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Objective:  The objective of this study was to measure potential associations between surgeon sex and number of days alive and 
at home (DAH).
Background:  Patients treated by female surgeons appear to have lower rates of mortality, complications, readmissions, and health-
care costs when compared with male surgeons. DAH is a validated measure, shown to better capture the patient experience of 
postoperative recovery.
Methods:  We conducted a retrospective study of adults (≥18 years of age) undergoing common surgeries between January 01, 
2007 and December 31, 2019 in Ontario, Canada. The outcome measures were the number of DAH within 30-, 90-, and 365-days. 
The data was summarized using descriptive statistics and adjusted using multivariable generalized estimating equations.
Results:  During the study period, 1,165,711 individuals were included, of which 61.9% (N = 721,575) were female. Those managed 
by a female surgeon experienced a higher mean number of DAH when compared with male surgeons at 365 days (351.7 vs. 342.1 
days; P < 0.001) and at each earlier time point. This remained consistent following adjustment for covariates, with patients of female 
surgeons experiencing a higher number of DAH at all time points, including at 365 days (343.2 [339.5–347.1] vs. 339.4 [335.9–343.0] 
days). Multivariable regression modeling revealed that patients of male surgeons had a significantly lower number of DAH versus 
female surgeons.
Conclusions:  Patients of female surgeons experienced a higher number of DAH when compared with those treated by male sur-
geons at all time points. More time spent at home after surgery may in turn lower costs of care, resource utilization, and potentially 
improve quality of life. Further studies are needed to examine these findings across other care contexts.
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INTRODUCTION
Physician characteristics have been associated with patient 
outcomes across both surgical and medical specialties.1–3 

Specifically, prior studies have noted that patients receiving care 
from female physicians may experience lower short-term and 
long-term mortality, hospital readmission rates, and healthcare 
costs when compared with those managed by male physicians.4–9
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Prior studies on this topic have generally only considered 
mortality, complications, and readmissions, which are valued by 
patients but could be undermined by other outcomes such as 
transfer to skilled nursing facilities as they can negatively impact 
quality of life.10 Days alive and at home (DAH) is a validated, com-
posite outcome measure that has been shown to better capture the 
patient experience of postoperative recovery. DAH is expressed 
in simple terms of days and provides a useful population- 
level metric that can be calculated using routinely collected 
patient data. It integrates several clinically important endpoints, 
including death, nonhome discharge, hospital length-of-stay, and 
hospital readmission.10–12 Therefore, it has distinct advantages 
as it contains more information than individual binary measures 
while incorporating the postdischarge trajectory, which is of 
higher priority for patients, especially those who may be older 
and have more comorbidities.13,14 Prior studies have also shown 
its appropriate responsiveness in accounting for the severity of 
the acute disease, greater burden of chronic disease, lower socio-
economic status of patients, and the presence of new complica-
tions following surgery, leading to nonhome discharge.11,13

There is a paucity of evidence on the association between 
the number of DAH and physician characteristics such as sex. 
Therefore, we conducted a population-based retrospective 
cohort study to determine potential associations between physi-
cian sex and the number of DAH at 30-, 90-, and 365-days across 
patients undergoing common surgeries in Ontario, Canada.

METHODS

Study Design

Consistent with prior literature,4,5 we conducted a population- 
based, retrospective cohort study of adults undergoing 1 of 25 
common surgeries between January 1, 2007 and December 31, 
2019 in Ontario, Canada. Residents of Ontario receive insur-
ance for physician and hospital services through a single govern-
ment payer, the Ontario Health Insurance Program. We included 
patients undergoing 25 common elective and emergent proce-
dures, across the spectrum of all surgical subspecialties to ensure 
generalizability, including both open and laparoscopic/robotic 
approaches. Multi-disciplinary consultation was used to select the 
studied procedures, ranging from low to high perioperative risk.

This study was reported according to Strengthening the 
Reporting of Observational Studies in Epidemiology guide-
lines and REporting of studies Conducted using Observational 
Routinely-collected health Data statement (Supplemental Table 
1, http://links.lww.com/AOSO/A397).15 The study protocol was 
approved by the Mount Sinai Hospital Research Ethics Board 
(#22-0110-C).

Data Sources

We linked the Ontario Health Insurance Plan database (physi-
cian billings, laboratories, and out-of-province providers16); the 
Canadian Institute for Health Information (CIHI) Discharge 
Abstract Database (DAD) (hospitalizations17); the CIHI 
National Ambulatory Care Reporting System (emergency room 
visits); the Registered Persons Database (demographic informa-
tion17); and the Corporate Provider Database (physician charac-
teristics). The Continuous Care Reporting System was used to 
capture long-term care. These datasets were linked using unique 
encoded identifiers and analyzed at ICES (formerly known as 
Institute of Clinical Evaluative Sciences).

Cohort Derivation

We identified patients who underwent 1 of the 25 index pro-
cedures for whom the treating physicians could be identified 
(1,322,525; Supplemental Figure 1, http://links.lww.com/

AOSO/A397). We excluded patients <18 years of age (29,187), 
those who were not Ontario residents (340), those whose date 
of death preceded the date of surgery (318), and those for whom 
we could not reliably ascertain the treating institution (2618). 
We further excluded those for whom we could not determine the 
sex or age of the treating surgeon (48,243) or anesthesiologist 
(47,482), as each of these has been shown to have an association 
with perioperative outcomes.5,7,18 Finally, we excluded patients 
with multiple concomitant surgical procedures (27,802) and 
those with less frequent combinations of surgical specialties and 
procedures (e.g., urology and craniotomy; 824), as these repre-
sent uncommon situations or miscoding, which may diminish 
reliability and generalizability. The overall study cohort com-
prised 1,165,711 unique patients.

Variable

Physician sex was determined from the Corporate Provider 
Database, derived from physician self-reports at the time of 
credentialing/registration with the Ontario Ministry of Health. 
This dataset did not include the self-reported gender identity of 
surgeons.

Outcomes

The primary outcome was DAH at 30 days after surgery 
(DAH30). DAH reflects the number of institution-free days and is 
calculated for each patient at individual time points using vali-
dated sources from CIHI-DAD, registered persons database, and 
the Continuous Care Reporting System. In keeping with prior 
studies,11,19,20 DAH30

10 is calculated by subtracting the number 
of days spent in the hospital during the index admission, sub-
sequent hospital readmissions, and long-term care facility from 
30 days. Patients who died at any location during the 30-day 
postoperative period were assigned a DAH30 of 0 days. The 
secondary outcomes included the number of DAH at 90 days 
(DAH90) and 365 days (DAH365) which were determined using 
similar calculations.

Adjustments

Patient age, sex, geographic location (local health integration 
networks21), geographically derived socioeconomic status, rural-
ity, and general comorbidities (Johns Hopkins aggregate disease 
group and ambulatory diagnosis groups) were obtained. We 
also collected data on the surgeon’s sex, age, years in practice, 
specialty, and surgical volume. Surgical volume was determined 
for each surgeon and procedure by identifying the number of 
identical procedures the operating surgeon performed in the 
previous year, operationalized in quartiles. Hospital institution 
identifiers were used to account for facility-level variability. We 
defined a surgical procedure as emergent or elective using the 
CIHI-DAD database. All same-day surgery procedures were 
considered elective. The duration of surgery, in minutes, was 
further collected.

Statistical Analysis

Descriptive statistics were used to compare the characteristics 
of patients, surgeons, anesthesiologists, and hospitals according 
to the sex of the surgeon. Given the large sample size, as tradi-
tional statistical measures are likely to demonstrate significant 
differences where no clinically important difference exists, we 
performed between-group comparisons using standardized dif-
ferences, with a clinically important difference defined as greater 
than 0.10.22

We used multivariable generalized estimating equations with 
an independent correlation structure and a negative binomial 
distribution with a log link to calculate both the patient-level 

http://links.lww.com/AOSO/A397
http://links.lww.com/AOSO/A397
http://links.lww.com/AOSO/A397


Surgeon Sex and Number of Days at Home  •  Annals of Surgery Open (2024) 3:e477	 www.annalsofsurgery.com

3

adjusted mean number of DAH and adjusted relative risk for 
the number of DAH among patients undergoing the same 
procedures. Specifically, we adjusted for patient-, surgeon-, 
and hospital-level covariates (as listed above and determined 
a priori) and procedure year while clustering on the specific 
procedure fee code. Adjusted means costs were obtained with 
the LSMean option in proc genmod. To obtain the difference 
in adjusted means, the NLMeans macro was used. The unit of 
analysis was the patient. We assessed model assumptions includ-
ing collinearity and found no violations.

We performed an additional analysis, as determined a pri-
ori, by adding the duration of surgery as a covariate among the 
subset of 1,100,193 (94.3%) of patients with complete data on 
this variable. Statistical significance was set at P < 0.05 based 
on a 2-tailed comparison. All analyses were performed using 
Enterprise Guide 6.1 (SAS Institute Inc., Cary, NC).

RESULTS

Cohort Characteristics

During the study period, we identified 1,165,711 eligible 
patients, of which over half were female (61.9%; 721,215). The 
median (interquartile range [IQR]) age of the patient cohort was 
60 (47–72) years old. Across all patients, 151,054 (13.0%) were 
managed by a female surgeon with the others receiving care from 
a male surgeon, with significant differences in baseline charac-
teristics (Supplemental Figure 1, http://links.lww.com/AOSO/
A397; Supplemental Table 2, http://links.lww.com/AOSO/
A397). Around a quarter of patients were cared for by a female 
anesthesiologist (26.7%; 311,822). The majority of cases were 
elective (79.9%; 931,319) and performed in community hos-
pitals (66.3%; 772,872) in urban settings (88.5%; 1,031,075). 
Most cases were done by general and orthopedic surgeons 
(33.1%; 385,821 and 33.6%; 391,950, respectively), with an 
overall median (IQR) case duration of 105 (75–148) minutes 
(Supplemental Table 2, http://links.lww.com/AOSO/A397).

Unadjusted Days Alive and Out of Hospital at 30, 90, and 
365 days

At 30 days, patients treated by female surgeons had a higher 
unadjusted mean number of DAH when compared with male 
surgeons (mean 25.6 vs 23.9 days; P < 0.001; Table 1). Similarly, 
patients of female surgeons had a significantly greater number 
of DAH at 90 and 365 days versus male surgeons (83.7 vs 80.5 
days, and 351.7 vs 342.1 days, respectively; P < 0.001 for both 
comparisons; Table 1). The proportion of patients in each day up 
to DAH 30 for male and female surgeons is shown in Figure 1. 
Overall, most patients for both surgical groups resided within 
higher values of DAH of 27 days or more. However, there was 
a higher proportion of patients managed by female surgeons 
compared with male surgeons these days. At lower numbers of 
DAH within the distribution tail, there was a higher proportion 
of patients managed by male surgeons compared to female sur-
geons (Figure 1).

Adjusted Days Alive and Out of Hospital at 30, 90, and 
365 days

When adjusted for patient, surgeon, anesthesiologist, and hos-
pital characteristics, as determined a priori, the greater mean 
number of DAH persisted among patients of female versus male 
surgeons at all three time points (Table 2). Specifically, at 30 
days, the adjusted mean (95% confidence interval [CI]) number 
of DAH for patients of female surgeons was 23.2 (22.7–23.6) 
versus 22.7 (22.2–23.2) days for those treated by male surgeons 
(Table 2). This significantly greater number of DAH among 
patients of female surgeons was also observed at 90 and 365 
days versus those with male surgeons (79.9 [79.0–80.9] versus 
78.8 [77.8–79.8] days, and 343.2 [339.5–347.1] versus 339.4 
[335.9–343.0] days, respectively; Table 2).

Consistent with these findings, multivariable regression 
modeling with adjustment for covariates revealed a signifi-
cantly lower number of DAH among patients of male sur-
geons within 30 days (adjusted relative risk [aRR] = 0.98; 
95% CI = 0.97–0.99; P < 0.001; Table 2). These observed 
effects remained consistent at 90 and 365 days (aRR = 0.99; 
95% CI = 0.98–0.99; P < 0.001, and aRR = 0.99; 95% CI = 
0.98–1.00; P < 0.001; Table 2). The findings also remained 
significant following adjustment for the duration of surgery 
(N = 1,100,193; Supplemental Table 3, http://links.lww.
com/AOSO/A397). Subgroup analyses assessing for effect 
modification due to patient, surgeon, anesthesiologist, and 
procedure-related characteristics demonstrated generally con-
sistent results (Figure 2). Of note, while there was no evidence 
of statistical heterogeneity between surgical specialties (P = 
0.35), there was a higher number of DAH among patients of 
male versus female vascular surgeons (aOR = 1.42; 95% CI = 
1.18–1.70; P < 0.001). This trend was also observed among 
cardiothoracic surgeons without reaching statistical signifi-
cance (Figure 2).

DISCUSSION

Main Findings

Across 1,165,711 adult patients undergoing common surgical 
procedures in Ontario, those managed by a female surgeon 
experienced a higher mean number of DAH when compared 
with individuals cared for by male surgeons. Following adjust-
ment for covariates, patients of male surgeons had a significantly 
lower number of DAH versus female surgeons. A greater num-
ber of DAH reflects a larger amount of time spent away from 
needing medical and supportive care in the short- and long-term 
postoperative period which can contribute to higher quality of 
life for patients, as well as cost and resource savings for clini-
cians and healthcare institutions.

Comparison with Existing Evidence

While this study is, to the best of our knowledge, the first to 
measure the association between surgeon sex and the num-
ber of DAH, these findings align with prior studies that have 

TABLE 1.

Crude Mean Number of Days Alive and at Home at 30- and 90 Days and 1 Year of Index Surgery, by Surgeon Sex

Time Period Measure Male Surgeon (N = 1,014,657) Female Surgeon (N = 151,054) Total (N = 1,165,711) P value

At 30 days Mean (SD) 23.9 (7.1) 25.6 (6.0) 24.1 (7.0) <0.001
Median (IQR) 27.0 (23.0–28.0) 28.0 (25.0–29.0) 27.0 (23.0–29.0) <0.001

At 90 days Mean (SD) 80.5 (16.4) 83.7 (12.6) 81.0 (16.0) <0.001
Median (IQR) 86.0 (82.0–88.0) 88.0 (85.0–89.0) 87.0 (82.0–88.0) <0.001

At 1 Year Mean (SD) 342.1 (61.8) 351.7 (44.0) 343.3 (59.9) <0.001
Median (IQR) 360.0 (354.0–363.0) 362.0 (358.0–364.0) 361.0 (354.0–363.0) <0.001

SD indicates standard deviation; IQR, interquartile range.
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demonstrated better clinical outcomes among patients treated by 
female versus male physicians. Specifically, prior studies1,2,5,9 have 
reported lower short-term (e.g. in-hospital or 30-day) mortality 
and complication rates among those treated by female physi-
cians when compared with patients managed by male physicians. 
Additionally, patients of female physicians have also been shown 
to have lower odds of hospital readmission versus those treated 
by male physicians.8,23 Moreover, a study looking at longer- 
term outcomes noted similar findings.4 Consistent with these 
data, we found a higher mean number of DAH across patients of 
female versus male physicians at 30-, 90-, and 365 days. While 
these data were consistent across nearly all subgroups defined 
by patient, physician, and procedural characteristics, interest-
ingly, we found that patients of male vascular surgeons hav-
ing a higher number of DAH versus female vascular surgeons. 
However, there was no statistical evidence of heterogeneity of 
effect between surgical specialties. Therefore, this finding should 
be considered exploratory and hypothesis-generating.

Studies have also found shorter hospital length-of-stay 
among patients of female surgeons; however, we noted a dif-
ference in the number of DAH that does not appear to be fully 
explained by hospital stay alone. For instance, while Wallis 
et al5 reported statistically significant differences in hospital 
length-of-stay between patients of female versus male surgeons 

(adjusted relative rate 0.97; 95% CI = 0.94–0.99; P = 0.01), 
the estimates were similar (median [IQR] 2 [0–4] days for both 
cohorts). This suggests that patients may have differential post-
discharge outcomes that influence the number of DAH and mor-
tality. The mechanism behind these findings is multifactorial, 
with studies ongoing to better understand attributable causes. 
Prior studies have suggested that female surgeons may offer 
more evidence-based care.24,25 Therefore, this difference could 
be attributable to practice patterns that more closely follow 
postoperative care guidelines, with greater preventative care or 
potentially more risk-averse decision-making.26,27 Additionally, 
they may exhibit better communication skills and a greater 
willingness to work with the interprofessional team when 
compared with male physicians.26 This could promote shared 
decision-making with patients and families by enhancing their 
understanding and aid in improving adherence to postopera-
tive care plans. Some studies with limited sample sizes have also 
reported better scores and skill acquisition among female ver-
sus male medical students.28,29 Future work on this topic across 
other specialties and healthcare settings should consider the use 
of DAH as the primary outcome given its incorporation of sev-
eral patient-important measures.

DAH provides a feasible metric for assessing patients’ global 
and collated experiences after having surgery. At 30 days after 

FIGURE 1.  Distribution of the patient-level number of days at home (DAH) within 30 days of index surgery, stratified by surgeon sex. For both male and female 
surgeons, the distribution of patients for each day up to 30 days at home is shown as a frequency (%) among the total number of patients operated on by the 
surgeon of that sex.

TABLE 2.

Adjusted Mean Number of Days Alive and at Home at 30- and 90-Days and 1 Year of Index Surgery, by Surgeon Sex

Time Period
Male Surgeon

(N = 1,014,657)
Female Surgeon

(N = 151,054) Male versus Female Surgeon aRR (95% CI) P value

At 30 days 22.7 (22.2–23.2) 23.2 (22.7–23.6) 0.98 (0.97–0.99) <0.001
At 90 days 78.8 (77.8–79.8) 79.9 (79.0–80.9) 0.99 (0.98–0.99) <0.001
At 1 year 339.4 (335.9–343.0) 343.2 (339.5–347.1) 0.99 (0.98–1.00) <0.001

Data presented as mean or aRR with 95% CI.
Using GEE modeling dealing with clustering based on procedure fee code (negative binomial regression with log link), adjusted for surgeon age, surgeon specialty, surgeon annual case volume, surgeon 
years of practice, anesthesiologist age, anesthesiologist sex, anesthesiologist annual case volume, anesthesiologist years of practice, patient age, patient sex, patient comorbidity, rurality, income quintile, 
LHIN, hospital status, and year of index surgery.
aRR indicates adjusted risk ratio; CI, confidence interval.



Surgeon Sex and Number of Days at Home  •  Annals of Surgery Open (2024) 3:e477	 www.annalsofsurgery.com

5

surgery, this study revealed that patients under the care of male 
surgeons spend 0.5 fewer days at home compared with patients 
under the care of female surgeons. With consideration of our 
surgical cohort of approximately 1.1 million patients, if these 
differences were attributable to surgeon sex, this would amount 
to an additional 39,025 days per year that patients spend away 
from home needing medical and supportive care in the early 
postsurgery period when managed by male surgeons. With 
larger adjusted differences in the number of DAH at longer peri-
ods of 90 (1.1 days) and 365 days (3.8 days) following index 
surgery, the surgeon sex difference contributes to a respective 
additional 85,856 and 296,592 institutional days per year 
among patients managed by male surgeons within this study 
cohort. These data may support our earlier findings across the 
same study population which identified higher healthcare costs 

among patients treated by male surgeons (adjusted sex differ-
ences in total healthcare costs at 30 days $3115, and 1 year 
$24,882) that are largely driven by higher costs for inpatient 
and postdischarge care.30

Strengths and Limitations

This study analyzed the association between physician sex and 
a comprehensive outcome which captures the patient experience 
postoperatively, the number of DAH. This outcome has been 
validated across studies in the perioperative setting and was 
shown to better capture patient-important outcomes, includ-
ing transfer to skilled nursing. We also estimated the associa-
tion between surgeon sex and longer-term outcomes at 90 and 
365 days following the index surgery. The inclusion of over 1.1 

FIGURE 2.  Forest plot of subgroup analyses assessing the association between surgeon sex and number of days at home (DAH) within 90 days of index 
surgery, stratified by anesthesiologist, surgeon, patient, and procedural characteristics. P values correspond to the observed heterogeneity. ADG indicates 
ambulatory diagnosis groups.
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million patients across all surgical subspecialties, as well as both 
elective and emergent procedures, also improves the generaliz-
ability of the findings. We analyzed patients across all hospitals 
in Ontario, minimizing the risk that we would miss a subse-
quent admission to an institution other than the one where a 
patient underwent surgery.

There are important limitations to this study, mainly 
attributable to the observational nature of the data sources. 
Specifically, given the administrative datasets used, there 
is a risk of misclassification of characteristics and out-
comes. Additionally, we captured binary biological sex and 
were unable to assess the gender of patients or surgeons. 
Furthermore, we are unable to capture other potentially 
important aspects of identity, including race, ethnicity, and 
other sociocultural factors. While we adjusted for several 
covariates relating to patient, surgeon, and hospital character-
istics, there is a risk of residual confounding from unmeasured 
variables in the datasets, including qualitative differences in 
practice patterns and granular data regarding case complexity. 
While the large sample size aids in the generalizability of our 
findings, despite the adjustment for several covariates, further 
mixed-methods research is needed to determine underlying 
mechanisms for the observed statistical differences and better 
evaluate whether a clinically important difference exists. We 
also could not account for the potential effect of other team 
members (i.e. resident physicians, nurses) or intra-operative 
resources and equipment utilization as they are not captured 
in the utilized datasets. Moreover, while patients were cate-
gorized by primary surgeon sex, and we accounted for anes-
thesiologist characteristics, we could not assess the role of 
other potential surgeons and other physicians involved in the 
perioperative care of these individuals.

CONCLUSIONS
Patients of female surgeons experienced a higher number of 
DAH when compared with those treated by male surgeons, 
which remained consistent at 30, 90, and 365 days, following 
adjustment for covariates. Further studies are needed to exam-
ine these findings across other care contexts and better under-
stand underlying mechanisms.
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