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Abstract
In order to investigate the joint effect of history of diabetes and blood transfusion on ischemic heart disease
mortality, we analyzed data for 7,759 subjects enrolled in a cohort study in Fukuoka Prefecture, Japan.  All
deaths due to ischemic heart disease were recorded.  The Cox proportional hazards model was used to esti-
mate hazard ratios (HR) and 95% confidence intervals (95% CI) of ischemic heart disease with history of
diabetes and blood transfusion.  We also tested the null hypothesis of the multiplicative model to assess the
potential joint effect of these two factors.  During 102,800 person-years of follow-up, we observed 66
deaths due to ischemic heart disease.  Adjusted HRs of diabetes only as well as transfusion only showed
no statistical association, with HRs of 0.93 and 1.18, respectively.  In contrast, an increased HR of 9.49
(95% CI: 2.82–32.00) was observed in subjects having both diabetes and blood transfusion, suggesting a
positive interaction between them on the risk of death from ischemic heart disease (p=0.02).  To conclude:
We identified a multiplicative effect of history of diabetes and blood transfusion on the risk of death from
ischemic heart disease.

Key words: diabetes, blood transfusion, ischemic heart disease, joint effect
❖ Introduction

In Japan, the mortality rate from cardiovascular
disease has shown an ongoing decline over recent
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decades, but cardiovascular disease nevertheless
remains the second leading cause of death following
cancer.  Interestingly, the mortality rate of ischemic
heart disease, the most frequent subtype of cardiovas-
cular disease, has shown a steady increase in the Jap-
anese population1), and the prevention of this
condition must therefore be considered an important
public health concern.

Reported risk factors of ischemic heart disease
include a combination of various factors, including
tobacco smoking, hypertension, and diabetes among
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others2–5).  Evidence for the association between dia-
betes and cardiovascular disease in general and
ischemic heart disease in particular has been
documented4, 5), with most epidemiological studies
showing an approximately two-fold increase in risk
for ischemic heart disease in diabetic subjects.
Recently, a history of blood transfusion was also
shown to significantly increase the risk of death from
both stroke and coronary heart disease6).  To date,
however, the joint effect of these two factors on the
risk of ischemic heart disease has not been investi-
gated.

Here, we investigated the joint effect of history of
diabetes and blood transfusion on the mortality of
ischemic heart disease in a prospective cohort study in
Japan.

❖Materials and Methods

Study population
Study subjects were the participants of the Miy-

ako Study, a cohort study conducted in four areas of
Fukuoka Prefecture, Japan.  Details of the present
cohort study have been described elsewhere7, 8).
Briefly, the baseline survey was conducted from 1986
to 1989.  We invited all inhabitants aged 30 to 79 years
living in A town, B village, and selected districts of C
city and D town (15,417 subjects in total) to partici-
pate in a self-administered questionnaire survey.
Response rate was 86.1%, equivalent to 13,270 sub-
jects, who constituted the cohort.  Baseline character-
istics of the subjects were obtained through self-
administered questionnaires.  All subjects were asked
to provide information about health-related factors,
including smoking, alcohol, diet, disease history and
others.

We then followed these 13,270 subjects for vital
status.  Data were updated annually with the collabo-
ration of the respective municipal office until the end
of 1999 in one of the study areas and until the end of
2003 in the other three.  Subjects who moved out of the
study areas were censored.  For deaths, the underlying
cause of death during the study period was ascertained
from death certificates and coded according to the
International Classification of Diseases and Injuries
(ICD), 9th Revision (ICD-9).  In the present analyses,
we assessed all causes of death through ICD-9 codes,
with all deaths due to ischemic heart disease defined
as codes 410 to 414.
Copyright© 2008 JSHSS
The research protocol of the study was approved
by the Ethics Committee of Medical Care and
Research of the University of Occupational and Envi-
ronmental Health, Kitakyushu, Japan.

Assessment of exposure and other covariates
A history of diabetes and blood transfusion as

well as other covariates were assessed using a self-
administered questionnaire at the study baseline.  Dia-
betes history was determined based on the response to
the question “Have you ever been told you had or
received any treatment for diabetes?” and a history of
blood transfusion by a positive response to the ques-
tion “Have you ever had a blood transfusion?”.

In addition to age at baseline and sex, the follow-
ing variables were also considered potential con-
founders: body mass index (computed as weight in
kilograms divided by the square of height in meters),
tobacco smoking habit (never smoker, former smoker,
current smoker, and missing), alcohol habit (never
drinker, daily drinker, occasional drinker, and miss-
ing), history of hypertension, daily vegetable con-
sumption and daily fruit consumption, and study area
(A town, B village, C city and D town).

Exclusion
One study area (A town) was excluded from anal-

ysis because a history of blood transfusion was not
investigated (5,098 subjects).  We also excluded sub-
jects with a history of stroke (62 subjects), coronary
heart disease (244 subjects), or cancer diagnosed
before the study baseline (107 subjects).  Analysis was
thus performed in 7,759 subjects (3,420 males and
4,339 females).

Statistical analysis
The number of person-years of follow-up for each

subject was counted from the study baseline until the
date of death, date of migration from a study area or
end of follow-up, whichever came first.  Actual mor-
tality per 100,000 person-years from deaths due to
ischemic heart disease was calculated, and 95% con-
fidence intervals (95% CI) were estimated based on
the Poisson distribution.  Baseline characteristics of
all study subjects were compared using the chi-square
test for categorical variables and the t-test for contin-
uous variables.  The Cox proportional hazards model
was then used to estimate hazard ratios (HR) and their
95% CI of mortality for a history of diabetes only, a
. All rights reserved.
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history of blood transfusion only, and a history of
these factors combined.  The multivariate HRs were
adjusted for the potential confounding factors men-
tioned above.  Patterns of Schoenfeld9) residuals with
time, considered to identify possible violations of the
proportional hazards model, were found to be valid in
our analysis.  To assess the interaction between the
two factors above, we tested the null hypothesis of the
following multiplicative model:

HRAB = (HRA × HRB) / HR00,

where HR00 was the background HR of subjects unex-
posed to either A and B factor, assumed to be equal to
one (reference); HRA and HRB were the observed HRs
of subjects exposed to A or to B factor only, respec-
tively; and HRAB was the observed HR of subjects
exposed to both A and B factor.

All statistical analyses were performed using the
Stata version 9.0 software package (Stata Corpora-
tion, USA)10).  All p values and confidence intervals
were based on two-sided tests.

❖Results

A total of 102,800 person-years were counted
over an average of 13.8 years of follow-up in 7,759
subjects.  Thirty-two deaths from ischemic heart dis-
ease occurred in males and 34 in females.  Table 1
shows selected characteristics of study participants at
baseline by sex.  Among them, 5.7% of males and
2.6% of females reported a history of diabetes, and

Table 1 Characteristics1 of 7,759 subjects at

Characteristics Ma

Number of subjects 3,4
Number of deaths 3
Mean age (SD)3 51.3 (
Body mass index (SD)3 22.8 
Current tobacco smoking (%) 49
Daily alcohol consumption (%) 47
History of hypertension (%) 12
History of diabetes (%) 5.
History of transfusion (%) 10
Daily intake of vegetable (%) 25
Daily intake of fruit (%) 6.

1Information obtained through self-report
homogeneity of characteristics between ma
categorical variables and t-test for continuous
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10.0% and 8.9% reported a history of blood transfu-
sion, respectively.  No sex differences were seen for
age or body mass index (p=0.61 and 0.83, respec-
tively).  Proportion for current tobacco use as well as
daily alcohol intake were much higher in males than
females (p<0.01), whereas females tended to consume
more vegetables and fruit (p<0.01).  No sex differ-
ences were seen in proportions of hypertension or
blood transfusion history (p=0.73 and 0.10, respec-
tively), but a higher proportion of diabetes was seen in
males (p<0.01).

Table 2 presents the number of deaths due to
ischemic heart disease and age-specific mortality rate
per 100,000 person-years.  No deaths occurred among
those aged 30 to 39 years, while most deaths occurred
at age 60 and over.

Table 3 shows the ischemic heart disease mortal-
ity rate per 100,000 person-years for subjects having
diabetes only, blood transfusion only, both, or neither,
as well as the multivariate HRs compared to those
with neither.  The multivariate HR of diabetes only as
well as of transfusion only showed no statistical asso-
ciation, with HRs of 0.93 and 1.18, respectively.  In
contrast, subjects having both diabetes and blood
transfusion had an increased HR of 9.49 (95% CI:
2.82–32.00).  The observed effect of these factors
(HR=9.49) was greater than the anticipated multipli-
cative effect that would be expected to be about 1.18
× 0.93 = 1.10, suggesting a positive interaction
between them on the risk of death from ischemic heart
disease (p-value for rejecting the multiplicative model

aseline study

s Females p value2

4,339
34 0.47

.2) 52.2 (13.6) 0.61
.7) 22.6 (3.0) 0.83

7.4 <0.01
4.3 <0.01
12.5 0.73
2.6 <0.01
8.9 0.10
37.2 <0.01
14.6 <0.01

g in the baseline questionnaire; 2Test for
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was 0.02).
With regard to the importance of hypertension

history as a risk factor for this condition, 12.8% and
12.5% males and females, respectively, reported a his-
tory of hypertension.  The multivariate HR reflecting
the risk of blood hypertension in the study was 2.67
(1.58–4.49) (data not shown).

❖Discussion

In this study, we examined the joint effect of dia-
betes and blood transfusion on the mortality of
ischemic heart disease in a prospective cohort study in
Japan.  To our knowledge, this study is the first to
report a multiplicative effect between these two fac-
tors on the risk of this condition.

Our results showed no significant association
with ischemic heart disease mortality in subjects hav-
ing diabetes or blood transfusion only.  In contrast, a
number of epidemiological studies have reported a

Table 2 Age-specific mortality (95
ischemic heart disease amo

Age at death Person-years

30–39 7,884
40–49 23,084
50–59 26,687
60–69 23,869
70–79 15,475
≥ 80 5,801
Total 102,800

1CI: confidence interval estimated ba

Table 3 Mortality rate per 100,000 person-years and adjus
joint effect on the death from ischemic heart disea

Without d
Without transfusion W

Number of deaths 53
Number of subjects 6,757
Person-years 90,455
Mortality rate (95% CI) 59 (44–77)
Age-,sex-adjusted HR (95% CI) 1.00 (reference) 1.
Multivariate HR (95% CI) 1.00 (reference) 1.

1Multivariate HR adjusted for sex, age, body mass index, to
vegetable and fruit intake, and study area; 2Observed effect 
anticipated multiplicative effect (1.18 × 0.93 = 1.10), sug
multiplicative model.
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significant association between ischemic disease and
diabetes, with patients with both having an approxi-
mately two-fold increase in the risk of death of coro-
nary heart disease3, 11).  Complications are common in
long-term diabetes patients, including atherosclerosis,
and the occurrence of ischemic heart disease in these
patients is therefore likely.  With regard to a history of
blood transfusion, in contrast, we found only one
cohort study in Japan showing a significant increase in
the risk of stroke as well as cardiovascular disease6).
The authors speculated on the involvement of transfu-
sion-mediated immunomodulation and chronic
inflammation caused by various transfusion-transmit-
ted infectious agents, but the mechanisms underlying
this putative association are not well understood.  A
number of studies have suggested that allogeneic
blood transfusion has immunosuppressive effects in
recipients12–14), and hence may increase the risk of
hypertension or atherosclerosis, both of which are
known as traditional risk factors for ischemic heart

 CI1) per 100,000 person-years of
 7,759 subjects

o of deaths Mortality (95% CI)

0 –
3   13 (3–37)
4   15 (4–38)

14   59 (32–98)
15   97 (54–159)
30 517 (349–738)
66   64 (50–81)

d on the Poisson distribution.

d hazards ratios (HR1) of diabetes and transfusion and their

betes With diabetes
h transfusion Without transfusion With transfusion

7 3 3
695 271 36

8,669 3,326 350
1 (32–166) 90 (19–263) 857 (176–2,505)
 (0.51–2.46) 1.04 (0.32–3.34) 9.68 (2.93–32.03)
 (0.54–2.61) 0.93 (0.29–3.00)  9.49 (2.82–32.00)2
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disease.  In addition, treatment involving blood trans-
fusion has been considered a major transmission route
for hepatitis C virus (HCV)15).  The screening of
donated blood for HCV began with a first generation
assay in 1989, and an association between a history of
blood transfusion before 1990 and liver cancer has
been reported15).

The concept of joint effect of two factors has been
somewhat controversial in the epidemiologic
literature16, 17).  The selection of an additive or multi-
plicative model to estimate the interaction should be
done in accordance with the way that risk is measured,
with absolute risk requiring an additive model and rel-
ative risk a multiplicative model17).  In this study, we
used the Cox regression, an implicitly exponential
model, to compare the probability of events in the
exposed and unexposed groups.  Hence, this is inher-
ently a multiplicative model.

The findings of this study have important clinical
consequences; specifically, they should be considered
in any decision to conduct blood transfusion in dia-
betic subjects.  When considered essential, the use of
derived blood products in place of whole blood is rec-
ommended.

The major strength of this study was its prospec-
tive design and conduct among a general population.
Exposure information was collected before the subse-
quent diagnosis of any ischemic heart disease, avoid-
ing the exposure recall bias inherent to case-control
studies.

A limitation of the study was its assessment of risk
factors as well as other covariates at baseline by self-
questionnaire only.  We did not carry out glucose tol-
erance testing to confirm diabetes.  Moreover, no
information was available on abnormal blood lipids.
High levels of total cholesterol, LDL-cholesterol and
triglycerides increase the risk of this condition.  Fur-
ther, a history of blood transfusion was not investi-
gated in one study area (A town), which led to the
exclusion of one-third of the study population.  Thus,
selection bias may have occurred.

In summary, we identified a multiplicative effect
of a history of diabetes and blood transfusion on the
risk of death from ischemic heart disease.  Because
this is the first investigation to examine the joint effect
of these factors, the findings need to be confirmed in
additional cohort studies.
Copyright© 2008 JSHSS
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