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Abstract

Purpose of Review Social determinants of health (SDH) are factors that affect patient health outcomes outside the hospital. SDH
are “conditions in the environments where people are born, live, learn, work, play, worship, and age that affect a wide range of
health, functioning, and quality-of-life outcomes and risks.” Current literature has shown SDH affecting patient reported out-
comes in various specialties; however, there is a dearth in research relating spine surgery with SDH. The aim of this review article
is to identify connections between SDH and post-operative outcomes in spine surgery. These are important, yet understudied
predictors that can impact health outcomes and affect health equity.

Recent Findings Few studies have shown associations between SDH pillars (environment, race, healthcare, economic, and
education) and spine surgery outcomes. The most notable relationships demonstrate increased disability, return to work time,
and pain with lower income, education, environmental locations, healthcare status and/or provider. Despite these findings, there
remains a significant lack of understanding between SDH and spine surgery.

Summary Our manuscript reviews the available literature comparing SDH with various spine conditions and surgeries. We
organized our findings into the following narrative themes: 1) education, 2) geography, 3) race, 4) healthcare access, and 5)
€Cconomics.
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Introduction

According to the World Health Organization, health is more
than the absence or presence of disease but encompasses the
complete physical, mental, and social well-being of a person
[1]. To address these, physicians must understand the social
determinants of health (SDH) to deliver quality healthcare.
SDH can be defined as the “conditions in the environments
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where people are born, live, learn, work, play, worship, and
age that affect a wide range of health, functioning, and quality-
of-life outcomes and risks ” [2]. SDH affect patient health and
well-being in multiple capacities. Education, race, geography,
healthcare access, and economic factors are fundamental as-
pects of SDH leading to health inequalities between different
patient groups (Fig. 1) [2-5]. These pillars of SDH have been
documented in various medical specialties ranging from
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Fig. 1 The pillars of social determinants of health and subcategories

pediatrics to neurosurgery. [6—18]. Even in the present day of
the SARS-CoV-2 pandemic, COVID-19 mortality has been
associated with SDH [12, 18]. Within the field of orthopedic
surgery, research has shown that various subspecialities in-
cluding shoulder, elbow, hand, and hip post-surgical out-
comes have been affected by SDH [13—17]. However, the
question still remains: how does SDH affect outcomes in spine
surgery?

Much of the current literature regarding SDH in spine sur-
gery has focused on lower back pain in lower education and
income cohorts leading to poor post-operative outcomes [19,
20]. The interplay of individual SDH and surgical outcomes in
spine surgery is not well studied in the literature. It is funda-
mentally important to understand and analyze relationships
between spine surgery and SDH to redress health inequality
amongst marginalized patient populations. The aim of this
review is to highlight studies identifying the relationship be-
tween spine surgery and SDH, focusing on the aforemen-
tioned pillars.

Education

The importance of education in SDH has been widely accept-
ed as a pivotal factor affecting patient longevity, with more
years of schooling correlating to longer lifespans [21]. Each
year of education attained by a patient is associated with 1.37
years gained in life expectancy [22¢¢]. Numerous measurable

metrics have demonstrated the impact that education can have
on return to work (RTW), Oswestry Disability Index (ODI),
and post-operative pain.

Several studies have evaluated the impact of education
when investigating RTW. Using a large database, Macki
et al. found that patients undergoing lumbar surgeries for de-
generative disease with any college education was a strong
predictor of minimal clinically important difference (MCID)
for ODI (p-value = 0.003) as well as RTW at 1 year (p-value =
0.001) [23, 24]. Another study analyzing predictive factors of
RTW examined 4,694 patients who underwent spine surgery
for degenerative lumbar disease, and found that higher educa-
tion levels (post-college degree) significantly increased the
likelihood of RTW compared to patients with less than a
high-school level education [25]. These findings are further
supported by Zieger et al., who retrospectively evaluated 305
patients undergoing surgery for disc herniation and noted that
the RTW cohort had significantly higher education (college or
university) compared to non-RTW cohort [26]. Notably, these
studies acknowledge a potential selection bias due to patients
not responding to the questionnaires/interviews at specific
follow-up time points.

When assessing pain and disability after lumbar decompres-
sion for spinal stenosis, Elsayed et al. found that patients with
no college education had significantly greater back and leg pain
visual analog scale (VAS) scores compared to patients with
formal college education pre-operatively [27]. Despite differ-
ences in VAS, both cohorts showed improvement in functional
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outcomes at 3 and 12 months post-operatively. In another
study, Soriano et al. analyzed 203 lumbar deformity correction
cases from 2002 to 2006 and found that patients with higher
education levels had more favorable post-operative VAS scores
and ODI scores [28]. It should be noted Soriano’s criteria for
higher education combined both high school and other higher
levels of education such as college/university. Interestingly, in a
S-year prospective study on patients undergoing lumbar
microdiscectomy in Greece, only patients with primary educa-
tion had worse VAS, ODI, Roland Morris Disability
Questionnaire (RMDQ) and Short Form 36 Health Survey
(SF-36) scores compared to secondary (p-value < 0.05) and
university level education (p-value < 0.05) [29]. In another
study reviewing clinical outcomes in 13,406 patients undergo-
ing decompression for lumbar spinal stenosis from 2008 to
2012 in Sweden, Iderberg et al. noted that the higher education
cohort (university level or higher) had lower ODI scores at 1
year after surgery [30]. Similar findings were observed in a
study performed by Kim et al. that examined 155 patients di-
agnosed with lumbar spinal stenosis at a Korean tertiary care
center [31]. Kim et al. reported that higher education was cor-
related with lower leg VAS, back VAS, ODI, and less cata-
strophizing. This study’s findings are in accordance with the
studies by Soriano, Iderberg, and Gelalis et al., which also
showed that higher VAS scores correlated with lower education
levels.

When considering long-term employment as an outcome
measure, Furnes et al. found that a higher level of education
significantly impacted employment status (p-value = 0.03) in
a randomized controlled trial of 82 patients undergoing lum-
bar disc replacement [32]. These results support the impact of
higher education on long term employment, whereas the stud-
ies by Macki et al. and Asher et al. highlight the impact of
higher education on shorter term employment (2 years and 3
months, respectively).

Education levels affect disability, pain, and RTW timing of
patients undergoing lumbar surgery. These findings suggest
that surgeons should consider patients’ education level and
anticipate perioperative support if needed. Future studies
should employ a standardized cutoff to define higher educa-
tion from lower education, as one of the main drawbacks from
the current literature is the varying definition of higher
education.

Geography

The interplay between patients and their environment is para-
mount to public health as location can have a significant im-
pact on mortality rates [33—35]. The World Urbanization
Prospect 2018 Revision reported that health outcomes differ
among patients within rural and urban communities [36]. For
example, an urban environment impacts the amount of
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physical activity acquired during adolescence [37]. The role
of environment as a factor in SDH is multifaceted—
encompassing physical, chemical, and biological factors—
which make an impact at the regional and national levels
[38]. The interactions between the environment and spine sur-
gery have yet to be clearly examined.

In the context of cervical spinal surgery, Angevine et al.
analyzed national and regional rates of anterior cervical
discectomy and fusions (ACDF) performed from the
National Hospital Discharge Survey between 1990 and 1999
[39]. They reported that the Northeast had the lowest number
of ACDFs performed (19 per 100,000) while the South had
the highest rates of ACDFs performed (42 per 100,000).
Another study reviewed medical beneficiaries enrolled in
Medicare from 1992 to 2005 [40]. Wang et al. found the
highest rates of cervical fusions were performed in the
Northwest and South-Central US. These differences suggest
slight disparities in care and clinical decision making based
upon geographic location. The authors attribute these differ-
ences to increases in the prevalence of cervical disc disease,
increase in density of spine surgeons, extending candidacy for
surgery, and surgical techniques [39, 40]. Regional differ-
ences for lumbar fusions have been well documented with
variations based on city and county [41, 42]. When searching
the PearlDiver database between 2004 and 2009, Pannell et al.
found higher rates of lumbar fusion surgeries in the Midwest
and South while the lowest rates were in the Northeast [41].
Pannell et al. suggest that the variability among regions is
possibly linked to differences in knowledge, experience, and
understanding of the current literature by spine surgeons [41].

Anunderstudied area of research within the current literature
is the differences between rural and urban environments. In a
cross-sectional study for Medicare beneficiaries in 2006,
Francis et al. reported rural patients were more likely to under-
go lumbar fusion compared to urban beneficiaries [43].
According to Francis et al. the differences in rural vs urban
populations could be attributed to cultural or behavior differ-
ences, access to healthcare, or rural communities having a
higher burden of disease. In comparison, a study using the
National Inpatient Sample with a cohort of 84,953 patients,
Kim et al. found urban hospitals were less likely to perform
lumbar decompression with or without fusion compared to
rural hospitals (p-value < 0.001) [44e¢]. Additionally, hospitals
located in suburban areas were more likely to perform decom-
pression compared to urban locations (p-value = 0.03). [44ee].
Among all of the above mentioned studies, the differences
between urban, rural, and suburban hospitals have been attrib-
uted to variability of cost, reimbursement, surgeon characteris-
tics, or resource allocation [41, 43—45].

Another important factor in spine surgery that has been
demonstrated to impact outcomes is prescribing patterns in
pre-operative opioids. Current literature reports a strong asso-
ciation between prolonged pre-operative opioid use and poor
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post-operative outcomes; however, regional differences exist
[46-55]. In a retrospective database study reviewing 13,257
patients who underwent lumbar decompression and fusion
from 2007-2016, Adogwa et al. reported that patients living
in Western and Southern states had a higher likelihood of
prolonged (>1 year) postoperative opioid use (West: OR
1.26, 95% CI: 1.095-1.452 South: OR 1.18, 95% CI:
1.074-1.287) [46, 56]. Of note, sampling bias may be present
as there was a disproportionate number of patients in the
South (63.1%) and Midwest (24.3%) cohorts compared to
the West (10.5%) and Northeast cohorts (2.1%). In another
study assessing 25,329 patients from 2010 to 2015, Massie
et al. reported that patients who underwent a spinal procedure
(anterior or posterior cervical fusion, lumbar decompression,
or lumbar fusion) and lived in the Northeast were significantly
less likely to refill their opioid prescription post-operatively
(p-value = 0.008) [57¢]. Patients living in the Midwest (p-
value < 0.001) and West (p-value = 0.019) were significantly
more likely to refill opioid prescriptions compared to patients
in the South. Again, risk of sampling bias should be noted for
the study since a higher number of patients were living in the
South (39.1%) and North Central regions (26.3%) compared
to the Northeast (18.3%) and West regions (15.8%). Adogwa
et al. suggested that the regional variation in opioid use may
not be affected solely by discrete patient characteristics
(i.e., employment, insurance status, or invasiveness of pro-
cedure) but rather a combination of patient characteristics,
lack of consensus for optimum post-operative opioid use,
and possibly practice variations due to varying levels of
policy (local, regional, or state level) [56]. In a study utiliz-
ing an insurance claims database from 2010 to 2015, Harris
et al. analyzed 28,813 patients and reported data on US
regional differences in opioid prescriptions in patients un-
dergoing ACDF [58]. Similar to studies published by
Adogwa et al. and Massie et al., Harris et al. found that
the rates and duration of chronic opioid use were highest
in the Western US (p-value < 0.001). Additionally, pre-
operative opioid, drug abuse, depression, and anxiety were
all risks factors of chronic opioid use [53, 59, 60].

In conclusion, the environment in which patients live
affects the rate of fusion, opioid exposure, as well as other
psychiatric comorbidities (anxiety/depression). It should be
recognized that environmental factors within SDH cover a
wide variety of elements [61-68]. Future research focused
on analyzing patient outcomes should consider important
environmental/geographical variables.

Race

Racial disparities in patient care have been shown to signifi-
cantly impede equitable healthcare delivery. Racial minorities
reportedly receive lower quality of care and face greater

morbidity for different chronic diseases compared to non-
minorities [69—74]. In fact, the infant mortality rate per 1000
livebirths for Black, non-Hispanic children (10.8) is more than
double the rate for White, non-Hispanic children (4.9) [75].
While the cause of such disparities remain in question, the
presence of such disparities is not.

Disparities in post-operative outcomes after spine surgery
have also been well-documented [76—84]. Khan et al. investi-
gated patient outcomes after surgery for degenerative spine
disease and found that Black patients had a 55% higher chance
of death relative to White patients [RR = 1.55,95% CI=1.28-
1.87, P = 70%] [76]. Also, Black patients had a higher risk of
non-home discharge (RR 1.63;95% CI, 1.47-1.81; P= 89%),
30-day readmission (RR 1.45; 95% CI, 1.03-2.04; P= 96%),
and longer average length of stay by 0.93 days (95% CI, 0.75—
1.10; 2 = 73%). When examining post-operative hospital re-
admissions, Martin et al. found that Black patients were at
greater risk of 30-day readmission as well (OR: 2.20, C.I
95% (1.04, 4.64)) [77]. Schoenfeld et al. compiled studies that
investigated complications and mortality among different ra-
cial groups following spine surgery, joint replacement, or oth-
er orthopedic procedures; approximately 64% of the studies
analyzed reported disparities among racial minorities [78].
Similar trends are observed when analyzing specific spinal
surgeries. Skolasky et al. found that while there were no dif-
ferences in mortality or complications between Caucasian and
Hispanic patients following cervical spine surgery, African
American patients had a higher inpatient mortality (OR 1.59;
95% CI, 1.30-1.96) and in-hospital complications (OR 1.37,
95% CI 1.27-1.48) [79]. Furthermore, Elsamadicy et al. con-
cluded that African American patients had lower baseline and
follow-up patient-reported outcomes (PROs) after elective
lumbar spine surgery—specifically ODI (p-value < 0.0001),
VAS-LP (p-value = 0.0007), and VAS-BP scores (p-value =
0.0002) [80]. Additionally, in terms of patient-reported satis-
faction measures, African American patients were less likely
to report that the surgery met their expectations (3 months:
47.2% vs 65.5%, p = 0.01; 12 months: 35.7% vs 62.7%, p =
0.007). Reyes et al. found that when comparing procedural
types, fusions were generally similar amongst racial/ethnic
groups. However, for many fusion procedures, more medical
complications and longer lengths of stay were observed for
African American and Hispanic patients compared to White
patients [81¢]. Kim et al. found that Hispanic and Asian/
Pacific Islander patients were less likely to receive a fusion
for a similar diagnosis compared to White patients (p-value
< 0.001) [82]. However, in a different study using institu-
tional data, Elsamadicy et al. found no significant differ-
ence among Black and White patients with regards to neck
disability index, VAS, or SF-12 at 3-months and 12-months
after ACDF [83]. Finally, Wang et al. studied racial dispar-
ities in the setting of adult spinal deformity [84]. Using a
nationwide sample, they discovered that from 2004 to
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2014, adult spinal deformity surgery usage among Black
patients increased from 24.0 to 50.9 per 1,000,000 people,
whereas usage amongst White patients increased from 29.9
to 73.1 per 1,000,000 people, which was a greater propor-
tional increase, indicating increased racial disparities in
adult spinal deformity surgery utilization.

In conclusion, race has been shown to affect health
outcomes across a multitude of spine surgeries, including
degenerative cervical and lumbar spine surgery, as well as
deformity cases. It should be noted that not all studies
controlled for socioeconomic factors such as household
income. However, most if not all studies included some
type of control for various confounders. Racial minorities
tend to face worse outcomes and higher mortality post-
operatively. Finally, it is important to note that many of
the studies acknowledge how different, complex societal
factors may serve as potential confounders. Future studies
must attempt to control further societal factors (e.g. access
to vehicle) to clearly explore how race may affect health
outcomes in spine surgery.

Healthcare Access

Different insurance plans provide patients varying types of
healthcare access and quality. In 2020, according to the US
Census Bureau, approximately 91.4% of individuals had
health insurance for at least a portion of the year [85].
Private health insurance (66.5%) was more common than pub-
lic health insurance (34.8%) [85]. The two most prevalent
types of public health insurance include Medicaid and
Medicare [85, 86]. Uninsured individuals, who represented
about 8.6% of the population in 2020, often lack primary care
providers and face financial barriers to critical health care
operations and medications [85, 87]. Moreover, disparities in
health outcomes between individuals of different health insur-
ance groups—including private insurance, public insurance,
and uninsured—have been shown to exist[83]

Specifically for spinal fusion operations, there is conflict-
ing evidence over the presence of health outcome disparities
between payer groups [88—95]. Tanenbaum et al. conducted a
study to determine the association between insurance status
and adverse quality metrics after cervical fusion procedures.
Using Nationwide Inpatient Sample data from 1998-2011,
they concluded that Medicaid and self-pay patients were at
higher risk of hospital-acquired, post-operative conditions rel-
ative to privately insured patients [88]. In a different study in
patients that underwent lumbar spinal fusions, Tanenbaum
et al. found that both Medicaid and self-pay patients were at
higher risk of adverse events in the postoperative period com-
pared to privately insured patients (OR 1.16, 95% CI 1.07—
1.27) [89]. Along the same lines, Rasouli et al. determined that
relative to privately insured patients, Medicaid patients had
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longer lengths of stay (p-value = 0.004) and higher rates of
30-day (p-value = 0.0009) and 90-day (p-value = 0.0009)
emergency department visits following ACDF [90¢].
However, Bhandarkar et al. found that hospitals which have
a higher proportion of ACDF patients billed as self-pay,
Medicaid, or charity care faced greater inpatient costs, but
did not have increased adverse patient events [91]. In light
of the aforementioned contradicting findings, the impact of
insurance on outcome disparities in ACDF patients is still
unclear.

Orhurhu et al. investigated disparities in the use of spine
augmentation (vertebroplasty or kyphoplasty) for patients
who sustained osteoporotic fractures; they determined that
patients under Medicaid (p-value < 0.001), self-pay (p-value
< 0.001), and private insurance (p-value = 0.001) all were
significantly less likely to receive spine augmentation proce-
dures relative to patients under Medicare [92]. Based on these
studies, the presence of healthcare disparities for patients fol-
lowing fracture treatment is also inconclusive.

Finally, the results of studies investigating the association
between insurance plan and outcomes after decompression or
fusion for lumbar spinal stenosis appear to be more consis-
tent. Lad et al. determined that Medicaid patients had sig-
nificantly lower reoperation rates at 2 years relative to com-
mercially insured patients (7.22% vs 10.30%, p-value =
0.0002) [93]. A similar trend persisted after 2 years
(13.92% vs 16.89%, p-value < 0.0001). Furthermore,
Medicaid patients were much less likely to undergo reop-
eration with fusion (p-value < 0.0001). Elsayed et al. also
found that patients with public insurance reported slightly
worse outcomes and quality of life after decompression
surgery for lumbar spinal stenosis compared to patients
with private insurance [94]. Both these studies support the
presence of disparities among different payer groups for
lumbar spinal stenosis operations.

In conclusion, the presence of disparities in health out-
comes among different payer groups is currently inconclusive
for spinal fusions, however, there seems to be more conclusive
evidence of healthcare-based disparities for lumbar decom-
pression surgeries. It is important to note that many of the
studies cite potential confounding variables, including supple-
mental insurance plans and different baseline levels of age and
sex between insurance groups—such variables should be con-
sidered and more rigorously controlled in future studies.

Economics

Economic stability is necessary for optimizing health equity
and minimizing adverse health outcomes [95]. Currently,
there is scarcity of literature involving the impact of economic
status on health outcomes in spine surgery. Jackson et al. dem-
onstrated a higher prevalence of established surgical risk
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factors such as obesity, smoking, sedentary lifestyles, and
low-quality diets in low- and middle-income adolescents [96].

To our knowledge, in one of the only studies to date
examining occupation type and outcomes of elective
lumbar surgery, Khan et al. investigated the relationship
between type of work and return to work within 1-year
post-surgery. The authors determined that patients with
more physically demanding occupations, a workers’
compensation claim, or on short-term disability leave at
the time of surgery all had lower RTW rates, independent
of medical complications and readmissions [97]. It is
important to note that the physical demand of an occu-
pation is not a perfect proxy for income, and the results
must not be interpreted as such. To date, there are few
studies that have assessed socioeconomic or occupational
disparities in spine surgery, necessitating further research
in this field.

Conclusion

The concept of SDH is not new. Rather the incorporation of
these various factors—education, race, insurance status, eco-
nomics, and environment—under one umbrella term is novel
to the field of research. The connection between them all is
best explained by the conceptual framework outlined by the
World Health Organization [98]. For example, the social, eco-
nomic, and political systems within society set up socioeco-
nomic positions. These socioeconomic positions break down
populations based on social class, gender, race/ethnicity, cul-
ture, education, and income amongst many others. It’s impor-
tant to note that differences in education lead to variability in
occupation; therefore, leading to differences in income. All
these factors lead to a wide spectrum of social support, life-
style, living and working conditions impacting the health of
patients.

To date, some evidence exists suggesting the impact of
education, race, geography, healthcare, and economic factors
can affect the outcomes of spine surgery. However, there are
increasingly clear gaps within our current understanding.
Future studies examining patient outcomes should not only
include SDH elements but controls in statistical analysis. We
propose the inclusion of a questionary or survey (i.e.,
Accountability Health Communities Screen Tool) along with
propensity matching to more accurately incorporate reliable
SDH qualities within spine surgery [99].

With this new knowledge, spine surgeons should con-
sider patients SDH factors more when treating patients
post-operatively. For example, the incorporation of
community health workers into the care team can help
reduce hospitalization while improving patient quality
of care [100].
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