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Abstract

Fatigue has a profound impact on patients with spinal cord injury (SCI), but only
limited treatments are available. The aim of this study was to determine the prevalence
of fatigue in SCI and its association with clinical and demographic factors. We used an
internet-based survey and a face-to-face interview to estimate the prevalence of fatigue
in a SCI population. Fatigue was measured using the Fatigue Severity Scale (FSS).
Clinically significant fatigue was defined as FSS scores greater than or equal to four. A
total of 253 participants with SCI were included in the study. Clinically significant
fatigue was present in one third of our sample. There was no relationship between
fatigue and injury level or completeness. We found significant correlations between
depression, pain, and level of injury. The relation of fatigue with completeness of injury
and spasticity is less clear. Moreover, the online survey and the standard face-to-face
interview showed similar results concerning fatigue evaluation. Several factors may
contribute to fatigue, however. Future studies should be conducted to clarify which are

the most relevant ones and, if possible, to determine which factors are modifiable.
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Introduction

Spinal cord Injury (SCI) has a great impact on the quality of life of the affected
patients.? Further, unhealthy lifestyle status has been shown to positively correlate to
high levels of psychological fatigue.® Fatigue is a common symptom in patients with
SCI,>® and it refers to a state of either mental and physical tiredness or exhaustion. A
limited number of specific treatments are available, and, moreover, fatigue is often
undermentioned and/or underestimated in medical interviews in the SCI population.>’

Fatigue is a universal human experience, and it diminishes the capacity of those with it
to conduct activities of daily living (such as working and even maintaining personal
relationships).*®® Fatigue has generally been referred to as a change in performance of a
task over time because of both physiological and psychological factors.® Fatigue should
be distinguished from sleepiness, which refers to the probability of falling asleep, and
from physiological tiredness proportional to the performed physical or mental
activity.® The etiology of fatigue in central nervous system disease is poorly understood.

Further, fatigue is often difficult to measure because it can change over time.

In SCI, fatigue can be because of several factors such as patient medication, chronic
pain, spasticity, autonomic dysfunction, behavioral factors, increased energy costs
associated with functioning, sleep disorders, and psychiatric disturbance (i.e.,
depression).>#1%-12 Moreover, a strong relationship between pain, depressive mood, and
fatigue has been reported in SCI.1 Fatigue may also arise after SCI because the central
nervous system fails to adequately drive the spinal motoneurons (central fatigue) *+
16 Recently, the course of fatigue after SCI has been reported to remain stable during
rehabilitation and after discharge into the community.}” These authors also suggested
that fatigue assessment should be repeated over time throughout the rehabilitation

process.!’

The Fatigue Severity Score (FSS) is a method for measuring fatigue that was originally
developed for those with multiple sclerosis.!® It is also suitable for SCI
populations.® Moreover, the FSS is a questionnaire that is suitable for an internet-based
survey, thus allowing a large population to be studied in a short time and in an

inexpensive manner.'® To the best of our knowledge, a comparison between internet-



based and face-to-face surveys has never been performed to evaluate clinically
significant fatigue in a SCI population study.

The main aim of this study was to evaluate the prevalence of clinically significant
fatigue by using two different approaches: an internet-based survey and a face-to-face
interview. If the two approaches yielded similar results, it could be proposed that
administering the FSS online would provide a reliable clinical tool in patients with SCI.
As a secondary aim, the association between clinically significant fatigue and

demographic and clinical factors in SCI was also analyzed and reported.

Methods

Participants and recruitment

Data were obtained from two different sources: an online survey and face-to-face

interviews.

Online survey

Two hundred and fourteen consecutive participants were recruited over six weeks using
Survey Monkey, a Web 2.0 platform. They received a participant information sheet, an
electronic consent indicator, and the survey itself. Only SCI participants who were able

to complete all the items of the FSS questionnaire were included in the data set.

Face-to-face survey

Seventy-three unselected, consecutive participants were recruited over a total period of
eight weeks at the Hospital Nacional de Parapléjicos of Toledo, Spain. The 73
participants were interviewed personally, and their answers were collected in paper
format. All of them successfully completed the entire survey. Subjects that participated

in the face-to-face survey were not allowed to participate in the online survey.



Inclusion criteria

Inclusion criteria were a diagnosis of SCI, the ability to provide informed consent, being

between 16 and 80 years old, and able to answer all the questions of the FSS.

The local ethical committee (CEIC-Toledo, Spain) approved the study, which was
performed accordingly to the declaration of Helsinki. All the participants gave their

informed consent to participate to the study.

Data collection

The online survey consisted of 31 questions in total, and it took approximately 10 min
to be completed. The survey was divided in two parts. During the first one, contact
information, demographic data, and self-reported data for disease profile were collected
(e.g., age, sex, lesion level, etc.).Then, participants were asked to leave an optional
comment regarding their previous information before continuing with the second part.

The second part contained the FSS questionnaire.

On some occasions, participants did not have complete knowledge of their disease
profile (e.g., American Spinal Injury Association [ASIA]), yet they were included in the
study. Only those participants who did not answer all the questions of the FSS were not

included in the dataset (exclusion criteria).

The face-to-face interview was more comprehensive. It included additional questions
about sociodemographic factors (e.g., alcohol, tobacco, or marijuana habits), and a more
detailed evaluation of the patient's clinical history (e.g., urinary tract dysfunction). It

took approximately 20 min to complete.



Demographic data

Demographic items assessed in both surveys were: sex, age, and educational level. In
the online survey, age was recorded in five specific ranges (18-29, 30-39, 40-49, 50-59,
and 60+). Three educational levels were considered that approximately correspond to
primary school (0-6 years of education), secondary school (7-12 years), and university

studies (more than 12 years).

Clinical data

Both surveys conveyed questions about the following clinical data: cause of the lesion
(traumatic or not), completeness of the lesion (complete or incomplete), ASIA
impairment scale (A to E), level of SCI (cervical, thoracic, or lumbar), and time since
SCI lesion. In the online survey, time since lesion was recorded in four specific ranges
(less than 1 year, 1-3 years, 3-10 years, and more than 10 years). The ASIA impairment
scale was used to confirm the completeness or incompleteness of the lesion (reported by
the participants). Moreover, both surveys contained questions about self-assessment of:

walking abilities ("autonomous," "can walk with assistance,” or "not able to walk"),

pain ("yes" or "no"), spasticity ("yes" or "no") and depression (*'yes" or "no").

Pain and spasticity were also graded. Pain was graded asking the subject to rate the pain
from 0, no pain, and 10, maximum pain. Spasticity was graded by asking the subject to
rate the spasticity as "no spasticity,” "mild,” "moderate,” “severe,” and "very severe."
We will refer to this latter variable as "severity of spasticity.” As far as walking abilities
are concerned, participants reporting "can walk with assistance” included both
therapeutic walking (for rehabilitation purpose) and free walking with help of a person

or devices.



Fatigue evaluation

The FSS is arguably the most widely used questionnaire to assess fatigue severity in
neurological disorders, and it is easy to use both in clinical practice and research.82 |t
was designed to measure both fatigue and the effects of fatigue on function, which
makes its use in rehabilitation settings particularly appealing. The FSS was
administered in both surveys to assess fatigue. The FSS is a widely validated tool
comprising nine fatigue-related statements that are rated on a seven-point scale
(disagree to agree).!* It has good internal consistency, stability, sensitivity to change
over time, and it has been used in SCI internationally.>*® The criteria used to determine
clinically significant fatigue was a mean score greater than or equal to four in the
FSS.” To derive this summary score, full item completion was required. Both online and
face-to-face surveys included the exact same FSS questionnaire. The only difference

between them was the presence of the interviewer in the latter one.

Statistics

Sample size. There were no previous studies that compared the estimation of fatigue
prevalence or incidence using two different survey approaches (online and face-to-face)
in SCI or in any similar population. We were therefore unable to perform an a priori
power calculation for our study. We instead chose a sample size that was similar to
other studies®!’ for the face-to-face survey. We aimed for a sample size of 60 and
planned to oversample by 20%. For the online survey, we chose as a minimum number
of participants to be surveyed the same as for the face-to face-survey, but we let the

recruitment open until the data analysis started.

Data preparation. The variables "age" and "time since injury” were collected in
different formats. In the face-to-face survey, these variables were saved as exact
numbers (e.g., 6 months, 5 years, etc.), whereas in the online survey, they were given in
specific ranges (e.g., 1-5 years, older than age 60). The numerical information from the

face-to-face survey was transformed to fit within the same ranges of the online survey.



Data analysis. Participants with SCI were stratified according to the presence (FSS >4)
or absence (FSS <4) of clinically significant fatigue. To identify potential differences
determined by the kind of survey for the assessment of clinically significant fatigue, the
type of survey was considered as a dichotomous variable. Thus, a first binary logistic
regression model was constructed. In this first model, the type of survey was entered as
the dependent variable while age, sex, cause, completeness, lesion level, time since
injury, educational level, and significant fatigue (FSS >4) all served as covariates.
Because the results showed that there was a nonsignificant influence of the type of
survey on the presence of significant fatigue (FSS >4), participants from the two

surveys were pooled as a whole group.

The pooled data were entered in a second binary logistic regression model constructed
by entering significant fatigue (FSS >4 and FSS <4) as the dependent variable and age,
sex, cause, completeness, lesion level, time since injury, educational level, walking
ability, pain, spasticity, and depression as covariates. This second model allowed
identifying all variables significantly related to the presence of clinically significant
fatigue. The variables were further compared between the two groups of participants
characterized by an FSS >4 and FSS <4. A Mann-Whitney U test was used to compare
the nonparametric variables. The Spearman rho test was used to analyze the correlation

between these variables and the FSS score. The significance level was set at p < 0.05.

Results

A total of 214 SCI participants participated in the online survey, but 34 did not
complete the FSS, so only 180 were finally included in the study. Thus, a total of 253
persons with SCI were included in the study (180 from the online survey and 73 from
the face-to-face survey). Clinically significant fatigue (FSS >4) was found in 94 of 253
subjects (37.2% of the total number of participants). Divided by groups, significant
fatigue was found in 28.8% of subjects in the face-to-face survey, and 40.6% in the
online survey (Table 1). Regarding the online survey, only 95 of 180 participants (53%)
reported their ASIA impairment scale. All the participants who reported ASIA A

reported to have a "complete” lesion, and all the participants reporting ASIA C, D, and



E declared to have an "incomplete" lesion. On the other hand, all the participants
reporting ASIA B but two declared to have an "incomplete lesion." In these two cases,
we elected to consider the answer to the completeness reporting so these two

participants were included in the analysis as "complete."

Online and face-to-face surveys

The results of the logistic regression demonstrated a significant association between
time since injury (odds ratio [OR] = 0.101, confidence interval [CI] = 0.055-0.185; p <
0.001) and educational level (OR = 0.612, ClI = 0.394-0.950; p = 0.029) with survey
(Table 1). These variables were independently and significantly related to survey, as
demonstrated by the lack of any overlap between the confidence intervals in the multi-
variate analysis (Table 2). The two most evident differences between the two surveys
were the time since lesion, which was shorter in the face-to-face survey, and the
educational level, which was higher in the online survey. There was no difference in the
clinically significant fatigue between the two surveys. Because we did not find
differences in the clinically significant fatigue between the two surveys, the data were
pooled across studies, and a second binary logistic regression model was constructed.
The sociodemographic and clinical data of SCI participants with and without clinically

significant fatigue are reported in Table 1.

The results of our second logistic regression demonstrated a significant association
between lesion level, pain, and depression with fatigue (Table 3). Lesion level, pain, and
depression were significantly related with fatigue, but they were not completely
independent variables, as demonstrated by the overlap between the confidence intervals
in the multi-variate analysis (Table 3). Patient with lesions at a cervical level showed
significantly more fatigue (Mann-Whitney U test, Z = -2.102; p = 0.036) compared with
those with lumbar and thoracic lesions. Participants with depression were significantly
more fatigued (Mann-Whitney U test, Z = -4.872; p < 0.0001). Participants with pain
had significantly more clinically significant fatigue (Mann-Whitney U test, Z = -2.815;
p < 0.01), and fatigue was positively correlated with pain severity (Spearman rho test,
rho = 0.351; p < 0.0001) (Fig. 1).



FIG. 1. (A) shows the Fatigue Severity Scale (FSS) values of patients with spinal cord
injury (SCI) with different lesion levels. Cervical patients have significantly more
fatigue (Z = -2.102; p = 0.036) compared with those with lumbar and thoracic lesions.
(B) shows the FSS values of patients with and without depression. Patients with
depression have significantly more fatigue (Z = -4.872; p < 0.0001). (C) shows the FSS
values of patients with and without pain. Patients with pain have significantly more
fatigue (Z = -2.815; p < 0.01). (D) shows the FSS values of SCI patients with and
without pain. Fatigue is positively correlated with pain (rho = 0.351; p < 0.0001). *p <
0.05.

Association of spasticity or lesion incompleteness with fatigue

A box plot of these two variables against FSS is presented (Fig. 2). First, participants
with incomplete lesions were found to have a tendency to have more fatigue than those
with complete lesions (Mann-Whitney U test, Z = -1.877; p = 0.061). Second, there was
no difference between participants with and without spasticity in terms of fatigue. There
was a correlation, however, between fatigue and the severity of spasticity (Spearman
rho test, rho = 0.160; p = 0.011). This suggests that fatigue only increases in participants
with higher degrees of spasticity. Consumption of alcohol, tobacco, and marijuana had
no correlation with fatigue. Urinary tract dysfunction did not show any relationship with
fatigue either.

FIG. 2. (A) shows the Fatigue Severity Scale (FSS) values of patients with spinal cord
injury (SCI) with complete or incomplete lesions. Our data showed a tendency for
incomplete patients to have more fatigue than complete patients (# = 0.061). (B) shows
that the FSS values of SCI patients with or without spasticity are similar. (C) shows the
FSS values of SCI patients with different spasticity severities. These data suggest that

patients with more severe spasticity have more fatigue (rho = 0.160; p = 0.011).



Discussion

This study provides an analysis of the different associations of demographic and clinical
variables with clinically significant fatigue in SCI participants. Approximately one third
of those who participated in this study showed clinically significant fatigue, confirming
the impact that this condition has in SCL5"1"2 To evaluate fatigue, the FSS
questionnaire was chosen, because it is a widely used and validated tool in the clinic, it
is easy to assess, and it has been well studied in other disorders®2 Moreover, it is
possible to conduct this survey online.?*

A relevant difference in clinically significant fatigue was associated with the lesion
level. The proportion of cervical patients with fatigue was significantly higher than
patients with lumbar and thoracic lesions. This may not be surprising, because cervical
lesions are associated with worse motor function (taking into account the severity) and
with more severe autonomic dysfunctions. On the other hand, lesion level is not a fully
independent variable, because it is, at least, associated with depression and pain. So it is
possible that worse motor function and autonomic dysfunction play a role in generating
fatigue, but it is also possible that this is because of a higher prevalence of depression

and pain in patients with cervical lesions.?*?

Two studies reported more evident fatigue in patients with incomplete compared with
patients with complete SCI.%?2 Other authors,*” however, did not confirm this in patients
with purely traumatic SCI. We have shown than patients with SCI who have incomplete
lesions may have more fatigue than those with complete lesions, in a group of patients
with lesions that include those of both traumatic and nontraumatic etiology (the
difference did not reach statistical significance). These data should be confirmed in a

larger sample.

Clinically significant fatigue was also significantly prevalent in patients with SCI who
had depression and pain. Several studies have reported a positive association between
pain and fatigue in SCI, and both pain and fatigue were negatively associated with
physical functioning and mood %2 ; our results support such observations. Our data

did not allow, however, for the identification of a causal link between these two



symptoms and fatigue. Regarding spasticity, we had expected to find more significant
fatigue in patients with spasticity than in patients without it. We found, however, that

only patients with a higher degree of spasticity had more clinically significant fatigue.

We showed that the online survey had minimum differences compared with the
standard face-to-face interview. Moreover, there were no differences in the evaluation
of clinically significant fatigue in the two surveys. Therefore, online surveys can be a
useful tool to obtain relevant and reliable information from patients. It is necessary to
underline, however, a few differences between the two surveys. The two most evident
differences were that the time since lesion was shorter in the participants of the face-to-
face survey, and that the educational level was higher in the participants of the online
survey. These differences can be explained by the fact that participants in the face-to-
face survey included some patients who were still completing their rehabilitation
programs in the hospital as inpatients. Moreover, patients who underwent the online
survey had access to more advanced technologies and were possibly more educated.
The results obtained from the two surveys are congruent with those of others reporting

on fatigue in SCI, which suggests a high level of robustness in our data.>%10-12

Study limitations

This study was strengthened by a large sample of patients with SCI who had a broad
spectrum of disability levels and backgrounds. Our data, however, may have been
affected by responder bias, because all data collected for this study were self-reported.
Therefore, there is a possibility of measurement error because of self-report answers,
which may bias the results because of dependent misclassification. It is possible to
argue that the online data may have been more affected by responder bias (e.g., in the
face-to-face survey, the participants may ask for an explanation for questions they
cannot understand). On the other hand, this seems unlikely in view of the similar rate of
fatigue recorded when the two surveys were analyzed separately. Further, we
investigated the impact of pain, spasticity, and depression on fatigue, but we cannot
exclude that the pharmacological treatments, and not the symptoms themselves, may

have a relation with clinically significant fatigue.



Conclusion

We found that clinically significant fatigue is frequent in SCI, and it is present in one
third of the patients. We encourage clinicians not to underestimate this symptom,
because it can have functional impact on patients with SCI. We demonstrated that
internet-based survey results are similar to those of the face-to-face survey. Thus, we
suggest that an internet-based survey can be a useful tool to administrate the FSS easily,
and this can facilitate the evaluation and follow-up of patients with SCI. Further,
because many factors contribute to fatigue, future studies will be conducted to clarify
which are the most relevant ones and, if possible, to determine which factors are

modifiable.
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TABLE 1. PATIENT DEMOGRAPHICS

Clinically No significant
Variable Subvariable significant fatigue % fatigue % p
(FSS >4) (FSS <4)
Online survey 73 40.6 107 59.4
Face-to-face survey 21 28.8 52 71.2
All patients 94 37.2 159 62.8
Age (years)
18-29 13 31.0 29 69.0
30-39 25 385 40 61.5
40-49 33 45.2 40 54.8
50-59 12 29.3 29 70.7
60+ 11 344 21 65.6
Sex
Male 53 325 110 67.5
Female 41 45 6 49 54.4
Educational level
0-6 years 17 25.0 51 75.0
7-12 years 50 47.2 56 52.8 >12years
27 34.2 52 65.8
SCI cause
Traumatic 62 331 118 66.9
Nontraumatic 32 46.7 41 53.3
Complete/incomplete
Complete 57 42.5 77 57.5
Incomplete 37 31.1 82 68.9
Lesion level <0.05
Cervical 45 47.9 48 52.1
Dorsal 35 27.8 80 72.2
Lumbar 14 36.6 28 63.4
Time since injury
Less than a 19 29.2 46 70.8
year
1-3 years 12 414 17 58.6
3-10 years 22 42.3 30 57.7
More than 10 34 35.8 61 64.2
Walking abilities
Autonomously 11 45.8 13 54.2
With 48 33.8 94 66.2
assistance
No 32 38.1 52 61.9
Spasticity
Yes 65 37.1 110 62.9
No 29 37.2 49 62.8
Pain <0.05
Yes 73 43.2 96 56.8
No 21 25.0 63 75.0
Depression <0.05
Depressive 34 66.7 17 33.3
No depressive 60 29.7 142 70.3

FSS, Fatigue Severity Scale; SCI, spinal cord injury



TABLE 2

Variable OR Sig. 95% CL Lower 95% CL Upper
Age 1.125 0.583 0.739 1.712
Sex 1.358 0.577 0.464 3.972
Cause 0.371 0.126 0.104 1.32
Completeness 0.84 0.753 0.282 2.499
Level 0.905 0.787 0.439 1.867
Time since injury 0.101 0.000 0.055 0.185
Education 0.612 0.029 0.394 0.95
Significant fatigue 0.61 0.368 0.208 1.789

OR, odds ratio; CL, confidence limits.

TABLE 3
Variable OR Sig. 95% CL Lower 95% CL Upper
Age 0.968 0.805 0.747 1.253
Sex 0.651 0.176 0.349 1.212
Cause 1.497 0.272 0.729 3.076
Completeness 1.499 0.227 0.777 2.894
Lesion level 1.679 0.027 1.062 2.654
Time since injury 1.076 0.597 0.82 1.41
Education 1.039 0.783 0.792 1.362
Walking ability 0.984 0.961 0.525 1.846
Depression 4.650 0.000 2.23 9.696
Pain 2.191 0.023 1.117 4.298
Spasticity 0.769 0.455 0.386 1.533

OR, odds ratio; CL, confidence limits.
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FIG. 1. (A) shows the Fatigue Severity Scale (FSS) values of patients with spinal cord injury (SCI) with
different lesion levels. Cervical patients have significantly more fatigue (Z = -2.102; p = 0.036) compared
with those with lumbar and thoracic lesions. (B) shows the FSS values of patients with and without
depression. Patients with depression have significantly more fatigue (Z = -4.872; p < 0.0001). (C) shows
the FSS values of patients with and without pain. Patients with pain have significantly more fatigue (Z = -
2.815; p < 0.01). (D) shows the FSS values of SCI patients with and without pain. Fatigue is positively
correlated with pain (rho = 0.351; p < 0.0001). *p < 0.05.
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FIG. 2. (A) shows the Fatigue Severity Scale (FSS) values of patients with spinal cord injury (SCI) with
complete or incomplete lesions. Our data showed a tendency for incomplete patients to have more fatigue
than complete patients (# = 0.061). (B) shows that the FSS values of SCI patients with or without
spasticity are similar. (C) shows the FSS values of SCI patients with different spasticity severities. These

data suggest that patients with more severe spasticity have more fatigue (rho = 0.160; p = 0.011).



