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Abstract.
BACKGROUND: The global COVID-19 pandemic has directly impacted individuals with rare diseases who are attempting
to maintain or obtain employment. Individuals with Neurofibromatosis Type 1 are especially at risk due to their disease.
OBJECTIVE: The current study compared the impact that generalized anxiety and quality of life had on work readiness and
potential barriers that individuals with NF1 had in gaining and maintaining employment during the COVID-19 pandemic to
a sample of healthy individuals using a moderating mediation analysis.
METHODS: A total of 213 individuals (105 NF1; 108 Healthy individuals) were recruited to complete a cross-sectional
study in which a series of work-related assessments were completed.
RESULTS: Generalized anxiety had an indirect effect on work readiness, fully mediated by barriers, with higher anxiety
associated with more barriers, in turn negatively correlating with work readiness; quality of life partially mediated the effect
of barriers on work readiness and was negatively associated with the former and positively with the latter.
CONCLUSION: Quality of life was a mediator of the relationship between perceived employment barriers and work
readiness for the healthy individuals group only. The results imply that anxiety and quality of life are significant mediators
and require consideration in terms of evaluation and facilitation of employment maintenance and acquisition.
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1. Introduction

The coronavirus disease (COVID-19) has dra-
matically impacted the United States (U.S.) and
international workforce [1] since its inception at the
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end of 2019, with an estimated 2.4 million women
[2] and 1.8 million men exiting the labor force
between February 2020–2021. Due to the increase in
cumulative COVID-19 hospitalization rates reaching
207.4/100,000 (18–49-year-olds) and 505.7/100,000
(50–64-year-olds) in the U.S., restrictive measures
were put in place to mitigate transmission of COVID-
19 and had an immediate and unprecedented impact
on people’s psychological health and well-being,
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especially as it relates to incidences and severity of
depression and anxiety [3, 4]. Furthermore, concerns
regarding job loss among individuals with chronic
conditions and disabilities [5–7] and isolation due to
lack of employment has had a negative impact on
health and psychological well-being [8].

1.1. Neurofibromatosis Type 1

For individuals with rare diseases and/or dis-
abilities such as Neurofibromatosis Type 1 (NF1),
COVID-19 presents with new issues in resuming
work during an outbreak, dealing with lockdowns,
and taking special account of workers with vul-
nerabilities as the pandemic wanes [2–4, 9–11].
Neurofibromatosis Type 1 (NF1) is an autosomal
dominant disorder characterized as a neurocutaneous
disease that can impact all regions of the body (e.g.,
nervous system, bone, skin) and affects 1 in 2500 indi-
viduals worldwide [12–14]. Previous research has
shown that lack of employment has a significant effect
on depression and anxiety within individuals with
NF1 [15] and is associated with negative emotions of
oneself which contributes to reduced psychological
wellbeing [16, 17]. Work-related issues for individ-
uals with NF1 have been an under-explored focus of
research. Although studies have found evidence of
significant employment-related challenges for indi-
viduals with NF1 [15, 18], the impact that COVID-19
[19] has had on employment barriers has yet to be
explored.

The medical complications associated with NF1
have been well-documented in the literature, with
typical presentations including a plexiform neu-
rofibromas, Lisch nodules, optic pathway gliomas,
and/or café au lait patches. Additionally, other phys-
ical manifestations of NF1 (e.g., pseudarthrosis,
scoliosis, osteoporosis), along with cognitive impair-
ments (e.g., dyslexia, lower IQ scores, attentional
deficit hyperactivity disorder (ADHD)) can impact an
individual’s quality of life, and ability to obtain and
maintain gainful employment [20–23]. There is much
research that has shown that physical disfigurement,
cognitive impairments, and ADHD can create chal-
lenges with job obtainment and retention within other
populations [24–27]. The focus of the current study
was to evaluate how generalized anxiety and quality
of life (QOL) influence work readiness and perceived
barriers, while examining the role that these factors
have in obtaining and maintaining gainful employ-
ment during the COVID-19 pandemic.

1.2. Work readiness and perceived employment
barriers

Work readiness and employment barriers are two
factors that can influence one’s ability to obtain work
[28, 29]. Often these barriers are addressed in pre-
employment training that focuses on specific job
skills training and identification of employment bar-
riers (e.g., transportation, chronic pain, child-care,
interviewing skills, growth mindset). These job skills
often need to be addressed to prepare individuals to
enter the workforce [30]. Despite literature showing
that these factors have been explored for diverse dis-
ability groups [15], there is a scarcity of research
further examining these variables for the NF1 pop-
ulation.

1.3. Vocational rehabilitation as an intervention

The most recent publication has shown that
individuals with NF1 have the same levels of self-
motivation when it comes to employment hope (e.g.,
positive emotional state directed at work, limited feel-
ings of hopelessness towards obtaining employment)
and are equally goal-oriented when compared to the
general population [15]. Yet, feeling psychologically
empowered and understanding how to use one’s skills
have been shown to be more significant employment
barriers for individuals with NF1 [15]. The impact
of COVID-19 on job obtainment and retention has
been a focus of research as of late. Significant job
loss among individuals with chronic conditions and
disabilities during the pandemic has been shown in
recent literature [31, 32], with research showing a
negative impact on health and psychological well-
being of people with disabilities due to isolation based
on lack of employment [33]. Study findings showed
significant direct effects of anxiety, perceived barriers
to employment on work readiness of individuals with
NF1 (compared to the control group), and while qual-
ity of life were significant indirect effects. Vocational
rehabilitation (VR) that addresses the employment
barriers faced by individuals with NF1 can serve to
improve their employability, QOL, and mental well-
being.

The current study hypothesized that due to con-
straints put on employees on account of COVID-19
protocols, individuals with NF1 would have more
difficulties in adapting and being successful in their
work readiness. More specifically, anxiety, and barri-
ers on one hand and quality of life on the other hand,
have opposing influence on work readiness and ask
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whether their influences and dynamic relationships
differ for those with NF1 vs healthy individuals.

2. Methods

2.1. Participants

Two groups of participants were recruited between
May through August 2021. Group 1 consisted of
individuals with NF1. They were recruited through
a secure mass email sent out to two of the largest
NF advocacy’s listservs (NF Network and NF North-
east), after acquiring approval from both executive
directors. The NF1 group consisted of 140 individu-
als of which 105 completed the assessments, 29 did
not complete the assessments, and 6 were excluded
for not having a documented case of NF1. The second
group consisted of 119 healthy individuals recruited
via Qualtrics recruitment services, of which 108 suc-
cessfully completed the assessment.

The inclusion criterion for the study were as
follows: 1) at least 18 years of age, 2) a current doc-
umented case of NF1, and 3) no documented case
of NF1 (healthy individuals). The exclusion criterion
were the following: 1) unable to read through and
consent to the study, 2) no access to internet via com-
puter, tablet, or smart phone, 3) diagnosis of NF2,
Schwannomatosis, or undiagnosed NF symptoms, 4)
no prior medical diseases (healthy individuals), as
defined within the last 5 years. It should be noted
that each group was balanced on sample size but was
not matched on the age. This will be discussed in the
limitations section.

2.2. Assessments

The Work Readiness Inventory (WRI) is a
36-item self-report scale intended to help iden-
tify specific challenges facing consumers when
they are making career choices. Participants report
on a 5-point scale (5 = Very Concerned, 1 = Not
Concerned) across six subscales: Responsibility,
Flexibility, Skills, Communication, Self-View, and
Health/Safety. Scores are summed into five group-
ings (Very Concerned = 25–30 to Not Concerned = 6).
Reliability of the WRI has demonstrated a Cron-
bach’s alpha ranging from .74 to .94.

The Barriers to Employment Success Inventory
(BESI), Fifth Edition, is a scale designed to identify
and explore potential barriers to securing employ-
ment, enjoying employment success, and career

advancement. The scale consists of 50 items; for each
item participants select an answer from four options
(1 = no concern, 4 = greatest concern). Five barrier
categories are assessed: Personal and Financial, Emo-
tional and Physical, Career Decision-Making and
Planning, Job-Seeking Knowledge, and Education
and Training. The subfactors of the measure have
good to excellent reliability with Cronbach’s alphas
ranging between .87 and .95.

The Short-form Questionnaire of Medical Out-
comes (SF-12) [34] is a quality of life questionnaire
that focuses on health-related concepts. The 12-item
measure assesses both functioning (physical, social
and role) and well-being (mental health, health per-
ception and pain). The SF-12 yields six sub scores
that are then aggregated into a parameter (0–100),
with higher scores indicating better functioning or
well-being. The reliability of the SF-12 is .7 with a
Mosier’s alpha [35].

The Generalized Anxiety Disorder Scale-7 (GAD-
7) [36] is a self-reported screening tool and severity
indicator for generalized anxiety disorder (GAD)
that was developed in alignment with the Diagnos-
tic and Statistical Manual-5th Edition (DSM-5). The
scale consists of 7 items, for which respondents
select a response from a 4-point scale (1 = not at all,
2 = several days, 3 = over half days, 4 = nearly every
day). Once a total score is obtained, it is catego-
rized into four levels of anxiety: minimal (1–4); mild
(5–9); moderate (10–14); and severe (15–21). The
GAD-7 has excellent reliability, demonstrated by a
Cronbach’s alpha of 0.92 (�=0.92).

2.3. Procedure

Prior to any data collection, approval from the
Human Subjects Committee (HSC) at the primary
author’s institution (Research ID# 2000026514) was
received. All procedures followed were in accordance
with the ethical standards of the responsible com-
mittee on human experimentation (institutional and
national) and with the Helsinki Declaration of 1975,
as revised in 2000. Informed consent was obtained
from all participants for being included in the study.

The current study was a cross-sectional design
quantitative method that followed the methodology
of Buono et al. [15], in which participants matched
across both groups: gender (at minimum 45% were
female) and age. Utilizing an NF1 advocacy list-
serv, individuals with NF1 were contacted via email
to participate in the study. If interested, participants
clicked a link at the bottom of the email that led
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Fig. 1. Multi-group model. Note > Multi-group results for mediation analysis. Indirect effects were tested via AMOS bootstrapping procedure
with 4000 bootstrap samples and bias-corrected accelerated confidence intervals. Control variables (covariates) are not shown in the figure
for ease of presentation. Group moderated the relationship among all variables in the model (z > 2.38, p < .01 in all cases). Overall model
fit: X2 = 3.69, p = 0.45; Root Mean Square Error of Approximation (RMSEA)=0.00, PCLOSE=0.68; Comparative Fit Index (CFI)=1.00;
Goodness of Fit Index (GFI)=0.99. Multi-group results in figure correspond to Table 1x. The dashed paths for quality of life represent its
significance for control group only.

them to a protected survey on Qualtrics. Participants
were then presented with an informed consent form
that described the study and data management pro-
cedures. If they agreed, participants electronically
signed the form and began the survey. Data was then
anonymized by the first author (FB) and stored on
a secure server hosted by the first author’s institu-
tion. Per participants’ requests, a copy of the informed
consent could be either mailed or securely emailed.
Participants were debriefed about the study with a
standardized script after completing the assessments.
Participants were randomly selected to win four $50
USD Amazon gift cards based on the completion of
the study.

2.4. Data analysis

To explore the relative effects of anxiety on
work readiness and investigate potential mediating
relationships among the variables identified as sig-
nificant correlates through bivariate testing, while
also accounting for moderating impact of NF (NF
vs healthy individuals), we performed a multi-group
path analysis [37] with anxiety as exogenous vari-
ables, perceived barriers and quality of life as
mediators, and work readiness as an endogenous vari-
able. We controlled for age, gender, and education
level, and estimated indirect effects via bootstrapping
procedures, while stepwise eliminating insignificant
paths and “hanging” variables.

Path models provide a more complete theoreti-
cal testing, specification, and understanding relative
to traditional regression analyses [38]. Path models
allow one to examine direct, indirect, and total effects
simultaneously in one model, as well as to apply
some of the bootstrap resampling techniques, which
appropriately correct for missing data problems and

non-normality in the data [39]. Performing multi-
group path analysis is similar to running multiple
regressions with interaction terms simultaneously;
therefore, the results presented here are likely to hold
with less sophisticated and more common techniques.
The structural equation modeling program IBM SPSS
AMOS.27 was utilized to perform a multi-group path
analysis. To calculate indirect effects and investigate
potential mediating relationships among the variables
in the model, we used the AMOS bootstrapping pro-
cedure with a bias-corrected accelerated confidence
intervals, a recommended analytic strategy for avoid-
ing measurement error and underestimation of the
mediation significance [40]. After removing insignif-
icant paths and omitting “hanging” variables, we
obtained the final structural model that is presented
in Fig. 1 and is described below. The decomposition
of direct and indirect effects among the variables in
the model is presented in Table 1.

3. Results

3.1. Participant characteristics

The NF1 group (N = 105) was comprised of 66%
(n = 69) female, 33% (n = 34) male, and 1% (n = 1)
defined as other, while the healthy individuals’ group
(N = 108) was 56% (n = 60) female, 42% (n = 45)
male, 2% (n = 2) transgender, and 2%, (n = 2) defined
as other. The average age differed between groups
with the NF1 group being M = 43.6, SD = 12.5, while
the healthy individuals was M = 30.1; SD = 10.2. As
noted, there was a significant difference in age dis-
crepancy between the groups, this was largely due
to inability to retain younger individuals with NF1,
as discussed in the limitations. There was a rela-
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Table 1
Direct, indirect and total effects among the variables in the model

Variables Direct Effects Beta (SE) Indirect Effects Beta (SE) Total Effects Beta (SE)
Predictor Criterion

Group
NF Control a NF Control NF Control

Anxiety Barriers .519a (.075) .187 (.090) – – .519a (.075) .187 (.090)
Quality of
Life

– – –.096 (.053) –.090 (.048) –.096 (.053) –.090 (.048)

Work
Readiness

– – –.428a (.068) –.120 (.060) –.428a (.068) –.120 (.060)

Barriers Quality of
Life

–.185 (.094) –.484 (.093) – – –.185 (.094) –.484 (.093)

Work
Readiness

–.821a (.036) –.443 (.102) –.003 (.011) –.201 (.052) –.824a (.036) –.645 (.082)

Quality of
Life

Work
Readiness

.017 (.054) .416 (.100) – – .017 (.054) .416 (.100)

aDirect, indirect, and total effects are significant at p < .05. All effects in the control group were significant.

tively even split difference across groups when it
came to marital status, where 43% (n = 46) in the
NF1 group and 50%, (n = 56) in the healthy individ-
uals’ group were single, and 41% (n = 43) NF1 and
39% (n = 42) were married. Respectively, both groups
had a preponderance of the sample that were actively
employed NF1 65% (n = 70) and healthy individuals
62% (n = 67). Only a minority of the participants in
either group were unemployed 11% of (n = 12) NF1
and 16% (n = 17) of healthy individuals; or receiving
social security income/disability 11% (n = 12) NF1
and 6% of (n = 6) healthy individuals.

3.2. Moderating mediation analysis

Optimal model fit [41] was achieved (X2 = 9.43,
p = 0.15; GFI = 0.99; CFI = 0.99; RMSEA = 0.05;
PCLOSE = 0.41) when anxiety had an indirect effect
on work readiness, fully mediated by barriers, with
higher anxiety associated with more barriers, in turn
negatively correlating with work readiness; quality
of life partially mediated the effect of barriers on
work readiness and was negatively associated with
the former and positively with the later. There were
two significant covariates in the model (Table 2). This
aggregate model explained 61 % of the variance in the
outcome variable work readiness. The multi-group
model with an identical path structure was a good fit
to the data as well (X2 = 3.69, p = 0.45; GFI = 0.99;
CFI = 1.00; RMSEA = 0.00; PCLOSE = 0.68). The
final multi-group model is presented in Fig. 1, and the
multi-group moderated mediation results with indi-
rect, direct and total effects for both groups presented
in Table 1.

4. Discussion

The current study measured the impact that gen-
eralized anxiety and quality of life have on work
readiness and barriers to employment across indi-
viduals with NF1 as compared to that of the healthy
individuals population using moderating mediating
analysis. We found that quality of life serves as a
buffer against barriers to employment, only for the
healthy individuals’ population. For both groups,
perceived employment barriers fully mediated the
effect of anxiety on work readiness, whereby anxiety
was positively associated with perceived employment
barriers that in turn was negatively associated with
work readiness (consistent with Buono et al. [15]).
Both associations among these variables, as well as
the indirect effect of anxiety on work readiness, were
higher for the NF1 group.

Prior research has indicated that employment has
a positive effect on psychological well-being [17,
18], and given that majority of participants were
employed, we expected to observe lower anxiety
rates and higher work readiness scores. However, the
uncertainty surrounding the impact of the COVID-19
pandemic may have heightened perceived employ-
ment barriers and decreased work readiness despite
the employment status of study participants. Recent
research has indicated that increased workplace stress
and anxiety were noted in returning to workplace
environments [42], signaling vulnerable populations
could have increased risk in sustainability, and
barriers of employment [43]. Quality of life was a sig-
nificant partial mediator of the relationship between
perceived employment barriers and work readiness
for the healthy individuals group only. The model
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Table 2
Significant covariates in the final path modela

Control variable Criterion variable B (SE) C.R. Beta

Age Barriers –.491 (.450) 4.42 –.171
Gender Quality of Life 1.75 (.619) 2.83 .175

aEffects are significant at p < .01.

explained 68% of the variance in the outcome among
NF1 and 55% among healthy participants. The results
further clarify the hypothesized relationship among
these important constructs and demonstrate the use-
fulness of conducting moderated mediation analyses.

In interpreting the results there are several sig-
nificant outcomes. Quality of life was a significant
indicator for perceived employment barriers for the
healthy individuals’ population but not for individu-
als with NF1. An explanation of these findings may be
that individuals with NF1 already suffer from an array
of different symptoms that are indirectly or caused by
NF1 such as chronic pain [44, 45], tumors [46], leg
stenosis [14, 47]; thus, due to this have habituated
to reduced quality of life. Moreover, it was expected
that a negative relationship would exist between per-
ceived employment barriers and work readiness, as
the more employment barriers one has, the less likely
they are to enter the workforce. One explanation is
that the individuals with NF1 have either accepted
or forgone the potential reductions of quality of life
due to inabilities to obtain or maintain jobs, as they
understand the implications of the disease. A recently
published article [48], indicated that 50% of indi-
viduals with disabilities during COVID-19 met the
criterion for a generalized anxiety. Wolter et al. [19]
reported that individuals with NF1 had moderate-to-
high levels of stress, with a majority of these stressors
coming directly from the pandemic due to either
unemployment or loss of significant income. Future
understanding of the prolonged impact of generalized
anxiety and its disruption of employment opportu-
nities following the pandemic should be evaluated
within individuals with other diseases and disabili-
ties.

4.1. Vocational rehabilitation

VR is one such intervention that could mitigate
the impact that the pandemic has had on people with
NF1. VR focuses on assisting people with disabili-
ties in obtaining and maintaining employment that is
compatible with their knowledge, skills, interests, and
functional abilities [49]. Employment placement and
retention are accomplished by reducing the impact

of employment related barriers and developing indi-
vidualized employment plans that are customized
to the individual’s vocational, psychological, social,
and medical needs [50, 51]. VR professionals iden-
tify the aforementioned barriers for individuals with
NF1 and facilitate/coordinate services to improv-
ing their needs and remove employment-related
obstacles, as well as engage in advocacy, assist
in the request of reasonable accommodations, and
recommend workplace modifications [49, 52, 53].
Accommodations that individuals with NF1 may
need have yet to be fully explored, but given that NF1
is associated with chronic pain [54], the following
accommodations may be useful in improving work
readiness and decrease employment related barriers
due to disability, including decreasing or reallo-
cating lifting/reaching/pushing/pulling requirements
(Job Accommodations Network, 2022) and flexible
work hours, working at home, and job/workplace
modifications [55]. In determining disability rights
for people with NF1 and other disabilities, resources
such as employer assistance programs [56], accom-
modation problems and solutions with telework or
reopening, and laws such as the Equal Employment
Opportunity Commission, ADA, and Rehabilitation
Act [52] can assist in preparing appropriate accom-
modation requests consistent with legislation.

4.2. Limitations of study

The current study is not without limitations. As
noted, there is a difference in the age groups of the
healthy individuals and the individuals with NF1.
Given the rarity of the NF1, and inclusion cri-
terion that were preestablished based on previous
works [19], it was notably difficult to obtain equally
balanced groups in terms of age. Specifically, we
did have difficulty finding younger employed adults
with NF1. The notable age difference could par-
tially explain the differences in the results between
the groups. However, as noted in a previous study
[19], adults between 18 to 81 years of age with NF1
had consistent anxious feelings and reduced qual-
ity of life when it came to COVID-19. The current
study extended these findings specifically to barri-
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ers to employment and work readiness, indicating the
impact that barriers to employment and work readi-
ness can have on quality of life and anxiety. Future
studies should evaluate the within and between differ-
ences across age groups (e.g., 18–34, 35–50, 51–66).

A second limitation is that the current study
employed a cross-sectional approach and that all par-
ticipants lived in the U.S. Given that evaluation was
a singular recording period and that participants only
came from a limited population, the likelihood for
generalization across cultures and reliability of the
information is reduced. Future impact of the COVID-
19 pandemic has yet to be discussed within the
employment for individuals with rare diseases, but
the anticipated greater effects of the COVID-19 pan-
demic will be extending well past the deflation of
the number of outbreaks. Lastly, despite the result’s
implications, additional factors (e.g., family relation-
ships, chronic pain) can impede the likelihood of
successful work placement or continuance of work
and the current study did not thoroughly evaluate
these additional variables. More research is needed
to provide a complete understanding of the impact
that a rare disease has on work related success and its
impact on the work-place environment.

5. Conclusion

The current study attempted to explain how work
readiness and barriers to employment within individ-
uals with NF1 compared to healthy individuals during
the COVID-19 pandemic. The results imply that anx-
iety and quality of life are significant mediators and
require consideration in terms of evaluation and facil-
itation of employment maintenance and acquisition
for individuals with NF1.
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