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Background: Although mental fatigue was well-rec-
ognized as one of the long-term consequences follow-
ing mild traumatic brain injury (MTBI) that required
ongoing support, evidences for the optimal manage-
ment remained inadequate.

Aims: To investigate the temporal profile of mental
fatigue during the first year after MTBI and examine
the impact of perceived social support on the recovery
from post-MTBI fatigue.

Study Design: Observational case-control study.
Methods: This study was conducted among post-MTBI
patients admitted to the emergency department in a ter-
tiary-care hospital in Sichuan, China. During four waves
of assessments at 1 week, 3, 6 and 12 months, mental fa-
tigue was assessed through Mental Fatigue Scale (MFS)
whereas social support was assessed by the Multidimen-
sional Scale of Perceived Social Support (MSPSS).

Results: There were 65.1%, 37.1%, 34.8% and 32.5%
individuals being identified as those with mental fatigue
at 1 week, 3, 6 and 12 months, respectively. The scores
of MFS didn’t change substantially since 3 months
post-injury. Compared to non-fatigued MTBI patients,
those with long-lasting post- MTBI fatigue reported ex-
tremely lower level of perceived social support. More-
over, improved social support at 1 week was negatively
associated with the occurrence of long-lasting fatigue.
Conclusion: Sufficient social support could signifi-
cantly decrease the occurrence of long-lasting men-
tal fatigue among MTBI cases. It seemed of great
importance to modify the emphasis of rehabilitation
to include assessment and improvement of perceived
social support at earlier stages after injury.
Keywords: Mental fatigue, social support, traumatic
brain injury

Mental fatigue is one of the most commonly reported symp-
toms following mild traumatic brain injury (MTBI), with an
estimated incidence of 16% to 73% across the range of se-
verity of the injury (1-3). It is characterized by rapid mental
exhaustion following mental activity and a disproportional-
ly long recovery time after being mentally exhausted (4,5),
which may interfere with participation in work, home and
social activities and, thereby, reducing quality of life (6). Al-
though several theoretical explanations have been suggested
for the cause of mental fatigue (7), the underlying mechanism
remains uncertain.

Most persons experiencing post-MTBI fatigue can sponta-
neously recover shortly after injury (8). However, it may per-
sist for months even years requiring long-term medical care
(8). Determining the protocol for the management of long-
lasting fatigue remains complex and challenging for both cli-
nicians and researchers, as further improvement from this ail-
ment seems very difficult (9). In a randomized controlled trial,
early individual intervention by a qualified rehabilitation team
didn’t appear to improve the outcome of one year after injury
among persons with MTBI-related fatigue (10), nor after 10
years (11). Moreover, some studies indicated that intervention
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focusing on post-concussion symptoms (PCS) might in fact
increase the awareness of PCS-like symptoms among sub-
jects exposed to such injuries (12). Currently, there remains a
dearth of evidence regarding the appropriate management of
subjects with long-term post-MTBI fatigue.

It was observed previously that strengthening of social
support and improving its perception could alleviate some
psychosocial factors including depression and anxiety
(13,14), which were identified as common consequences of
acquired brain injuries and major contributors of mental fa-
tigue (8,15). Moreover, an intervention on supportive rela-
tionships delivered through several rehabilitation programs
appeared to result in considerable improvement of life sat-
isfaction and reduction of adverse psychological outcomes
(16,17). Given the similar temporal profiles of these mental
sequels and their close associations, some researchers argued
that these persistent subjective symptoms are not specific
enough to be identified as a unique construct and should be
considered part of the posttraumatic stress disorder (PTSD)
(18). Hence there is a tendency to validate the same reha-
bilitation modalities for other psychological problems as for
mental fatigue (17). However, it remains uncertain due to
the lack of studies involving large series of patients under
long-term follow-up observations. Therefore, the aim of the
present study is, 1) to describe the temporal profile of mental
fatigue during the first year after accident, and 2) to examine
the association of perceived social support and the occur-
rence of post-MTBI mental fatigue.

There is therefore the tendency to validate the same prog-
nostic factors for the latter as for such tumors at other site.

MATERIALS AND METHODS

Study design and participants

This prospective study was conducted at a university-
based teaching hospital in Sichuan province, China, be-
tween January, 2011 and December, 2013. Patients who
survived from traffic injuries and admitted to the emergen-
cy departments were consecutively screened for eligibility.
Permanent residents of the urban area, who were aged be-
tween 18 to 60 years and presented with MTBI were eligi-
ble for the present study. The definition of MTBI was based
on the diagnostic criteria established by the American Con-
gress of Rehabilitation Medicine (19), which consisted of
a Glasgow Coma Scale (GCS) score of 13—15 at presen-
tation and post-injury history of loss of consciousness for
<30 minutes (19,20). Patients were excluded if there were
evidences of cerebro-vascular disease, mental retardation,
epilepsy, severe systemic medical illness or history of drug/
alcohol abuse.
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Measurements

Mental Fatigue Scale (MFS)

Participants’ mental fatigue was assessed using MFS (4,6,21)
which is a multidimensional questionnaire containing 15 ques-
tions, covering fatigue in general, lack of initiative, mental
fatigue, mental recovery, concentration difficulties, memory
problems, slowness of thinking, sensitivity to stress, increased
tendency to become emotional, irritability, sensitivity to light
and noise, decreased or increased sleep as well as 24-hour
symptom variations. Each item comprised examples of com-
mon activities to be related to four response alternatives, which
could help the person to respond in a similar way despite the
present state of fatigue or emotional state. A rating of 0 referred
to normal function, 1 indicated a problem, 2: a pronounced
symptom and 3: a maximal symptom. It was also possible to
provide an answer which fell in between two scores.

Internal consistency and reliability (a=0.944) of the MFS
were satisfactory. Observing a significantly slower information
processing among MTBI victims as opposed to the healthy con-
trols, Johansson and Ronnback (22), the developers of MFS,
recommended a cutoff score at 10.5 for each item of MFS.

The multidimensional scale of perceived social
support (MSPSS)

The MSPSS (23,24) was used to measure the extent to which
the social support was perceived by an individual. Having good
internal and test-retest reliability, along with robust factorial va-
lidity, this scale was proven to be reliable and valid in diverse
samples (23,24). It included 12 items with a 7-point likert-type
scale, ranging from ‘very strongly disagree’ to ‘very strongly
agree’ for each item. A total score was calculated by summing
the results for all items. Scores ranged between 12 and 84,
where higher scores indicated higher level of perceived social
support. In addition, separate subscales could be used by sum-
ming the responses from the items in each of the three dimen-
sions: family (Item 3, 4, 8 and 11), friends (Item 6, 7, 9, and 12)
and significant others (Item 1, 2, 5, and 10). The possible scores
in the subscales ranged between 4 to 28.

Ethics statement
The study protocol was reviewed and approved by the In-
stitutional Review Committee of the Ethics Board of our in-
stitute. Before participation, written informed consent was
obtained from each patient after explaining all details of the
study in a language that they understand clearly.

Data collection

Baseline information regarding demographic characteristic
and clinical profile of the patients was collected within 1 week

Balkan Med J, Vol. 33, No. 2, 2016



154

after injury by reviewing medical records and interviewing the
attending physicians. Each participant was then scheduled for
4 waves of assessment by MFS and MSPSS at an interval of
1 week, 3, 6 and 12 months during follow up. Most of the
patients were assessed at the out-patient department of NSMC
during scheduled re-examination. Others were interviewed
over telephone as per prior appointments.

Statistical analysis

Statistical analysis was performed using statistical analysis
software SPSS, version 18.0 (IBM Inc.; Armonk, NY, USA).
Participants who completed all the follow-up assessments
(n=169) were included in the final analysis. They were fur-
ther classified into patients with (MFS score >10.5) or without
(MFS score <10.5) long-lasting MTBI-related fatigue. Categor-
ical variables were described with frequencies and percentages
while continuous ones with meantstandard deviation (SD).
One-way repeated-measure analysis of variance (ANOVA) was
carried out to explore how scores of MFS and MSPSS changed
over time. Post hoc analysis with Bonferroni’s correction was
then used to compare MFS and MSPSS scores between two ad-
jacent time points, as well as MSPSS scores between those with
or without long-lasting MTBI related fatigue at each time point.
To examine the impact of early perceived social support (scores
at 1 week) on the occurrence of long-lasting fatigue (report-
ing fatigue at 12 months), univariate and multivariate logistic
regression were conducted to estimate the crude and adjusted
associations in terms of Odds Ratios (OR) and corresponding
95% confidence intervals (95% CI).

RESULTS

Overall 219 eligible patients were included in the initial
cohort. Follow—up data was available for 188(85.8%), 184
(84.0%), 179 (81.7%) and 169 (77.2%) patients at 1% week,
3, 6™ and 12" months of assessment, respectively. The partici-
pants and the lost-to-follow-up group (those who were present
in one assessment but dropped out from the next) did not differ
with respect to age, gender, marital and socioeconomic status.
Among 169 participants who completed the one year follow up,
96 (56.8%) were men, with mean age of 34.7 years and me-
dian education of 12 years (range: 0-22 years). The participants’
baseline demographic was presented in Table 1.

According to the cutoff value of 10.5, 110 (65.1%), 63
(37.1%), 59 (34.8%) and 55 (32.5%) individuals were di-
agnosed with MTBI-related mental fatigue after 1 week, 3,
6 and 12 months follow up, respectively. Moreover, among
those having long-lasting MTBI-related fatigue (55 patients
having MTBI-related mental fatigue even 12 months after
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TABLE 1. Characteristics of the participating post-MTBI patients

Variables Values

Age at injury in yrs, mean+SD 34.7£14.8
Gender, men, n (%) 96 (56.8)
Lower education a, n (%) 66 (39.1)
Single at the time of injury, n (%) 46 (27.2)
Unemployed pre-injury b, n (%) 16 (9.5)

Lower annual family income c, n (%) 43 (25.4)

SD: standard deviation
a: education years <9, b: excluding students, c¢: <9,600 RMB

TABLE 2. Score of mental fatigue and perceived social support by
time of assessment

Variables lweek  3months 6 months 12 months p
Mental fatigue scale  12.7£7.7  9.146.9™ 8.5+6.1 8.0+£5.9  <0.01
Social support
Family 19.846.0 169+£5.9™ 16353 154442 <0.01
Friends 214464  20.1+5.6" 19.5+5.1  17.0+5.5°  <0.01
Significant others ~ 20.3+7.4  18.8+7.2" 184+6.7 16.3+5.9" <0.01

*p<0.05, ** p<0.01

Post hoc analysis with Bonferroni’s correction was conducted to compare scores of two
adjacent time points by item (i.e., 3 months versus 1week, 6months versus 3months, and 12
months versus 6 months)

the injury), there were 53 (96.4) patients reporting fatigue
at 6 months, 50 (90.1%) at 3 months and 46 (83.6%) at 1
week. As shown in Table 2, the mean score of mental fatigue
displayed a significantly decreasing trend during follow up
(F=10.8, p<0.01). Post hoc test showed that scores at 3, 6 and
12 months were significantly lower than that at 1 week, but
no marked difference between the three measurements, im-
plying that there were no substantial changes since 3 months
after injury. Similarly, the mean score of MSPSS showed an
obvious decrease over time at subscale for family (F=11.2,
p<0.01), friends (F=9.7, p<0.01) and significant others
(F=22.5, p<0.01), with the highest score being observed af-
ter 1 week and lowest score after 12 months in each subscale.
In addition, the mean score for friends and significant others
showed significant decrease after 12 months when compared
to that of 6 months.

As shown in Table 3, participants with long-lasting fatigue
generally reported low levels of perceived social support
with reference to those without fatigue. This was reflected in
significant differences for the scores in subscales for family
(F=18.7, p<0.01), friends (F=11.8, p<0.01) and significant
others (F=17.3, p<0.01) between two groups. Although the
scores showed a persistent decrease in both groups in these
three subscales, the decreasing trend appeared to be more
obvious among patients with MTBI-related mental fatigue
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TABLE 3. Comparison of perceived social support between MTBI patients
with or without long-lasting fatigue

Social support 1 week 3months 6 months 12 months
Family
Case groupa (n=55) 16.5+4.1  13.5+4.8" 12.6£3.4* 10.34£3.6™
Control groupb (n=114)  21.7+5.0 19.0£4.6°  18.5+4.1 182433
Friends
Case group (n=55) 19.6+4.6 185442  17.3+4.2% 14.543.3™
Control group (n=114)  22.5454 211448 208445 19.0+4.7
Significant others
Case group (n=55) 18.0+5.2 16.844.9"  15.8+4.4* 12.6+3.5"
Control group (n=114) 21.6£55  20.1+43"  19.7448  18.4+4.1

*p<0.05; ** p<0.01

a: participants reporting fatigue at 12 months; b: participants reporting free of fatigue at 12
months

Post hoc analysis with Bonferroni’s correction was conducted to compare scores of two
adjacent time points (i.e., 3 months versus 1 week, 6 months versus 3 months, and 12 months
versus 6 months) by groups.

TABLE 4. Association between perceived social support and post-MTBI
mental fatigue as determined by logistic regression analyses
(simple and multiple)

Subscale cOR (95% CI) aORa (95% CI)
Family 0.52 (0.36, 0.68) 0.64 (0.53, 0.78)
Friends 0.72 (0.58, 0.92) 0.82 (0.68, 0.96)

Significant others 0.61 (0.47, 0.75) 0.69 (0.56, 0.82)

cOR: crude Odds Ratio; aOR: adjusted Odds Ratio; a: adjusted for age, gender and
employment status; CI: confidence interval

compared to those without fatigue, resulting in a gradually in-
creasing gap in scores between these two groups. Post hoc test
indicated that the score in non-fatigued group showed obvious
change in the 3 months post-injury follow up when compared
to that at 1%t week in all the three subscales, but no obvious
difference was observed since then. However, it persistently
decreased in the fatigued group during the whole follow-up
period.

Results of simple and multiple logistic regression analyses
measuring associations between scores of social support and
fatigue development were presented in Table 4. In the unad-
justed model, high levels of social support was found to be
negatively associated with the occurrence of fatigue in sub-
scale of family (OR=0.52, 95% CI: 0.36, 0.68) and friends
(OR=0.72, 95% CI: 0.58, 0.92). After adjustment for age,
gender and employment status, the measures of association
(adjusted OR=aOR) became less negative in each scale (for
family: aOR=0.64, 95% CI: 0.53, 0.78; for friends: aOR=0.82,
95% CI: 0.68, 0.96 and for significant others: OR=0.69, 95%
CI: 0.56, 0.82) but all these associations were found to be sta-
tistically significant at a=0.05.

155

DISCUSSION

Although mental fatigue was well-recognized as one of the
long-term consequences following MTBI that required ongo-
ing support, evidences for the optimal management remained
inadequate. In this prospective study, we investigated the per-
ceived social support and its relationship with mental fatigue
in a sample of individuals with MTBI as a result of traffic
accident. Our data revealed that participants with long-lasting
fatigue reported obviously low level of social support from
family, friends as well as significant others as compared to
those without fatigue. Moreover, high level of social support
at the early stage appeared to minimize the likelihood of the
occurrence of persistent fatigue in these patients. Findings
from the present study thus probably could generate valuable
insights for the management of MTBI patients to prevent per-
sistent post-MTBI fatigue.

The reported frequency of post-MTBI fatigue varied widely
in the background literature, depending on the characteristics
of the studied population and the method used to identify fa-
tigue (21). In the present study, to assess MTBI-related fa-
tigue, we employed MFS, a self-report-based scale specific
for mental fatigue. The results showed that there were 65.1%,
37.1%, 34.8% and 32.5% of MTBI patients complaining of
fatigue respectively at 1 week, 3, 6 and 12 months after injury.
These percentages were within the range reported by previ-
ous studies and seemed to indicate a higher proportion of oc-
currence of fatigue among MTBI patients, compared to prior
observations (25). Although it seemed not reasonable to com-
pare findings directly between studies, due to the differences
in the study objectives and the methodological heterogeneity
across studies, these findings consistently indicated that men-
tal fatigue was one of the most important symptoms following
MTBI. From the clinical rehabilitation perspective, assess-
ment of mental fatigue was suggested to be one of the key
components in clinical management of MTBI patients.

In the present study, we observed a marked decrease in the
perception of having social support among MTBI patients dur-
ing follow up. Patients suffering from long-lasting post-MTBI
fatigue complained of extremely lower social support from
family, friends and significant others than their counterparts.
Similar results were also reported by Izaute et al. (26), that
individuals with MTBI were more likely to have significant
decrease in perceived social support. Factors contributing to-
wards this decrease might be multidimensional. As one of the
less visible consequences following TBI, post-MTBI fatigue
was often not recognized immediately after an incident and
always not the focus at the beginning of rehabilitation (27).
Moreover, it was common for the patients’ friends and fam-
ily members to consider fatigue as ‘laziness’ or ‘apathy’. In a
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longitudinal prospective study, Norrie et al. (8) revealed that
a potentially unsupportive interpretation of fatigue-related be-
haviors as ‘laziness’ or “‘unwillingness’ by family members or
friends was reported by up to 30% of all participants. In ad-
dition, due to the continuing demands on time and excessive
responsibilities of management by patients with persistent fa-
tigue, caregivers of these patients were at increased risk of
poor psychosocial outcomes (28). In a study of severe TBI
patients and their caregivers, Douglas and Spellacy (29) re-
ported that 60% of caregivers displayed significant depressive
symptoms. It was thus quite difficult for them to provide ad-
equate support to patients with post-TBI fatigue as expected.

However, the perceived availability and quality of social
support, as studies indicated, were important predictors for the
outcomes of rehabilitation among MTBI patients. In a pop-
ulation-based follow-up study, Stalnacke (16) reported that
high level of social support was negatively associated with the
probability of occurrence of post-traumatic stress and depres-
sion in TBI patients. Izaute et al. (26) indicated that patients
with higher perceived level of social support were more likely
to have greater satisfaction during rehabilitation, compared to
those with lower level of perceived support. In a systematic
review, McCabe et al. (30) suggested that rehabilitation, par-
ticularly community-based programs using a supportive rela-
tionship intervention, could improve level of independence in
terms of self-care among individuals with TBI. Similarly, in
the current study, it was observed that higher perceived levels
of social support in all the three subscales at 1 week after injury
were negatively associated with the occurrence of long-lasting
fatigue, demonstrating the significant role of perceived social
support in improving long-lasting mental fatigue. Evidences
from these studies highlighted the importance to modify the
emphasis of rehabilitation to include assessment and improve-
ment of actual social support and its perception among TBI
patients at earlier stages during recovery after injury.

There were several limitations in this study. Participants
were MTBI victims of traffic accidents and their selection
was through hospital-based nonrandom sampling. Although
studies reported that severity and type of injury seemed not
to be the predictors of mental fatigue (15), the impact of these
factors on perceived social support was uncertain. So gener-
alization of the study findings to draw conclusion about all
TBI patients is not recommended and any extrapolation of
the results beyond the study population should be done with
caution. Additionally, in the current study complete follow up
data on fatigue, on which the fatigue analysis was based, was
available for only 77.2% of the originally included individu-
als. This might have resulted in an overestimation of the actual
prevalence of fatigue, as the participants who continued with
the follow up were more likely to be those having fatigue (8).
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Finally, although this study was prospective in design, still
alike any other observational study, causal interpretation of
the observed association between perceived social support
and Post-MTBI mental fatigue was not possible. Additional
analyses on appropriate data might have helped us in con-
ducting some more analyses to determine the validity of the
direction and strength of associations under study but unfor-
tunately were not feasible owing to the nature of our data. So
it was unclear whether the improvement of the perception of
social support could directly result in the expected decrease in
the risk of development of persistent MTBI-related fatigue or
not. The potential explanation behind the observed associa-
tion might include the probability that sufficient perception of
social support among MTBI patients increased their ability to
participate in their desired activities, improved their quality of
life and the sense of control over fatigue and thus alleviated
subjective feeling (perception) of fatigue. However, Longitu-
dinal and experimental studies were needed to elucidate the
causal pathways for guiding intervention.

In conclusion, the findings of this study indicated that MTBI
victims who perceived poor level of social support were at a
significantly higher risk of developing post-MTBI fatigue
which did not improve significantly since 3 months after injury.
On the other hand, sufficient level of perceived social support,
during early recovery phase (as early as after 1 week) from
MTBI, could significantly decrease the occurrence of long-
lasting mental fatigue. These findings seemed useful in guiding
clinical management of MTBI patients, suggesting the need for
rehabilitation programs to include the assessment and improve-
ment of perceived social support for persons with MTBI.
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