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Calcium channel blockers and myocardial infarction:
A case~control study in a Japanese hospital
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SUMMARY

Purpose To cxamine the relationship of the use of calcium channel blockers (CCBs) in hypertensive patients to myocar-
dial infarction in Japan, where CCBs are prescribed much more frequently than in Europe and America.

Design 'We conducted a nested case—control study using a hospital information system in Japan,

Subjects Cases were hypertensive patients who were repeat visitors to Tokyo University Hospital as of April 1996 and had
an incidence of fatal or non-fatal myocardial infarction between 1996 and 1999. Controls were hypertensive patients indi-
vidually matched to cases by sex, age and history of angina pectoris.

Results The study consisted of 16 cases, who were matched to 80 controls. OFf the 80 control patients, 54 (68%) received
CCBs. On the other hand, all but one of 16 cases received CCBs and the crude odds ratio of myocardial infarction associated
with the use of calcium channel blockers was as high as 7.0 (0.9-55.3). The odds ratio was reduced to 4.9 (0.6-42.4) when
adjusted by diabetes and diastolic blood pressure,

Conclusions  Although the crude odds ratio of myocardial infarction associated with CCB's was high, the ratio was reduced
when adjusted by known confounding factors, suggesting 2 mechanism of confounding by indication. In addition, the

results obtained in this study using records from a single hospital should not be generalized. Copyright © 2002 Iohn Wiley
& Sons, Ltd.

KEY WORDS —confounding by indication; calcium channel blockers; myocardial infarction; case—control study; hospital
information system

INTRODUCTION hypertensive drug therapies.! They conducted a

case—control study among enrollees of the Group

In 1995 Psaty and colleagues investigated the risk
of myocardial infarction associated with anti-
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Health Cooperative of Puget Sound and reported that
the adjusted risk ratio of myocardial infarction was

-increased by about 60% among users of calcium chan-

nel blockers (CCBs) when compared with users of
diuretics alone. A recent overview of randomized
trials of CCBs and other anti-hypertensive drugs
reported that there  was a 12% greater risk of coron-
ary heart disease events of borderline significance
among those assigned CCB-based therapy, when
compared with diuretic-based or S-blocker-based
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regimens.? Another recent meta-analysis of rando-
mized controlled trials reported that the risk of acute
myocardial infarction for those assigned CCBs was
26% higher than for patients assigned diuretics, (-
blockers, ACE-inhibitors, or clonidine.>

The results of these overviews of randomized trials
indicate that the difference in the risk of coronary
heart disease, if any, is small between CCBs and other
anti-hypertensive drugs and is not as large as that indi-
cated by an observational study.! It has been noted
that ‘confounding by indication’ may have biased
the results of Psaty, thus explaining in part the differ-
ence between this study and recent large clinical
trials.>® According to this view, physicians may have
preferentially prescribed CCBs to patients who
appeared to be at added risk of future myocardial
infarction,*®

Tt has been reported that the prescription frequency
of CCBs is higher in Japan than in Europe and
America.!® If this phenomenon is associated with
the prescription pattern, where CCBs are widely pre-
scribed to hypertensive patients irrespective of their
baseline risks, the increase in the risk of myocardial
infarction might not be observed in those prescribed
CCBs. We conducted a case—control study to test this
hypothesis.

METHOD

We conducted a case—control study using the hospital
information system at Tokyo University Hospital.!!
Firstly, it may be helpful to explain the nature of the
information which can be obtained in university hos-
pitals in Japan. The university hospitals in Japan have,
similar to their counterparts in Westen countries, a
function to provide tertiary care to cases referred from
other hospitals. However, uniquely in Japan, bound-
aries between various kinds of health-care facilities
are vague. Thus, university hospitals and other large
hospitals normally have large outpatient units to pro-
vide medical services for conditions which would be
managed in the medical facilities for primary or sec-
ondary care in the community in most Western
countries.'? This feature of the Japanese medical care
system has sometimes been criticized for reducing
the ability of those large hospitals to provide
medical care to more advanced cases. However, it
also gives researchers a chance to follow patients
with less severe conditions for a long time pericd,
even when the records from a single hospital are used.
This is because patients who have developed a condi-
tion requiring admission or advanced care are nor-
mally allowed to use the medical service provided

Copyright © 2002 John Wiley & Sons, Ltd.
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by the hospital they have been visiting, as long as
the capacity of the hospita! permits.

In the late 1990s, only about 50% of all new outpa-
tients were referred from another hospital or private
medical office to Tokyo University Hospital, while
the other 50% came directly to the hospital for their
medical problems. It is possible therefore to identify
a ‘cohort’ consisting of repeat visitors to the hospital
and conduct a case-control study nested within that
‘cohort’. For instance, a total of 80846 patients
received some type of medical care, mostly as outpa-
tients at Tokyo University Hospital, at least once
during a period from 1 April 1995 through 31 March
1996. Similarly, a total of 82938 patients did so
during a period from 1 April 1996 through 31 March
1997. Of those patients, 49 645 may be considered to
be repeat visitors as of 1 April 1996 as they received
medical care on one or more occasions during each of
these two I2-month periods. Of 49645 patients,
30032 (60%) received medical care (29 545 patients)’
even after April 1999 or died (487 patients) during the
period between 1 April 1996 and 31 March 1999,

The hospital information system at Tokyo Univer-
sity Hospital contains the accurate records for all of
the prescription data for drugs and laboratory test
results obtained in the hospital laboratory. The records
on diagnoses in the information system, which are
used in daily medical practice, as well as in claims
for reimbursement of medical care fees to the insurer,
may not be very accurate however. The diagnosis of a
serious disease such as acute myocardial infarction is
normally recorded in the information system, particu-
Iarly when certain amounts of medical resources are
consumed for the patient’s medical care. However,
when some disease is suspected, but the diagnosis is
not finally established, the definitive finding may not
be recorded in the information system. Thus, the dis-
tinction between whether the diagnosis has been
finally established, or whether it has been just sus-
pected but not established, is often possible only after
examining the patient’s criginal medical record. The
records on other clinical features, such as smoking
status and blood pressure, are often not available on
the computerized record in the information system.
However, they can be obtained directly from the
patient’s medical record and whether the information
is actually available from the medical record is largely
dependent on the patient’s condition, For example,
blood pressures measured in each visit and smoking
status are nomally given in the medical record for
the majority of patients with hypertension. However,
the information may often not be available for patients
with certain non-cardiovascular diseases.

Pharmacoepidemiology and Drug Safety, 2002, 11: 487-492
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We conducted a case—control study from data cov-
ering the observation period between 1 April 1996 and
31 March 1999 obtained from the hospital informa-
tion system. The study population included hyperten-
sive patients who were judged to be repeat visitors as
of 1 April 1996, meeting the following three criteria:

(1) The patients were prescribed anti-hypertensive
agents on one or more occasions during a period
from 1 April 1995 through 31 March 1996 as well
as on ene or more occasions during a period from
1 April 1996 through 31 March 1997.

(2) The patients had a diagnosis of hypertension, other
than secondary hypertension, before 1 April 1996.

(3) The patients did not have a history of myocardial
infarction before 1 April 1996.

Cases were those who had an incidence of fatal or
non-fatal myocardial infarction between 1 April 1996
and 31 March 1999. Patients with myocardial infarc-
tion not included in the study population were
excluded from cases (e.g. a patient transferred to the
emergency room at Tokyo University Hospital
because of acute myocardial infarction was excluded
if he/she was not a repeat visitor as of 1 April 1996).
We identified potential cases from the computerized
hospital-based database, The patient’s diagnosis was
confirmed by an experienced cardiologist, using the
criteria of Q-wave and/or ST-segment elevation on
the electrocardiogram and elevated serum enzymes
(serum aspartate aminotransferase (AST), creatinine
kinase (CK), and lactate dehydrogenase (LDH)).!*
The cardiologist was unaware of the hypothesis (ie.
the increase in the risk of myocardial infarction might
not be observed in those prescribed CCBs in Japan)
but it was impractical to blind the doctor to the
information on the exposure to drugs.

Controls were individually matched to the cases by
sex, age, and history of angina pectoris using a ratio of
5:1. All subjects had an index date. For the cases
hospitalized in Tokyo University Hospital, the index
date was the date of admission for the first myocardial
infarction. For cases not hospitalized in Tokyo
University Hospital, for whom the information was
available, the index date was defined as the day when
the patient’s myocardial infarction was entered on the
medical record in any medical institution. The index
date for each control was the same as that for the
matched case.

A ‘current’ user of a CCB was defined as a subject
who used the drug not only on the index date, but also
for at least 30 days before the index date; this
compares with a previous study where this definition

Copyright © 2002 John Wiley & Sons, Lid.
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was used to exclude recent starters.! For all subjects,
we collected information from the computerized
hospital information system regarding baseline risk
factors including smoking, diabetes mellitus, blood
pressure, serum creatinine and total cholesterol.' If
the information concerning risk factors was not in
the computerized hospital information system, it was
extracted from the medical records.

Staristical analysis

Excluding 21% of patients lost to follow-up, data were
complete for case-control status and the variables
defining current drug use. Laboratory data were avail-
able for 80-100% of the subjects. We compared
demographic and clinical features between case and
control subjects using the Student’s two-tailed r-test
for continuous variables and a chi-squared test for
categorical variables, We used conditional logistic
regression to control for potential confounders and °
to obtain the adjusted odds ratio, with 95% confidence
intervals for the occumence of the first myocardial
infarction with respect to the index date (SAS statistical
software Version 6.12).*

In addition to matching for age, sex and history of
angina pectoris, we also adjusted for features that,
when added to this model, changed the matched odds
ratio by at least 10%."*

RESULTS

Initially the data included 4504 repeat visitors with
the diagnosis of hypertension. Those patients were
extracted from 4911 patients with a diagnosis of any
type of hypertension, for whom an anti-hypertensive
agent had been prescribed at least once from 1 April
1995 through 31 March 1996. Of those 4911 patients,
4504 were judged to be repeat visitors as of 1 April
1996, as they had a record that an anti-hypertensive
was also prescribed at least once during the period 1
April 1996 to 31 March 1997. On the other hand, 407
patients were prescribed an anti-hypertensive on 31
March 1996 or earlier, but never later than 1 April
1996 and were excluded from the group of study
patients. We further excluded 183 patients whose
diagnosis was secondary hypertension, and 190
patients who had a computerized record of myocardial
infarction before 1 April 1996. As a result, patients for
this investigation consisted of 4131 subjects. In this
study population, 66 patients had a diagnosis of myo-
cardial infarction as recorded by the hospital database
during the observation period. After a search of the
original medical records it was confirmed that 13

Pharmacoepidemiology and Drug Safety, 2002; 11: 487492
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patients had definitely (11 patients) or potentially (two
patients) a history of myocardial infarction before 1
April 1996 although the information was not recorded
in the information system. In addition, it was judged
that myocardial infarction was suspected but not con-
firmed for 37 of the remaining 53 patients from the
records, including those on the diagnostic procedures
such as coronary angiography and echocardiography.
Finally, 16 patients remained as eligible cases, all of
whom were hospitalized in Tokyo University Hospi-
tal, where a diagnosis of acute myocardial infarction
was established, except for the following one patient:
a 69-year-old female patient who had been treated in
Tokyo University Hospital for rheumatoid arthritis
and who was admitted to the nearby hospital; in this
case a diagnosis of acute myocardial infarction was
made according to the results of the electrocardio-
gram, coronary angiography and serum enzymes.
When the patient left the hospital, wishing to come
back to Tokyo University Hospital for treatment of
rtheumatoid arthritis, the doctor was asked to give
those details in the referral letter and the diagnosis
was entered into the information system at Tokyo Uni-
versity Hospital in accordance with the referral letter.

Of 4131 patients included in the study population
who were considered repeat visitors as of 1 April
1996 and visited Tokyo University Hospital at least
once during the observation period, 835 patients
(21%) pever came to the hospital after a certain time
point during the observation period and were consid-
- ered lost to follow-up. For the remaining 3246 patients,
a record was available indicating he/she visited the
hospital at least once after 1 April 1999 or died during
the observation period. There was no difference in the
fraction of patients prescribed a CCB among those
who were lost to follow-up and those who were not:
652 (74%) of 885 patients lost to follow-up and 2418
(74%) of 3246 patients not lost to follow-up had been
prescribed a CCB. Prognosis factors such as diabetes
mellitus did not differ significantly between ‘patients
lost to follow-up and those who completed the fol-
low-up, irrespective of whether or not they had been
prescribed a CCB. No patients diagnosed as non-fatal
myocardial infarction were lost to follow-up.

Cases and controls were similar in terms of BMI
and duration of hypertension. The levels of current
smoking, systolic blood pressure, total cholesterol
and serum creatinine were higher in cases than in con-
trols although the difference did not reach a statisti-
cally significant level. The mean diastolic blood
pressure in cases was significantly higher than that
in controls and the fraction of diabetics among cases
was significantly larger than that in controls (Table 1).

Copyright © 2002 John Wiley & Sons, Ltd.
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Table 1. Baseline characteristics of cases and controls

Characteristic Cases Controls
(n=16) (n=280)

Age, years (range) 70.0 (58-81) 70.0 (58-81)
Males, n (%) 8 (50%) 40 (50%)
BMI (kg/m?) 238+32 23.7+45
Duration of hypertension,
years (range) 11.3 (3-35) 11.0 (1-50)
Current smoking, n (%) 3(25%) 12 (15%)
Blood pressure

Systolic (mmHg) 1473+£142 1408 +16.2

Diastolic (mnmHg) 86.81+9.3 80.9 £ 10.6*
Angina, n (%) 5(31%) 25 (31%)
Diabetes, n (%) 7 (44%) 15 (19%)y*
Total cholesterol (mg/dl) 2144 %511 201.7£352
Serum creatinine (mg/dl) 1.1+04 09104

Values are expressed as means {2 SD) unless otherwise indicated.
*p < 0.05 for the comparison between cases and controls.

The prescription frequency of CCBs was high; on’
the index day, 54 of 80 controls as well as 15 of 16
cases were current users of a CCB. Of 54 controls
and 15 cases who were current users of CCBs, 47 con-
trols and all of the 15 cases used a dihydropyridine,
while seven controls but no cases used diltiazem.
Dihydropyridines used by 15 cases and 47 controls
were those known to be longer-acting {e.g. nilvadi-
pine) or slow-release preparations of nifedpine and
nicardipine. The crude odds ratio of myocardial
infarction associated with current use of a CCB with
or without one or more other anti-hypertensives (e.g.
diuretics, 3-blockers and ACE-inhibitors) compared
to current use of other anti-hypertensives with no
CCB was 7.0 (95%CT: 0.9-55.3; p=0.06). When
compared to the crude odds ratio, the odds ratio did
not change, even if any one of the potential confound-
ing factors was added to the model, except for dia-
betes mellitus and diastolic blood pressure. The
fraction of diabetics among cases (7/16, 44%) was
twice that among controls (15/80, 19%) as shown in
Table 1. Of 15 controls with diabetes, 12 (80%) were
prescribed a CCB; of the remaining 65 controls
without diabetes, 42 (65%) were prescribed a CCB.
It seemed therefore that a CCB was selectively pre-
scribed to hypertensives with diabetes. Similarly,
the mean diastolic blood pressure in cases was higher
than that in controls. When adjusted for the two fac-
tors, diabetes mellitus (given as a 0/1 dichotomous
variable) and diastolic blood pressure (given as a con-
tinuous variable), the odds ratio was decreased to 4.9
(0.6—42.4). The crude odds ratio of myocardial infarc-
tion associated with the current use of anti-
hypertensives other than CCBs was < 1 when all of

Pharmacoepidemiology and Drug Safety, 2002; 11: 487-492
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them were grouped (0.5: 0.2-1.5) as well as when the
ratios for ACE-inhibitors (0.4: 0.1-1.6), 5-blockers (0.6:
0.1-5.2) and diuretics (0.8: 0.1-4.9) were individually
estimated. The adjusted odds ratios of anti-hyperten-
sives other than CCBs of myocardial infarction were
sirnilar to the crude odds ratios.

COMMENT

The current case—control study was nested within a
‘cohort’ consisting of repeat visitors to Tokyo Univer-
sity Hospital who were prescribed an anti-hyperten-
sive agent at least once between April 1995 and
March 1996 and also at least once between April
1996 and March 1997.

It is difficult to determine whether those repeat visi-
tors with hypertension differ from the hypertensives in
the general population. The condition they have is not
necessarily severe, as many of them came first directly
1o the hospital by themselves, without referral letters.
The patients are also not in any way privileged, as the
medical care fee is officially fixed to be the same
throughout the nation in Japan, and Tokyo University
Hospital does not have any criteria to decline the
patients who want to visit the hospital. However, it
would be prudent not to generalize from the results
of the current study, which were obtained by using
the records from a single hospital, as we do not have
any evidence indicating that the patients are represen-
tative of those in the general population.

Diabetes mellitus is a known risk factor for myocar-
dial infarction,'®!” compatible with our observation
that the fraction of patients with diabetes among cases
was significantly higher than that among controls. Our
results suggest that patients with diabetes were prefer-
entially prescribed a CCB. When the 80 controls were
subdivided into 15 patients with diabetes and 65 with-
out, the fraction of patients prescribed a CCB tended
to be higher among the former than among the latter,
and diabetes mellitus was found to be a confounder in
a multivariate model.

It was probably not a chance observation that the
prescription frequency of a CCB in hypertensives with
diabetes was higher than that in those without diabetes.
For instance, in the Guidelines for the Management of
Hypertension issued in 2000 by the Japanese Society
of Hypertension, a longer-acting dihydropyridine was
recommended as one of first-choice drugs for hyper-
tensive patients with diabetes.'® A similar recommen-
dation had already been made in a widely distributed
monograph on the management of hypertension pub-
lished in 1990, edited by the Ministry of Health and
Welfare and the Japan Medical Association,'

Copyright © 2002 John Wiley & Sons, Ltd,
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In the above two documents published in Japan in
1990 and 2000,'”'® 3 CCB was also shown to be the
drug selected for hypertensives with angina pectoris.
In our study, we individually matched controls te
cases by history of angina, as well as by age and
sex. It was nevertheless possible that angina experi-
enced by the five cases might have been more severe
or more active than that experienced by their 25 con-
trols and this difference might have been associated
with the probability of a patient being prescribed a
CCB. Even for 11 cases and their 55 controls with
no record of a history of angina, it was possible that
a physician had not recorded some manifestation of
angina pectoris (e.g. vague chest pain) in the medical
record. Cases without a recorded history might have
had such a vague manifestation of angina more often
than controls and this difference might have been
associated with the probability of those patients being
prescribed a CCB. However, the observation in our
study that diltiazem was used in none of the cases, °
but in seven of the controls, may make these explana-
tions rather unlikely. In Japan diltiazem has been used
since 1987 and is often selected as a drug for patients
with ischaemic heart disease (THD). For instance, of
our 4131 hypertensive patients set up as a study popu-
lation, 690 of those in the hospital database had a his-
tory of IHD. Of these, 537 (78%) used a CCB during
the period between 1 April 1995 and 31 March 1996.
Among the 3441 patients who-did not have a history
of IHD, 2533 (74%) used a CCB. Diltiazem was used
by 96 of 537 (18%) patients with a history of IHD
while it was used by 201 of 2533 (8%) without a
history of IHD. Similarly, of 54 controls with a CCB
in the current case—control study, diltiazem was used
by five of 21 (24%) controls with a history of angina
and by two of 33 (6%) controls without a history of
angina. One may expect that if any of the 11 cases
without a history of angina had been suspected of
having angina, or any of the five cases with the history
had been suspected to have more severe or more active
angina, a physician might have prescribed diltiazem to
at least some of those 16 cases. However, none of
cases were prescribed diltiazem,

Although this observation may make the explana-
tion for the physician prescribing a CCB preferentially
to a patient with the manifestation of angina, or the
patient with more severe or more active angina, rather
unlikely, it is still strongly suspected that the odds
ratio tended to be high (the crude ratio was 7.0 with
93% CI: 0.9-55.3) due to confounding by indication.
Contrary to our hypothesis, a CCB was not prescribed
indiscriminately, as shown by the prescription
frequency of a CCB in hypertensives with diabetes

Pharmacoepidemiology and Drug Safety, 2002; 11: 487-492
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KEY POINTS

e The prescription frequency of calcium channel
blockers (CCBs) is high in Japan. This may
affect the association between CCBs and
myocardial infarction observed in a previous
case—control study in the USA

e We conducted a case—control study nested
within a small cohort identified by using a
hospital information system in Japan to examine
the relationship of the use of CCBs to
myocardial infarction

@ The crude odds ratio was 7.0 (95% CI: 0.9-55.3)
but the ratio was reduced to 4.9 (0.6-42.4) when
adjusted by diabetes and diastolic blood pres-
sure, suggesting confounding by indication

and/or blood pressure higher than that in those without
these factors, even though these two are known risk
factors for myocardial infarction.'®!7 Although the
difference between the adjusted odds ratio (4.9:
0.6-42.4) of myocardial infarction associated with
the current use of a CCB and the crude odds ratio
(7.0: 0.9-55.3) was not large, it is possible that the
adjustment was incomplete. For example, we used
only one value of blood pressure measured on the last
occasion prior to the observation period, because the
number of blood pressure measurements varied
between patients in the records obtained in day-
to-day clinical practice. Similarly, to adjust the odds
ratio for diabetes, we used a (/1 dichotomous variable
disregarding the severity of diabetes, because infor-
mation such as HbAlc or the blood glucose level
was often not available for non-diabetic patients.
Therefore, the adjusted odds ratio could become smal-
ler if sufficient quantity and quality of data were avail-
able on diabetes, blood pressure and other possible
confounders.

In conclusion, this case-control study conducted
in a Japanese hospital where CCBs were frequently
prescribed to hypertensive patients as in other medical
institutions in Japan,'? indicated that the odds ratio of
myocardial infarction associated with the current use
of a CCB tended to be high in a group of hypertensive
patients. It was, however, not possible to exclude an
odds ratio of 1, or even protective effects of CCBs,
because of the small number of cases. In addition,
results were found to be confounded by diabetes and
diastolic blood pressure and there could be residual
confounding by these two factors and other unmea-
sured confounders that were not taken into account

Copyright © 2002 John Wiley & Sons, Ltd.
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in the results. It may be also prudent not to generalize
the results obtained in this study which used records
from a single study only.
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ESTABLISHMENT OF UNIVERSITY HOSPITAL GUIDELINES
FOR INVESTIGATOR-INITIATED CLINICAL TRIALS
AND COMPENSATION TO SUBJECTS
Yoshihiro Arakawa, Fumihiko Kanai and Masao Omata
Clinical Research Center, University of Tokyo Hospital, University of Tokyo
Key words: Investigator-iriitiated clinical trial, Guidelines, Compensation

To improve the quality of investigator-initiated clinical trials(IT), we adopted ICH-
GCP as a standard. Practical support was started in April 2002 with consultation on the
preparation of protocols, written informed consent forms and IRB application forms.

Support was further extended to the management of investigational drugs, assistance in
obtaining informed consent(at present, in some protocols), support in safety reporting,
preparation of notices to other physicians of patients enrollment in trials ( at present, in
some protocols). We also handle periodical progress reports of individual trials and safety
reports submitted to IRB by principal investigators.

An institutional guideline, an SOP, application forms, a manual for preparation of proto-
cols and a manual for preparation of written informed consent forms were drafted, im-
proved while applied, and finally approved by IRB. Rules were also made to supply medical
treatment of health injuries arising from the trials at the expense of the hospital.

More than 20 protocols were so far supported. The following issues need to be solved in
future: 1) education of clinical research, 2) priority among items to be supported by CRC,
3} method for quality assurance, and 4) financial charge to applicants.
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