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Introduction

Traumatic brain injury (TBI) is a major cause of death and dis-
ability. The neurocognitive, somatic, and emotional sequelae
after TBI become a challenge not only to healthcare system
but also for the families of the patients.!

Background|Objective Mild and moderate traumatic brain injury (TBI) is a neglected
field especially with reference to its association with cognitive, behavioral, and emo-
tional sequelae. The present study aimed to investigate the association of affective
symptoms and clinical factors with neurocognitive functioning in complicated mild
and moderate TBI patients.

Materials and Methods The sample comprised 39 complicated mild and moder-
ate TBI patients with age range of 18 to 59 years. The study was conducted in the
Department of Neurosurgery, Banaras Hindu University, Varanasi. The patients
were assessed with the neurocognitive tests, Rivermead Post Concussion Symptom
Questionnaire, and Hospital Anxiety and Depression Scale.

Statistical Analysis Partial correlations and zero order correlations were used to test
the relationships between variables.

Results The injury-related factors, namely level of consciousness and Glasgow Coma
Scale were found to be associated with divided attention and memory dysfunction
(p <0.05), respectively. Anxiety was found to be associated with impairment on all
domains of neurocognitive function (p < 0.05) except divided attention. Depressive
symptoms were found to be correlated with all the neurocognitive functions (p < 0.05)
except focused and divided attention, whereas head injury symptoms correlated with
impairment on focused and divided attention (p < 0.05).

Conclusion Present study highlights the need to acknowledge affective symptoms
along with clinical factors in the planning of the rehabilitation programs for such
patients in rural scenario.

A substantial number of TBI survivors have suffered from
complicated mild and moderate TBL! Disturbances in higher
cerebral functions due to injury comprised the disintegra-
tion of cognition as well as emotion that impact on recovery.?
Thus, it might be essential to assess the association of clinical
and affective component with neurocognitive functions to get
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an accurate picture of post-TBI outcome. To date, few studies
attempt to find out the correlates of neurocognitive functions
in TBI patients and reported contradictory results.>® In the
study on TBI patients, it was found that affective symptoms
affect attentional task requiring simple processing>® whereas
impact of injury-related factors is reflected in complex, flex-
ibility demanding tasks.’

Head injury symptoms often follow mild TBI; thus, most of
researches on head injury symptoms have been conducted on
patients with mild TBIL.® However, it has been recommended
to assess the nature of head injury symptoms in cases with
relatively more severe brain injury.®

It is quite evident that nature of neurocognitive task and
domain of cognitive function is quite different across stud-
ies. Furthermore, there is dearth of studies assessing the
correlation of affective sequelae with neurocognitive func-
tion in complicated mild and moderate TBI patients in Indian
scenario® specifically in rural context. It is indicated in the
literature that patients from rural area suffer from a poorer
outcome.'® Therefore, a study on patients belonging to rural
areas is of greater need. Thus, the purpose of the study was to
assess the relationship between psychological distress, post
head injury symptoms, and neurocognitive impairment in
patients with complicated mild and moderate TBI.

Methods

Participants

It is a comparative, cohort study conducted at Neurosurgery
Department of Sir Sunderlal Hospital and Trauma Centre,
BHU. Thirty-nine complicated mild and moderate TBI patients
with age range of 18 to 59 years and educated up to eighth
grade were selected for the study by using purposive sam-
pling technique. Complicated mild TBI had a Glasgow Coma
Scale (GCS) score between 13 and 15, along with a radiologi-
cal evidence of cerebral bleeding/abnormality. Patients with
moderate TBI had GCS score between 9 and 12. Patients who
were able to read and comprehend Hindi language properly
were included in the study. Patients who scored below 4 on
digit span task were classified as having poor effort' and
those patients were not included in the study. Patients with
any major impairment in verbal communication, audibility,
visualization, motor coordination, or physical amputation
after injury were excluded. Further, patients having history
of previous psychiatric disorder, head trauma were excluded
from the study. Written informed consent was obtained from
patients to participate in the study.

Tools

Neurocognitive assessment of patients was done using sev-
eral subtests of NIMHANS battery, namely Digit Symbol
Substitution Test (DSST) for mental processing speed,
Controlled Oral Word Association Test (COWAT) for pho-
nemic fluency, and Stroop test for response inhibition.'
Further, AIIMS memory scale for memory' and Trail Making
Test (TMT) for visual search speed and mental flexibility'*
were used. The psychological distress was assessed with
Hospital Anxiety and Depression Scale (HADS)."> A score of
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>8 on a subtest indicates psychological distress on that affec-
tive component, that is, anxiety and depression.!”® The post
head injury symptoms were assessed with the Rivermead
Post Concussion Symptoms Questionnaire (RPCSQ).!® Rating
of > 2 on any symptom indicates that the symptoms in prob-
lematic range. Furthermore, patient having four or more
symptoms on this questionnaire were classified as having
post head injury symptoms in clinical range.'®

Procedure

Data collection took place between August, 2018 and May,
2019. Participants were selected as per preset inclusion and
exclusion criteria. After rapport establishment, clinical and
demographical details were recorded and informed consent
was obtained from the participants. After that neuropsycho-
logical tests, HADS, and RPCSQ were administered and scored
according to the standardized procedure. All the protocols
of the study were followed in accordance with the Helsinki
Declaration. The relationships of neurocognitive impairment
with post head injury symptoms, GCS, and psychological dis-
tress were tested, by using partial correlations and zero order
correlations.

Results

The sociodemographic and clinical characteristics of
patients are presented in =Table 1. Mean age of patients was
29.46 years. From the 39 participants, 29 (74.4%) were males
and 10 (25.6%) were females. Nineteen patients (48.7%)
were single and 10 (25.6%) were married. Education level of
most of the participants was graduation (48.7%). At the time
of hospital admission, 17 patients had a GCS score of more

Table 1 Clinical and demographic characteristics of TBI
patients
TBI patients
(n=39)
Gender Male 29 (74.4%)
Female 10 (25.6%)
Age (in years) Mean + SD 29.46+ 9.56
Marital status Single 19 (48.7%)
Married 20 (51.3%)
Employment Full time 17 (43.6%)
status Student 14 (35.9%)
Home-maker 8(20.5%)
Education Primary-middle 10 (25.6%)
Higher secondary 10 (25.6%)
UG+ 19 (48.7%)
GCS at the time | Moderate TBI (GCS: 9-12) | 17 (43.60%)
of arrival Complicated mild TBI 22 (56.40%)
(GCS:13-15)
Loss of Present 24 (61.5%)
consciousness Absent 15 (38.5%)

Abbreviations: GCS, Glasgow Coma Scale; SD, standard deviation;
TBI, traumatic brain injury; UG, undergraduate.
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than 8 but below 13. Twenty-four patients presented with
the history of loss of consciousness at the time of admission
(~Table 1).

~Figure 1 depicts that in the neurocognitive domain;
most of the patients were found impaired on processing
speed (66.7%). In affective domain, 9 (23.1%) patients were
found anxious, 11 (28.2%) with depressive symptoms, and
14 (35.9%) having head injury symptoms in problematic
range.

The results depicted in =Table 2 indicate that there was
a moderate positive correlation between reaction time in
performing divided attention task and presence of level of
consciousness (LOC) while controlling anxiety (r3¢= 0.321,
p<0.05).

Similarly, a positive correlation was found between
memory dysfunction and LOC while controlling anxiety
(r®®=0.361, p < 0.05). However, zero order correlation showed
that there was a statistically significant positive correlation
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between memory dysfunction and LOC (r*”=0.319, p < 0.05).
It can be inferred that anxiety had a very little influence in
controlling the relationship between memory dysfunction
and LOC (~Table 2).

Furthermore, a significant negative correlation was found
between GCS score and reaction time in divided atten-
tional task (r¢7=-0.353, p < 0.05). It indicates that patients
with higher GCS score have taken lesser time in perform-
ing the divided attention task. The relationship remains
significant while controlling depression (r36=-0.324,
p <0.05) and anxiety (r*9=-0.320, p < 0.05), whereas con-
trolling head injury symptom has decreased the association
(r®®=-0.256, p >0.05). In this line, the bivariate correla-
tion between memory dysfunction and GCS (r*7=-0.333,
p <0.05) was found to be nonsignificant while controlling
anxiety (r®®= 0.296, p >0.05), depression (r*®=-0.275,
p >0.05), and head injury symptom (r3=-0.299, p >0.05)
(=Table 2).

Neuropsychological profile (n=39)
30
66.70%
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20
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10

s

0

Focused  Divided Processing Inhibitory Phonemic Memory  Anxiety Depression Headinjury
attention  attention speed control fluency symptoms
Fig. 1 Neuropsychological profile of patients (n = 39).
Table 2 Clinical correlates of cognitive functioning in patients with TBI
LOC GCS
Bivariate r* | Partial » | Partial r° Partial Bivariate * | Partial » | Partial r© Partial

Focused attention 0.030 0.052 0.012 0.034 0.099 0.043 0.074 0.010
Divided attention 0.289 0.321* 0.269 0.244 0.353* 0.320* 0.324* 0.256
Processing speed 0.134 0.177 0.088 0.095 0.169 0.105 0.098 0.101
Phonemic fluency 0.014 0.053 0.049 0.046 0.259 0.201 0.195 0.178
Inhibitory control 0.104 0.131 0.064 0.055 0.246 0.203 0.194 0.169
Memory 0.319* 0.361* 0.292 0.298 0.333* 0.296 0.275 0.299

Abbreviations: GCS, Glasgow Coma Scale; LOC, level of consciousness; TBI, traumatic brain injury.

*Bivariate unadjusted correlations of each neurocognitive functions with LOC and GCS.

®Partial correlations of each neurocognitive functions with LOC and GCS adjusted for anxiety.

“Partial correlations of each neurocognitive functions with LOC and GCS adjusted for depressive symptoms.
dPartial correlations of each neurocognitive functions with LOC and GCS adjusted for post head injury symptoms.

‘Significant at 0.05 level.
“"Significant at 0.01 level.
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In regard to affective symptoms, a significant posi-
tive association of anxiety was seen with focused atten-
tion (r®7=0.354, p <0.05), processing speed (r®”= 0.455,
p < 0.01), inhibitory control (r*”= 0.351, p < 0.05), and mem-
ory dysfunction (3= 0.356, p < 0.05) (=Table 3). It indicates
that the patients with higher scores of anxiety have higher
reaction time in performing focused attention, processing
speed, and inhibitory control tasks. They also scored higher
on task assessing memory dysfunction. These correlations
were still significant while controlling for LOC and GCS. On
the other hand, the association between divided attention
and anxiety was found significant while controlling LOC
(r®®= 0.344, p <0.05). Furthermore, significant moderate
negative correlation was found between anxiety and pho-
nemic fluency (r*”=-0.575, p < 0.01). It shows that patients
with higher score on anxiety have produced lesser words in
phonemic fluency task. Similarly, depressive symptoms were
found to be correlated with processing speed, phonemic flu-
ency, inhibitory control and memory in zero order correla-
tion, as well as while controlling LOC and GCS (see =Table 3).
It implies that clinical factors have little influence on con-
trolling the relationship between neurocognitive function
and psychological distress.

~Table 3 illustrates a significant moderate positive
correlation of post head injury symptoms with focused
(%= 0.377, p <0.05) and divided attention (7= 0.482,
p <0.01). It shows that patients with higher score on head
injury symptom severity have higher reaction time in per-
forming TMT-A (focused attention) and TMT-B (divided
attention) tasks. The relationships remain significant while
controlling for GCS and LOC. In addition, post head injury
symptom severity score was found to be associated with
phonemic fluency (1®7=-0.348, p < 0.05) and the association
remained significant while controlling for LOC (r®9=-0.351,
p <0.05) but not while controlling for GCS (r36=-0.296,
p <0.05). Furthermore, the bivariate correlation between
inhibitory control and head injury symptom (7= 0.328,
p <0.05) dropped while controlling for LOC (r*®= 0.317,
p >0.05) and for GCS (r*®= 0.277, p >0.05). It signifies the
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effect of LOC and GCS in the association between inhibitory
control and post head injury symptom.

Discussion

In present study, substantial number of patients with com-
plicated mild and moderate TBI had deficits on mental
speed, inhibitory control, and divided attention and patients
also suffer from psychological distress and post head injury
symptoms. Literature pertains that brain injury exerts dam-
ages that alter the network of brain which leads to impair-
ment of these functions and that lead to symptoms.!’

The present study pertains that affective sequelae were
associated with various neurocognitive functions whereas
injury related factors were found to be correlating with only
divided attention and memory function. It has been reported
in previous studies that neurocognitive outcome in patients
with complicated mild TBI is quite similar to that of moderate
TBL”'31° The crude categorization of GCS and LOC might be
a parsimonious reason that injury severity-related indicators
were found to be correlated with a few neurocognitive func-
tions in patients with complicated mild and moderate TBI.71819

Present study has demonstrated the association of psy-
chological distress with neurocognitive functions in patients
with complicated mild and moderate TBI Literature sug-
gests that slowed information processing and neurocognitive
impairment lead to psychological distress.” To compensate
for cognitive impairment, additional mental effort is required
to perform everyday tasks, which results in greater psycho-
logical distress in TBI patients.> Furthermore, the psycholog-
ical distress results in an attentional bias toward external
stimuli and distraction by internal intrusive, ruminative, and
worrisome thoughts. It leads to impaired performance on
neurocognitive task.

Furthermore, current study indicates that head injury
symptoms correlate with impairment on attentional
task. Literature pertains that patients with post head injury
symptoms have to divide their attention between these
symptomatic thoughts and demand of attentional task. It

Table 3 Affective correlates of cognitive functioning in patients with TBI (n = 39)

Anxiety Depression Head injury symptoms

Bivariate | Partial | Partial i< | Bivariate | Partial * | Partial < | Bivariate | Partial » | Partial r<

i i =
Focused attention | 0.354* 0.356* 0.344* 0.138 0.135 0.121 0.377* 0.367* 0.365*
Divided attention | 0.314 0.344* 0.276 0.210 0.180 0.151 0.482** 0.460** 0.424**
Processing speed 0.455** 0.467%* 0.439* 0.402* 0.391* 0.381* 0.265 0.249 0.229
Phonemic fluency | 0.575** 0.576™* 0.558"* 0.431** 0.433** 0.400* 0.348" 0.351* 0.296
Inhibitory control | 0.351* 0.358* 0.323" 0.332* 0.322* 0.297 0.328" 0.317 0.277
Memory 0.356" 0.394" 0.323* 0.474** 0.460™* 0.441** 0.181 0.139 0.095

Abbreviations: LOC, loss of consciousness; GCS, Glasgow Coma Scale; TBI, traumatic brain injury.

*Bivariate unadjusted correlations of each neurocognitive functions with anxiety, depressive, and post head injury symptoms.
bPartial correlations of each neurocognitive functions with anxiety, depressive, and post head injury symptoms adjusted for LOC.
“Partial correlations of each neurocognitive functions with anxiety, depressive, and post head injury symptoms adjusted for GCS.

*Significant at 0.05 level.
**Significant at 0.01 level.
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leads to problems in concentration and impedes perfor-
mance of several tasks simultaneously.?

The study gives insight that for reducing long-term
sequelae, only clinical factors should not be the major crite-
ria for designing rehabilitation. However, this is the prelimi-
nary study to assess the association between neurocognitive
function and affective symptoms in patients with compli-
cated mild and moderate TBI. The findings of the study must
be interpreted with the caveat of the small sample size of
this subgroup. There is a need for a prospective longitudi-
nal study to investigate the clinical and affective correlates in
cognitive recovery.

In conclusion, the impairment in higher order cognitive
function and presence of affective symptoms are common
and salient characteristics in patients with complicated
mild and moderate TBI. The present study signifies the
affective symptomatic correlates with cognitive functioning.
Therefore, holistic rehabilitation would be appropriate choice
for these patients.

Note
The data collection and procedure of the study was in
accordance with Helsinki Declaration.
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