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Abstract
Study design Cross-sectional study.
Objectives To assess the impact of spinal cord injury (SCI) on cognitive function in individuals with subacute and chronic
SCI.
Setting National Hospital for SCI patients (Spain).
Methods The present investigation was designed to determine the nature, pattern, and extent of cognitive deficits in a group
of participants with subacute (n= 32) and chronic (n= 34) SCI, using a comprehensive battery of reliable and validated
neuropsychological assessments to study a broad range of cognitive functions. Twenty-seven able-bodied subjects matched
to the groups with SCI for age and educational level formed the control group.
Results The neuropsychological assessment showed alterations in the domain of attention, processing speed, memory and
learning, executive functions, and in recognition in participants with SCI. The prevalence of cognitive dysfunction in the
chronic stage was also confirmed at the individual level. The comparison of the neuropsychological assessment between the
groups with subacute and chronic SCI showed a worsening of cognitive functions in those with chronic SCI compared to the
group with subacute SCI.
Conclusions In participants with SCI, cognitive dysfunctions are present in the subacute stage and worsen over time. From a
clinical point of view, we confirmed the presence of cognitive dysfunction that may interfere with the first stage of
rehabilitation which is the most intense and important. Moreover, cognitive dysfunction may be important beyond the end of
the first stage of rehabilitation as it can affect an individual’s quality of life and possible integration to society.

Introduction

Spinal cord injury (SCI) occurs when the spinal cord is
severely bruised, compressed, lacerated, or severed as a
result of traumatic injury or disease. SCI is associated with
the development of secondary conditions such as chronic
pain, infections, and chronic fatigue, all of which contribute
to lowered quality of life and potentially reduced social
participation [1–4].

Furthermore, cognitive impairment is highly prevalent in
the population with SCI [5–12], being reported in as much
as 60% of individuals [6]. Commonly reported cognitive
deficits include poor attention and concentration, disturbed
memory and learning, impaired visuospatial perception, and
decreased problem solving ability [5, 9, 11].

Comorbid traumatic brain injury (TBI) is a common cause
of cognitive impairment in people with SCI [5, 8, 10,], and
this is problematic, as TBI in these individuals is most likely
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underdiagnosed [5, 10,]. Factors other than the presence of a
TBI also contribute to cognitive impairment in those with
SCI, and these include pre-injury learning difficulties and/or
head trauma, fatigue, chronic pain, taking multiple medica-
tions, alcohol and substance abuse, and older age [5, 8–13].
Furthermore, studies have generally failed to investigate for
the presence of depression, which has also been linked with
reduced cognitive performance [14].

Elevated levels of depressive mood states have been
found in people with chronic SCI, with rates ranging
between 19% and 30% [13, 15–17]; whereas alcohol and
drug abuse is estimated to be prevalent in up to 16% of
those with SCI [13]. However, Davidoff and colleagues
showed that neuropsychological performance was weakly
related to depressive mood, although they only assessed
depressive mood once using a cross-sectional design
8 weeks after the injury.

Recently, it has been reported that the risk of an adult
with SCI having cognitive impairment is nearly 13 times
higher than that of someone without a SCI [18]. Moreover,
the development of negative mood states was a significant
problem in those patients with cognitive impairment after
the first rehabilitation period [18].

A major aim of the present study was to determine the
rates of cognitive impairment in a sample of people with
subacute SCI, with comparisons to those with chronic SCI.
The main objectives of the present study were to determine
if participants with subacute SCI showed cognitive deficits
on a neuropsychological battery when compared to parti-
cipants with chronic SCI, who were matched for critical
demographic factors. We were particularly interested in
whether those with chronic SCI would show evidence of
impairment or improvement in different areas of cognitive
function. We performed a parallel study passing the same
neuropsychological battery in two different samples of
individuals with traumatic SCI.

Although some neuropsychological deficits may be
transient, many problems may persist during or beyond the
first few months following injury. Recognition of the pre-
sence of these cognitive deficits during the initial rehabili-
tation stage is important because this is the time period
during which intensive rehabilitation takes place. Rehabi-
litation of the patient with SCI is an intensive process that
includes training in personal care, mobility, and community
skills and the facilitation of physical and psychosocial
adaptation to the disability; any impediment to learning and
adjustment that these cognitive problems may pose could
compromise the achievement of optimal rehabilitation out-
comes. Moreover, cognitive deficits in the chronic stage
may interfere with peoples’ capacity to achieve optimal
social reintroduction. Most of the studies on the cognitive
functions in people with SCI have been limited to the
subacute stage (a few months after the injury). Cognitive

dysfunction after SCI might be progressive due to several
factors such as the cumulative effects of neuroactive drugs,
brain inflammation, psychological factors, etc [18–20].

The present investigation was designed to:
1. Determine the nature, pattern, and extent of cognitive

deficits in a group of participants with subacute or chronic
SCI using a comprehensive battery of reliable and validated
neuropsychological assessments to study a broad range of
cognitive functions.

2. Compare the cognitive deficits present in the subacute
stage of SCI with those seen in the chronic stage matched
for age, sex, and educational level.

Our “a priori” hypothesis is that some cognitive deficits
directly or indirectly caused by the SCI may improve with
time, others can be stable over time, and others could worsen
(or develop) in the chronic stage. From a clinical point of
view, it is important to detect the presence of cognitive
dysfunction as it may interfere with the first stage of the
rehabilitation that is the most intense and important one.
Moreover, cognitive impairment can affect an individual’s
quality of life and the possible full integration to society.

Methods

Participants

Sixty-six participants (47 male, age 45.6 ± 13.9) with a
traumatic SCI of whom 32 were included in the subacute
stage group (23 male, age 44.4 ± 15.7) and 34 were inclu-
ded in the chronic stage (24 male, age 46.6 ± 12.2).
Twenty-seven able-bodied subjects matched to the groups
with SCI for age and educational level formed the control
group (12 male, age 44.9 ± 15.5). In the subacute stage, we
included participants with a recent first-time admission to
our SCI unit with a time from injury ranging from 4 to
6 months. In the chronic stage, we included participants
with a time from injury of at least 1 year that were attending
the hospital for normal annual follow-up. The participants
with SCI were recruited from the “National Hospital for
Paraplegics” a SCI rehabilitation hospital. The individuals
with subacute stage were recruited when admitted to the
hospital for rehabilitation. The group with chronic SCI was
recruited from individuals who were attending the hospital
for annual follow-up. Able-bodied participants were
recruited randomly among people working at the hospital or
who were relatives of those with SCI.

Inclusion criteria for both groups consisted of (1) the
presence of traumatic SCI; (2) injury level below C4; (3)
age at injury 18 years or older; (4) age 18–85 years at the
time of interview; (5) Spanish speaking; (6) score at the
mini-mental state exam (MMSE) of 22 or more (see neu-
ropsychological assessment).
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Exclusion criteria included: (1) no radiological evidence
of SCI; (2) lesion level above C4; (3) age of injury younger
than 18 years (e.g., SCI during the childhood or adoles-
cence); (4) the presence of clinically demonstrated TBI (due
to the known association of TBI with cognitive dysfunc-
tion); (5) severe psychiatric disorders; (6) history of central
or peripheral neurological problems prior to the SCI; (7)
known history of alcohol and drug abuse.

The study was approved by the local ethical committee.
Written informed consent was obtained for all subjects prior
to their participation in the study.

Study design

This is a cross-sectional study comparing participants with
SCI in the subacute and chronic stages matched for age, sex,
and educational level (case control study design). Moreover,
we compared both groups with a control group without SCI.

Clinical and demographic data

Demographic information was collected from each partici-
pant including: age, sex, education (read/write, primary
school, secondary school, and university). Moreover, each
participant was questioned regarding a history of high fre-
quency alcohol and/or substance use [21, 22,].

Clinical information included: lesion level (cervical,
dorsal, and lumbar), American Spinal Injury Association
Impairment Scale (AIS) grading (A, B, C, D, E), and time
since injury (months). Participants were also categorized as
to whether or not they were taking at least one neuroactive
drug at the moment of the cognitive evaluation (Yes/No).

Neuropsychological assessment

A comprehensive motor-free battery of neuropsychological
assessments that were considered reliable and reproducible
measures of attention, concentration, memory, abstract
reasoning, and problem-solving ability was given to
all participants. The total time required to complete the
battery was less than 1.5 h for all participants. A first
neuropsychological screening was done using an
MMSE [23], and only individuals with a score of 22 or
more underwent further evaluation. For the complete
neuropsychological evaluation, a battery of commonly used
neuropsychological tests was performed. All tests were
administered and scored by a psychologist. The test battery
included the following:

Attention

Digit Span Test subtest of the Wechsler Memory Scale
III [24].

Processing speed

Mental Control test of the Wechsler Memory Scale -III [24]

Memory

Visual Memory test [25, 26,].

Learning and memory

Spain-Complutense Verbal Learning Test (TAVEC) for the
evaluation of episodic verbal memory, which consists of a
list of words that are presented to the subject five times with
the purpose of evaluating different memory processes, such
as immediate recall, learning curve, and information storage
20 min after the last presentation of the list. For verbal
memory, the following variables were obtained from the
TAVEC [27]: (1) Immediate recall on the first trial with
verbal material (RIA1) and 5 min later (RIA5); (2) Total
immediate recall with verbal material (RIAT); (3) Short-
term free recall with verbal material (RLCP); (4) Long-term
free recall with verbal material (RLLP); (5) Recognition
with verbal material (RCN); (6) Short-term semantic recall
with verbal material (Semantic RLCP); (7) Long-term
semantic recall with verbal material (Semantic RLLP); (8)
Short-term serial recall with verbal material (Serial RLCP);
(9) Long-term serial recall with verbal material (Serial
RLLP); (10) Semantic clustering in free recall (Semantic
RIA1); (11) Serial clustering in free recall (Serial RIA1);
(12) RCl-CP (Short-delay cued recall); (13) RCl-LP (Long-
delay cued recall).

Executive Functions and recognition

The following TAVEC [27] variables were obtained: (1)
Repetitions on the same trial (Perseveration); (2) Free recall
intrusions, any word not in the appropriate list or category
(IRL); (3) Cued recall intrusions (IRCl); (4) Discrimin-
ability (ability to identify correct words (hits) relative to the
ability to reject wrong words (false positives); (5) Bias (the
tendency to favor “yes” or “no” responses when they are
doubtful about the correct answer); (6) False positives.

Emotional status assessment

It is well known that depression and anxiety may interfere
with cognitive performance [16, 28,]. For this reason, we
evaluated depression and anxiety using the Beck Depres-
sion Inventory (BDI) [29] and State Anxiety Inventory
(STAI) [30]. The BDI contains 21 items that asses both the
somatic and affective aspects of depression. While there is
some indication that the BDI may inflate estimates in
individuals with SCI because of some somatic-based items,
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it has been shown to be generally reliable with samples of
people with SCI [31]. The STAI is widely used in assessing
anxiety and has been used with samples of people with SCI
[16, 32, 33,]. The STAI explores both the anxious trait
(STAI-T) and the anxious status (STAI-S). The BDI and
STAI were added to this study to investigate the role of
depression and anxiety in objective cognitive performance
and self-report of cognition for individuals with SCI and
trauma [16, 32, 33,].

Data analysis

The demographic and clinical characteristics of the groups
were described by means and standard deviations or per-
centages, and compared by Student's t-tests for numerical
variables (age, time since injury, BDI, STAI-T, STAI-S)
and Pearson χ2, Fisher's exact, or likelihood ratio tests for
categorical variables (sex, educational level, lesion level,
and AIS).

The neuropsychological tests of the groups were
described by means and standard deviations. The absolute
difference between the groups (controls versus subacute,
controls versus chronic, and subacute versus chronic), with
their 95% confidence interval was calculated. We also cal-
culated the standardized difference (Cohen’s D), consider-
ing a small (d~0.20), medium (d~0.50), large (d~0.80), and
very large (d~1.30) effect size. Some neuropsychological
variables (MMSE, Visual Memory, RIA5, and others) were
significantly biased and their normalization was not
achieved by logarithmic or other transformations, so it was
not possible to use linear models (ANCOVA). For this
reason, the statistical significance of the association between
group and neuropsychological variable (adjusted p value)
was computed using generalized linear models with a logit
link function. The model was constructed by entering the
group as the dependent variable and the neuropsychological
variable as independent, adjusting for covariates of gender,
educational level, and BDI (see results). When the groups
with subacute and chronic SCI were compared, the AIS also
was used as a covariate (see results). The significance level
was set at p < 0.05. In order to be more sensitive than
specific, we decided not to apply correction for multiple
comparisons. We report the p value and the adjusted p value
so the reader can judge the robustness of our results,
together with the Cohen’s D effect size and the individual
tests outside the adjusted normative range. Neuropsycho-
logical assessment was further evaluated and each indivi-
dual value was compared with its reference range obtained
from a matched control population. So, for each test, we
obtained the number of individuals outside their reference
range. A Pearsonχ2 test or Fisher’s exact test was used to
compare the number of individuals outside the normal range
of the two groups with SCI. Moreover, individual

participants were stratified into two groups: (1) people with
3 or fewer neuropsychological test results outside normal
limits, and (2) people with more than 3 neuropsychological
test results outside normal limit. A Pearson χ2 test was used
to compare the number of individuals with ≤3 or >3 tests
outside the normal limit in the two groups with SCI

Table 1 Demographic and clinical characteristics of controls and
spinal cord injury subacute and chronic patients

Controls
N= 27

Subacute
N= 32

Chronic
N= 34

p-Value

Age mean (M; SD)

44.9 (15.5) 44.4 (15.7) 46.6 (12.2) 0.529*

0.919**

0.620***

Sex n (%)

Male 12 (44.4%) 23 (71.9%) 24 (70.6%) 0.908*

Female 15 (55.5%) 9 (28.1%) 10 (29.4%) 0.033**

0.039***

Education n (%)

Read/Write 2 (7.4%) 3 (9.4%) 4 (11.8%)

Primary 5 (18.5%) 12 (37.5%) 17 (50%) 0.104*

Secondary 11 (40.7%) 13 (40.7%) 8 (23.6%) 0.292**

University 9 (33.3%) 4 (12.5%) 5 (14.7%) 0.019***

Injury level n (%)

Cervical – 16 (50%) 10 (29.4%)

Dorsal – 13 (40.6%) 19 (55.9%) 0.229*

Lumbar – 3 (7.4%) 5 (14.7%)

ASIA n (%)

A – 9 (28.1%) 22 (64.7%)

B – 6 (18.8%) 4 (11.8%) 0.014*

C – 8 (25%) 6 (17.6%)

D – 9 (28.1%) 2 (5.9%)

BDI

5.4 (6.2) 8.6 (7.7) 9.8 (8.2) 0.54*
0.10**
0.035***

STAI-

18.5 (9.6) 22.4 (13.2) 19.2 (0.4) 0.34*
0.21**
0.80***

STAI-S

18.4 (9.9) 20.6 (11.4) 22.9 (13.5) 0.49
0.37**
0.13***

Time since injury (months) mean (M; SD)

– 5.9 (1.9) 137.3
(104.6)

<0.001 *

SD standard deviation

*Subacute/chronic

**Controls/subacute

***Control/chronic patients
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(subacute and chronic). All analyses were performed using
IBM SPSS for Windows, version 23.0 (Armonk, NY: IBM
Corp).

Results

Characteristics of the 66 participants with SCI (32 subacute
and 34 chronic) are summarized in Table 1, which shows
that there were no significant differences between partici-
pants with respect to age, sex, educational level, and lesion
level. AIS was significantly different in both samples (X2=

10.5 p= 0.014) with motor complete participants (AIS A)
more represented in the chronic group (n= 22) than in
subacute group (n= 9) and AIS D more represented in the
subacute group (n= 9) than in chronic group (n= 2). Time
since injury was obviously longer in the chronic than in
subacute SCI group (unpaired t=−7.32, p < 0.001). In the
group with subacute SCI, 93.7% of participants were taking
at least one neuroactive drug while this percentage was
73.5%, in the group with chronic SCI (Mann–Whitney, p=
0.029). In the control group, more females were recruited
compared to both groups with SCI. No participants were
excluded based on the MMSE screening.

Table 2 Comparison of the raw scores of neuropsychological assessment of subacute spinal cord injury patients and controls

Neuropsychological test Mean raw scores (standard
deviations)

Mean
difference

95% CI of difference Cohen's D p-Value pa-Value*

Controls
N= 27

Subacute
N= 32

Lower
limit

Upper
limit

d p pa*

MMSE 27.9 (0.3) 27.2(1.2) 0.7 0.3 1.2 0.888 0.01 0.023

Digit span total 22.0 (4.2) 15.8 (3.8) 6.2 4.1 8.3 1.557 <0.001 <0.001

Mental control 32.8 (6.3) 23.9 (7.5) 8.9 5.3 12.5 1.28 <0.001 0.005

Visual memory 9.1 (1.3) 7.8 (1.7) 1.3 0.5 2 0.857 0.006 0.035

LEARNING AND MEMORY

RIA1 (List A trial 1) 7.7 (2.6) 5.3(1.6) 2.4 1.3 3.6 1.166 0.001 0.004

RIA5 (List A trial 5) 14.5 (2.1) 12.9 (2.8) 1.6 0.3 2.8 0.645 0.027 0.399

RIAT (List A total 1–5) 60.3 (11.0) 50.5 (11.5) 9.8 4 15.7 0.869 0.004 0.055

RLCP (Short-delay free recall) 12.2 (3.3) 11.3 (3.3) 0.9 −0.1 3.3 0.273 0.07 0.604

RLLP (Long-delay free recall) 13.6 (2.8) 11.7 (2.9) 1.9 0.5 3.5 0.666 0.016 0.211

RCN (Recognition hits) 15.6 (0.8) 14.9 (1.1) 0.7 0.2 1.2 0.727 0.016 0.127

Recall

Semantic RLCP 7.8 (3.8) 4.5 (3.2) 3.3 1.5 5.2 0.95 0.001 0.021

Semantic RLLP 8.5 (4.0) 5.6 (3.3) 2.9 1 4.9 0.801 0.005 0.056

Serial RLCP 0.5 (1.1) 0.9 (1.2) −0.4 −1 0.2 −0.364 0.166 0.428

Serial RLLP 0.1 (0.3) 0.9 (1.1) −0.8 −1.2 −0.4 −1.09 0.007 0.009

Encoding

Semantic RIA1 27.4 (14.6) 14.7 (8.9) 12.7 6.1 19.1 1.104 0.001 0.012

Serial RIA1 3.2 (2.4) 5.5 (4.5) −2.3 −4.1 −0.4 −0.65 0.028 0.02

RCl-CP (Short-delay cued recall) 13.7 (2.6) 11.9 (3.3) 1.8 0.3 3.4 0.604 0.028 0.235

RCl-LP (Long-delay cued recall) 14.2 (2.4) 12.2 (2.7) 2 0.7 3.4 0.78 0.007 0.055

EXECUTIVE FUNCTIONS

Perseveration 0.8 (1.5) 2.7 (2.1) −1.9 −2.8 0.9 −1.041 0.003 0.003

Intrusion

IRL (Free recall intrusions) 1.4 (2.4) 2.8 (2.9) −1.4 −2.8 0 −0.524 0.06 0.040

IRCl (Cued recall intrusions) 0.4 (0.8) 1.6 (2.0) −1.2 −1.9 -0.5 −0.827 0.017 0.025

RECOGNITION

Discriminability 97.5 (2.9) 94.6 (4.6) 2.9 0.9 4.8 0.759 0.014 0.115

Bias 0.0 (0.2) 0.0 (0.4) 0 0 0.1 -0.04 0.87 0.745

False positive 0.3 (0.7) 1.5 (1.8) −1.2 −1.8 −0.5 −0.925 0.012 0.038

pa*: p adjusted for gender, education, and BDI

Bold: pa <0.05 and d > 0.8
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Regarding emotional status, minimal differences were
observed between the three groups. The most important
difference was the tendency to more depressive mood found
in those with subacute SCI and a significant depressive
mood found in those with chronic SCI (p= 0.035) in
comparison with the control group.

The comparison of the neuropsychological assessment
between controls and those with subacute SCI showed
altered cognitive function with a large or very large effect
size between groups in the domain of attention, processing

speed, memory and learning, executive functions (cued
recall intrusions), and in recognition (false positive). A
medium effect size was observed in encoding (Serial RIA1)
and free recall intrusions. Data and statistics are reported in
Table 2.

Comparison of the neuropsychological assessment
between controls and those with chronic SCI showed
altered cognitive function with a large or very large effect
size between groups in the domain of attention, processing
speed, memory, learning, executive functions (free and cued

Table 3 Comparison of the raw scores of neuropsychological assessment of chronic spinal cord injury patients and controls

Neuropsychological test Mean raw scores (standard
deviations)

Mean
difference

95% CI of difference Cohen's D p-Value pa-Value

Controls
N= 27

Chronic
N= 34

Lower
limit

Upper
limit

d p pa*

MMSE 27.9 (0.3) 26.8 (1.7) 1.1 0.5 1.7 1.018 0.015 0.012

Digit span total 22.0 (4.2) 14.5 (4.9) 7.5 5.2 9.8 1.634 <0.001 0.001

Mental control 32.8 (6.3) 23.2 (7.3) 9.6 6 13 1.4 <0.001 0.001

Visual memory 9.1 (1.3) 7.1 (2.1) 2 1.1 2.8 1.146 0.001 0.011

LEARNING AND MEMORY

RIA1 (List A trial 1) 7.7 (2.6) 4.1 (1.9) 3.6 2.4 4.8 1.629 <0.001 0.001

RIA5 (List A trial 5) 14.5 (2.1) 10.4 (2.6) 4.1 2.9 5.3 1.724 <0.001 <0.001

RIAT (List A total 1-5) 60.3 (11.0) 39.7 (9.9) 20.6 15.1 26 1.983 <0.001 <0.001

RLCP (Short-delay free recall) 12.9 (3.3) 8.2 (3.1) 4.7 3.1 6.4 1.474 <0.001 0.001

RLLP (Long-delay free recall) 13.6 (2.8) 8.6 (3.5) 5 3.5 6.7 1.567 <0.001 0.001

RCN (Recognition hits) 15.6 (0.8) 13.3 (2.7) 2.3 1.3 3.3 1.237 0.002 0.005

Recall

Semantic RLCP 7.8 (3.8) 2.4 (2.5) 5.4 3.7 7.1 1.756 <0.001 0.001

Semantic RLLP 8.5 (4.0) 3.0 (2.8) 5.5 3.7 7.3 1.651 <0.001 0.001

Serial RLCP 0.5 (1.1) 0.6 (0.7) −0.1 −0.6 0.4 −0.114 0.64 0.815

Serial RLLP 0.1 (0.3) 0.4 (0.7) −0.3 −0.6 −0.1 −0.574 0.045 0.092

Encoding

Semantic RIA1 27.4 (14.6) 8.3 (5.9) 19 12.9 25.1 1.959 <0.001 0.001

Serial RIA1 3.2 (2.4) 3.6 (2.1) −0.4 −1.6 0.8 −0.179 0.46 0.454

RCl-CP (Short-delay cued
recall)

13.7 (2.6) 8.7 (3.3) 5 3.5 6.5 1.672 <0.001 0.001

RCl-LP (Long-delay cued
recall)

14.2 (2.4) 8.8 (3.6) 5.4 3.9 7 1.76 <0.001 <0.001

EXECUTIVE FUNCTIONS

Perseveration 0.8 (1.5) 3.3 (3.9) −2.5 −3.9 −0.9 −0.881 0.01 0.034

Intrusions

IRL (Free recall intrusions) 1.4 (2.4) 4.8 (4.9) −3.4 −5.3 −1.5 −0.896 0.008 0.021

IRCl (Cued recall intrusions) 0.4 (0.8) 3.3 (3.2) −2.9 −4 −1.7 −1.357 <0.001 0.001

RECOGNITION

Discriminability 97.5 (2.9) 86.5 (9.5) 11 7.5 14.4 1.672 <0.001 0.001

Bias 0.0 (0.2) 0.0 (0.4) 0 −0.2 0.1 −0.118 0.68 0.3

False positives 0.3 (0.7) 5.2 (13.7) −4.9 −9.6 −0.1 −0.617 0.002 0.004

pa*: p adjusted for gender, education, and BDI

Bold: pa <0.05 and d > 0.8
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recall intrusions), and in recognition (discriminability). A
medium effect size was observed in recognition (false
positive). Data and statistics are reported in Table 3.

Comparison of the neuropsychological assessment
between the two groups of people with SCI showed altered
cognitive function (worsening respect to the subacute group
with a medium or large effect size between groups) in the
domain of memory, learning, and in recognition (dis-
criminability). Data and statistics are reported in Table 4.

The prevalence of cognitive dysfunction in the chronic
stage was also confirmed at the individual level (Table 5).
Up to 50% of participants with chronic SCI presented more

than 3 abnormal tests compared to approximately 20% of
participants with subacute SCI (X2= 5.9; p= 0.014).

Discussion

Cognitive impairment in adults with SCI has been found to
affect a large number of individuals (30–60%) [5, 6, 8, 9,].
The risk of an adult with SCI having cognitive impairment
is much higher than is found in the genearl population [18].
Moreover, cognitive impairment may influence the devel-
opment of negative mood states [18]. We confirmed these

Table 4 Comparison of the raw scores of neuropsychological assessment of subacute and chronic spinal cord injury participants

Neuropsychological test Mean raw scores (standard
deviations)

Mean
difference

95% CI of difference Cohen's D p-Value pa-Value*

Subacute
N= 32

Chronic
N= 34

Lower
limit

Upper
limit

d p pa*

MMSE 27.2 (1.2) 26.8 (1.7) 0.4 −0.3 1.1 0.274 0.289 0.341

Digit span total 15.8 (3.8) 14.5 (4.9) 1.3 −0.9 3.4 0.294 0.239 0.265

Mental control 23.9 (7.5) 23.2 (7.3) 0.7 −3 4.3 0.095 0.722 0.722

Visual memory 7.8 (1.7) 7.1 (2.1) 0.7 −0.2 1.6 0.367 0.151 0.09

LEARNING AND MEMORY

RIA1 (List A trial 1) 5.3 (1.6) 4.1 (1.9) 1.2 0.2 2 0.684 0.018 0.018

RIA5 (List A trial 5) 12.9 (2.8) 10.4 (2.6) 2.8 1.2 3.9 1.06 0.001 0.001

RIAT (List A total 1-5) 50.5 (11.5) 39.7 (9.9) 10.8 5.4 16 1.012 0.001 0.001

RLCP (Short-delay free recall) 11.3 (3.3) 8.2 (3.1) 3.1 1.6 4.7 0.97 0.001 0.001

RLLP (Long-delay free recall) 11.7 (2.9) 8.6 (3.5) 3.1 1.5 4.7 0.966 0.001 0.002

RCN (Recognition hits) 14.9 (1.1) 13.3 (2.7) 1.6 0.5 2.6 0.831 0.01 0.011

Recall

Semantic RLCP 4.5 (3.2) 2.4 (2.5) 2.1 0.6 3.4 0.74 0.011 0.019

Semantic RLLP 5.6 (3.3) 3.0 (2.8) 2.6 1 4.1 0.855 0.004 0.007

Serial RLCP 0.9 (1.2) 0.6 (0.7) 0.3 −0.2 0.8 0.318 0.19 0.144

Serial RLLP 0.9 (1.1) 0.4 (0.7) 0.5 0 0.9 0.559 0.054 0.095

Encoding

Semantic RIA1 14.7 (8.9) 8.3 (5.9) 6.4 2.6 10.2 0.87 0.004 0.003

Serial RIA1 5.5 (4.5) 3.6 (2.2) 1.9 0.1 3.6 0.573 0.049 0.079

RCl-CP (Short-delay cued recall) 11.1 (3.3) 8.7 (3.3) 2.4 1.5 4.8 0.727 0.001 0.002

RCl-LP (Long-delay cued recall) 12.2 (2.7) 8.7 (3.6) 3.5 1.8 5 1.106 0.001 0.002

EXECUTIVE FUNCTIONS

Perseveration 2.7 (2.1) 3.3 (3.9) −0.6 −2.1 1 −0.198 0.46 0.629

Intrusion

IRL (Free recall intrusions) 2.8 (2.9) 4.8 (4.9) −2 −4 0 −0.509 0.062 0.257

IRCl (Cued recall intrusions) 1.6 (2.0) 3.3 (3.2) −1.7 0.6 −2.9 −0.649 0.026 0.113

RECOGNITION

Discriminability 94.6 (4.6) 86.5 (9.5) 8.1 4.4 11.7 1.137 0.001 0.003

Bias 0.0 (0.4) 0.0 (0.4) 0 −0.2 0.2 0.06 0.81 0.951

False positive 1.5 (1.8) 5.2 (13.7) −3.7 −8.5 1.1 −0.467 0.03 0.153

pa*: p adjusted for gender, education, ASIA, and BDI

Bold: pa <0.05 and d > 0.6
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findings both in individuals with subacute and chronic SCI.
Altogether, our findings suggest that people with SCI pre-
sent impairment in the domain of attention, processing
speed, memory, learning, executive functions and recogni-
tion in the subacute stage that are still presents in the
chronic stage. Most of these differences show large or very
large size effects. Moreover, some cognitive functions,
impaired in the group with subacute SCI, worsen in those

with chronic SCI (see Table 4). No impaired cognitive
functions in the subacute stage were better in the chronic
stage.

The prevalence of cognitive dysfunction in the chronic
stage was also confirmed at the individual level. Our data
show, for the first time, that cognitive impairment is more
severe and frequent in the chronic stage than in the subacute
stage. In the memory domain, the alteration may suggest a
deficit in the semantic strategy of recognition and encoding
(this strategy is worst in those with chronic SCI than in those
with subacute SCI). We did not find any cognitive impair-
ment that was present only in the subacute stage of the SCI.
Most of the altered cognitive functions were impaired in the
subacute stage and worsen with time. The emotional status
was similar in both groups. Depressive mood levels were
slightly higher in this SCI sample. This finding is apparently
in contrast with previous literature, as higher depressive
mood would be expected in SCI population [16]. On the
other hand, we have to consider that our participants with
SCI were unselected and were taking antidepressant drugs
(if required) and with psychological support (if required). It
is well known that depression may affect cognitive perfor-
mance, so we cannot discard the possibility that it has some
effects on the cognitive function of the sample with SCI
presented here. On the other hand, depressive mood was
similarly present in both those with subacute and chronic
SCI, thus depressive mood alone cannot explain the wor-
sening of cognitive function over time.

Most of the study participants were taking neuroactive
drugs to treat depression, spasticity, and pain. These drugs
may affect cognitive function and could have a great cog-
nitive impact on people with SCI. It is difficult, if not
impossible, to understand the real impact of drugs on cog-
nitive impairment. As far as the acute drug effects, the
number of participants in the group with subacute SCI
taking neuroactive drugs was higher than the number in the
group with chronic SCI, thus it is unlikely that regular
medication use can explain worsening of cognitive function
over time. On the other hand, we cannot rule out the chronic
(continuous receptors stimulation and adaptation, inter-
subject variability of the absorption and of the neuroeffects,
etc.) effects of drugs on cognitive impairment.

A possible study limitation is that the control group
included more females than the groups with SCI and that the
control group had slightly higher educational level. This may
produce an overestimation of cognitive impairment in this
sample of people with SCI. The fact that the individual scores
(corrected for sex and education) showed very similar results
suggests that this difference had no effects on our evaluation.

Another possible study limitation is that individuals in
the chronic group had more severe AIS grades than those in
the subacute group. Those in the chronic group were
recruited as they were attending the hospital for annual

Table 5 Individual neuropsychological alterations of spinal cord
injury patients (number of patients with a given number of corrected
tests outside normal limits)

Neuropsychological test Corrected tests outside
normal limits

p-Value

Subacute
N=32

Chronic
N=34

MMSE Exclusion
criteria

Exclusion
criteria

Digit span total 3/32 8/34 0.12

Mental control 10/32 7/34 0.32

Visual memory 17/32 17/34 0.80

LEARNING AND MEMORY

RIA1 (List A trial 1) 7/32 19/34 0.005

RIA5 (List A trial 5) 2/32 12/34 0.004

RIAT (List A total 1-5) 5/32 13/34 0.039

RLCP (Short-delay free recall) 2/32 12/34 0.004

RLLP (Long-delay free recall) 1/32 12/34 0.001

RCN (Recognition hits) 2/32 10/34 0.015

Recall

Semantic RLCP 0/32 2/34 0.49

Semantic RLLP 1/32 6/34 0.106

Serial RLCP 1/32 0/34 0.48

Serial RLLP 0/32 0/34 –

Encoding

Semantic RIA1 0/32 3/34 0.24

Serial RIA1 0/32 2/34 0.49

RCl-CP (Short-delay cued recall) 6/32 17/34 0.008

RCl-LP (Long-delay cued recall) 5/32 17/34 0.003

EXECUTIVE FUNCTIONS

Perseveration Intrusion 0/32 2/34 0.49

IRL (Free recall intrusions) 3/32 7/34 0.20

IRCl (Cued recall intrusions) 3/32 6/34 0.48

RECOGNITION

Discrimination 3/32 14/34 0.003

Bias 2/32 6/34 0.26

False positive 5/32 9/34 0.281

N of tests outside normal limits Subacute
N=32

Chronic
N=34

≤3 26/32 18/34 0.014

>3 6/32 16/34

Bold: po0.05
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follow-up. It is possible that we failed to recruit less severe
individuals (e.g., ASIA D). From a cognitive point of view,
this selection bias may produce an overestimation of cog-
nitive worsening in people with SCI over time. The fact that
the individual scores (corrected for AIS) gave very similar
results suggests that this difference had no or marginal
effects on our evaluation.

Our findings confirm that cognitive dysfunction after SCI
is progressive. Our data do not allow for a mechanistic
explanation of the cognitive dysfunction and of the pro-
gression over time that can be due to several factors such as
the cumulative effects of neuroactive drugs, brain inflam-
mation, psychological factors, etc [18–20].

In summary, most of the cognitive dysfunctions are
present in the subacute stage and worsen with time. From a
clinical point of view, we confirmed the presence of cog-
nitive dysfunction that may interfere with the first stage of
rehabilitation that is the most intense and important one.
Moreover, the cognitive dysfunction may be important
beyond the end of the first stage of rehabilitation as it can
affect an individual’s quality of life and possible reinte-
gration to society.
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