
Copyright © 2019 Korean Neuropsychiatric Association  889

INTRODUCTION

Neurocognitive disorder due to traumatic brain injury (NCD-
TBI) is often accompanied by cognitive decline.1,2 According 
to the Diagnostic and Statistical Manual of Mental Disorders- 
Fifth Edition (DSM-5), a diverse range of neurocognitive do-
mains are affected in patients with NCD-TBI. Research indi-
cates impairments of memory, as well as of moral judgment 
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and social cognition in NCD-TBI.1,3,4

Here, current cognitive function is assessed with the Wechsler 
Adult Intelligence Scale-Fourth Edition (WAIS-IV).5 The WAIS 
is a test of neurocognitive function that measures an individ-
ual’s overall intellectual ability, crystallized and fluid intelligence, 
short-term and working memory, and processing speed.6 A 
recent study investigated cognitive function in patients with 
NCD-TBI with the WAIS-IV, reporting significant differences 
for all indexes and subtest scores in patients with severe TBI 
compared with controls.7 Moreover, there were significant dif-
ferences in working memory, processing speed, and full-scale 
IQ between patients with complicated mild/moderate TBI and 
controls.7 A significant difference in processing speed between 
patients with complicated mild/moderate TBI and those with 
severe TBI has also been reported.8 These results indicate that 
there are differences in the domains affected and the extent of 
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damage depending on the severity of TBI.
Although previous studies have consistently highlighted dif-

ferences in WAIS between patients with differing severities of 
NCD-TBI, as well as between patients with NCD-TBI and con-
trols, no consideration has been given to premorbid intelli-
gence.7,8 For example, there may be differing degrees of dam-
age for two people with premorbid IQs of 125 and 85, which 
both drop to 75 after TBI, because when considering premor-
bid IQ, their scores have changed by 50 and 10 points, respec-
tively. Therefore, it is imperative to consider premorbid IQ when 
analyzing data pertaining to retention of cognitive function 
after complicated TBI. 

As this suggests, neuropsychological assessment to deter-
mine cognitive functioning before and after NCD-TBI onset is 
essential to fully understand the effects of brain damage.9 In-
deed, assessing a patient’s premorbid cognitive function is a 
crucial first step for determining current cognitive function, 
predicting future progress, and establishing therapeutic inter-
ventions.10 In particular, it is crucial to determine the degree of 
current cognitive impairment within specific cognitive domains 
compared with premorbid cognitive function.11 Therefore, de-
veloping an assessment tool to determine the degree of current 
cognitive impairment and to estimate the level of premorbid 
cognitive function is important.12

The current study was based on the hypothesis that there are 
no significant differences in premorbid intelligence among 
three groups: controls, patients with complicated mild/mod-
erate TBI, and patients with severe TBI. We used the recently 
developed Oklahoma Premorbid Intelligence Estimate (OPIE) 
to estimate premorbid intelligence.11,13 Subsequently, we ana-
lyzed differences in cognitive function indexes and subtest 
scores among the three groups and compared the results with 
previous studies.

METHODS

Design and participants
Initially, 103 Korean patients with NCD-TBI were enrolled 

in the study. They all consisted of inpatients and outpatients 
who were receiving care in the department of psychiatry. TBI 
groups were classified based on severity of trauma, which was 
determined by duration of loss of consciousness and abnormal 
neuroimaging results.1,2 Patients with complicated mild and 
moderate TBI were combined into a single group because pre-
vious studies have indicated that long-term findings for such 
patients are similar.7,14 Consequently, there were two TBI groups: 
complicated mild/moderate TBI and severe TBI. 

To control for the effects of age and education level on pre-
morbid intelligence, participants in the control and severe TBI 
groups were matched for these variables with participants in 

the complicated mild/moderate TBI group. Data for healthy 
controls comprised partial data from the standardization study 
of the Korean WAIS-IV.15 Finally, 94 participants were includ-
ed in the study (controls, n=32; complicated mild/moderate 
TBI, n=32; severe TBI group, n=31). 

All the study procedures were reviewed and approved by 
the Local Institutional Ethics Review Board (WKUH 2017-
04-023). All the participants were given informed consent be-
fore study. 

Measures

Wechsler adult intelligence scale-fourth edition 
The Korean Wechsler adult intelligence scale-fourth edition 

(WAIS-IV) was used to assess current cognitive function of pa-
tients with NCD-TBI.16 The Korean WAIS-IV was standard-
ized in 2012, showing good internal consistency (0.87 to 0.97) 
and test-retest reliability (0.72 to 0.89).15 Construct validity was 
confirmed with the hierarchical four-factor model. Concur-
rent validity with the Korean Wechsler Intelligence Scale for 
Children-Fourth Edition was good at r=0.80.

Oklahoma premorbid intelligence estimate
To account for premorbid intelligence, premorbid IQ of TBI 

patients was estimated. The Oklahoma premorbid intelligence 
estimate (OPIE) method was recently developed and has been 
validated in clinical settings. The OPIE includes regression for-
mulas developed by combining demographic variables and 
WAIS subtest scores.17-19 

In the present study, premorbid intelligence was estimated 
with the Korean version of the OPIE method for the WAIS-IV 
(OPIE-IV).13,20 The regression formulas of the Korean OPIE-IV 
comprise five types of algorithms, one of which uses three pre-
dictive variables (i.e., WAIS-IV information subtest, age, and 
education level). Previous application of the premorbid intel-
ligence estimation formula to data from brain injury cases pro-
vided the rationale for applying the selected algorithm in the 
present study.18-20

The full formulas used in the current study were as follows: 
[67.173+1.722×(information subtest raw score)+0.161×(age)+ 
0.995×(education level)]. Education level was scored as 1 for 
<8 years, 2 for 9–11 years, 3 for 12 years, 4 for 13–15 years, and 
5 for ≥16 years.

Statistical analyses
One-way ANOVA was conducted to examine differences in 

demographic variables among the groups. Furthermore, fre-
quency analysis of the descriptive classification for both pre-
morbid and current IQ was also performed. Subsequently, a 
paired t-test was used to identify any difference between esti-
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mated premorbid and current intelligence within groups. Effect 
sizes (Cohen’s d) were calculated for statistically significant 
differences.21 Next, one-way ANOVA was performed among 
the groups to identify differences among scores for each in-
dex and subtest scores based on current intelligence. For statis-
tically significant differences, effect sizes (partial eta squared, 
η2) were calculated.

RESULTS

Participant baseline characteristics
Table 1 presents demographic data and premorbid IQs for 

included participants. No significant differences were observed 
among the groups [F(2, 92)=0.665, p=0.517]. Similarly, there 
were no significant differences among the groups for educa-
tional level [F(2, 92)=0.199, p=0.082] or estimated premorbid 
IQ [F(2, 92)=0.171, p=0.843].

Premorbid and current full-scale IQ
Table 2 presents results for the frequency analysis of group-

based descriptive classification. Based on estimated premor-
bid IQ, there were no participants in any group that fell with-
in the ratings of “Very superior,” “Superior,” or “Extremely low.” 
Moreover, more than 85% of each group were “Average” and 
“Low average.” 

However, based on current IQ, 32% of patients in the com-
plicated mild/moderate TBI group had “Average” and “Low av-
erage” ratings, while only 17% of the severe TBI group had “Av-
erage” and “Low average” ratings. In contrast, current full-scale 
IQ for controls suggested that more than 84% had “Average” 
and “Low average” ratings. Finally, “Extremely low” ratings ac-
counted for 0%, 40.6%, and 67.7% of the control, complicat-
ed mild/moderate TBI, and severe TBI groups, respectively.

Within group differences between premorbid and 
current full-scale IQ 

Table 3 presents differences between estimated premorbid 
and current IQ within each group. There was no significant dif-
ference between estimated premorbid and current IQ for con-
trols (89.52 vs. 94.72, respectively; difference: -5.20; t(31)=-1.848, 
p=0.074). In contrast, there was a significant difference between 
estimated premorbid and current IQ in the complicated mild/
moderate TBI group (89.14 vs. 70.53, respectively; difference: 
18.61 pts; t(31)=8.61, p<0.001), with the difference correspond-
ing to a “large” effect size (d=1.44). In the severe TBI group, there 
was also a statistically significant difference between estimat-
ed premorbid and current IQ (88.35 vs. 62.65, respectively; dif-
ference: 25.70; t(30)=12.67, p<0.001) and this also represent-
ed a “large” effect size (d=2.27).

Table 1. Participant baseline characteristics

Variable
Normal control group (N=32)

Mean±SD

Complicated mild/ 
moderate TBI group (N=32)

Mean±SD

Severe TBI group (N=31)
Mean±SD

F p

Age 49.15±13.28 52.43±12.84 49.13±13.36 0.665 0.517
Years of education 9.66±3.06 9.88±2.93 10.16±3.55 0.199 0.820
Estimated premorbid IQ 89.52±8.56 89.14±8.35 88.35±7.15 0.171 0.843
IQ: intelligence quotient, TBI: traumatic brain injury

Table 2. Frequency analysis of premorbid and current full-scale IQ, by group

Descriptive 
classification*

Normal control group (N=32)
Complicated mild/

moderate TBI group (N=32)
Severe TBI group (N=31)

Estimated premorbid IQ,
N (%)

Current IQ,
N (%)

Estimated premorbid IQ, 
N (%)

Current IQ,
N (%)

Estimated premorbid IQ,
N (%)

Current IQ,
N (%)

Very superior 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Superior 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
High average 1 (3.1) 3 (9.4) 1 (3.1) 0 (0) 0 (0) 0 (0)
Average 14 (43.8) 21 (65.6) 13 (40.6) 4 (12.5) 14 (45.2) 2 (6.5)
Low average 15 (46.9) 3 (9.4) 14 (43.8) 6 (18.8) 13 (41.9) 3 (9.7)
Borderline 2 (6.3) 5 (15.6) 4 (12.5) 9 (28.1) 4 (12.9) 5 (16.1)
Extremely low 0 (0) 0 (0) 0 (0) 13 (40.6) 0 (0) 21 (67.7)
*the classification is followed by descriptive classification of intelligence by Wechsler, which refers “Very superior” for 130 and above, “Superi-
or” for 120 to 129, “High average” for 110 to 119, “Average” for 90 to 109, “Low average” for 80 to 89, “Borderline” for 70 to 79, and “Extremely 
low” for 69 and below. IQ: intelligence quotient, TBI: traumatic brain injury
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Differences in current cognition 
Table 4 shows the results of a one-way ANOVA comparing 

current scores for each index and subtest among the groups. 
All the indexes showed statistically significant group differenc-
es with “large” effect sizes. In particular, processing speed and 
cognitive proficiency accounted for over 50% variance (58.5% 
and 54.9%, respectively). 

Based on scaled subtest scores, there were significant group 

differences with “large” effect sizes for all subtests except ma-
trix reasoning. Moreover, symbol search and coding subtests 
accounted for over 50% of the variance (59.6% and 52.9%, re-
spectively). 

Table 4 also presents results of the post-hoc test between 
groups. Comparing complicated mild/moderate TBI with se-
vere TBI, there was a significant difference in working mem-
ory, including its subtests (symbol search and coding). How-

Table 3. Within group differences between premorbid and current full-scale IQ

Group
Estimated premorbid IQ

Mean±SD
Current IQ
Mean±SD

Difference value t p d

Normal control group (N=32) 89.52±8.56 94.72±11.89 -5.20 -1.85 0.074 NS
Complicated mild/ 
  moderate TBI group (N=32)

89.14±8.35 70.53±17.48 18.61 8.61* 0.000 1.44

Severe TBI group (N=31) 88.35±7.15 62.65±15.87 25.70 12.67* 0.000 2.27
*p<0.001. IQ: intelligence quotient, TBI: traumatic brain injury, NA: not significant

Table 4. Differences in current cognition, by group

Current score Group Statistic

Index Subtest
Normal control (N=32)

Mean±SD

Complicated mild/ 
moderate TBI (N=32)

Mean±SD

Severe TBI group (N=31)
Mean±SD

F p η2

VCI 96.50±12.86 78.53±17.18 72.74±15.66 20.67‡ 0.000 0.310
SI 8.78±3.06 5.81±3.50 4.16±2.91 17.27‡ 0.000 0.273

VC 9.78±3.00 5.97±3.34 5.19±2.97 19.98‡ 0.000 0.303
IN 9.31±2.43 6.66±3.18 6.13±3.18 10.63‡ 0.000 0.188

PRI 94.34±12.03 78.50±17.18 73.65±18.18 14.12‡ 0.000 0.235
BD 9.50±3.10 6.59±3.78 5.00±3.36 14.02‡ 0.000 0.234
MR 8.12±2.56 6.06±3.63 5.74±3.59 5.18† 0.007 0.101
VP 9.34±2.73 6.63±2.73 5.81±3.25 12.82‡ 0.000 0.218

WMI* 94.94±12.03 79.63±19.71 68.61±15.23 21.60‡ 0.000 0.320
DS* 8.94±2.30 6.03±4.20 3.87±3.12 18.75‡ 0.000 0.290
AR* 8.94±2.54 6.53±3.02 5.06±2.52 16.54‡ 0.000 0.264

PSI 101.72±14.58 68.81±15.80 62.77±13.44 64.97‡ 0.000 0.585
SS 10.41±3.12 4.10±2.78 3.03±2.20 67.72‡ 0.000 0.596
CD 9.66±3.10 4.16±2.73 3.13±2.36 51.76‡ 0.000 0.529

Full-Scale IQ 94.72±11.89 70.53±17.48 62.65±15.87 38.02‡ 0.000 0.453
GAI 94.38±12.89 75.09±17.96 68.68±17.66 21.27‡ 0.000 0.316
CPI 97.22±11.47 68.41±17.76 58.97±15.03 56.09‡ 0.000 0.549

*means that significant univariate differences between complicated mild/moderate and severe TBI group, †p<0.01, ‡p<0.001. K-WAIS-IV: 
Korean Wechsler Adult Intelligence Scales-Fourth Edition, TBI: traumatic brain injury, VCI: Verbal Comprehension Index, PRI: Perceptual 
Reasoning Index, WMI: Working Memory Index, PSI: Processing Speed Index, BD: block design, SI: similarities, DS: digit span, MR: matrix 
reasoning, VC: vocabulary, AR: arithmetic, SS: symbol search, VP: visual puzzles, IN: information, CD: coding, LN: letter number sequenc-
ing, GAI: General Ability Index, CPI: Cognitive Proficiency Index
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ever, there were no significant differences in any other indexes 
or subtests between the two TBI groups.

DISCUSSION

In this study, patients with NCD-TBI were first classified 
based on the severity of their injury. Subsequently, differences 
between premorbid and current cognitive function were in-
vestigated and domains in which patients differed from healthy 
adults were identified.

The current research was conducted to account for estimat-
ed premorbid IQ among healthy controls, patients with com-
plicated mild/moderate TBI, and patients with severe TBI. 
Consequently, there was no significant difference in estimat-
ed premorbid IQ among the three groups (Table 1). This was 
achieved as a result of the participant recruitment method, in 
which groups were matched for age and education level. More-
over, only three variables were used to estimate premorbid in-
telligence with the Korean OPIE-IV formula (raw score for the 
information subtest, age, and education level). Therefore, es-
timated premorbid IQ is presumed to be accurate, without any 
deviations.12 Previous studies of brain injury have also recom-
mended a formula comprising a single WAIS-IV subtest and 
demographic variables, rather than multiple WAIS-IV subtests.18 
Given that brain injuries tend to cause damage to entire brain 
regions, premorbid intelligence may be underestimated by an 
equation that includes multiple WAIS-IV subtests.22

A frequency analysis of the Wechsler’s descriptive classifica-
tion was also conducted (Table 2). Based on current IQ, about 
40% of complicated mild/moderate TBI cases had a full-scale 
IQ of less than 70, which may indicate intellectual disability. 
Moreover, about 70% of severe TBI cases had an IQ less than 
70. This suggests that there should be greater concern about 
the degree of impairment of intellectual ability in patients with 
severe TBI than in patients with complicated mild/moderate 
TBI. The probability of having normal cognitive function af-
ter TBI is 30% in complicated mild/moderate TBI and 10% in 
severe TBI cases.

There were significant within-group differences in estimat-
ed premorbid and current IQ for patients with both compli-
cated mild/moderate TBI and severe TBI (Table 3). Based on 
the assessment of impaired cognition with the DSM-5 Assess-
ment Measures,1 there was a difference of more than 1 standard 
deviation (15 points) for both TBI groups, implying that the 
severity of impaired cognition was more than “moderate.” Based 
on the average current IQ classified with the WAIS, patient 
with complicated mild/moderate TBI may be considered to be 
at the “borderline” level, while patients with severe TBI may be 
considered to be at the “very low” level.

Table 4 presents results for the comparison of current index-

es between groups. In accordance with previous studies, there 
were significant differences among the groups for all index-
es.7,8 In terms of effect size, processing speed had the largest 
magnitude (η2=0.585). However, based on the results of the 
post-hoc test, there was an only significant difference in work-
ing memory between complicated mild/moderate and severe 
TBI groups. 

These findings are inconsistent with previous studies. In a 
study by Donders and Strong8 processing speed was an indi-
cator by which moderately severe TBI could be discriminat-
ed from less severe TBI or healthy adults. Moreover, Carlozzi 
et al.7 reported that only patients with severe TBI had signifi-
cantly lower processing speed scores than did those with 
complicated mild/moderate TBI with no differences in other 
indexes. However, in the current study, working memory was 
expected to aid categorization of TBI groups based on their se-
verity. Indeed, the most prominent feature of NCD-TBI is cog-
nitive change, while memory dysfunction, a cardinal feature, 
presents after TBI.9 Working memory s a temporary, limited-
capacity memory store, which facilitates complex processes 
such as language, problem solving, and cognitive guidance of 
behavior.23,24 NCD-TBI particularly disrupts working memory, 
preferentially affecting memory manipulation processes 
rather than passive storage. Therefore, working memory im-
pairments are thought to be related to TBI severity.25 

In the current study, there was a significant difference be-
tween NCD-TBI groups in digit span and arithmetic, two sub-
groups subsumed within working memory. Therefore, both 
digit span and arithmetic are more susceptible to the effects of 
TBI severity than are other subtests.25 A previous study that used 
the Wechsler Memory Scale-IV reported that patients with se-
vere NCD-TBI had significantly lower scores for auditory/vi-
sual/immediate/delayed memory subtests than did patients 
with complicated mild/moderate NCD-TBI.26 

We also investigated differences in general ability and cog-
nitive proficiency, for both of which there were significant dif-
ferences among the groups. In particularly, the magnitude of 
between-group differences for cognitive proficiency were asso-
ciated with a very high effect size (η2=0.438). This is presum-
ably because cognitive proficiency includes subtests that be-
long to both working memory and processing speed domains. 
However, both general ability and cognitive proficiency did not 
demonstrate sensitivity to TBI severity. 

Table 4 presents findings for comparative analyses among 
the groups for current subtest scores. Similar to previous stud-
ies, all the subtests differed significantly among the groups,7,8 
In particular, the largest differences among groups were ob-
served for symbol search and coding with “large” effect sizes. 
In the post-hoc analysis, significant differences were seen be-
tween the TBI groups for digit span and arithmetic. This con-
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tradicts previous studies, which have reported significant dif-
ference in symbol search and coding.7,8 However, our finding 
can be explained with similar reasoning to the above index level 
interpretations. Specifically, the greatest difference was observed 
for digit span, suggesting that both auditory rehearsal/discrim-
ination and mental alertness/manipulation are strongly influ-
enced by TBI severity.

The present study contributes to the understanding of the 
impact of NCD-TBI on cognitive function with the following 
main findings: 1) While previous studies have compared cur-
rent IQ for of patients with NCD-TBI to those of healthy adults, 
the preliminary aim of this study was to compare current IQ 
between these groups after controlling for estimated premor-
bid IQ. Ensuring the same baseline IQ can aid the interpreta-
tion and comparison of current cognitive function between 
groups; 2) The OPIE-IV method adopted in this study is the 
most recent premorbid intelligence estimation protocol to be 
developed. In particular, the Korean OPIE-IV method used in 
this study is less sensitive to variations in brain injury patients 
and should not overestimate or underestimate premorbid in-
telligence; 3) Although previous studies have reported process-
ing speed as an indicator to compare different NCD-TBI groups, 
our results indicate that working memory is more sensitive to 
TBI severity. Moreover, processing speed most accurately dis-
tinguishes TBI from healthy adults. However, among cognitive 
domains tested, working memory accounts for the most vari-
ance in the discrimination of NCD-TBI groups according to 
severity; 4) The current study also presented a comparison of 
general ability and cognitive proficiency among the groups. As 
with IQ, there was a significant difference among the groups, 
with a greater proportion of the variance accounted for by cog-
nitive proficiency than by general ability.

Despite the strengths of the current study, it is subject to some 
limitations that could be addressed by further research. The 
sample size of the study is adequate for the statistical analyses 
performed. However, studies with larger samples should be 
conducted to increase the statistical power. Additionally, un-
like previous studies, working memory, but not processing 
speed, was observed to significantly discriminate TBI accord-
ing to severity. This novel finding requires replication. Lastly, 
this study did not employ strict criteria for the classification 
of NCD-TBI participants. The present study employed both loss 
of consciousness and neuroimaging results to stratify TBI pa-
tients. The application of all the requisite criteria was difficult 
because of insufficient or unreliable information provided due 
to the nature of emergency medicine and potentially subjec-
tive reporting by the observer. However, future studies should 
be undertaken with the application of at least 3–4 criteria for 
stratification of NCD-TBI patients based on injury severity. 
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