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Objectives: This retrospective cohort of patients undergoing surgery from 2019 to 2023 evaluated the association
between individual-level social drivers of health (SDoH) and postoperative outcomes (length of stay, 30-day
mortality, 30-day readmission).

Methods: Patients from a multi-site health system who completed a SDoH questionnaire were categorized as high-
risk or not high-risk across five SDoH domains (e.g., financial resources) and were stratified into 3 surgical
cohorts (elective outpatient, inpatient and emergency surgery). Regression models, adjusted for potential con-
founders, assessed the association between SDoH and postoperative outcomes.

Results: Among 297,723 patients, 74% completed the SDoH questionnaire. High-risk transportation need was
associated with higher unplanned 30-day readmission for all cohorts; for elective surgeries, high-risk trans-
portation was also associated with higher mortality. The other SDoH domains were inconsistently associated
with postoperative outcomes.

Conclusions: Individual-level SDoH, particularly transportation needs and financial strain, are linked to adverse
postoperative surgical outcomes. Systematic SDoH interventions are crucial to addressing healthcare disparities.

“downstream” individual needs created by those conditions.” Although

1. Introduction

Social drivers (or determinants) of health (SDoH) are non-medical
factors, including socioeconomic status (SES), education, employment,
housing, and access to healthcare services, that influence an individual's
health status and outcomes.’ The World Health Organization defines
SDoH as conditions in which people are born, grow, work, live, and age, and
the wider set of forces and systems shaping the conditions of daily life.' SDoH
likely influences every aspect of clinical care and contributes to peri-
operative morbidity and mortality.>* Related are health-related social
needs (HRSNs), which are social and economic factors that impact in-
dividuals' ability to maintain their health and wellbeing.>”” SDoH and
HRSNs are distinct, as SDoH represent the “upstream” population-level
conditions that influence health outcomes, whereas HRSNs are the

SDoH screening is the prevailing terminology in the clinical setting
(often implemented through structured questionnaires), the information
gathered reflects patients' individual HRSNs rather than broader SDoH.”
For the purposes of this study, we will use the term SDoH, with the
understanding that questionnaires in the clinical setting are targeted
towards HRSNs.

Several recent studies have demonstrated a clear association be-
tween HRSNs and adverse surgical outcomes, including higher rates of
postoperative complications, readmission, and mortality.>> Lack of in-
surance coverage’ and socio-geographic considerations, such as the
distance between patients and surgical centers, have both been critical
for perioperative outcomes.®” Research shows that patients residing in
areas with limited healthcare resources, such as rural or low-income
communities, had higher rates of surgical complications and longer
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Glossary

ADI Area deprivation index

CI Confidence Interval

EHR Electronic health record

HR Hazard Ratio

HRSNs  Health-related social needs

ICU Intensive care unit

LOS Length of stay

RR Relative risk

SDoH Social Drivers of Health

SES Socioeconomic status

STROBE Strengthening Reporting of Observational Studies in
Epidemiology

SVI Social vulnerability index

hospital length of stay (LOS) compared to those in more accessible re-
gions.®° Similarly, individuals facing housing instability or residing in
neighborhoods with higher crime rates (additional SDoH domains) had
increased postoperative complications and longer recovery periods.°
Additional domains of SDoH that have been associated with improved
outcomes include social support, quality education, and health liter-
acy.'112 Health and longevity increase with higher levels of educational
attainment, and those with low health literacy scores have an increased
LOS after abdominal surgery.'®

The current published research on SDoH needs and perioperative
outcomes has focused largely on community-level characteristics, such
as the area deprivation index (ADI) and the social vulnerability index
(SVI). While community-level characteristics often overlap with SDoH,
individual-level SDoH, more specifically, HRSNs may be more signifi-
cant given their proximity to patients and easier to address as
community-level changes generally require policy changes and signifi-
cant financial investment. Accordingly, this retrospective study exam-
ined which individual-level SDoH domains are most associated with
adverse perioperative outcomes. Although SDoH often interact and in-
fluence each other, by identifying the domains or barriers with the most
substantial impact on perioperative outcomes, healthcare providers and
policymakers can implement targeted interventions to improve patient
outcomes and reduce healthcare disparities.

2. Material and methods
2.1. Overview

This is a retrospective cohort study of patients who completed an
institutionally developed and administered SDoH questionnaire and
underwent surgery from 2019 to 2023 at four hospital campuses from
one large health system. The Mayo Clinic Institutional Review Board
(IRB) approved this retrospective study (Mayo Clinic IRB Number 23-
005322), and all patients included provided permission to use their
medical records for research. Patients were included if they underwent a
surgical procedure with general anesthesia. Patients who did not give
permission to use their medical records were excluded. This manuscript
adheres to the guidelines set forth by the Strengthening Reporting of
Observational Studies in Epidemiology (STROBE) protocol. This study
was done in accordance with the Code of Ethics of the World Medical
Association (Declaration of Helsinki).

2.2. Outcomes

The study's primary endpoint was postoperative hospital LOS. The
secondary measure was intensive care unit (ICU) LOS, and exploratory
measures included 30-day mortality and readmission.

The American Journal of Surgery 256 (2026) 116890

2.3. Predictors

Baseline demographics, comorbidities, intraoperative and post-
operative outcome variables were captured. The SDoH Questionnaire
was routinely administered once per year to patients seeking care at the
Mayo Clinic. Clinically validated assessments for SDoH needs that were
available through the electronic health record (EHR) were integrated
into the institution's EHR (Supplementary Table 1). This questionnaire
allowed screening for individual-level SDoH factors (i.e., HRSNs) using
validated questionnaire and scoring processes. The questionnaire was
completed either online or via tablet during their in-person visit. The
domains assessed by the questionnaire are financial resources, food se-
curity, housing stability, interpersonal violence, and transportation
needs. For each domain, patients were stratified as either “Not High
Risk: or “High Risk” based on self-reporting on the questionnaire.

2.4. Covariates

The following covariates were included: age, race, ethnicity, gender,
primary language (English vs other), insurance type (Medicaid, Medi-
care, or other), Charleson comorbidity index, minimally invasive lapa-
roscopic or robotic procedures, American Society of Anesthesiologists
physical status classification, length of the procedure, year of the pro-
cedure, and hospital site location.

2.5. Statistical analysis

We stratified analyses by urgency (i.e., emergency, elective) and by
inpatient versus outpatient, given potential differences in outcomes
between these surgical cohorts. Patient characteristics were summarized
for each of the three surgical cohorts among those who did and did not
complete SDoH questionnaires, and differences assessed with t-tests for
numeric variables, and chi-square tests for categorical variables. Among
those who completed SDOH questionnaires, each domain was catego-
rized as high-risk or not high-risk. For the financial resources, food se-
curity, and housing stability domains, patients were categorized as high
risk if given a score of “high.” High risk for the interpersonal violence
domain was determined if any of the questions in that domain were
answered “yes.” Transportation needs were considered high risk if
unmet needs were indicated. Patients did not always complete all do-
mains of the SDoH questionnaire, thus sample sizes within each domain
differed. If the domain was administered, but not completed, then the
patient was given a value of unknown, and included in the not high-risk
group.

Differences in postoperative outcomes between high-risk and not
high-risk groups were assessed with regression models. Postoperative
LOS (in days) and postoperative ICU LOS (in hours) were assessed with
negative binomial models; 30-day readmission was assessed with Zhu's
modified Poisson regression; and 30-day mortality was assessed with
Cox proportional hazards models. All models were adjusted for the
covariates described above. Separate models were created for each
SDoH domain and within each cohort. For categorical covariates with
missing values, an “unknown” category was included in the model. No
missing values were observed for numeric covariates. Sensitivity ana-
lyses included a subset of patients who had non-government insurance,
and a subset of patients who were less than 65 years old. P-values less
than 0.05 were considered statistically significant, and there were no
adjustments to the p-values. All analyses were conducted using R version
4.2.2.

3. Results
3.1. Descriptive statistics

During the study period, 1,371,646 surgical cases were performed.
Exclusions included a lack of 1) research participation authorization
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(n = 74,478), 2) SDoH questionnaire completion (n = 545,973), and
operations performed after 5/24/2023 (n = 28,992). The overall study
sample included 188,593 elective outpatient surgery, 68,058 elective
inpatient, and 41,072 emergency surgery patients (total n = 297,723).
The SDoH questionnaire was completed by 78%, 82%, and 40% of the
elective outpatient, elective inpatient, and emergency surgery cohorts,
respectively.

The sample was 91.3% White, 3.5% Black, 2.1% Asian, 1.8% other,
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and 1.3% unidentified; ethnicity was assessed separately, with 93.2%
non-Hispanic, 4.8% Hispanic, and 1.9% unidentified. Most patients had
commercial insurance or were self-pay (n = 159,308; 72.4%), while
26.4% had Medicare, and 1.2% had Medicaid. Comparison of charac-
teristics between those who did and did not complete the SDoH ques-
tionnaire and additional descriptive results for other demographic and
clinical characteristics are displayed in Table 1.

Most patients were classified as not high-risk in each SDoH domain,

Table 1
Comparison of characteristics between those who did and did not complete SDOH.
Elective Outpatient Elective Inpatient Emergent
(+) SDoH (—) SDoH p value (+) SDoH (—) SDoH p value (+) SDoH (—) SDoH p value
(n = 147307) (n = 41286) (n = 56047) (n =12011) (n = 16636) (n = 24436)
Age, median (IQR) 60.0 (46.0, 59.0 (43.0, <0.001 63.0 (51.0, 71.0) 64.0 (51.0, 74.0) <0.001 63.0(49.0,73.0) 62.0 (44.0,75.0) <0.001
69.0) 70.0)
Race
White 134558 36095 (87.4%) <0.001 51360 (91.6%) 10552 (87.9%) <0.001 15002 (90.2%) 20871 (85.4%) <0.001
(91.3%)
Black 4999 (3.4%) 2092 (5.1%) 1856 (3.3%) 560 (4.7%) 724 (4.4%) 1268 (5.2%)
Asian 3165 (2.1%) 922 (2.2%) 1096 (2.0%) 245 (2.0%) 384 (2.3%) 651 (2.7%)
Pacific Islander 182 (0.1%) 63 (0.2%) 77 (0.1%) 31 (0.3%) 37 (0.2%) 56 (0.2%)
Native Am 824 (0.6%) 297 (0.7%) 402 (0.7%) 133 (1.1%) 156 (0.9%) 435 (1.8%)
Other 1497 (1.0%) 785 (1.9%) 654 (1.2%) 266 (2.2%) 215 (1.3%) 561 (2.3%)
Unknown 2082 (1.4%) 1032 (2.5%) 602 (1.1%) 224 (1.9%) 118 (0.7%) 594 (2.4%)
Ethnicity
Hispanic 7119 (4.8%) 2416 (5.9%) <0.001 2483 (4.4%) 646 (5.4%) <0.001 1010 (6.1%) 1718 (7.0%) <0.001
Non-Hispanic 137222 37565 (91.0%) 52474 (93.6%) 11052 (92.0%) 15426 (92.7%) 21905 (89.6%)
(93.2%)
Unknown 2966 (2.0%) 1305 (3.2%) 1090 (1.9%) 313 (2.6%) 200 (1.2%) 813 (3.3%)
Gender
Female 80374 (54.6%) 20579 (49.8%) <0.001 27813 (49.6%) 5885 (49.0%) 0.084 8218 (49.4%) 11261 (46.1%) <0.001
Male 66912 (45.4%) 20700 (50.1%) 28232 (50.4%) 6125 (51.0%) 8418 (50.6%) 13174 (53.9%)
Non-binary 6 (0.0%) 1 (0.0%) 2 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.0%)
Unknown 15 (0.0%) 6 (0.0%) 0 (0.0%) 1 (0.0%)
Language
English 145611(98.8%) 39807 (96.4%) <0.001 55169 (98.4%) 11452(95.3%) <0.001 16289 (97.9%) 23112 (94.6%) <0.001
Other 1693 (1.1%) 1476(3.6%) 874 (1.6%) 559 (4.7%) 347 (2.1%) 1311 (5.4%)
Unknown 3 (0.0%) 3 (0.0%) 4 (0.0%) 0 (0.0%) 0 (0.0%) 13 (0.1%)
Region
Arizona 34760 (23.6%) 7653 (18.5%) <0.001 8923 (15.9%) 1438 (12.0%) <0.001 4056 (24.4%) 5774 (23.6%) <0.001
Florida 39418 (26.8%) 9630 (23.3%) 10965 (19.6%) 2004 (16.7%) 2856 (17.2%) 3800 (15.6%)
MCHS NWWI 7716 (5.2%) 3606 (8.7%) 1873 (3.3%) 958 (8.0%) 1648 (9.9%) 2680 (11.0%)
MCHS SEMN 2810 (1.9%) 2189 (5.3%) 146 (0.3%) 160 (1.3%) 278 (1.7%) 699 (2.9%)
MCHS SWMN 5164 (3.5%) 3844 (9.3%) 832 (1.5%) 660 (5.5%) 568 (3.4%) 1625 (6.7%)
MCHS SWWI 4314 (2.9%) 1784 (4.3%) 396 (0.7%) 173 (1.4%) 717 (4.3%) 882 (3.6%)
Rochester 53125 (36.1%) 12580 (30.5%) 32912 (58.7%) 6618 (55.1%) 6513 (39.2%) 8976 (36.7%)
Year
2019 17056 (11.6%) 8034 (19.5%) <0.001 8980 (16.0%) 2671 (22.2%) <0.001 1805 (10.8%) 4065 (16.6%) <0.001
2020 29461 (20.0%) 10750 (26.0%) 12600 (22.5%) 3717 (30.9%) 3785 (22.8%) 5530 (22.6%)
2021 39017 (26.5%) 9071 (22.0%) 13906 (24.8%) 2488 (20.7%) 4243 (25.5%) 5954 (24.4%)
2022 42876 (29.1%) 9235 (22.4%) 14319 (25.5%) 2209 (18.4%) 4613 (27.7%) 6217 (25.4%)
2023 18897 (12.8%) 4196 (10.2%) 6242 (11.1%) 926 (7.7%) 2190 (13.2%) 2670 (10.9%)
BMI 29.1 (25.2, 28.8 (24.9, <0.001 29.2 (25.3, 34.1) 28.9 (25.1, 33.6) <0.001 29.2(24.9, 34.6) 28.3(24.3,33.5) <0.001
34.0) 33.7)
Insurance
Medicaid 1677 (1.1%) 824 (2.0%) <0.001 613 (1.1%) 218 (1.8%) <0.001 389 (2.3%) 1024 (4.2%) <0.001
Medicare 34353 (23.3%) 6413 (15.5%) 18438 (32.9%) 2639 (22.0%) 5212 (31.3%) 5018 (20.5%)
Other 111277(75.5%) 34049 (82.5%) 36996 (66.0%) 9154 (76.2%) 11035 (66.3%) 18394 (75.3%)
Current Smoker 45229 (30.7%) 12535 (30.4%) 0.182 19940 (35.6%) 4152 (34.6%) 0.036 6033 (36.3%) 8002 (32.7%) <0.001
Charlson Score 3.0 (2.0, 5.0) 3.0 (1.0, 5.0) <0.001 4.0 (2.0, 6.0) 4.0 (2.0, 6.0) 0.017 5.0 (3.0, 8.0) 3.0 (1.0, 5.0) <0.001
OR ASA Physical Status Classification
I 12778 (8.7%) 5501 (13.3%) <0.001 1632 (2.9%) 643 (5.4%) <0.001 420 (2.5%) 1914 (7.8%) <0.001
I 75898 (51.5%) 19723 (47.8%) 19124 (34.1%) 3908 (32.5%) 3495 (21.0%) 6439 (26.4%)
111 56615 (38.4%) 15290 (37.0%) 29492 (52.6%) 5927 (49.3%) 8951 (53.8%) 11275 (46.1%)
v 2008 (1.4%) 765 (1.9%) 5766 (10.3%) 1508 (12.6%) 3603 (21.7%) 4380 (17.9%)
\% 0 (0.0%) 3(0.0%) 32 (0.1%) 24 (0.2%) 159 (1.0%) 370 (1.5%)
VI 0 (0.0%) 1 (0.0%) 0 (0.0%) 1 (0.0%) 6 (0.0%) 55 (0.2%)
Not Assessed 8 (0.0%) 3 (0.0%) 1 (0.0%) 0 (0.0%) 2 (0.0%) 3 (0.0%)
Hours in OR 1.9(1.1,29) 1.6 (1.0, 2.5) <0.001 4.5(3.1,6.2) 4.0 (2.8, 5.7) <0.001 2.2(1.3,3.7) 1.9(1.1, 3.0) <0.001
Laparoscopic or 21858 (14.8%) 5464 (13.2%) <0.001 12978 (23.2%) 2484 (20.7%) <0.001 2892 (17.4%) 4554 (18.6%) 0.001
Robotic
EBL 16.0 (5.0, 50.0) 10.0 (5.0, 40.0) <0.001 100.0 (50.0, 100.0 (35.0, 0.131 50.0 (10.0, 30.0 (10.0, <0.001
350.0) 300.0) 200.0) 150.0)

SDoH = Social determinant of health, IQR = Interquartile range, MCHS = Mayo Clinic Health System, NWWI = Northwest Wisconsin, SEMN = Southeast Minnesota,
SWMN = Southwest Minnesota, SWWI = Southwest Wisconsin, BMI = body mass index, OR = operating room, EBL = estimated blood loss.
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with 7.4%, 5.4%, 3.4%, 2.5%, and 2.3% in the housing stability, food
security, financial resources, interpersonal violence, and transportation
need domains identifying as high-risk, respectively. Itemized response
rates by surgery classification cohorts are displayed in Table 2. Patients
undergoing emergency surgery were more likely to report high social
risks compared to those undergoing elective procedures, including high-
risk in financial resources (5.2%), food security (8.3%), housing (8.9%),
interpersonal violence (2.6%), and transportation (4.2%) domains.
Across all domains, the emergency surgery cohort also had higher pro-
portions of unknown responses, suggesting lower rates of SDoH
screening completion. The most common elective inpatient surgery
types were neurological (21.6%), orthopedic (14.1%), and cardiovas-
cular (10.1%). The most common emergent surgery types were general
surgery (18.9%), transplant (13.2%), and gastroenterology (13.3%). The
most common outpatient surgery types were orthopedic (17.3%),
gastroenterology (15.1%), and urology (13.8%; Supplementary
Table 2).

3.2. Regression models

3.2.1. Elective outpatient surgery cohort

In the elective outpatient surgery cohort, patients that identified as
high-risk for financial resources or transportation need domains had a
higher risk of 30-day readmission (Relative Risk [RR] = 1.23, 95%
Confidence Interval [CI]: 1.06-1.43; RR = 1.35, 95% CI: 1.14-1.59,
respectively). Housing stability, food security, and interpersonal
violence domains were not independently associated with readmission
risk (Table 3). High-risk transportation needs had significantly increased

Table 2
SDoH domain scores across surgery classification cohorts.
Elective Inpatient Elective Outpatient Emergent
(n = 56047) (n = 147307) (n = 16636)

SDoH Financial Resources Score
N 55081 144721 16312
Low (Green) 45294 (82.2) 121183 (83.7) 12617 (77.3)
Medium 5412 (9.8) 12284 (8.5) 1982 (12.2)
(Yellow)
High (Red) 2049 (3.7) 4435 (3.1) 841 (5.2)
Unknown 2326 (4.2) 6819 (4.7) 872 (5.3)
(Grey)

SDoH Food Security Score
N 55280 145120 16351
Low (Green) 51031 (92.3) 134251 (92.5) 14555 (89.0)
High (Red) 3040 (5.5) 7404 (5.1) 1356 (8.3)
Unknown 1209 (2.2) 3465 (2.4) 440 (2.7)
(Grey)

SDoH Housing Stability Score
N 29752 86635 8893
Low (Green) 27185 (91.4) 78618 (90.7) 7915 (89.0)
High (Red) 2134 (7.2) 6346 (7.3) 789 (8.9)
Unknown 433 (1.5) 1671 (1.9) 189 (2.1)
(Grey)

SDoH Interpersonal Violence Score
N 25009 82318 9410
No to all 22842 (91.3) 74558 (90.6) 8272 (87.9)
questions
(Green)
Yes to any 563 (2.3) 2115 (2.6) 241 (2.6)
questions (Red)
Unknown 1604 (6.4) 5645 (6.9) 897 (9.5)
(Grey)

SDoH Transportation Needs Score
N 55731 146419 16450
No Needs 51367 (92.2) 136087 (92.9) 14464 (87.9)
(Green)
Unmet Needs 1371 (2.5) 2942 (2.0) 699 (4.2)
(Red)
Unknown 2993 (5.4) 7390 (5.0) 1287 (7.8)
(Grey)

SDoH = social determinants (or drivers) of health.
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odds of 30-day mortality (Hazard Ratio [HR] = 2.35, 95% CI: 1.39-
3.97).

3.2.2. Elective inpatient surgery cohort

In the elective inpatient surgery cohort, high-risk for financial re-
sources, food security, housing stability, and transportation need were
associated with longer hospital LOS (RR = 1.12, 95% CIL: 1.08-1.16;
RR = 1.10, 95% CL: 1.07-1.13; RR = 1.11, 95% CIL: 1.07-1.15; and
RR = 1.18, 95% CI: 1.09-1.17 respectively). High-risk for financial re-
sources, food insecurity, and housing stability domains were associated
with longer ICU LOS (RR = 1.10, 95% CI: 1.03-1.19; RR = 1.16, 95% CI:
1.09-1.23; and RR = 1.17, 95% CI: 1.08-1.26 respectively). High-risk for
financial resources, food security, housing stability, and transportation
need domains also had an increased risk of 30-day readmission
(RR = 1.39, 95% CI: 1.08-1.16; RR = 1.27, 95% CIL: 1.14-1.42;
RR = 1.19, 95% CI: 1.03-1.38; and RR = 1.51, 95% CIL: 1.31-1.73,
respectively). Like the elective outpatient group, only high-risk status
in the transportation needs domain was associated with increased risk of
30-day mortality (RR = 1.75, 95% CI: 1.02-3.01) (Table 4).

3.2.3. Emergency surgery cohort

In the emergency surgery cohort, patients who were high-risk for
financial resources, food security, housing stability, and transportation
need domains had longer hospital LOS (RR = 1.18, 95% CI: 1.10-1.27;
RR = 1.09, 95% CI: 1.03-1.16; RR = 1.15, 95% CIL: 1.07-1.25; and
RR = 1.27, 95% CI: 1.18-1.37, respectively). No SDoH domains were
associated with ICU LOS (Table 5). Only high-risk transportation needs
had increased 30-day readmission risk (RR = 1.36, 95% CI: 1.19-1.55).
High-risk in these SDoH domains was not associated with 30-day mor-
tality for emergency surgery patients (Table 5).

3.3. Sensitivity analyses

3.3.1. Patients without medicare or medicaid

Among elective outpatient surgery patients without Medicare or
Medicaid, high-risk for financial resources and transportation need were
significantly associated with increased 30-day readmission risk. Food
security, housing stability, and transportation needs were associated
with 30-day mortality (see Supplemental eTables 1a-c). Among elective
inpatient surgery patients, all domains except interpersonal violence
were associated with prolonged hospital LOS, while the financial re-
sources, food security, and housing stability domains were associated
with prolonged ICU LOS. High-risk financial resources, food security,
and transportation need domains were significantly associated with
increased readmission risk. No domain was associated with 30-day
mortality (see supplemental data). In the emergency surgery cohort,
each domain besides interpersonal violence prolonged hospital LOS,
while the housing stability and interpersonal violence domains were
associated with prolonged ICU LOS. Only high-risk transportation needs
domain was significantly increased 30-day readmission risk. No SDoH
domains were associated with 30-day mortality (see supplemental data).

3.4. Sensitivity analyses

3.4.1. Age under 65-years of age

Among the elective outpatient surgery cohort under age 65 years of
age, high-risk for financial resources and transportation needs were
associated with increased 30-day readmission. High-risk for food secu-
rity and transportation need increased the risk of 30-day mortality.
Among elective inpatient surgery patients, all domains except inter-
personal violence were associated with prolonged hospital LOS, while
financial resources and food security domains were associated with
prolonged ICU LOS. High-risk for financial resources, food security, and
transportation need were associated with an increased risk for 30-day
readmission. Only transportation needs increased mortality risk. In the
emergency surgery cohort, all domains except interpersonal violence
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Table 3

Outcomes in elective outpatient surgery cohort.

High risk in 2+ Domains

Transportation Needs

Interpersonal
Violence

Housing Stability

Food Security

Financial Resources

High-Risk

Not

High-Risk Not High-Risk Not High-Risk Not High-Risk Not High-Risk

Not

n = 4937

High-Risk n=2115 High-Risk n = 2942 High-Risk

n = 6346

High-Risk

n = 7404

n = 4435 High-Risk

High-Risk

n = 143477 n = 142370

80203

n=

n = 80289

n = 137716

n = 140286

30-day Readmission

N (%)

193 (3.9)

137 (4.7) 3969 (2.8)

3991 (2.8)

62 (2.9)

2117 (2.6)

265 (3.6) 2211 (2.8) 202 (3.2)

3832 (2.8)

182 (4.1)

3895 (2.8)

1.23 [1.07, 1.42]

1.35 [1.14,

1.59]

1.16 [0.91, 1.49]

1.14 [0.99, 1.31]

1.14 [1.00,

1.29]

1.23 [1.06, 1.43]

Adjusted RR [95%

CI]

Adjusted p-value

0.005

<0.001

0.228

0.071

0.045

0.005

30-day Mortality
30-day Survival

0.997

0.994 0.998

0.998

0.999

0.998 0.999

0.997 (0.996, 0.998

0.998)

0.998 (0.998,

0.998)

0.996

0.998

(0.995,0.998)

(0.998,0.998)

(0.998,0.998) (0.991,0.997)

(0.998,0.999) (0.998,1.000)

(0.997,0.999)

(0.998,0.999)

(0.994,0.998)

(0.998,
0.999)

Probability

(95% CI)
Adjusted HR [95% -

1.70 [0.99, 2.92]

2.35[1.39,

3.97]

0.81 [0.20, 3.32]

1.56 [0.98, 1.31 [0.71, 2.40]
2.49]

1.61 [0.94, 2.75]

cI

Adjusted p-value

0.053

0.001

0.772

0.382

0.061

0.080

hazard ratio.

RR = relative risk, CI = confidence interval, HR
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were similarly associated with prolonged hospital LOS, while housing
stability and interpersonal violence domains were significantly associ-
ated with longer ICU LOS. Only transposition needs increased the risk of
30-day readmission (see Supplemental eTable 2a-c).

4. Discussion

This study sought to identify which SDoH domain was most associ-
ated with postoperative outcomes. In this large retrospective cohort
analysis, we found that patients with transportation needs had the
highest risk of 30-day readmission across all surgical cohorts. Other
high-risk SDoH domains except interpersonal violence also had a greater
likelihood of longer postoperative hospital LOS and 30-day hospital
readmission compared to their not high-risk counterparts. These find-
ings were similar across all demographics, including those without
Medicare or Medicaid, and those under 65 years of age. The association
between transportation insecurity, longer LOS, and higher readmission
rates underscores the importance of addressing logistical barriers to
healthcare access. Patients who experience transportation insecurity
due to transportation challenges or longer travel times may delay
seeking surgical treatment or preoperative consultations, leading to
more advanced stages at presentation. Those presenting at more
advanced stages likely require more extensive care and have a higher
risk of readmission.'*'® Transportation barriers can also lead to frag-
mented care, where patients experience gaps in their treatment and are
less likely to attend follow-up appointments, fill prescriptions or attend
other prescribed interventions, missing opportunities for early detection
of complications and resulting in readmission as well as poorer
outcomes.”®

High-risk SDoH status was not associated with increased 30-day
mortality following either elective or emergency surgery. This sug-
gests that while SDoH needs may influence short-term recovery and
readmission rates, the effect on early postoperative survival may be
mitigated by the characteristics of the healthcare setting or other
contextual factors. Tertiary hospitals provide specialized care, advanced
diagnostics, and escalation of care and rescue that could attenuate the
potential negative impact of social factors on surgical mortality %2, It
is also important to note that while individual-level SDoH certainly in-
fluence patient outcomes, the broader neighborhood-level SDoH may
play a substantial role in long-term health outcomes (or serve as proxies
for other factors).?? Neighborhood-level factors, captured by area
deprivation index (ADI) or the social vulnerability index (SVI), may
interact with individual-level factors in more complex ways that are not
captured in our study's design.?>?* Studies have shown that the neigh-
borhood context plays a critical role in shaping health outcomes,
particularly for individuals in underserved communities.?® For instance,
neighborhoods with limited access to healthy food, safe environments,
and healthcare facilities may perpetuate chronic health conditions,
which can influence recovery trajectories and postoperative complica-
tions.”® Therefore, addressing neighborhood-level SDoH is still crucial
for reducing health inequities and improving long-term surgical
outcomes.

Our findings are consistent with prior studies exploring the rela-
tionship between individual unmet social needs and higher readmission
rates and greater postoperative morbidity.2”>*® While the findings are
consistent, there are important differences between the studies. The
study by Taylor and colleagues?’ utilized data from a national database
which improves generalizability of the study findings but lacks granu-
larity in regards to patient comorbidities and differences in hospital
practices; the study by Mohanty and colleagues®® was single center, so it
included some of the granularity lacking by Taylor and colleagues but
was limited to spine surgery and focused mainly on income versus
broader SDoH. Another study found that individual-level social risk
factors, identified by the presence of Z codes, were more strongly
associated with postoperative morbidity than neighborhood-level mea-
sures such as the SVI or ADI, indicating the importance of better
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Table 4

Outcomes in elective inpatient surgery cohort.
Financial Food Housing Interpersonal Transportation High risk in 2+ Domains
Resources Security Stability Violence Needs
Not High-Risk High-Risk Not High-Risk High-Risk Not High-Risk High-Risk Not High-Risk High-Risk Not High-Risk High-Risk Not High-Risk High Risk
n = 53032 n = 2049 n = 52240 n = 3040 n = 27618 n = 2134 n = 24446 n = 563 n = 54360 n = 1371 n = 53982 n = 2065

Postoperative Length of Stay
Median (Q1, 2.9 (1.4,4.9) 3.0(1.9,5.7) 2.9 (1.3,4.9) 3.0(1.8,5.1) 2.9 (1.7, 5.0) 3.0 (1.7, 5.0) 2.9 (1.6, 4.9) 2.9(1.7, 4.9 2.9 (1.3,4.9) 3.0 (1.9,5.9) 2.9 (1.4,4.9) 3.0 (1.9, 5.3)
Q3)

Adjusted RR - 1.12 [1.08, - 1.10 [1.07, - 1.11 [1.07, - 1.05 [0.99, - 1.18 [1.13, - 1.13 [1.09,
[95% CI] 1.16] 1.13] 1.15] 1.12] 1.23] 1.171

Adjusted p- - <0.001 - <0.001 - <0.001 - 0.128 - <0.001 - <0.001
value

30-day Readmission

N 4237 (8.0%) 239 (11.7%) 4166 (8.0%) 326 (10.7%) 2158 (7.8%) 194 (9.1%) 2028 (8.3%) 43 (7.6%) 4354 (8.0%) 175 (12.8%) 4336 (8.0%) 227 (11.0%)

Rate

Adjusted RR - 1.39 [1.23, - 1.27 [1.14, - 1.19 [1.03, - 0.95 [0.71, - 1.51 [1.31, - 1.32 [1.16,
[95% CI] 1.57] 1.42] 1.38] 1.26] 1.73] 1.50]

Adjusted p- - <0.001 - <0.001 - 0.016 - 0.708 - <0.001 - <0.001
value

30-day Mortality

30-day 0.993 0.992 0.993 0.995 0.994 0.994 0.994 1.000 0.994 0.989 0.993 0.993
Survival (0.993,0.994) (0.988,0.996) (0.993,0.994) (0.993,0.998) (0.993,0.995) (0.990,0.997) (0.993,0.995) (1.000,1.000) (0.993,0.994) (0.984,0.995) (0.993,0.994) (0.990,0.997)
Probability
(95% CI)

Adjusted HR - 1.61 [0.97, - 0.79 [0.45, - 1.54 [0.87, - 0.00 [0.00, - 1.75 [1.02, - 1.33 [0.76,
[95% CI] 2.67] 1.40] 2.74] Inf] 3.01] 2.35]

Adjusted p- - 0.068 - 0.425 - 0.138 - 0.995 - 0.041 - 0.318
value

Postoperative ICU Length of Stay

N 11682 452 11502 662 6297 424 5243 103 11954 308 11903 436

Median (Q1, 26.2 (21.0, 27.1 (21.2, 26.2 (21.1, 26.3 (20.9, 27.2 (21.4, 28.2 (22.1, 28.0 (21.8, 27.0 (21.2, 26.2 (21.1, 24.8 (20.7, 26.2 (21.0, 26.7 (21.3,
Q3) 50.2) 50.4) 50.0) 56.2) 51.9) 67.8) 53.1) 57.7) 50.2) 51.2) 50.1) 56.1)

Adjusted RR - 1.10 [1.03, - 1.16 [1.09, - 1.17 [1.08, - 0.92 [0.80, - 1.01 [0.93, - 1.11 [1.03,
[95% CI] 1.19] 1.23] 1.26] 1.07] 1.11] 1.19]

Adjusted p- - 0.007 - <0.001 - <0.001 - 0.260 - 0.774 - 0.006

value

RR = relative risk, CI = confidence interval, HR = hazard ratio, ICU = intensive care unit.
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Table 5
Outcomes in emergent surgery cohort.
Financial Food Housing Interpersonal Transportation High risk in 2+
Resources Security Stability Violence Needs Domains
Not High-Risk High-Risk Not High-Risk High-Risk Not High-Risk High-Risk Not High-Risk High-Risk Not High-Risk High-Risk Not High-Risk High-Risk
n = 15471 n =841 n = 14995 n = 1356 n = 8104 n =789 n = 9169 n =241 n = 15751 n =699 n = 15693 n =943
Postoperative Hospital Length of Stay
Median 3.0 (1.0, 6.1) 3.91.2,7.5) 3.0 (1.0, 6.1) 3.1(1.1,6.9) 3.0 (1.0, 6.1) 3.1 (1.0, 7.0) 2.7 (0.8, 5.9) 1.9 (0.5, 4.8) 3.0(1.0,6.1) 4.0 (1.3,7.7) 3.0 (1.0, 6.1) 3201.1,7.4)
(Q1, Q3)
Adjusted - 1.18 [1.10, - 1.09 [1.03, - 1.15 [1.07, - 1.14 [0.99, - 1.27 [1.18, - 1.24 [1.16,
RR [95% 1.27] 1.16] 1.25] 1.31] 1.37] 1.33]
CI]
Adjustedp- - <0.001 - 0.003 - <0.001 - 0.070 - <0.001 - <0.001
value
30-day Readmission
N (%) 2617 (16.9%) 181 (21.5%) 2533 (16.9%) 271 (20.0%) 1306 (16.1%) 130 (16.5%) 1373 (15.0%) 33 (13.7%) 2633 (16.7%) 178 (25.5%) 2662 (17.0%) 191 (20.3%)
Adjusted - 1.13 [0.99, - 1.09 [0.97, - 0.98 [0.83, - 0.97 [0.71, - 1.36 [1.19, - 1.11 [0.97,
RR [95% 1.30] 1.22] 1.16] 1.33] 1.55] 1.26]
CI]
Adjustedp- - 0.065 - 0.159 - 0.857 - 0.844 - <0.001 - 0.136
value
30-day Mortality
Survival 0.944 0.950 0.943 0.964 0.948 0.969 0.952 0.975 0.944 0.950 0.943 0.961
Prob. (0.941,0.948) (0.935,0.965) (0.939,0.946) (0.955,0.974) (0.944,0.953) (0.956,0.981) (0.948,0.957) (0.955,0.995) (0.941,0.948) (0.934,0.967) (0.940,0.947) (0.948,0.973)
(95% CI)
Adjusted - 0.90 [0.65, - 0.69 [0.51, - 0.71 [0.46, - 0.91 [0.40, - 0.75 [0.53, - 0.77 [0.55,
HR [95% 1.23] 0.93] 1.08] 2.05] 1.07] 1.08]
CI]
Adjustedp- - 0.506 - 0.014 - 0.105 - 0.820 - 0.110 - 0.132
value
Postoperative ICU Length of Stay
N 2761 163 2692 238 1430 114 1443 36 2835 113 2817 156
Median 44.6 (23.3, 43.5 (23.9, 44.9 (23.4, 41.2 (22.7, 45.2 (23.7, 40.8 (22.8, 44.2 (23.4, 46.2 (22.2, 44.5 (23.3, 57.9 (24.2, 44.6 (23.4, 47.3 (24.1,
(Q1, Q3) 89.8) 87.6) 89.8) 90.3) 94.2) 88.3) 87.7) 94.9) 89.6) 103.6) 89.8) 94.6)
Adjusted - 1.08 [0.93, - 1.06 [0.94, - 1.14 [0.95, - 1.37 [1.01, - 0.99 [0.83, - 1.17 [1.00,
RR [95% 1.26] 1.21] 1.39] 1.92] 1.19] 1.37]
CI]
Adjusted p- - 0.340 - 0.350 - 0.161 - 0.053 - 0.878 - 0.056
value

RR = relative risk, CI = confidence interval, HR = hazard ratio.
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understanding these individual factors in the context of surgical risk
assessment.”” While these studies were able to demonstrate an associ-
ation between SDoH risk and outcomes, our study was novel in its
approach; seeking to determine the specific individual-level SDoH do-
mains that were associated with adverse perioperative outcomes. Un-
derstanding that transportation insecurity contributes to longer hospital
LOS and higher readmission rates for surgical patients will allow
healthcare systems and payers to develop interventions aimed at
addressing transportation barriers for high-risk patients. This could
include exploring the provision of transportation services and telehealth
opportunities, as well as transitional care programs such as home
visiting or hospital to home for high-risk surgical patients. This could
also include exploring multi-level approach that considers both indi-
vidual- and neighborhood-level SDoH in efforts to improve surgical
outcomes.?%** Future research should consider the interaction between
these two levels of social determinants and examine their impact on
longer-term health outcomes to inform systemic interventions targeting
SDoH in postoperative mortality.

Our findings were discordant with one prior study that evaluated the
relationship between HRSNs and hospital readmission rates that found
patients with a greater number of high-risk domains were associated
with higher odds of hospital readmission at 30 and 90 days, suggesting a
dose-response relationship between HRSNs and hospital readmission
rates.>! Our findings suggest that the relationship between SDoH and
surgical outcomes may vary depending on the specific domain of SDoH
and the classification of the surgical procedure. For example, trans-
portation insecurity appeared to be a more consistent driver of read-
missions across all surgical cohorts, whereas financial strain had a more
variable impact. This indicates that the influence of SDoH on post-
operative outcomes may not follow a simple linear, dose-response
relationship, as has been previously suggested. Instead, our data
points to the possibility of domain-specific and procedure-specific in-
teractions, where certain social risks may disproportionately affect
outcomes in specific surgical contexts (e.g., elective outpatient vs.
emergent surgery). These nuanced relationships warrant further inves-
tigation in order to better tailor interventions and resource allocation.
More specifically, with limited resources, investigations such as this can
help determine which intervention(s) should be prioritized.

The results of this study provide valuable guidance for teams
engaged in surgical patient care. Integrating SDoH screening into the
preoperative workflow and referring patients at high risk to appropriate
resources are critical steps that should be incorporated into the standard
protocol for preoperative examinations. In situations where patients
have not had access to preoperative planning, it is incumbent upon
perioperative teams to identify individuals with SDoH-related needs and
address those requirements. Beyond its ethical importance, this
approach offers institutions opportunities to reduce healthcare costs and
enhance quality of care. Given declining reimbursements nationwide,
increased LOS and rising readmission rates may further decrease pay-
ments and adversely impact hospital operations. Because of the sub-
stantial impact of transportation insecurity on surgical outcomes,
institutions should begin by implementing targeted interventions to
address these challenges, such as offering rideshare services, providing
taxi vouchers, or utilizing care coordinators to connect patients with
covered transportation options. Nonetheless, due to the complexity and
interrelated nature of SDoH, these basic interventions may be insuffi-
cient. For example, while some programs have investigated subsidizing
travel assistance initiatives, including rideshare service, their outcomes
have been variable.>?>* Transportation costs, especially in rural or
underserved areas, create significant economic barriers. The financial
burden of accessing surgical care extends beyond travel expenses
including indirect costs, such as lost income, lodging, childcare, and
food may deter patients from seeking timely surgery or essential re-
covery care.>>3° More effective solutions should integrate trans-
portation support with broader interventions aimed at reducing
economic barriers to health and/or leverage technology to improve
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patient access and monitoring. The financial implications of surgery are
multifaceted, and our current survey may not fully capture these
broader, hidden patient burdens.

While other studies have shown that individual-level social risk
factors are more strongly associated with postoperative outcomes, the
strength of our study is in demonstrating which specific individual-level
SDoH domains are associated with adverse perioperative outcomes in
patients having either elective or emergent surgical procedures. Despite
the strength of the retrospective cohort study and our finding of a sig-
nificant association between transportation insecurity and surgical
outcomes, our study is not without limitations. This is a retrospective
cohort study of patients from a single healthcare system with inherent
biases, for which validity of our study findings is highly dependent on
the completeness and accuracy of the data captured within our elec-
tronic health records. The SDoH questionnaire completion also varied
across the surgical cohorts analyzed, with the lowest completion rate in
the emergency surgery cohort. While the lower completion rate in the
cohort is understandable, as it may not be feasible for surgical patients
who are admitted acutely ill, it may also limit the strength of association
noted between individual SDoH domains and surgical outcomes as the
analyzed sample may not be representative of the broader population (i.
e., there may be a selection bias). Using family members, friends, or
relying on neighborhood-level information may be feasible for patients
undergoing emergency surgery. Additionally, patients did not always
complete all domains of the SDoH questionnaire; thus, sample sizes
within each domain differed. If the domain was administered, but not
completed, then the patient was given a value of unknown, and included
in the not high-risk group which may have resulted in classification
errors and overestimation or underestimation of those assigned as high-
risk. This highlights the concept of health data disparities, the systematic
missingness of data, usually for higher-risk individuals, which limits
interventions and strategies to mitigate disparities.’” Additionally, the
patient population may not be generalizable to other surgical pop-
ulations, given the limited variability by sociodemographic character-
istics, the population being drawn from a single healthcare system, and
the inclusion of patients that completed the SDoH questionnaire. Lastly,
SDoH domains may interact in a complex and interconnected way,
where a patient who is high-risk in one SDoH domain may have a
downstream impact on risk in other domains. For instance, patients who
are high-risk for the financial resources' domain have limited resources
that may subsequently impact food and transportation access, housing
conditions, and educational opportunities, ultimately leading to
high-risk status for the food security, housing stability, and trans-
portation need domains (i.e., marginal inequities*®) assessed in our
study. The inability to assess the potential interaction between SDoH
domains remains a limitation of our study.

5. Conclusion

In this large retrospective cohort study, we found that individual-
level social drivers of health, particularly transportation needs and
financial strain, are linked to adverse postoperative surgical outcomes.
Systematic assessment of and intervention on social drivers of health is
crucial in the continued efforts to improve the quality of surgical care we
provide across different patient cohorts and addressing persistent
healthcare disparities.

CRediT authorship contribution statement

Michael A. Edwards: Writing — review & editing, Writing — original
draft, Methodology. Skye Buckner Petty: Writing — review & editing,
Writing — original draft, Formal analysis, Data curation. Kashmira
Chawla: Writing — original draft, Investigation. Sreya Pattipati:
Writing — original draft, Methodology. Ryan May: Writing — original
draft. Erin Westfall: Writing — review & editing, Writing — original
draft, Methodology, Conceptualization. Mohanad R. Youssef: Writing —

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 11,
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.



M.A. Edwards et al.

original draft, Methodology, Investigation, Data curation. Nathan L.
Delafield: Writing — review & editing, Writing — original draft. Jaxon K.
Quillen: Writing — original draft, Formal analysis, Data curation. Adam
J. Milam: Writing — review & editing, Writing — original draft, Project
administration, Methodology, Funding acquisition, Data curation,
Conceptualization.

Disclosure

Michael A. Edwards, Skye Buckner Petty, Kashmira Chawla, Sreya
Pattipati, Ryan May, Erin Westfall, Mohanad R. Youssef, Nathan Dela-
field, Jaxon K. Quillen, and Adam J. Milam have no conflicts of interests
or relevant financial disclosures.

Prior presentation

Abstracts based on this work will be presented at the ACS QS Con-
ference in San Diego, on July 19, 2025.

Data sharing statement

This study is a retrospective analysis of hospital-based data for sur-
gical patients who approved the use of their data for research; data will
not be available to access given the protected health information.

Ethics

The Mayo Clinic Institutional Review Board approved this retro-
spective study (Mayo Clinic IRB Number 23-005322), and all patients
included provided permission to use their medical records for research.
Patients who did not give permission to use their medical records were
excluded. This manuscript adheres to the guidelines set forth by the
Strengthening Reporting of Observational Studies in Epidemiology
(STROBE) protocol. This study was done in accordance with the Code of
Ethics of the World Medical Association (Declaration of Helsinki).

Funding
This study had no extramural funding source.
Appendix. ASupplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.amjsurg.2026.116890.

References

1. World Health Organization. Social determinants of health. World health
organization. https://www.who.int/health-topics/social-determinants-of-health
#tab&equals;tab_1; 2019, May 30.

2. Bennett KM, Scarborough JE, Pappas TN, Kepler TB. Patient socioeconomic status is
an independent predictor of operative mortality. Ann Surg. 2010;252(3):552-558.

3. Jerath A, Austin PC, Ko DT, et al, Socioeconomic status and days alive and out of
hospital after major elective noncardiac surgery: A population-based cohort study.
Anesthesiology. 2020;132(4):713-722.

4. Hoehn RS, Rieser CJ, Phelos H, et al. Association between medicaid expansion and
diagnosis and management of Colon cancer. J Am Coll Surg. 2021;232(2):146-156.

5. Rj Lavizzo-Mourey, Re Besser, Dr Williams. Understanding and mitigating health
inequities—past, current, and future directions. N Engl J Med. 2021;384(18):
1681-1684. https://doi.org/10.1056/NEJMp2008628.

6. S Artiga. Health disparities are a symptom of broader social and economic
inequities. KFF Published; June 1, 2020. https://www.kff.org/policy-watch/health
-disparities-symptom-broader-social-economic-inequities/. Accessed December 7,
2022.

7. Hj Heiman. Artiga S. Beyond health care: the role of social determinants in
promoting health and health equity. KFF; May 10, 2018. https://www.kff.org/racia
l-equity-and-health-policy/issue-brief/beyond-health-care-the-role-of-social-dete
rminants-in-promoting-health-and-health-equity/. Accessed July 20, 2023.

8. Khubchandani JA, Shen C, Ayturk D, Kiefe CI, Santry HP. Disparities in access to
emergency general surgery care in the United States. Surgery. 2018;163(2):243-250.

9. Carr BG, Bowman AJ, Wolff CS, et al. Disparities in access to trauma care in the
United States: a population-based analysis. Injury. 2017;48(2):332-338.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

The American Journal of Surgery 256 (2026) 116890

Wang K. Housing instability and socioeconomic disparities in health: evidence from
the U.S. economic recession. J Racial Ethn Health Dispar. 2022 Dec;9(6):2451-2467.
Krampe H, Barth-Zoubairi A, Schnell T, et al. Of Stay in surgical patients. Int J Behav
Med. 2018 Dec;25(6):658-668.

Mavros MN, Athanasiou S, Gkegkes ID, Polyzos KA, Peppas G, Falagas ME. Do
psychological variables affect early surgical recovery? PLoS One. 2011;6(5):e20306.
Wright JP, Edwards GC, Goggins K, et al. Association of health literacy with
postoperative outcomes in patients undergoing major abdominal surgery. JAMA
Surg. 2018;153(2):137-142.

Clark NM, Hernandez AH, Bertalan MS, et al. Travel time as an indicator of poor
access to care in surgical emergencies. JAMA Netw Open. 2025;8(1):e2455258.
https://doi.org/10.1001/jamanetworkopen.2024.55258. Published 2025 Jan 2.
McCrum ML, Wan N, Han J, Lizotte SL, Horns JJ. Disparities in spatial access to
emergency surgical services in the US. JAMA Health Forum. 2022;3(10):e223633.
https://doi.org/10.1001/jamahealthforum.2022.3633. Published 2022 Oct 7.

Goel N, Lubarsky M, Hernandez AE, et al. Unmet social needs and breast cancer
screening utilization and stage at presentation. JAMA Netw Open. 2024;7(2):
€2355301. https://doi.org/10.1001/jamanetworkopen.2023.55301. Published
2024 Feb 5.

Ufere NN, Lago-Hernandez C, Alejandro-Soto A, et al. Health care-related
transportation insecurity is associated with adverse health outcomes among adults
with chronic liver disease. Hepatol Commun. 2024 Jan 11;8(1):e0358. https://doi.
org/10.1097/HC9.0000000000000358. PMID: 38206200; PMCID: PMC10786597.
Health research & educational trust. Social Determinants of Health Series: Transportation
and the Role of Hospitals. Chicago, IL: Health Research & Educational Trust; 2017,
November. www.aha.org/transportation.

Diaz A, Beane JD, Hyer JM, Tsilimigras D, Pawlik TM. Impact of hospital quality on
surgical outcomes in patients with high social vulnerability: association of textbook
outcomes and social vulnerability by hospital quality. Surgery. 2022;171(6):
1612-1618.

Diaz A, Lindau ST, Obeng-Gyasi S, Dimick JB, Scott JW, Ibrahim AM. Association of
hospital quality and neighborhood deprivation with mortality after inpatient
surgery among medicare beneficiaries. JAMA Netw Open. 2023;6(1):e2253620.
https://doi.org/10.1001/jamanetworkopen.2022.53620.

Ghaferi AA, Osborne NH, Birkmeyer JD, Dimick JB. Hospital characteristics
associated with failure to rescue from complications after pancreatectomy. J Am Coll
Surg. 2010;211(3):325-330. https://doi.org/10.1016/j.jamcollsurg.2010.04.025.
Dyas AR, Carmichael H, Bronsert MR, et al. Social vulnerability is associated with
higher risk-adjusted rates of postoperative complications in a broad surgical
population. Am J Surg. 2024 Mar;229:26-33. https://doi.org/10.1016/j.
amjsurg.2023.09.028. Epub 2023 Sep 23. PMID: 37775458; PMCID: PMC11665596.
Jacobs MA, Schmidt S, Hall DE, et al. A surgical desirability of outcome ranking
(DOOR) reveals complex relationships between race/ethnicity, insurance type, and
neighborhood deprivation. Ann Surg. 2024 Feb 1;279(2):246-257. https://doi.org/
10.1097/SLA.0000000000005994. Epub 2023 Jul 14. PMID: 37450703; PMCID:
PMC10787813.

Dumitra T, Ganescu O, Hu R, et al. Association between patient activation and
health care utilization after thoracic and abdominal surgery. JAMA Surg. 2021;156
(1):e205002. https://doi.org/10.1001/jamasurg.2020.5002.

Chamberlain AM, Finney Rutten LJ, Wilson PM, et al. Neighborhood socioeconomic
disadvantage is associated with multimorbidity in a geographically-defined
community. BMC Public Health. 2020 Jan 6;20(1):13. https://doi.org/10.1186/
512889-019-8123-0. Erratum in: BMC Public Health. 2020 Sep 16;20(1):1412. doi:
10.1186/512889-020-09527-2. PMID: 31906992; PMCID: PMC6945427.

Khalil M, Munir MM, Woldesenbet S, et al. Association of county-level food deserts
and food swamps on postoperative outcomes among patients undergoing colorectal
surgery. J Gastrointest Surg. 2024 Apr;28(4):494-500. https://doi.org/10.1016/j.
gassur.2024.01.012. Epub 2024 Jan 23. PMID: 38583901.

Taylor KK, Neiman PU, Bonner S, Ranganathan K, Tipirneni R, Scott JW. Unmet
social health needs as a driver of inequitable outcomes after surgery: a cross-
sectional analysis of the national health interview survey. Ann Surg. 2023 Aug 1,278
(2):193-200. https://doi.org/10.1097/SLA.0000000000005689. Epub 2022 Aug
26. PMID: 36017938; PMCID: PMC10122453.

Mohanty S, Lad MK, Casper D, Sheth NP, Saifi C. The impact of social determinants
of health on 30 and 90-Day readmission rates after spine surgery. J Bone Joint Surg
Am. 2022 Mar 2;104(5):412-420. https://doi.org/10.2106/JBJS.21.00496. PMID:
35234722.

Krishnan V, Trautmann SM, Sullivan GA, et al. Individual- versus neighborhood-
level social determinants of health-related factors and their associations with
postoperative morbidity. Am J Surg. 2025 May;243:116280. https://doi.org/
10.1016/j.amjsurg.2025.116280. Epub 2025 Feb 27. PMID: 40056802.

Schmidt S, Kim J, Jacobs MA, et al. Independent associations of neighborhood
deprivation and patient-level social determinants of health with textbook outcomes
after inpatient surgery. Ann Surg Open. 2023;4(1):e237. https://doi.org/10.1097/
as9.0000000000000237.

Bensken WP, Alberti PM. Koroukian SM. health-related social needs and increased
readmission rates: findings from the nationwide readmissions database. J Gen Intern
Med. 2021 May;36(5):1173-1180. https://doi.org/10.1007/511606-021-06646-3.
PMID: 33634384; PMCID: PMC8131460.

Chaiyachati KH, Hubbard RA, Yeager A, et al. Association of Rideshare-Based
Transportation Services and Missed Primary Care Appointments: A Clinical Trial
[published correction appears in JAMA Intern Med. 2018 May 1;178(5):731-732.
https://doi.org/10.1001/jamainternmed.2018.1447 [published correction appears
in JAMA Intern Med. 2018 May 1;178(5):732.

Shekelle PG, Begashaw MM, Miake-Lye IM, Booth M, Myers B, Renda A. Effect of
interventions for non-emergent medical transportation: a systematic review and

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 11,
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.


https://doi.org/10.1016/j.amjsurg.2026.116890
https://doi.org/10.1016/j.amjsurg.2026.116890
https://www.who.int/health-topics/social-determinants-of-health#tab&equals;tab_1
https://www.who.int/health-topics/social-determinants-of-health#tab&equals;tab_1
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref2
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref2
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref3
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref3
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref3
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref4
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref4
https://doi.org/10.1056/NEJMp2008628
https://www.kff.org/policy-watch/health-disparities-symptom-broader-social-economic-inequities/
https://www.kff.org/policy-watch/health-disparities-symptom-broader-social-economic-inequities/
https://www.kff.org/racial-equity-and-health-policy/issue-brief/beyond-health-care-the-role-of-social-determinants-in-promoting-health-and-health-equity/
https://www.kff.org/racial-equity-and-health-policy/issue-brief/beyond-health-care-the-role-of-social-determinants-in-promoting-health-and-health-equity/
https://www.kff.org/racial-equity-and-health-policy/issue-brief/beyond-health-care-the-role-of-social-determinants-in-promoting-health-and-health-equity/
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref8
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref8
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref9
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref9
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref10
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref10
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref11
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref11
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref12
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref12
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref13
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref13
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref13
https://doi.org/10.1001/jamanetworkopen.2024.55258
https://doi.org/10.1001/jamahealthforum.2022.3633
https://doi.org/10.1001/jamanetworkopen.2023.55301
https://doi.org/10.1097/HC9.0000000000000358
https://doi.org/10.1097/HC9.0000000000000358
http://www.aha.org/transportation
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref19
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref19
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref19
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref19
https://doi.org/10.1001/jamanetworkopen.2022.53620
https://doi.org/10.1016/j.jamcollsurg.2010.04.025
https://doi.org/10.1016/j.amjsurg.2023.09.028
https://doi.org/10.1016/j.amjsurg.2023.09.028
https://doi.org/10.1097/SLA.0000000000005994
https://doi.org/10.1097/SLA.0000000000005994
https://doi.org/10.1001/jamasurg.2020.5002
https://doi.org/10.1186/s12889%2D019%2D8123%2D0
https://doi.org/10.1186/s12889%2D019%2D8123%2D0
https://doi.org/10.1016/j.gassur.2024.01.012
https://doi.org/10.1016/j.gassur.2024.01.012
https://doi.org/10.1097/SLA.0000000000005689
https://doi.org/10.2106/JBJS.21.00496
https://doi.org/10.1016/j.amjsurg.2025.116280
https://doi.org/10.1016/j.amjsurg.2025.116280
https://doi.org/10.1097/as9.0000000000000237
https://doi.org/10.1097/as9.0000000000000237
https://doi.org/10.1007/s11606%2D021%2D06646%2D3
https://doi.org/10.1001/jamainternmed.2018.1447

M.A. Edwards et al. The American Journal of Surgery 256 (2026) 116890

meta-analysis. BMC Public Health. 2022;22(1):799. https://doi.org/10.1186/ thorac surg. Pub Online. November 7, 2024. https://doi.org/10.1016/j.
512889-022-13149-1. athoracsur.2024.10.023.

34. Miclau TA, Bennett DJ, Lang L, Parekh M, Law TJ. Rideshare-based transportation 37. Milam AJ, Furr-Holden D, Wang L, Simon KM. Health data disparities in opioid-
services for surgical patients in an urban setting: a descriptive analysis of a quality involved overdose deaths from 1999 to 2018 in the United States. Am J Publ Health.
initiative program. J Transpl Health. 2024;36:1-12. 2021;111(9):1627-1635. https://doi.org/10.2105/AJPH.2021.306322.

35. Schutt J, Bohr NL, Cao K, Pocivavsek L, Milner R. Social determinants of health 38. Milam AJ, Burton BN, Bradley AS, Enders FT, Dixit AA, Mariano ER. Marginal
factors and loss-to-follow-up in the field of vascular surgery. Ann Vasc Surg. 2024; inequities in perioperative medicine. Anesth Analg. 2025 Mar 18:10-213. https://
105:316-324. https://doi.org/10.1016/j.avsg.2024.01.010. doi.org/10.1213/ANE.0000000000007778.

36. Ng AP, Sanaiha Y, Hadaya JE, Verma A, Yanagawa J, Benharash P. Risk of financial
toxicity among adults undergoing lung and esophageal resections for cancer. Ann

10

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 11,
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.


https://doi.org/10.1186/s12889%2D022%2D13149%2D1
https://doi.org/10.1186/s12889%2D022%2D13149%2D1
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref34
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref34
http://refhub.elsevier.com/S0002-9610(26)00073-5/sref34
https://doi.org/10.1016/j.avsg.2024.01.010
https://doi.org/10.1016/j.athoracsur.2024.10.023
https://doi.org/10.1016/j.athoracsur.2024.10.023
https://doi.org/10.2105/AJPH.2021.306322
https://doi.org/10.1213/ANE.0000000000007778
https://doi.org/10.1213/ANE.0000000000007778

	Social drivers of health and perioperative outcomes: Identifying domains and barriers with significant impact
	1. Introduction
	2. Material and methods
	2.1. Overview
	2.2. Outcomes
	2.3. Predictors
	2.4. Covariates
	2.5. Statistical analysis

	3. Results
	3.1. Descriptive statistics
	3.2. Regression models
	3.2.1. Elective outpatient surgery cohort
	3.2.2. Elective inpatient surgery cohort
	3.2.3. Emergency surgery cohort

	3.3. Sensitivity analyses
	3.3.1. Patients without medicare or medicaid

	3.4. Sensitivity analyses
	3.4.1. Age under 65-years of age


	4. Discussion
	5. Conclusion
	CRediT authorship contribution statement
	Disclosure
	Prior presentation
	Data sharing statement
	Ethics
	Funding
	Appendix. ASupplementary data
	References


