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There have been few longitudinal studies on the long-term health effects of human T-lymphotro-
pic virus type-l (HTLV-1) infection. The authors performed a cohort study of HTLV-I infection
and cause-specific mortality in 3,090 atomic-bomb survivors in Nagasaki, Japan, who were fol-
lowed from 1985-1987 to 1995. The prevalence of HTLV-I seropositivity in men and women was
99/1,196 (8.3%) and 171/1,894 (9.0%), respectively. During a median follow-up of 8.9 years, 448
deaths occurred. There was one nonfatal case of adult T-cell leukemia/lymphoma (incidence
rate=0.46 cases/1,000 person-years; 95% confidence interval [Cl] 0.01-2.6). After adjustment for
sex, age and other potential confounders, significantly increased risk among HTLV-I carriers was
observed for deaths from all causes (rate ratio [RRJL.41), all cancers (RR1.64), liver cancer
(RR=3.04), and heart diseases (RR.22). The association of anti-HTLV-I seropositivity with mor-
tality from all non-neoplastic diseases (RR1.40) and chronic liver diseases (RR5.03) was of bor-
derline significance. Possible confounding by blood transfusions and hepatitis C/B (HCV/HBV)
viral infections could not be precluded in this study. However, even after liver cancer and chronic
liver diseases were excluded, mortality rate was still increased among HTLV-I carriers (RR..32,
95% CI 0.99-1.78), especially among those with high antibody titers (RR.56, 95% CI 0.99-2.46,

P for trend=0.04). These findings may support the idea that HTLV-I infection exerts adverse
effects on mortality from causes other than adult T-cell leukemia/lymphoma. Further studies on
confounding by HCV/HBYV infections and the interaction between HCV/HBV and HTLV-I may be
required to analyze the increased mortality from liver cancer and chronic liver diseases.
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Human T-lymphotropic virus type-l (HTLV)is a ret-  effects of HTLV-I infection. In our previous cohort study
rovirus that causes adult T-cell leukemia/lymphomaperformed at A-Island, an HTLV-l endemic area of
(ATL)? and HTLV-I-associated myelopathy/tropical spas- Nagasaki, Japan, HTLV-l seropositivity was associated
tic paraparesis (HAM/TSP)® This virus is also an etio- with an approximately 1.8—1.9-fold increased risk of mor-
logic agent in a variety of chronic inflammatory diseases tality, even after the effect of ATL was excludédHow-
such as rheumatoid arthritis, bronchitis, uveitis, polymyo-ever, the small number of deaths precluded detailed
sitis and Sjogren’s syndroni® Production of cytokines analysis of cause-specific mortality, and the generalizabil-
by HTLV-l-infected cells is considered to be a biological ity of the results remained unclear.
mechanism involved in the development of these HTLV-I- It has been reported that the serum titers of HTLV-I
associated syndrom@&sOther diseases or conditions in antibodies are closely correlated with the HTLV-I proviral
whose pathogenesis the virus has been suggested BNA levels in peripheral blood mononuclear cells from
hypothesized to play a role include chronic renal failure,asymptomatic HTLV-l carrier¥ ¥ This suggests that
mild suppression of cellular immunity, opportunistic HTLV-I antibody titer can be used as an alternative bio-
infections, and cancers other than AT1% marker in cohort studies of HTLV-I proviral load and the

However, most earlier observations on the associatiosubsequent occurrence of diseases among symptomless
between HTLV-I infection and disease were based on casETLV-I-infected individuals.
reports and cross-sectional or case-control studies. Few Matsuoet al'® measured the HTLV-I antibody in the
longitudinal studies have investigated the long-term healttAdult Health Study (AHS) sample of atomic-bomb (A-

bomb) survivors in Nagasaki between 1985 and 1987 and
7 To whom all correspondence should be addressed at thEeported that the virus infection was endemic, with about
Department of Preventive Medicine and Health Promotion,9% of the population testing seropositive. The AHS
Nagasaki University School of Medicine. cohort provided an opportunity to investigate the long-
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term health effects of HTLV-I infection because the healthviewed. Therefore, data from the initial survey of the
status of this population has been examined biennially andkBCC-RERF follow-up program were used for 181 of

vital status has been followed by the Radiation Effectsthese 219 subjects. We could not obtain any information
Research Foundation (RERF, formerly the Atomic Bombon tobacco and alcohol use for the remaining 38 indi-
Casualty Commission [ABCC]). The purpose of the viduals.

present study was to investigate longitudinally the associ- Matsuoet al'® showed that there was no relationship

ation between HTLV-l seropositivity, HTLV-l antibody between the anti-HTLV-I seropositivity and the A-bomb

titer and the risk of cause-specific deaths in the AHSradiation dose (the Dosimetry System 1986) in the AHS

cohort. cohort. This indicates that radiation dose is not a con-
founder in the association between HTLV-I infection and
MATERIALS AND METHODS mortality, even though it is an independent risk factor of

deathg? Thus, the effect of radiation exposure was not

Study population A total of 7,564 subjects (3,374 men controlled in the present study. Additional adjustment for
and 4,190 women) have received biennial examinations imadiation dose produced similar results for all calculations.
Nagasaki since 1958 as a part of the ABCC-RERF fol-Confirmation of end points RERF has followed the
low-up program. A detailed description of this program vital status of all AHS members using the family registra-
has been published elsewh&eThe population for the tion system of Japan. Follow-up began on the date of the
present study comprised 1,196 men and 1,894 womeAHS health examination (1985-1987) and ended on the
aged 39-92 years at baseline, who had received AHS8ate of death or January 1, 1995, whichever came first.
examinations and HTLV-l antibody assay during anNo individuals were lost during the follow-up. Death cer-
approximately 2-year period beginning January 1985. tificates were collected for all AHS members who had
Assay of serum antibody to HTLV-l The indirect died, and the primary cause of death was classified
immunofluorescence (IF) method was used to detect antiaccording to the coding rules of the 9th revision of the
HTLV-1 antibody, using the ATL cell line (MT-1 and MT- International Classification of Diseases (ICD-9). Coders
2) as antigen cel$) Cell smears were treated with were unaware of serum HTLV-l antibody status. One of
diluted human serum at 37°C for 30 min and subsequentlyhe authors (K. A.) reviewed all death certificates for
with fluorescein isothiocyanate-labeled goat anti-humanthose who had died.
IgG at 37°C for 30 min. The cell smears were then exam- Cases of ATL were identified by periodic health exami-
ined by fluorescence microscopy. The antibody titer wasations and by checking the data of the Nagasaki Cancer
defined as the maximum dilution at which fluorescence-Registry. Subjects were considered as having ATL when
positive cells were identified. The antibody titer could notthey satisfied the following four conditions: clinical diag-
be measured in one woman. nosis of ATL or malignant lymphoma with T-cell surface

The current standard for detection of HTLV-I antibod- marker; seropositivity to anti-HTLV-l antibody; presence
ies usually uses at least two assay systénihe IF  of atypical lymphoid cells in peripheral blood or lym-
method is known to have high specificity, but some phoid tissues; and exclusion of pre- or smoldering ATL.
researchers reported that it may provide a small humbe8tatistical analysis The statistical significance of the dif-
of false-negative reactiod8.0n the other hand, an early ference in the baseline characteristics between HTLV-I
study using the IF method successfully prevented transearriers and noncarriers was assessed by Wilcoxon'’s rank
fusion-mediated HTLV-I infection in all of the 252 re- sum test, Student'd test, or thex® test. The exact
cipients of blood containing cell components from confidence interval for ATL incidence was calculated
seronegative donot8. A validation study also showed using a Poisson distribution. Time-to-event models were
that the presence of HTLV-I proviral DNA in peripheral used to estimate the relative hazards and their 95% confi-
blood mononuclear cells, as detected by the polymerasdence intervals (Cl) for cause-specific deaths associated
chain reaction method, was closely correlated with serunwith HTLV-I infection.?® Proportionality was checked by
HTLV-l antibodies tested by the IF meth®Thus, we assessing the significance of the interaction between
concluded that any misclassification of HTLV-l carrier HTLV-I seropositivity and log (time). Deaths from other
status would have been very small and did not pose aauses were treated as censored cases. The potential con-
problem in this study. founding effects of sex, age (continuous), blood pressure
Information on other variables Blood pressure, body (normal, borderline hypertension, established hyperten-
mass index, and serum total cholesterol levels were measion), serum cholesterol levels160, 150-2192220 mg/
sured at the time of AHS health examinations. Traineddl), and smoking and drinking habits (nonsmoker and
nurses asked study participants about smoking habits amibndrinker, current or exsmoker and nondrinker, non-
alcohol intake. Unfortunately, data on these health habitsmoker and current or exdrinker, current or exsmoker and
were not available for 219 subjects who were not inter-current or exdrinker, missing) were adjusted by including

798



HTLV-l and Cause-specific Mortality

indicator variables as covariates, when considered necesromen was 99/1,196 (8.3%) and 171/1,894 (9.0%),
sary. Subjects with missing data on smoking and drinkingespectively. The age at baseline was somewhat higher
habits were not excluded to avoid the loss of generalizamong HTLV-I carriers than noncarriers, with a statisti-
ability. The statistical significance of the sex difference in cally significant difference in men. In men, HTLV-I carri-
hazard ratios (HR) associated with HTLV-I seropositivity ers had significantly higher systolic blood pressure and
was assessed by incorporating a product term in theignificantly lower serum total cholesterol levels than did
model. All statistical analyses were performed using SAShoncarriers. However, when the effect of age was
software (version 6.17) and all P-values reported are adjusted, the significant difference in systolic blood pres-

two-tailed. sure disappeared. In women, seropositive individuals had
significantly lower serum cholesterol levels than seroneg-
RESULTS ative persons. In both sexes, the proportion of current or

exsmokers was higher among carriers than among noncar-

Table | shows the baseline study population characterisriers. In men, the proportion of current or exdrinkers was
tics according to sex and serum HTLV-l antibody statuslower among seropositives. The association between
The prevalence of HTLV-I seropositivity among men andHTLV-I seropositivity and lower serum total cholesterol

Table I. Baseline Characteristics of Study Population according to Serum HTLV-I Antibody Status
Noncarriers Carriers P-value
Men Women Men Women Men Women
Total No. 1,097 1,723 99 171
Age at baseline (years)
Median (range) 57 (39-92) 58 (39-90) 60 (46-87) 59 (40-92) 20.01 0.2®
30-39 (%) 2 (0.2) 2 (0.1) 0 (0.0) 0 (0.0)
40-49 189 (17.2) 207 (12.0) 5(5.1) 21 (12.3)
50-59 457 (41.7) 766 (44.5) 43 (43.4) 67 (39.2)
60-69 198 (18.0) 471 (27.3) 25 (25.3) 45 (26.3)
70-79 196 (17.9) 195 (11.3) 15 (15.2) 25 (14.6)
80-89 50 (4.6) 79 (4.6) 11 (11.1) 11 (6.4)
90-99 5(0.5) 3(0.2) 0 (0.0) 2(1.2)
Systolic blood pressure (mmHg)
Mean (SD) 139 (23) 138 (24) 143 (23) 140 (25) 0.05 0.49
Unknown (%) 0 (0.0) 2(0.1) 0 (0.0) 0 (0.0)
Diastolic blood pressure (mmHg)
Mean (SD) 85 (12) 84 (12) 86 (13) 83 (12) 62  0.54
Unknown (%) 2(0.2) 2(0.1) 0 (0.0) 0 (0.0)
Body mass index (kg/f
Mean (SD) 22.0 (2.9) 22.9 (3.3) 221 (2.2) 22.8 (3.7) 0.57 0.8(P
Unknown (%) 13 (1.2) 26 (1.5) 4 (4.0) 4 (2.3)
Serum total cholesterol (mg/dl)
Mean (SD) 183 (32) 204 (35) 174 (32) 197 (33) <0.0 0.0
Unknown (%) 1(0.2) 1(0.2) 0 (0.0) 0 (0.0)
Smoking status (%)
Nonsmoker 274 (25.0) 1,524 (88.5) 16 (16.2) 137 (80.1) 0.08 <0.01
Current or Exsmoker 813 (74.1) 175 (10.2) 83 (83.8) 30 (17.5)
Unknown 10 (0.9) 24 (1.4) 0 (0.0) 4 (2.3)
Drinking status (%)
Nondrinker 298 (27.2) 1,428 (82.9) 37 (37.4) 135 (78.9) .07 0.3%
Current or Exdrinker 789 (71.9) 271 (15.7) 62 (62.6) 32 (18.7)
Unknown 10 (0.9) 24 (1.4) 0 (0.0) 4 (2.3)

a) By Wilcoxon’s rank sum test.
b) By Student'st test.
c) By x2test.
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levels remained statistically significant even after adjust-died (Table 1l). Of these 448 deaths, 162 were attributed
ment for age and smoking and drinking habits in bothto neoplasms, 274 to non-neoplastic diseases, and 11 to
men and women.
During a median follow-up of 8.9 years (25,913 per- cancer deaths were gastric cancB=34), lung cancer
son-years), 232 men (19.4%) and 216 women (11.4%JN=27), and liver canceMN=24). There were seven deaths

800

injuries or poisonings. The three most frequent causes of

a) Antibody titer was missing in one subject.
b) Adjusted for sex and age at baseline.

Table Il. Causes of Death according to HTLV-I Antibody Status
Men Women
Causes of deaths (ICD-9) - - - -
Noncarriers Carriers Noncarriers Carriers
All deaths 201 31 188 28
All neoplasms (140-239) 74 11 66 11
Gastric cancer (151) 20 3 11 0
Liver cancer (155) 14 3 5 2
Lung cancer (162) 14 0 12 1
Breast cancer (174-175) 0 0 6 1
Malignant lymphoma excluding ATL (200-202) 1 0 0 0
Other neoplasms 25 5 32 7
All non-neoplastic diseases 120 20 117 17
Infectious diseases (001-139) 5 0 5 0
Heart diseases (390-429) 30 7 38 10
Cerebrovascular diseases (430—-438) 31 3 30 3
Respiratory diseases (460-519) 35 6 18 0
Chronic liver diseases (571) 3 2 2 0
Renal diseases (580-589) 3 1 5 0
Other non-neoplastic diseases 13 1 19 4
Injury or poisonings (800—999) 7 0 4 0
Unknown 0 0 1 0
Table Ill. Age-adjusted Relative Hazards of Deaths Associated with HTLV-I Infection, according
to Sex and Antibody Titer
(Egr%?ne\);:ﬁtrss) HR 95% Cl P-value
Men
Noncarriers 8,965 (201) 1.0
Carriers (total) 747 (31) 1.53 1.05-2.23 0.03
O<titer<320 473 (20) 1.32 0.83-2.10 0.23
titer=320 274 (11) 211 1.15-3.89 0.02 P for trend=0.03
Women
Noncarriers 14,765 (188) 1.0
Carriers (total) 1,436 (28) 1.41 0.95-2.10 0.09
O<titer<320 869 (15) 1.23 0.72-2.08 0.45
titer=320 556 (13) 1.71 0.97-2.99 0.06 P for trend=0.04
Total
Noncarriers 23,730 (389) 1.0
Carriers (total) 2,183 (59) 147 1.12-1.93 0.006
O<titer<320 1,342 (35) 1.26 0.89-1.79 0.19
titer=320 831 (24) 1.9 1.27-2.90 0.002 P for trend=0.003
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from breast cancer among women. Of 274 deaths due t(.58—1.50/1,000 a yedr). There were no deaths attrib-
non-neoplastic diseases, 85 were from heart diseases, 6fed to HAM/TSP.
from cerebrovascular diseases, and 59 from respiratory After adjustment for age at baseline, the relative hazard
diseases. Ten subjects died from infectious diseases, seveh all-cause mortality associated with HTLV-1 infection
from chronic liver diseases and nine from renal diseasesvas 1.53 (95% CI 1.05-2.23) for men and 1.41 (95% CI
The cause of death was not known for one woman. 0.95-2.10) for women, with no significant sex difference
Among HTLV-I carriers, there was one nonfatal case ofin the age-adjusted hazard ratios (Table Ill). When both
ATL (male, 56 years old at baseline, antibody #tE80). sexes were combined, HTLV-1 seropositivity was associ-
By using the number of cases and the person-years of foated with a 1.47-fold increased risk of total mortality
low-up, the crude incidence rate of ATL was estimated a{95% CI 1.12-1.93). The linear trend between the loga-
1/2,183-0.46 cases/1,000 person-years (95% CI 0.01-2.6)ithm of the antibody titer and the mortality rate was sta-
which was in agreement with those reported previousltistically significant P=0.003), suggesting that the relative

Table IV. Relative Hazards of Cause-specific Deaths Associated with HTLV-I Seropositivity

No. of events HR 95% ClI P-value No. of events HR 95% ClI P-value
All deaths 448 1.47 1.12-1.93 0.006 445 P41 1.07-1.86 0.01
All neoplasms 162 1.62 1.03-2.53 0.04 162 .64 1.04-2.57 0.03
Gastric cancer 34 1.01 0.31-3.32 0.98 34 9.96 0.29-3.16 0.95
Liver cancer 24 3.01 1.12-8.08 0.03 24 304 1.12-8.24 0.03
Lung cancer 27 0.39 0.05-2.85 0.35 27 0.38 0.05-2.84 0.35
Breast cancer (women) 7 1.77 0.21-14.7 0.60 7 9.730.21-14.5 0.61
All non-neoplastic diseases 274 1.44 1.02-2.03 0.04 273 1.400.98-1.99 0.06
Heart diseases 85 2.27 1.33-3.87 0.003 85 bp.22 1.29-3.82 0.004
Cerebrovascular diseases 67 0.93 0.40-2.16 0.87 67  0.83.35-1.93 0.66
Respiratory diseases 59 1.00 0.43-2.34 1.00 59 91.080.46-2.53 0.86
Chronic liver diseases 7 4.49 0.87-23.2 0.07 7 %.03 0.95-26.6 0.06
Injuries or poisonings 11 0.00 11 0.00

a) Adjusted for sex and age at baseline.

b) Adjusted for sex, age at baseline, blood pressure, serum cholesterol levels, and smoking and drinking habits. Six Bubjests wit
ing data on blood pressure or serum cholesterol levels were excluded.

¢) Adjusted for sex, age at baseline, and smoking and drinking habits.

d) Adjusted for age at baseline, and smoking and drinking habits.

Table V. Relative Hazards of Cause-specific Deaths according to HTLV-I Antibody Titer

Titer<320 Titer=320
No. of events
HR 95% ClI HR 95% Cl P for trend
All deaths 445 1.25 0.88-1.78 1.74 1.14-2.64 0.009
All death® 414 1.21 0.84-1.74 1.56 0.99-2.46 0.04
All neoplasms 162 1.60 0.92-2.77 1.72 0.84-3.51 0.04
All neoplasms 138 1.43 0.77-2.65 1.49 0.65-3.39 0.16
All non-neoplastic diseases 273 1.15 0.73-1.81 1.95 1.16-3.26 0.03
All non-neoplastic diseasés 266 1.17 0.75-1.84 1.74 1.01-3.02 0.06
Heart diseases 85 2.14 1.12-4.10 2.38 1.02-5.57 0.003

a) Reference category was seronegative subjects. Numbers of subjects and covariates included in the model
were the same as those in the right half of Table IV, except that one woman with missing information on
antibody titer was excluded.

b) Deaths from liver cancer and chronic liver diseases were excluded.

c) Deaths from liver cancer were excluded.

d) Deaths from chronic liver diseases were excluded.
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risk of death increased as the HTLV-l antibody titer may be transactivation of the interleukin-2 (IL-2) gene by
increased. the Tax protein encoded by HTLV-I, resulting in increased
Table IV shows the relative hazards of cause-specificcirculating IL-2 levels among HTLV-I carrief®. IL-2 is
deaths associated with HTLV-l seropositivity. Since theknown to decrease serum levels of HDL- and LDL-cho-
hazard ratios were not heterogeneous between men amesterol?” In other HTLV-I infected populations, a higher
women, both sexes were combined in all subsequent angbrevalence of mild anent® and lower body mass
yses. After adjustment for sex and age, a significant oindexX® have been reported. However, there was no signif-
marginally significant increase in risk was found for icant difference in body mass index according to HTLV-I
deaths from all causes, all cancers, liver cancer, all nonseropositivity in the present study population.
neoplastic diseases, heart diseases, and chronic liver dis-Mortality rates from liver cancer and chronic liver dis-
eases. eases were increased among HTLV-I carriers. One expla-
To exclude potential confounding by other variables,nation for this result is the confounding by hepatitis C
we controlled for blood pressure, serum levels of totalvirus (HCV) and, to a lesser extent, hepatitis B virus
cholesterol, and smoking and drinking habits when con{HBYV) infections. Both of these hepatotropic viruses are
sidered necessary. Significantly increased risks weratrong risk factors for chronic hepatitis, liver cirrhosis,
observed for deaths from all causes (HR 1.41; 95% Chnd liver cancer, and share similar routes of infection with
1.07-1.86), all cancers (HR 1.64; 95% CIl 1.04-2.57)HTLV-Il, such as blood transfusion and mother-to-child
liver cancer (HR 3.04; 95% CI 1.12-8.24), and heart distransmissioi? Kamihira et alV reported that anti-HCV
eases (HR 2.22; 95% CI 1.29-3.82). This high mortalityseropositivity in HTLV-l carriers was 1.7 times higher
from heart diseases resulted mainly from diseases othéghan that in noncarriers (1.9% vs. 1.1%) among blood
than heart failure. The association of anti-HTLV-l sero-donors in Nagasaki City. Another possible explanation
positivity with mortality from all non-neoplastic diseases is the interaction between HCV/HBV and HTLV-I.
(HR 1.40; 95% CI 0.98-1.99) and chronic liver diseasesOkayamaet al®? noted that HTLV-l seropositivity of
(HR 5.03; 95% CI 0.95-26.6) was of borderline signifi- male patients with HCV-associated hepatocellular carci-
cance. noma in Miyazaki Prefecture was significantly higher than
Table V presents the relative hazards of cause-specifithat of patients with HCV-chronic hepatitis (odds
deaths according to the HTLV-I antibody titer. There wasratio=12.8), suggesting that HTLV-I played a role in the
a significant dose-response relationship between the logaevolution from chronic hepatitis to hepatocellular carci-
rithm of the antibody titer and mortality from all causes noma. An experimental study also showed that an HTLV-
(P=0.009), all cancersPE0.04), all non-neoplastic dis- | infected T-cell line (MT-2) was fairly susceptible to
eases B=0.03) and heart disease$=0.003). After = HCV infection3® However, because anti-HCV antibodies
excluding deaths from liver cancer and chronic liver dis-and HBV surface antigens were not determined for every
eases, mortality rate was still increased among HTLV-Isubject, we could not directly examine the confounding
carriers (HR1.32, 95% CI 0.99-1.78), in particular by HCV/HBV or the interaction between HCV/HBV and
among those with high antibody titers (HR56, 95% CI  HTLV-I in the present study.
0.99-2.46,P for trend=0.04). However, the association  There was a significantly increased risk of death from
between the serum titer of HTLV-l antibody and deathsheart diseases among HTLV-I carriers. It is intriguing that

from neoplasms was no longer significaRt=0.16). higher proportions of those who had histories of cardiac
diseases and abnormal findings of electrocardiograms
DISCUSSION have been reported among HTLV-l carriers in the

Miyazaki Cohort Study? We also investigated the history

The prevalence of HTLV-l seropositivity in this study and the prevalence of heart diseases using data of the
population was 8-9%, a percentage similar to that ofl985-1987 AHS examinations. The prevalence of arrhyth-
blood donors in Nagasaki City reported during the earlymia was somewhat higher (1.1% vs. 0.4%) among HTLV-
1980's (40-64 years, 9%9. There was no significant sex | carriers (unpublished data). However, we could not find
difference in HTLV-I seropositivity. This result was some- any plausible biological explanation for the strong associ-
what different from that reported for other HTLV-l ation between HTLV-I seropositivity and increased mor-
endemic areas with higher seroprevalerigel general, tality from heart diseases. We believe that our results
the HTLV-I seropositivity is higher in women than in men should not be overinterpreted and require further investi-
over 50 years of age, and this is explained by the morgations.
frequent occurrence of sexual transmission from male to Several limitations of this study should be addressed.
female tharvice vers&® In both sexes, seropositive per- First, we used old information on smoking and drink-
sons had significantly lower mean serum total cholesteroing habits collected at the initial survey of the ABCC-
levels than seronegative persons. One explanation for thiRERF follow-up program for approximately 6% of the
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study population. Thep correlation coefficients between fusions could have been controlled through restriction of
repeated assessments, made twice at the initial survey efudy subjects or statistical modelling. Unfortunately,
the ABCC-RERF program and the recent AHS healthhowever, the history of transfusions at baseline was not
examinations, were 0.6M€398) for smoking and 0.55 available for every subject. Fourth, it is possible that the
(N=390) for alcohol consumption. Therefore, there mayecological and/or genetic backgrounds of HTLV-l sero-
have been some random misclassification of these healthositive subjects differ from those of seronegative per-
habits. In addition, information on smoking and drinking sons. Generally, HTLV-1 endemic foci are well preserved
habits used in this study was rather crude. Since nondifin very isolated villages and islands even within the
ferential misclassification of a confounding variable leadsKyushu distric® and some fraction of HTLV-I carriers
to inadequate control of confoundiffyjjt is possible that in Nagasaki City may have originated from such isolated
the influence of smoking and drinking habits could not beareas. If such ecological/genetic differences were closely
completely removed even after statistical adjustmentassociated with occurrence of diseases, they might
However, the residual confounding may not be strongbecome a source of bias.
because the relations of HTLV-I seropositivity to smoking Despite the above limitations, the present results were
and drinking habits were rather weak in this study populain agreement with those of our previous study in A-Island
tion. Second, disease diagnosis was based on death certiiit Nagasaki Prefecture, where blood transfusion was not a
cates. A validation study using autopsy cases of A-bombmajor route of HTLV-l infection and liver cancer
survivors showed that the sensitivity and the positive preaccounted for only 1.7% of all deati$sIn addition, it is
dictive value are generally high for neoplasms, but lownoteworthy that there was a significant dose-response
for non-neoplastic diseas&s.However, misclassification relationship between the antibody titer, a correlate of
of causes of death may not be serious when broad categbTLV-1 proviral load®'® and mortality rate. The find-
ries such as all neoplasms, all non-neoplastic diseases)gs from the present study may support the idea that
and external causes are used. It should also be noted tHdTLV-I infection exerts an adverse effect on mortality
the misclassification of causes of death is independent ofthich is greater than that caused only by the development
the HTLV-I seropositivity. Therefore, the direction of the of ATL. Further studies on confounding by HCV/HBV
effect would be to bias the relative risks of cause-specifidnfections and the interaction between HCV/HBV and
deaths toward that of all cause mortality. Furthermore, itHTLV-I may be required to analyze the increased mortal-
is unlikely that deaths from ATL were misclassified as ity from liver cancer and chronic liver diseases.
liver or cardiac diseases, since incident cases of ATL were
identified by checking the data of the Nagasaki CancenckNOWLEDGMENTS
Registry. Third, we could not eliminate the possible con-
founding by blood transfusions. HTLV-I is transmitted by We are grateful to Shin-ichiro Ichimaru and Kaoru Yoshida
transfusions of contaminated cellular componéntsnd for their assistance in data retrieval. We also thank Dr. Shigeru
many other pathogens can also be transmitted througkatamine, Department of Bacteriology, Nagasaki University
transfusions. In this study, mortality rates among seroposiSchool of Medicine, and Drs. Nancy E. Mueller and Sherri O.
t|ve Subjects were |ncreased even after exclud|ng death%tuver, Department of Epldemlology, Harvard School of Public
from liver cancer and chronic liver diseases, which argHealth, for their helpful comments. This publication is based on
closely linked to HCV and HBV infections. However, the research pgrformed at the Radiatio.n Effects Researc.h Foundation
possibility still remains that some portion of excess risk of(RERF). Hiroshima and Nagasaki, Japan. RERF is a private
deaths observed among HTLV-l carriers resulted fromuonproflt foundation funded equally by the Japanese Ministry of
infection with blood-borne pathogens other than HTLV-I. ealth and Welfare and the US Department of Energy through
. the National Academy of Sciences.
Moreover, the general health status of subjects who have
received blood transfusions may be poorer than that ofReceived April 6, 1998/Revised June 1, 1998/Accepted June 5,
those who have not. This possible confounding by trans1998)

REFERENCES

1) Poiesz, B. J., Ruscetti, F. W., Gazder, A. F., Bunn, P. A, I. Adult T-cell leukemia: antigen in an ATL cell line and
Minna, J. D. and Gallo, R. C. Detection and isolation of detection of antibodies to the antigen in human s@rac.
type C retrovirus particles from fresh and cultured lympho- Natl. Acad. Sci. USA78, 6476—6480 (1981).
cytes of a patient with cutaneous lymphomBroc. Natl. 3) Gessain, A., Barin, F., Vernant, J. C., Gout, O., Maurs, L.,
Acad. Sci. USA77, 7415-7419 (1980). Calender, A. and de Thé, G. Antibodies to human T-lym-

2) Hinuma, Y., Nagata, K., Hanaoka, M., Nakai, M., photropic virus type-l in patients with tropical spastic para-
Matsumoto, T., Kinoshita, K., Shirakawa, S. and Miyoshi, paresis. Lancet ii, 407-410 (1985).

803


6261256&form=6&db=m&Dopt=b     
6261256&form=6&db=m&Dopt=b     
6261256&form=6&db=m&Dopt=b     
7031654&form=6&db=m&Dopt=b     
2863442&form=6&db=m&Dopt=b     
2863442&form=6&db=m&Dopt=b     
2863442&form=6&db=m&Dopt=b     
7031654&form=6&db=m&Dopt=b

Jpn.

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

804

J. Cancer Re89, August 1998

Osame, M., Usuku, K., lzumo, S., ljiri, N., Amitani, H.,
Igata, A., Matsumoto, M. and Tara, M. HTLV-l-associated
myelopathy, a new clinical entity.Lancet i, 1031-1032
(1986).

Nishioka, K., Maruyama, l., Sato, K., Kitajima, 1.,
Nakajima, Y. and Osame, M. Chronic inflammatory ar-
thropathy associated with HTLV-ILancet i, 441 (1989).
Vernant, J.-C., Buisson, G., Magdeleine, J., Thore, J. D.,
Jouannelle, A., Neisson-Vernant, C. and Monplaisir, N. T-19)
Lymphocyte alveolitis, tropical spastic paraparesis, and
Sjégren’s syndromelLancet i, 177 (1988).

Terada, K., Katamine, S., Eguchi, K., Moriuchi, R., Kita,

M., Shimada, H., Yamashita, |., Iwata, K., Tsuji, Y., 20)
Nagataki, S. and Miyamoto, T. Prevalence of serum and
salivary antibodies to HTLV-1 in Sjogren’s syndrome.
Lancet 344, 1116-1119 (1994).

Yamaguchi, K. Human T-lymphotropic virus type 1| in
Japan.Lancet 343 213-216 (1994).

Yamashita, |., Katamine, S., Moriuchi, R., Nakamura, Y.,
Miyamoto, T., Eguchi, K. and Nagataki, S. Transactivation
of the human interleukin-6 gene by human T-lymphotropic
virus type 1 Tax proteinBlood, 84, 1573-1578 (1994).
Welles, S. L., Tachibana, N., Okayama, A., Shioiri, S.,
Ishihara, S., Murai, K. and Mueller, N. E. Decreased reac-23)
tivity to PPD among HTLV-I carriers in relation to virus
and hematologic status. Int. J. Cancer 56, 337-340
(1994).

Kozuru, M., Uike, N., Muta, K., Goto, T., Suehiro, Y. and
Nagano, M. High occurrence of primary malignant neo-
plasms in patients with adult T-cell leukemia/lymphoma,
their siblings, and their mothersCancer 78, 1119-1124
(1996).

lwata, K., Ito, S., Saito, H., Ito, M., Nagatomo, M., 25)
Yamasaki, T., Yoshida, S., Suto, H. and Tajima, K. Mor-
tality among inhabitants of an HTLV-lI endemic area in
Japan.Jpn. J. Cancer ResB5, 231-237 (1994).

Ishihara, S., Okayama, A., Stuver, S., Horinouchi, H.,
Shioiri, S., Murai, K., Kubota, T., Yamashita, R., 26)
Tachibana, N., Tsubouchi, H. and Mueller, N. Association

of HTLV-I antibody profile of asymptomatic carriers with
proviral DNA levels of peripheral blood mononuclear cells.

J. Acquir. Immune Defic. Syndr, 199—203 (1994).
Morand-Joubert, L., Mariotti, M., Reed, D., Petit, J.-C. and
Lefrere, J.-J. Correlation between viral load and serum anti
pl9 antibody concentration in symptomless human T-lym-
photropic virus type-lI (HTLV-I)-infected individuals.Int.

J. Cancer 60, 156-159 (1995).

Matsuo, T., Nakashima, E., Carter, R. L., Neriishi, K.,
Mabuchi, K., Akiyama, M., Shimaoka, K., Kinoshita, K.,
Tomonaga, M. and Ichimaru, M. Anti-human T-lympho-
tropic virus type-l antibodies in atomic-bomb survivork.
Radiat. Res.36, 8-16 (1995).

Atomic Bomb Casualty Commission. Research plan for
joint ABCC-NIH Adult Health Study in Hiroshima and
Nagasaki. Hiroshima and Nagasaki, Japan: ABCC Techni-29)
cal Report 11-62 (1962).

17)

18)

21)

22)

24)

27)

28)

IARC, WHO. IARC Monographs on the Evaluation of Car-
cinogenic Risks to Humans. Vol. 67, “Human Immunodefi-
ciency Viruses and Human T-cell Lymphotropic Viruses”
(1996). IARC, Lyon, France.

Maeda, Y., Imai, J., Kiyokawa, H., Kanamura, M. and
Hino, S. Performance certification of gelatin particle
agglutination assay for anti-HTLV-1 antibody: inconclusive
positive results.Jpn. J. Cancer Res30, 915-919 (1989).
Okochi, K., Sato, H. and Hinuma, Y. A retrospective study
on transmission of adult T-cell leukemia virus by blood
transfusion: seroconversion in recipient¥ox Sang. 46,
245-253 (1984).

Kinoshita, T., Imamura, J., Nagai, H., Ito, M., Ito, S.,
Ikeda, S., Nagatomo, M., Tajima, K. and Shimotohno, K.
Absence of HTLV-I infection among seronegative subjects
in an endemic area of Japarnt. J. Cancer 54, 16-19
(1993).

Pierce, D. A., Shimizu, Y., Preston, D. L., Vaeth, M. and
Mabuchi, K. Studies of the mortality of atomic bomb sur-
vivors. Report 12, Part 1. Cancer: 1950-199Radiat.
Res, 146, 1-27 (1996).

Collett, D. “Modelling Survival Data in Medical Research”
(1994). Chapman and Hall, London, UK.

SAS Institute, Inc. SAS/STAT software: Changes and
enhancements through Release 6.12. SAS Institute, Inc.,
Cary, NC (1997).

Maeda, Y., Furukawa, M., Takehara, Y., Yoshimura, K.,
Miyamoto, K., Matsuura, T., Morishima, Y., Tajima, K.,
Okochi, K. and Hinuma, Y. Prevalence of possible adult
T-cell leukemia virus-carriers among volunteer blood
donors in Japan: a nation-wide studint. J. Cancer 33,
717-720 (1984).

Tajima, K., Kamura, S., Ito, S., Ito, M., Nagatomo, M.,
Kinoshita, K. and lkeda, S. Epidemiological features of
HTLV-I carriers and incidence of ATL in an ATL-endemic
island: a report of the community-based cooperative study
in Tsushima, Japanint. J. Cancer40, 741-746 (1987).
Tendler, C. L., Greenberg, S. J., Blattner, W. A., Manns,
A., Murphy, E., Fleisher, T., Hanchard, B., Morgan, O.,
Burton, J. D., Nelson, D. L. and Waldman, T. A. Transac-
tivation of interleukin 2 and its receptor induces immune
activation in human T-cell lymphotropic virus type I-asso-
ciated myelopathy: pathogenic implications and a rationale
for immunotherapy.Proc. Natl. Acad. Sci. US&7, 5218—
5222 (1990).

Wilson, D. E., Birchfield, G. R., Hejazi, J. S., Ward, J. H.
and Samlowski, W. E. Hypocholesterolemia in patients
treated with recombinant interleukin-2: appearance of rem-
nant-like lipoproteins. J. Clin. Oncol, 7, 1573-1577
(1989).

Ho, G. Y. F., Nelson, K., Nomura, A. M. Y., Polk, B. F.
and Blattner, W. A. Markers of health status in an HTLV-I
positive cohort. Am. J. Epidemiol. 136 1349-1357
(1992).

Murphy, E. L., Wilks, R., Morgan, O. S., Hanchard, B.,
Cranston, B., Figueroa, J. P., Gibbs, W. N., Murphy, J. and


2871307&form=6&db=m&Dopt=b     
2871307&form=6&db=m&Dopt=b     
2871307&form=6&db=m&Dopt=b     
2563817&form=6&db=m&Dopt=b     
7934493&form=6&db=m&Dopt=b     
7934493&form=6&db=m&Dopt=b     
7904671&form=6&db=m&Dopt=b     
7904671&form=6&db=m&Dopt=b     
8068947&form=6&db=m&Dopt=b     
8068947&form=6&db=m&Dopt=b     
8068947&form=6&db=m&Dopt=b     
8314320&form=6&db=m&Dopt=b     
8780552&form=6&db=m&Dopt=b     
8780552&form=6&db=m&Dopt=b     
8780552&form=6&db=m&Dopt=b     
8188520&form=6&db=m&Dopt=b     
8188520&form=6&db=m&Dopt=b     
8188520&form=6&db=m&Dopt=b     
8301532&form=6&db=m&Dopt=b     
8301532&form=6&db=m&Dopt=b     
7829207&form=6&db=m&Dopt=b     
7829207&form=6&db=m&Dopt=b     
7829207&form=6&db=m&Dopt=b     
7616489&form=6&db=m&Dopt=b     
7616489&form=6&db=m&Dopt=b     
7616489&form=6&db=m&Dopt=b     
2515175&form=6&db=m&Dopt=b     
2515175&form=6&db=m&Dopt=b     
2515175&form=6&db=m&Dopt=b     
6328765&form=6&db=m&Dopt=b     
6328765&form=6&db=m&Dopt=b     
6328765&form=6&db=m&Dopt=b     
8097497&form=6&db=m&Dopt=b     
8097497&form=6&db=m&Dopt=b     
8097497&form=6&db=m&Dopt=b     
8677290&form=6&db=m&Dopt=b     
8677290&form=6&db=m&Dopt=b     
8677290&form=6&db=m&Dopt=b     
6329964&form=6&db=m&Dopt=b     
6329964&form=6&db=m&Dopt=b     
6329964&form=6&db=m&Dopt=b     
2891624&form=6&db=m&Dopt=b     
2891624&form=6&db=m&Dopt=b     
2891624&form=6&db=m&Dopt=b     
2367534&form=6&db=m&Dopt=b     
2367534&form=6&db=m&Dopt=b     
2367534&form=6&db=m&Dopt=b     
2789275&form=6&db=m&Dopt=b     
2789275&form=6&db=m&Dopt=b     
2789275&form=6&db=m&Dopt=b     
1488961&form=6&db=m&Dopt=b     
1488961&form=6&db=m&Dopt=b     
1488961&form=6&db=m&Dopt=b     
8921499&form=6&db=m&Dopt=b     
8921499&form=6&db=m&Dopt=b     

30)

31)

32)

Blattner, W. A. Health effects of human T-lymphotropic
virus type | (HTLV-I) in a Jamaican cohorint. J. Epide-
miol., 25, 1090-1097 (1996).

IARC, WHO. IARC Monographs on the Evaluation of Car-
cinogenic Risks to Humans. Vol. 59, “Hepatitis Virus”
(1994). IARC, Lyon, France.

Kamihira, S., Yamada, Y., Sohda, H., Atogami, S.,
Tomonaga, M., Egawa, S., Fujii, M. and Chifu, K. Human
T-lymphotropic virus type-l influence on hepatotropic virus

33)

34)

infections and the subsequent development of hepatocellués)

lar carcinoma.Cancer Detect. Prey18, 329-334 (1994).
Okayama, A., Maruyama, T., Tachibana, N., Hayashi, K.,
Kitamura, T., Mueller, N. and Tsubouchi, H. Increased
prevalence of HTLV-I infection in patients with hepatocel-
lular carcinoma associated with hepatitis C virukn. J.

HTLV-l and Cause-specific Mortality

Cancer Res.86, 1-4 (1995).

Kato, N., Nakazawa, T., Mizutani, T. and Shimotohno, K.
Susceptibility of human T-lymphotropic virus type-I
infected cell line MT-2 to hepatitis C virus infectiofio-
chem. Biophys. Res. Comm06, 863-869 (1995).

Stuver, S. O., Tachibana, N., Okayama, A. and Mueller, N.
E. Evaluation of morbidity among human T lymphotropic
virus type | carriers in Miyazaki, JapanJ. Infect. Dis,

173 584-591 (1996).

Rothman, K. J. “Modern Epidemiology” (1986). Little,
Brown and Company, Boston, MA/Toronto, Ontario.

Ron, E., Carter, R., Jablon, S. and Mabuchi, K. Agreement
between death certificate and autopsy diagnoses among
atomic bomb survivorsEpidemiology5, 48-56 (1994).

805


8921499&form=6&db=m&Dopt=b     
8921499&form=6&db=m&Dopt=b     
7812978&form=6&db=m&Dopt=b     
7737899&form=6&db=m&Dopt=b     
7737899&form=6&db=m&Dopt=b     
7737899&form=6&db=m&Dopt=b     
7832798&form=6&db=m&Dopt=b     
7832798&form=6&db=m&Dopt=b     
7832798&form=6&db=m&Dopt=b     
8627021&form=6&db=m&Dopt=b     
8627021&form=6&db=m&Dopt=b     
8627021&form=6&db=m&Dopt=b     
8117782&form=6&db=m&Dopt=b     
8117782&form=6&db=m&Dopt=b     
8117782&form=6&db=m&Dopt=b     
7737899&form=6&db=m&Dopt=b

