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A community-based cohort study was conducted to clarify the risk of human T-cell leukemia virus
type I (HTLV-I) infection for canse-specific deaths, A total of 1,997 individuals (751 men and 1,246
women) aged 30 or older in A-Island, Nagasaki Prefecture, Japan who had voluntarily attended
annual mass health examinations, including serum HTLV-I antibody test, were followed up for a mean
period of 5.3 years. In a Cox proportional hazards analysis adjusted for age at baseline, the HTLV-I
seropositivity was found to be associated with mortality from all causes in men (hazard ratio (HR)
1.89; 95% conftdence interval (CI) 1.01-3.54) and women (HR 1.94; 95% CI 1.16-3.22). When the
effects of 2 deaths (1 man and 1 woman) from adult T-cell leukemia/lymphoma (ATL) were excluded,
the mortality risk decreased slightly but was still significantly or marginally significantly greater than
1 in both men (HR 1.77; 95% CI 0.93-3.37) and women (HR 1.87; 95% CI 1.12-3.12). Further
analysis of cause-specific deaths revealed a significant increase in the risk for non-neoplastic diseases
but not for neoplasms excluding ATL. These findings suggest that long-term HTLV-I infection
represents a health hazard greater than just that for the development of ATL, Tt was difficult, however,
to draw a conclusion regarding the association between HTLV-] infection and cancer risk, because the

number of cancer deaths was small and the incidence of cancer was not investigated.
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Human T-cell leukemia virus type-I (HTLV-I)," the
etiological agent of adult T-cell leukemia/lymphoma
(ATL),” is endemic in several regions of the world,
including southwestern Japan,” the Caribbean basin®
and central African countries.” In Japan, it is estimated
that more than one million adults are infected with the
virus and that approximately 509% of these people are
clustered in the Kyushu region.®

HTLYV-1 has been shown to be etiologically linked to
several clinical entities other than ATL: tropical spastic
paraparesis (TSP)/HTLV-I associated myelopathy
(HAM),"® arthritis,” bronchitis'® and uveitis.'"” Fur-
thermore, it has been suggested that individuals infected
with HTLV-I are immunosuppressed®> '™ and thus sus-
ceptible to infectious diseases.!*'® Associations between
HTLYV-I infection and increased risk of cancer'™ '™ and
renal diseases'® have also been hypothesized.

Whether or not HTLV-] infection increases mortality
from causes other than ATL is an important public
health issue. However, few cohort studies have explored
this problem,” and most epidemiologic studies address-
ing the health hazard caused by HTLV-I have focused on
the risk estimation of ATL alone.* 2%
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HTLV-I carrier — Mortality — Prospective cohort study

The objective of the present investigation was to esti-
mate by means of a prospective cohort study the risk of
death from all causes, neoplasms and non-neoplastic
diseases, among HTLV-I carriers.

MATERIALS AND METHODS

Area and population for baseline data The study area
consisted of 26 villages in B-town, located on A-Island,
Nagasaki Prefecture, Japan where HTLV-I is endemic.?®
As part of community-based measures to prevent
HTLV-I infection and ATL, serum antibodies to
HTLV-I were checked at least once between 1984 and
1990 in 751 men and 1,246 women over 30 years of age
who had voluntarily participated in annual mass health
examinations. This group of 1,997 subjects, which cov-
ered 42% of men and 50% of women living in the area,
was used as the study population. Information on occu-
pation, drinking and smoking habits, and history of
blood transfusions was obtained through interviews.

Assay of serum HTLV-I antibody Serum antibody to
HTLV-I was tested by the gelatin particle agglutination
(PA) method (Serodia ATLA, Fujirebio, Tokyo).” We
did not re-examine positive samples by other methods
because the high reliability of the PA tests in these
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HTLV-I endemic areas was confirmed by the indirect
immunofluorescence (IF)} assay and/or the enzyme-
linked immunosorbent assay (ELISA) in our preliminary
validation study. For example, 72 (36.0%) of 200 ex-
amined sera were PA-positive and 71 of these were
IF-positive.

Our results were different from those of other investi-
gators, who reported high percentages of false-positive
reactions by the PA method in some instances.?®?” The
reason for this difference may be explained as follows: the
predictive value of a diagnostic test depends not only on
its efficacy but also on the prevalence of a disease among
the study population®® *; the false-positive rates for the
PA method may be lower in areas with a higher preva-
lence of true HTLV-I carriers. Furthermore, Kinoshita
et al™ recently reported that the presence of HTLV-I
proviral DNA in peripheral blood mononuclear cells, as
detected by the polymerase chain reaction, correlated
closely with serum antibody to HTLV-I tested by PA,
IF and ELISA in inhabitants of an endemic area of
HTLV-1. We came to the conclusion, therefore, that the
false-positive reactions resulting from the PA method did
not pose a serious problem in the present study.

Multiple participations of approximately 50% of the
study population aflowed us to evaluate the correlation
among repeated assays of serum HTLV-I antibody. The
phi coefficients ranged from 0.895 to 1.000, showing a
fairly good assay reproducibility (Table I). However, 30
(3.0%) of the 998 subjects who had been evaluated twice
or more yielded inconsistent results in at least two of the
repeated examinations. Confirmation by the IF method
suggested a seroconversion in some of these 30 subjects.
But we used the initial data for all subjects because ex-
clusion of the above 30 individuals would have produced
another potential source of bias.

Follow-up Between April and September 1992, we in-
vestigated the vital status of the 1,997 individuals by
referring to the residence registry. The follow-up period
extended from the date of the initial health examination
to the date of death or movement, or April 1, 1992, One
hundred and twenty of the 1,997 subjects had died and 41
had moved to other towns. By reviewing death certifi-

cates in the 2 main hospitals and 3 private clinics located
in the study area, we ascertained the cause of death in all
subjects who had died, and categorized these according
to the 9th Revision of the International Classification of
Diseases (ICD) as being due either to neoplasms or non-
neoplastic diseases. The necoplasms included both malig-
nant and benign types (ICD 140-239), while the term
non-neoplastic disease referred to all remaining condi-
tions other than injury or poisoning (ICD E800-E999).
Examination of previous diseases for approximately
75% of the deceased suggested that misclassification of
cause of deaths had occurred very seldom.

In addition, we reviewed the pathological reports of

the 2 and the medical records of the 4 individuals in
whom ATL or malignant lymphoma was listed as the
underlying cause of death. Subjects satisfying all of the
following 4 conditions were diagnosed as having ATL:
description of ATL or malignant lymphoma on death
certificates; the presence of serum antibody to HTLV-I;
histological evidence showing the presence of atypical
lymphoid cells (flower cells) in peripheral blood or
lymphoid tissues; and exclusion of pre- or smoldering
ATL. Consequently, the cause of death in the 1 pre- or
smoldering ATL case who had died from opportunistic
infection was reclassified into the category of non-neo-
plastic diseases (see “Results™).
Statistical analysis The association between serum
HTLV-T antibody status and sex, age, occupation, smok-
ing and drinking habits, and history of blood transfusions
was assessed by use of the chi-square test or Student’s ¢
test. The relationship between HTLV-I seropositivity and
mortality was examined by the Kaplan-Meier method.
The log rank test was used to determine whether or not
the mortality differed significantly according to serum
HTLV-I antibody status. We used the Cox proportional
hazards model® in the ape-adjusted multivariate analy-
sis. The hazard ratios (HR), their 95% confidence inter-
vals (CI) and the probability of statistical significance
(two-tailed) were computed. On the basis of the regres-
sion coefficient, the age-adjusted survival probabilities for
HTLV-I carriers and non-HTLV-I carriers were also
calculated.

Table I. Correlation among Repeated Assays of Serum HTLV-I Antibody in Subjects with Multiple
Participations

Year of 1984 1986 1987

examination

1985 1.000 (57)2

1986 1.000 (54) 0.956 (561)

1987 0.9¢64 (61) 0.976 (575) 0.960 (662)

1988 - — 0.919 (257) 0.895 (248) 0.930 (304)

a) Phi coefficient=~/chi square/N (number of subjects in parentheses).
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RESULTS

HTLYV-I seroprevalence in men and women was 20.4%
and 28.1%, respectively, showing a significantly higher
rate in women (£<0.01}. In men, HTLV-I seropositivity
was virtually stable in the over-30 year age group (14.9-
22.1%}). In women, on the other hand, HTLV-I sero-
prevalence increased with age from 20.8% in the 30-39
year age group to 39.4% in the 80-89 year age group
(data not shown),

Table II shows the characteristics of the study popula-
tion with regard to serum HTLV-I antibody status. In
men, there was no significant difference in the mean age
at baseline between HTLV-I carriers and non-carriers,
while in women, the carriers were an average of 3.1 years
older than non-carriers (P<<0.01). With regard to occu-
pation, in men, the proportion of farmers was lower, and
conversely, that of fishermen was higher, among carriers
than among non-carriers. In women, the percentage of
individuals engaged in farming was somewhat lower, and
that of unemployed persons (or housewives) was higher,
among carriers than among non-carriers. There was no
significant difference in levels of cigarette smoking or
alcohol consumption between carriers and non-carriers.
The percentage of those who had received blood transfu-
sions was less than 7% in both carriers and non-carriers,
with no statistically significant difference, suggesting that
blood transfusion was not a major route of HTLV-I
infection in this study population.

During the follow-up period, the entire cohort under-
went 10,503.6 person-years of observation, with a mean
follow-up of 5.3 years. Among the 120 subjects who had
died, malignant lymphoma or ATL was listed as the

HTLV-I Infection and Mortality

underlying cause of death in 4 subjects, 2 (1 man and 1
woman) of whom met the diagnostic criteria of ATL
used in this study. The expression of T-cell surface
markers had been established in one, and characteristic
symptoms of ATL such as hepatosplenomegaly and
hypercalcemia were present in the other subject. One
male subject was considered to have pre- or smoldering
ATL. In this case, skin eruption and atypical lympho-
cytes in peripheral blood (2-4%) were noted. But the
direct cause of death was diagnosed as herpes simplex
encephalitis and no evidence of ATL was found at au-
topsy. One woman with serum antibody to HTLV-I,
whose pathology diagnosis was gastric malignant
lymphoma, was not considered as having ATL, Using the
2 deaths as numerator and the person-years at risk
(2,581.2) as denominator, the crude death rate from
ATL was estimated at 0.77/1000 person-years, which is
in close agreement with the incidence rates of ATL
reported previously (0.6-1.3/1000 a year).**2 There
was no death from HAM/TSP. Finally, 35 of the 120
deaths were attributed to neoplasms, 73 to non-neoplastic
diseases, and 12 to injury or poisoning (Table III).

The association between HTLV-I seropositivity and
mortality was evaluated by survival analysis. The 7 men
and 5 women who had died from injury or poisoning
were regarded as censored cases in all subsequent
analyses. In multivariate analysis, neither smoking nor
drinking habits were included as covariates because there
were no significant differences in these habits between
HTLV-I carriers and non-carriers. Using the Kaplan-
Meier method, we found that HTLV-I seropositivity was
significantly or marginally significantly associated with
mortality in both men (P=0.0779) and women (P=

Table II.  Characteristics of Study Population According to Serum HTLV-I Antibody Status?

o Men Women
Characteristics Non-carriers Carriers Pvalue? Non-carriers Carriers Pvalue
No. of subjects 598 153 896 350
Age (years) 5721119 57.6110.9 0.67 55.6+12.4 58.7112.6 <0.01
Occupation farming 174 (29.1) 28 (18.3) 0.02 333 (37.2) 111 (31.7) 0.02
fishery 165 (27.6) 62 (40.5) 43 (4.8 11 (3.1
individual business 37 (6.2) 8 (5.2) 63 (7.0) 16 (4.6)
salaried 41 (6.9) 9 (59 36 (4.0) 14 (4.0)
others 66 (11.0) 20 (13.1) 114 (12.7) 48 (13.7)
unemployed 105 (17.6) 23 (15.0) 291 (32.5) 149 (42.6)
Smoking non-smokers 152 (25.4) 41 (26.8) 0.78 825 (92.1) 318 (90.9) 0.22
current or ex-smokers 440 (73.6) 12 (73.2) 63 (7.0) 32 (5.1
Drinking non-drinkers 188 (31.4) 47 (30.7) 0.81 783 (87.4) 306 (87.4) 0.72
current or ex-drinkers 404 (67.6) 106 (69.3) 105 (11.7) 44 (12.6)
Blood transfusion + 29 (4.8) 4 (2.6) 0.22 52 (5.8) 24 (6.9) 0.51
- 563 (94.1) 149 (97.4) 836 (93.3) 326 (93.1)

a) Plus-minus values are means+8D. Values in parentheses are percentages.
b) By Student’s ¢ test or chi-square test. Unknown subjects were excluded.
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Table I11. Causes of Death According to Serum HTLV-I Antibody Status
d Men Women
Causes of death (ICD Codes) Non-carriers Carriers Neon-carriers Carriers
Total 41 14 34 31
All neoplasms (140-239) 15 5 3 7
ATL 0 1 0 1
Malignant lymphoma 0 0 0 1
excluding ATL (200-202)

All non-neoplastic diseases 19 9 23 22
Infectious diseases (001-139) 0 0 2 0
Heart disease (390-429) 7 3 g 8
Cerebrovascular disease (430-438) 4 3 6 5
Respiratory disease (460-519) 2 1 1 1
Renal disease {580-589) 2 0 2 5
Others 4 20 4 3
Injury or poisoning {E800-E999) 7 0 3 2

a) A patient with pre- or smoldering ATL who died from herpes simplex encephalitis was included.
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Twelve deaths from injury or poisoning were regarded as censored cases.

0.0003, Fig. 1). After adjustment for age using the Cox
regression model, the association between HTLV-1
seropositivity and mortality was statistically significant in
both sexes (Table IV). The hazard ratio associated with
HTLV-I infection for death from all causes was 1.89
(95% CI 1.01-3.54) for men and 1.94 (95% CI 1.16-
3.22) for women. The hazard ratio corresponding to a
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yearly age increase was 1.11 (95% CI 1.08-1.15} for men
and 1.12 (95% CI 1.09-1.15) for women. Therefore, the
mortality risks associated with HTLV-I infection were
almost equivalent to that caused by a 5.9-year age in-
crease. When the 2 deaths from ATL were censored, the
association was slightly weakened but remained signifi-
cant or marginally significant in both men and women.



Table IV. Age-adjusted Relative Risks of Death from All Causes, Neoplasms and Non-neoplastic

HTLV-I Infection and Mortality

Diseases Associated with HTLV-I Infection in 751 Men and 1,246 Women®

Men Women
Variable No. of Hazard ratio Povalue No. of Hazard ratio Pvalue
events (95% CI) events (93% CI)
All causes 48 1.89 (1.01-3.54) 0.0457 &0 1.94 (1.16-3.22) 0.0109
All causes? 47 1.77 (0.93-3.37) 0.0802 59 1.87 (1.12-3.12) 0.0171
Neoplasms 20 1.43 (0.52-3.95) 0.4878 15 2.12 (0.76-5.90) 0.1518
Neoplasms® 19 1.16 (0.39-3.52) 0.7868 14 1.78 (0.61-5.18) 0.2907
Non-neoplastic 28 2.30 (1.04-5.12) 0.0409 45 1.95 (1.09-3.50) 0.0255
diseases

a) Cox proportional hazards analysis was used. Twelve deaths from injury or poisoning were regarded

as censored cases,

b) One man and one woman who died from ATL were regarded as censored cases.

CI, confidence interval.

At the end of the follow-up, the values of age-adjusted
cumulative survival probability of HTLV-I seronegative
and seropositive women, computed regarding the 1 death
from ATL as a censored case, were 0.944 and 0.899,
respectively. Further analysis of cause-specific mortality
revealed a significantly increased risk for non-neoplastic
diseases in both sexes. Because of the small number of
deaths, the risk estimates of the neoplasms were unstable,
with no significant increase in the risk for all neoplasms
or neoplasms excluding ATL. in either sex.

DISCUSSION

In this study, we found that HTLV-I infection was
associated with an approximately 1.9-fold increased risk
of mortality, When the effects of the 2 deaths from ATL
were excluded, the relative risk decreased slightly, but it
still remained statistically or marginally significantly
greater than 1 in both sexes. Furthermore, bias due to
differences in occupation was unlikely because the eco-
nomic status in the study population was rather uniform
and similar results were obtained even after adjustment
for the differences in occupation (data not shown). These
findings point to adverse effects of HTLV-I infection
other than ATL on the health status of virus carriers.
Our results are contrary to those reported by Tokudome
et al,” who followed 3,991 healthy HTLV-I carriers in
the Kyushu region for an average of 2.7 years. They
found no excess mortality from any cause or from
cancers other than ATL. However, the seropositive sub-
jects selected in their study were voluntary blood donors,
and the standardized mortality ratios were computed
using mortality data derived from the entire Japanese
population. Therefore, the possibility of selection bias,
i.e., healthy donor effect, could not be excluded.? Inter-
estingly, a recent case-control study reported a higher
probability of early death in the mothers of HTLV-I

carriers than in those of non-carriers in Mivazaki Pre-
fecture.’"

On the basis of case-control studies, several researchers
have hypothesized an increased risk of cancer among
HTLYV-I carriers. Asou et al.'” reported that HTLV-I
seroprevalence was higher in patients with cancers of
various organs who had not had blood transfusions than
in the general population in Kumamoto Prefecture,
Japan. Miyazaki et al'® reported a similar finding in
patients with cervical and vaginal carcinoma. In the
present study, we found a significant increase in the risk
for death from non-neoplastic diseases but not from neo-
plasms. However, it was difficult to draw a firm conclusion
regarding the association between HTLV-I infection and
cancer risk, because the number of cancer deaths was
small and the incidence of cancer was not investigated.

There are several possible biological mechanisms by
which HTLV-I infection could increase mortality. The
first is through mild immunosuppression caused by the
virus.'>'” Suppressed cellular immunity'> might increase
the susceptibility to infectious agents in elderly HTLV-1
carriers who have various underlying diseases. This ex-
planation may be difficult to support because there was no
death from infectious diseases among HTLV-I carriers.
It should be noted, however, that common infections,
€.g., pneumonia, are not usually selected as the primary
cause of death. The second mechanism is through renal
diseases. High HTLV-I seroprevalence in chronic hemo-
dialysis patients without history of blood transfusions'
and glomerular deposition of HTLV-I antigen/antibody
immune complex in a patient with ATL* have been re-
ported. In the current study, renal disease was listed as
the underlying cause of death in 5 female HTL V-1 carriers.
However, the latter mechanism does not fully explain
the higher mortality among HTLV-I carriers, because the
significant association between HTLV-I seropositivity
and mortality in women did not disappear even after
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the effect of renal diseases was excluded (HR 1.72;
P=0.0500). The mechanism through HAM/TSP"®
seems unlikely, since the lifetime risk of developing
HAM is extremely low — approximately 0.25%.%" The
incidence rates of other HTLV-I associated syndromes in
symptom-free HTLV-I carriers are not known.

One problem that should be considered when inter-
preting the results of this study is the accuracy of infor-
mation on exposure. A small number of measurement
errors, false-positive reactions, and the occurrence of
seroconversion may have led to the misclassification of
serum HTLV-I antibody status. Measurement errors
usudlly Iead to the underestimation of relative risks.*®
On the other hand, the possibility remains that the false-
positive reactions by the PA assay, which result from the
cross reactivity of cellular proteins and other infectious
viruses with HTLV-I p19 core protein,” are associated
with increased risk of mortality. However, from the pro-
portion of inconsistency in repeated assays of serum
HTLV-I antibody (3.0%) and the false-positive rates
found by the PA method among the general population
(less than 39%),% the misclassification of HTLV-I sero-
status was estimated to be less than 6% and therefore
should exert little effect in this study. With regard to the
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In conclusion, our results suggest that long-term
HTLV-I infection is associated with an excessive risk of
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