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We examine patient gender disparities in survival rates following
acute myocardial infarctions (i.e., heart attacks) based on the
gender of the treating physician. Using a census of heart attack
patients admitted to Florida hospitals between 1991 and 2010, we
find higher mortality among female patients who are treated by
male physicians. Male patients and female patients experience
similar outcomes when treated by female physicians, suggesting
that unique challenges arise when male physicians treat female
patients. We further find that male physicians with more exposure
to female patients and female physicians have more success
treating female patients.
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significant number of life’s outcomes are not determined
through self-advocacy. Instead, they result, at least in part,
from people who advocate for, and act on, a person’s behalf.
Furthermore, people do not always have their choice of advocate, and advocates may differ from those they advocate for in
terms of values, beliefs, background, race, and even gender.
However, distressingly, in the absence of gender concordance
between advocates and those they advocate for—particularly in
instances where men are advocating for women—women have
been found to fare worse than their male counterparts, facing
disadvantages in terms of pay equality (1), ascension to leadership positions (2), educational outcomes (3), legal dispute resolution (4), and even medical treatment (5). In the medical
setting, research suggests that gender discordance may yield
lower rapport and patient satisfaction (6), reduced adherence to
preventative care protocols (7), and weaker patient–physician
communication (8).
These concerns regarding the deleterious effects of gender
discordance are becoming increasingly salient in the presence of
two emerging literatures: a growing body of medical research
suggesting that women are less likely to survive traumatic health
episodes like acute myocardial infarctions (AMIs) and research
examining performance heterogeneity across male and female
physicians. To date, researchers have offered a number of explanations for the gender disparity in AMI survival: Female
patients may have an increased propensity to delay seeking
treatment (9), may present symptoms that differ from men (5, 10,
11), and may be more challenging to diagnose and treat (12). At
the same time, researchers have observed that female physicians
outperform their male counterparts across a variety of conditions
(in terms of mortality and readmission) once potential confounds
(e.g., risk profiles, age, and race) are accounted for (13).
In this work, we posit that gender discordance between physician and patient helps to explain why female patients are less
likely to survive AMIs. A deep body of social science research
explains why individuals often possess in-group biases (14) and
have difficulty communicating effectively with members of social
groups who possess different ascriptive characteristics than their
own (15). Furthermore, extant work in physician–patient communication (8, 16) and patient satisfaction (6) shows that these
www.pnas.org/cgi/doi/10.1073/pnas.1800097115

issues are salient in the medical setting. We posit that these
challenges exacerbate the difficulty of diagnosing and treating
AMIs, such that physician–patient gender concordance contributes to better patient outcomes. We further argue that the
benefits of gender concordance will be strongest for female patients due to the difficulty of diagnosing and treating AMIs in
female patients. We find empirical support for these ideas,
documenting that gender concordance between the patient and
physician influences measurable, substantive outcomes like patient survival and length of stay during an AMI. Furthermore,
this relationship is much stronger for female patients. Results
suggest that medical providers may need to account for the
possible challenges physicians (particularly male physicians) face
when treating AMI patients of the opposite gender.
Materials and Methods
To examine the impact of gender match between patient and physician
during an AMI, we used emergency department (ED) admittances of patients
to Florida hospitals between 1991 and 2010. Patients were identified by using
International Classification of Diseases 9 diagnosis codes associated with
their stay at the hospital (i.e., code 410.X1). Our decision to focus on ED
admittances was deliberate, because it creates a discrete interaction between a patient and the attending physician, allowing for a clear and immediate measure of success (i.e., patient survival). In addition, when patients
visit the emergency room (ER), they have little agency over their choice of
attending physician, allowing for a quasirandom assignment of physician
and patient (13). We first examined mortality differences in outcomes when
there was gender concordance between the attending physician and the
patient (i.e., men treating men or women treating women). We then examined each specific concordance configuration—men treating women,
men treating men, women treating men, and women treating women. Finally, we examined contextual factors that may exacerbate or attenuate the
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A large body of medical research suggests that women are less
likely than men to survive traumatic health episodes like acute
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Table 1. LPM estimates of relationship between gender concordance and patient survival
(1)

(2)

(3)

(4)

(5)

(6)

Sample

Full sample

Matched sample

Full sample

Matched sample

Full sample

Matched sample

Physician–patient
gender concordance
Constant

0.0231***
(0.000912)
0.858***
(0.000791)
581,845
0.001
OLS
No

0.0190***
(0.00186)
0.854***
(0.00140)
134,426
0.001
OLS
No

0.00613***
(0.000907)
0.705***
(0.248)
581,797
0.143
OLS
Yes

0.0103***
(0.00197)
1.092***
(0.0267)
134,420
0.205
OLS
Yes

0.00613***
(0.000915)
0.915***
(0.0430)
581,797
0.156
OLS
Yes

0.0104***
(0.00183)
1.090***
(0.0935)
134,420
0.196
OLS
Yes

No
No
No
None
Hospital-Qtr

No
No
No
None
Hospital-Qtr

Yes
Yes
Yes
Hospital-Qtr
Hospital-Qtr

Yes
Yes
Yes
Hospital-Qtr
Hospital-Qtr

Yes
Yes
Yes
Physician
Hospital-Qtr

Yes
Yes
Yes
Physician
Hospital-Qtr

Observations
R squared
Model
Physician experience
control
Patient age dummies
Patient race dummies
Comorbidity dummies
Fixed effect
Cluster

Robust SEs are in parentheses. OLS, ordinary least squares; Qtr, quarter. ***P < 0.01.

effects to better understand the relationship between gender concordance
and survival.
We drew on data from Florida’s Agency for Healthcare Administration.
Used extensively in prior research (17–19), these data granted us access
to a census of patients admitted to hospitals in the state of Florida between
1991 and 2010. In addition to bed-level information about the patient
(e.g., comorbidities, age, race, and gender), these data provided detailed
physician-level data (e.g., name and date of licensure). We used physician
name to infer gender and excluded from the sample those physicians with

gender-ambiguous names. A full discussion of these data, including descriptive statistics broken down by physician–patient concordance and descriptions of the empirical estimations, are available in the SI Appendix. We
modeled the effect of gender concordance on healthcare outcomes using
the following equation:
yijt = α + β1 x1 + M’ θ1 + W ’ δ1 + K ’ ξ1 + «,

[1]

where yijt represents patient survival and x1 is gender concordance (coded as
1 if the patient and physician share gender and 0 otherwise). M is a vector of

Table 2. LPM estimates of relationship between gender concordance on patient survival

Sample
Male physician
Female patient
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Male physician ×
female patient
Male doctor,
female patient
Male doctor,
male patient
Female doctor,
female patient
Constant
Observations
R squared
Model
Physician
experience
control
Patient age
dummies
Patient race
dummies
Comorbidity
dummies
Fixed effect
Cluster

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Full
sample

Matched
sample

Full sample

Matched
sample

Full
sample

Matched
sample

Full
sample

Matched
sample

−0.00473**
(0.00185)
−0.0214***
(0.00265)
−0.00778***
(0.00282)

0.00116
(0.00409)
−0.00401
(0.00542)
−0.0178***
(0.00577)

−0.00781***
(0.00181)
−0.00207
(0.00259)
−0.00580**
(0.00273)

−0.00433
(0.00427)
0.00234
(0.00560)
−0.0136**
(0.00590)

−0.00332
(0.00263)
−0.00418
(0.00277)

0.00227
(0.00513)
−0.0137**
(0.00542)
−0.0152***
(0.00433)
−0.00380
(0.00424)
0.00277
(0.00556)
1.105***
(0.0270)
134,420
0.205
OLS
Yes

0.888***
(0.00177)
581,845
0.002
OLS
No

0.872***
(0.00387)
134,426
0.001
OLS
No

0.718***
(0.248)
581,797
0.143
OLS
Yes

1.106***
(0.0270)
134,420
0.205
OLS
Yes

0.922***
(0.0431)
581,797
0.156
OLS
Yes

1.101***
(0.0936)
134,420
0.196
OLS
Yes

−0.0157***
(0.00189)
−0.00784***
(0.00180)
−0.00221
(0.00258)
0.718***
(0.248)
581,797
0.143
OLS
Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

None
Hospital-Qtr

None
Hospital-Qtr

Hospital-Qtr
Hospital-Qtr

Hospital-Qtr
Hospital-Qtr

Physician
Hospital-Qtr

Physician
Hospital-Qtr

Hospital-Qtr
Hospital-Qtr

Hospital-Qtr
Hospital-Qtr

Robust SEs are in parentheses. OLS, ordinary least squares; Qtr, quarter. **P < 0.05; ***P < 0.01.
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Sample
Physician
set

(1)

(2)

(3)

Full sample

Full sample

Full sample

Male
Female physicians
Male
physicians only
only
physicians only

Female
patient
Constant
Observations
R squared
Model
Physician
experience
control
Patient age
dummies
Patient race
dummies
Comorbidity
dummies
Fixed effect
Cluster

(4)

(5)

(6)

(7)

(8)

Full sample

Full sample

Female
physicians
only
0.000985
(0.00556)
0.0890
(0.131)
14,964
0.238
OLS
Yes

Male physicians
only
−0.0382***
(0.00909)

Female
physicians
only
0.0116
(0.0291)

507,203

40,578

Logit
Yes

Logit
Yes

Full sample Matched sample Matched sample
Female
Male physicians
physicians
only
only
−0.00613**
−0.0114***
(0.00283)
(0.00201)
0.896***
1.119***
(0.0469)
(0.0934)
61,719
119,456
0.166
0.192
OLS
OLS
Yes
Yes

−0.00760***
(0.00101)
0.713***
(0.247)
520,078
0.147
OLS
Yes

−0.00278
(0.00326)
1.084***
(0.0530)
61,719
0.276
OLS
Yes

−0.00719***
(0.000998)
0.922***
(0.0432)
520,078
0.155
OLS
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Hospital-Qtr
Hospital-Qtr

Hospital-Qtr
Hospital-Qtr

Physician
Hospital-Qtr

Physician
Hospital-Qtr

Physician
Hospital-Qtr

Physician
Hospital-Qtr

Hospital-Qtr
Hospital-Qtr

Hospital-Qtr
Hospital-Qtr

Robust SEs are in parentheses. OLS, ordinary least squares; Qtr, quarter. **P < 0.05; ***P < 0.01.
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patient controls, including dummies for patient age (yearly), seven dummies
capturing patient race, and dummies capturing the 43 most common
comorbidities (listed in SI Appendix). W is a linear measure of physician
tenure, calculated as the number of years the physician has been licensed to
practice in Florida. K is a vector of fixed effects, either for hospital-quarter
(the most granular unit of time in the data) or the physician, depending on
the model being estimated. e is the error term, and α is the constant. β, θ, δ,
and ξ are the terms to be estimated. SEs are clustered at the hospital-quarter
level. In most models, the estimator was a linear probability model (LPM).
While nonlinear models, such as a logit, are sometimes used to model dichotomous outcomes, the LPM is easier to interpret, particularly for interaction terms (20), and has been extensively relied upon by researchers using
administrative data to examine patient mortality (13). Nonetheless, we also
reported results from a conditional logit model. Finally, to further account
for physician heterogeneity, we created a matched sample that paired
(without replacement) each female patient to a male patient who was
treated by the same doctor in the same hospital in the same year. If more
than one candidate match was available, one was selected at random.

Results
In column 1 of Table 1, we estimate Eq. 1 in the absence of
controls or fixed effects. As can be seen from the coefficient of
Concordance, there was a significant and positive effect of shared
physician–patient gender on survival (P < 0.01). This result is
robust to the use of the matched sample (column 2), the inclusion
of controls and hospital-quarter fixed effects (columns 3 and 4),
and controls with physician fixed effects (columns 5 and 6). The
baseline mortality rate is 11.9%. The estimated coefficient of
gender concordance implied that gender concordance reduced the
probability of death by 5.4%, relative to this baseline.
We next broke concordance into its component pieces. This
was done in two ways. First, we used a simple interaction between patient female and physician male. Second, we used a
vector of dummies containing Patient Female/Physician Male,
Patient Male/Physician Female, and Patient Female/Physician Female, with Patient Male/Physician Female serving as the base case.
All other indicators were consistent with Eq. 1. Results are in
Tables 2 and 3 and displayed graphically in Figs. 1 and 2.
Greenwood et al.

Results in Table 2 indicate that female patients treated by male
physicians were the least likely to survive an episode of care.
Furthermore, and corroborating recent research, we saw that
patients treated by female physicians were, in the unmatched
sample, more likely to survive, regardless of patient gender (13).
Columns 1 and 2 display results of the base interaction model
without control variables or fixed effects. Columns 3 and 4 add
control variables and hospital-quarter fixed effects. Columns 5 and
6 includes control variables and physician fixed effects. In each
case, results indicate a significant penalty to female patients when
being treated by male physicians [with the exception of column 5,
which is marginally insignificant at conventional levels (P = 0.15)].
Columns 7 and 8 replace the interaction term with a vector of

Fig. 1. Gender concordance and patient survival: results from Table 2, column 3, 90% confidence interval displayed. Estimates include controls and
hospital quarter fixed effects. Covariates held at sample means. n = 581,797.
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Table 3. LPM and conditional logit estimates of relationship between gender concordance on patient survival with sample split by
physician gender

Fig. 2. Gender concordance and patient survival: results from Table 2, columns 7 and 8, 90% confidence interval displayed. Estimates include controls
and hospital quarter fixed effects. Comparison group is male doctor, male
patient. n = 581,797 for full sample, n = 134,420 for matched sample.

patient–physician gender concordance dummies. Results were consistent using alternate measures of performance quality (i.e., length
of stay), as shown in SI Appendix, Table S4. In terms of effect size,
we see in column 8 that female patients treated by male physicians
were 1.52% less likely to survive than male patients treated by female physicians. This represents an ∼12% decrease off the baseline
mortality rate of 11.9%.
Results in Table 3 test the interaction effects by splitting the
sample based on physician gender. This approach allows patient
characteristics to vary flexibly across male and female physicians.
Results in columns 1 and 2 indicate that survival rates were two to

three times higher for female patients treated by female physicians
compared with female patients treated by male physicians. Furthermore, the likelihood of survival for female patients treated by
male physicians remained lower when physician fixed effects were
included (columns 3 and 4), in the matched sample (columns 5
and 6), and if the estimate was made by using a conditional logit
(columns 7 and 8). We compared differences in the effect of
Female Patient across male and female physicians using the
Z-score approach noted in Clogg et al. (21). We saw P values of
0.15 (columns 1 and 2), 0.72 (columns 3 and 4), 0.03 (columns 5
and 6), and 0.09 (columns 7 and 8) for these comparisons.
Finally, we examined conditions under which female patients
were more likely to survive being treated by a male physician. Such
analyses may help explain the stark relationship between gender
concordance and survival and provide direction to policymakers
attempting to resolve such issues. In doing so, we tested how the
environment in which the physician practices and the physician’s
patient history correlated with outcomes.
To measure the physician’s practice environment, we counted
the number of female physician colleagues at the hospital where
the AMI treatment takes place. We used the presence of female
physicians treating AMI patients at the same hospital as the focal
physician because female colleagues may offer opportunities for
male physicians to benefit from intraorganizational knowledge
spillovers (as they may be more equipped to properly diagnose and
treat female patients suffering from AMIs). Female colleagues
might also influence ER protocols in a way which helps the diagnosis and treatment of female patients. To measure the physician’s patient history, we examined the number of female AMI
patients the physician had treated in the past. This experience offers
the physician an increased opportunity to experience any difference
in symptom presentation that might occur between female and male
patients. This type of experience might be particularly valuable for
male physicians.

Table 4. LPM estimates of the relationship between gender concordance and patient survival as moderated by number of female
colleagues and number of female patients seen by the physician

Sample
Physician set
Female patient ×
ratio of female physicians
Female patient × prior
female patients
Female patient
Ratio of female physicians
Prior female patients
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Constant
Observations
R squared
Model
Physician experience control
Patient age dummies
Patient race dummies
Comorbidity dummies
Fixed effect
Cluster

(1)

(2)

(3)

(4)

(5)

(6)

Full sample

Full sample

Full sample

Full sample

Matched sample

Matched sample

Male physicians
only
0.0944***
(0.0142)
0.000244**
(0.000113)
−0.0419***
(0.00198)
−0.0181*
(0.00985)
0.00151***
(7.85e-05)
0.875***
(0.00133)
520,126
0.003
OLS
No
No
No
No
None
Hospital-Qtr

Female
physicians only
0.0616**
(0.0310)
−0.000496
(0.000335)
−0.0285***
(0.00606)
−0.0245
(0.0194)
0.00143***
(0.000203)
0.883***
(0.00388)
61,719
0.002
OLS
No
No
No
No
None
Hospital-Qtr

Male physicians
only
0.0863***
(0.0135)
0.000367***
(0.000110)
−0.0192***
(0.00191)
−0.0392***
(0.0106)
0.000195**
(9.62e-05)
0.919***
(0.0428)
520,078
0.155
OLS
Yes
Yes
Yes
Yes
Physician
Hospital-Qtr

Female
physicians only
0.0987***
(0.0299)
−0.000284
(0.000331)
−0.0206***
(0.00605)
0.00534
(0.0230)
0.000571*
(0.000299)
0.888***
(0.0469)
61,719
0.166
OLS
Yes
Yes
Yes
Yes
Physician
Hospital-Qtr

Male physicians
only
0.0994***
(0.0272)
0.000806**
(0.000355)
−0.0258***
(0.00386)
−0.0583**
(0.0227)
0.000250
(0.000303)
1.114***
(0.0929)
119,456
0.193
OLS
Yes
Yes
Yes
Yes
Physician
Hospital-Qtr

Female
physicians only
−0.00141
(0.0558)
−0.000825
(0.00110)
0.00474
(0.0120)
0.130***
(0.0489)
0.000805
(0.000892)
0.0673
(0.129)
14,964
0.239
OLS
Yes
Yes
Yes
Yes
Physician
Hospital-Qtr

Robust SEs are in parentheses. OLS, ordinary least squares; Qtr, quarter. *P < 0.1; **P < 0.05; ***P < 0.01.
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Discussion
In this study, we found a distinct asymmetry in AMI mortality
based on physician–patient gender concordance. This asymmetry
was particularly notable for female patients, who are less likely to
survive an AMI when treated by a male physician. We also found
that male physicians are more effective at treating female AMI
patients when they work with more female colleagues and when
they have treated more female patients in the past.
These results suggest a reason why gender inequality in heart
attack mortality persists: Most physicians are male, and male
physicians appear to have trouble treating female patients. The
fact that gender concordance correlates with whether a patient
survives a heart attack has implications for theory and practice.
First, medical practitioners should be aware of the possible challenges male providers face when treating female AMI patients.
Second, our extended findings indicate a fundamental catch-22 for
medical providers and female patients. Although mortality rates

for female patients treated by male physicians decrease as the
male physician treats more female patients, this decrease may
come at the expense of earlier female patients. Given the cost of
male physicians’ learning on the job, it may be more effective to
increase the presence of female physicians within the ED. This
corroborates prior work of researchers studying racial concordance in medicine, who have consistently concluded that increasing the presence of minority physicians in the hospital is
critical (22, 23). Furthermore, it underscores the need to update
the training that physicians receive to ensure that heart disease is
not simply cast as a “male” condition, an observation underscored
by recent popular press accounts (24).
This work has important limitations which offer fruitful avenues
of future research. First, although our empirical design allowed us
to observe increased mortality for women who are treated by men,
we cannot directly observe the reason for this disparity. The contextual factors we examined (e.g., presence of female physicians
and past exposure to female patients) suggest that male physicians
benefit from increased exposure to the “atypical” experiences of
female AMI patients. Future work is needed to fully understand
the precise mechanism behind why gender concordance appears
critical, particularly for female patients. Such research might include experimental interventions, or tests of more targeted training, to examine how exposing male physicians more thoroughly to
the presentation of female patients might impact outcomes.
Second, it is important to emphasize that omitted variables
which correlate with physician–patient gender concordance and
patient mortality might influence the results. For example, female physicians tend to perform better than male physicians
across a wide variety of ailments (13). If female patients tend to
be more challenging for male and female doctors to diagnose
and treat, the patterns we document may reflect the fact that
the most skillful physicians (i.e., female physicians) provide the
highest return to their skills when treating the most challenging
patients (i.e., female patients). While our ability to control for
physician quality with a physician fixed effect helps address this
concern, future work that has stronger time-varying measures of
physician skill can advance our work further. Additionally, it is
possible that ED administrators make an effort to match physicians and patients on gender when hospital resources allow.
Thus, we may be more likely to observe discordance in situations
when caseloads are high and physicians are stressed and distracted. We address this possibility in SI Appendix and do not
find much evidence for it, but cannot rule it out explicitly. Future
research in settings where patients are assigned to physicians
randomly can make important progress on this issue.
Finally, interesting opportunities for research exist in an examination of the role played by residents, nurses, and other physicians
who may be present or provide information to the supervising
physician. We were unable to observe the effect of these actors in
our study, but future work that considers these supporting figures
would advance our understanding of how coordination between
healthcare providers might influence the relationship between
physician–patient gender concordance and patient survival.

To empirically capture the effect of female colleagues, we interacted the percent of female physicians in the ED with the gender of
the patient. To examine the effect of patient history, we interacted
the number of female AMI patients the physician treated in the last
quarter (the most granular measurement of time in our data) with
the gender indicator of the patient. We split the sample by physician
gender, which allowed us to see how these interactions vary across
male and female physicians. Results are in Table 4.
In columns 1 and 2 of Table 4, we see that female patients
experienced better outcomes in EDs that have a higher percentage
of female physicians. This relationship was particularly true for
patients treated by male physicians (column 1), although female
patients also experienced better outcomes from female physicians
in EDs that have a higher density of female physicians (column 2).
These results persisted in the presence of a physician fixed effect
(columns 3 and 4), but the moderating effect of female colleagues
on female physicians dissipated in the matched sample (columns 5
and 6). The estimates in column 3 suggest that female patients
treated in EDs with 5% more female physicians (e.g., 10% vs.
15%) were 0.4% more likely to survive (i.e., 0.086 × 0.05).
Compared with the base mortality rate of 11.9%, this represents
an increase of almost 3.5%. Results were similar if we relied on
the raw number of female colleagues, as opposed to the percentage of female colleagues.
With regard to patient history, columns 1 and 2 of Table 4
suggest that female patients treated by male physicians experience a
0.02% increase in survival for each female patient the physician
treated in the prior quarter. Compared with the baseline mortality
rate of 11.9%, this was an increase of 0.16% per patient. For female
physicians, we did not observe a change in female patient survival
when the physician had seen more female patients. Results were
similar in the presence of a physician fixed effect and in the
matched sample. A Z-score comparison of the slope of Female
patient × Prior female patients across male and female physicians has
a P value of 0.03 (columns 1 and 2), 0.06 (columns 3 and 4), and
0.16 (columns 5 and 6). Results were similar if we relied on number
of female patients seen in the last year, rather than the last quarter.
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