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ARTICLE INFO ABSTRACT

Keywords: Background: Public health measures during the COVID-19 pandemic have disrupted access to basic resources

Anxiety (income, food, housing, healthcare). The effects may impact patients differently based on socioeconomic status

EOVID-'I9 (SES), pre-existing psychological distress, and patient activation (knowledge, skills, and motivation to manage
epression

healthcare). We examined changes in access to basic resources and in pain and health-related quality of life
(HRQoL) during the pandemic and determined how pre-existing psychological distress and patient activation are
associated with exacerbation or mitigation of effects on pain and HRQoL.
Methods: This cross-sectional study assessed 431 patients in a longitudinal-outcomes registry who underwent or
scheduled spine surgery at our institution and were surveyed about COVID-19 effects on accessing basic resources.
We assessed pain (numeric rating scale) and HRQoL (PROMIS 29-Item Profile). Information on preoperative SES,
psychological distress, patient activation, pain, and HRQoL was collected previously. We compared access to basic
resources by SES. We compared changes from pre-COVID-19 to COVID-19 assessments of pain and HRQoL and
proportions of patients reporting worsened pain and HRQoL stratified by psychological distress. We analyzed
associations between patient activation and negative effects on HRQoL using multivariable linear regression.
Alpha=0.05.
Results: Respondents reported minor disruptions in accessing basic resources (no difference by SES) but significant
worsening of back (p=.027) and leg pain (p=.013) and HRQoL (physical function, fatigue, p<0.001; satisfaction
with participation in social roles, p=0.048) during COVID-19. Psychological distress was associated with clinically
relevant worsening of back, pain, leg pain, and physical function all, (p<0.05). High patient activation was
associated with less impairment of physical function (p=0.03).
Conclusion: Patients with pre-existing psychological distress experienced greater worsening of pain and HRQoL.
High patient activation appeared to mitigate worsening of physical function. Providers should screen for psy-
chological distress and patient activation and enhance supports to manage pain and maintain HRQoL in at-risk
patients.

Level of Evidence: III

Patient activation
Patient-reported outcomes
Spine surgery

Background

At the time of this writing, the United States has had more than 46
million confirmed cases of the novel coronavirus disease (COVID-19)
and more than 700,000 deaths [1]. The consequences of public health
protection measures have included loss of income, lack of access to ba-
sic resources (including healthcare), and negative effects on health and
well-being [2]. Little is currently known regarding the effects of these
public health measures on spine surgery patients and their recovery.

The results of the COVID-19 pandemic may affect individuals differ-
ently according to their access to socioeconomic resources and their bur-
den of preexisting psychological distress. In a systematic review, Aalto
et al [3] reported that higher income was associated with better health
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outcomes after surgery for lumbar spinal stenosis. Evidence suggests that
the presence of psychological distress, defined as a high burden of symp-
toms of anxiety and/or depression, is associated with poorer postoper-
ative outcomes. In those undergoing decompressive surgery for either
cervical radiculopathy and lumbar spinal stenosis, patients who had a
high burden of depression had worse postoperative pain intensity and
pain-related disability [4-7]. Although it is clear that psychological dis-
tress is associated with poor postoperative outcomes, it is unclear how
psychological distress may interact with an external stressor, such as the
COVID-19 pandemic, to impede recovery of surgical spine patients.
Because of the effects of the pandemic, patients may need to rely
more on their internal strengths as they recover from spine surgery. One
measure of internal strength is patient activation—a hierarchical con-

Received 30 December 2021; Received in revised form 7 February 2022; Accepted 8 February 2022

Available online 13 February 2022

2666-5484/© 2022 The Authors. Published by Elsevier Ltd on behalf of North American Spine Society. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.xnsj.2022.100103
http://www.ScienceDirect.com
http://www.elsevier.com/locate/xnsj
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xnsj.2022.100103&domain=pdf
mailto:rskolas1@jhmi.edu
https://doi.org/10.1016/j.xnsj.2022.100103
http://creativecommons.org/licenses/by-nc-nd/4.0/

R.S. Bronheim, K.M. Kebaish, A. Jain et al.

Surgery

s First Last
P:;somp:::;:lc Post-Operative Pre-COVID
Assessment Asscssment
A / A
f \ f ]

Socio-Demographics Healthcare Use Healthcare Use
Medical History Complications Complications
. omplications
Pain/HRQoL Pain/HRQoL Pain/HRQoL

struct that encompasses the knowledge, skills, and confidence to manage
one’s healthcare [4]. Individuals with high patient activation are more
likely to engage in physical therapy and home exercise during postoper-
ative recovery [8,9] and to experience sustained reduction in pain and
improvement in physical function after spine surgery [9,10]. Patient ac-
tivation may mitigate the negative effects of psychological distress in
patients undergoing or recovering from spine surgery [11].

To understand these factors in spine surgery patients, we investi-
gated changes during the COVID-19 pandemic in their access to ba-
sic resources (defined as socioeconomic standing and access to health-
care) and their pain and health-related quality of life (HRQoL) (physical,
mental, and social domains of health). Further, to understand how pre-
existing negative and positive factors are related to the risks of exter-
nal stress, we analyzed associations of patients’ psychological distress
(symptoms of anxiety/depression) and patient activation as measured
before COVID-19 (pre-pandemic) with their pain levels and HRQoL dur-
ing COVID-19.

Methods

Institutional review board approval was obtained, and participants
provided informed consent for this study.

Data source and study population

We selected adults who were previously enrolled in a longitudinal co-
hort study to understand the impact of spine surgery on HRQoL, which
was assessed using patient-reported outcomes. These patients had ei-
ther undergone or were scheduled to undergo spine surgery for cervical
or lumbar spine degeneration or deformity correction at our academic
center.

Study timeline

We defined 2 distinct time periods to understand the impact of the
public health consequences of the COVID-19 pandemic: pre-COVID (be-
fore March 1, 2020) and post-COVID (March 1, 2020 and after). Pre-
COVID assessments of sociodemographic characteristics, medical his-
tory, healthcare use, complications, and HRQoL were obtained from a
longitudinal cohort study (Fig. 1). The last pre-COVID assessment was
the last available postoperative assessment before March 1, 2020. Be-
tween May 1 and July 31, 2020, patients were asked to complete a sur-
vey regarding the effects of COVID-19 on their health, wellbeing, and
personal life. Surveys were sent to 1,506 patients, 431 of whom (29%)
completed and returned them.

Respondents were asked to report their age, gender, ethnicity and
race, annual household income, highest educational attainment, mari-
tal status, employment status, and current smoking status (Table 1). Co-
morbid conditions were assessed using the Charlson Comorbidity Index
[12,13].

March 2020
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Fig. 1. Study timeline for 296 patients who had un-
dergone spine surgery and contributed data to both
a longitudinal cohort study and a survey of the im-
pact of COVID-19 on access to basic resources (includ-
ing healthcare), pain, and health-related quality of life
(HRQOL).

Post-COVID
Assessment

—

Healthcare Use
Complications
Pain/HRQoL
Access to Basic
Resources

The mean (+ standard deviation [SD]) age of respondents was 61
+ 15 years. Fifty-five percent of respondents identified as female, and
most respondents were non-Hispanic (92%) and white (81%) (Table 1).
Most reported living with a partner (71%) and were not currently em-
ployed (68%). Approximately one-fifth of respondents reported an an-
nual household income of <$50,000, and 120 (28%) reported having
less than a college education. Two hundred twenty-nine patients (53%)
were being treated for a degenerative lumbar condition, 118 (27%) for
a degenerative cervical condition, and 84 (19%) for spinal deformity.
We found no significant differences between groups in terms of demo-
graphic characteristics.

Outcomes of interest

Respondents reported their health and wellness, as well as their ac-
cess to basic resources and healthcare.

Access to basic resources

To assess patients’ access to basic resources, the survey asked about
loss of employment/income, difficulty affording rent, mortgage, food, or
healthcare, and difficulty obtaining food. To assess access to healthcare,
the survey asked about cancellation of appointments and the ability to
obtain prescription medications. These questions have been used previ-
ously to understand the impact of the COVID-19 pandemic on patients
managing chronic low back pain. [14]

Assessments of pain and HRQoL

Patients scored their worst back, leg, neck, and arm pain during the
previous week on a numeric rating scale, with 0 representing no pain
and 10 representing the worst imaginable pain [15,16]. Patients com-
pleted the Patient-Reported Outcome Measurement Information System
29-Item Profile, version 2 (PROMIS-29), which assesses HRQoL using
the following domains: Pain Interference, Physical Function, Fatigue,
Anxiety, Depression, Sleep Disturbance, and Satisfaction with Partici-
pation in Social Roles [17-19]. PROMIS-29 domains are scored using
a T-score normalized method, in which a score of 50 approximates the
general population mean with a SD of 10 points.

Covariates of interest

At their preoperative visit, patients provided information on their
annual income and highest level of education attained and completed
assessments of psychological distress (anxiety and depression) and pa-
tient activation. For patients who had already undergone surgery, this
information was collected before the pandemic.

We categorized respondents according to self-reported annual in-
come (<$50,000 or >$50,000 (cutoff near the median household in-
come of $50,379 in the Baltimore metropolitan region was chosen) and
highest level of education attained (less than 4-year college degree, 4-
year college degree, or postgraduate degree). Patients were categorized
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Table 1
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Sociodemographic and clinical characteristics of 431 patients having undergone or scheduled for spine surgery responding to a COVID-19 Impact Survey between

May 1, 2020 and July 31, 2020

Characteristics N (%) p-value*
Overall (N =431)  Preoperative (N = 135)  Postoperative (N = 296)
1-12 months (N = 178) 12-24 months (N = 35) >24 months (N = 83)
Age, years 61 + 15' 58 + 177 61 + 14 63 + 127 62 + 13 0.168
Gender 0.560
Male 194 (45) 68 (50) 75 (42) 13 (37) 38 (46)
Female 234 (54) 67 (50) 101 (57) 22(63) 44 (53)
Unknown/refused 3(<1) 0 (0) 2() 0(0) 1)
Race” 0.486
American Indian 2 (<1) 2(1) 0(0) 0(0) 0(0)
Asian 15 (3) 32 7 4) 1(3) 4 (5)
Black 44 (10) 13 (10) 14 (8) 6 (17) 11 (13)
White 348 (81) 114 (84) 145 (81) 26 (74) 63 (76)
Multiracial 6 (1) 0(0) 32 1(3) 2(2)
Unknown/refused 16 (4) 3(2) 9 (5) 13 34)
Ethnicity 0.078
Hispanic 13(3) 3(2) 9(5) 1(3) 0 (0)
Non-Hispanic 397 (92) 130 (96) 156 (88) 32 (91) 79 (95)
Unknown/refused 21 (5) 21) 13 (7) 2 (6) 4 (5)
Educational level 0.613
<4-year college degree 120 (28) 40 (30) 50 (28) 12 (34) 18 (22)
4-year college degree 97 (23) 28 (21) 50 (28) 5(14) 14 (17)
Postgraduate degree 117 (27) 37 (27) 57 (32) 11 (31) 12 (14)
Unknown/refused 97 (23) 30 (22) 21 (12) 7 (20) 39 (47)
Household Income 0.408
<$50,000 68 (16) 20 (15) 34 (19) 3(9) 11 (13)
>$50,000 207 (48) 64 (47) 95 (53) 22(63) 26 (31)
Unknown/refused 156 (36) 51 (38) 49 (28) 10 (29) 46 (55)
Living alone 0.721
Yes 125 (29) 40 (30) 54 (30) 10 (29) 21 (25)
No 304 (71) 95 (70) 122 (69) 25 (71) 62 (75)
Unknown/refused 2 (<1) 0 (0) 2 (1) 0(0) 0 (0)
Currently working 0.101
Yes 137 (32) 55 (41) 52 (29) 8(23) 22 (27)
No 292 (68) 80 (59) 124 (70) 27 (77) 61 (73)
Unknown/refused 2 (<1) 0(0) 2(1) 0(0) 0(0)
If not working, reason 0.323
Retired (not because of illness) 145 (50) 35 (44) 63 (51) 16 (59) 31 (50)
Disabled/retired because of illness 87 (30) 33 (41) 25 (21) 8 (30) 21 (34)
Looking for work 5(2) 34 2(2) 0(0) 0(0)
Choose not to work 9(3) 2(2) 4 (3) 14) 12
Attending school 5(2) 3(4) 2(2) 0(0) 0(0)
Unknown/refused 41 (14) 4 (5) 28 (23) 2(7) 8(13)
Current smoker 0.560
Yes 27 (6) 11 (8) 8(4) 3(9) 5 (6)
No 402 (93) 124 (92) 168 (94) 32(91) 78 (94)
Unknown/refused 2 (<1) 0 (0) 2 (1) 0 (0) 0 (0)
Charlson Comorbidity Index® 0.59 + 0.35" 0.66 + 0.35" 0.59 + 0.34' 0.54 + 0.36' 0.52 + 0.36" 0.131
Spine condition 0.469
Lumbar degeneration 229 (53) 69 (51) 89 (50) 23 (66) 48 (58)
Cervical degeneration 118 (27) 39 (29) 55 (31) 7 (20) 17 (20)
Deformity 84 (19) 27 (20) 34 (19) 5014) 18 (22)

COVID-19, coronavirus disease 2019.
* Comparison among time since surgery groups using analysis of variance
T Reported as mean + standard deviation.
¥ No patients self-identified as Hawaiian/Pacific Islander.

§ The Charlson Comorbidity Index ranges from 0 to 1 and predicts 10-year mortality in patients with multiple comorbid conditions.

as screening positive for generalized anxiety disorder or major depres-
sive disorder if they scored 60 points or higher on their preoperative
PROMIS-29 anxiety or depression health domains, which have been
shown to be valid instruments to screen for these 2 disorders [20].
Patient activation was assessed using the Patient Activation Mea-
sure (PAM), a 13-item scale that asks respondents to rate their agree-
ment with test items, ranging from strongly disagree to strongly agree.
Scores on the PAM are continuous measures ranging from 0 (no activa-
tion) to 100 (high activation). Previous reports of the use of the PAM
have shown observed scores between 40 and 80 points (mean 55 points)
[4,21]. The PAM is a multistage scale, in which each successive stage re-

quires greater activation. The stages are as follows: believing active role
important (items 1 and 2); having confidence and knowledge to take
action (items 3-8); taking action (items 9-11); and “staying the course”
under stress (items 12 and 13) [4,22]. Patients were categorized as hav-
ing high patient activation (stage 3 or 4) or low patient activation (stage
1 or 2) according to their preoperative PAM scores.

Statistical analysis

To address our first aim, we used data from all 431 patients who had
either undergone or were scheduled to undergo spine surgery for cer-
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Fig. 2. Proportion of 296 patients who had under-
gone spine surgery and who reported worsening
pain and quality of life outcomes, as measured by
the Patient-Reported Outcome Measurement Infor-
mation System 29-Item Profile, between their final
postoperative visit pre pandemic and the time of
their COVID-19 Impact Survey, stratified by pres-
ence of psychological distress (symptoms of de-
pression/anxiety). Worsening outcomes were those
that met or exceeded established minimum clin-
ically important difference thresholds. *Indicates
significant difference between groups (p<.05). “So-
cial roles” indicates satisfaction with participation
in social roles.

)

Patient-Reported Outcome

vical or lumbar spine degeneration or deformity correction at our aca-
demic center. We compared the patient-reported impact of COVID-19 on
access to basic resources among this cohort stratified by annual house-
hold income and highest educational attainment. Descriptive statistics
were used to describe the impact of the pandemic on access to basic
resources. Means (and SDs) were used to describe continuous variables,
and counts (and percentages) were used to describe categorical vari-
ables. Analysis of variance and chi-squared tests were used to compare
predefined groups.

To address our second and third aims, we restricted our analysis to
the 296 patients who had undergone surgery prior to COVID-19 and
had at least 1 pre-COVID-19 postoperative assessment. We used data
from our existing prospectively maintained registry of patient-reported
outcomes to match survey responses with assessments at initial preoper-
ative and last pre-COVID-19 postoperative assessments. To answer our
second aim, we calculated means and SDs for all patient-reported out-
comes at preoperative, last pre-COVID-19, and COVID-19 assessments.
Paired T-tests were used to compare differences in pain and HRQoL be-
tween most recent pre-pandemic and COVID-19 assessments.

To address the associations of psychological distress and patient ac-
tivation with the impact of COVID-19 (our third aim), we determined
which patients reported significant worsening of their pain or HRQoL
between last pre-COVID-19 and COVID-19 assessments. We defined
worsening of pain or HRQoL according to the difference between the
last pre-COVID-19 postoperative assessment and the COVID-19 assess-
ment that exceeded the minimum clinically important difference (MCID)
threshold for pain [15,16] or HRQoL [17,18], depending on the mea-
sure.

We compared the proportion of patients experiencing worsening of
each health outcome stratified by the presence of preoperative psycho-
logical distress. Chi-squared tests of association were used to compare
patients with psychological distress versus those without psychological
distress. Using a generalized estimating equation to account for the cor-
relation between repeated measures of the patient-reported outcomes,
we modeled changes from baseline PROMIS-29 health domain scores
as a function of time (categorical as last pre-COVID-19 postoperative
and COVID-19 assessments) and high patient activation (stage 3 or 4 vs.
stage 1 or 2). Our model included interaction terms between time and
preoperative factors to determine whether these factors were associated
with change over time.

Significance was set at p<.05. All statistical analyses were conducted
using SAS, version 9.4 (SAS Institute, Cary, NC).

Results
Access to basic resources

Most respondents (81%) did not report experiencing a loss of income
due to COVID-19. Respondents reported little difficulty in affording ba-
sic resources or accessing food and prescription medication (Table 2).
Healthcare access was interrupted, with 117 respondents (43%) report-
ing a canceled healthcare appointment. We found no significant differ-
ences in access to basic resources according to income category or edu-
cational level.

Assessments of pain and health-related quality of life

Respondents who had undergone spine surgery before the pandemic
(N = 296) reported significantly worse outcomes between the last pre-
COVID-19 and COVID-19 assessments (Table 3). Mean + SD time be-
tween last pre-COVID-19 postoperative and COVID-19 assessments was
7.3 = 10.4 months. During COVID-19, respondents reported worsening
of the following: back pain (mean increase, 0.57 + 3.0 points; p=.027),
leg pain (mean increase, 0.74 + 3.4 points; p=.013), physical function
(mean decrease, 2.4 + 7.5 points; p<.001), fatigue (mean increase, 3.8
+ 9.6 points; p<.001), and satisfaction with participation in social roles
(mean decrease, 1.9 + 11 points; p=.048).

Role of psychological distress

When analyzing the proportion of respondents who reported worsen-
ing patient-reported outcomes that exceeded the MCID threshold, those
experiencing preoperative psychological distress were more likely to
have clinically relevant worsening of back pain during COVID-19 (43%
vs. 24%), leg pain (53% vs. 34%), and physical function (25% vs. 11%)
compared with those not experiencing preoperative psychological dis-
tress (Fig. 2).

Role of patient activation

Respondents who had high preoperative patient activation expe-
rienced significantly greater reduction in pain interference (p=.038)
and more improvement in physical function (p=.003) compared with
those who had low patient activation. Respondents who had high pa-
tient activation experienced less impairment of physical function dur-
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Responses of 431 patients having undergone or scheduled for spine surgery regarding access to basic resources and healthcare during the COVID-19 pandemic, by

income and educational level

COVID-19 Effects Annual Household Income' Educational Level® p-value”
<$50,000 >$50,000 p-value’ <College College Postgraduate
Loss of income 0.404 0.741
Yes 15 (22) 30 (15) 17 (14) 19 (20) 21 (18)
No 51 (75) 168 (81) 96 (80) 76 (78) 91 (78)
Unknown/refused 2(3) 94) 7 (6) 2(2) 5(4)
Difficulty affording 0.258 0.180
Rent 34 1(<1) 12 1(1) 1)
Mortgage 2(3) 6 (3) 2(2) 4 (4) 2(2)
Food 2(3) 2 () 33 2(2) 1M
Healthcare 0 (0) 2(1) 2(2) 2(2) 0 (0)
Other 3@ 8 (4) 3(D) 212 7(6)
Difficulty getting food 0.693 0.995
Yes 11 (16) 29 (14) 16 (13) 13(13) 15(13)
No 57 (84) 175 (85) 103 (86) 84 (87) 100 (85)
Unknown/refused 0(0) 3(1) 1 0(0) 2(2)
Canceled appointment 0.636 0.910
Yes 31 (46) 86 (42) 50 (42) 44 (45) 49 (42)
No 36 (53) 115 (55) 67 (56) 53 (55) 63 (54)
Unknown/refused 1) 6 (3) 3(2) 0(0) 54
Unable to obtain prescription medication 0.354 0.334
Yes 5(7) 10 (5) 6 (5) 6 (6) 54)
No 61 (90) 187 (90) 110 (92) 85 (88) 109 (93)
No prescriptions 0(0) 6(3) 32 303 1)
Unknown/refused 2(3) 4(2) 1) 33 2(2)

COVID-19, coronavirus disease 2019.
* Comparison between income groups using Student t-tests.
T Comparison among educational groups using analysis of variance.
1 Annual household income was available for 275 respondents
2 Educational level was available for 334 respondents

Table 3

Pain and quality-of-life outcomes reported by 296 patients who had undergone spine surgery, as measured by a numeric pain scale and the PROMIS 29-Item Profile

at preoperative, pre-pandemic postoperative, and during COVID-19

Outcome Measure Mean + Standard Deviation P value'
Preoperative Last pre-COVID-19 Postoperative COVID-19 Change from Last pre-COVID-19 postoperative to COVID-19

Worst pain rating
Back 7.6 £2.5 44+31 54+32 057 +3.0 .027
Leg 6.5+ 3.3 3.3+3.2 44+£34 074+34 .013
Neck 58+3.1 4.0+ 2.8 32+31 -0.02+28 .962
Arm 4.6 + 3.4 2.9 +3.0 34+31 01026 .756

PROMIS health domain
Pain interference 65 +79 59+9.2 60+10 0.84+10 .303
Physical function 3672 39 +87 40+93 -24+75 <.001
Fatigue 55+10.0 52+10 48+12 3796 <.001
Anxiety 53+9.6 49+9.9 50+9.4 0.64+12 .510
Depression 51 +8.9 49 +9.1 48 + 8.8 0.29 +8.0 662
Sleep disturbance 55+ 8.7 52+9.5 53+9.7 0.62+84 .365
Satisfaction with participation in social roles 42 + 8.7 44 +10 46 +11 -19x11 .048

COVID-19, coronavirus disease 2019; PROMIS, Patient-Reported Outcome Measurement Information System.

1 P-value reflects change from last postoperative to COVID-19 assessment

ing COVID-19 compared with those who had low patient activation
(p=.031; Table 4).

Discussion
Access to basic resources

Virus mitigation and containment policies have had a profound effect
on the US economy, resulting in widespread unemployment and finan-
cial hardship [23]. Furthermore, there appears to be a direct relationship
between financial hardship and chronic back pain [24]. Approximately
16% of our cohort attributed loss of income to the COVID-19 crisis, and
16% reported having difficulty affording basic resources. Drawing from
data from the Urban Institute’s Health Reform Monitoring Survey, Karp-
man et al. [23] showed that more than 40% of non-elderly US adults

reported job loss, decreased work hours, or decrease in work-related in-
come, with one-third of adults reporting that their families experienced
serious financial hardships because of the COVID-19 pandemic. Further-
more, they found higher rates of financial hardship in low-income and
racial/ethnic minority populations.

A previous study reported patients deferring or forgoing routine
medical care because of fear of COVID-19 [25]. This parallels behavior
seen during the 2002-2004 severe acute respiratory syndrome (SARS)
pandemic, which caused high burdens of disease of chronic conditions
in its aftermath [26]. Approximately half of our cohort reported cancel-
ing medical appointments because of COVID-19: 14% canceled muscu-
loskeletal follow-up appointments, 8% canceled pain management ap-
pointments, and 17% canceled rehabilitation or physical therapy ap-
pointments. A small fraction of respondents reported difficulty obtain-
ing their medications, most commonly opioid pain medications.
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Table 4

Quality-of-life outcomes, as measured by Patient-Reported Outcomes Measurement Information System 29 Health Profile, stratified by psychological distress and

patient activation levels for 296 patients who had undergone spine surgery
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Satisfaction
with Social

Parameter Pain Interference Physical Function Fatigue Sleep Disturbance Roles
Mean (SE) p-value Mean (SE) p-value Mean (SE) p-value Mean (SE) p-value Mean (SE) p-value
Gender
Male Referent Referent Referent Referent Referent
Female 2.8 (0.97) 0.004 —-3.2(0.96) <0.001 24(1.1) 0.039 2.0 (0.95) 0.036 -3.2(1.1) 0.002
Psychological distress
None Referent Referent Referent Referent Referent
Anxiety 2.6 (1.3) 0.050 -3.2(1.2) 0.008 2.4 (1.6) 0.136 2.4 (1.6) 0.126 -2.5(1.2) 0.034
Depression 5.8 (1.3) <0.001 -3.1(1.5) 0.037 7.1(1.8) <0.001 4.1(1.8) 0.019 -7.5(1.4) <0.001
Patient activation
Low Referent Referent Referent Referent Referent
High 0.79 (1.2) 0.502 0.04 (0.95) 0.997 3.0 (1.3) 0.025 1.6 (1.2) 0.199 1.6 (1.3) 0.209
Assessment timepoint
Preoperative Referent Referent Referent Referent Referent
Pre-pandemic! —6.5(0.83) <0.001 5.0 (0.71) <0.001 —4.0 (0.78) <0.001 —4.0 (0.83) <0.001 4.6 (0.95) <0.001
COVID-19 —-8.0 (0.84) <0.001 5.5 (0.67) <0.001 —-4.4(0.79) <0.001 —-3.9(0.76) <0.001 6.1 (0.85) <0.001
Assessment interaction
High patient activation x pre-pandemic* -3.0(1.4) 0.038 3.6 (1.2) 0.003 -1.8(1.4) 0.201 -1.9(1.6) 0.248 2.2(1.6) 0.169
High patient activation x COVID-19 -2.2(1.7) 0.188 2.7 (1.2) 0.031 0.22 (1.5) 0.889 -0.98 (1.6) 0.544 2.3(1.8) 0.210
COVID-19, coronavirus disease 2019; SE, standard error.
* Pre-pandemic refers to the last pre-COVID-19 postoperative assessment completed.
Pain and HRQoL Psychological distress

Reduction of pain and improvement in functional status are two
of the most important reasons patients undergo spine surgery, and
most patients report postoperative improvements in pain and physi-
cal function [27]. It is well known that psychological, social, and en-
vironmental factors can affect a patient’s perception of pain [24,28].
However, it is unclear how rapid changes in these factors, as have oc-
curred during the COVID-19 pandemic, affect the durability of postop-
erative pain relief and functional improvements. In the current study,
average pain scores for the back and legs worsened significantly,
whereas neck and arm pain scores did not change significantly be-
tween respondents’ latest clinic visit and the onset of the COVID-19
pandemic.

Prior research has demonstrated the link between increased walk-
ing during post-operative recovery and higher odds of meaningful im-
provement in back and leg pain [29]. It is probable that, given pan-
demic restrictions on non-essential activities, walking and similar ac-
tivities were curtailed among these patients. PROMIS pain, physical
function, fatigue, anxiety, depression, sleep, satisfaction with participa-
tion in social roles and activities, and cognitive function scores were
not significantly different before versus after the onset of the pan-
demic. The lack of impact on measures of HRQOoL is in contrast with
literature from other medical fields that show increased symptoms of
anxiety among patients with thyroid cancer [30] and lower mental
health scores among patients who had experienced COVID-19 infec-
tion [31]. Our population reported low rates of COVID-19 exposure
or infection (3.9% and 1%, respectively). In addition, aside from age,
they had few risk factors associated at the time with worse prognosis.
These may have alleviated the mental health impact of the COVID-19
pandemic.

A notable consequence of public health protection measures is the
effect on public mental health. Rohr et al [32] noted that quarantine
measures were associated with negative psychosocial outcomes, includ-
ing depression, anxiety, anger, stress, social isolation, and loneliness
[32,33]. Although most respondents in the current study reported feel-
ing socially isolated, they still reported a “somewhat” or “very” good
quality of life, demonstrating resilience.

A systematic review demonstrated that one-third of spine surgery
patients experience symptoms of preoperative anxiety and depression,
and that the presence of these symptoms is an important predictor of
greater pain, physical impairment, and lower HRQoL in patients under-
going spine surgery [34]. The high number of respondents reporting
symptoms of anxiety and depression before surgery observed in the cur-
rent study is consistent with other published reports [8, 9, 21, 33] of
psychological distress in spine patients.

Prior studies have documented increased psychological distress dur-
ing previous epidemics or pandemics, including Ebola virus disease in
2014 [35,36] and severe acute respiratory syndrome (SARS) in 2003
[37]. Psychological distress during the COVID-19 pandemic has been
shown to negatively affect health, leading to greater pain severity in
patients with chronic pain [38,39] and reduction in patients with mus-
culoskeletal conditions [40]. Our study suggests that individuals with
psychological distress, especially depression, experience more detrimen-
tal impact on their pain and their satisfaction with participation in social
roles compared with those without psychological distress as a response
to the external stress of COVID-19.

Patient activation

High patient activation has been associated with an individual’s
propensity to engage in adaptive health behavior that leads to improved
outcomes and has been implicated as a positive prognostic factor in pa-
tient recovery [8,27,33]. High patient activation not only helps patients
take responsibility for their health, but may also predict their social in-
volvement and connection during the pandemic. Our findings suggest
that high patient activation may alleviate the disruptive effects of ex-
ternal stress caused by the COVID-19 pandemic on patients’ ability to
perform usual activities. Patients who endorsed high patient activation
before surgery experienced less disruption in physical function during
the pandemic compared to those with low patient activation.

This difference may be related to the ability of those with high pa-
tient activation being able to “ride out” the negative impact of the pan-
demic on their ability to manage their spine condition. The relation-
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ship between patient activation and the disruptive effects of external
stress may provide an opportunity for healthcare providers and systems
to support patients during stressful times. In a study of patients man-
aging various chronic conditions, those experiencing greater COVID-19
related worry or fear about self-management had lower patient activa-
tion [41]. Our prior work demonstrated the ability of a telephone-based
Health Behavior Change Counseling (HBCC) to improve patient acti-
vation and lead to greater health outcomes at one year following spine
surgery [10,42,43]. Employing interventions such as HBCC may provide
beneficial support for patients in symptom management, especially for
those whom in-person healthcare access may be limited either by geog-
raphy, access, or concern over pandemic exposure.

Limitations

Our study has several limitations. First, it is a single-center study
conducted at a large academic tertiary care hospital; thus, results may
not be generalizable to other care settings. Compared with other care
settings, patients who present to a tertiary care hospital may have more
advanced spine disease or comorbid conditions and may require more
invasive surgical intervention. However, the demographic and clinical
characteristics of our patient population are similar to published data
from the Spine Patient Outcomes Research Trial, which encompassed 13
medical centers across 11 states [44-46]. Second, our survey of COVID-
19 impact and assessments of pain and quality of life were collected
using an internet platform, and our findings may be biased by selection.
Certain individual characteristics may lead a patient to answer our sur-
vey. For example, those whose access to basic resources and healthcare
has been severely disrupted may be less willing or able to access an
internet-based survey. By not including their information, we may not
provide the true scope of disruption from the public health measures
meant to mitigate the spread of COVID-19. However, we did demon-
strate associations of psychological distress and patient activation with
recovery after spine surgery. Despite these limitations, this study pro-
vides a descriptive overview of the impact of the COVID-19 pandemic
on spine surgery patients that can guide healthcare providers and health
systems in building support for patients who may be vulnerable to these
consequences because of their psychological distress or low patient ac-
tivation.

Conclusions

Although many patients experienced worsening of pain and HRQoL,
those patients with pre-existing psychological distress were more likely
to experience worsening that met or exceeded the MCID for a wors-
ened health state. Conversely, those who had high patient activation
experienced significantly less negative effect on physical function as a
result of the COVID-19 pandemic compared with those who had low pa-
tient activation. These findings are important because they can enable
the identification of patients who may be more or less susceptible to
the negative effects that external stressors can have on health. Through
identification of these at-risk patients, healthcare providers and systems
can better support these patients through times of difficulty.
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