0.00, 8.16 1 0.3 2.94 0.07, 16.35
(401-405)
Heart disease 2 1.1 1.87 0.23, 6.75 5 2.8 1.78 0.58, 4.15 2 4.6 0.43 0.05, 1.56 8 52 1.53 0.66, 3.02
(393-398,
410-429)
Cerebrovascular 1 2.2 0.46 0.01, 2.53 6 5.0 1.21 0.44, 2.63 1 5.8 0.17 0.00, 0.96 9 4.7 1.90 0.87, 3.60
disease
(430-438)
Hepatic disease 2 0.3 6.09 0.74,21.99 0 0.8 0.00 0.00, 4.54 3 1.1 2.73 0.56, 7.97 1 1.1 0.90 0.02, 5.03
(570-573)
20-24 (1988-1992) 25-29 (1993-1997) 30-34 (1998-2002) 35-39 (2003-2007)
Standardized 95% Standardized 95% Standardized 95% Standardized 95%
Observed, Expected, Mortality Confidence Observed, Expected, Mortality Confidence Observed, Expected, Mortality Confidence Observed, Expected, Mortality Confidence
no. no. " no. no. . no. no. 3 no. no. "
Ratio Interval Ratio Interval Ratio Interval Ratio Interval
All causes 40 32.3 1.24 0.88, 1.68 32 37.4 0.86 0.59, 1.21 47 40.7 1.16 0.85, 1.54 33 38.8 0.85 0.59, 1.20
(001-999)
All cancers 14 10.3 1.36 0.74,2.28 11 12.8 0.86 0.43,1.54 16 14.3 112 0.64, 1.81 17 13.3 1.28 0.74,2.04
(140-208)
Stomach (151) 4 2.4 1.70 0.46, 4.35 1 25 0.39 0.01, 2.19 3 2.6 1.15 0.24, 3.35 0 2.2 0.00 0.00, 1.67
Rectum (154) 1 0.4 2.32 0.06, 12.91 1 0.5 1.83 0.05, 10.17 0 0.6 0.00 0.00, 6.16 0 0.6 0.00 0.00, 6.47
Liver (155) 2 1.5 1.34 0.16, 4.83 4 1.9 212 0.58, 5.43 2 1.9 1.07 0.13, 3.85 1 1.6 0.64 0.02, 3.56
Pancreas (157) 1 0.6 1.72 0.04, 9.58 0 0.7 0.00 0.00, 5.13 1 0.8 1.22 0.03, 6.77 2 0.8 2.46 0.30, 8.87
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0.06, 1.66

0.46

4.3

1.20 0.44, 2.62

5.0

117 0.43, 2.55

0.15,2.13 5.1

0.73

4.1

Cerebrovascular

disease

(430-438)

1.92 0.23, 6.94 2 0.9 2.30 0.28, 8.30 1 0.8 1.25 0.03, 6.94 0 0.7 0.00 0.00, 5.39

1.0

Hepatic disease

(570-573)

Abbreviation: ICD-9, International Classification of Diseases, Ninth Revision.

respectively (41). In addition, the mortality rate of chronic
liver disease and cirrhosis among males and females was
15.2 per 100,000 and 6.4 per 100,000, respectively (41). The
Yusho population was concentrated in the Chugoku and
Kyushu areas, which are in the western part of Japan (26).
Although the carrier rates of hepatitis C virus infection were
from 2-fold to 3-fold higher in western Japan (42), there is
no reason to suspect that Yusho patients had a higher carrier
rate than did the background population. The similar liver
cancer mortalities between the fourth and the eighth periods
suggested carrier rates among Yusho patients similar to
those of the background population in Japan.

Regarding non-cancer-related deaths, we observed in-
creased mortality from heart disease among females
25-29 years after the incident, but with different patterns
of latency. This association was not apparent over the entire
follow-up period. The occurrence of such unexpected circu-
latory disease mortality late in the post-incident period
(during 1993-1997) suggests another possibly relevant de-
terminant, the miscoding and misclassification of heart
disease mortality. The claims about miscertification are sup-
ported by the dramatic increase in recorded heart disease
mortality rates in Japan between 1994 and 1995 (more than
25%) with the change from ICD, Ninth Revision, to ICD,
Tenth Revision, whereby physicians were encouraged not to
use heart failure as an underlying cause of death (43, 44).
Other studies have suggested that miscertification of heart
disease is common in Japan but have not proposed methods
to adjust rates (45—47). In addition, because the heart dis-
ease mortality rate did not increase sharply shortly after
the Yusho incident, it is unlikely that the epidemiology of
heart disease could have changed sharply 25-29 years
after the Yusho incident (in 1993-1997). Thus, the imple-
mentation of the ICD, Tenth Revision, may account for part
of the change.

As for the exposures, it was found that the dose-response
relation is quite different between Yusho/Yucheng patients
and workers occupationally exposed to PCBs, when PCB
levels in blood were taken as a common indicator of expo-
sure intensity; the clinical manifestations were much severer
in the former than in the latter, even when blood PCB levels
were comparable (48). Despite the difference in time and
place of outbreak as well as in the PCB preparations used,
the overall clinical picture of Yusho was very similar to that
of Yucheng, even though nail deformity of newborn babies
might be more frequently observed in Yucheng than in
Yusho (2). The total amounts of PCBs ingested by Yusho
patients in the exposure period were estimated to be 2 g on
average, and 0.5 mg was considered to be the minimum
toxic dose (1). On the basis of body weight and daily intake,
the minimal toxic dose was estimated to be 70 pg/kg per day
at first but later reestimated to be 35 pg/kg per day or even
less (49). In Yucheng, the estimated total intake by patients
in the exposure period was 0.8—1.8 g on average (2), which
was essentially the same as the dose for Yusho patients. In
addition, the composition of PCDF isomers also differed
markedly between the 2 incidents. The main isomer of
PCDFs in Yusho patients was 2,3,4,7,8-penta-chlorinated
dibenzofuran (CDF), which has the highest toxic equiva-
lency factor among PCDFs (50). In Yucheng patients, the
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Table 4. Observed and Expected Numbers of Deaths, Standardized Mortality Ratios, and 95% Confidence Intervals for Major Causes of Death Among Female Japanese Yusho Patients in
Each 5-Year Interval From 1968 to 2007

No. of Years Since the Accident

Cause of Death 0-4 (1968-1972) 5-9 (1973-1977) 10-14 (1978-1982) 15-19 (1983-1987)
(ICD-9 Codes) Standardized 95% Standardized 95% Standardized 95% Standardized 95%
Observed, Expected, Mortality Confidence Observed, Expected, Mortality Confidence Observed, Expected, Mortality Confidence Observed, Expected, Mortality Confidence
no. no. N no. no. N no. no. N no. no. .
Ratio Interval Ratio Interval Ratio Interval Ratio Interval
All causes 6 8.1 0.74 0.27, 1.61 13 14.9 0.87 0.46, 1.49 19 18.8 1.01 0.61, 1.58 18 215 0.84 0.50, 1.32
(001-999)
All cancers 3 15 2.03 0.42,5.94 1 3.2 0.31 0.01,1.73 0 4.5 0.00 0.00, 0.82 4 5.3 0.75 0.20, 1.92
(140-208)
Stomach (151) 0 0.5 0.00 0.00, 6.99 0 1.0 0.00 0.00, 3.53 0 1.3 0.00 0.00, 2.90 0 1.3 0.00 0.00, 2.87
Rectum (154) 0 0.1 0.00 0.00, 63.42 0 0.1 0.00 0.00, 25.35 0 0.2 0.00 0.00, 19.42 0 0.2 0.00 0.00, 16.55
Liver (155) 1 0.1 11.02 0.28, 61.40 0 0.2 0.00 0.00, 19.31 0 0.3 0.00 0.00, 13.79 1 0.4 2.77 0.07, 15.46
Pancreas (157) 0 0.0 0.00 0.00, 77.31 0 0.1 0.00 0.00, 27.96 0 0.2 0.00 0.00, 16.96 0 0.3 0.00 0.00, 11.97
Lung (162) 0 0.1 0.00 0.00, 46.95 0 0.2 0.00 0.00, 17.29 0 0.4 0.00 0.00, 9.77 1 0.5 1.89 0.05, 10.51
Breast (174) 1 0.1 12.31 0.31, 68.56 0 0.2 0.00 0.00, 17.97 0 0.3 0.00 0.00, 11.96 0 0.4 0.00 0.00, 9.97
Uterus 0 0.2 0.00 0.00, 19.81 1 0.3 2.90 0.07, 16.18 0 0.4 0.00 0.00, 9.81 0 0.4 0.00 0.00, 10.45
(179-182)
Leukemia 0 0.1 0.00 0.00, 66.23 0 0.1 0.00 0.00, 35.36 0 0.1 0.00 0.00, 28.82 0 0.1 0.00 0.00, 25.31
(204-208)
Diabetes mellitus 0 0.1 0.00 0.00, 37.66 0 0.2 0.00 0.00, 15.85 0 0.3 0.00 0.00, 13.63 0 0.3 0.00 0.00, 11.38
(250)
Hypertension 0 0.2 0.00 0.00, 15.68 0 0.5 0.00 0.00, 7.75 0 0.5 0.00 0.00, 7.87 0 0.4 0.00 0.00, 8.29
(401-405)
Heart disease 0 1.1 0.00 0.00, 3.47 1 22 0.46 0.01, 2.55 6 3.3 1.84 0.68, 4.01 4 42 0.95 0.26, 2.42
(393-398,
410-429)
Cerebrovascular 1 2.0 0.50 0.01, 2.76 2 3.9 0.52 0.06, 1.87 4 4.5 0.89 0.24,2.28 4 4.3 0.93 0.25, 2.38
disease
(430-438)
Hepatic disease 0 0.2 0.00 0.00, 22.40 0 0.3 0.00 0.00, 12.54 2 0.4 5.45 0.66, 19.69 2 0.4 4.62 0.56, 16.67
(570-573)
20-24 (1988-1992) 25-29 (1993-1997) 30-34 (1998-2002) 35-39 (2003-2007)
Standardized 95% Standardized 95% Standardized 95% Standardized 95%
Observed, Expected, Mortality Confidence Observed, Expected, Mortality Confidence Observed, Expected, Mortality Confidence Observed, Expected, Mortality Confidence
no. no. . no. no. . no. no. . no. no. y
Ratio Interval Ratio Interval Ratio Interval Ratio Interval
All causes 28 23.7 1.18 0.78,1.71 32 258 1.24 0.85,1.75 32 28.3 1.13 0.77,1.59 24 29.6 0.81 0.52,1.21
(001-999)
All cancers 5 6.1 0.82 0.27,1.91 7 7.3 0.97 0.39, 1.99 8 8.3 0.97 0.42,1.90 5 8.1 0.62 0.20, 1.44
(140-208)
Stomach (151) 2 1.2 1.65 0.20, 5.94 0 12 0.00 0.00, 2.96 0 1.3 0.00 0.00, 2.94 0 1.1 0.00 0.00, 3.35
Rectum (154) 0 0.3 0.00 0.00, 14.37 0 0.3 0.00 0.00, 12.79 1 0.3 3.06 0.08, 17.06 0 0.3 0.00 0.00, 11.83
Liver (155) 1 0.5 213 0.05, 11.88 0 0.7 0.00 0.00, 5.49 3 0.8 3.76 0.78, 11.00 1 0.7 1.34 0.03, 7.44
Pancreas (157) 0 0.4 0.00 0.00, 8.84 2 0.5 4.01 0.49, 14.49 1 0.6 1.58 0.04, 8.80 0 0.7 0.00 0.00, 5.38
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0.54, 3.17

1.46

4.1

0.50, 2.95

1.36

44

0.24, 2.24

0.87

4.6

1.26 0.41,2.94

4.0

Cerebrovascular

disease

(430-438)

0.00 0.00, 8.03 0 0.4 0.00 0.00, 9.60 0 0.4 0.00 0.00, 10.15 0 0.3 0.00 0.00, 10.67

0.5

Hepatic disease

(570-573)

Abbreviation: ICD-9, International Classification of Diseases, Ninth Revision.

main isomer was 1,2,3,4,7,8-hexa-CDF (51). Fourteen years
after exposure, the blood concentration of 2,3,4,7,8-penta-
CDF was 5 times higher in Yusho patients than in those with
Yucheng (52). These results are in support of the sugges-
tions that chemicals such as PCDFs could have played an
important role in the etiology of Yusho and Yucheng cases.
In addition, there were important differences in the type and
levels of furans present in the Yusho and Yucheng incidents,
and these may be the reason for the different results
observed in the 2 studies.

We are confident that the study was not affected by major
selection effects; vital status ascertainment was nearly com-
plete. However, our study has several methodological limi-
tations. The most important one is that we determined the
person-years at risk for each Yusho case beginning from the
patient’s official registration date. This is because Yusho
patients were designated according to clinical symptoms
and eventually diagnosed between 1968 and 1972. In
1972, the blood concentration of PCB was included in the
diagnostic criteria (53). In addition, the blood concentration
of polychlorinated quaterphenyl was also included in the
diagnostic criteria in 1981 (53). These unavoidable desig-
nation procedures may have caused us to miss potentially
affected patients who died prior to the official registration
period.

In conclusion, we have updated the follow-up data and
reevaluated the effect of PCBs and PCDFs on major causes
of mortality. The revised data demonstrate that the risk of
mortality due to all types of cancer, liver cancer, and lung
cancer among males significantly increased in comparison
with that in the general population. In addition, the standard-
ized mortality ratios for all cancers, liver cancer, and lung
cancer among males tended to decrease over time. We also
confirmed previously observed increases in the rates of other
cancer- and noncancer-related deaths, although we are un-
able to fully interpret these data for several reasons, includ-
ing the possibility of false-positive associations due to the
large number of comparisons made. Our results suggest that
the carcinogenicity of PCBs and PCDFs must be taken into
account when evaluating mortality risk. Our findings high-
light the importance of further investigating the carcino-
genic effects associated with exposure to PCBs and PCDFs.
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