
JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

ORIGINAL REPORT
J Rehabil Med 2021; 53: jrm00225

doi: 10.2340/16501977-2868
This is an open access article under the CC BY-NC license. www.medicaljournals.se/jrm
Foundation of Rehabilitation Information 

COGNITIVE FUNCTION AND PERFORMANCE OF EVERYDAY ACTIVITIES IN 
ADULTS WITH SPINA BIFIDA

Dorothee RIEDEL, OT1, Göran HAGMAN, Psych2, Dido GREEN, OT, PhD3,4 and Sofi FRISTEDT, OT, PhD5

From the 1Spinalis Foundation, 2Karolinska Institute, Stockholm, 3Department of Rehabilitation/CHILD Research Centre, School of Health 
and Welfare, Jönköping University, Jönköping,Sweden, 4Research Therapist, Royal Free Hospital and College of Health, Medicine & Life 
Sciences, Brunel University London, UK and 5Department of Rehabilitation, Jönköping Academy, Aging Research Network-Jönköping 
(ARN-J), Jönköping University, School of Health and Welfare, Jönköping, Sweden

LAY ABSTRACT
Individuals with spina bifida often have cognitive im-
pairments, resulting in difficulties in performing their 
everyday life activities at home, in education, training 
and social life. These difficulties are often not recog-
nized, and the individuals do not receive the support 
they need from society. This study investigated the  
relationship between cognitive impairments, school 
achieve ments and performance of daily life activities of 
35 adults with spina bifida. The study examined whether 
individuals had an intellectual disability, and whether 
they had completed compulsory education, and compar­
ed this with their cognitive function and performance in 
everyday activities. The results confirm that individuals 
with cognitive impairments, even those without intel-
lectual disabilities, often have considerable difficulties 
in school achievements, and performance of daily life 
activities, reducing their ability to live independently. 

Background and objective: Individuals with spina bi-
fida often have cognitive impairments leading to dif-
ficulties in education and daily activities. The aims of 
this study were to explore cognitive impairments in 
adults with spina bifida and to consider associations 
between impairments, educational outcome and 
performance of daily activities, comparing individu-
als with and without intellectual disability.
Methods: Data were collected on 35 adults with spina 
bifida via cognitive tests and Assessment of Motor 
and Process Skills (AMPS). Participants were divided 
into 3 groups: individuals without intellectual disa-
bility who completed compulsory education (NID-C); 
those without intellectual disability, who failed to 
successfully pass compulsory education (NID-F); and 
those with intellectual disability failed to successfully 
pass compulsory education (ID-F).
Results: All individuals with intellectual disability 
failed to successfully pass compulsory education 
(group ID-F) and had poorer scores across almost all 
measures than group NID-F and significantly poor-
er scores than group NID-C. All except 6 individuals 
scored below cut-off levels for effort and safety on 
both AMPS motor and process scales; more signifi-
cant associations were seen between the cognitive 
tests and the motor rather than process scale. 
Conclusion: Cognitive impairments, irrespective of 
intellectual disability, impact on the performance of 
everyday activities and on educational achievement, 
and thus need to be considered in assessments and 
interventions to improve outcomes and promote in-
dependence in people with spina bifida.
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Spina bifida (SB) is caused by the incomplete closing 
of the embryonic neural tube, which can affect 

brain development, with consequent sensory and motor 
difficulties (1, 2). Hydrocephalus is present at birth in 
80–85% of individuals with SB (3), and by adulthood 
63% are estimated to have hydrocephalus (4). Hydro-

cephalus leads to structural anomalies in the brain (1), 
which seem to contribute to a cognitive phenotype with 
relative strengths and weaknesses (5) and differing 
degrees of cognitive impairments amongst individuals 
with SB (6). One in 5 individuals with SB and hydro-
cephalus are reported to have an intellectual disability 
(ID) (intelligence quotient (IQ) < 70) (7). Furthermore, 
according to several studies many other individuals with 
SB show impaired executive functions (EF)1,  which 
become more evident when performing more complex 
activities (5). Impaired working memory (9), a part of 
EF (8), and prospective memory (10) are also common, 
as well as attention disorders (11), impaired processing 
speed, timing deficits (5), problems with time manage-
ment (12) and with getting things done (13). Impaired 
visuospatial function is also common (11). In general, 
individuals with SB have no limitations in reading, 
vocabulary, grammar, and sentence structure, but may 
have difficulties in understanding the underlying mean­
ing of words and in drawing conclusions (5). Reduced 
reading comprehension and reduced numeracy are also 
common (5). Learning capacity is often unaffected, 

1Executive functions (EF): cognitive processes involved in achieving 
goal­directed behaviours (8)

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-2868&domain=pdf
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but individuals may have difficulties in processing and 
retrieving information (5). These cognitive impairments 
can be observed in childhood and become more evident 
during adolescence and adulthood, when activities of 
daily living (especially taking care of your own house­
hold), education, work and relations put increased 
demands on the person (14). Several studies found that 
cognitive impairments in individuals with SB do not 
decrease with maturity, but persist into adulthood (9, 14). 
Furthermore, impairments in prospective memory have 
also been shown to increase for persons over 32 years 
of age (10). Few studies have examined the effects of 
ageing on cognitive function in individuals with SB (9). 

Cognitive impairments are associated with quality 
of life (15) and affect performance of daily activities 
negatively for adults with SB (16), with potential 
impact on health and wellbeing (4, 17). Impaired EF 
may limit young adults in achieving milestones of in-
dependence in life, like education, work, relationships 
and assuming responsibility for their own household 
(18). Many individuals with SB do not reach secon-
dary education and have difficulties in obtaining a 
job (19). Further challenges may appear in adulthood 
with the need to manage contacts with authorities re-
garding special transportation services, housing, and  
community­based support services, etc. (20). Moreover, 
management of personal hygiene and medication due to 
complex SB­related disabilities put additional demands 
on EF (20). Consequently, impaired EF increases risks 
for complications, such as pressure ulcers, urinary in-
fections, incontinence, and constipation (21). However, 
individuals with SB are often highly verbal, giving the 
impression of managing everyday life well (22). Thus, 
healthcare professionals and others not specialized in 
the field seldom recognize these cognitive limitations 
(23). The need for support may go unrecognized, and 
interventions may be insufficient or even fail (24).

In order to provide appropriate support, there is a 
need for assessments to recognize the range of cogni-
tive impairments in individuals with SB and to consider 
how these impact on educational outcomes (completion 
of compulsory education2) and performance of daily 
activities (especially household activities). The aims 
of the current study were to explore cognitive impair-
ments in adults with SB and to consider associations 
between these impairments, educational outcome, and 
performance of daily activities, comparing individuals 
with and without intellectual disabilities (ID). 

METHODS
A cohort study was performed to examine profiles of perfor-
mance across clinical tests of cognitive function and daily skills. 
The study was approved by the Regional Ethical Review Board 
in Stockholm (registration number 2012/1836­31/2) and fully 
informed written consent was obtained from participants. 

Participants

Participants were recruited from 2 groups. One group were 
young adults with SB who were invited to participate upon en-
rolment at the rehabilitation centre (”on enrolment”; OE group), 
resulting in 15 participants, age range 18–26 years. To increase 
the overall sample size data were also collected from client 
records (”client records”; CR group) from 20 individuals from 
the same rehabilitation centre (age range 22–45 years), who 
had been assessed using the Assessment of Motor and Process 
Skills (AMPS) and the cognitive tests chosen for the current 
study within the previous 5 years. Demographic information was 
collected at assessment or from records. Individuals would have 
been diagnosed with an ID by a neuropsychologist following 
referral and this diagnosis registered in the young person’s  
records. Educational history was recorded as the highest level of 
education completion evidenced by certification or self­report. 

The participants were divided into 3 groups: individuals without 
ID who completed compulsory education (NID­C);those without 
ID who failed to successfully pass compulsory education (NID­
F); and those with ID who failed to successfully pass compulsory  
education (ID­F).

Assessment instruments

The 17 subtests used for the purpose of this study are outlined 
in Table I. Subtests were selected that, according to the litera-
ture, assess cognitive impairments common in individuals with 
SB (5, 6). Eight of the subtests were taken from standardized 
assessments: Coding, Coding Memory, Arithmetic and Block 
Design from the Wechsler Adult Intelligent Test (WAIS­III) 
(25), the Controlled Oral World Association Test (COWAT), and 
the 3 parts of the Rey Auditory Verbal Learning Test (RAVLT). 
These subtests have been tested for reliability and validity with 
normative values available (considered here as reference group 
values) (26, 27). Four subtests were taken from the Montreal 
Cognitive Assessment (MoCA) (Similarities, Clock, Cube, and 
Information) and 1 subtest was taken from the Rivermead Beha-
vioural Memory Test (RBMT). The MoCA and the RBMT have 
been tested for reliability and, validity as a whole (28, 29), but 
no separate normative values are available for parts of the tests. 
No suitable existing tests were found for visuospatial working 
memory, prospective memory, reading comprehension and time 
perception. As more clinical information was required about 
these functions, 4 further tests were developed by the second 
author: the Brief Working Memory Test (BWMT) (currently 
under development and used clinically in a specialist clinical 
setting), Prospective Memory, Reading Comprehension, and 
Perception of Time (developed for this study). These tests do 
not have reference values for the general population and have 
not been tested for reliability and validity. It took approximately 
1 h to perform the battery of cognitive tests.

The AMPS was chosen as a standardized assessment of daily 
life performance of an individual regarding effort, efficiciency, 
saftey and independence. AMPS is a client­centred observation­

2In Sweden compulsory education certificates are usually obtained at age 
16 years after 9 years of school.

www.medicaljournals.se/jrm
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based performance assessment used by occupational therapists. 
The AMPS measures the quality of performance of ADL tasks 
on 2 scales (motor and process) without testing for any under-
lying cognitive impairments (30). Cognitive function can partly 
explain the performance of daily activities measured with the 
AMPS in individuals with stroke (31), Alzheimer’s disease (32), 
and dementia (33). The AMPS is designed to be performed at 
home or in a clinical setting, has established intra­ and inter­
rater reliability (34) and is validated for use in Sweden (35). 
The client chooses and performs 2 or more ADL tasks that are 
relevant and familiar to him/her (30). During these activities, an 
occupational therapist, trained and certified in AMPS, observes 
and evaluates the quality of performance of 16 motor skills 
(e.g. paces, positions, walks, coordinates, transports) and 20 
process skills (e.g. attends, chooses, initiates, organizes), using a 
4­point ordinal scale (30). AMPS software using Rasch analysis 
converts the raw data into a logit scaled score on 2 univariate 

measures of individual performance: ADL motor ability (i.e. 
degree of physical effort) and ADL process ability (i.e. degree 
of efficiency). Their respective cut­off levels (2.0 for motor 
ability, 1.00 for process ability) indicate whether an individual 
may need assistance to function in the community. The Rasch 
weighting allows for generalization of results across different 
ADL­tasks of similar challenge (30). No studies have examined 
relationships between cognitive function and performance of 
daily activities measured by the AMPS among adults with SB.

Data collection

Data were collected on 2 different occasions for each participant. 
Nineteen participants were first assessed with the cognitive tests, 
and 16 participants were first assessed using the AMPS. The 
cognitive tests and 5 AMPS assessments were performed at the 
rehabilitation centre; the remaining 30 AMPS assessments were 

Table I. Description of the used cognitive tests and scoring of the unpublished tests

Subtest name
(Reference)

Cognitive function 
tested

Description and scoring for the unpublished tests (source taken 
from)

Range of scores 
(reference value3 (SD))

Coding (25) Psychomotor speed, 
executive

Matching of simple symbols with corresponding digits according to a given 
template within 2 min (part of WAIS­III)

Range 1–19 (10 (3))

COWAT Test (only F) (26) Verbal executive ability, 
mental speed

Finding as many words as possible starting with F, A, or S within 1 min 
each (26)

Range 0–4 (37.5 (11.4))

RAVLT/Immediate Recall 
(27)

Learning ability Listening to 15 words 5 times. After each time the person has to name the 
words he/she recalls (27)

Range 0–60 (51.4 (8.1))

RAVLT/Delayed Recall (24) Verbal memory, retention As above, but with delayed recall after approximately 30 min (24) Range 0–15 (11.5 (2.3))
RAVLT/Recognition (27) Verbal memory, 

recognition
Choosing words which were included earlier from a word list. Done when 
failed to recall more than 9 words in RAVLT/Delayed Recall (27)

Range 0–15 (14.5 (0.9))

BWMT2 Visual memory,
memory for spatial 
information, working 
memory

Looking at a picture for 45 s and drawing what he/she recalls immediately 
afterwards. The picture consists of 9 squares, in each square there is a 
symbol (letter, figure or other symbol) in different colours. The symbols 
can be upside down or rotated.
Range of scores 0 to 36, 4 for each square 
1 point for remembering the symbol, 
1 point for putting the symbol to right square, 
1 point for the right colour 
1 point for turning the symbol right

Range 0–36 (no reference)

Prospective Memory2 Prospective memory The test taker is asked to write his/her name each time he/she gets a 
paper/pencil task 
Maximum score is 10, 2 for each of the 5 paper/pencil tasks
2 points for remembering without prompt
1 point for remembering with prompt

Range 0–10 (no reference)

Memory for Names1 (28) Prospective memory Delayed recall of a name (part of RBMT) Range 0–4 (no reference)
Coding Memory (25) Incidental learning Immediate recall of symbols corresponding to digits according to Coding 

(part of WAIS­III)
Range 0–9 (6.1 (2))

Reading Com­prehension2 Reading comprehension Reading of a short text for as long he/she considers necessary to recall the 
text as exactly as possible. Immediate recall (text from RBMT [35)) The 
text consists of 21 contextually important parts.
Maximum score is 21, 1 p. for each contextually important part.

Range 0–21 (no reference)

Arithmetic (25) Mathematical ability, 
working memory

Mental arithmetic (part of WAIS­III) Range 1–19 (10 (3))

Similarities1 (29) Ability to think in abstract 
terms

Similarities of 2 concepts (part of Montreal Cognitive Assessment, MoCA) Range 0–2 (no reference)

Block Design (25) Spatial psychomotoric 
ability, executive

Using coloured cubes the test taker replicates the patterns displayed on a 
series of test cards (part of WAIS­III)

Range 1–19 (10 (3))

Clock1 (29) Visuospatial/ executive 
function

Drawing of a clock according to instructions (part of MoCA) Range 0–5 (no reference)

Cube1 (29) Visuospatial/ executive 
function

The test taker copies a cube (part of MoCA) Range 0–2 (no reference)

Information1 (29) Time orientation,
general knowledge

Date of the day, year, etc. (part of MoCA) Range 0–7 (no reference)

Perception of Time2 Time perception Estimate of the given time to carry out the subtest “Coding” (2 min).
The scores are the discrepancy between the perceived time and the real 
time (in s).

(no reference)

1Subtests taken from MoCA and RMBT. 2Tests developed specifically for this study (non­standardized). 3Reference values are values for the general population 
based on group mean age and SD related to the reference values, except Coding, Arithmetic and Block Design, where mean range and reference values are 
presented by standardized scores, and COWAT Test, where reference values are related to persons with lower education and group mean age.
4The upper limit is, how many words with F, A or S the person can say in 1 min.
WAIS: Wechsler Adult Intelligence Scale: COWAT: Controlled Oral World Association Test; RAVLT: Rey Auditory Verbal Learning Test; BWMT: Brief Working Memory 
Test; MoCA: Montreal Cognitive Assessment; RBMT: Rivermead Behavioural Memory Test.

J Rehabil Med 53, 2021
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conducted in participants’ homes. The time difference between 
the 2 assessment occasions varied; 19 individuals performed 
both assessments within 1 year, the remaining individuals within 
3–5 years (see data analysis section below). In the rehabilitation 
centre, the AMPS is used clinically for an ADL ability assessment, 
which individuals require when applying for personal assistance 
or home help services. In the CR group the cognitive tests were 
carried out as part of a larger multidisciplinary study, the OE group 
was tested on enrolment at the rehabilitation centre.

Data analysis

SPSS version 25 (2017) was used for analysis. Three groups 
of participants were identified based on information on ID and 
level of school achievement. Descriptive statistics described 
independent living abilities and explored the results of all the 
subtests for the whole group and groupwise for the 3 identi-
fied groups. Inferential statistics were run on the items from 
standardized tests with reference values and for the subtests 
taken from MoCA and RBMT. To identify any differences in 
performance between OE and CR groups and between the group 
with a short vs long time gap between the assessments, t­tests 
were performed for parametric data and Mann–Whitney U for 
non­parametric data. There were no differences in mean scores 
on any scale between methods of recruitment or time gaps in 
testing, nor between younger and older participants; thus, all 
the data were combined for comparisons. The normality of 
distributions was checked with Shapiro–Wilks test. Analysis 
of variance (ANOVA) was used to contrast performance on 
parametric data, and Kruskal–Wallis analysis of variance was 
used to contrast performance on the remainder of the cognitive 
tests and the AMPS. Where age was found to have a significant 
effect, age­adjusted scores are reported. Post hoc comparisons of 
between­group differences using Hochberg (for small samples, 
equal variance) or pairwise comparisons of mean differences 
were performed for parametric and non­parametric analyses, 
respectively. False discovery rate (FDR) (36) was used to  
correct for multiple comparisons to minimize risk of type I 
error (false­positive findings) for the comparisons of cognitive 
tests included in inferential data analyses. FDR was considered 
appropriate in order to localize error rates between tests and rank 
both parametric and non­parametric results. Alpha was set at 
0.05. Correlations between the standardized cognitive tests and 
the AMPS were calculated with Pearson’s partial correlations 
controlling for time between testing, in days3.

RESULTS

None of the 9 individuals with identified ID completed 
compulsory education (ID­F), a further 11 individuals 
without identified ID also failed to successfully pass 
compulsory education (NID­F). The remaining 15 indi-
viduals had no identified ID and completed compulsory 
education (NID­C). The results of the 3 groups were 
compared to consider the impact of potential cognitive 
deficits, as distinct from more pervasive learning dif-
ficulties associated with ID. 

The 3 groups did not differ in age (F (2,32)=0.750, 
p = 0.181) or sex distribution. Most individuals from group 
ID­F lived with their parents (5/9) or in a sheltered home 
(2/9). Approximately half of the individuals in group 
NID­F (6/11) and group NID­C (6/15) lived in their own 
households by themselves. Only 4 participants, all from 
group NID­C, managed their everyday life without sup-
port. All other individuals received help for their personal 
care and/or household work. Twenty participants (57%) 
also needed help with reminders to perform their personal 
care (8/9 in group ID­F, 4/11 in group NID­F and 5/15 
in group NID­C). Almost all individuals in group ID­F 
(8/9) and approximately half of the individuals in group 
NID­F (5/11) needed help with their personal finances. 
The majority of group NID­C (12/15) managed their 
finances independently. More than one­third of the indi-
viduals who required help in any of the above­mentioned 
activities (11/31) received assistance, mainly from their 
parents. Very few individuals were employed: none from 
group ID­F, only 2 in group NID­F, and 4 in group NID­C.

Cognitive performance
Participants as a group had generally poor results 
across most cognitive tests compared with the general 
population (Table II); group ID­F differed most and 
group NID­C the least. 

There were significant differences between the 3 groups 
for Coding (χ2 (2, n = 35) 15.41, p = 0.010), RAVLT Imme-
diate Recall (F (2,32)= 5.68, p = 0.008), RAVLT Delayed 
Recall (F(2,32)= 4.02, p = 0.028), and Coding Memory 
(χ2 (2, n = 35) 15.41, p = 0.010), Arithmetic (χ2 (2, n = 35) 
9.49, p = 0.009) and Block Design (χ2 (2, n = 35) 12.493, 
p = 0.002), with Coding, Arithmetic and Block Design 
remaining significant after FDR control. RAVLT Im-
mediate and Delayed recall were just above threshold 
after FDR control. Post hoc comparisons showed the 
differences to be significant between group ID­F and 
group NID­C for Coding (mean difference –15.09 (95% 
CI –25.52 to –4.66), p = 0.003) and for Arithmetic (mean 
difference –3.38 (95% CI –1.27 to –6.49), p = 0.03). For 
Block Design significant differences were evident, both 
between group ID­F and group NID­F (mean difference 
–11.66 (95% CI –21.45 to –1.86), p = 0.016) and group 
ID­F and group NID­C (mean difference –10.91 (95% 
CI –20.10 to –1.73), p = 0.016). In the subtest RAVLT 
Recognition all 3 groups performed within reference 
values and there was no difference between the groups. 
The results of subtest COWAT showed that group NID­F  
and group NID­C performed within reference values 
(group NID­F slightly better than group NID­C): Group 
ID­F was only slightly below the reference value. 

Among the subtests from MoCA and RBMT there was 
a significant difference between groups for the Cube (χ2 

3No differences were found between Pearson’s and Spearman’s correlation 
for non­parametric data; therefore, Pearson’s partial correlations are 
reported for all comparisons.

www.medicaljournals.se/jrm
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(2, n = 35) 8,37, p = 0.015), which remained significant af-
ter control for FDR. Post hoc analyses showed significant 
differences between group ID­F and group NID­C (mean 
difference –1.00 (95% CI –1.88 to –0.12, p = 0.023). 
There were no significant group differences for Clock, 
Memory for Names, Information and Similarities.

Activities of daily living
All participants had significantly poorer results on 
both AMPS motor and process scales than the general 
population of corresponding age (Table III). Significant 
differences were found between the 3 groups on both 

the motor (F(2,32) = 8.54, p = –0.001) and process scales 
(F(2,32) = 8.57, p = –0.001). Post hoc analyses showed 
significant differences between group ID­F and NID­C 
for AMPS motor scale (mean difference –0.69 (95% 
CI –1.1 to –0.3) p = 0.001); for AMPS process scale 
significant differences were evident between group 
ID­F and group NID­C (mean difference –0.60 (95% 
CI –1.0 to –0.2), p = 0.002) and group NID­F and group 
NID­C (mean difference –0.44 (95% CI –0.8 to –0.1), 
p = 0.016). All participants performed below the estab­
lished AMPS motor scale cut­off of 2.0, with only 6 
individuals (17%) above the process scale cut­off of 
1.0 (5 from group NID­C and 1 from group NID­F). 

Table II. Participants’ (n = 35)c results across cognitive tests as whole group and by 3 learning ability subgroups

Total group, n = 35 Group ID-F, n = 9 Group NID-F, n = 11 Group NID-C, n = 15

Mean (SD) 95% CI 
or Median (range)
a [Comparison with 
reference value]

Mean (SDb) 95% CI 
or Median (range)a 
[Comparison with reference 
value]

Mean (SDb) 95% CI 
or Median (range)a 
[Comparison with reference 
value]

Mean (SDb) 95% CI 
or Median (range)a 
[Comparison with reference 
value]

Codingd 5.7 (1.9) 5.0–6.4 [Borderline] 4.1 (2.1) 2.5–5.8 [Borderline] 5.6 (1.8) 4.3–6.8 [Borderline] 6.7 (1.2) 6.1–7.4  
[Within reference values]

Coding Memory 3.5 (0–8) 2.4 [Borderline] 3 (2.2) 1.3–4.7 [Borderline] 2.7 (2.0) 1.4–4.0 [Borderline] 4.4 (2.6) 2.9–5.9  
[Within reference values]

COWAT Test 27 (13.3) 22.5–31.6  
[Within reference values]

21.7 (13.7) 11.1–32.2 
[Borderline]

32.5 (11.9) 24.5–40.5  
[Within reference values]

26.2 (13.3) 18.7–33.5  
[Within reference values]

RAVLT/Immediate Recall 39.9 (9.4) 36.7–43.2 
[Borderline]

32.6 (8.6) 25.9–39.2 
[Borderline]

40 (9.4) 33.7–46.3 
[Borderline]

44.3 (7.2) 40.4–48.3  
[Within reference values]

RAVLT/Delayed Recall 7.4 (3.3) 6.2–8.5 [Borderline] 5.3 (2.5) 3.4–7.3 [Below 2 SD] 6.9 (2.9) 4.9–8.9 [Borderline] 8.9 (3.5) 7.0–10.9 [Borderline]
RAVLT/Recognition 15 (11–15)a  

[Within reference values]
15 (13–15)a  
[Within reference values]

15 (14–15)a  
[Within reference values]

15 (11–15)a  
[Within reference values]

BWMT 16.8 (5.9) 14.8–18.8 13.6 (4.7) 10.0–17.2 15.9 (5.4) 12.3–19.6 19.4 (6.0) 16.1–22.7
Prospective Memory 6.5 (1.9) 5.9–7.2 5.4 (1.7) 4.1–6.8 6.3 (1.7) 5.2–7.4 7.3 (1.9) 6.3–8.4
Reading Comprehension 
(n = 34) 

10.7 (4.4) 9.1–12.2 4.8 (3.2) 2.3–7.5 (n = 8) 11.3 (2.6) (9.5–13) 13.1 (3.1) 11.4–14.8

Arithmeticd 6,1 (2.5) 5.2–6.9 [Borderline] 4,4 (2.0) 2.9–6.0 [Borderline] 6.5 (2.5) 4.8–8.1 [Borderline] 7 (1–9)a  
[Within reference values]

Similarities 1 (0–2)a 0 (0–1)a 1 (0–2)a 1 (0–2)a

Block Designe 6.1 (1.8) 5.5–6.7 [Borderline] 4.4 (0.9) 3.8–5.1 [Borderline] 6.7 (1.9) 5.6–8.0 [Borderline] 6.5 (1.6) 5.7–7.4 [Borderline]
Clock 4 (2–5)a 4 (3–5)a 4 (2–5)a 5 (2–5)a

Cube 1 (0–2)a 0 (0–1)a 1 (0–2)a 2 (0–2)a

Information 7 (4–7)a 7 (4–7)a 7 (6–7)a 7 (6–7)a 
Memory for Names 3.5 (0–4)a 2.3 (1.5) 1.9–3.5 3 (2–4)a 4 (2–4)a

Perception of Time (difference 
between perceived time and 
real time, in s) (n = 34)

60 (0–480)a 60 (0–450)a n = 8 30 (0–480)a 60 (0–120)a

aResults, which were not normally distributed according to Shapiro–Wilk test, are presented as median values and range. bRelated to group mean value.
cn = 35 for total group, for some variables participants are lost, and the n is written by the variable name (1 participant did not want to read, 1 participant did not 
want to answer Perception of Time 1, 1 participant was using the clock for Perception of Time 2). dSignificant differences ID­F to NID­C. eSignificant differences 
ID­F to NID­F and NID­C. Group ID­F: Intellectual disability, failed to successfully pass compulsory education; Group NID­F: No intellectual disability, failed to 
successfully pass compulsory education; Group NID­C: No intellectual disability, completed compulsory education; COWAT: Controlled Oral World Association 
Test; RAVLT: Rey Auditory Verbal Learning Test; BWMT: Brief Working Memory Test; 

Table III. Participants’ results for the Assessment of Motor and Process Skills (AMPS) motor and process scales as whole group and 
by 3 learning ability subgroups with reference values

Reference 
Values
(SD) (30)

Total Group, n = 35 Group ID-F, n = 9 Group NID-F, n = 11 Group NID-C, n = 15

Mean (SD) 95% CI 
[Comparison with reference 
value]

Mean (SDa) 95% CI 
[Comparison with reference 
value]

Mean (SDa) 95% CI 
[Comparison with reference 
value]

Mean (SDa) 95% CI 
[Comparison with reference 
value]

AMPS motorb 2.88 (0.51) 0.8 (05) 0.6–1.0 
[Below 3 SD]

0.4 (0.5) 0.02–0.8 
[Below 3 SD]

0.7 (0.5) 0.04–1.0 
[Below 3 SD]

1.1 (0.3) 1.0–1.2 
[Below 2 SD]

AMPS processc 1.2 (0.46) 0.5 (0.5) 0.3–0.6 [Borderline] 0.2 (0.4) –0.1–0.5 [Below 
2 SD]

0.3 (0.4) 0.1–0.6 [Borderline] 0.8 (0.4) 0.6–1.0 [Within 
reference values]

aRelated to group mean value. All results in this table were normally distributed according to Shapiro–Wilk. bSignificant differences ID­F to NID­C. cSignificant 
differences ID­F to NID­F and NID­C. Group ID­F: Intellectual disability, failed to successfully pass compulsory education; Group NID­F: No intellectual disability, 
failed to successfully pass compulsory education; Group NID­C: No intellectual disability, completed compulsory education.
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Correlation between the cognitive tests and the 
Assessment of Motor and Process Skills
Both the AMPS motor and process ability correlated 
positively with the test for psychomotor speed Coding 
and with Block Design. In addition, the AMPS motor 
ability correlated positively with the test for mental 
speed COWAT Test, and the memory tests RAVLT/Im-
mediate Recall and RAVLT/Delayed Recall (Table IV). 

DISCUSSION

The study aimed to explore cognitive impairments in 
adults with SB and considered associations between 
these impairments, educational outcome, and perfor-
mance of daily activities. By distinguishing between 
individuals with and without known ID who had or had 
not completed compulsory education, the relationship 
between cognitive impairments and daily performance 
was explored in detail. Group NID­C performed best 
in both the cognitive tests and AMPS, as expected, 
followed by group NID­F and group ID­F; the latter 
differing most from reference values. Notably, even 
individuals who did not have a known ID and had 
completed compulsory education (group NID­C) per-
formance within reference values low reference values 
in most of the cognitive tests, and even demonstrably 
poorer in activities of daily living. Since all the par-
ticipants performed below the cut­off on the AMPS 
motor scale, and the majority (29/35) of the individuals 
performed below the cut­off in AMPS process scale, 
increased physical effort, inefficiencies, safety risks 
and need for assistance when performing ADL tasks 
are to be expected. In line with these findings, almost 
all individuals had considerable support from relatives 
and/or community­based support services to manage 
everyday life.

The results across the cognitive tests are consistent 
with previous studies showing problems in EF (6), wor-

king memory (9), processing speed (5), and visu ospatial 
functions (11). The results of the included subtests de-
veloped by the second author also seemed to confirm 
known difficulties in working memory and visuospatial 
function prospective memory (8), time management 
(11), and reading comprehension (5). The same pat-
tern of group differences as in the standardized tests 
appear ed. The results also confirm previous findings 
(5), that individuals often have relatively unaffected 
learning capacity (within reference values in RAVLT 
Recognition), but difficulties in retrieving information 
(difficulties in RAVLT Delayed Recall). Surprisingly, 
almost all participants performed in line with reference 
values in COWAT Test for verbal EF and mental speed. 
Psychomotor components of processing speed, evident 
in tests involving written or motor responses, may be 
more affected than the mental functions, reflecting the 
relative verbal strengths seen in this group (5).

Overall, cognitive functioning, in particular EF, was 
associated with functional performance according to 
AMPS, irrespective of known ID. In a complex disabi-
lity such as SB, taking care of one’s body is one of the 
factors putting high demands on EF (20). Thus, the high 
prevalence of medical complications, such as urinary 
tract infections, incontinence, and pressure sores, in 
adults with SB (16) could be explained by compromised 
EF. Understanding of the relationship between cogni-
tive factors and performance of daily activities will be 
important in efforts to mitigate broad er health impacts 
by, for example, community­based support services.

The performance of time­restricted subtests (Coding 
and Block Design) indicated that many participants 
could solve the task, but not under time constraint. 
Therefore, reduced psychomotor speed may exacerbate 
other cognitive functions and thereby also day to day 
performance. This was evidenced in the performance 
on the AMPS, as participants worked slowly and had 
problems with time management. 

Processing speed and numeracy as well as reading 
comprehension were poorer in individuals who failed 
to successfully pass compulsory education. This may 
explain the failure of many individuals without ID to 
successfully pass compulsory education. The poor 
performance of the cognitive tests of individuals 
with ID who did not pass compulsory education may 
be attributed to known ID. Yet, performance below 
or within low reference values of many other items 
were also found in the 2 groups without known ID, 
suggesting prevalence of specific impairments in EF. 
Surprisingly, there were few differences in cognitive 
testing and daily performance (AMPS) between indi-
viduals without ID who had completed compulsory 
education and those who had not. This may, in part, be 
due to the small sample size and lack of power. 

Table IV. Correlations between Assessment of Motor and Process 
Skills (AMPS) and Cognitive tests

Test battery AMPS-Motor ability AMPS-Process ability

Coding 0.67** 0.53**
COWAT Test 0.35* 0.28
RAVLT/Immediate Recall 0.34* 0.09
RAVLT/Delayed Recall 0.38* 0.27
RAVLT/Recognitiona 0.21 –0.05
Coding Memory 0.25 0.12 
Arithmetic 0.29 0.09
Block Design 0.41* 0.39*
Clocka 0.28 0.27
Informationa –0.21 –0.08

*p < 0.05. **p < 0.01, aFor not normally distributed results, correlations are 
calculated using Spearman’s rank correlation coefficient; Pearson’s correlation 
coefficient. No differences were found between Pearson’s and Spearman’s 
correlation for non­parametric data therefore Pearson’s partial correlations 
are reported for all comparisons. COWAT: Controlled Oral World Association 
Test; RAVLT: Rey Auditory Verbal Learning Test

www.medicaljournals.se/jrm
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When comparing reference values from the gener­
al population with test results of the participants, 
AMPS motor ability differed considerably, possibly 
due to physical disabilities resulting from SB. It is 
also possible that the AMPS motor abilities, parti-
cularly places (objects), coordinates, calibrates and 
paces (own movements), are dependent on EF. Yet, 
the limited associations with the AMPS process scale 
are surprising and difficult to interpret. Habituated 
daily activities may put fewer demands on process 
skills, such as those of temporal processing (initiat­
ing, sequencing, continuing, and terminating tasks 
and activities). Consistent with previous studies (12), 
the AMPS indicated impaired initiative or difficulties 
in getting things done, through low scores in AMPS 
abilities, such as accommodates, notices/responds and 
initiates. On the other hand, it was difficult to assess 
initiative with the included subtests, since the partici-
pants had to follow instructions and did not have to 
take initiative of their own.

Some cognitive impairments identified by the cogni-
tive tests, particularly abstract thinking, numeracy and 
working memory, did not show any correlation with 
occupational performance as measured by the AMPS. 
These skills are important for other activities than 
those assessed by the AMPS, such as working, study­
ing, and managing personal finances (5). Impaired 
working memory becomes more evident in complex 
activities (6), such as education and work life, than in 
more habituated everyday activities, such as making a 
sandwich. Notably, almost half of the participants in the 
current study also had difficulties managing education, 
employment, and personal finances, which suggests a 
link between cognitive function and management of 
daily life in education and work. 

The level of lesion appears to be of limited relevance 
in explaining the difficulties in managing personal care, 
since individuals with an acquired spinal cord injury at 
the same level as the study group require no assistance 
in their activities of daily living (37). 

Taken together, the described cognitive difficulties 
seemed to be the reason, why most of the participants, 
including individuals without ID, needed reminders 
and considerable support in managing their personal 
care, education, household, and personal finances. 
They often remained dependent on parents, even 
those who had community­based support services. 
Therefore, early recognition of cognitive difficulties 
in individuals with SB, irrespective of ID, is important 
for interventions and adequate support in education and 
activities of daily living, in order to mitigate problems 
with health and wellbeing, promote independence, and 
thereby reduce the individual’s dependency on their 
parents. Here a cognitive screening instrument tailored 

for adults with SB could have an important function. 
Cognitive assessments need to be supplemented with, 
among other things, interviews, and observations (38) 
to obtain a comprehensive picture of the complex 
interaction between the person, the environment, and 
the activity (39).

Study limitations
Since the number of participants in this study was limit­
ed to 35, generalization of the results to all individuals 
with SB is not possible. In particular, the prevalence of 
hydrocephalus was higher among participants than in 
the adult SB­population in general, in which 63% have 
hydrocephalus (16) compared with 97% in the current 
study. Thus, the cognitive abilities in the study group 
might have been lower than in the adult SB­population 
in general. Furthermore, as the AMPS in the CR group 
was undertaken to obtain a certificate of need, it is pos-
sible that some responses may have been influenced by 
need to ”obtain” a higher level of support. As all par-
ticipants in the current study, including those without 
ID, performed below the means of a reference group 
on almost all standardized tests, including the AMPS, 
similar problems may be present in a broader popula-
tion of adults with SB. Another limitation is the lack 
of a specific subtest on attention, a known difficulty in 
the SB­population according to previous research (10). 
Furthermore, conclusions from the non­standardized 
subtests should be drawn with caution. 

Furthermore, since the data were collected over 
a period of up to 5 years, these findings should be 
interpreted with caution. To control for this large 
observation period, the results at the item level for 
2 groups were compared (small vs large time gap 
between assessments, and group OE vs group CR), 
but no significant differences were found. In addition, 
partial correlations were run between the cognitive 
tests and AMPS to control for gaps in time that did not 
change results. While evidence suggests that cognitive 
functions of children with SB persist into adulthood 
(13), larger studies are warranted to explore cognitive 
and occupational performance over time. The limited 
number of participants over the age of 32 years (n = 2) 
precluded further analyses, particularly with respect 
to prospective memory (9), warranting more research 
into ageing in SB. 

Conclusion
These findings point to a wide range of cognitive 
impairments prevalent to a varying extent among 
adults with SB. The study highlights the impact of 
ID and cognitive function on educational achieve-
ment and performance of daily life activities in this 
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group. Notably, even individuals without ID can have 
considerably reduced cognitive functions and may 
fail to complete compulsory education. The selected 
cognitive tests, to a large extent, describe cognitive 
impairments in this group and their associations with 
difficulties in performing everyday activities, albeit the 
small sample warrants caution in interpretation. More 
research is needed to identify the cognitive profiles of 
individuals with SB, taking into account ID as well as 
other cognitive deficits, for the purpose of developing 
individualized interventions to address limitations in 
school performance and activities of daily living. 

ACKNOWLEDGEMENTS
The authors thank all the participants who contributed to this 
study; the Carolina Montgomery Foundation and the Spinalis 
Foundation for part funding the study; and the Spinalis Clinic 
at Rehab Station Stockholm (the rehabilitation centre where the 
study was performed) for supporting the study. The sponsors 
had no role in any aspect of the study or preparation of the  
manuscript and the decision to submit the article for publication.

The authors have no conflicts of interest to declare.

REFERENCES
1. Juranek J, Salman MS. Anomalous development of brain 

structure and function in spina bifida myelomeningocele. 
Dev Disabil Res Rev 2010; 16: 23–30. 

2. Arzimanoglou A, O’Hare A, Johnstons M, Ouvrier R, editors. 
Aicardi’s diseases of the nervous system in childhood. 4th 
edn. London: Mac Keith Press; 2017.

3. Arnell K, Dahl M. [Hydrocephalus in spina bifida. Na-
tional guidelines for medical follow­up in spina bifida]. 
Stockholm: Svensk Neuropediatrisk Förening [Swedish 
Neuropediatric Society]; 2011. Swedish. Available from 
https://snpf.barnlakarforeningen.se/wp­content/uploads/
sites/4/2014/11/mmcfjortonhydrocefalus.pdf.

4. Bendt M, Gabrielsson H, Riedel D., Hagman G, Hultling C, 
Franzén E, et al. Adults with spina bifida: a cross­sectional 
study of health issues and living conditions. Brain Behav 
2020; 10: e01736. 

5. Dennis M, Barnes MA. The cognitive phenotype of spina 
bifida meningomyelocele. Dev Disabil Res Rev 2010; 16: 
31–39.

6. Iddon JL, Morgan DJ, Loveday C, Sahakian BJ, Pickard 
JD. Neuropsychological profile of young adults with spina 
bifida with or without hydrocephalus. J Neurol Neurosurg 
Psychiatry 2004; 75: 1112–1118. 

7. Verhoef M, Barf HA, Post MW, van Asbeck FW, Grooskens 
RH, Prevo AJ. Functional independence among young 
adults with spina bifida, in relation to hydrocephalus and 
level of lesion. Dev Med Child Neurol 2006; 48: 114–119. 

8. Diamond A. Executive functions. Annu Rev Psychol 
2013; 64: 135–168. 

9. Ware AL, Kulesz PA, Juranek J, Cirino PT, Fletcher JM. 
Cognitive control and associated neural correlates in adults 
with spina bifida myelomeningocele. Neuropsychology 
2017; 31: 411–423. 

10. Dennis M, Jewell D, Drake J, Miskayan T, Spiegler B, 
Hetherington R, et al. Prospective, declarative and non-
declarative memory in young adults with spina bifida. J 
Int Neuropsychol Soc 2007; 13: 312–323. 

11. Jenkinson MD, Campell S, Hayhurst C, Clark S, Kanda-
samy J, Lee MK, et al. Cognitive and functional outcome 

in spina bifida­chiari II malformation. Childs Nerv Syst 
2011; 27: 967–974. 

12. Persson M, Janeslätt G, Peny­Dahlstrand M. Daily time 
management in children with spina bifida. J Pediatr Rehabil 
Med 2017; 10: 295–302. 

13. Peny­Dahlstrand M, Åhlander AC, Krumelinde­Sundholm L, 
Gosman­Hedström G. Quality of performance of everyday 
activities in children with spina bifida: a population­based 
study. Acta Paediatr 2009; 98: 1674–1679. 

14. Dennis M, Landry SH, Barnes M, Fletcher JM. A model of 
neurocognitive function in spina bifida over life span. J Int 
Neuropsychol Soc 2006; 12: 285–296. 

15. Barf HA, Post MWM, Verhoef M, Gooskens RHJM, Prevo AJH. 
Is cognitive functioning associated with subjective quality 
of life in young adults with spina bifida and hydrocephalus? 
J Rehabil Med 2010; 42: 56–59.

16. Heffelfinger AK, Koop JI, Fastenau PS, Brei TJ, Conant L, 
Katzenstein J, et al. The relationship of neuropsychological 
functioning to adaptation outcome in adolescents with 
spina bifida. J Int Neuropsychol Soc 2008; 14: 793–804. 

17. Berry JG, Kusminsky M, Foley SM, Hobbs N, Queally T, 
Bauer SB, et al. Strategic directions for transition to 
adulthood for patients with spina bifida. J Pediatr Neur 
2013; 11: 211–220. 

18. Zukerman JM, Devine KA, Holmbeck GN. Adolescent pre-
dictors of emerging adulthood milestones in youth with 
spina bifida. J Pediatr Psychol 2011; 36: 265–276. 

19. Lindsay S, McPherson AC, Maxwell J. Perspectives of 
school­work transition among youth with spina bifida, 
their parents and health care providers. Disabil Rehabil 
2017; 39: 641–652.

20. De Blanck Wirén M. [Cognitive functions in adults with 
spina bifida. Scientific work within the Swedish Psycho-
logy Association]. Vellinge: Sveriges Psykologiförbund 
[Swedish Psychology Association]; 2012 (in Swedish). 
Available from: https://docplayer.se/7281952­Kogntitiva­
funktioner­hos­vuxna­med­ryggmargsbrack­en­forsk-
ningsoversikt.html.

21. Kaufman B, Terbrock A, Winters N, Ito J, Klosterman A, 
Park T. Disbanding a multidisciplinary clinic: effects on 
the health care of myelomeningocele patients. Pediatr 
Neurosurg 1994; 21: 36–44. 

22. Hurley AD, Dorman C, Laatsch L, Bell S, D’Avignon J. Cog-
nitive functioning in patients with spina bifida, hydrocepha-
lus, and the ‘cocktail party’ syndrome. Dev Neuropsychol 
1990; 6: 151–172. 

23. Donlau M, Mattson S, Glad­Mattson G. Children with my-
elomeningocele and independence in the toilet activity: a 
pilot Study. Scand J Occup Ther 2013; 20: 64–70. 

24. Berg M, Butler A, Dahl M, Eklund P, Norrlin S, Rönnblom 
Hållén E, et al. [Independence and health in adolecents 
and young adults with spina bifida. Needs and measures]. 
Uppsala: Folke Bernadotte regionhabilitering; 2008 (in 
Swedish). 

25. Wechsler D. WAIS-III/WMS-III technical manual (updated). 
San Antonio: Psychological Corporation; 2002. 

26. Ivachova E, Jones Tinghag K. [Swedish normative data for 
the verbal fluency tests: FAS, animal naming and action 
naming (COWAT Test)]. Stockholm: Karolinska Institutet, 
Department for Clinical Science, Intervention, and Tech-
nology; 2007 (in Swedish). Available from https://clintec.
ki.se/Exam_logopedi/pdf/293.pdf.

27. Schmidt M. Rey Auditory and Verbal Learning Test. A hand-
book. Los Angeles: Western Psychological Services; 1996. 

28. Wilson B, Cockburn J, Baddeley A, Hiorns R. The development 
and validation of a test battery for detecting and monitoring 
everyday memory problems. J Clin Exp Neurospychol 1989; 
11: 855–870. 

29. Rossetti CH, Lacritz HL, Cullum MC, Weiner FM. Norma-
tive data for the Montreal Cognitive Assessment (MoCA) 
in a population­based sample. Neurology 2011; 77: 
1272–1275. 

30. Fisher A. G. Assessment of Motor and Process Skills: 

www.medicaljournals.se/jrm



JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

Cognitive function in adults with spina bifida p. 9 of 9

Volume 1: Development, standardization, and adminis-
tration manual (7th edn). Fort Collins, CO: Three Star 
Press; 2013. 

31. Marom B, Jarus T, Josman N. The relationship between 
the Assessment of Motor and Process Skills (AMPS) and 
the Large Allen Cognitive Level (LACL) Test in clients with 
stroke. Phys Occup Ther Geriatr 2006; 24: 33–50. 

32. Nygård L, Amberla K, Bernspång B, Almkvist O, Winblad 
B. The relationship between cognition and daily activities 
in cases of mild Alzheimer disease. Scand J Occup Ther 
1998; 5: 160–166. 

33. Bouwens SFM, van Heugten CM, Aalten P, Wolfs CAG, 
Baarends EM, van Menxel DJ, et al. Relationship between 
measures of dementia severity and observation of daily 
life functioning as measured with the Assessment of Motor 
and Process Skills (AMPS). Dement Geriatr Cogn Disord 
2008; 25: 81–87. 

34. Bernspång B. Rater calibration stability for the Assessment 

of Motor and Process Skills. Scand J Occup Ther 1999; 
6: 101–109.

35. Bernspång B, Fisher AG. Validation of the Assessment of 
Motor and Process Skills for the use in Sweden. Scand J 
Occup Ther 1995; 2: 3–9. 

36. Glickman ME, Sowmya RR, Schulz, MR. False discovery 
rate control is a recommended alternative to Bonferroni­
type adjustments in health studies. J Clin Epidemiol 2014; 
67: 850–857.

37. Hall KM, Cohen ME, Wright J, Call M, Werner P. Characte-
ristics of the Functional Independence Measure in traumatic 
spinal cord injury. Arch Phys Med and Rehab 1999; 80: 
1471–1476. 

38. Lewis MW, Babbage DR, Leathem JM. Assessing executive 
performance during cognitive rehabilitation. Neuropsychol 
Rehabil 2011; 21: 145–163. 

39. Taylor R. Kielhofner’s model of human occupation: theory and 
application (5th edn). Philadelphia. Wolters Kluver; 2017.

J Rehabil Med 53, 2021


