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Each year, the Canadian Resident Matching Service 
(CaRMS) administers a matching process whereby 
eligible applicants apply for and are assigned to 

Canadian residency positions.1 The CaRMS match is 
intended to be a “fair, transparent, and equitable” process 
that favours the applicant.2,3 Published best practices in resi-
dency application recommend that resident selection should 
promote diversity and “be free of inappropriate bias.”4 
Despite these recommendations, the CaRMS match has 
recently been criticized for its subjectivity and possible 
bias.4,5 These concerns are compounded by recent increases 
in the number of unmatched applicants; as the match 
becomes more competitive, potential biases may affect larger 
numbers of medical students.1,4,5 

Previous attempts to monitor North American resident 
matches for gender bias have had disparate results. Several 
observational studies of small programs have not found evi-
dence of gender or sex bias,6,7 whereas others have reported 
an advantage for female applicants.8,9 A series of articles 
evalu ating CaRMS match data from 1995 to 2004 found no 

advantage for either male or female applicants when applying 
to various surgical specialties, an overall disadvantage for 
male applicants when all specialties were combined, and an 
advantage for female applicants when the first-choice spe-
cialty was psychiatry, family medicine or emergency medi-
cine.9–12 However, a recent letter to the editor concerning the 
2018 CaRMS match suggested that a lower proportion of 
women than men matched to their first-choice discipline in 
the surgical specialties.5

Detailed analysis of the association between matching to 
one’s top-ranked discipline in CaRMS and the applicant’s 
gender has not been reported since 2004. An up-to-date 
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Background: Previous studies examining potential sex and gender bias in the Canadian Resident Matching Service (CaRMS) match 
have had conflicting results. We examined the results of the CaRMS match over the period 2013–2019 to determine the potential 
association between applicants’ gender and the outcome of matching to their first-choice discipline.

Methods: In this cross-sectional analysis, we determined the risk of matching to one’s first-choice discipline in CaRMS by applicant  
gender and year, for all Canadian medical students who participated in the first iteration of the R-1 match for the years 2013 to 2019. 
We analyzed data in 3 categories of disciplines according to CaRMS classifications: family medicine, nonsurgical disciplines and sur-
gical disciplines. We excluded disciplines with fewer than 10 applicants.

Results: Match results were available for 20 033 participants, of whom 11 078 (55.3%) were female. Overall, female applicants were 
significantly more likely to match to their first-choice discipline (relative risk [RR] 1.03, 95% confidence interval [CI] 1.02–1.04). After 
adjustment for match year and stratification by discipline categories, we found that female applicants were more likely to match to 
family medicine as their first choice (RR 1.04, 95% CI 1.03–1.05) and less likely to match to a first-choice surgical discipline 
(RR 0.95, 95% CI 0.91–1.00) than their male peers. There was no significant difference between the genders in matching to one’s 
first-choice nonsurgical discipline (RR 1.01, 95% CI 0.99–1.03).

Interpretation: These results suggest an association between an applicant’s gender and the probability of matching to one’s first-
choice discipline. The possibility of gender bias in the application process for residency programs should be further evaluated and 
monitored.
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analysis of the CaRMS match results is needed to better 
understand whether gender bias may be present in more 
recent matches. We therefore assessed variability in first-
choice match rates between male and female applicants 
from Canadian medical schools in the 2013 through 2019 
CaRMS match.

Methods

Setting and design
For this cross-sectional analysis, we used results from the 
CaRMS first-iteration R-1 match for the years 2013 to 2019. 
We excluded disciplines with fewer than 10 applicants over 
the study period because of small numbers, and we also 
excluded family medicine integrated specialties because it was 
unclear how these disciplines should be categorized. 

Data source
We obtained data from CaRMS for the first iteration of the 
R-1 match for the years 2013 to 2019, regardless of match 
status. In the CaRMS match, medical students submit appli-
cations to training programs, ranking their programs in order 
of preference, and the training programs similarly rank the 
applicants (a detailed description of the CaRMS match algo-
rithm is available in video format3). The residency training 
programs have access to a photograph of the applicant, the 
applicant’s name and gender identity (binary options only), 
and supporting documents, such as medical school transcripts 
and student performance records, citizenship documents, ref-
erence letters, personal letters, and examination results and 
assessments. The CaRMS algorithm then matches each 
applicant to the highest-ranked program for which spots are 
still available, moving down the applicant’s list until the 
applicant has a position or is left unmatched. Unmatched 
candidates may then participate in the second iteration of 
CaRMS, during which they may apply for any unfilled resi-
dency positions.3 We obtained data for Canadian medical 
graduates concerning their first-choice discipline and 
matched discipline, as well as the number of applicants who 
matched to their first-choice discipline, segregated by gen-
der. Data on geographic location of matches, including first-
choice geographic location, were not available because of 
privacy standards.

CaRMS has defined the following discipline groupings: fam-
ily medicine, nonsurgical and surgical. The surgical disciplines 
were cardiac surgery, general surgery, neurosurgery, obstetrics 
and gynecology, ophthalmology, orthopedic surgery, otolaryn-
gology, plastic surgery, urology and vascular surgery. The non-
surgical disciplines were anatomic pathology, anesthesiology, 
dermatology, diagnostic radiology, emergency medicine, gen-
eral pathology, hematologic pathology, internal medicine, lab-
oratory medicine, medical genetics, medical microbiology, neu-
rology, neurology – pediatric, neuropathology, nuclear 
medicine, pediatrics, physical medicine and rehabilitation, psy-
chiatry, public health and preventive medicine, and radiation 
oncology.13 Gender was self-reported, and the only options 
offered on the CaRMS application are “male” and “female.”

Statistical analysis
We assessed univariable associations with χ2 statistics. We ana-
lyzed associations between matching to one’s first-choice disci-
pline and gender, discipline and match year using multivariable 
log-binomial regression. We grouped the disciplines according 
to the CaRMS-defined groupings: family medicine, nonsurgi-
cal and surgical. We report the relative risk (RR) of matching 
to one’s first-choice specialty using male gender as the refer-
ence gender, 2013 as the reference year and family medicine as 
the reference discipline. We assessed effect modification by 
including interaction terms for each of the variables and assess-
ing their significance (defined as p < 0.05) in the model.

We conducted secondary analyses on 31 individual 
CaRMS disciplines, and analyzed the relative risk of matching 
in each individual discipline by gender using bivariable analy-
sis, pooling data across years. For this analysis, we report the 
fixed-effects (Mantel–Haenszel) summary RR. All statistical 
analyses were conducted using R version 3.6.0.

Ethics approval
This study was approved by the University of Calgary’s insti-
tutional ethics review board.

Results

Study cohort
Applicant gender, first-choice discipline and match results 
were available for 20 058 participants for the match years from 
2013 to 2019 (n = 11 090 women [55.3%]). Two disciplines 
with a total of 25 participants (0.1% of the total cohort; n = 12 
women [48%]) were excluded from analysis. Excluded disci-
plines are listed in Appendix 1 (available at www.cmajopen.ca/
content/8/2/E346/suppl/DC1).

Table 1 presents cohort characteristics stratified by the 
3  discipline categories. There were 7144 applicants who 
ranked family medicine as their first choice (n = 4455 women 
[62.4%]), 9298 applicants who ranked nonsurgical disciplines 
as their first choice (n = 4775 women [51.4%]) and 
3591 applicants who ranked surgical disciplines as their first 
choice (n = 1848 women [51.5%]). A greater proportion of 
female than male applicants ranked family medicine as their 
first-choice discipline (40.2% v. 30.0%) and a lower propor-
tion of female than male applicants ranked a surgical disci-
pline as their first choice (16.7% v. 19.5%).

Matching to first-choice discipline
Overall, 16 766 (83.7%) of applicants matched to their first-
choice discipline during the study period (Table 2). The 
proportion of applicants matching to their first-choice disci-
pline was lowest for surgical disciplines (69.1%, n = 2481) 
and highest for family medicine (96.3%, n = 6881) (p < 
0.001). Overall, a greater proportion of female than male 
applicants matched to their first-choice discipline (84.9% v. 
82.2%; absolute difference +2.7%; p < 0.001). With stratifi-
cation by discipline category, a significantly greater propor-
tion of female than male applicants matched to family medi-
cine as a first choice (97.6% v. 94.2%; absolute difference 
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Table 1: Characteristics of the overall cohort and stratified by discipline category

Discipline category; no. (%) of applicants, by column and row*

Factor All disciplines Family medicine Nonsurgical disciplines† Surgical disciplines‡

Overall 20 033 (100.0) 7144 (35.7) 9298 (46.4) 3591 (17.9)

Gender

    Female 11 078 (55.3) 4455 (62.4, 40.2) 4775 (51.4, 43.1) 1848 (51.5, 16.7)

    Male 8955 (44.7) 2689 (37.6, 30.0) 4523 (48.6, 50.5) 1743 (48.5, 19.5)

Match year

    2013 2695 979 (36.3) 1167 (43.3) 549 (20.4)

    2014 2847 1087 (38.2) 1275 (44.8) 485 (17.0)

    2015 2862 1101 (38.5) 1290 (45.1) 471 (16.4)

    2016 2904 1050 (36.2) 1359 (46.8) 495 (17.0)

    2017 2893 983 (34.0) 1399 (48.4) 511 (17.7)

    2018 2913 970 (33.3) 1372 (47.1) 571 (19.6)

    2019 2919 974 (33.4) 1436 (49.2) 509 (17.4)

*For overall data (first row) and data according to match year, the percentages are calculated by row only.
†Anatomic pathology, anesthesiology, dermatology, diagnostic radiology, emergency medicine, general pathology, hematologic pathology, internal medicine, laboratory 
medicine, medical genetics, medical microbiology, neurology, neurology – pediatric, neuropathology, nuclear medicine, pediatrics, physical medicine and rehabilitation, 
psychiatry, public health and preventive medicine, and radiation oncology.
‡Cardiac surgery, general surgery, neurosurgery, obstetrics and gynecology, ophthalmology, orthopedic surgery, otolaryngology, plastic surgery, urology and vascular surgery.

Table 2: Number and proportion of applicants who matched to their first-choice discipline according to study factors, for the 
overall cohort and stratified by 3-category discipline

Discipline category; no. (%) of applicants*

Factor All disciplines Family medicine
Nonsurgical 
disciplines†

Surgical 
disciplines‡ p value§

Applicants matched to 
first-choice discipline

16 766 (83.7) 6881 (96.3) 7404 (79.6) 2481 (69.1)

Gender Overall: p < 0.001

    Female 9406 (84.9) 4349 (97.6) 3813 (79.9) 1244 (67.3) Female v. male: 
pFamily < 0.001 
pNonsurgical = 0.6 
pSurgical = 0.02

    Male 7360 (82.2) 2532 (94.2) 3591 (79.4) 1237 (71.0)

Year Overall: p < 0.001

    2013 2333 (86.6) 948 (96.8) 994 (85.2) 391 (71.2) 2013–2019: 
pFamily = 0.8 

pNonsurgical < 0.001 
pSurgical < 0.001

    2014 2461 (86.4) 1038 (95.5) 1059 (83.1) 364 (75.1)

    2015 2454 (85.7) 1060 (96.3) 1040 (80.6) 354 (75.2)

    2016 2428 (83.6) 1013 (96.5) 1066 (78.4) 349 (70.5)

    2017 2364 (81.7) 950 (96.6) 1073 (76.7) 341 (66.7)

    2018 2341 (80.4) 935 (96.4) 1070 (78.0) 336 (58.8)

    2019 2385 (81.7) 937 (96.2) 1102 (76.7) 346 (68.0)

*The denominators for calculating percentages in this table are the values in the corresponding cells of Table 1. 
†Anatomic pathology, anesthesiology, dermatology, diagnostic radiology, emergency medicine, general pathology, hematologic pathology, internal medicine, laboratory 
medicine, medical genetics, medical microbiology, neurology, neurology – pediatric, neuropathology, nuclear medicine, pediatrics, physical medicine and rehabilitation, 
psychiatry, public health and preventive medicine, and radiation oncology.
‡Cardiac surgery, general surgery, neurosurgery, obstetrics and gynecology, ophthalmology, orthopedic surgery, otolaryngology, plastic surgery, urology and vascular surgery.
§The p values are based on the χ2 test.
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+3.4%; p < 0.001), but a significantly lower proportion 
matched to a first-choice surgical discipline (67.3% v. 
71.0%; absolute difference –3.7%; p = 0.02).

After adjustment for match year and discipline, female gen-
der was associated with matching to one’s first-choice disci-
pline (RR 1.03, 95% confidence interval [CI] 1.02–1.04; 
Table 3). Relative to 2013, matching to one’s first-choice dis-
cipline was less likely in 2018 and 2019; this finding was pri-
marily driven by greater risk of not matching to one’s first 
choice in nonsurgical disciplines. Compared with applicants 
who ranked family medicine as their first choice, appli-
cants who ranked nonsurgical and surgical disciplines as their 
first choice were 17% and 28% less likely to match, respec-
tively (RR for nonsurgical disciplines 0.83, 95% CI 0.82–0.84; 
RR for surgical disciplines 0.72, 95% CI 0.70–0.74).

Interaction of gender and matching to first-choice 
discipline
Discipline and gender were the only statistically significant 
interaction terms. Therefore, we performed log-binomial 
regression analyses stratified by discipline (Table 3). In the 
stratified analyses, gender was significantly associated with 
matching to one’s first-choice discipline (Table 3). Female 

applicants were significantly less likely than male applicants to 
match to a first-choice surgical discipline (RR 0.95, 95% CI 
0.91–1.00). In contrast, female applicants were significantly 
more likely to match to family medicine as a first choice 
(RR 1.04, 95% CI 1.03–1.05). There was no association of 
gender with matching to a first-choice nonsurgical specialty 
(RR 1.01, 95% CI 0.99–1.03).

We assessed the relative risk of matching to one’s first 
choice in 31 individual disciplines by gender using bivariable 
analysis (i.e., pooling data across years; Table 4). We did not 
perform multivariable regression for the 31 disciplines 
because of small sample size for many of the individual disci-
plines. Female applicants were significantly less likely to 
match to urology than their male peers (RR for urology 0.80, 
95% CI 0.66–0.97) and significantly more likely to match to 
psychiatry and family medicine as their first choice (RR for 
psychiatry 1.06, 95% CI 1.01–1.11; RR for family medicine 
1.04, 95% CI 1.03–1.05).

Interpretation

Our study provides an assessment of the association between 
applicant gender and matching to one’s first-choice 

Table 3: Relative risk of matching to one’s first-choice discipline from log-binomial regression, including 
results stratified by 3-category discipline

Variable

RR (95% CI) for 
unstratified 

adjusted model*

Discipline category; RR (95% CI) for stratified adjusted model†

Family medicine
Nonsurgical 
disciplines‡

Surgical 
disciplines§

Total no. of applicants 20 033 7144 9298 3591

Gender

    Male 1.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.)

    Female 1.03 (1.02–1.04) 1.04 (1.03–1.05) 1.01 (0.99–1.03) 0.95 (0.91–1.00)

Year

    2013 1.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.)

    2014 0.99 (0.98–1.00) 0.99 (0.97–1.00) 0.98 (0.94–1.01) 1.05 (0.98–1.13)

    2015 0.99 (0.98–1.00) 1.00 (0.98–1.01) 0.95 (0.91–0.98) 1.06 (0.98–1.14)

    2016 0.99 (0.97–1.00) 1.00 (0.98–1.01) 0.92 (0.89–0.96) 0.99 (0.92–1.07)

    2017 0.98 (0.97–1.00) 1.00 (0.98–1.01) 0.90 (0.87–0.94) 0.94 (0.87–1.02)

    2018 0.98 (0.96–0.99) 1.00 (0.98–1.01) 0.92 (0.88–0.95) 0.83 (0.76–0.90)

    2019 0.98 (0.96–0.99) 0.99 (0.98–1.00) 0.90 (0.87–0.94) 0.96 (0.88–1.04)

Discipline

    Family medicine 1.0 (Ref.) – – –

    Nonsurgical‡ 0.83 (0.82–0.84) – – –

    Surgical§ 0.72 (0.70–0.74) – – –

Note: CI = confidence interval, Ref. = reference category, RR = relative risk.
*Controlled for gender, year (categorical) and 3-category discipline, with no interaction terms.
†Controlled for gender and year (categorical).
‡Anatomic pathology, anesthesiology, dermatology, diagnostic radiology, emergency medicine, general pathology, hematologic pathology, 
internal medicine, laboratory medicine, medical genetics, medical microbiology, neurology, neurology – pediatric, neuropathology, nuclear 
medicine, pediatrics, physical medicine and rehabilitation, psychiatry, public health and preventive medicine, and radiation oncology.
§Cardiac surgery, general surgery, neurosurgery, obstetrics and gynecology, ophthalmology, orthopedic surgery, otolaryngology, plastic 
surgery, urology and vascular surgery.
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discipline in the CaRMS matches over the period 2013 to 
2019. In our study, female applicants were more likely over-
all to match to their first-choice discipline than male appli-
cants. However, we also found that male applicants were sig-
nificantly more likely to match to their first-choice surgical 
discipline than female applicants and, conversely, that female 

applicants were significantly more likely to match to family 
medicine as a first choice.

Previous examinations of the effect of sex or gender on 
successful matching to residency training program have had 
conflicting results. In an audit of a single anesthesiology 
training program in the United States, female applicants 
were more likely to match than male applicants (odds ratio 
[OR] 1.2, 95% CI 1.1–1.3).8 Similarly, in the combined 
CaRMS matches for 1995 to 2004, male applicants had 1.6 
greater odds of being unmatched than female applicants.9 
The latter authors did not find a significant association of 
sex or gender with odds of matching to radiology, ophthal-
mology or the surgical specialties.10–12 A study of a single US 
radiology training program determined that female appli-
cants were more likely to receive an interview than male 
candidates, but female applicants were no more likely to 
match than male applicants.7 Worryingly, a recently pub-
lished study of neurosurgery applicants in the US National 
Resident Matching Program between 1990 and 2007 showed 
that female candidates were less likely to match than their 
male counterparts (OR 0.59, 95% CI 0.48–0.72), even after 
adjustment for confounders such as United States Medical 
Licensing Examination scores and medical school class 
rank.14 In contrast, a well-designed single-centre study that 
used randomly assigned names for orthopedic surgery appli-
cations did not detect implicit gender bias.15 Importantly, 
although multiple studies have been performed to examine 
factors that may influence match results, many have not 
reported on the impact of applicant sex or gender.16,17

Limitations
An important limitation of our study is that CaRMS data do 
not provide information on the strength of individual appli-
cations, according to aspects such as an applicant’s perfor-
mance records18 and the quality of reference letters.6 In 
addition, CaRMS does not collect data on other potential 
confounders that might influence an applicant’s success, 
such as age, race or ethnicity, indigeneity, sexual orienta-
tion,8,19 personality characteristics20 or a parent’s career.21 
The absence of these data types limited our ability to 
address intersectionality, that is, the overlap of social cate-
gories that combine to increase or alter how disadvantage or 
discrimination is experienced by specific groups. For exam-
ple, systemic disadvantages experienced by women from 
racial minorities in medicine are expected to be greater than 
and different from those faced by white women or men 
from racial minorities. In addition, CaRMS collects data on 
applicant gender only in binary categories, which prevented 
us from assessing the impact of applicant gender on match 
results, in particular for applicants who are gender diverse 
or gender nonconforming.

Our selected outcome — matching to one’s first-choice 
discipline — might miss other outcomes considered impor-
tant by candidates. For example, applicants might consider 
their first-choice city for training to be more important than 
their discipline or might consider their second-choice disci-
pline to be highly acceptable. 

Table 4: Relative risk of matching to first-choice discipline 
for each individual discipline (female v. male applicants)

Discipline RR (95% CI)*

Family medicine 1.04 (1.03–1.05)

Nonsurgical disciplines†

    Anatomic pathology 1.08 (0.99–1.17)

    Anesthesiology 1.00 (0.93–1.09)

    Dermatology 0.96 (0.79–1.18)

    Diagnostic radiology 1.00 (0.93–1.09)

    Emergency medicine 1.04 (0.92–1.17)

    General pathology 1.02 (0.68–1.52)

    Hematologic pathology 0.86 (0.63–1.16)

    Internal medicine 1.01 (0.98–1.03)

    Laboratory medicine 1.22 (0.93–1.61)

    Medical genetics (and genomics) 1.09 (0.92–1.29)

    Medical microbiology 1.00 (0.68–1.46)

    Neurology 1.08 (0.97–1.20)

    Neurology – pediatric 0.99 (0.65–1.49)

    Neuropathology 1.00 (1.00–1.00)

    Nuclear medicine 1.22 (1.00–1.49)

    Pediatrics 1.02 (0.94–1.11)

    Physical medicine and rehabilitation 1.03 (0.89–1.19)

    Psychiatry 1.06 (1.01–1.11)

    Public health and preventive medicine 1.11 (0.88–1.38)

    Radiation oncology 0.98 (0.86–1.12)

Surgical disciplines†

    Cardiac surgery 0.82 (0.61–1.11)

    General surgery 0.99 (0.91–1.08)

    Neurosurgery 0.97 (0.76–1.24)

    Obstetrics and gynecology 0.98 (0.86–1.11)

    Ophthalmology 1.04 (0.90–1.20)

    Orthopedic surgery 0.96 (0.87–1.06)

    Otolaryngology 0.89 (0.75–1.06)

    Plastic surgery 0.94 (0.75–1.17)

    Urology 0.80 (0.66–0.97)

    Vascular surgery 0.83 (0.59–1.15)

Summary‡ 1.02 (1.01–1.03)

Note: CI = confidence interval, RR = relative risk.
*Data are pooled across years.
†As defined by the Canadian Resident Matching Service. 
‡Fixed effects (Mantel–Haenszel) meta-analysis.
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Our study analyzed data only for Canadian medical gradu-
ates undergoing the first iteration of the CaRMS match. Our 
results may not be generalizable beyond this population. 

Given the number of statistical analyses that we performed, 
such as those reported in Table 4, our results are subject to 
risks from multiple comparisons and type 1 errors. Therefore, 
these results should be interpreted with caution.

Our results also do not account for specific program 
efforts that may have been undertaken during the study 
period, such as implicit-bias training. Such efforts may affect 
gender bias.22,23

Conclusion
Our findings have important implications. The CaRMS 
match is a career branch point for Canadian phys icians. Resi-
dency training programs therefore have a responsibility to 
ensure that their application processes are objective and fair, 
and it is of ethical and legal importance to monitor the match-
ing process for bias and to implement effective systemic 
methods to reduce or eliminate bias. The potential presence 
of bias in the CaRMS match warrants greater attention and 
additional evaluation. Failure to guard residency selection 
from bias invites legal and ethical scrutiny.
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