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Cognitive performance of children
with spinal muscular atrophy
A systematic review

Graziela Jorge Polido’, Mariana Mangini Vaz de Miranda',
Nelson Carvas Junior?, Rodrigo de Holanda Mendonga?, Fatima Aparecida Caromano?,
Umbertina Conti Reed?, Edmar Zanoteli?, Mariana Callil Voos'

ABSTRACT. Spinal muscular atrophy (SMA) is genetic and progressive, caused by large bi-allelic deletions in the SMN1
gene, or the association of a large deletion and a null variant. Objective: To evaluate the evidence about cognitive
outcomes in spinal muscular atrophy (SMA). Methods: Searches on the PUBMED/Medline, Web of Knowledge and Scielo
databases retrieved 26 studies (1989 to 2019, descriptors “spinal muscular atrophy” and “cognition”). Nine studies
were selected according to the eligibility criteria: (1) cognition tested in individuals with SMA; (2) written in English or
Spanish. The Risk of Bias in Non-Randomized Studies of Interventions was used to describe design, bias, participants,
evaluation protocol and main findings. This study was registered on the International prospective register of systematic
reviews (PROSPERO). Results: Three studies described normal cognition. In another three studies, cognitive outcomes
were above average. Cognitive impairment was found in three studies. Poor cognitive performance was more frequently
reported in studies that were recent, included children with SMA type | and that employed visual/auditory attention and
executive function tests. Protocols and cognitive domains varied, precluding metanalysis. Conclusion: The severity of
motor impairment may be related to cognitive outcomes: studies that included a higher number/percentage of children
with SMA type | found cognitive impairment. The establishment of gold-standard protocols is necessary. Further studies
should compare the cognitive outcomes of subjects with SMA types | to IV.

Key words: spinal muscular atrophy, cognition, cognitive impairment, systematic review.

DESEMPENHO COGNITIVO DE CRIANGAS COM ATROFIA MUSCULAR ESPINHAL: UMA REVISAO SISTEMATICA

RESUMO. A atrofia muscular espinhal (SMA) é genética e progressiva, causada por grandes delegdes bi-alélicas no
gene SMN1, ou pela associagdo de uma grande dele¢do e uma variante nula. Objetivo: Avaliar as evidéncias sobre o
desempenho cognitivo na atrofia muscular espinhal (AME). Métodos: Pesquisas nas bases de dados PUBMED/ Medline,
Web of Knowledge e Scielo localizaram 26 estudos (1989 a 2019, descritores “atrofia muscular espinhal” e “cognicao”).
Nove estudos foram selecionados de acordo com os critérios de elegibilidade: (1) testaram a cognicdo em pessoas com
AME; (2) escritos em inglés/espanhol. A avaliagéo do risco de viés em estudos com intervengdes ndo-randomizadas foi
utilizada para descrever o desenho experimental, viés, amostra, protocolo de avaliagdo e principais achados. Este estudo
foi aprovado no Registro Internacional Prospectivo de Revisdes Sistematicas (PROSPERQ). Resultados: Em trés estudos,
foi registrado que a cognicdo estava preservada. Em trés estudos, o desempenho cognitivo estava acima da média.
0 comprometimento cognitivo foi encontrado em trés estudos. Desempenho cognitivo pobre foi mais frequentemente
relatado em estudos recentes, estudos que incluiram criangas com AME tipo | e estudos que incluiram atencéo visual/
auditiva e testes de fungéo executiva. Protocolos e dominios cognitivos variaram muito, portanto ndo foi possivel a
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realizacdo de metandlise. Concluséo: A gravidade do comprometimento motor pode estar relacionada ao desempenho
cognitivo: estudos que incluiram maior nimero/porcentagem de criangas com AME tipo | encontraram alteragées no
desempenho cognitivo. O estabelecimento de protocolos padrdo-ouro € necessario. Novos estudos devem comparar o
desempenho cognitivo de pessoas com AME tipos | a IV, ou seja, com diferengas no prognostico e no desempenho motor.
Palavras-chave: atrofia muscular espinhal, cognigéo, revisdo sistematica.

Spinal muscular atrophy (SMA) is genetic and pro-
gressive, caused by large bi-allelic deletions in the
SMN1 gene, or the association of a large deletion and
a null variant.! SMA leads to the degeneration of the
anterior horn motor neurons and the motor nuclei of
some cranial nerves.™ Only in rare cases have two single
nucleotides changes been reported to be causative of the
disease. The most common form is caused by mutations
in the survival motor neuron 1 (SMN1) gene (5q11.2)
and SMA is transmitted in an autosomal recessive
fashion.™?

SMA classification is based on the age of onset and
the maximal function attained.™” Children classified as
type 0 exhibit almost complete paralysis and have very
short survival time.® Children who do not acquire sit-
ting are classified as type I (non-sitter), with onset in
the first semester of life (Werdnig-Hoffmann disease).
Type II (sitter) usually begins before age of 18 months
and includes children who can sit without support.
Type III (walker) is considered a juvenile form of SMA,
with standing and gait acquisition. Type IV begins in
adulthood. In all types of SMA, sensory function is nor-
mal.*?* The SMN2 gene can produce a small amount of
the functional protein expressed by the SMN1 gene. This
gene performs some phenotypic rescue in SMA, and
the phenotype severity is determined by the number of
SMN?2 copies harbored by the patient. SMA type 1 can
harbor 1 or 2 copies of SMN2, and patients with fewer
copies are more severely impaired.’

For many years, researchers focused on motor and
respiratory outcomes of children with SMA and cog-
nitive performance was not investigated. In 2006,
D’Angelo and Bresolin® stated that the cognitive devel-
opment of affected children had not received much
attention and that most studies relied on anecdotal
clinical reports and did not follow gold-standard neuro-
psychology guidelines. More than ten years on, cognitive
outcomes of children with SMA still need to be reviewed.

SMA (mainly types I and II) is associated with severe
weakness, which impacts hand coordination and speech
acquisition.™? Restricted verbal and sensorimotor inter-
action can cause cognitive impairment.® In a previous
study, children with SMA type I and age- and sex-
matched controls were evaluated with an eye-tracking

device on pair-matching tasks. A relationship between
the pair-matching performance and social function,
scored by the Pediatric Evaluation Disability Inventory,
was found.* However, cognitive outcomes in SMA are
contradictory in the literature. For instance, the study
by von Gontard (2002)” reported normal intelligence
coefficients in children, and even above normal cogni-
tive performance in adolescents with SMA types I-I11.”

The present study aimed to describe and discuss the
evidence on cognitive outcomes in children with SMA.
Difficulties exploring objects and the environmental,
together with poor oral communication, may impair
cognitive development. We performed a systematic
review to assess the cognitive performance of children
with SMA and possible differences in cognitive perfor-
mance among types I, Il and III.

METHODS

Search strategy and selection criteria

This study was registered on the International prospec-
tive register of systematic reviews (PROSPERO) and
followed the checklist of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyzes (PRISMA).®
A search over thelast 30 years (1989 to 2019) was carried
out and included studies from PUBMED/Medline, Web
of Knowledge and Scielo (Scientific Electronic Library
Online) databases. The searches were performed from
11 July 2015 to 07 April 2019.

The search with the descriptors “cognition” and “spi-
nal muscular atrophy” resulted in the retrieval of 36
studies on PUBMED/Medline and 17 studies on Web of
Science/Web of Knowledge. The search with the same
descriptors retrieved no studies on the Scielo database.
Of the 53 studies identified, 10 were eliminated because
they were duplicates. There were no restrictions on the
types of study design.

The titles and abstracts of 43 studies were indepen-
dently screened by two investigators (GJP and MCV).
Twenty-three studies were excluded because they did
not evaluate people with SMA (there was a consensus
between GJP and MCV on all excluded studies).

The same investigators then evaluated and discussed
the inclusion of each of the twenty selected studies. They
adopted as inclusion criteria: quantitative assessment of
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cognitive skills; studies written in English or Spanish.
All studies met the inclusion criteria.

As exclusion criteria, the investigators considered:
review studies (n=5 excluded; two about cognition in
several types of neuromuscular diseases and three about
locomotion in SMA); letter to the editor (n=1); studies
with no cognitive assessment (n=5). Therefore, nine
studies were selected for this systematic review.

Data extraction and quality assessment
Given the nine selected studies were non-randomized,
they were analyzed by the Risk of Bias in Non-Random-
ized Studies of Interventions (ROBINS-I).° ROBINS-I is
a tool for evaluating the risk of bias of non-randomized
studies, whose results may be biased by sampling and
interventions. ROBINS-I evaluated the risk of bias of
the research question and the outcome and results. It
also examined how the confounders and co-interven-
tions were addressed and the risk of bias judgements.®
We classified bias with ROBINS-I guidelines and
described the design, bias, participants, evaluation pro-
tocol, and main findings of the selected studies (Table
1). The eligibility and bias of each study were indepen-
dently evaluated by two investigators (GJP and MCV).
All items scored differently by the examiners were dis-
cussed and rescored with a consensual classification.
Due to the heterogeneity of samples (involving types
I, IT and/or IIT of SMA) and testing protocols, we could
not run a meta-analysis of results.

RESULTS

The main findings of the nine studies are presented
below and the risk of bias, as classified by ROBINS-I, is
shown in Table 1.

Seven studies were cross-sectional protocols,®”1014
one was a cohort study®™ and there was also a case
series.’® The studies described the cognitive aspects of
children and adolescents with SMA types [, II and III.
Overall, three studies described cognitive performance
as normal.’®*? In addition, three studies reported that
the cognitive performance was above average in some
aspects.”*'* Three studies described cognitive perfor-
mance as below average.®*>'¢ (Table 1).

DISCUSSION

The present study evaluated the evidence in the litera-
ture about cognitive outcomes in children with SMA.
We found that three studies described the cognition
of children with SMA as normal,**'? three as above

7,13,14

average, and three as below average.®*>'® Most of

the studies concluding that cognition was normal'®*?
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7,13,14 10,11,14

or above average visuo-
spatial perception,
with SMA type I were included in only two of these
six studies, and only if they were able to perform hand
movements and verbal responses.”'! Three of these six
studies were from the same group and evaluated similar
tasks, involving language skills acquisition.'***

The studies which observed that children with SMA
had below average cognitive performance investigated
visual and auditory attention®'® and executive func-
tion.*™ Children with SMA type I were included in all
these studies. Therefore, the results of this systematic
review suggest that children with SMA type I are more

likely to have cognitive impairment (attention and exec-
y g P
).6,14,16

evaluated language,

671014 and memory.#'%** Children

utive function deficits

This difference between SMA types was reported
by Sieratzki & Woll (2002).? They wrote a letter to the
editor, reinforcing the findings of von Gontard et al.
(2002).7 They stated that, although cognition was nor-
mal, there was a difference between SMA types. Sieratzki
and Woll? concluded that the attention of children with
SMA type [, who suffer from more severe paralysis, was
strongly focused on the approach to one target. Con-
versely, children with SMA type III had higher functional
independence and were able to scan their surroundings
for interesting targets.*

The following pattern was observed in the review:
from 1992 to 2002, studies concluded that cognition
was normal,’**? from 2002 to 2009 studies concluded
that cognition was above average.”**'* More recent
studies reported that cognitive performance was below
average.5'>1¢ This pattern suggests that previously unre-
ported cognitive impairment in SMA (mainly in type
D) is being detected. These findings may be due to the
development and application of new cognitive evalua-
tion protocols, which include patients with very limited
motor skills.

Samples were highly heterogeneous in terms of age
and SMA type (Table 1). Some studies did not include
children with SMA type I'** (or excluded some children
with SMA type I),"*'2 because evaluation required hand
coordination and/or verbal responses. Only Polido et
al.® described the sample education. Only three stud-
ies used the same scale (Wechsler Intelligence Scale for
Children),”%!! and therefore metanalysis was not pos-
sible. The other tests used involved several aspects of
cognition, such as Language (MacCarthy intelligence
scale for children;™ North syntactic screening test;'**
Alouette test for reading age;° Batterie d’evaluation
du langage;'** Test de Vocabulaire Actif et Passif'');
Visuospatial skills (a toy was hidden in one of three




13(4):436-443 W

Dement Neuropsychol 2019 December;

Sanuiuod

*S3W09)N0 JO JUSWAINSEAW Ul
selg "9|q1ssod alam s}se} alenbs-1y7) Ajuo ‘alofiay L
(UuoI}e90| 19811001 SNSIAA 1981100) A0} UBPPIY BU} 10}
payoJeas pey pliyd au} Usym papus (e} yoe “aseyd
[eyuswidojanap ai0ads Asan e palojdxe Apnis Siyl

'sjued
-191ed Jo uonadas ul serg ‘pawuod Ajeoanauab
10U sem sisoubelq () adAy) Aydoae Jenasnw jeuids
10 8dAy suo yum ualpjiyd Ajuo payenjeas Apnis SiyL

‘uondaasad

[eneds Jo juawdojansp ay} umop Buimols
10} 10}9} YSl1 & aq 0} Jeadde jou saop
Juawredwl J0j0Wo0907 “souewlopad uon
-e90| [eneds [ewuou pamoys sdnoib |y
*SAN0J6 UaMIBQ BIUBIBHIP OU SBM 818y |
‘Aydouye Jejnasnw jeu

-1dS Ypm uaJplyo Jo aouewiopad [euLioN

Ao} usppIy 8U} pul} 0} SEM Y} BU] "S[e 831U}
ul pajedionsed pjiyo au) pue seaibiep 08 | psie}
-01 sem dojajqe} ay] "a|qe} e uo Ajjejuoziioy
paubiie sdnd 8aly} JO 8uo ul uapply sem Ao}
\ "pasn sem }sa} Aiowaw uoneao| jeneds y

‘(s1eak ) ualppiyo
Auyeay g1 ‘(stpuow 9 pue
s1eak g) uaipjiyo Auyeay g1
‘(sieak g) uaipjiyo Auyesy
21 ‘(syuow 9 pue Jeak |)
ualpyd Ayyeay z| “(sreak
¢ ‘shog £ ‘z1=u) || adfy
Aydose teinosnw  [euids

SeIq J0 %Su Mo

[BUOID8S-SS01)
Aydone sgnasnw feurds yim
uaJpjiya BunoA ur uofyubod jeneds
22002 ‘19AnagT ‘asainy

selq |jesang/ubisap

selq Jo ysiy shuipuyy urepy 102030.d uonenjeay sjuedionied Apms/ajiiL/1eaA/SI0YINY
*S3LIOIYNO JO JUIWIINSBAW Ul Selg Pasn ‘fydonshp 189 pnoje Huipess Je/
8J9M S)ILUI| LI} J0/pUe S)UBUOdLL0D J0JOL UMM S1S8] JRINOSNW auusayanN@ UMM UaJIpfiyd ueyy 9/ Jo adid &7 :Ayjiqe Buipeay -1se) Huiuaslos
‘ejep Buissiw 0} anp seig ‘dnoub j0[u00 s|IMs  Buipeas Jaybiy Apueoiiubis pey 219RJUAS YUION ‘(uoisuayaidwod piom) 4issed
ay1 ul paidde jou sem ajeas aauabilBiul Jo|SYISM Aydone Jenosnw [euids yum uaIpjiyo 19 4119y a1einqeaoA 9p 1s9; ‘(Buiweu aimoid ‘(sieah g

‘sjued

-191ped Jo uonoa|as ul Sseig Pajjouod JoU SIam
SSB|O [e190S pue uoieanp3 'j090jold 8y} Wwoly papnjo
-X0 9Jom uawiredwi Jojow 8JaAas pey Ing peal 0}
3|qe asem oym AydoJie Jenasnw [eulds Yyum uaipjiy9
*Buipunojuo? o} anp seig

"S)INSaJ Paguan|jul 9ABY ABW PUB PaSSASSe 10U 81aM
SUOOUN SAIBU [BIURID PUB LoRouny/yibuas ajasniy

*($)SB) [eqJan) JnawWylLe pue SanLIR|IIS
Ul $8109s Jamo| pey AydonsAp Jejnasnuw
auuayoNg YuM Uuaip|iy9) S8I0ds [el0}
a[eas aauabifjeul Jajsyasp Ul Jayip 1ou
pip AydonsAp Jenasnw suuayong yum
pue Aydoae Jenasnuw [eulds yum uaippyo

‘Aydouye Jejnasnw jeu
-1ds Yym uaJp|Iy9 Jo souewIopad [ewloN

‘uonnadal piom) ‘abebue; np uopeneAs,p
alayeg -abenbueq ‘pase) asem Aydonshp
Jejnosnw auusyong pue Aydone Jenasnuw
[eulds ypm ualpjiyd Ajuo :(sysey Jequan-uou)
ubisap %20|q pue Ajquiasse 199lqo ‘Juawabuel
-le aimaid ‘uonajdwos aimaid i(syse} |eq
-19A) onBwyle pue AJeNgedoA ‘SenLe|iIS
‘uonewlojul :9eas  aouabielul  JaISUIM

ueaw) sieak | 03 9 ‘shoq
22 (gy=u) dnoisb josu0)
‘(s/eak || ueaw) sieak ¢|
01 8 ‘sfog 9 :(L1=u) || pue
| Aydose tenosnw [euids
(s;eak || uesw) sleak
€L 0 8 (lg=u) Aydon
-sAp Jeinasnw auusyonQ

SBIq JO YSU 3]RIaPOA

[BUOIO8S-SS01)
Aydo.se sgnasnw [euds

pue AydossAp Jeinasnw auusyang
ul Buissagoid pue Aujiqe buipeay
118661 d pueipag ‘9 J8wwioy
‘v-IN zaypeg d 191119 ‘9 prejiig

selq |jesang/ubisap

selq Jo ysiy shuipuyy urepy 102030.d uonenjeay sjuedionied Apms/ajiiL /1A /SI0YINY
“(Riowisw [BNSIA pue [eqJan [eqo|b
anbisauyy aousioly3,p duayeg pue asuods
VNS yim sjued -91 Aloypne 8aA)os|as) Alowsw-uonuany
*SaWOoN0 JO -191ed J0 9,00 | 01 pasedwod abe buipeas ‘(Alqwasse 193lq0

JUBLIAINSEALL Ul SBIg "Pasn aJam SHW| awi Jo/pue
Sjusuodwod 100w Ypm Sisa] “uoneindiuew puey
yum juaned ayy padjay Jaulwexa 8y} SawWiawos
'sjuedioipied Jo uonoalas u

SeIg "Pa||0J3u0I J0U BI8M SSB[I [BI90S pUB Lo)eINnp3
‘papnjoul Jou asam | adAr Aydose seinasnw euids
yum uaJpiyy “AydonsAp Jenasnw suuayang o} pased
-Wo9 sem Aydouze Jenasnw euids :dnolb 01u09 ON
*Buipunojuod o} anp seig

"S]IN$a. PaJusn|jul dAeY ABW PUB PASSASSE 10U 81aM
SUOIOUN} BAIBU [BIUBID PUB UOROUNy/BUBNAS BJISN

lewlou pey AydonsAp Jenosnuwi auua
-4ong yum spuedioped au Jo %19 Aluo
*flowaw [ensiA pue [egJan [eqolb ayy

uo pue s8] BuuaaIds a9eUAS YUON 8y}
U0 $3102s JaUbIY ey WINS UM UuaIpiyd
‘(lewsou mojaq) Aydonshp

Je[nasnuw auusydng UM UaIpjiyd ueyy
(19na] [ewou) ajeas aauabijeul Ja|sysam
U0 81008 JaUBIY Pey YINS UM UaIpiy)
‘Aydouye Jejnasnw jeu

-1ds yym uaJp|Iy9 Jo souewIopsd [ewloN

pue ubisap »o0|q ‘uswsabuele aimaid ‘uon
-91dwod aimoaid :ajeas aouabl|jajul JaISyIa
au1 Jo 9Jras sourwopad auy) |enedsonsip
{(Areingeoon pue JnBWLLIE ‘SanLB|IWIS
‘uoneLuojul :8[eas aauabi||ajul JBISYIBM aU JO
9[eas [eqJan ay} pue abe Buipeal 1o} 18} aj8
-nojy ‘181 Bulusalas anoeluAs YUoN ‘ualpiiyo
1o} 8jeas aausbisiul Aypenoeyy) abenbue
‘passas

-Se 9lom Seale aAubod 8aIy] lojen[eAs
papullg-a|buis & Aq apew Sem JuaLISSaSSY

*dnoJb j0.3u09
ON ‘(sieaf {7 ueaw) sieak
91 0} 2| (I pue | sadfy
(Z1=u) Aydose .tejnasnw
euids ‘(sieek ¢ ueaw)
sieak 9| 01 z1 :(yg=u) Ayd
-04sAp Jejnasnw suuayang

SBIq JO YSU 3}RIaPO|A

[BUONDS-SS01)

Aydose sgina
-snw [eulds yum uosiedwos pue
esieiddeas e :AydonsAp senasnw
auuayang ul suopauny aapubo)

08661 “[e 19
‘IN neapae{ d pueipuag ‘g yneain
“Ir 1210ubIS d 391119 ‘D preng

se1q 0 sy

sbuipuy urey

1090}0.1d uonenjeny

sjuedionied

selq ||esanp/ubisap
Apnig /3p11/1eap/SI0yNY

¢ (-SNIG0Y) SuoRUAIBIU JO — SBIPNIS PBZILIOPUEY-UON U! Selg JO %SIY *| 3|qeL

Cognition of children with spinal muscular atrophy 439

Polido et al.



13(4):436-443

W Dement Neuropsychol 2019 December;

SONUU0D

*S9W09N0
JO JUBWIAINSEaAW Ul Selg ‘pasn aIom Sa[ess Jaylo
ou pue uonubod pajenjeAs USIP|IYO 10} ainsesw
9ouspuadapul [euonouny 8y} Jo urewop auo Alug
‘Bjep

Buissiw 0} anp seig (| 9dA Alqeqoud) sased aionas
alow Buowe Ayepow Jayby :si030e} ansouboid 0}
pajejas aq 0} Ajo)i| SEM UOIENUUOISIP LUORUSAIBI|
'sjuedionJed jo uonoajas ui seig

‘Aydoe Jeinasnw [euids 1oy paysa) Ajjeonaush jou
alam sjuedionied awos “dnolb [0U09 ou Sem alay)
*Buipunojuod 0} anp

SBIg "PI||01U0I 10U BJ9M SB[ [BI90S PUB UOIBINp3

‘| 9dA ypm syuedioied jo
$8109S U} UL Jaybiy a1om || pue || sadAy
VINIS Yum sjuedioied Jo $8109s uoniubod
aUl %06 :qil Aydose Jsenosnw [euids
%8. ‘Bl YINS ‘%09 :Il VINS 81am aduap
-uadapur aAubod [euonoun) pasiyoe
pey oym spenpiapul Jo abejuaaiad syl

‘[ewLiou mojaq sem Aydoue Jejnasnw
[euids yum uaIp|iyo Jo aouewopad ayL

*UOIJaUN} AAIINIAXA PaJinbal yaIym
‘saiAoe Ajlep Ul aouewiopad aj-|eas sy}
SS9SSe 0} palule Ulewop Siyl ‘GE Sem 8109
wnuwixew ay} pue Aowsw pue ‘BuIn0S wa|
-goid ‘uonoeis)ul [e190S ‘UoISSaldXe ‘uoisusy
-81dwod pajenjeAs urewop uoniubod ay] “uon
-1uB09 pue AYjIqOW ‘91edy[8s :SuleWop 8.y} JO
pa}sIsu0g alreuuonsanb ay] “uaJp|iyd 1o} aIns
-Ball gouapuadapul [euonouny ay Jo Bulods
9] 1o} pamalAiaul aIam SJanbaled/siualed

(skoq £ ‘qili 8dAy 61 ‘shoq
6 ‘elll 8dfy 91 'sfoq 6 I
adAy :9z ‘sfoq 6 ‘| odAy :g2)
sieak oy 0) | pabe ‘(gg=u)
Aydone Jejnasnw  euids
UHM  synpe  pue  usipiiyg

Selq JO %su ajelapop

Apms poyo?n

Snpejs [euofauny pue wiayed
[eainns :Aydone Jginasnw [euids
Y002 ‘d| ‘Buom ‘Bunyg

Sselq [lesang/ubisap

Selq Jo ysiy sBuipuy urey 1000}01d uonenjeny sjuedionied Apmg /aj11/1e3A/S10UINY
*S3WO02)NO0 JO JUsLWINSEa
ur serg "9|qissod a1am S)sa} asenbs-1y) Aluo ‘aio}
-8Jay] "(uonELIO| 19911001 SNSIA 1931100) A0} USPPIY "sasuodsal anis|ndwi aJow moys
8y} Jo} payaIeas pey pjiyd sy} uaym papus [eu} yoeg 0} pus} oym ‘uaipjiyd Ayyeay ur padojanap
‘sjued -|lom se 1ou aJe Aydoae Jejnasnw jeulds
191ped JO UOND3JAS Ul Selg "PawLu0d Ajleanaush UM ualpjiyo u juasaid swisiueydaw Aioy 1013 g-10u-9 SBI( JO }SH d]eI3pPOoI\
1ou sem sisoubeiq (| 8dAy) Aydosie Jenasnw [euids -1q1yuy “dnosb |01u09 8y} Jo sduewopad 8y} se umouy sI Ao} uappiy 8y} Jo Juswadeld ‘(shoq

10 adfy suo yum uaIpIyd Ajuo parenieas Apns SiyL

*Buipunojuocd 0} anp selg "UoNIGIYUI 1UBLLISAOW
paousnpul aAey Aew yibuans 8fosnw ‘aloyetayl
‘¥sel siy} Jo} [eonuo ase Buidselb pue Buiyoeay

8y} uey} Japaq sem Aydoue Jenasnw
feurds yum usaipiy9 Jo souewopad ayl

‘Aydouye Jenasnwi jeurds ypum uaipiyo
Jo 8ouewsopad [ewiou SAOCE/[eWION

-siw 8y Aoy usppiy 8y} puj 0} pey ppyd 8yl
"SU10[9 9.y} JO BUO JBpUN UAPPIY sem Aoy
"pasn sem 193[qo Ue JO Syuawade|dsip 8|qISIA
-ur Buinjoaul 181 Alowiaw uoneao) jeneds v

/) s|j0qu09 7| pue (skoq 9
‘sieak z ueaw) sieah ¢ 0}
| pabe ‘|| adf} senosnwi
[euids yum  uaIpiyd 1

[BUOI}8S-SS01)
Apms

anjeredwos e :ous g-jou-9 a8yl
€002 ‘19AnagT ‘asaIny

selq [jesang/ubisap

seiq Jo ysiy sBuipuy urey 1000301d uonenjeay sjuedionied Apms/apiL/1eap/sioyny
‘Il PUe || ‘| sadA} Jo seouew
-lopad 8y} UABM]B] SBIUBIBYIP OU BIaM

a8y (deaipuey [eaisAyd iy} Joj ajes ‘sIeak | | abe ueaw Selq Jo }su Mo

'syuedioned Jo uonosjas ui seig Huiss) onaush
Juanuapun susied €8 AjuQ |l pue | sadAy ussmiaq
aulliaplog alom | adfy se palisseld sjuaied awos
"sannaiyIp abenbue| 0} anp papnjoxe a1am XIS pue (|
adAy Apsow) paip gz ‘syuaped |9z jo sjdwes e jo

-uadwoa 0] seifia)el}s) SI0joe) pajeIpaw
Ajreyuawuoiaua o} anp Algeqoud ‘sjou09
ueyy aouabijejul Jaybly pamous Aydoye
JTeinasnu [euids yum sjuaass|jopy “aausb
@lul [ewlou aAey Aydone Jenasnw
[eulds yum S)uadssjope pue  usIpiiy)

‘Aydoue Jejnasnuw [eulds yum uaip|iyo
Jo 8ouewlopad [eWIOU SAOQE/[BULION

‘Aiowaw ‘A1ejngeaon ‘uonouny an

-N29xa ‘onawyjue ‘uoisuayaidwod buipeas
((steak g| 0} g|) 8[eas aouabifajul J8|SYIaM
‘uoisuayaidwod Buipeas

‘opswiyie  ‘uonouny aAiNIaxXs ‘Alowsaw
‘uondaosad [eneds :(sieak || 0} 9) uaip|iyd
10} AJeneq JUBWISSASSE UBWINBY pUB S30L)
-BW 9AIssalbold plepuels pue palojod uaAey

:sBulqis  payoage  Inoyum
ualpiiyo Ayyesy 6S ‘sieak
L1 obe uesw :sbuyqis pe
-108)Jje-Uou Gy ‘(s1eak g1 0}
9) Il 8dfy ym 0z pue | adky
unm g6 ‘| adfy yum g1 :Ayd
-011e Jeinasnuw [euids yum
SJUBISA|0PE PUB UBIP|IYD 96

[BUOI}99S-5S01)
Aydoe sginasnw feuids

YlM SJUBISI|opE puB UAIPiIYI Ul
uonauny anuboa pue aguasbiyaiuy
/2002 “[e 19 d S13YdJaN ‘9 puey
-puap ‘g ssejd-19j1amsianet ‘I
sayoeg ‘Y Sa1197 ‘Y pJejuoy uoa

se1q Jo sy

sbuipuyy ureyy

1090j01d uonenjeny

sjuedioned

selq ||esang/ubisap
Apms /ap11/1e3)/S10UINY

(uonenunuo) ¢ (1-SNIG0Y) suonuaAIBIU] JO — SBIPN}S PazIWOPUBY-UON Ul Selg JO Ysiy *|. ajqeL

Polido et al.

440 Cognition of children with spinal muscular atrophy



13(4):436-443 W

Dement Neuropsychol 2019 December;

‘sjuedioed jo uonaa|as ul seig Aydosie
Jejnasnw [eulds Jo adAy suo Ajuo parenjeas Apnis auL
*Buipunojuod 0} anp seig usl

-dinba ay} yum Jeyjiwey jou asam Asyy asnesaq Ajiood
pawopad aney Aew uaip|iyo aWOS ‘uoien[eAs a16o|
-oweyydo pazipsepuels wiopad jou pip Apnys ayL

‘pasealoul
31aMm ¥se) 8y} Jo Auxajdwod pue nnwins
10 Jaquinu 8y} uaym Aynaigip aiow pey
Aydose Jenasnw [euids yum ualppyo
*(sawiy Jabuo) pue AoeIndde $$9)) S|0QU0I
uey} souewlopad Jalood pey Aydone te|
-nasnW [eulds ypm uaipjiyo ‘syse} asiu}
J8Ljo au uQ “(sared maj pey yaium) | Yse}
U0 SJamsUe 1981109 Jo Jaquinu Ui sdnoif
USOMJBQ SBOUBJAKIP OU BJaM aJay]
‘lewdou mojaq sem Aydose Jenasnw
[euids ypum uaIp|iyo Jo souewopad oyl

*SpU0JaS OM} J0} SN
-NwIRS 8y} e pazeb ualp(iyd usym Jayoes} syl
£q paoayap a1am sasuodsay "pasn 81am 300q
-8]0U B pue (0 Ld 11q01) 821Aap Buryor.-aks uy

*uonauny AAINIAXA pue bul
-ss3904d uoneoo| jeneds ‘uonpuape PanjoA
-Ul ¥Se]} 8yl ‘(S|eJawnu uspum pue digele
Buiyorew : yse) ‘aseasamo| pue aseasaddn
Ul s1epa| Buiyajew ¢ yse} :10j09 Buipuodsal
-109 SY yum aunbiy e Buiyojew g yse} ‘sainbiy
awes Jo sied Buiyorew :| ysey Auxa|dwod
Buiseasoul Jo syse} Jnoj ur sied Buiyore

(s1eak

6 0} €) ualpliyo Auyreay z|
(sieak g 01

¢) | adfy Aydone Jenosnw
[euids um uaIpiyd gzl

Selq J0 %Su Mo

[BUOID8S-SS01)
| 8dA} Aydosze senasnwu feulds ypm
uaJpjiya ur Aynaiyip sued buiyarepy

o102 “[e 19 ‘7 1I9)0ueZ
‘N4 oJoneq ‘y4 ouewose) ‘H9
ojowLio}l 4y esoqieg ‘r9 opijod

selq |jeJang/ubisap

selq Jo ysiy sbuipuyy urepy 102030.d uonenjeng sjuedionied Apn)g/aj]/Ieap/sioyny

‘pajenjend

0s[e a1om BulAlo J0 92u8saId pue SJUBLIBAOW
“ejep Buissiw 0} anp 'S9|qeLIeA Auwainxa pue Jeindao ‘suoissaidxa [e1oe} ‘uon SeIq JO }SH SNoLIas

Selg "Pamoj|o} 10 pajen|eAs Jou alam sjusied awos auI[eseq Ul aBueyI OU UM ‘PaIeIS|O) [[oM -eines uabAxo [esayduad ‘sejes Alojeaidsal
*S9WO0IIN0 JO JudWINS alom |nwns -aoueuLiopad Buijorn-ake /Ueay ‘ainssald poojd “S[elwiue w.ey uo paseq wasAs uon Sa119S ase)

-Balu u seig "a|qe|ieAe alam elep aAneyenb Ajug
‘sjuedioned jo uon

-03]9s ul selg ‘[[ews pue snosusboiajay sem ajdwes
a1 ‘dnoub jo1u09 Auyeay B apnjaul Jou pip Apms ay L
*Buipunojuod o} anp seig ‘uoienjeas 9160|
-oweyydo pazipJepuels wiopad jou pip Apnis ayL

Jieyy panosdwi syuaned aa4 sasuods
-81 BARIIUNWWOD Jaylo Bumoys pue
s108[qo 8y} Buimoyjos Aynaip pey sjusn
-ed ‘Juawanoidwi uonuape sem aiay)

‘lewiou mojaq sem Aydo.e Jenasnw
[eurds ypm uaipjiyd Jo souewuopad au)

8JoM Spunos 8y} ajiym sabew Jayjo pue Beyy
s,A1UN0J 8y} U0 paseq aJam sainbiy uonewIuY
“(201nap Bunjoes-aka “Uomaln azeb) aw-yae)
9IBMI0S 81 YUM (Ld 1qol Aq passasse sem
uonuany ‘(fep e 201 ‘syeam ) Buiuren
/UONEN[BAS IO} PASN 8JaM NS [BNSIAOIPNY

-BOIJISSB)  LONoUN4 J010
SS0IH AU} Ul A\ SB PalIsse|0
aJom ualpiyo Iy Ayredo
-fw yam ¢ ‘Ayredosnau
yum g ‘| adAy Aydoare Jejno
-Snw [euids yum uaIpiiyo €

£BPIA 8 PEPI[EI NS BI0faLL; :9pep!
-oLjow g 8p aneib UQIdBYWI| UOI
Soulu U [BnsiAoIpne UglogNwLISy

2 €102 “Ie
19 't SoI3NIAS ‘W elltan ‘v zaunN
‘N ouiaue) ‘9 zounly ‘s elieg

selq Jo ysiy

sBuipuy ureyy

1090j0.d uonenjeay

sjuedionted

seiq [[eJang/ubisap
fpnis/apiL/seap/sioyiny

"}insa1 papiodal ayy Jo uonIa|as Ul seig

‘pajussald a1em Ayjiqeriea Inoge eyep ou Ing SI8ms
-Ue 1981109 Jo abejusalad ay) patedwod sise) aenbs
-y "Sawiogno jo juawainseaw uj seig sdnoib
U10q 10} JNaIp 00} dJam SHySe} awos pue aseyd
[eyuawdojanap ooads Aion e palojdxe Apmis siylL
*sjuedioipied Jo uon

-09]9S Ul selg "YINS 10} paisa) A|jeanauab jou a1am
Sjuedionted ‘pajenfers sem YIS Jo ady auo Aug

‘Pulyaq pue jo Juoly

Ul suofeas ay Joy spom ayy Buionpoid
uaym sjoNuod Uey) douewlopad Jenaq
pey dnoJb WIAIS 8y ‘Yse uoionpoad auy uj
*¥Se] uoisuayaidwod ayy uo sdnoib

OM] 98U} US3MIB( 9IUBIAYIP OU SBM 818y |
‘Aydouye Jeinasnuw feurds ypm ualppyo

Jo 8ouewsopad [BWIOU SAOQE/[EULION

“(youald ui) pajse}
aJom uoibal Jemoj ayy Ui ‘uoifal Jaddn ayy ul
‘e ‘1eau ‘puiyaq ‘Jo juol4 ul ‘aAoge ‘Jspun ‘uo
‘Ul spJom 8y} Jo uonanpoid pue Buipuelsiapun
ay] "saimaid gz 10 SaLas B Ul Palen[ens Sem
(suuay jeneds Ajjeayoads Jo uononpoid pue
Buipueisiapun) abenbBue| Jo uomsinboe ay|

*S]0U09 Z | pue (s1eak
¢ abe ueaw ‘sieak ¢ 0} 2)
|| 8dfy Aydose Jenosnw
feuids uyum uaIpiyd gl

SBIq JO YSU ajeJapolyl

[BUOI}08S-SS01)
SN2 T]]

Jojow yym uaippyd bunoA woiy
89UapINa :abenbuel [eleds Jo Juaul
-dojanap ayy pue uopowoao| Ale3g
6002

‘uuew}IIY “49Anoag ‘asdiny

se1q Jo sy

suipuyy uely

1020304d uonenjeas

sjuedionied

selq |jesanp/ubisap
Aps /aj11/1eaA/SI0UINY

(uonenuRuo) ¢ (-SNIGOY) SUORUBAIBIU| JO — SAIPNIS PAZILUOPUEY-UON Ul SBIF JO SIY *| BlqeL

Cognition of children with spinal muscular atrophy 441

Polido et al.



HW Dement Neuropsychol 2019 December;13(4):436-443

cups aligned horizontally on a tabletop, which was
rotated 180 degrees, and the child had to find the hid-
den toy;*? choice of visuospatial terms to describe object
placement®®); Attention-memory (selective auditory
response;'? Batterie d’Efficience Mnésique;™ North syn-
tactic screening test;''! Kaufman assessment battery
for children;” following objects trajectories®); Reading
ability (La pipe et le rat;* reading aloud test);* Executive
function (Raven colored and standard progressive matri-
ces;” Functional Independence Measure for children;*
matching-pairs task®).

Barja et al. (2013)* and Polido et al. (2017)¢ devel-
oped protocols that did not depend on hand coordi-
nation and speaking. In these two studies, responses
involved eye movements, detected by an eye-tracking
device and only children with SMA type I participated.
Barja et al.’ evaluated and trained attention by show-
ing audiovisual stimuli for four weeks, twice a day, with
an eye-tracking device. Although there was attention
improvement, they found that patients had difficulty
following the objects and showing other communicative
responses. Polido et al.® used an eye-tracking device to
evaluate matching-pairs skills on four tasks of increasing
complexity. The tasks involved attention, spatial loca-
tion processing and executive function. The authors
observed that pair-matching performance was poorer
in children with SMA than in controls (less accuracy and
longer response times).

Children with SMA type I may need mechanical ven-
tilation, nursing care, gastrostomy, tracheostomy, and
therapies (motor and respiratory physiotherapy, occu-
pational therapy, speech therapy for alternative com-
munication and dysphagia). All these adaptations are
fundamental for their cognitive-motor development,
but do not assure normal/typical development, as the
interaction with the environment remains restricted.

As treatment (drugs and rehabilitation) becomes
more effective, children with SMA (mainly individuals
with types I and II) survive longer.'"*® Facing these new
outcomes, health professionals must think beyond sur-
vival. Specialized assessment and intervention can help
children to interact and develop their cognition.®*¢ If
cognitive performance is preserved, or even optimized,
children with SMA can compensate for the poor motor
repertoire and oral communication, achieving greater
independence, autonomy and quality of life. The diver-
sity of cognitive assessment protocols made comparison
difficult, since each study addressed specific aspects of
cognition. Standardized tools are needed to assess cog-
nitive skills. Data on individuals with different types

442 Cognition of children with spinal muscular atrophy Polido et al.

of SMA must be evaluated and analyzed separately.
Children with SMA type I should be assessed with eye-
tracking devices.

Cognitive performance is directly related with motor
skills, for example, locomotion. In the study by Dun-
away et al. (2012)," family members were instructed to
stimulate children with SMA to use a power wheelchair.
Two scales of mobility and quality of life were applied.
Five one-year-old children with SMA (four diagnosed
with type II and one with type I) participated. Children
achieved independence on all items of the mobility scale
and had increased scores on the quality of life scale at
the age of eight months. The authors concluded that
cognitive skills are required to use a power wheelchair.
Children with SMA, usually type II, can use power wheel-
chairs before the age of two, which favors cognitive and
motor development.’ More specifically, there is a rela-
tionship between self-locomotion and spatial language
terms,’® and language was described as preserved in all
studies that included tests for this aspect of cognition.

No studies addressed the influence of genetic muta-
tion characteristics of children and adolescents with
SMA on cognitive outcomes. Given we observed that the
clinical type of SMA seems to influence cognition, cogni-
tive outcomes might also be correlated with mutation
type and/or the number of SMN2 gene copies. Further-
more, although SMA is widely known as a spinal motor
neuron disease, recent evidence has suggested it may be
considered a multi-organ disease.® SMN1 is expressed
in the brain and rare cases of SMA with no SMN2 (SMA
type 0) develop white matter and hippocampus atro-
phy.? These patients also show thalamus and basal gan-
glia hyperintensity on resonance magnetic imaging.?
Therefore, the severe reduction in SMN protein levels
might lead to progressive encephalic dysfunction and
degeneration.?

This systematic review showed that there is no evi-
dence of cognitive impairment in children with SMA
types II and III. Although there is little evidence in the
literature on the cognitive performance of children with
SMA, children with SMA type I are more likely to be
affected. Our findings showed that attention and execu-
tive function seem to have higher risk of being impaired.
More tests must be developed for properly assessing
the cognition of patients with SMA, especially for more
severe forms. Cognition can be affected in children
who face environmental restrictions,?® due to severe
weakness and poor oral communication. Attention and
executive function assessments and follow-ups are fun-
damental to assure healthy cognitive development.
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