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infarction (MI)] in diabetic patients is reported to be independently associated with an increased risk of
fatal MI. However, the incidence rate of silent Ml in diabetic patients has yet to be clarified. We sought to
determine the incidence rate of first symptomatic MI and silent MI in diabetic patients.

Methods: We conducted a prospective cohort study on patients enrolled in the Japanese primary
prevention of atherosclerosis with aspirin for diabetes (JPAD) trial which was started in 2002. It is a
randomized controlled trial to examine the efficacy of low-dose aspirin therapy for the primary
prevention of atherosclerotic events in type 2 diabetic patients. No patients had Q waves in their ECG

Primary prevention before entry to the JPAD trial. We followed-up 1825 patients until July 2015 after completion of the JPAD
Electrocardiogram trial in 2008. The median follow-up period was 10.3 years. We collected 1648 patients’ ECGs to identify
Myocardial infarction patients with silent MI.

Results: Symptomatic Ml occurred in 65 patients and silent MI occurred in 22 patients. The incidence rate
of symptomatic MI was 4.26 per 1000 patient-years and 1.44 for silent MI in diabetic patients. Thus, 25%
of total Mls were silent. Cause-specific Cox proportional hazard model indicated that age (hazard ratio
1.06, 95% confidence interval; 1.03-1.10, p = 0.0004) and long history of diabetes (1.00,1.01-1.07,p = 0.01)
were independently associated with symptomatic MI, but these were not associated with silent MI.

Conclusions: We demonstrated that incidence rate of first silent MI and that proportion of silent MI to all
MiIs was 25% in diabetic patients without a history of atherosclerotic events. Diabetic patients frequently

need ECG screening for detection of silent MI.
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Introduction

Cardiovascular disease is a major cause of death in the diabetic
population. Patients with diabetes have an estimated two- to four-
fold increased risk of developing cardiovascular disease [ 1]. Adjust-
ing for other risk factors, a 1% increase in HbA1c is associated with
an 18% increase in risk of cardiovascular events [2] and a 12% to 14%
increased risk of death [3].

It was reported that there were 20% of patients who presented
with atypical symptoms and 80% of patients with typical
symptoms in patients with symptomatic myocardial infarction
(MI) [4].

A resting electrocardiogram (ECG) remains a simple and
inexpensive component of recommended routine cardiovascular
risk assessment in diabetes mellitus [5]. Silent Ml is defined as the
presence of pathological Q waves in the absence of a history of
typical cardiac symptoms. Silent Ml is one of the abnormalities that
can be detected through ECG screening. The prevalence of silent MI
in patients with diabetes has been recognized for decades. The
silent MI was reported in the Framingham study which was based
on 34 years of follow-up of 5070 participants [6-10]. In this series,
silent MI represented 26% and 34% of all MIs (silent + symptomat-
ic) in men and women, respectively. The proportion of silent MI
ranges from 22% to 44% [11]. However, there are few data on the
incidence rate of silent Ml in patients with type 2 diabetes mellitus.

We have sought to determine the incident rate and the
proportion of first silent MI to all MIs in type 2 diabetic patients
without a history of atherosclerotic events on the
basis of resting ECG reading taken routinely throughout the study
period.

Methods

This study was a prospective cohort study on patients
enrolled from the Japanese primary prevention of atherosclero-
sis with aspirin for diabetes (JPAD) trial, a randomized controlled
trial to examine the efficacy of low-dose aspirin therapy for the
primary prevention of atherosclerotic events in type 2 diabetic
patients [12]. The JPAD trial was conducted from December
2002 through April 2008 at 163 institutions throughout Japan,
which enrolled 2536 patients with type 2 diabetes mellitus
without a history of atherosclerotic disease. No patients had Q
waves in their ECG. The study protocol was in agreement with
the ethics committee guidelines of our institutions and complied
with the Declaration of Helsinki. The institutional review board
of each participating hospital approved this trial, and written
informed consent was obtained from each patient. Because
1825 people agreed to follow-up survey after completion of the
JPAD trial in 2008, we continue to follow-up the patients, as a
cohort study (Fig. 1). Standard 12-lead ECGs supine at rest were
obtained. ECGs were recorded with a calibration mark in
millivolts and paper speed was marked on each trace, against
which standardized measurements could be made. ECGs
performed during the study period were read according to the
Minnesota ECG code [13] by physicians of hospital or clinic doing
patient care. The follow-up ECG data were collected in 2013 and
2015. A diagnosis of symptomatic MI during the study period
required at least two of three criteria: ECG changes, ischemic
symptoms, and raised cardiac enzymes. Q waves were defined as
present when duration exceeded 0.03 s and in the absence of
right or left bundle branch block or ventricular pacing. They were
defined as new if absent from baseline or previous ECGs and as
diagnostic of silent MI in the absence of a preceding clinical
history of MI or unstable angina during the study period. ECGs
that were suspected Q waves were forwarded to the independent
committee consisting of cardiologists. An independent commit-

JPAD Trial ————>JPAD Cohort Study ——>
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Fig. 1. JPAD trial and JPAD cohort participants sample size. The Japanese primary
prevention of atherosclerosis with aspirin for diabetes (JPAD) trial was a
randomized controlled trial to examine the efficacy of low-dose aspirin therapy
for the primary prevention of atherosclerotic events in type 2 diabetic patients. The
JPAD trial was conducted from December 2002 through April 2008 at
163 institutions throughout Japan, which enrolled 2536 patients with type
2 diabetes mellitus without a history of atherosclerotic disease. After completion of
the JPAD trial in 2008, we continue to follow-up the patients, as JPAD cohort study
consisting of 1825 patients. ECG, electrocardiogram.

tee validated the ECGs whether they had Q wave without
knowing patient characteristics.

Statistical analyses

Continuous variables were expressed by means and SD, and
compared by ANOVA between groups. Categorical variables were
expressed by number and percent, and compared by chi-square
test between groups. Patients lost to follow-up were censored at
the point of their last hospital visit. Incidence rates were calculated
by number of events divided by the patient-years in the cohort.
Cumulative incidence curves of MI events were estimated by the
Kaplan-Meier method. Cox proportional hazard models were
developed to estimate cause-specific hazard ratios (HRs) of
potential risk factors along with 95% confidence intervals (CIs).
Each model for symptomatic Ml or silent MI had the same potential
risk factors as independent variables but either symptomatic MI or
silent MI was included as dependent variables. We used the data on
patients who provided the ECG data during follow-up for both
models. If the same patient had both symptomatic and silent MI,
the event that occurred first was considered the cause-specific
event. Death, opposite event, or loss to follow-up were treated as
censor. The potential risk factors included age, hypertension,
dyslipidemia, and duration of diabetes before enrollment. We
simultaneously included these factors without model selection.
Missing data were not imputed and we analyzed all data as they
were. A multivariate model was constructed for complete cases
without missing variables in the models. All statistical analyses
were conducted using JMP version 13.1 (SAS Institute Inc, Cary, NC,
USA). Two-tailed p-values of less than 0.05 were considered
statistically significant.

Results
Patient characteristics

A total of 1648 patients’ ECGs were screened by physicians.
Overall mean (SD) age was 64 (10) years; 53% of patients were men
(Table 1). Duration of diabetes was median 7.1 (25-75%) (3.1-12.5)
years and levels of hemoglobin Alc were 7.2 (6.6-8.0) %. The
prevalence of hypertension and dyslipidemia was 58% and 53%,
respectively. Blood pressure was well controlled: mean (SD)
systolic pressure, 135 (15) mmHg; mean (SD) diastolic pressure, 77
(9) mmHg. During the observation periods, the number of all-cause
deaths was 173 (10%) and that of cardiac death was 12 (0.7%).
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Table 1
Baseline characteristics in symptomatic MI, silent MI, and no-MI groups.

35

Characteristics

Symptomatic MI patients (n=65) Silent MI patients (n=22) No-MI patients (n=1561) p-Value No. missing data

Age, mean + SD, yrs 69+10
Male (%) 41 (63)
Current smoker or past smoker (%) 36 (55)
Body mass index, mean + SD, kg/m? 24+3
Hypertension (%) 38 (58)
Dyslipidemia 40 (62)
Systolic blood pressure, mean 4 SD, mmHg 137+16
Diastolic blood pressure, mean + SD, mmHg 75+9
Duration of diabetes (IQR), yrs 8.9 (4.9-15.8)
Hemoglobin Alc (IQR), % 7.5 (6.8-8.6)
Total cholesterol, mg/dl 205 (40)
Triglyceride, mg/dl 149 (82)
High density lipoprotein cholesterol, mg/dl 53 (13)
Creatinine, mg/dl 0.8(0.7-1.0)

Estimated glomerular filtration rate, ml/min/1.73 m?
Diabetic microvascular complication

64.9 (54.6-73.3)

Diabetic retinopathy (%) 7 (11)
Diabetic nephropathy (%) 7 (11)
Proteinuria (%) 14 (23)
Diabetic neuropathy (%) 13 (20)
Dermal ulcer (%) 1(1.5)
Diabetes treatment
Sulfonylureas (%) 39 (60)
a-Glucosidase inhibitors (%) 24 (37)
Biguanides (%) 6(9)
Insulin (%) 14 (22)
Thiazolidines (%) 4 (6)
Treatment for hypertension
Calcium channel blockers (%) 29 (45)
Angiotensin-II receptor blockers (%) 7 (11)
Angiotensin-converting enzyme inhibitors (%) 11 (17)
3-Blockers (%) 6(9)
«a-Blockers (%) 2 (3)
Statins (%) 22 (34)
Nitrate (%) 1(1.5)
Family history
Type 2 diabetes mellitus (%) 22 (34)
Ischemic heart disease (%) 8 (12)
Stroke (%) 15 (23)

66+9 64410 0.001 ©
15 (68) 840 (54) 0.1 0
13 (59) 646 (41) 002 0
26+4 2444 009 3
17 (77) 899 (58) 0.2 0
10 (45) 825 (53) 0.3 0
138+ 15 135+15 04 0
79410 77+9 0.3 0
8.2 (2.7-10.2) 7.0 (3.0-12.4) 0.047 137
7.0 (6.5-7.5) 7.2 (6.6-8.0) 01 0
197 (30) 201 (33) 06 33
160 (65) 130 (79) 0.007 88
46 (10) 56 (15) 0.004 130
0.8 (0.6-1.0) 0.7 (0.6-0.9) 0.0004 12
72.7 (53.3-82.3) 72.9 (60.5-87.6) 0002 12
6 (27) 233 (15) 0.2 0
4(18) 182 (12) 06 0
4(18) 258 (17) 04 25
4(18) 176 (11) 006 0
0(0) 9 (0.6) 06 0
10 (45) 859 (55) 0.5 0
4(18) 538 (34) 0.3 0
2(9) 211 (14) 0.5 0
3 (14) 211 (14) 0.2 0
0(0) 75 (5) 0.5 0
13 (59) 538 (34) 002 0
4(18) 337 (22) 0.1 0
6 (27) 226 (14) 0.2 0
1(5) 105 (7) 0.7 0
1(5) 56 (4) 0.9 0
4(18) 410 (26) 0.3 0
1(5) 15 (0.96) 0.2 0
8 (36) 652 (42) 04 0
1(5) 179 (11) 06 0
6 (27) 340 (22) 0.8 0

MI, myocardial infarction.

Incidence of myocardial infarction

Fifty-one patients’ ECGs that were suspected to have Q waves
were forwarded to the independent committee, then 22 patients’
ECGs were judged to have Q waves. The 29 patients were excluded
from the silent MI patients by various reasons. Seventeen cases did
not meet the criteria of Q wave. Five cases were diagnosed as
symptomatic MI. Three cases’ ECG recorded complete right or left
bundle branch block or pacemaker rhythm. Four cases’ ECGs were
not sent to the committee. Silent MI occurred in 22 patients (1.3%)
and symptomatic Ml occurred in 65 patients (3.9%) during the study

period. On the other hand, MI did not occur in 1561 patients (no-MI
patients). The incidence rate of symptomatic MI was 4.26 per
1000 patient-years while that of silent MI was 1.44 (p < 0.0001).
Thus, 25% of total MIs were silent [1.44/(1.44 + 4.26) = 0.25].

Cumulative incidence of myocardial infarction

During the study period, symptomatic Ml occurred with a constant
frequency (Fig. 2, Left). On the other hand, incidence of silent MI is
increasing in the latter half (Fig. 2, Right). Cumulative incidences at
12 years were 0.0512 in symptomatic MI and 0.0302 in silent MI.

0.10 0.10
0.08 0.08
Qo
£ 0.6 £ 0.06
B B
& 0.04 2 0.04 1
0.021 0.02 -
0.00 =—F—F—F—F—"F—"—T—T————— 0.00 ="
0 730 1460 2190 2920 3650 4380 Days 0 730 1460 2190 2920 3650 4380 Days
Number Number
atrisk 1648 1585 1511 1410 1266 879 118 atrisk 1648 1585 1511 1410 1266 879 118
Incidence Incidence
Rate (%) 0 098 1.75 242 3.06 4.04 5.12 Rate (%) 0 0.18 031 045 097 1.14 3.02

Fig. 2. The incidence rate of MI. Left: The incidence rate of symptomatic MI Right: The incidence rate of silent MI. Cumulative incidences at 12 years were 0.0512 in

symptomatic MI and 0.0302 in silent MI. MI, myocardial infarction.
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Table 2
Potential risk factors for symptomatic and silent myocardial infarction.
Factor Symptomatic MI Silent MI
Hazard ratio (95%ClI)p-ValueHazard ratio (95%Cl)p-Value
Age 1.06 (1.03-1.10) 0.0004 1.02 (0.97-1.07) 0.48
Hypertension 0.91 (0.54-1.57) 0.74  2.39 (0.91-7.46) 0.10
Dyslipidemia 1.39(0.83-2.36) 021  0.70 (0.29-1.68) 0.42
)

Duration of diabetes1.04 (1.01-1.07) 0.01 0.99 (0.93-1.05 0.86

MI, myocardial infarction.

Characteristics of patients with symptomatic and silent myocardial
infarction

The baseline characteristics of symptomatic MI patients, silent MI
patients, and no-MI patients are shown in Table 1. Mean age was
higher in symptomatic Ml patients than silent MI patients and no-MI
patients. The frequency of smoking habits and calcium channel
blocker usage were highest in silent MI patients. The duration of
diabetes was longest in symptomatic MI patients. The other clinical
characteristics such as the gender, body mass index, blood pressure,
frequency of dyslipidemia, diabetic microvascular complications,
and usage of drugs for diabetes were similar among the 3 groups.

Risk factors for symptomatic and silent myocardial infarction

Hazard ratios for MI compared with no-MI for general character-
istics among those having a first symptomatic or silent MI are shown
in Table 2. Cause-specific Cox proportional hazard model demon-
strated that age and duration of diabetes were independently
associated with symptomatic MI, but not with silent MI.

Discussion

Our data demonstrated that symptomatic MI occurred in 65
diabetic patients and silent MI occurred in 22 diabetic patients
without a history of atherosclerotic events in the long-term follow-
up study of median 10.3 years. We demonstrated for the first time
that the incidence rate was 4.26 in symptomatic MI and 1.44 in
silent MI per 1000 patient-years and the proportion of silent MI
was 25% of total MIs in diabetic patients without a history of
atherosclerotic events.

In the Cardiovascular Health Study database, which is based in
four US field centers and is confined to persons 65 years of age or
older (mean age 72.2 years, men 42.1%), 22% of all prevalent Q-
wave infarctions was undetected until entry to the study [14]. The
rate of silent MI and Q-wave infarctions was 3.4% and 15.3% of
study population. The Fremantle Diabetes Study detected silent MI
in 3.9% of patients, 43.9% of all Mls from the data of 1269 patients
(mean age 64.1 years, men 49.2%) with type 2 diabetes mellitus
from a community-based observational study [15]. Silent MI
occurred in 16.6% patients of 1967 diabetic patients (mean age
52 years, men 60%) included in the United Kingdom prospective
diabetes study (UKPDS) [16]. In the action to control cardiovascular
risk in diabetes (ACCORD) cohort that was limited to patients
without history of cardiovascular events and with diabetic patients
as in the JPAD study, ECGs at the time of study entry were analyzed
in the subjects. This study showed that men have higher
prevalence of silent MI on baseline ECG than women (6% vs 4%)
[17]. In the JPAD study, there were no significant differences
between men and women although the incidence rate of silent MI
was 1.4 times higher in men than in women. The rate of silent MI
varies widely for these four studies by the difference of study
population. These data showed the rate of silent MI to study
population at the time of study entry, however, the incidence rate
of silent MI was not able to be detected.

The fenofibrate intervention and event lowering in diabetes
(FIELD) study detected silent Ml in 2.5% of patients, 38.3% of all Mls
over 5 years [18]. The incidence rate of both silent MI and
symptomatic MI were much higher than that in the JPAD study.
This seems to be due to FIELD study involving 21.8% of patients
with a history of cardiovascular disease. In the Reykjavik study,
men living in the Reykjavik area who were born between 1907 and
1934 were selected, and 4 to 20-year follow-up was performed
[19]. This study showed that incidence rate of silent MI was almost
zero up to age 40 years, then increased steeply to more than 3 cases
per 1000 patient-years at age 60 years, and decreased with age
after age 65 years. In the JPAD study, a long-term follow-up study of
median 10.3 years, silent MI was found at a frequency of 1.44 per
1000 patient-years. These two studies were able to detect the
incidence rate of silent MI because of follow-up study, however,
their study populations mainly included non-diabetic patients. To
our knowledge, there are no reports on the incidence rate of silent
MI in patients with diabetes without a history of cardiovascular
events.

Cumulative incidence rate of symptomatic MI occurred with a
constant frequency. On the other hand, incidence of silent MI
increased in the latter half. The increased detection of the Q wave
in the latter half is due to the request for screening ECG in 2013 and
2015 unless recently taken. This fact indicates that verification of
silent MI will be delayed with the current ECG screening frequency.

The risk profile of silent MI patients was not significantly
different from that of symptomatic MI patients in the JPAD study.
In the JPAD study, there were no factors that were independently
associated with the incidence of silent MI. It seems because there
was a small number of incidence of silent MI. Cox proportional
hazards model demonstrated that age and duration of diabetes
were significant predictors for symptomatic MI. It was also shown
that age was independently associated with incidence of symp-
tomatic MI in the FIELD study [18].

This study has several limitations. First, the occurrence of silent
MI was confirmed by the ECG. ECGs were taken regularly at the
discretion of each primary physician. In 2013 and 2015, we collected
and examined the ECGs which were taken in the past. Patients who
did not receive ECG examination recently were recommended to
have one taken, therefore, the incidence of silent Ml increased since
around 2013. The timing of occurrence of silent MI depends on the
timing of ECG measurement, so there is a possibility of ascertain-
ment bias with respect to timing. Second, chronic kidney disease
was a factor for development of silent MI [20]. It was, however, not
included in the multivariate model because the number of events
was small. Third, following past papers, the new appearance of Q
wave was regarded as asymptomatic MI in this study, but there are
myocardial infarctions without Q wave [21], and not all asymptom-
atic MIs can be detected.

In conclusion, this study demonstrated for the first time that
incidence rate of first silent MI and that proportion of silent MI to
all MIs was 25% in diabetic patients without a history of
atherosclerotic events. It is suggested that diabetic patients
frequently need ECG screening for detection of silent MIs to
understand the risk of cardiovascular events.
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