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Objective: To determine if personal health of spine surgeons worldwide influences percep-
tions, healthcare delivery, and decision-making during the coronavirus disease 2019 (CO-
VID-19) pandemic.

Methods: A cross-sectional study was performed by distributing a multidimensional survey
to spine surgeons worldwide. Questions addressed demographics, impacts and perceptions
of COVID-19, and the presence of surgeon comorbidities, which included cancer, cardiac
disease, diabetes, obesity, hypertension, respiratory illness, renal disease, and current to-
bacco use. Multivariate analysis was performed to identify specific comorbidities that influ-
enced various impact measures.

Results: Across 7 global regions, 36.8% out of 902 respondents reported a comorbidity, of
which hypertension (21.9%) and obesity (15.6%) were the most common. Multivariate
analysis noted tobacco users were more likely to continue performing elective surgery dur-
ing the pandemic (odds ratio [OR], 2.62; 95% confidence interval [CI], 1.46-4.72; p = 0.001)
and were less likely to utilize telecommunication (OR, 0.51; 95% CI, 0.31-0.86; p=0.011),
whereas those with hypertension were less likely to warn their patients should the surgeon
become infected with COVID-19 (OR, 0.57; 95% CI, 0.37-0.91; p=0.017). Clinicians
with multiple comorbidities were more likely to cite personal health as a current stressor
(OR, 1.32; 95% CI, 1.07-1.63; p =0.009) and perceived their hospital’s management un-
favorably (OR, 0.74; 95% CI, 0.60-0.91; p =0.005).

Conclusion: This is the first study to have mapped global variations of personal health of
spine surgeons, key in the development for future wellness and patient management initia-
tives. This study underscored that spine surgeons worldwide are not immune to comorbidi-
ties, and their personal health influences various perceptions, healthcare delivery, and de-
cision-making during the COVID-19 pandemic.
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INTRODUCTION

The novel coronavirus disease 2019 (COVID-19) has affect-
ed both patients and healthcare providers around the world.
The current healthcare landscape has changed, and healthcare
delivery has molded to provide care to patients who otherwise
would not receive it during these times."* However, despite our
greatest efforts, the effects of COVID-19 have persisted, and the
spine surgery community is not exempt. A recent study by Lou-
ie et al.® revealed the worldwide impact of COVID-19 on clini-
cal practice, income, personal life, research, resident and fellow
training, and anxiety levels among spine surgeons.

While many physicians have halted their surgical practices in
lieu of restrictions on elective surgeries and face-to-face encoun-
ters, thousands of physicians, including spine surgeons, have
found themselves at the front-line managing patients in the in-
tensive care unit (ICU) and medical wards.*> Worried that they
themselves may become infected with COVID-19, physicians
and other healthcare providers have become filled with fear.
COVID-19 specifically affects the respiratory system, and can
induce a pneumonia and chronic fibrosis with long-term se-
quelae, and may even lead to death.® Contrary to popular belief,
physicians are fraught with cardiopulmonary and other comor-
bidities that increase the risk of complications from COVID-19.

Several studies have noted physician burnout and mental
health consequences.®'’ However, there is limited evidence high-
lighting the physical health of spine surgeons. As physicians are
finding themselves treating patients with COVID-19, the im-
portance of physician health becomes even more relevant. Fur-
thermore, as spine practices slowly return to normalcy, there is
little understanding of how the health of spine surgeons will be
affected, and how such health status influences spine surgery
healthcare delivery in the age of COVID-19. Therefore, the au-
thors aimed to examine the health disparities of spine surgeons
around the world, and how their health influences their per-
spectives, healthcare delivery, and decision-making during the
COVID-19 pandemic.

MATERIALS AND METHODS

1. Survey Design and Content

A survey, known as the AO Spine COVID-19 and Spine Sur-
geon Global Impact Survey, was developed to obtain represen-
tation from various global regions. Both multiple-choice and
free-text questions were created based on input from multiple
authors utilizing a Delphi method as previously reported.’ Ques-
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tions were structured to capture relevant components includ-
ing: demographics, perceptions related to COVID-19, and the
associated financial impacts, as well as future predictions. Co-
morbidities surveyed included cancer, cardiac disease, diabetes,
obesity, hypertension, respiratory illness, renal disease, and cur-
rent tobacco use.

2. Survey Distribution

Utilizing a secure email distribution method, the 73-item sur-
vey was administered to all AO Spine members who agreed to
receive surveys, approximately 3,805 individuals. The survey
recipients were provided 9 days to complete the survey (March
27, 2020 to April 4, 2020). Participants were notified of their
willingness to contribute and that the information gained would
be confidentially analyzed and published. Respondents were
able to omit responses, and several questions allowed for multi-
ple responses, altering the total number of responses to be less

than or more than the total respondents.

3. Statistical Analyses

All statistical analyses were performed with Stata ver. 13.1
(StataCorp LC, College Station, TX, USA) with graphical rep-
resentation of comorbidity distribution using RStudio v1.2.1335
(RStudio Inc, Boston, MA, USA). Survey findings were collect-
ed for each respondent and summarized using count data and
percentage calculations. Medical comorbidities were then tabu-
lated for each respondent, allowing stratification of the cohort
into groups based upon the number of concomitant diagnoses
(1, 2, 3, or more comorbidities, and no comorbidities). All co-
morbidity findings were then assessed using a combination of
chi-square and Fisher exact tests to determine relevance with
other collected survey responses.

Multivariate models were then derived to further assess the
significance of comorbidities, controlling for age, sex, specialty,
and practice type. All model covariates were selected and agreed
upon by the senior coauthors due to the potential for confound-
ing with assessed survey responses and comorbidity status. Mul-
tivariate logistic regression analysis was performed for binary
outcome survey queries while multivariate ordinal logistic re-
gression was performed for questions including ordinal scales.
Odds ratios (ORs), 95% confidence intervals (Cls), and p-val-
ues were then calculated for each covariate and used to further
assess comorbidity significance. ORs greater than 1 suggest that
the assessed variable increases the likelihood of a particular re-
sponse, whereas those less than 1 suggest a lower response. ORs
equal to 1 indicate that the variable has no effect on either in-
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creasing or decreasing the likelihood of a given answer. Statisti-
cal significance was set at p<0.05 and p-values were assessed
for precision.

RESULTS

Of all spine surgeons surveyed, 902 participated, providing
distinct data across 91 countries and 7 global regions affected
by COVID-19. Detailed demographic results of the surveyed
cohort have been previously published and reported by Louie
et al.” Specifically, Table 1 presents the significant differences in
age, specialty, and hospital practice type between regions. Rough-
ly 36.8% of surgeons have at least 1 medical comorbidity, with
hypertension (21.9%) and obesity (15.6%) being the most com-
monly reported. Further, some surgeons suffer from additional
medical burden, with 10.2% and 2.6% reporting 2 and 3 or more
comorbidities, respectively. Overall, despite these findings, most
survey respondents are currently healthy (62.8%). There was
also a significant difference in the prevalence of obesity, hyper-
tension, tobacco use, diabetes, and the number of comorbidities
between regions (p < 0.05) (Fig. 1).

When compared to healthy individuals, surgeons with spe-
cific comorbidities demonstrated significant variations in re-
ported perceptions and stressors during the COVID-19 pan-
demic (Table 2). Surgeons suffering from obesity, hypertension,
cardiac disease, and 1 or 2 comorbidities had significant con-
cern about their personal health, whereas those diagnosed with
cancer and respiratory illnesses were more concerned with re-
turn to nonessential activities and economic issues, respectively.
Respondents with no comorbidities, hypertension, or 1 comor-
bidity were also more concerned with the timeline to resume
clinical practice. A diagnosis of renal disease did not influence
COVID-19 perceptions. Those with 3 or more comorbidities
had the greatest influence on being personally diagnosed with
COVID-19. Lastly, a diagnosis of cancer was associated with
being quarantined (p=0.007), though comorbidities otherwise
had no association with institutional or governmental percep-
tions (Table 2).

There was also significant variation in those performing elec-
tive cases during the COVID-19 pandemic when comparing
practitioners with and without comorbidities (any comorbidity:
p=0.006; 1 comorbidity: p=0.003) (Table 3). There was also
significant variation in respondents with diabetes and how they
would warn their patients if they tested positive for COVID-19
(p=0.026). Further, when compared to healthy clinicians, those
with comorbidities (p=0.031) or hypertension reported signifi-
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cant differences on impacted research productivity. Finally, re-
garding the implementation of specific surgical precaution, those
with one or more comorbidities (any comorbidity: p=0.014; 1
comorbidity: p=0.033), hypertension (p=0.020), tobacco use
(p=0.030), or cardiac disease (p=0.049) had significant varia-
tion in whether they would be absent during patient intuba-
tion/extubation, while those with 1 comorbidity varied in their
opinions to proceed with standard precautions (p =0.036). There
was no significant association between medical comorbidities

Distribution of respondents- 1 Comorbidity

Distribution of respondents- 2 Comorbidities

wfET T T e
B ¥ g S W e |
:"&'-.’;Ta:‘ . 7V i S|

&

Fig. 1. Geographical distribution of spine surgeons reporting
medical comorbidities. Coloring of maps based on number of
respondents with specified comorbidities.
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and additional personal protective equipment (PPE) use during
surgery.

When prompted, obesity was not associated with variations
in personal impact and future perceptions (p>0.05), but a per-
ceived impact at 1 year varied significantly based on diagnosis
(Table 4). Spine surgeons with hypertension (p=0.004), tobac-
co use (p=0.003), any comorbidity (p=0.002), 1 comorbidity
(p=0.006), or 2 comorbidities (p=0.020) had a significant as-
sociation with increasing nonoperative care prior to surgery at
1 year. Telecommunication was also significantly associated with
tobacco use (p=0.025), diabetes (p=0.009), and 2 comorbidi-
ties (p=0.047).

Multivariate regression analysis controlling for baseline de-
mographics, such as age, and practice-specific factors revealed
that tobacco users were more likely to get prophylactically test-
ed for COVID-19 (OR, 9.90; 95% CI, 1.10-89.14; p=0.041).
Those with hypertension were more likely to cite personal health
as a current stressor (OR, 1.50; 95% CI, 1.00-2.22; p=0.046),
whereas spine surgeons with tobacco use were less likely to cite
family health as a stressor (OR, 0.52; 95% CI, 0.28-0.97; p=0.039.
Similarly, respondents with current tobacco use were more like-
ly to still be performing elective spine surgery during the pan-
demic (OR, 2.62; 95% CI, 1.46-4.72; p=0.001), more likely to
pursue nonoperative care at 1 year (OR, 1.81; 95% CI, 1.0-3.28;
p=0.39), and less likely to be absent during intubation/extuba-
tion (OR, 0.51; 95% CI, 0.28-0.97; p=0.038). In addition, those
with hypertension were less likely to perceive their government’s
pandemic management favorably (OR, 0.67; 95% CI, 0.45-0.99;
p=0.047) and were less likely to warn their patients should they
become infected with COVID-19 (OR, 0.57; 95% CI, 0.37-0.91;
p=0.017). In comparison, under similar circumstances, those
with respiratory illnesses were far more likely to warn their pa-
tients of a COVID-19 infection (OR, 5.23; 95% CI, 1.20-22.83;
p=0.028). Clinicians reporting a current tobacco use history
were less likely to report utilization of telecommunication for
recent clinical visits (OR, 0.51; 95% CI, 0.31-0.86; p=0.011)
(Table 5).

When grouped by number of comorbidities in the multivari-
ate regression model, spine surgeons with more comorbidities
were more likely to cite personal health as a current stressor
(OR, 1.32; 95% CI, 1.07-1.63; p=0.09) and more likely to be
performing elective surgery (OR, 1.32; 95% CI, 1.02-1.71; p=
0.030), though also perceived their hospital's management un-
favorably (OR, 0.74; 95% CI, 0.60-0.91; p=0.005), were less
likely to currently use telecommunication clinical visits (OR,
0.82; 95% CI, 0.67-1.00; p=0.05), and would less likely warn
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their patients of a personnel COVID-19 infection (OR, 0.74;
95% CI, 0.58-0.93; p=0.010) (Table 6).

DISCUSSION

COVID-19 and its implications have raised concerns of pa-
tient health and safety. However, spine surgeons find themselves
not only on the front-line during the height of such a pandemic
but also facing the aftermath. Spine surgeons carry an increased
work burden and are faced with stressors that compound health-
related complications of comorbidities they may have. Howev-
er, very little research has been published regarding spine sur-
geon well-being. Therefore, the authors utilized unique data
from a COVID-19 global outreach survey to better understand
health disparities in spine surgeons, which demonstrated that
nearly 37% of participants had a major comorbidity, and those
with more comorbidities were more likely to be concerned about
their personal health, though they would also still be perform-
ing elective surgery. This is the first study to highlight the health
of spine surgeons and how it relates to the perception of COV-
ID-19 and how such a pandemic affects spine practices across
the globe.

In a national health survey between 1986 and 1994, physi-
cians were among the occupations with the lowest morbidity
rate." Similarly, fewer resources are allocated towards promot-
ing preventative health measures for physicians when compared
to other occupations. The current study identified a cohort of
spine surgeons, most of whom were male and 44 years-of-age
or younger, and yet nearly 37% reported a major comorbidity.
While the United States has a nearly 10% incidence of diabetes,
rates of obesity vary geographically,'>" findings which were also
highlighted in our present study as comorbidities varied across
regions.

Hypertension and obesity were identified as the most com-
monly reported comorbidities, which is similar to recent stud-
ies analyzing COVID-19.* Guan et al.” evaluated 1,590 patients
diagnosed with COVID-19, noting an increased risk of ICU
admission, invasive ventilation, or death in patients with chron-
ic obstructive pulmonary disease (COPD) (hazard ratio [HR],
2.681), hypertension (HR, 1.58), diabetes (HR, 1.59), or malig-
nancy (HR, 3.50). Similarly, a meta-analysis of 6 studies evalu-
ating patients with COVID-19 identified hypertension (OR,
2.29), respiratory disease (OR, 5.97), cardiac disease (OR, 2.93),
diabetes (OR, 2.47) as significant risk factors associated with
COVID-19." Tobacco use which has historically been linked to
respiratory disease such as COPD also increases the risk of com-
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plications associated with COVID-19." In a meta-analysis of 15
studies, Alqahtani et al.' evaluated the mortality rates in COPD
and tobacco use associated with COVID-19. Their analysis re-
vealed that tobacco users were nearly 1.5 times more likely to
have severe complications from COVID-19 when compared to
nonsmokers, and tobacco users had a significantly higher mor-
tality rate approaching 40%. Furthermore, tobacco users were
more likely to perform surgery during the pandemic, exposing
themselves to a deadly virus, and yet were also more likely to
cite personal health as a stressor, highlighting the importance of
smoking cessation. Given these findings, However, those with a
respiratory illness were far more likely to inform their patients
if they were diagnosed with COVID-19, suggesting a sense of
sympathy.

In the present study, irrespective of the COVID-19 outbreak,
spine surgeons with more comorbidities were more likely to
cite personal health as a current stressor. A study by Gross et
al.” demonstrated that of 915 physicians, only 65% had a regu-
lar source of medical care, and not having such care was associ-
ated with having a diagnosis of malignancy and not having the
influenza vaccine at 6-year follow-up. Taub et al."® performed a
study regarding guidelines for physician health and wellness.
Though seemingly rhetorical, the value of healthy living habits
and having a personal physician is undervalued, as the current
study highlighted how spine surgeons also have modifiable co-
morbidities such as tobacco use and obesity. Furthermore, or-
thopedic surgical training can induce hypertension, though
transient in nature.” Similarly, neurosurgery has been demon-
strated to increase intraoperative blood pressure to levels higher
than vigorous exercise.” Regardless, respondents with 1 comor-
bidity varied in their opinions regarding standard precautions
and a lack of association between number of comorbidities and
use of additional PPE during surgery infers riskier behavior by
surgeons who would otherwise benefit from heightened aware-
ness of their health.

Future perceptions and financial impacts from COVID-19
were also linked to spine surgeon health. While there was an
association between comorbidity diagnosis and being present
during intubation/extubation, multivariate analysis suggested
that tobacco users were less likely to be absent during patient
intubation/extubation. As restrictions are lifted allowing elec-
tive spine surgery to be performed, spine surgeons should con-
tinue to remain wary of their health. At baseline, surgeons prac-
tice meticulous sterile technique, but these techniques may ex-
pand into the clinical setting. Furthermore, use of masks and
gloves for routine visits may become commonplace. This may
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even become expected, as spine surgeons with increasing co-
morbidities are at increased risk for complications from com-
municable diseases such as COVID-19. Telecommunication as
a means of delivering healthcare is becoming more common-
place,”! though was less likely to be utilized in the present study
by spine surgeons with current tobacco use.

Similarly, univariate analysis of comorbidities suggested that
unhealthier spine surgeons with comorbidities such as hyper-
tension and tobacco use perceived that they would increase
nonoperative measures over the next year. Fortunately, dura-
tion of symptoms is an inconsistent marker of postoperative
outcomes.”> On the contrary, spine surgeons with more comor-
bidities were more likely to be performing elective surgery dur-
ing the pandemic, though they also perceived their hospital ad-
ministration negatively.

Like the current study, substance abuse (tobacco in the cur-
rent study) contributes significantly to overall health status, es-
pecially as physicians have been noted to neglect their own health.”
Interestingly, the unhealthier population using tobacco were
more concerned with their personal health, though they were
also more likely to still be performing elective surgery during
the pandemic. This highlights the lack of introspection of sur-
geons who may be facing economic pressures and may forget
about their health. Furthermore, work-hour restrictions and
avoidance of sleep deprivation in medical professionals, from
the standpoint of spine surgeon health as well as patient safety,
has increased awareness of overall physician health.*** Aside
from the noted comorbidities, stress management, family sup-
port, and recreation have been cited as tools to battle fatigue or
burnout.”*”” Not only does such burn out affect individual sur-
geon health but may affect productivity, outcomes, and patient
care.

However, the present study is not without limitations. For
one, if a respondent did not note any comorbidities, this could
also imply that they did not feel comfortable to disclose such
information, raising issues of transparency and willingness to
share personal information via such a survey. However, the dis-
tribution of comorbidities, noting hypertension and obesity as
the most common, would imply that the trend of capturing such
information may be representative given the fact that such con-
ditions are well known to be more common. Also, the present
study did not compare perceptions between outbreak and non-
outbreak nations facing COVID-19 despite the vast prevalence
of the virus. Furthermore, there were several instances where
having “1 comorbidity” would significantly influence percep-
tions and impacts from COVID-19, though each individual di-
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agnosis was insignificant, highlighting the likely low statistical
power of individual diagnoses. It is expected that statistical sig-
nificance would emerge with a higher number of respondents
with each diagnosis in such scenarios.

CONCLUSION

The present study is the first to map out comorbidities of
spine surgeons across the globe, highlighting comorbidities that
had a significant impact on healthcare delivery and clinical de-
cision-making related to the COVID-19 pandemic. Without
question, COVID-19 has impacted patients and healthcare pro-
viders worldwide. This study has emphasized the importance
of spine surgeon health. Spine surgeons are not immune to com-
mon comorbidities, and as the surgical landscape slowly returns
to normalcy, it becomes even more relevant for this community
to remain introspective about their health to prevent any indi-
vidual health-related complications and maximize optimal pa-
tient care and outcomes.
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