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BACKGROUND: Myocardial infarction is an important cause of morbidity and mortality in both men and women. Atypical or the
absence of symptoms, more prevalent among women, may contribute to unrecognized myocardial infarctions and missed
opportunities for preventive therapies. The aim of this research is to investigate sex-based differences of undiagnosed myo-
cardial infarction in the general population.

METHODS AND RESULTS: In the Lifelines Cohort Studly, all individuals >18 years with a normal baseline ECG were followed from
baseline visit till first follow-up visit (=5 years, n=97 203). Individuals with infarct-related changes between baseline and follow-
up ECGs were identified. The age- and sex-specific incidence rates were calculated and sex-specific cardiac symptoms and
predictors of unrecognized myocardial infarction were determined. Follow-up ECG was available after a median of 3.8 (25th
and 75th percentile: 3.0-4.6) years. During follow-up, 198 women experienced myocardial infarction (incidence rate 1.92 per
1000 persons-years) compared with 365 men (incidence rate 3.30; P<0.001 versus women). In 59 (30%) women, myocardial
infarction was unrecognized compared with 60 (16%) men (P<0.001 versus women). Individuals with unrecognized myocardial
infarction less often reported specific cardiac symptoms compared with individuals with recognized myocardial infarction.
Predictors of unrecognized myocardial infarction were mainly hypertension, smoking, and higher blood glucose level.

CONCLUSIONS: A substantial proportion of myocardial infarctions are unrecognized, especially in women. Opportunities for
secondary preventive therapies remain underutilized if myocardial infarction is unrecognized.
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ngina pectoris exemplifies the typical manifes-
AtAation of symptomatic myocardial ischemia.
considerable number of less characteristic
symptoms can also indicate ischemia. These less typi-
cal symptoms occur more often in women and include
dyspnea, nausea, and fatigue.! These symptoms are
more prone to remain unmentioned by the patient, or
unnoted or misinterpreted by the doctor, with possible
underdiagnoses of myocardial infarction (Ml).! Whether
or not recognized, Ml increases morbidity and mortal-
ity in both men and women,?* with some indications
for increased risk among women.3

Earlier studies suggested that up to 64% of Ml
may not be recognized at their initial presentation.®
Although, absolute numbers of Ml have been reported
to be higher in men®® the proportion of unrecognized
Mls might be larger in women.®’

A major shortcoming of previous studies is that
many reported the prevalence of unrecognized MI®;
prevalence studies are more sensitive to misclassi-
fication and have intrinsic limitations in investigating
risk factors. Another major limitation of previous re-
ports is the date of ascertainment. It remains ques-
tionable whether studies presenting data of decades
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CLINICAL PERSPECTIVE
What Is New?

The current study reports sex-specific inci-
dence rates of unrecognized myocardial infarc-
tion (M) in a more contemporary complete adult
population with a normal reference ECG.

e |t was identified that 30% of Ml in women re-
mained unrecognized compared with 16% of
myocardial infarctions in men, with the greatest
difference between women and men among in-
dividuals aged <60 years.

e As compared with individuals with recognized
MI, individuals with unrecognized myocardial
infarction less often reported specific cardiac
symptoms, and predictors of unrecognized Ml
were mainly hypertension, smoking, and higher
blood glucose level.

What Are the Clinical Implications?

e (Clinicians need to be aware of the high proportion
of unrecognized MI, especially in young women.

e Reducing the number of unrecognized MI might
be challenging but is important as opportuni-
ties for secondary preventive therapies will be
missed.

e Further studies are needed to determine whether
screening for unrecognized MI might be of value
in terms of outcome and cost-effectiveness.

Nonstandard Abbreviations and Acronyms

BMI  body mass index

OR  odds ratio

CVD cardiovascular disease
HDL high-density lipoprotein
LDL low-density lipoprotein

Ml myocardial infarction

ago continue to be representative considering disease,
treatment (reperfusion therapy), lifestyle and disease
risk factors awareness campaigns.8® The more infor-
mative data on incidence'® in the general population
is sparse and limited to selected samples”'"'? or in-
dividuals at increased risk.”®'* The Lifelines Cohort
Study recruited a contemporary adult population
(aged >18 years) of >150 000 participants in The
Netherlands'®'® and included the systematic collec-
tion of serial electrocardiographic evaluations. Here,
we aim to determine the sex-specific incidence rate
of unrecognized Ml in the Lifelines Cohort Study and
describe its sex-specific association with self-reported
symptoms and other potential predictors.
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METHODS

Study Design and Subjects

The study design and rationale of the Lifelines Cohort
Study were described previously in detail.'® Lifelines
is a multi-disciplinary prospective population-based
3-generation cohort study examining the health and
health-related behaviors of 167 729 people living in
the North of The Netherlands. Lifelines uses a broad
range of investigative procedures in assessing the
biomedical, sociodemographic, behavioral, physi-
cal, and psychological factors that contribute to the
health and disease of the general population, with a
special focus on multi-morbidity and complex genet-
ics. Because of data use agreements with Lifelines,
we are unable to make available any data or analysis
materials. The Lifelines Cohort Study was approved
by the medical ethical committee of the University
Medical Center Groningen, The Netherlands. During
the baseline visit all participants signed an informed
consent form for both the baseline and follow-up vis-
its, and provided blood and 24-hour urine samples.
Medication use data were collected in a question-
naire and categorized using the general Anatomical
Therapeutic Chemical Classification System codes.
Participants underwent physical examination and
12-lead ECG. Between baseline and follow-up vis-
its, participants were invited to complete 2 follow-up
questionnaires. At the 5-year follow-up visit, study
personnel collected new blood samples, and sys-
tematically conducted physical examinations and
12-lead ECGs. Participants were asked in the ques-
tionnaires (at baseline and follow-up visit and 2 follow-
up questionnaires) whether they had been hampered
by specific symptoms in the past 7 days. For the
current study, only participants aged >18 years were
included.

Definition of Myocardial Infarction

The baseline and corresponding follow-up ECGs were
initially evaluated automatically by the WelchAllyn
CardioPerfect (version 1.6.2.1105) software. When
automatic evaluation of the ECG was classified as
abnormal (possible M), the ECG was reviewed by
an experienced cardiologist to evaluate for the pres-
ence of any Q wave in leads V2 to V3 >0.02 sec-
onds (s) or QS complex in leads V2 and V3, Q waves
>0.03s and >0.1 mV deep or QS complex in leads I,
I, aVL, aVF, or V4 to VB in any 2 leads of a contiguous
lead grouping (I, avL; V4-Ve; I, lll, aVF), or R waves
>0.04s in V1-V2 and R/S >1 with a concordant posi-
tive T wave in absence of conduction defect.'” An
incident unrecognized Ml (by both the patient and
physician) was defined when a participant had ECG
signs corresponding to Ml at the follow-up 5-year
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examination in absence of self-reported history of Ml
and pathologic ECG signs at the baseline examina-
tion. Conversely, a recognized Ml was defined when
participants answered affirmatively to having expe-
rienced a heart attack since the last time they com-
pleted the Lifelines questionnaire. When there was
no evidence of an infarction (on ECG or question-
naire), participants were randomly selected to gener-
ate an age- and sex-classified reference group, with
3 balanced references for each case. ECGs of the
referents were evaluated by a cardiologist to con-
firm whether the ECG was normal. After evaluation
of both ECGs for the MI and the reference group,
we repeated the matching to have 3 (or 2 when 3
matches was not possible) referents for each con-
firmed unrecognized MI.

Cardiovascular Risk Factors and
Symptoms

We classified the cardiovascular risk factor distribution
based on questionnaires, physical examination, and
blood biomarkers. The operationalization of these vari-
ables has been previously described.'® Self-reported

Sex-Based Differences in Unrecognized MI

symptom frequencies were obtained from baseline
and follow-up questionnaires inquiring whether the
participant had experienced the item of interest dur-
ing the past 7 days and considered present if reported
in >1 days. The Framingham risk score was gener-
ated with age, total cholesterol, smoking, high-density
lipoprotein-cholesterol, systolic blood pressure, self-
reported antihypertensive medication use, and diabe-
tes mellitus.'®

Statistical Analysis

Initially, we determined the age-adjusted sex-specific
incidence rate per 1000 person-years of unrecog-
nized Ml in the general population (Table S1). Thereon,
we evaluated the independent predictors (including
sex-specific reported symptoms) of unrecognized MI
through a nested case-referent approach that can be
consulted in Figure 1.

Additionally, a similar analysis was implemented to
evaluate the independent predictors of recognized Ml
to explore whether the predictors of unrecognized Ml
differ from those of recognized MI. These and further
explorative comparisons between subjects with an

97,203 participants free of
Ml at baseline and with
available:

1. Baseline & Follow-Up

ECG
2. Self reported Ml

27,103 ECG’s abnormal

y

Y

1,380 3:1 matched < >
reference group

460 (possible) new
unrecognized Ml

Y

b

Review confirmation no
infarction

Review by cardiologist

A 4

A

Y

353 3:1 matched

reference group
N: 176 women, 177 men

A
Y

119 new unrecognized Ml
N: 59 women, 60 men

444 new recognized Ml
N: 139 women, 305 men

Figure 1. Flowchart of the study population.

Baseline and follow-up ECGs were available for 97 203 participants. Among these, 460 ECGs were
automatically evaluated as being suspected for an unrecognized myocardial infarction. These
individuals were randomly matched with 3 (or if not possible with 2) referents based on age in years
at baseline and sex. ECGs of both participants with unrecognized myocardial infarction and the
reference group, were reviewed by a cardiologist to validate whether the ECG was pathologic (in
case of unrecognized myocardial infarction) or normal (in case of the reference group). Ml indicates

myocardial infarction.
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unrecognized MI and those with a recognized Ml are
presented in Tables S2 and S3).

Incidence Rate

The cumulative amount of person-years was deter-
mined in strata according to sex and the individuals’
age at baseline: 18 to 29, 30 to 39, 40 to 49, 50 to
59, 60 to 69, 70 to 79 and >80 years. The age- and
sex-specific incidence rates per 1000 person-years
follow-up were calculated as the number of people that
developed the event between the baseline and follow-
up assessment. Incidence rates were expressed per
1000 person-years with corresponding 95% Cls. An
age- and sex-standardized incidence rate was calcu-
lated for the total Lifelines Cohort Study population.
Eventually, this rate was averaged across the weights
of the general population of The Netherlands, based
on the population distribution by age and sex of adults
>18 years (13 060 511) in 2010.

Characterizing Symptoms and Predictors of
Unrecognized Mi

Dichotomous baseline characteristics of individuals
with unrecognized MI, recognized MI, and the matched
reference group (without infarction) are presented as
frequencies and percentages. Continuous variables
are summarized by means and SD or medians and
25th and 75th percentiles, as appropriate. The Chi-
square test was used to compare dichotomous vari-
ables and differences of continuous variables between
groups were evaluated through independent samples t
tests or 2-sample Wilcoxon rank-sum (Mann-Whitney)
tests, as necessary. We examined the interaction of
the sex variable by adding product terms of sex and
each of the cardiovascular risk factors or blood bio-
markers to the logistic regression models. Univariate
logistic regression analyses were performed to deter-
mine the statistical predictors of unrecognized M (bi-
nary outcome variable representing unrecognized M
versus matched control). Subsequently, a backward-
stepwise multiple logistic regression analysis was per-
formed with cutoff for removal set at significance level
0.10 and significance level at 0.05, to determine the
independent predictors of unrecognized MI. As sen-
sitivity analyses, a forward-stepwise multiple logistic
regression was performed, with cutoff for entry set
at a significance level 0.05. Variables significantly as-
sociated with Ml in both the backward- and forward-
stepwise model, were considered to be predictors of
MI. Similarly, univariate and multiple (backward- and
forward-stepwise) logistic regression analyses were
performed on unrecognized MI versus recognized M
to explore latent differences between the predictors of
unrecognized and recognized Ml (Table S3). Two-sided
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P<0.05 were considered to be statistically significant.
All statistical analyses were performed using Stata ver-
sion IC 13, StataCorp, College Station, TX.

RESULTS

Baseline and follow-up ECGs were available for 57 276
women and 39 927 men (Figure 1). Baseline charac-
teristics of women and men with unrecognized MI and
the matched reference group are presented in Table 1.
Additionally, comparative baseline characteristics of
women and men with a recognized MI are presented
in Table S2.

Sex-Based Differences in Unrecognized
and Recognized Myocardial Infarction
During a median follow-up of 3.8 (25th and 75th per-
centiles: 3.0-4.6) years, a total of 139 (0.24%) women
and 305 (0.76%) men reported to having been diag-
nosed with an MI. Based on analysis of ECG changes
of all participants, another 59 women and 60 men were
classified as having an unrecognized MI. A baseline
and follow-up ECG indicative for an unrecognized Ml
is displayed in Figure S1. Calculating the proportion of
unrecognized Ml yields 30% (59/198) for women and
16% (60/365) for men (P<0.001). In the age categories
of 40 to 49 and 50 to 59 years, the difference in pro-
portions between women and men was greatest (43%
versus 17% in the former P=0.001, and 30% versus
11% in the latter, P=0.008). The age distribution of par-
ticipants with recognized MI and unrecognized Ml is
displayed in Figure S2.

The incidence rate of recognized Ml age-standardized
for the general Dutch population was 1.69 (0.84, 3.19) in
women and 2.67 (1.86, 3.95) per 1000 person-years in
men (P<0.001, Figure 2A, Table S1). For unrecognized
MI, the general population adjusted incidence rate per
1000 person-years follow-up was 0.23 (0.14, 1.45) in
women and 0.63 (0.24, 1.52) in men.

Association of Characteristics and
Symptoms of Unrecognized Versus
Recognized Myocardial Infarction
Compared with referents, individuals with unrecog-
nized MI had a higher prevalence of hypertension (52%
versus 37.1%, P=0.004), more frequently smoked (69%
versus 55%, P=0.008) and had higher mean blood glu-
cose levels (5.5+1.4 versus 5.1+0.8, P<0.001, Table 1).
No significant interactions with sex were found for dif-
ferences in baseline characteristics in individuals with
unrecognized Ml versus the reference group.
Comparing individuals with unrecognized Ml to
those with recognized MI, the prevalence of hyperten-
sion (62% versus 60%, P=0.11), diabetes mellitus (8.4%
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Table 1. Baseline Characteristics of Individuals With Unrecognized Myocardial Infarction and the Reference Group
Women Men Sex
Unrecognized Ml Reference Unrecognized MI Reference Interaction P
n=59 n=176 P Value n=60 n=177 P Value Value
Age, mean+SD 54.6 (11.1) 54.5 (11.0) 0.53 56.4 (13.3) 55.9 (13.0) 0.59 0.94
Anthropometry, mean+SD
BMI, kg/m? 271 (4.4) 26.0 (4.7) 0.14 271 (4.3) 26.7 (3.2) 017 017
Heart rate, BPM 69 (11) 69 (11) 0.88 66 (13) 65 (12) 0.98 0.89
Risk factor, % (n)
Hypertension 39.0 (23) 30.7 (54) 0.24 65.0 (39) 43.5 (77) 0.004 0.24
Hypercholesterolemia 20.3 (12) 25.6 (45) 0.42 28.3 (17) 26.0 (46) 0.72 0.40
Diabetes mellitus 6.8 (4) 5.1 (9) 0.63 10.0 (6) 6.8 (12) 0.42 0.88
Active or former smoker 64.4 (38) 551 (97) 0.21 73.3 (44) 54.8 (97) 0.012 0.34
Family health—CVD 8.5 (5) 1.4 (20) 0.55 6.7 (4) 10.7 (19) 0.36 0.80
Framingham risk—10-y 4 (12-30) 10 (4-20) 0.21 6 (10-18) 8 (4-12) 0.07 0.39
risk, median (25th and
75th percentiles)
Blood biomarkers
Triglycerides, mmol/L 1.0(0.7-1.9) 1.0 (0.7-1.3) 0.46 1.4 (1.0-1.9) 1.3 (0.9-1.5) 0.031 0.82
Cholesterol, mmol/L 2 (0.9 5.5 (1.1) 0.12 5.5 (1.1) 5.3(1.0) 0.34 0.07
HDL, mmol/L 6 (0.4) 1.7 (0.4) 0.06 1.2(0.3) 1.3 (0.3 0.025 0.50
LDL, mmol/L 2(0.9) 3.5 (1.0) 013 3.6 (1.0) 3.6 (0.9) 0.72 0.19
Glucose, mmol/L 3(1.8) 5.0(0.7) 0.017 5.7 (1.5) 5.3(0.7) 0.011 0.88
HbA1C (%) 7(0.6) 5.6 (0.4) 0.37 5.8(0.7) 5.7 (0.4) 0.046 0.49
Pharmacotherapy, % (n)
Blood pressure 36.1 (13) 31.3 (36) 0.59 52.8 (19) 48.4 (44) 0.65 0.95
lowering
Cholesterol lowering 8.5(5) 7.4 (13) 0.79 15.0 (9) 14.7 (26) 0.95 0.86
Platelet inhibitors 3.4(2) 17 @) 0.44 11.7.(7) 7.3(13) 0.30 0.85
Self-reported symptoms at baseline or follow-up, % (n)
Dizziness 51.7 (30) 46.8 (81) 0.52 35.6 (21) 33.0 (58) 0.71 0.86
Chest Pain 32.8 (19) 27.9 (48) 0.48 18.6 (11) 29.0 (51) 0.12 0.10
Nausea 431 (25) 39.2 (67) 0.60 37.3(22) 33.0 (58) 0.54 0.95
Dyspnea 241 (14) 25.0 (43) 0.90 23.7 (14) 20.5 (36) 0.60 0.64
Physically weak 241 (13) 19.2 (30) 0.45 25.5(12) 17.4 (25) 0.22 0.71

BMI indicates body mass index; BPM, beats per minute; CVD, cardiovascular disease; HDL, high-density lipoprotein; and LDL, low-density lipoprotein.

versus 9.5%, P=0.72), smoking (69% versus 71%,
P=0.74), and family history of cardiovascular disease,
7.6% versus 12.4%, P=0.14) were comparable (Table
S2). The prevalence of hypercholesterolemia was lower
in individuals with unrecognized Ml compared with
recognized Ml (24% versus 41%, P=0.001). Sex dif-
ferences were only seen for total cholesterol and low-
density lipoprotein levels, which were higher in women
with recognized Ml as compared with men (Table S2).

Frequency of reported symptoms by individuals
across the unrecognized MI, recognized MI and ref-
erence groups at baseline or follow-up are presented
in Table 1 and Table S2. Compared with individuals
with unrecognized MI, individuals with recognized
MI more often reported chest pain (women: 53.3%
versus 32.8% [P=0.009], men: 54.8% versus 18.6%
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[P<0.001]) or dyspnea (women: 48.2% versus 24.1%
[P=0.002], men: 40.2% versus 23.7% [P=0.017]).
Dizziness and nausea were the most commonly re-
ported symptoms in individuals with unrecognized Ml
(61.7% and 43.1% in women and 35.6% and 37.3%
in men, respectively). Notably, compared with refer-
ents, individuals with unrecognized Ml did not signifi-
cantly report more symptoms (Table 1). There were
no significant interactions between sex and reported
symptoms between individuals with recognized Ml
and the reference group (Table 1). However, a dis-
crete trend towards significance was found for the in-
teraction between sex and chest pain was observed,
with a stronger association of chest pain and unrec-
ognized MI in women as compared with men (P for
interaction=0.10).
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Incidence rate per 1000 person years

mm Recognized Ml in Men
B Recognized Ml in Women

Unrecognized Ml in Men

##  Unrecognized Ml in Women

102 47

76 44

113 62 60 34

100- 14 11

N =3
o o
1 1

Y
o
1

Total Ml (%)

S

20+

TETTTTILrIrrree:
-'j-'-'-'
S

B

S

Figure 2.

Incidence rate and proportion of recognized and unrecognized myocardial infarction in men and women.

A, Incidence rate with 95% CI of recognized and unrecognized myocardial infarction (Ml) in men and women. The number of
participants in the age categories is reported below the bars. B, Proportion of recognized and unrecognized Ml in men and women.
Number of total Mls per sex and age category is reported above the bars. Recognized Ml is displayed in plain bars, unrecognized Ml
in checkered bars. Men are in blue and women in pink. Ml indicates myocardial infarction.

Sex-Based Predictors of Unrecognized
Myocardial Infarction

In the univariate logistic regression analyses of unrec-
ognized MI versus the reference group, body mass
index (odds ratio [OR] 1.05, 95% CI, 1.00-1.11), hyper-
tension (OR 1.84, 95% ClI, 1.21-2.80), smoking status
(OR 1.82, 95% ClI, 1.17-2.82), triglycerides (OR 1.37,
95% Cl, 1.05-1.80), high-density lipoprotein (OR 0.48,
95% Cl, 0.27-0.84), glucose (OR 1.41, 95% ClI, 1.14-
1.75), and hemoglobin Alc levels (OR 1.01, 95% Cl,
1.01-2.22) were associated with unrecognized MI. The
multiple logistic regression analyses documented that
only hypertension, smoking status, and blood glucose
levels were predictors of unrecognized Ml (Table 2). The
association between hypertension, smoking status, or
blood glucose level and unrecognized Ml was not dif-
ferent in men and women (P for interaction=0.24, 0.34
and 0.88, respectively, Table 1).

Table S3 presents univariate and multiple logistic
regression analyses for individuals with unrecognized
MI versus recognized MI. Compared with individuals
in the youngest age category (<40 years), individuals in
a middle age category (50-59 years) had significantly
lower odds of unrecognized MI (OR 0.34, 95% ClI,
0.13-0.89). In univariate regression analyses, there was
a stronger association between low-density lipoprotein
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and recognized MI in women as compared with men
(P for interaction=0.028, Table S2), and a borderline
stronger association between hypercholesterolemia
and recognized Ml in women compared with men (P
for interaction=0.06). However, in multiple regression
analyses, these associations did not achieve statistical
significance (Table S3).

DISCUSSION

The Lifelines Cohort Study gives the unique oppor-
tunity to study the incidence and sex-based differ-
ences of unrecognized Ml in a complete contemporary
adult population aged >18 years. In this population, a
substantial part of incident Mls remain undiagnosed.
During 3.8 years of follow-up, 30% of Mls in women
remained unrecognized compared with 16% of Mls in
men. The higher proportion of incident unrecognized
Ml in women is in line with most studies investigating
older study populations.®”'® One study investigating
the prevalence of unrecognized MI in different eth-
nicities, did not report a sex difference.?® Using the
Lifelines data, we were able > to examine European
individuals aged 18 years, and determined that the
proportion of unrecognized M| was especially high in
European women <60 years.
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Table 2. Univariate and Multiple Logistic Regression Analysis for Predictors of Unrecognized Myocardial Infarction vs the

Reference Group

Univariate Logistic Regression Multiple Logistic Regression
P Value Odds Ratio 95% ClI P Value Odds Ratio 95% ClI
Anthropometry
BMI 0.045 1.05 1.00-1.11
Heart rate 0.93
Risk factor
Hypertension 0.004 1.84 1.21-2.80 0.004 2.05 1.26-3.33
Hypercholesterolemia 0.76
Diabetes mellitus 0.35
Active or former smoker 0.008 1.82 117-2.82 0.016 1.75 111-1.78
Family health—CVD 0.28
Blood biomarkers
Triglycerides 0.020 1.37 1.05-1.80
Cholesterol 0.67
HDL 0.011 0.48 0.27-0.84
LDL 0.41
Glucose 0.002 1.41 114-1.75 0.009 1.36 1.08-1.72
HbA1c 0.046 1.49 1.01-2.22

BMI indicates body mass index; CVD, cardiovascular disease; HbAlc, hemoglobin Alc; HDL, high-density lipoprotein; and LDL, low-density lipoprotein.

Individuals with unrecognized Ml are at risk for car-
diovascular events®"?? and mortality?® and identifying
these individuals is important for secondary prevention.
To date, it is not completely clear why a higher propor-
tion of MIs remain unrecognized in women compared
with men. It has been described that lower pain sensi-
tivity is more strongly associated with unrecognized Ml
in women than in men.?* Also, attitude of patients and
general practitioners towards cardiovascular risk may
influence perception of pain and symptoms. Women
less often relate their chest pain to cardiac disease
compared with men.?® Also, public information and
medical training of health professionals have focused on
recognition of male pattern symptoms, leaving women
at greater risk.?® Currently, the impact of cardiovascular
disease on the health status of women is gaining more
recognition and becomes a focus of public education
efforts. A statement by the American Heart Association
highlights the importance of sex differences for devel-
oping strategies to early recognize Ml and to personal-
ize secondary prevention after MI,' which will hopefully
lead to a higher detection rate of Ml in women.

Knowledge on sex-specific symptoms associated
with unrecognized MI might be relevant to improve
early recognition of Ml. In the current study, women
and men with unrecognized Ml less often reported a
typical history of chest pain compared with individu-
als with recognized MI. This suggests the “atypical”
silent nature of unrecognized MI, or an underreport-
ing by the participant when symptoms do not match
expectation and are not linked to MI. Compared

J Am Heart Assoc. 2020;9:e015519. DOI: 10.1161/JAHA.119.015519

with the reference group, individuals with unrecog-
nized MI did not report more (cardiovascular) symp-
toms. It has been described that unrecognized Mls
are often smaller and occur more often because of
coronary microvascular dysfunction instead of large
vessel disease,?” which may contribute to the ab-
sence of symptoms in individuals with unrecognized
MI. Furthermore, both diabetes mellitus and impaired
glucose tolerance forecast unrecognized Ml in el-
derly individuals.?® Diabetic neuropathy is a common
complication associated with diabetes mellitus and
may lead to the absence of symptoms in individu-
als with unrecognized MI.?8 Interestingly, in a study
investigating a population with diabetes mellitus, no
sex differences in the prevalence of unrecognized Ml
were observed.?® It has been reported that men and
women with unrecognized MI more often report a
history of cardiopulmonary symptoms as compared
with referents.®0 In the current study, operationaliza-
tion and quantification of individual symptoms were
based on questions inquiring whether the participant
had experienced these symptoms during the past
7 days. This may have led to an underestimation of
the reported frequency of symptoms and further re-
search is needed for validation of our reported fre-
quencies of symptoms.

Classical cardiovascular risk factors were more prev-
alent in men and women who developed an unrecog-
nized Ml as compared with referents, while there was
no difference in preventive medication use between
these groups. These findings suggest that individuals
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with unrecognized Ml less often are being identified
as at-risk and aware of their risk. Individuals who are
aware of their cardiovascular risk may be more likely to
recognize and report symptoms suggestive of MI than
those who are unaware. Since secondary prevention of
Ml is focused on cardiovascular risk factors, individuals
with recognized MI have a reduced risk for developing
heart failure or a recurrence of M. In contrast, chances
for initiating secondary prevention are missed in those
with unrecognized MI. These individuals are at high risk
of unpredictable cardiovascular disease and could gain
greatly from the use of cardiovascular treatments.

Limitations

Our study has several limitations. First, we used ECG
criteria for the diagnosis of unrecognized MI. ECG crite-
ria for diagnosing unrecognized Ml have been reported
to have low sensitivity.®" However, it is important to
note that these previous studies did not use a baseline
ECG to compare it against. Our study is based on ECG
changes, new Q waves, likely to have a higher sensitiv-
ity and specificity although this has not formally been
assessed. Based on previous comparisons with ECG
and magnetic resonance imaging it is likely that the
reported incidence rates of unrecognized MI may be
an underestimation. Second, our study is limited to Q-
wave Mls. Using the ECG, we were not able to assess
non-Q Mis as well. Incidences of Ml and unrecognized
MI may therefore be higher than reported here. Third,
lead misplacements tend to occur more often in women
than in men because of differences in breast tissue.®?
False positive ECG abnormalities indicating a prior sep-
tal MI, are therefore more likely to occur in women as
compared with men. However, Lifelines research nurses
had strict protocols for placing the ECG leads, which
minimized the chance of such misplacements. Fourth,
self-reported data on the history of Ml were used for dif-
ferentiating between recognized Ml and unrecognized
MI. We are not able to validate the questionnaire against
hospital data. It has been described that the use of
self-reported data might lead to an underestimation of
the disease.3® Fifth, participants of the Lifelines Cohort
Study were of European ancestry. The results may
therefore not be generalizable to other ethnicities. Sixth,
we were not able to replicate the reported findings, since
the Lifelines Cohort Study is the only Dutch study cover-
ing the contemporary complete adult population. Last,
since we used observational data, we are not able to
draw conclusions on causality because of potential un-
measured confounding or reverse causality.

CONCLUSIONS

The incidence rate of unrecognized Ml in the general
population is 0.23 in women and 0.63 in men per
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1000 person-years. A substantial proportion of Mls are
unrecognized, especially in women (30% in women
versus 16% in men). Women and men with unrecog-
nized Ml did not report more symptoms compared
with the referents. Predictors of unrecognized Ml were
classical risk factors, including hypertension (OR 2.05,
95% Cl, 1.26-38.33), smoking (OR 1.75, 95% ClI, 1.11-
1.78), and higher blood glucose level (OR 1.36, 95%
Cl, 1.08-1.72). Opportunities for secondary preven-
tive therapies remain underutilized when MI remains
unrecognized.
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Table S1. Incidence rate of recognized and unrecognized Ml in the total Lifelines population, in men and women and in
different age categories.

MEN WOMEN
Persons years  No. of cases Incidence rate per Persons No. of cases Incidence rate per 1000

1000 person years years person years (95% CI)

(95% CI)

RECOGNIZED MI

All participants 154,309 305 1.98[1.76, 2.21]* 221,295 139 0.63 [0.53,0.74]*
Age (years)

18-29 16,361 1 0.06 [<0.001, 0.34] 27,010 1 0.04 [<0.001, 0.21]
30-39 31,845 6 0.19[0.07,0.41] 44,788 6 0.13 [0.05,0.29]
40-49 55,054 85 1.54[1.23,1.91] 80,162 27 0.34[0.22,0.49]
50-59 27,488 68 2.47 [1.92,3.14] 40,135 31 0.77 [0.52,1.10]
60-69 18,544 96 5.18 [4.19,6.32] 23,256 46 1.98 [1.45,2.64]
70-79 4,643 45 9.69 [7.07,12.97] 5,546 23 4.15 [2.63,6.22]
80+ 375 4 10.67 [2.87,27.31] 398 5 12.56 [4.05,29.32]
UNRECOGNIZED MI

All participants 153,324 60 0.39 [0.30 — 0.50]* 220,979 59 0.27 [0.20 — 0.34]*
Age (years)

18-29 16,360 1 0.06 [<0.001,0.34] 27,007 0 -

30-39 31,845 6 0.18 [0.07,0.41] 44,773 4 0.009 [0.002,0.02]
40-49 54,740 17 0.31 [0.18,0.50] 80,131 20 0.25[0.15,0.39]
50-59 27,243 8 0.29[0.13,0.58] 40,069 13 0.32[0.17,0.55]
60-69 18,255 17 0.93[0.54,1.49] 23,146 16 0.69[0.39,1.12]
70-79 4,508 9 2.00[0.91,3.79] 5,470 5 0.91 [0.29,2.13]
80+ 372 2 5.38 [0.60,19.41] 384 1 2.60 [0.03,14.49]

MI = myocardial infarction, *Incidence rate in de Lifelines population. Standardized incidence rates for the general Dutch population are 2.67 [1.86, 3.95] per
1000 person years in men and 1.69 [0.84, 3.19] in women for recognized myocardial infarction and 0.63 [0.24, 1.52] per 1000 person years in men and 0.23
[0.14, 1.45] in women for unrecognized myocardial infarction.



Table S2. Baseline characteristics of individuals with unrecognized myocardial
infarction and recognized myocardial infarction.

WOMEN MEN Sex
Unrecognized Recognized Unrecognized Recognized P-value Interaction
MI Ml MI Ml P-value
N =59 N =139 N =60 N = 305
Age (mean +/- SD) 54.6 (11.1) 59.2 (11.9) 0.012  56.4 (13.3) 57.7 (11.0)  0.39 0.21
Anthropometry (mean +/-
SD)
BMI (kg/m?2) 27.1 (4.4) 27.2 (4.5) 0.92 27.1 (4.3) 27.5 (3.4) 0.70 0.82
Heart rate (BPM) 69 (11) 70 (3) 0.33 66 (13) 67 (12) 0.46 0.81

Risk factor % (n)

Hypertension 39.0 (23) 56.1 (78) 0.027 65.0 (39) 62.0 (189) 0.66 0.06
Hypercholesterolemia 20.3 (12) 48.9 (68) <0.001 28.3(17) 37.7 (115) 0.17 0.06
Diabetes Mellitus 6.8 (4) 9.4 (13) 0.55 10.0 (6) 9.5 (29) 0.91 0.59
Active or former smoker 64.4 (38) 60.4 (84) 0.56 73.3 (44) 75.1 (229) 0.78 0.57
Family Health — CVD 8.5 (5) 13.0 (18) 0.37 6.7 (4) 12.1 (37) 0.22 0.81
Framingham risk — 10 year 4 (12 - 30) 10 (20-30) 0.013 6 (10 - 18) 12(6-16) 0.32 0.47

risk (median — 25" and 75t
percentiles)
Blood biomarkers

Triglycerides (mmol/L) 1.0(0.7-19) 12(0.9- 0.12 1.4(1.0- 1.3(1.0- 0.40 0.37
1.6) 1.9) 1.9)

Cholesterol (mmol/L) 5.2 (0.9) 5.7 (1.3) 0.016 5.5(1.1) 5.4 (1.1) 0.51 0.026
HDL (mmol/L) 1.6 (0.4) 1.5 (0.4) 0.60 1.2 (0.3) 1.2 (0.3) 0.75 0.56
LDL (mmol/L) 3.2(0.9 3.7(1.1) 0.004 3.6 (1.0 3.6 (1.0) 0.94 0.028
Glucose (mmol/L)t 5.3 (1.8) 5.2 (0.9 0.80 5.7 (1.5) 5.5 (1.1) 0.38 0.78
HbAlc (%) 5.7 (0.6) 5.8 (0.4) 0.35 5.8 (0.7) 5.8 (0.6) 0.86 0.51
Pharmacotherapy % (n)

Blood pressure lowering 36.1 (13) 60.2 (59) 0.013 52.8 (19) 58.9 (109) 0.50 0.18
Cholesterol lowering 8.5 (5) 26.6 (37) 0.004 15.0 (9) 23.3 (71) 0.16 0.08
Platelet inhibitors 3.4(2) 17.3 (24) 0.008 11.7 (7) 14.8 (45) 0.53 0.20

Self-reported symptoms at
baseline or follow-up % (n)

Dizziness 51.7 (30) 60.3 (82) 0.27 35.6 (21) 48.3 (146)  0.07 0.68
Chest Pain 32.8 (19) 53.3 (73) 0.009  18.6 (11) 54.8 (166)  <0.001 0.09
Nausea 43.1 (25) 52.9 (72) 0.21 37.3 (22) 34.1(103) _ 0.64 0.22
Dyspnea 24.1 (14) 48.2 (65) 0.002  23.7 (14) 40.2 (121) _ 0.017 0.53
Physically weak 24.1 (13) 28.3 (34) 0.56 25.5 (12) 29.6 (84) 0.57 0.97

BMI = body mass index, BPM = beats per minute, CVD = cardiovascular disease, HbAlc =
Hemoglobin Alc, HDL = high density lipoprotein, LDL = low density lipoprotein, SD = standard
deviation



Table S3. Univariate and multiple logistic regression analysis for predictors of
unrecognized myocardial infarction versus recognized myocardial infarction.

Univariate logistic regression Multiple logistic regression
P-value Odds ratio  95% ClI P-value Odds ratio 95% ClI

Age group

18-39 years (reference)

40-49 years 0.05

50-59 years 0.005 0.27 0.11-0.68 0.028 0.34 0.13-0.89

60-69 years 0.006 0.30 0.12-0.71

70+ years 0.009 0.28 0.11-0.73

Anthropometry

BMI 0.61

Heart rate 0.49

Risk factor

Hypertension 0.12

Hypercholesterolemia 0.001 0.46 0.29 -0.73

Hypercholeserolemia * Sex*  0.06

Diabetes Mellitus 0.72

Active or former smoker 0.74

Family Health — CVD 0.15

Blood biomarkers

Triglycerides 0.63

Cholesterol 0.32

HDL 0.10

LDL 0.044 0.81 0.67 — 0.99

LDL* Sex* 0.028 0.62 0.40 — 0.95

Glucose 0.74

HbAlc 0.35

BMI = body mass index, ClI = confidence interval, CVD = cardiovascular disease, HbAlc =
Hemoglobin Alc, HDL = high density lipoprotein, LDL = low density lipoprotein *Interaction term with
sex. Values are given for women.



Figure S1. Baseline (A) and follow-up (B) ECG of a Lifelines cohort participant who developed an unrecognized MI. Figure
(A) shows a normal baseline ECG. Figure (B) shows a QS complex in V2-V3 indicative of a previous anterior myocardial
infarction.
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Figure S2. Age distribution of participants with recognized myocardial infarction (green) and unrecognized myocardial
infarction (red). Ml = myocardial infarction, UMI = unrecognized myocardial infarction.
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