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Abstract. Correlation between resilience and cognitive functioning in veterans with traumatic brain injury.
Assonov D.O. Resilience in veterans with brain trauma in remote period has received considerable attention over the
past years. Cognitive functioning is described among factors that may influence resilience and included in the modern
theoretical models of this positive psychology phenomenon. However, the characteristics of relationship between
resilience and cognitive functioning in veterans with traumatic brain injury (TBI) in remote period was not studied
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empirically. Therefore, the purpose of this study was to gain better understanding of the possible association between
resilience and cognitive functioning in Ukrainian war veterans with traumatic brain injury in remote period. This study
included 146 veterans who were admitted to two clinical hospitals for war veterans. The Connor-Davidson Resilience
Scale and Montreal Cognitive Assessment Scale were used. The present study shows that lower cognitive functioning in
total and in several domains is associated with less effective resilience regardless of TBI clinical type (whether it is
concussion or mild cerebral contusion). Moreover, such correlation was still present after excluding the effect of age,
education and TBI characteristics like number of traumas and time since last TBI. Overall, we found empirical evidence
that good cognitive functioning (especially executive functions, memory, attention, abstract thinking, and orientation) is
essential for effective resilience in veterans with mild TBI even years after trauma and has more effect on ability to adapt
than age, education, and trauma characteristics. Educating veterans to use their cognitive potential and to compensate
the restrictions after mild TBI possibly may lead to better overcoming adversities and counteracting the risks of des-
adaptation and traumatic events. Therefore, psychological interventions for improving the ability to readapt and recover
possibly should consider this relationship and include the component of educating veterans to use their cognitive reserve
and compensate limitations to better adapt and thrive. Studies related to such interventions appear to be promising.

Pedepar. B3aeMo3B’A30K MiK pe3uiaieHCOM i KOTHITHBHMMH (YHKIiAMH y BeTepaHiB 3 4YepenHO-MO3KOBOIO
TpaBmoro. AccoHoB J.0. Ocmannimu poxamu genuxa yeaza npudiisiemvCs pe3unicHCy 6emepania 3 Yepento-mo3K080i0
mpaemoro y 6idoanienomy nepiodi. Koenimuene QyHKyioHyS8anHs po32ia0a€mbCsi K 00UH 3 Qakmopie, sKi MOXCYMb
BNAUBAMU HA PE3UTIEHC A € eNEMEHMOM CYHYACHUX MEOPEeMUYHUX MOOelell Yb020 KOHYENmy NO3UMUBHOI NCUXONOII.
Oonak 0cobau80Cmi 83AEMO038'A3K)y PE3UNIEHCY MA KOSHIMUBHUX (DYHKYIL } 6eMEPAHIB I3 UepenHo-MO3K08010 Mpasmor
(YMT) y sio0anenomy nepiodi emnipuuno He susuanucs. Tomy memor yvboeo 00CHiONCeHHs OYI0 Kpawje 3po3ymimu
MOACIUBUL 38"A30K MIHC De3UTIEHCOM MA KOSHIMUBHUM (DYHKYIOHYBAHHAM YKPAIHCOKUX 6eMEpPaHi GiliHU 3 YepenHo-
MO3K080I0 MpagMoio y 8i00aieHomy nepiodi. ¥ docnioxcenni 63aiu yuacme 146 eemepanis, axi 6yu eocnimanizosati 0o
080X KIIHIYHUX 2ocnimanie 0N eemeparis GitiH. [[na ncuxodiazHOCMuyHo20 0bCmedtcents OYI0 BUKOPUCIAHO WIKATLY
pesuniency Konnopa-/lesiocona ma Moupeanbcoky wikany oyinku KoeHimusHux @yuxyiu. byno eussneno, wjo nocipuwenns
KOZHIMUBHO20 (DYHKYIOHYSAHHSL 8 YIIOMY Ma 6 OesKUX KOZHIMUGHUX (PYHKYIAX 30KpemMa nos'sisane 3 MeHul epexmueHum
PEUNIEHCOM He3aNeHcHO 8I0 Kuiniunozo muny YMT (cmpyc mo3ky abo 3a6iil 20106H020 MO3KY AeeKko20 cmyneHs). biivue
moeo, maka Kopensyis 30epieanacs i nicis 8paxy8anHs 6naugy 6ixy, oceimu ma xapakmepucmux YMT, makux sk KinoKicmo
mpasm ma uac, wo mMumHyé 3 momenmy ocmannvoi UMT. Taxum yunoMm, 6UAEIEHO eMRipuyHi 00KA3U Mo20, wo 00Ope
KO2HImueHe QyHKYIOHY8aHHs (6UKOHA8YI (DYHKYIL, nam'amy, yeaza, aOCmMpaKkmHue MUCIEHHS Md OPIEHMYBAHHS 30KpeMa)
HAGimb uepe3 poKu NiCis MPASMU MA€E BANCTUBE 3HAUEHHA Ol eheKmueno2o pesunicucy eemeparis 3 aeekoro YMT ma
Oinblue nIuBae Ha 30amuicms 00 adanmayii, Hidc 6iK, mpusaiicms ocsimu 4u ocoorusocmi mpasmwu. Hasuanwns eemeparnis
BUKOPUCMAHHSA CB020 KOSHIMUBHO20 NOMEHYIANY Ma KOMNEHCY8aHHA obmedcenv nicia aeekoi YMT, timogipno, modice
NOKpAWUmMu HABUYKY NOOOIAHHA He2apa3dié ma npomudii pusuxam mpasmamudnux nodil ma deszadoanmayii. Omoxce,
NCUXON02IYHI THMeEpPBeHYil 01 NOKPAWeHHs 30amHocmi 00 peadanmayii ma 6iOHOGIEHHS MOJNCYMb 6paAxX08yeamu yel
630€EMO38'A30K MA BKIIOUAMU HABYAHHS 8eMEPAHIB BUKOPUCTHANHS CB020 KOSHIMUBHO20 pe3ep8y ma KOMNeHcayii obmedxcensb
ona kpawoi adanmayii ma pozeumxy. Heo6xioni nodanvuii 0ocniodcents nooiobHux inmepeeHyitl.

Traumatic brain injury (TBI) is one of the con-
ditions that has a significant negative impact on social
reintegration and readaptation mechanisms in war
veterans [1]. In the acute period symptoms of TBI are
driven by different pathophysiological processes,
while in the remote period the persistence of TBI
symptoms is affected by psychological factors such
as maladaptive behavior and cognitive patterns, that
leads to chronic stress [2]. Thus, there is a need for
improving rehabilitation of veterans with persistent
consequences of TBI, and may be a path to the
effective rehabilitation an impact on these psycho-
logical factors via behavioural interventions. Modern
approaches to the rehabilitation of patients with TBI
include the proposals to make a shift from problem-
centered narratives to identification of strengths, deve-
lopment of flexibility and new cognitive patterns and
behavior while accepting the limitations after TBI [3].

One of the important adaptation concepts in these
approaches is resilience — a process that reflects the
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dynamic ability of a person to restore adaptive and
effective psychosocial functioning and personal
growth after a period of maladaptation, which occurred
due to the disorganizing effect of traumatic factors [4].
It was reported that resilience negatively correlates
with neurobehavioral symptoms of TBI even years
after the brain injury [5]. Better resilience in veterans
relates to less quantity of mental problems, good qua-
lity of life in both groups with and without TBI history
[6, 7]. The other good side of resilience is that opposite
to many stable personality traits, it is modifiable [8].
Thus, there is a need to study this phenomenon in the
context of rehabilitation of veterans with TBIL.

A processual model, proposed by Stainton et al.,
defines resilience as a process in which person
interacts with present protective factors and utilizes
them to overcome adversities and counteracts the risks
and effects of desadaptation [9]. In a meaning-oriented
model of resilience in TBI, suggested by Nalder et al.,
cognitive regulatory processes include controlling
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negative and ineffective thoughts by interacting with
cognitive skills (awareness, memory, executive
functions) as cognitive protective factors, and leading
to resilience-related outcomes like re-engaging the
valuable activities after the injury, disengaging from
old life goals and identification of new priorities,
learning to accept their limitations, re-evaluating what
is most important [10]. Cognitive abilities, like
memory, cognitive flexibility, switching attention, that
are often declined after TBI, are accepted to play an
important role in driving resilience and supposed to be
crucial for successfully overcoming the desadaptation
after stressful events [9]. However, despite the
potential of these and other theoretical models to
describe the nature of resilience, the authors recognize
that further studies are needed to gain more evidence
and isolate the factors linked to better resilience [9, 10].

Since cognitive functioning is indicated as one of
the most important factors and processes of resilience
in theoretical models of resilience in TBI, empirical
examination of relationship between those two psy-
chological phenomena seems to be promising. Howe-
ver, despite the clinical significance of such evidence,
we did not find any studies that give a characteristic of
this relationship in the population of veterans with TBI.
Therefore, the purpose of the present study was to gain
better understanding of the possible association bet-
ween resilience and cognitive functioning in Ukrainian
war veterans with brain trauma in remote period.

MATERIALS AND METHODS OF RESEARCH

The study has a cross-sectional design. A total of
146 Ukrainian veterans of Anti-Terrorist Opera-
tion/Joint Forces Operation in Ukraine with traumatic
brain injury in the remote period (with >3 years after
brain trauma event) were recruited in Hospital for
War Veterans “Forest Glade” (“Lisova Poliana”) of
Ministry of Health of Ukraine and Kyiv City Clinical
Hospital for War Veterans.

The enrollment was done in the period from 2019
to 2021. All participants were enrolled after giving
the written informed consent. Participants’ resilience
was measured with the Connor-Davidson Resilience
Scale (CD-RISC) [11] and cognitive functioning
measured with the Montreal Cognitive Assessment
Scale (MoCA) [12]. Connor-Davidson Resilience
Scale (CD-RISC) developed by Connor, K.M., and
Davidson, J.R.T. contains 25 statements, which pa-
tient should evaluate on a scale from 0 to 4, with
higher total score, ranging from 0 to 100, connected
with better resilience [11]. The CD-RISC scale is
widely used valid, reliable, and consistent measure of
resilience [11]. Montreal Cognitive Assessment Scale
(MoCA) is a tool for assessment of mild cognitive
impairment [12]. The total score ranges from 0 to 30
points, more than 26 points are interpretated as
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normal cognitive functioning. To assess different
cognitive domains, we chose the method of differen-
tiating scores on MoCA subscales: visual-spa-
tial/executive abilities (up to 5 points), naming (up to
3 points), attention (up to 6 points), language (up to
5 points), abstraction (up to 2 points), delayed recall
(up to 5 points), orientation (up to 6 points) [13].

The study was done according to principles of the
Helsinki Declaration. Study’s protocol was approved
by the Committee of Bioethical Expertise and Ethics
of Scientific Research of the Bogomolets National
Medical University (protocol No. 127/02.12.2019)
and a part of the research program “Dynamic bio-
psychosocial model of medical and psychological
care (diagnosis, therapy, rehabilitation, prevention) of
patients of multidisciplinary hospitals in a rapidly
changing crisis-associated society” performed by the
department of medical psychology, psychoso-
matic medicine, and psychotherapy (registration
No. 0119U103910).

To check the assumption of normal distribution
Shapiro-Wilk test was used. To assess relationships
between different cognitive functions and resilience,
Pearson and Spearman correlation coefficients were
used (as applicable). P value less than 0,05 was
interpreted as a statistically significant. The results
are presented as a mean and standard deviation or
median and interquartile range (as applicable). Cor-
relation data are presented by indicating the coef-
ficient and p level. Correlation between cognitive
functioning and resilience with covariates of age,
education, TBI clinical type, number and duration
since last injury were tested using multivariate
regression analysis as more flexible method allowing
to model more than 1 independent variable to explain
the dependent variable [14]. Storage of data was done
in a licensed Microsoft 365 Excel (license by order
No. 1212591279) and analysis was conducted in R
programming language, using free statistical software
EZR on R commander v 1.54 [15]. Data visualization
was done in Python programming language using
pandas, matplotlib and seaborn modules.

RESULTS AND DISCUSSION

Five of the participants (3.4%) were females, the
rest were males. Eighty-three veterans (56.8%) lived
with the spouse while sixty-three (43.1%) were single.
The most frequent type of TBI in this sample was
concussion, with eighty-three patients (56.8%) having
a history of this clinical type of TBI. Sixty-three
veterans (43.1%) were found to have a history of mild
cerebral contusion. Patient characteristics and Shapiro-
Wilk normality test results are shown in Table 1.

A significant positive correlation between CD-
RISC score and MoCA total score (r=0.413, 95%
CI10.269-0.54, t=5.44, p<0.001) was found, as
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shown in the Figure 1. As it can be also seen, the and mild cerebral contusion (r=0.393, 95%
correlation is relevant for both concussion CI0.161-0.584, t=3.34, p=0.001) clinical types.
(r=0.444, 95% CI0.253-0.602, t=4.46, p<0.001)

Table 1
Patient demographic and clinical characteristics
N Mean SD Median Q1-Q3 Min Max w p
Age (years) 146 46.03 8.59 45.5 40.25-52 24 64 0.989 0.319
Education (years) 146 14.01 3.10 14 12-16 8 24 0.972 0.005
Time since injury (years) 146 5.44 1.24 6 5-6 3 7 0.882 0.001
Deployment duration 146 2.10 1.60 1 1-3 1 7 0.722 0.001
TBI number 146 1.21 0.55 1 1-1 1 4 0.436 0.001
Psychometric characteristics
CD-RISC 146 62.17 13.08 63 53-71 22 100 0.993 0.772
MoCA total score 146 22.65 3.39 23 20.25-25 13 30 0.985 0.134
Executive function 146 349 0.94 4 34 2 5 0.868 0.001
Naming 146 2.92 0.26 3 3-3 2 3 0.289 0.001
Attention 146 4.34 1.06 4 4-5 2 6 0.899 0.001
Language 146 2.08 0.76 2 2-3 0 3 0.810 0.001
Abstraction 146 1.67 0.51 2 1-2 0 2 0.616 0.001
Delayed recall 146 2.66 1.17 3 2-3 0 5 0.928 0.001
Orientation 146 5.46 0.51 5 5-6 4 6 0.663 0.001

Results of further evaluation of the correlation (p<0.001), attention (p<0.001), abstract thinking
between seven cognitive domains and resilience, as  (p<0.001), memory (p<0.001) and orientation
well as correlation between different cognitive (p<0.001). No statistically significant correlations
functions are presented in the Figure 2. There were were found between resilience and naming MoCA
found statistically significant positive correlations subtest, as well as between resilience and language
between CD-RISC score and executive functions cognitive domain.
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Fig. 1. Correlation of CD-RISC score and MoCA total score
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CD-RISC 0.39 -0.00615 0.28 0.35 0.337
Executive 0.0466 0.239

Naming 0.208 0.139 0.186 0.19
Attention 0.39

Language -0.00615

Abstraction 0.28

Memory 0.35

Orientation 0.337 0.545 0.19

-0.0731 0.0792

CD-RISC Executive Naming Attention Language Abstraction Memory Orientation

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
Force and direction of correlation

Fig. 2. Heatmap correlation matrix, representing force and direction
of correlation between cognitive functions and resilience

Cognitive functioning significantly correlated characteristics (clinical type, number of traumas and
with CD-RISC by multivariate regression analysis time since trauma), as seen in the Table 2. Multiple 1*
excluding the effect of age, education and TBI was 0.19, adjusted r* was 0.16 (p=0.001).

Table 2
Multivariate regression analysis
B St. B S.E. t p
Intercept 20.69 0 11.13 1.85 0.06
MoCA Total score 1.60 0.41 0.29 5.42 0.001
Age 0.07 0.04 0.11 0.64 0.52
Education 0.07 0.01 0.32 0.23 0.81
TBI number 1.09 0.04 1.80 0.60 0.54
TBI type (1 — contusion) 3.66 0.13 2.03 1.79 0.07
Time since trauma -0.41 -0.03 0.81 -0.51 0.60

Notes: MoCA — Montreal Cognitive Assessment; TBI — traumatic brain injury; B — regression coefficient; St. p — standardized regression coefficient;
S.E. — standard error; t — Student’s test value; p — type I error probability value.

As far as we know, this is the first study, in which ~ veterans with TBI in remote period. We found a
such relationship is characterized in population of positive relationship between resilience and such
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cognitive functions, as executive functions, memory,
attention, abstract thinking, and orientation in
veterans with brain trauma even years after traumatic
event. Overall, these data show that lower cognitive
functioning in total and in several domains parti-
cularly are associated with less effective resilience
regardless of mild TBI clinical type (whether it was
concussion or mild cerebral contusion). What we also
find important is that such correlation was still
present after excluding the effect of age, education
and TBI characteristics like number of traumas and
time since last TBI.

Our results provide some ground to certain
theoretical models of resilience in TBI, discussed
recently, where cognitive processes lie in the core of
this phenomenon and are vital for effective
readaptation and overcoming traumatic events [10].

Results presented in this paper were also con-
cordant with findings of other studies. In a recent
study of non-veteran population with remote TBI
(2022) authors provided evidence that cognitive
decline in 1 year after TBI was associated with
greater psychological distress and lower satisfaction
with life, while cognitive decline in remote period
itself was predicted by preinjury depression (and,
possibly, low resilience) [16].

Flora K. et al. (2018) also reported about mode-
rate correlation between resilience and cognitive
decline [17] in adult non-clinical population. Similar
data with r=0.3 was found in the study of
Deng M. et al. (2018) [18] in population of patients
with schizophrenia. A recent big study with a sample
of 7535 elderly people (2021) with generalized linear
model with adjustment to socio-demographic factors,
comorbidities and lifestyle as a statistical method also
shown that resilient participants had a significantly
higher cognitive functioning, while participants with
depression — lower ones [19].

In the study of Yao Z. and Hsieh S. (2019) they
argue that cognitive flexibility is important for
resilient overcoming the adversities and suggest, that
cognitive training interventions may preserve the
cognitive functioning that facilitates the resilient
behavior [20]. Our findings in including cognitive
training elements to psychotherapy of veterans with
TBI (2021) gave the same results, adding evidence
that enhancing cognitive functioning is vital for
promotion of resilience [21]. Arici-Ozcan N. et al.
(2019) found that people with higher cognitive
functioning and flexibility also have less difficulties
in emotional regulation, which, in its turn, leads to
increase in resilience [22]. Considering the frequency
of emotional regulation problems in veterans with
TBI, this explanation of how cognitive flexibility
related to resilience sounds possible.
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Ziv Ben-Zion et al. (2018) found that cognitive
flexibility is a significant predictor of PTSD symptom
severity in survivors of traumatic events [23]. TBI
and PTSD are highly comorbid in veterans [24],
therefore, effective cognitive functioning may be the
key target in future interventions for veterans with
such comorbidity.

This allows to suggest that a common processes and
mechanisms may underlie the cognitive decline and
reduction in ability to adapt and recover in patients of
different age and with different pathology. The role of
cognitive domains like executive functions, memory,
attention etc. in resilience of veterans with TBI in
remote period now also have empirical evidence.

This study was subject to the several following
limitations. First, correlation does not imply causation,
so the results of this study need to be interpreted taking
this into account when building factor models. Second,
the study sample underrepresents the population of
female veterans. Third, the data were taken only from
veterans seeking help in Ukrainian hospitals. Fourth,
only data from mild traumatic brain injury (concussion
and mild cerebral contusion) were taken. Fifth, data
was taken only from patients willing to participate in
the study. Further studies may fill those gaps.

Our findings might become useful in creating
more complex models, that include other potential
factors and processes to predict the resilience of
veterans with TBI and ability to adapt and thrive
despite adverse situations. Another interesting pos-
sible implication of these findings may be in case of
creating new psychological interventions to cultivate
resilience in veterans with TBI in remote period.
Including compensation of cognitive decline in such
interventions and resilience development via targeting
at different cognitive functions appear to be promising.

CONCLUSIONS

1. We found empirical evidence that good cogni-
tive functioning is essential for effective resilience
processes in veterans with mild traumatic brain injury
even years after trauma and have more effect on
ability to adapt than age, education, and trauma
characteristics.

2. Better cognitive skills in such cognitive do-
mains as executive functions, memory, attention,
abstract thinking, and orientation may predict that
veterans with traumatic brain injury will overcome
the negative effects of stressogenic events or psycho-
logical traumas more successfully and may promote
better readaptation, possibly via better understanding
and controlling risk factors and how to effectively use
all protective resources to overcome the adversities.

3. Compensating cognitive decline after trauma in
veterans may lead to better ability of identifying
priorities, re-evaluating the meaning, re-engaging the
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valuable activities, building new life goals, and
accepting own’s limitations.

4. Training of veterans to use their cognitive
potential and to compensate the restrictions after mild
traumatic brain injury possibly may lead to better
overcoming adversities and counteracting the risks of
desadaptation and traumatic events. Therefore, psy-
chological interventions for improving the ability to
readapt and recover possibly should consider this

relationship and include the component of training
veterans to use their cognitive reserve and compen-
sate limitations to better adapt and thrive. Studies
related to such interventions appear to be promising.
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