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Sex Differences in Symptom Phenotypes
Among Patients With Acute Myocardial
Infarction
See Editorial by Cook
BACKGROUND: The diagnosis of acute myocardial infarction (AMI)
is missed more frequently in young women than men, which may be
related to the cognitive psychology of the diagnostic process. Physicians
start the diagnostic process by intuitively recognizing familiar symptom
phenotypes, but little is known about how symptoms combine in
individuals as unique symptom phenotypes. We examined how symptoms
of AMI combine as unique symptom phenotypes in individual patients to
compare the distribution of symptom phenotypes in women versus men.
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METHODS AND RESULTS: The VIRGO study (Variation in Recovery:
Role of Gender on Outcomes of Young AMI Patients) was a multicenter,
observational cohort study of 3501 young adults hospitalized with AMI.
Data were collected on presenting symptoms with standardized interviews
and from medical record abstraction. The number and distribution of
unique symptom phenotypes were compared between women and men.
Because of the 2:1 female-to-male enrollment ratio, women and men
were compared with permutation testing and repeated subsampling.
There were 426 interview-symptom phenotypes in women and 280
in men. The observed difference between women and men of 146
phenotypes was significant, even allowing for the greater enrollment of
women (permutation P=0.004, median difference 110 under the null
hypothesis of no association between sex and phenotype). The repeated
subsample analysis also showed significantly more interview-symptom
phenotypes in women than men (206.8±7.3 versus 188.6±6.0, P<0.001).
Women were more broadly distributed among symptom phenotype
subgroups than men (P<0.001). Similar findings were observed in the
analysis of symptoms abstracted from the medical record.
CONCLUSIONS: Women exhibited substantially more variation in unique
symptom phenotypes than men, regardless of whether the symptoms
were derived from structured interviews or abstracted from the medical
record. These findings may provide an explanation for the higher missed
diagnosis rate in young women with AMI and may have important
implications for teaching and improving clinicians’ ability to recognize the
diagnosis of AMI in women.
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WHAT IS KNOWN
• The diagnosis of acute myocardial infarction is
missed more often in young women, which may
be related to how clinicians intuitively recognize a
diagnosis.
• Possible diagnoses come to mind when experienced clinicians recognize familiar symptom phenotypes, yet how symptoms combine as unique
symptom phenotypes in individual patients is
unknown.

WHAT THE STUDY ADDS
• Using the Variation in Recovery: Role of Gender on
Outcomes of Young AMI Patients study of 3501
young patients with acute myocardial infarction,
we examined how symptoms of acute myocardial
infarction combine as unique symptom phenotypes
in individual patients and compared the distribution
of symptom phenotypes in women and men.
• We found that women had significantly more
symptom phenotypes than men, and symptom
phenotypes were distributed differently in women
and men.
• This finding may have important implications for
teaching and improving clinicians’ ability to recognize the diagnosis of acute myocardial infarction
in women.
Downloaded from http://ahajournals.org by on February 19, 2020

T

he diagnosis of acute myocardial infarction
(AMI) is missed more frequently in women than
men, particularly in women <55 years of age,1
and the explanation for this sex or gender disparity
is unknown. A potential explanation might be related
to the cognitive psychology of how clinicians make a
clinical diagnosis.2–8
Cognitive psychology studies have shown that
experienced physicians begin any diagnostic process
by generating short lists of diagnostic possibilities.5–8
This step of early hypothesis generation is dependent
upon experiential knowledge, where memories of past
experiences are stored in long-term memory as exemplars.9,10 Humans use exemplars to categorize and recognize everyday objects, and clinicians use a similar
process to intuitively recognize a patient with a medical diagnosis.9,10 Because exemplars are memories of
individual phenotypes, greater knowledge about individual symptom phenotypes may be important, and
if symptom phenotypes are different in women and
men, this could help explain the higher rate of missed
diagnosis of AMI in women.
Prior studies have reported that the frequencies of
several AMI symptoms are different in women and men
at the population level.11–19 However, no prior study has
examined how symptoms combine at the individual

level as unique symptom phenotypes and how symptom phenotypes are distributed in women and men.
The Variation in Recovery: Role of Gender on Outcomes
of Young AMI Patients (VIRGO) study prospectively collected detailed information on presenting symptoms
using structured interviews, which provided an opportunity to study how symptoms combine in individuals
as symptom phenotypes.20 The aim of this study was to
examine the variation and sex differences in symptom
phenotypes at the individual level in patients with AMI.

METHODS
Study Population
We performed a secondary analysis of the VIRGO study,
which is the largest prospective observational study to date of
young women and men with AMI (N=3501). The VIRGO study
included young women and men (18–55 years) hospitalized
for AMI in 103 hospitals in the United States and 24 hospitals
in Spain between August 2008 and January 2012.20 Patients
were enrolled using a 2:1 female-to-male enrollment ratio
(n=2349 women; n=1152 men). Details of the study design
and methodology have been reported previously.20 The VIRGO
study obtained institutional review board approval at each participating institution, and patients provided written informed
consent for their study participation. The VIRGO investigators
intend to share study data and are investigating mechanisms
and funding to make this possible. The investigators are currently working on several pilot data-sharing efforts.

Presenting Symptoms
All patients had standardized in-person interviews administered by trained personnel during the index AMI admission.
Patients were specifically asked if they had chest pain, pain
in the jaw, neck, arm, or back, dizziness, indigestion, nausea, palpitations, shortness of breath, sweating, weakness or
fatigue, or confusion. Thus, there were 10 interview symptoms that could combine in individual patients as unique
interview-symptom phenotypes.
Information regarding presenting symptoms was also
abstracted from the medical record, including whether there
was typical chest pain, atypical chest pain, back pain, abdominal pain, other pain, nausea, shortness of breath, fatigue, or
other symptoms. Patients were labeled with typical chest pain
or atypical chest pain if those words were recorded in the
medical record by the treating provider. Under the category
of other symptoms, diaphoresis or sweating was specifically
examined as a particular symptom for this analysis. Thus, there
were 9 abstracted symptoms that could combine in individual
patients as unique abstracted-symptom phenotypes.

Statistical Analysis
Symptoms obtained from the standardized interviews and from
medical record abstraction were analyzed by creating subsets
of patients with unique combinations of symptoms (interview-symptom phenotypes and abstracted-symptom phenotypes). Symptom phenotype subsets were further analyzed in
subgroups categorized by AMI type (ST-segment–elevation
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myocardial infarction [STEMI] and non–ST-segment–elevation myocardial infarction), percutaneous coronary intervention (PCI) status (emergent/urgent PCI and no PCI), by chest
pain type in the abstracted record (atypical and not atypical),
and by presentation time (≤6 hours from the onset of symptoms and >6 hours). The variation and distributions of the
interview-symptom phenotypes and the abstracted-symptom
phenotypes were analyzed using SAS/STAT software, Version
14.3 (SAS Institute, Cary, NC). Because the 2:1 female to male
enrollment ratio in the VIRGO study makes rare phenotypes
more detectable among the female patients, we used 2 analytical approaches to compare women and men: Monte Carlo
permutation tests21 and repeated subsampling.22
For the Monte Carlo permutation analyses, we randomly
permuted the patients’ sexes to generate 99 999 data sets
reflecting the null hypothesis that any differences in the number and distribution of phenotypes were due to the enrollment ratio rather than the effect of sex. Two test statistics,
the difference between the numbers of phenotypes appearing in women and in men and the Pearson χ2, were calculated
for each dataset in the ensemble (ie, the original and all the
permutations for a total of 100 000), creating empirical distributions for significance testing. The median of the empirical
distribution was interpreted as an estimate of the difference
in the number of phenotypes between women and men that
would have been expected due to the enrollment ratio alone,
and the P value was the proportion of the empirical distribution showing a difference as large or larger than the difference in the original data (see the Data Supplement for further
explanation of the Monte Carlo permutation analysis).
For the repeated subsampling analyses, 100 000 subsamples of 500 women and 500 men were randomly generated. Subsamples of 400 were used to analyze the smaller
subgroups. The numbers of distinct phenotypes in each subsample of women and men were compared with Student t
test (with Satterthwaite correction for unequal variances).
Logistic regression was performed on the repeated subsamples to determine if the number of symptoms in a phenotype predicted whether a phenotype was unique to either
women or men.
Patient distributions across the subgroups were compared
in women and men using chi-square analysis. The symptom counts in women and men were compared using the
Wilcoxon-Mann-Whitney rank-sum test.

RESULTS
There were 2349 women and 1152 men in the VIRGO
study. Of the women, 76% were white, 19% were
black, and 6% other, as compared to men, in whom
83% were white, 10% were black, and 7% other
(P<0.001). Eight percent of both women and men were
Hispanic. The average number of interview symptoms
per patient was higher in women than men (4.3±2.3,
median 4, versus 3.9±2.1, median 3, P<0.001). The
average number of abstracted symptoms per patient
was also higher in women than men (2.7±1.4, median
3, versus 2.6±1.4, median 2, P=0.038). The frequencies at the population level of the interview symptoms

and the abstracted symptoms have been previously
reported and are listed in Table 1.15 There were 488
unique interview-symptom phenotypes and 274 unique
abstracted-symptom phenotypes among all patients in
our analysis.

Sex Differences in Symptom Phenotypes
There were 426 interview-symptom phenotypes in
women and 280 in men. The observed difference
between women and men of 146 phenotypes was
significant, even allowing for the greater enrollment
of women (permutation P=0.004, median difference
of 110 under the null hypothesis of no association
between sex and phenotype).
The repeated subsample analysis also showed significantly more interview-symptom phenotypes in women
(206.8±7.3) than men (188.6±6.0, P<0.001). The distribution of the number of interview-symptom phenotypes in women and men from repeated subsampling is
shown in Figure 1.
Women were more broadly distributed in interviewsymptom phenotype subgroups than men. Of the
2349 women, 942 (40%) were in one of the 25 most
common interview-symptom phenotype subgroups,
and of the 1152 men, 535 (46%) were in one of the
25 most common interview-symptom phenotype subgroups (P<0.001). The top 25 most frequent interviewsymptom phenotypes for women and men are listed
in Table 2. The top 2 interview-symptom phenotypes
were the same in women and men (chest pain alone
and chest pain with jaw, neck, arm, or back pain), 6
were different in women and men, and the remaining
17 were the same in women and men, but in different
order of frequency.
Repeated subsampling analysis revealed that
46.9±2.6% of interview-symptom phenotypes constituting 25.8±2.2% of women were only present
in women and not present in men, and 41.8±2.7%
of interview-symptom phenotypes constituting
21.4±2.1% of men were present in men and not present in women. Logistic regression revealed that the
probability of overlap of interview-symptom phenotypes in women and men decreased with the number of symptoms in the phenotypes; the odds ratios
accompanying a one-symptom increase were 0.845
(95% CI 0.845–0.846) for women (P<0.001) and
0.944 (95% CI 0.944–0.945) for men (P<0.001).
There were 244 abstracted-symptom phenotypes
in women and 154 in men. The observed difference of 90 phenotypes was significant (permutation
P=0.004, median difference of 62 under the null
hypothesis of no association between sex and phenotype). Repeated subsampling analysis also showed
more abstracted-symptom phenotypes in women
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Of the 2349 women, 1167 (50%) were in one of the
10 most common abstracted-symptom phenotype subgroups, and of the 1152 men, 670 (59%) were in one
of the 10 most common abstracted-symptom phenotype subgroups (P<0.001). The top 10 most frequent
abstracted-symptom phenotypes for women and men
are shown in Table 3. The top 2 abstracted-symptom
phenotypes were the same in women and men (typical
chest pain alone and typical chest pain with shortness
of breath), 2 were different in women and men, and
the remaining 6 were the same in women and men but
in different order of frequency.
Repeated sampling analysis revealed that 46.2±3.3%
of the abstracted-symptom phenotypes constituting 14.9±1.7% of the women were only present in
women and not present in men, and 37.0±3.7% of
the abstracted-symptom phenotypes constituting
9.8±1.5% of men were present only in men and not
present in women. Logistic regression revealed that the
probability of overlap of abstracted-symptom phenotypes in women and men decreased with the number
of symptoms in the phenotypes; the odds ratios accompanying a one-symptom increase were 0.661 (95% CI,
0.661–0.662) for women (P<0.001) and 0.624 (95%
CI, 0.624–0.625) for men (P<0.001).

Table 1. Frequencies at the Population Level of Interview Symptoms
and Abstracted Record Symptoms in Women and Men
Interview Symptoms

Women (%)

Men (%)

P Value

Chest pain

86.8

89.7

0.015

Jaw/neck/arm/back pain

60.6

53.5

<0.001

Dizziness

28.4

25.4

0.068

Indigestion

30.0

26.6

0.034

Nausea

46.4

32.2

<0.001

Palpitations

17.8

11.5

<0.001

Shortness of breath

50.7

45.0

0.002

Diaphoresis

53.0

55.0

0.247

Weakness/fatigue

43.8

38.9

0.006

Confusion

11.4

10.4

0.400

Typical chest pain

77.2

83.3

<0.001

Atypical chest pain

19.7

14.1

<0.001

Back pain

16.5

10.2

<0.001

Abdominal pain

4.9

3.6

0.072

Other pain

19.9

19.9

0.975

44.6

34.9

<0.001

44.1

43.7

0.824

 Fatigue

11.4

10.0

0.201

 Diaphoresis

28.9

37.5

<0.001

Abstracted symptoms

 Nausea
Shortness of breath

The distribution of women and men in subgroups is
shown in Table 4. Women were more likely to have a
non-STEMI (P<0.001), less likely to receive emergent
or urgent PCI (P=0.006), more likely to have atypical
chest pain (P<0.001), and more likely to have a delay
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Subgroup Analysis

(121.4±5.9) than men (103.8±4.8, P<0.001). The
distribution of the number of abstracted-symptom
phenotypes in women and men from repeated subsampling is shown in Figure 2.
Women were more broadly distributed in the
abstracted-symptom phenotype subgroups than men.

4

Figure 1. Distribution of the number of
interview-symptom phenotypes in women
and men from 100 000 subsamples using a
bootstrap sample size of 500.
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Table 2.

Top 25 Interview-Symptom Phenotypes and the Frequency of Each Phenotype Among Women and Men.
Women

Men

Phenotype

%

Phenotype

%

Downloaded from http://ahajournals.org by on February 19, 2020

1

Chest pain

6.0

Chest pain

7.3

2

Chest pain, Jaw/neck/arm/back pain

4.1

Chest pain, jaw/neck/arm/back pain

5.4

3

Chest pain, shortness of breath

2.6

Chest pain, jaw/neck/arm/back pain, diaphoresis

3.7

4

Chest pain, jaw/neck/arm/back pain, diaphoresis

1.9

Chest pain, diaphoresis

3.7

5

Chest pain, diaphoresis

1.7

Chest pain, shortness of breath

2.8

6

Chest pain, jaw/neck/arm/back pain, shortness of breath

1.6

Chest pain, jaw/neck/arm/back pain, shortness of breath

2.4

7

Chest pain, dizziness, nausea, jaw/neck/arm/back pain,
shortness of breath, diaphoresis, weakness/fatigue

1.5

Chest pain, nausea

1.8

8

Chest pain, nausea, jaw/neck/arm/back pain

1.5

Chest pain, nausea, diaphoresis

1.6

9

Chest pain, dizziness, indigestion, nausea, jaw/neck/
arm/back pain, palpitations, shortness of breath,
diaphoresis, weakness/fatigueness/fatigue

1.3

Chest pain, nausea, jaw/neck/arm/back pain,
diaphoresis

1.4

10

Chest pain, nausea, jaw/neck/arm/back pain,
shortness of breath, diaphoresis

1.3

Chest pain, jaw/neck/arm/back pain, shortness of
breath, diaphoresis

1.4

11

Chest pain, nausea, jaw/neck/arm/back pain,
diaphoresis

1.3

Chest pain, shortness of breath diaphoresis

1.3

12

Jaw/neck/arm/back pain

1.3

Chest pain, indigestion, jaw/neck/arm/back
pain, shortness of breath diaphoresis, weakness/
fatigueness/fatigue

1.1

13

Chest pain, nausea, diaphoresis

1.2

Chest pain, nausea, jaw/neck/arm/back pain

1.1

14

None

1.2

Chest pain, jaw/neck/arm/back pain, shortness of
breath, diaphoresis, weakness/fatigueness/fatigue

1.1

15

Chest pain, dizziness, indigestion, nausea, jaw/neck/
arm/back pain, palpitations, shortness of breath,
diaphoresis, weakness/fatigueness/fatigue, confusion

1.2

Chest pain, diaphoresis, weakness/fatigueness/fatigue

1.1

16

Chest pain, shortness of breath, diaphoresis

1.2

Chest pain, indigestion, jaw/neck/arm/back pain

1.0

17

Chest pain, indigestion, nausea, jaw/neck/arm/back
pain, shortness of breath, diaphoresis, weakness/
fatigueness/fatigue

1.1

Chest pain, dizziness, indigestion, nausea, jaw/neck/
arm/back pain, shortness of breath, diaphoresis,
weakness/fatigueness/fatigue

1.0

18

Chest pain, nausea

1.1

Chest pain, dizziness, jaw/neck/arm/back pain,
shortness of breath, diaphoresis, weakness/
fatigueness/fatigue

1.0

19

Chest pain, jaw/neck/arm/back pain, shortness of
breath, diaphoresis

1.1

Chest pain, nausea, jaw/neck/arm/back pain,
shortness of breath, diaphoresis, weakness/
fatigueness/fatigue

1.0

20

Chest pain, jaw/neck/arm/back pain, shortness of
breath, weakness/fatigueness/fatigue

1.1

Chest pain, jaw/neck/arm/back pain, shortness of
breath, weakness/fatigueness/fatigue

1.0

21

Chest pain, dizziness, nausea, jaw/neck/arm/back
pain, palpitations, shortness of breath, diaphoresis,
weakness/fatigueness/fatigue

1.0

Chest pain, jaw/neck/arm/back pain, weakness/
fatigueness/fatigue

1.0

22

Chest pain, indigestion, jaw/neck/arm/back pain

1.0

Chest pain, dizziness, indigestion, nausea, jaw/neck/
arm/back pain, palpitations, shortness of breath,
diaphoresis, weakness/fatigueness/fatigue, confusion

0.9

23

Chest pain, nausea, jaw/neck/arm/back pain,
shortness of breath, diaphoresis, weakness/
fatigueness/fatigue

1.0

Chest pain, dizziness, diaphoresis

0.9

24

Chest pain, jaw/neck/arm/back pain, weakness/
fatigueness/fatigue

1.0

Chest pain, shortness of breath, diaphoresis,
weakness/fatigueness/fatigue

0.9

25

Chest pain, nausea, jaw/neck/arm/back pain,
diaphoresis, weakness/fatigue

0.9

None

0.9

from the onset of symptoms to presentation of >6
hours (P<0.001).
As shown in Table 4, permutation analysis revealed
that there were significantly more interview-symptom

phenotypes in women than men among patients with
STEMI (P<0.001), among patients who received PCI
(P=0.007), among patients who did not have atypical
chest pain (P=0.002), and among patients without a
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Figure 2. Distribution of the number of
abstracted-symptom phenotypes in women
and men from 100 000 subsamples using a
bootstrap sample size of 500.
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presentation delay of >6 hours (P=0.008). There were
significantly more abstracted-symptom phenotypes
in women than men among patients with non-STEMI
(P<0.001) among patients who received PCI (P=0.004)
and who did not receive PCI (P=0.046), and among
patients with a presentation delay of greater than 6
hours (P=0.008).
Further subgroup analyses of mortality, race, and
ethnicity were unrevealing. The 30-day mortality was
0.6% in women and 0.7% in men (P=0.61). Permutation analysis did not reveal a significant difference
in the number of phenotypes in women and men in
the smaller subsets of those who died, blacks, or Hispanic patients.

DISCUSSION
To our knowledge, this is the first study to investigate
how specific symptoms of AMI combine in individual
patients as unique symptom phenotypes and how
symptom phenotypes are distributed in women and
men with AMI. Prior studies of patients with AMI have
reported how symptoms of AMI are distributed at the
population level but have not examined how symptoms
combine at the individual level as unique symptom phenotypes.11–19 The VIRGO study collected detailed information about presenting symptoms, which provided
an opportunity to analyze symptom phenotypes and
compare the distribution of symptom phenotypes in
women and men.
Analysis of both the interview-symptom phenotypes
and the abstracted-symptom phenotypes revealed

that women had significantly more symptom phenotypes than men. Women were more broadly distributed among a larger number of symptom phenotype
subgroups than men, and women had a higher number of symptoms per patient than men. A substantial
number of the interview-symptom phenotypes and
the abstracted-symptom phenotypes occurred only in
one sex or the other. The amount of overlap of phenotypes in women and men decreased as the number
of symptoms in those phenotypes increased, showing
that patients with a greater number of symptoms were
more likely to have a symptom phenotype that was
unique to one sex or the other.
Women tended to have a greater number of interview-symptom phenotypes and abstracted-symptom
phenotypes than men in subgroup analysis by AMI
type, PCI status, type of chest pain, and presentation
delay. Differences in some subgroups were not significant, however, which may have been due to a higher
number of rare phenotypes in both sexes in those subgroups. A higher number of rare phenotypes would be
expected to increase the median difference in phenotypes between women and men under the null, which
occurred in the non-STEMI, no PCI, atypical chest pain,
and delayed presentation subgroups. Interestingly, the
subgroups where the differences were not significant
were those where the diagnosis of AMI tends to be clinically ambiguous in both sexes. The subgroup analysis
of the abstracted-symptom phenotypes showed a significant or near significant difference between women
and men in all subgroups.
Mortality was very low in the VIRGO registry likely
because the registry selected patients who were healthy
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Table 3.

Top 10 Abstracted-Symptom Phenotypes and the Frequency of Each Phenotype among Women and Men
Women

Men

Phenotype

%

Phenotype

%

1

Typical chest pain

16.6

Typical chest pain

20.4

3

Typical chest pain, shortness of breath

6.1

Typical chest pain, shortness of breath

6.4

3

Typical chest pain, nausea

5.9

Typical chest pain, diaphoresis

5.3

4

Typical chest pain, nausea, shortness of breath

4.9

Typical chest pain, shortness of breath, diaphoresis

5.3

5

Typical chest pain, nausea, shortness of breath, diaphoresis

4.0

Typical chest pain, nausea, diaphoresis

4.6

6

Atypical chest pain

3.5

Typical chest pain, nausea

4.2

7

Typical chest pain, nausea, diaphoresis

3.0

Typical chest pain, nausea, shortness of breath

3.6

8

Typical chest pain, shortness of breath, diaphoresis

2.4

Typical chest pain, nausea, shortness of breath, diaphoresis

3.5

9

Typical chest pain, diaphoresis

2.3

None

3.1

10

Typical chest pain, back pain

1.9

Typical chest pain, other pain

2.6
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enough to participate in the interviews. The 30-day
mortality was not significantly different in women and
men, and the number of those who died was too small
for statistical comparison of phenotype subgroups in
women and men. Thus, the study could not address
the relationship between the symptom phenotypes and
mortality. Similarly, the number of blacks and Hispanics
in the registry was relatively small, and no differences in
the number of phenotypes between women and men
were noted in these small subgroups, likely due to the
statistical limitations.
The greater variability of symptom phenotypes in
women as compared to men could provide a potential explanation for why AMI is missed more frequently
and why treatments for AMI are under-utilized in young
women, as compared to men.1,23 The greater variability
in women could provide a source of confusion and distraction for clinicians when trying to discern between
diagnostic possibilities. Greater variability also may have
contributed to the finding that women were more likely

to have a delay from the onset of symptoms to presentation in VIRGO.
Implicit gender bias could be another explanation
for why the diagnosis of AMI is missed more often in
women.24,25 Also, the lower prevalence of AMI in women, particularly younger women, could be an additional
explanation if it causes clinicians to mistakenly disregard AMI as a plausible diagnosis.2,26,27 Implicit bias or
distorted probability estimates could play a role, but our
findings suggest the additional possibility of a cognitive
psychology explanation for why AMI is underdiagnosed
in young women.
Among both women and men, there was considerable variation in symptom phenotypes, and the number of symptom phenotypes obtained from the standardized interviews was substantially higher than the
number of symptom phenotypes abstracted from the
medical record. It is possible that physicians heuristically
work to simplify and combine data elements in the process of taking and recording a patient history.4,28 It is

Table 4. Distribution of Women and Men in Subgroups and Permutation Analysis of Interview-Symptom Phenotypes and Abstracted-Symptom
Phenotypes in Subgroups
Distribution of Patients

Permutation Analysis of InterviewSymptom Phenotypes
Difference
Under the
Null

Permutation Analysis of AbstractedSymptom Phenotypes
Difference
Under the
Null

P Value

Women

Men

Observed
Difference

P Value

Observed
Difference

STEMI (n=1811, 52%)*

1126 (48%)

685 (59%)

101

62

<0.001

46

36

0.15

NSTEMI (n=1690, 48%)

1223 (52%)

467 (41%)

141

131

0.204

98

69

<0.001

PCI (n=2650, 79%)†

1743 (77%)

907 (81%)

123

91

0.007

83

56

0.004

No PCI (n=715, 21%)

509 (23%)

206 (19%)

111

98

0.097

54

42

0.046

No atypical chest pain (n=2788, 82%)*

1887 (80%)

990 (86%)

130

92

0.002

…

…

…

Atypical chest pain (n=624, 18%)

462 (20%)

162 (14%)

108

103

0.287

…

…

…

Presentation delay ≤6 h (n=2022, 58%)*

1290 (55%)

732 (64%)

106

76

0.008

55

41

0.072

Presentation delay >6 h (n=1466, 42%)

1050 (45%)

416 (36%)

117

112

0.343

87

65

0.008

Subgroup

NSTEMI indicates non–ST-segment–elevation myocardial infarction; PCI, percutaneous coronary intervention; and STEMI, ST-segment–elevation myocardial infarction.
*Subgroups were not independent of sex (P<0.001).
†Subgroups were not independent of sex (P=0.006).
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also possible that the interviewers were more diligent
and complete than clinicians in recording symptoms. It
is also possible that the patients were led to be more
expansive in their descriptions of their presenting symptoms during the interview than they were during the
initial interview by front-line clinicians. Nevertheless,
the differences between women and men in the number of phenotypes persisted, whether taken from the
standardized interview or abstracted from the medical
record.
It is not possible to determine from our study why
women show substantially greater variability in symptom phenotypes than men. It is known that there are
differences between women and men in the underlying pathophysiology of AMI.29,30 Women, for example,
are more likely than men to have coronary erosion and
spontaneous coronary dissection as the pathophysiological mechanism for AMI.30 Patients with STEMI
and patients who received PCI would be expected to
have a common vascular mechanism for AMI. In these
subgroups, women had a higher number of phenotypes, suggesting that the vascular mechanism of AMI
was an unlikely explanation for the greater number of
phenotypes in women. It is also possible that there are
biological differences that determine how symptoms,
particularly ancillary symptoms of AMI, such as nausea, are manifested in women and men. In addition,
societal or psychological differences in gender expectations or expression may cause women to express their
symptoms differently than men.31 Finally, it is possible
that interviewers perceive and record symptoms differently depending on whether the patient is a woman or
a man. The latter possibility is unlikely given the focus
of the VIRGO study and the rigorous standards of the
standardized interview process.
A strength of our study is that we systematically
collected data about symptoms using structured interviews with each patient during the index hospitalization. These data were recorded with consistency using
direct as well as open-ended questions. A limitation of
this analysis is that the registry does not include a control group of patients without the diagnosis of AMI.
It would be interesting to compare symptom phenotypes in patients with and without the established
diagnosis of AMI. It should be noted, however, that
in practical terms, a control group of patients without
AMI could be difficult to discern. To identify a control
group without an AMI diagnosis would require defining
every diagnostic encounter relevant to the diagnosis of
AMI. Identifying all relevant diagnostic encounters has
been notoriously difficult in the past for investigators
interested in calculating diagnostic error rates.32,33 Even
though we are restricted in this analysis to only patients
with the established diagnosis of AMI, the comparison
of women to men within the class of patients with AMI

nonetheless provides novel information about the sex
differences in the diagnosis of AMI.
Numerous studies, including prior reports from the
VIRGO study, have shown that the frequencies of specific symptoms such as chest pain or nausea are different in women and men with AMI.11–19 These studies
have raised awareness regarding the differences in how
women and men present with AMI. These studies have
reported differences between women and men at the
population level. Knowledge of how symptoms combine at the individual patient level should stimulate educators to reexamine how we teach learners to make a
clinical diagnosis.34–36 Textbooks often present classic or
prototypical examples of diseases rather than an array
of exemplars,37,38 and prototypes may not give learners and clinicians an appreciation of variation in disease
presentation in women and men. Prototypical descriptions of AMI are often images of men, which may be
misleading, given that the range of AMI phenotypes
(and their exemplars) is different in women and men.
Prototypical examples of feature combinations derived
from populations where men predominate could actually be stereotypical and misleading for diagnosing AMI
in women. Interestingly, the classic prototypical description of AMI that includes the combination of chest pain,
radiation, shortness of breath, and diaphoresis occurred
as a unique phenotype in only 1% of VIRGO patients,
with the remainder of patients in the VIRGO study having 487 other interview-symptom phenotypes. Clearly,
learners should be taught to recognize that there is a
great deal more variation in the presentation of symptoms among patients with AMI than is represented by a
single prototypical combination of symptoms. Teaching
a thorough understanding of the extent of phenotypic
variation and sex differences in symptom phenotypes
could result in an improvement in the quality of diagnosis and a reduction in sex or gender disparities in the
diagnosis and treatment of AMI.
In summary, we have demonstrated marked variation
in the symptom phenotypes of patients with AMI. We
have also demonstrated that women exhibit substantially more variation than men, regardless of whether
the symptoms were derived from structured interviews
or abstracted from the medical record. These findings
may have important implications for how we teach and
could help clinicians improve their ability to recognize
the diagnosis of AMI in women.
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