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Aim: Concerns have been raised regarding the impact of medications that interrupt
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and structure during this sensitive window of neurodevelopment. This review exam-

function in animals and humans.

Methods: All studies reporting cognitive impacts of treatment with GnRH agonists/
antagonists for pubertal suppression in animals or humans were sought via a sys-
tematic search strategy across the PubMed, Embase, Web of Science and PsycINFO
databases.

Results: Sixteen studies were identified. In mammals, the neuropsychological impacts
of puberty blockers are complex and often sex specific (1=11 studies). There is no
evidence that cognitive effects are fully reversible following discontinuation of treat-
ment. No human studies have systematically explored the impact of these treatments
on neuropsychological function with an adequate baseline and follow-up. There is
some evidence of a detrimental impact of pubertal suppression on IQ in children.
Conclusion: Critical questions remain unanswered regarding the nature, extent and
permanence of any arrested development of cognitive function associated with pu-
berty blockers. The impact of puberal suppression on measures of neuropsychological

function is an urgent research priority.
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1 | INTRODUCTION gender-affirming model of care.! The medications most commonly

used to suppress puberty are gonadotropin-releasing hormone
Puberty blockers and cross sex hormones are prescribed to (GnRH) agonists or antagonists. The number of young people seeking
transgender and gender diverse (TGD) young people with the aim gender-affirming treatments has grown significantly over the past
of aligning physical appearance with gender identity, as part of a 10years.>® Data from the Gender Identity Development Service

Abbreviations: GnRH, Gonadotropin hormone-releasing hormone; GnRHa, GNRH agonists/antagonists; IQ, Intelligence Quotient; TGD, Transgender and Gender Diverse; GIDS, Gender
Identity Development Service; MRI, Magnetic Resonance Imaging; fMRI, Functional Magnetic Resonance Imaging; CPP, Central Precocious Puberty.
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(GIDS) in the United Kingdom indicate an over 3000% increase in
referrals to the service over an 8-year period from 2009 to 2016.
This increase was most marked in females and adolescent females in
particular, where the numbers increased by more than 7000% over
the 7-year period.

Given the magnitude and complexity of changes that occur in
brain function and structure during puberty,*° concerns have been
raised regarding the impact of medications that interrupt and inter-
fere with this process during this important period of neurodevel-
opment.® In a statement of expert consensus from 24 international
specialists (in neurodevelopment, gender development, puberty,
neuroendocrinology and research methods), the impact of puber-
tal suppression on different aspects of neuropsychological function
comprised the majority of research priorities identified, with nine
of the 17 priorities related to possible neuropsychological impacts,
namely, effects on executive function, social awareness, functional
connectivity, brain structure/volume, emotional awareness, 1Q, risk-
taking, processing speed and memory.®

Unsurprisingly, given the critical role of puberty in the develop-
ment of the brain's anterior regions including the prefrontal cortex,
the study of executive functions/control and attention topped the
list of neuropsychological priorities for future research. The expres-
sion of GnRH receptors outside the reproductive axis in brain areas
such as the hippocampus and amygdala also highlights learning,
memory and emotional processing as relevant areas of neuropsy-
chological interest in outcome studies in these patients.””?

The first part of this paper summarises our contemporary un-
derstanding of puberty from a neuropsychological perspective as
the driver of a sensitive ‘window of opportunity’ for the develop-
ment of executive functions and social cognition. A brief overview
of our current state of knowledge regarding of the role of pubertal
hormones in the functional and structural brain changes that occur
during adolescence is presented. This literature provides the med-
ical and scientific rationale for neuropsychological outcomes to be
included as an essential component of any evaluation of outcome
following pharmacological interventions that suppress or delay pu-
berty in adolescents.

Since the current neuropsychological literature is not sufficient
to allow for a more precise systematic review,® the second part of
the manuscript presents a scoping review of the literature that has
examined the impact of pubertal suppression on cognitive/neuro-
psychological function in both animal and human studies. For clarity
and consistency, in this review, trans women/girls are referred to as

male-to-female and trans men/boys as female-to-male.

1.1 | Puberty as a critical window in
neurodevelopment

The concept of critical ‘windows of plasticity during
neurodevelopment refers to specific periods in infancy, childhood
and adolescence when the developing brain is programmed to
generate dedicated neuronal networks in response to environmental

Key notes

e Adolescence is a critical window of neurodevelopment
and puberty plays a critical role in these neurodevelop-
mental processes.

e The suppression of puberty impacts brain structure
and the development of social and cognitive functions
in mammals, the effects are complex and often sex
specific.

e No human studies have systematically explored the
neuropsychological impact of pubertal suppression in
transgender adolescents with an adequate baseline and

follow-up, this is an urgent research priority.

inputs.!® A period is defined as a ‘critical window’ if the brain
requires a specific input to allow for the optimal development of a
particular function (e.g. exposure to language or visual stimuli). If the
neural network is left without the correct input or stimulation, the
functions served by that circuit will be permanently t:ompromised.11
Essential inputs may be internal, for example, hormonal or
nutritional state,'? and external, for example, the presence/absence
of environmental stimuli.l® Neural networks that develop in
impoverished environments during sensitive periods can sometimes
be remoulded by subsequent experiences in later life, although
function may always remain suboptimal.“”14 Windows of plasticity
for neurodevelopment are staggered throughout development (from
birth to the third decade of life) and follow a set pattern with sensory
pathways (vision, hearing) prioritised in infancy, followed by motor
and language functions in early childhood. Adolescence is a critical
window of development for executive functions (behavioural and

cognitive) and social cognition.15

1.2 | Adolescence: A critical period for synaptic
pruning & myelination

The approximate 100 trillion synaptic connections that subserve
normal adult function do not develop in a linear fashion. Brain
development involves both progressive (proliferation, neurite
outgrowth, synapse connectivity) and regressive events (cell death,
axon pruning, synapse elimination).® The regressive events are
just as much an integral part of the brain maturation process as the
progressive processes. Approximately half of the neurons formed
during brain development do not survive into adulthood, with most
eliminated via apoptosis or other forms of programmed cell death in
utero or early childhood. Just as some cells are programmed to die
once they have served their purpose in neurodevelopment, similarly
the brain is programmed to eliminate initially over-produced
synapses,17 a process known as pruning. During childhood, neurons
enthusiastically establish trillions of synaptic connections as the
individual learns how the world works and their place and agency
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within it. Dendritic spine density in childhood is three times greater
than that seen in adults prior to puberty.!® It is now recognised
that substantial pruning continues well beyond adolescence and
into the third decade of life before stabilising at the adult level.*®
However, not all changes in the adolescent brain are regressive.
Although myelination begins in utero and continues into adulthood,
myelin production escalates significantly during adolescence,
with biological sex being a significant determinant, particularly in
females,? resulting in significant increases in both the speed of
electrical transmission along axons and the energy efficiency of this
process.

Biological sex is not just a significant determinant of myelin dis-
tribution. A review of MRI studies of male and female brain structure
found that adolescence was a time of divergence in the structural
characteristics of the brain.?° Unsurprisingly, sex differences in
structures with a high density of sex steroid receptors such as the
caudate nucleus, amygdala, hippocampus, and cerebellum have been
reported. These differences are dynamic and change over the course
of development during adolescence. Regional cortical grey matter
volumes follow an inverted U-shaped developmental trajectory with
peak size occurring 1-3years earlier in females compared to males.
While white matter volumes increase throughout adolescence in
both sexes, this process occurs more rapidly in adolescent males re-
sulting in an increasing magnitude of sex differences.?®

1.3 | Therole of puberty versus chronological age
in neurodevelopment in adolescence

Hormonal changes in puberty are not just responsible for the
development of physical secondary sex characteristics; they also
drive many of the neurodevelopmental changes in the adolescent
brain described above, particularly with respect to the development
of frontal cortical circuits, and hippocampal and amygdala
connectivity.??* In a functional MRI study of 105, 8-19year
olds, Ravindranath et al. found that while chronological age was
associated with activations in the right dorsolateral prefrontal cortex
on a task requiring inhibitory control, puberty stage was associated
with activation in the right ventrolateral prefrontal cortex. Metrics
of broader connectivity between the ventrolateral prefrontal cortex
and cingulate were also associated with puberty stage. The authors
conclude that while age-related developmental processes may
support maturation of brain systems underlying the ability to inhibit
aresponse, processes associated with puberty may play a larger role
in the effectiveness of generating cognitive control responses.22

In summary, puberty is characterised by both regressive and pro-
gressive stages of brain development. Unlike earlier developmental
milestones, many of these processes are associated with pubertal

22.25-27 and hormonal regulation

stage rather than chronological age
plays an important part in these developments. The prefrontal cor-
tex undergoes significant rewiring during puberty, with correspond-
ing behavioural changes in associated executive functions including

impulse control, decision-making and goal-directed behaviours.
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Other behavioural manifestations of the rewiring process in puberty
include enhanced reactivity to social and emotional stimuli, espe-
cially in relation to peers, and changes in the evaluation of potential
rewards.**>?8-3% The male and female brain develops differently
during adolescence both in terms of structural connectivity and de-
velopmental trajectory.

Completely reversible neuropsychological effects would not
be predicted given our current understanding of the ‘windows of
opportunity’ model of neurodevelopment. If neuropsychological
deficits associated with puberty blockers were completely revers-
ible, it would mean that puberty is very different from the other
pre-programmed windows of opportunity in neuropsychological de-
velopment and any literature supporting this would present a signif-
icant challenge to our current understanding of neurodevelopment.
It was the apparent incongruity between claims of full reversibility
in the TDG literature and the neuropsychological puberty literature
that prompted this review.

2 | LITERATURE REVIEW
2.1 | Methods
2.1.1 | Search strategy and selection criteria

All studies reporting neuropsychological, neurobehavioral or
cognitive impacts of GnRH analogues in pubertal suppression in
animals or humans were sought in the initial search. Searches were
conducted on PubMed, Embase, Web of Science and PsycINFO
in April 2023 using the following terms: ‘GnRH*' or ‘Lupron’ AND
‘Pubert® and any of the following neuropsychological terms:
Cogniti*, OR Neuropsychol*, OR ‘Executive’, OR ‘Language’, OR
‘Memory’, OR ‘Learning’, OR ‘Spatial’, OR ‘Intelligence’, OR ‘1Q’, OR
‘Processing’, OR ‘Attention’, OR ‘Social’. The search was limited to
English language publications.

Excluding duplicates, the search strategy returned a total of 646
papers across the four search engines for initial review: See Figure 1
for PRISMA flow diagram.

Review articles, book chapters and conference proceedings were
excluded from the review. The remaining abstracts (n=498) were
reviewed for reports of measures of cognitive, neurobehavioural
or neuropsychological function assessed on standardised tests
and described in relation to the administration of GnRH analogues
for puberty suppression in either clinical or experimental settings.
Forty-two records met these criteria and the full text was reviewed.
Citation searching in these publications revealed a further possible
10 citations for review.

Since the focus of the review was on neuropsychological func-
tion, papers were included if they reported any quantified measure
of cognitive function assessed on standardised neuropsychological
measures or psychometric tests (or the equivalent in animal stud-
ies). Papers that reported outcomes measured via questionnaires or
checklists (in humans) or self-reported measures of function were
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FIGURE 1 PRISMA flow diagram for systematic reviews which included searches of databases, registers and other sources: Search terms:
GnRH* or ‘Lupron’ AND ‘Pubert* and any of the following Neuropsychological Terms: Cogniti*, OR Neuropsychol*, OR ‘Executive’, OR
‘Language’, OR ‘Memory’, OR ‘Learning’, OR ‘Spatial’, OR ‘Intelligence’, OR ‘IQ’, OR ‘Processing’, OR ‘Attention’, OR ‘Social’.

excluded. Papers that described psychological, psychosocial or psy-
chiatric outcomes were also excluded.

3 | RESULTS

A number of relevant studies have been presented at conferences
but have not subsequently been published in peer-reviewed journal
articles. Sixteen peer-reviewed studies that have examined the
impact of suppressing puberty with GnRH analogues on cognitive,
neurobehavioral (animals) or neuropsychological function were
identified with the search strategy described. The majority of these
studies (n=11) have been conducted in animals.

3.1 | Animalstudies

The wider search strategy identified experimental studies on
the physiological impacts of GnRH blockade in 17 species of
animals (including hyenas, sheep, goats, rats, naked mole rats,
giant pouched rats, mice, hamsters, macaques, rhesus monkeys,
marmoset monkeys, carp, gilt, chicken, pigs, cows and dogs). Eleven
of these studies reported the impact of pharmacological puberty
suppression on indices of behavioural function in the animal. These
studies are summarised in Table 1. The majority of these studies
(n=8) have been conducted in the same flock of sheep using twin

4041 and one mouse study*?

controls.”&34-3 Two studies in monkeys
were also identified. Measures of brain structure were reported in
five studies and included structural MRI, resting state functional
MRI and histopathology (see Table 1).

The behavioural and cognitive measures used in these animal
studies can be broadly divided into three categories:

1. Positive interactions with the environment (e.g. locomotion,
food acquisition, preferences for novel objects, hyponeophagia, so-
cial preferences);

2. Responses to stress (responses to social isolation, vocalisa-
tions, emotional reactivity, forced swim test, human intruder test,
manifestations of social status);

3. Performance on cognitive tasks (maze tasks).

As can be seen in Table 1, the results from these studies indicate
that treatment with a GnRH antagonist/agonist has a detrimental
impact on learning and the development of social behaviours and re-
sponses to stress in mammals.”-8:34-36,38.39.41,42 Sex-specific effects
were observed in multiple studies.®%7*? In male sheep, impairments
in spatial memory associated with the treatment were not fully re-
versed following discontinuation of treatment.? Significant effects
of treatment were also evident on measures of brain structure in-
cluding overall volume,*! functional connectivity*® and neuronal
density.*?

The results from these studies are broadly consistent and indi-
cate that the suppression of puberty impacts brain structure and the
development of social and cognitive functions in mammals, but the

85U801 SUOLILLOD BATe8.D 3(edldde aup Aq pausenob ae Sspole YO ‘8sN JO S3INJ o} Akeiq1 78Ul UO A8]IA UO (SUOHIPUOD-pUe-SWB) WD A8 |1m A1 1 Ul |uO//SdNY) SUORIPUOD pue SWis | 8U1 88S *[7202/20/9T] Uo AriqiTauliu AB]IM *[10UN0D YoIesssy 01PN PUY UifesH [euoiieN Aq 0GT.T ede/TTTT'0T/I0p/ w00 A3 |1mAkeid1pul|uoy//sdny woly pepeojumoq ‘0 */2zzTS9T



16512227, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/apa. 17150 by National Health And Medical Research Council, Wiley Online Library on [16/02/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

sauow.oy [eagnd 03 aunsodxa woJy Juspuadapul
SI UOIJBIUSLIO |e13edS Ul S9OUAI4JIP X3S JO JUaWdO|aAd(] :SUOINS|DU0D)
sdnoJ8 yjoq ul sajew ayj pawojiadino
($>]99M 84) S9|BWSY JUDISI|OPY “JUuSWIEdI} SUIMO||0) 10 0}
Jold juiod swi} Aue Je paAIaSo 9J9M S|ewiue pajeaiun pue
pa31ea4) U99MID] SWIY 9SIDARIY U] S9OUIJIP JuedIHIuSIS ON
"9ouew.oflad azew [e1jeds 3094€ JoU pIp JUSWIEAI} BHYUD S} NSy

Slewwew ul Juswdo|aAsp ulelq |ewlou uo 1oedwi ue aAey

Aew Ajuagnd 3uLinp suoljesusduod Hyuo 3ulsealdul jeys ajedlpul
S3WN|OA e|ep3AWE UO JUSWIEII} BHYUSD) JO S3123443 dY ] :SUOISN|DU0D)

S9|eW Ul SSWN|OA

J193.4e| yum ejep3Awe Y314 pue Jo1jew As43 |e10} J0) pUNoy 9I9M

S92UIIBYHIP X3S JuedJIUBIS ‘S|ewlue pajeal) ul sjep3Awe 1adie)

UHM ‘sjewiue pajeal) ul ejepSAwe 1Ja| pue 3y3ii Sy3 JO SWN|OA 3Y3
Ul PUNOJ 9J9M S$1234J9 JusWieal) eHyuo Juediudis A|YSiH :s3nsay

JUSWIEeaI) BHYUD O} DAI}ISUSS

9J0W 3¢ JYSIW S3|eway Ul UOISSaIdXd YNYW THYUD :uoisnpuo)
Jauuew 3|qissod 1sa3se) ul azew ay3 333|dwod
0] S9|ew |0J1U0D UeY] PAJBAIIOW SS3| U( aAeY 1y3Iw sajew
pajeaJ) ey a1endads Joyine ay] ‘|eld3 AISAS ulinp sjoJjuod ay)
ueyy szew |eljeds sy3 3ul3a|dwod Ul JOMO|S 2J9M S|ewiue | jey)
Aduspua) e sem aJay] ‘sajew ul ‘Szew |eljeds ul aduew.loliad uo
JuaWIeal] JO $123449 JuedlIudis ou alam aJayl y3noyl|y "1sa1
9zew |e1jeds e uo aouew.o4uad 03 pajejad Jou a1am sadueyd
959 "S|0J3u02 03 pasedwod daays pajesl) eHYUD Ul pasajje
sem sauad 9T ay3 JO N0 ZT 4o uoissaudx3 ‘Ajonse|d oindeuis
pue 3uijjeusis auld0pUd Ul PAAJOAUIL 3¢ 0 UMOUY| sidlidsuel)
VNYW JO uoissaldxa Jo S|aA3| 4o ‘sndwedoddiy ay3 uiypm

sa3ueyd JuedlIusIS Y}IM PaJeID0SSE SBM JUSWIEDI) BHYUD :S3|NSSY

uolduny |e1dos
S1Yy31 Jo Juswdo|aAsp juspuadap-a3de ul sadueyd ul s3|nsad 3siuode
H¥YUD e ym juswieal| Juepuadap |0s1340d pue diydiowip

AJ|ENX3S SI UOIIe[OS! |BID0S 0] SsU0dsal JO Juawdol|aAa( uoIsn|ou0)
so3e ||e je sojew uey) sajeway ul saydiy Ajpuediiudis

SEM UOIJESI|EDOA pUB UOI3e|0S| |BID0S 03 9suodsay :$3|nsay

uole|npow HYuo Aq pajdajje Aj|eljusiaip ale saxas ayy

Jey3 pue uleaq uidojoAap ay3 ul uoi3duNy SAIHUS0D JO Jojenpow e si

HYUS 1ey3 3s988ns s3nsas asay | “daays ul uoije|nsai Jnoiaeyaq pue

uoijowa pajdeduwl Yaiym ‘quawdolaAsp uleiq d1j109ds-xas pajdajje
Ajpuedijiugis Juswiealy eHyuo) |epsagndaild wua3-3uo :uoisnPuo)

S9|BWSJ Ul PAAISSCO SEM 129)49 931soddo a3 a|Iym ‘sajew

pajeaJjun ueyj pooy alinboe 03 suoluedwod J1ay3 dAes| 03 Ajoy|
2JOW 9J9M S3|eW PAJea] S$309)J9 JUSWILAU] "SA X95 JUBDIJIUSIS 53 NSaY

Suipuy uley

BAXENDALE

e/u

sndwedoddiH '€
elep3Awy ‘g
uleiq|ejo] 'T
SOWIN|OA YN

uolssaudxa

auag jedwedoddiH uoljejuaLIo |eijeds Jo 359

e/u

e/u

sasAjeue
uleiq |ean3donns

'sdiysuoljejal JnoiAeyag-uleiq Jo uoiduny [esigojoydAsdoinau

[ EETNYIA
S EELY ¥4
SHoamg (Z U1my) sjoJ3uod pajealdiun
se) *SA (T UIM)) dnoug pajealy eHyuo
Szew uoljejuaLio [eneds siied uIM) 9 =N

(s9lew €T ‘Sajeway TT) S|043U0D g
(s3ew / ‘sejeway OT) pareay /LT
9A0QE PaI2Sap JuaWISdXD

e/u 2y} wouy daays Jo suleiq T

(Z uIM3) S|0J43u0D pajeasIun
*SA (T UIM]) dnoug pajeall eHyuo
(lew 91 /9]eWaY
#T) s4ied uim) xas awes Qg =N

93e Jo s)oom gy

S3aM QO
pue 8¢ ‘g e pa1sal
uol3e|os| (Z uIm3) S|oJ3u0d pajeasun
|e120S 03 9suodsay  'SA (T Uim3) dnoug pajeal) eHYuD
UOI3ESI|EI0A sijed UIM} X3S SWes 9 =N

(Z UI1m)) sjoJ3uod pajealdiun
*SA (T UIM]) dnou3 pajeas) eHyuon

3se} uolisinboe poo4 siled UIM} X3s awes gy =N

passasse ujewop
aAniuSod/|einolreyag

usisap Apmis

daays

Slewsy (€T02)
pue a[eN ‘[e 39 zsniulopn
daays

S|ewsy (€T02)
pue s[en ‘[e 39 ulppninN
dasays (€T02)

dleway 9 de|n ‘|e 32 ulppnunN

daays

SlewWas 33BN (ZTOT) ‘|B 3 sueay

daays
ETEEYR SIETEIN]

(TT02)
‘|e 33 snjufopp

[9PON [ewiuy

S

14

€

c

Uo juBWIEdI} BHYUD Jo 3oedwi ay3 Suluiwexs salpnis jewiuy T 379V1L



16512227, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/apa. 17150 by National Health And Medical Research Council, Wiley Online Library on [16/02/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

BAXENDALE

<
S
=
<
A
s
<
S
=

AJIAI3D€ |eANBU pue

uolle|n3ad $sa.1S UNOIABYS(Q DAI1D3}JE pUE |BID0S JO S9UNSeaw Uo
$329149 214129dS-X3S UM PIIBID0SSE S| JUBW1eal] BHYUD :U0ISN|ouo)

X3S J9Y313 U] UOIIeUIWIIISIP 1B |ENIXSIUO0D 1O INOIARYS(]
92UEPIOAE JO S3INSEIW UO PIAISSUO 3I9M $3I9JJ9 JusWesal) oN

"92IW 9jew Ul 123449

ue JNOYJIM 221U d|ewdy Ul SNIAS a1e3usp oy ul AJIAI30E [ednau

pue unoiaeyaq j1|-dledsap pue eideydoauoudAy pasealdul ypm

pa31eID0SSe SEM JUSWIBU| "SS|BWS ‘92IW S|ewa) Jou Ing 3jew sy}

ul 91nsodxa A}[9A0U 0] 9suU0dsaJ 9U0JS]1S0D11I0D SY] PaseaJdul pue
92UaJ9Ja.d |BID0S pUE UOIIOWOI0| PaJalje Juswleal]l BHYUD S3e|A
:5322J4a 21J122ds-XxaG :53|NS9Y

$329[qo ploAe pue yoeoudde

0] SWeld JO uolleAlzow ay3 s3aaje Jeyl (3u1ssadoad uoljewoul

*3'9) sassadoud o 305 Jo uoijeanjew Aejop Aew ‘3uljjeudis

9U019)50}S9) pUB HYUD USSMIS] UOIIIR D11SISISUAS B 1o
3uljjeusdis au0.19)s03593 snouadopuas Jaylld Jo uondnisiq :uoisn|ouo0)

93ueyd |ejuswuoUIAUS 03 Judwisnipe a|qixal) e Sulules| Jadwey

pue A}IA130€ad [euoljowd 9dnpas Aew Apiagnd a3e| ul MOpUIM
|ezuswdolaAsp e 3ulinp au0.43350359) JO uolssatddns 21J129dS :S3Nsay

uol3ouny aAIHU30d

JO s30adse pue seale ule.q JaYlo uo $32344d 3ullse|-3uo| aAey os|e

Aew pouad jeysagndiiad siyj ul uoljew.soy) [edwedsoddiy [ewiou

3uigquniiad "Aydnse|d jledwedoddiy jo poiad |eo1314d e Juasaidal
Aew sin220 Ajlewuou Apiagnd ysiym Je sawll ay] :suoisnjouo)

5]043U02 0} pasedwod ‘YU JO UOIIBNUIZUOISIP

191J€ (JOMO|S P|0J-G°T ‘GO'0>d) padnpal paulewal swel AISA0I9Y
-eHYyuo Jo dduew.o)iad Alowaw [erpeds wia3-3uo| ay] :S}Nsay

uoljduny aAIHuS0d Jo
10adse sIy} uo S129}42 aABY Aew BHYUD dIU0Iyd Suisn Sjuswleal)
|eaipaw d13nadesay] ‘Alowsw 9dualajal |eljeds 03 suoljeal|e eia
Aljennuajod ‘uoijewogul [e1jeds JO UOID9||023) puUB UOIIUSIaL 3y
ul paAjoAul sI Suljjeusis HYuo Jey3 93ed1pul S}NSaJ 9say] :UOISN|DU0D)
dnoJ8 eHyuo ay3 ueyy suoissas Suluiesy
JaMay palinbas dnoud | + eHyuo ay] "3uljjeudis suoia)so3sal Jo
Juswade|dal ay) Y1IM palolsal JoU SeM 129419 SIY} pue Alowaw
Jerzeds wua3-8uo| Jo UOIjUS}aL paliedwll Y3IM PaleIdoSse Sem
auo|e uljjeusis Hyuo Jo apexdo|q ay] ‘dnois Jusawade|dal
9U049)50359) 9y} Ul Pa.103sal sem Inq ‘Sul|jeusis su0.1a3so3say
10 apex20|q Aq pasiwoidwod sem AJIAI30eal [BUOIIOWT :S3NSOY

Suipuyy uley

159} WIMS padJ04
eideydosuodAH
9duala)aud |erdos
uol30Wo207]

Aaysiwa
-yd03siyounwiwi ujeag

S}99M 9t
S EENY Y4
I EETYe]
AJIAI3oE3. [PUOIIOWT
sinoiAeyaq
2oueploAe/yoeotddy
$323[qo Jeljiwey
B/U  "SA |9AOU J0J 92U3J9)2.d

SHoaMG4
syoamegg
(anoqe se)
e/u se} Alowaw [ezeds

S}ooM Tt
S)oaM /T

Soamg

A3IA13OBD. |EUOIOWT g
AJowaw wis3-3uo g

awi} asianed] ‘T

e/u ssey azew |enjeds

sasAjeue
uleuq [ean}onais

passasse ujewop
aAIIUSod/|einolneyDg

201w Ppa3da[ul YYUD "SA |0J3U0D

09 =U s|043u0) :g dnoio
(rg=u)
juswade|dal BU0IDIS0)SD)
YHm ‘pa34d0|q HYuo "z dnolo
(G5 =u) p»0|q
2U0493}50)53} pue HYuo ‘T dnoioy

(z um]1) Qg =us|osuo) "z dnoio
T
UIM]) GZ=U 38e JO SHPaM i
|13UN pajeasy eHyuo ‘T dnouo

9G =U S|0J3u0) :¢ dnouo

cc=u

Juswade|dal 9U0I9}S0ISAY
YHm ‘p3420|q HYuo g dnoio

67 =U pax20([q
9U0.9150159] pue Hyuo ‘T dnoio

usisap Apnmis

201w
aleway
pue aje|n

daays sjey

(anoqe
se) doays el

doays oA

[9POIN [ewiuy

(T202)
‘|e 19 Jjoeuy

(6T02) ‘1€ 32 ysnoH

(az102)
‘|e 39 y3noH

(e£102)
‘le 39 y3noH

6

8

L

9



BAXENDALE

Structural brain
analyses

Behavioural/cognitive
domain assessed

Main finding

Study design

Animal Model

Results: GnRHa treated monkeys were more submissive and less

Indices of social rank and Resting state MRI and

=34

GnRHa treated n

Controls n

Female

10 Pincus et al. (2021)

affiliative than controls. They were less anxious and exhibited

less displacement activity in the human intruder task
Imaging revealed stronger functional connectivity between the left

T1 images

social behaviour
Responses to the human

=36

Macaque
Monkeys

intruder task
Tested at 43-46 months

amygdala and left orbital frontal cortex in the treated group

compared to controls
Conclusion: Delayed puberty and subordination stress had separable

of age

effects, suggesting that the overlapping socioemotional

outcomes may be mediated by distinct neuroplastic mechanisms

Results: Treated animals differed from controls in intracranial volume

Measures of emotionality Structural MRI

Response to acute stress

GnRHa treated

N

Rhesus

11 Godfrey et al.

(control volume < treated volume) however, hippocampal volume

was larger in controls
Conclusion: There are region-specific effects of Estradiol on

Macque

(2023)

=22

Controls n

monkeys

structural brain development during adolescence
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impacts are complex and often sex specific, consistent with the MRI
evidence of sex-specific differences in neurodevelopment in human
adolescence.?° There is no evidence in the animal literature that

these effects are reversible following discontinuation of treatment.

3.2 | Human studies

The search strategy identified just five studies that have reported
some aspect of neuropsychological function following the admin-
istration of medications to suppress puberty in young people. Two
studies reported the impact of treatment with a puberty blocker in
young people with precocious puberty (CPP) and three reported
neuropsychological test performance in people treated for gender

dysphoria. One of these studies was a single case study.

3.3 | Central precocious puberty

In the only human study that established a baseline prior to treat-

.43 examined the response to treatment with puberty

ment, Mul et a
blockers on a number of psychosocial outcomes including the Child
Behaviour Checklist and performance on the shortened version of
the Wechsler Intelligence Scales for Children in a group of 25 girls
treated for early puberty. Three years after treatment commenced,
the group as a whole had experienced a loss in both performance 1Q
and full scale 1Q, with a decline of 7 points in the latter. While sta-
tistically significant at p<0.01, the authors state that the decrease
in 1Q was not ‘clinically relevant’, a conclusion repeated in a later
citation of the study.** While the average loss of 1Q points was 7,
it is noteworthy that at least one patient in this study experienced
a significant loss of 15 points or more, since the highest IQ score in
the group was 138 at baseline and this dropped to 123 following
treatment.

The Wechsler Intelligence Scales are well designed to measure
the impact of treatments on IQ in children. The norms are very ro-
bust and are provided for children at 3-month intervals, from age
6 to 17 years. Different abilities develop at different times and at
different rates but at any point during their development, a child's
scores on the tests that comprise the 1Q battery can be compared
to that of their age-matched peers. In order to maintain a stable 1Q,
the child will need to keep pace with the development of that seen
in their peers. Of course, some children are very able, others less
so. But the key characteristic of 1Q is that it should remain stable
throughout a child's development. Regardless of whether an indi-
vidual performs at the 10th, 50th or 90th percentile when they are
8, they should continue to do so when they are 16. Any loss of 1Q
associated with treatment with puberty blockers indicates that the
child's cognitive development is not keeping pace with that of his/
her peers.

The Galatzer et al.*® and Ehrhardt et al.*’ studies did not report
the impact of puberty blockers on IQ but rather reported the 1Q of
girls with CPP. It is noteworthy that only three of the 12 girls in the
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Ehrhardt study with idiopathic precocious puberty had been treated
with Provera (medroxyprogesterone acetate). Galatzer et al. found
that the verbal 1Q distribution in 52 girls with precocious puberty
was two or more times the expected theoretical percentile in the
above average area (greater than 110, 56.9% vs 25%), and five times
more in the very superior area (greater than 130, 10.1% vs 2.2%).
However, the treatment status of the sample is not reported, other
than in the final paragraph of the discussion where the authors note
that ‘Another aspect that requires further delineation is the effect of
medical treatment of these patients. At present, it is common prac-
tice to postpone physiologic development with the use of antiandro-
gen or gonadotrophin-releasing hormone analogues. The impact of
these drugs on the intellectual and possibly emotional development
of girls with precocious puberty remains to be evaluated’. Galatzer
et al. interpreted their findings as possible evidence of an effect of
sex hormones on brain development, especially on the left hemi-
sphere, during the prepubertal period.

Wojniusz et al.** compared the neuropsychological function of
15 girls with central precocious puberty (CPP) (mean age 10.4 years;
range 9.2-11.8) and age-matched controls on a very comprehensive
battery of neuropsychological tests which yielded 44 scores of func-
tion across multiple cognitive domains. All of the girls in the CPP
group had been on GnRH analogue treatment for at least 6 months.
The authors found no statistically significant differences between
the CCP group and controls on any measures with the exception of
the Trail Making Number Sequencing Task score. Given that the au-
thors did not control for multiple comparisons (over 40) and that the
groups did not differ on other tests of processing speed, the authors
speculate that this finding is ‘accidental’. In their discussion, the au-
thors note that in contrast to previous reports of elevated verbal IQ
scores and accelerated school performance in CPP girls (studies from
Galatzer et al. and Ehrhardt et al.),*** the 1Q in their CCP group was
somewhat lower than the controls, although the difference was not
statistically significant.

Wojniusz et al. state ‘both groups (CPP and controls) showed very
similar (my emphasis) scores with regard to cognitive performance’.*®
This conclusion was questioned by Hayes (2017) who noted that the
authors discussion of their findings minimised the substantial differ-
ence in |Q scores between the groups (7 points) by overemphasising
the lack of statistical significance in the small sample (p=0.09) and
ignoring the clinical difference between someone functioning at the
55th centile and someone at the 34th centile.*®

3.4 | GnRH analogues and transgender and gender
diverse young people

Three studies were identified that examined the neuropsycho-
logical impact of GnRH analogue treatments in transgender and
gender diverse young people. In a single case study, Schneider
et al. (2017) examined the impact of pubertal suppression on brain
white matter and (white matter fractional anisotropy) and cogni-
tive function (Wechsler Intelligence Scale for Children-1V) in an

11-year-old treated for gender dysphoria (male to -female). On
admission, at the age of 11years and 10 months, the patient was
assessed to have a global 1Q of 80. Treatment with GnRHa was
instigated at age 11years, 11 months. The patient was reassessed
age 13 and 3 months, at which time, a loss of 9 IQ points had oc-
curred, and the 1Q had dropped to 71. A loss of 15 points was
evident in working memory. At 14 years and 2 months, a loss of 10
global IQ points and 9 points in working memory remained appar-
ent. The verbal comprehension index (a measure which depends
on the expansion of vocabulary and conceptual thinking in adoles-
cence, for the standardised score to remain stable) deteriorated
progressively over the follow-up, falling from the initial baseline
of 101, to 91 (age 13) and 86 (age 14), a loss of 15 points over
3years.*? (See Figure 2).

In a cross-sectional design, Staphorsius et al.>® compared the
performance of GnRH treated (8 male to female; 12 female to
male) and untreated transgender adolescents (10 male to female;
10 female to male) on the Tower of London Test (a test of executive
function tapping the ability to strategise). No baseline measure of
function was taken. The subjects also completed four subscales of
the Wechsler Intelligence Scales (arithmetic, vocabulary picture
arrangement and block design) and tests of mental rotation and
face recognition. Only 1Q, and accuracy and timed scores from the
Tower of London Test are reported. The groups were not matched
for 1Q, with control males functioning at a significantly higher
level than the suppressed male to female group. No results for the
tests of mental rotation or face recognition are reported (but are
promised in a later publication). While the groups did not differ
with respect to reaction time on the Tower of London Test, sup-
pressed male to females had significantly lower accuracy scores
compared to the control groups. This pattern remained significant
after controlling for Q. Despite this, the reaction time finding has
been subsequently been reported as evidence for no detrimental
effects on performance in citations in the subsequent literature**
and in policy documents.>*

105
100
95
90
85

. X

75

/

70

65
Baseline: 11 years, 10 13 years, 2 months
months

14 years, 2 months

—\/erbal Comprehension Index===Working Memory
Global IQ Perceptual Reasoning Index

= Processing Speed Index

FIGURE 2 Longitudinal IQ scores following pubertal

suppression in a single case study (adapted from Schneider et al.®).
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.52 reported the results of an assessment of

Arnoldussen et a
1Q, before the commencement of GnRH analogue treatment in 72
children and examined the relationship between this measure and
a highly simplified, dichotomised index of educational progress/
achievement (‘vocational educated’ vs. ‘higher vocational educated/
academic educated’). Prior to treatment, the mean and standard de-
viation of the 1Q score in the group was comparable to the general
population (mean=100, standard deviation=15). Forty per cent of
the eligible subjects declined to participate in the follow-up. No con-
clusions can be drawn from this study with respect to the impact of
puberty suppression on the development of cognitive function.

4 | DISCUSSION

The synthesis of findings from multiple fields of study (neurode-
velopment, neuroimaging, neuroendocrinology) indicates an asso-
ciation between GnRH expression and brain function and structure.
Despite the broad and multidisciplinary knowledge base which indi-
cates disruption of GnRH expression is likely to have an impact on
cognitive function, and explicit calls in the literature for this to be
studied that date back three decades,*® there have been no human
studies to date that have systematically explored the impact of these
treatments on neuropsychological function with an adequate base-
line and follow-up.

While no means conclusive due to the poor quality of evidence,
studies examining the impact of puberty suppression in young peo-
ple indicate a possible detrimental impact on 1Q.*34%4? These find-
ings accord with the wider literature on GnRH expression and brain
structure and function. Studies in mice, sheep and primates indicate
an impact of GnRH suppression on behavioural analogues of cogni-
tive function, effects that are often sex specific. While there is some
evidence that indicates pubertal suppression may impact cognitive
function, there is no evidence to date to support the oft cited as-
sertion that the effects of puberty blockers are fully reversible.>>*
Indeed, the only study to date that has addressed this in sheep sug-
gests that this is not the case.®”

Vague hints from poor quality studies are insufficient to allow
people considering these treatments to make an informed decision
regarding the possible impact on their neuropsychological function.
Critical questions remain unanswered regarding the nature, extent
and permanence of any arrested development of cognitive function
that may be associated with pharmacological blocking of puberty.
If cognitive development ‘catches up’ following the discontinuation
of puberty suppression, how long does this take and is the recovery
complete? Several animal studies indicate that some cognitive ef-

193442 consistent with imaging studies in

fects may be sex specific
adolescents which indicate different trajectories of neurodevelop-
ment in males and females.?® Natal sex must therefore be a critical
variable of interest in future research designs. How does subsequent
treatment with cross sex hormones influence neuropsychological
development following puberty suppression? Given the very high

proportion of patients who proceed to treatment with cross sex

ACTA PEDIATRICA RYVNI

hormone following treatment with puberty blockers,** it is critical
that research designs utilise the narrow window before introducing
same sex hormone to assess impact. What impact does any delay
in cognitive development have on an individual's educational tra-
jectory and subsequent life opportunities given the critical educa-
tional window in which these treatments are typically prescribed?
Longitudinal studies are urgently needed to study the educational
and vocational trajectories of people undergoing these treatments.

The importance of an adequate baseline prior to treatment when
assessing the impact of puberty blocking agents on neuropsycholog-
ical function cannot be overstated given the multiple vulnerabilities
associated with gender identity disorder. Many conditions which
are likely to compromise cognitive function are overrepresented in
this population.>>>¢ Neurodiversity is overrepresented in TGD peo-
ple, who are three to six times more likely to have a diagnosis of
autism than their peers.”® Attention deficit hyperactivity disorder
is also overrepresented in this group. In addition to increased rep-
resentation of neurodiverse conditions, the rates of mental health
difficulties in this population are high, with adolescents seeking
gender-affirming treatments presenting with psychiatric symptoms
and disorders comparable to those seen among adolescent psychi-
atric patients.>® All of these conditions are known to compromise
neuropsychological function and future study designs must take this
into consideration. Even without a psychiatric comorbidity, the psy-
chosocial stresses associated with living with gender dysphoria as
a young person can be very significant and would be expected to
have a substantial impact on cognitive reserve. This would be con-
sistent with the findings of Haraldsen®” who in a conference pre-
sentation reported highly significant differences between gender
identity disorder patients and controls on measures of verbal and
executive function with significantly atrophic hippocampal and cere-
bellum tissue prior to any treatment with puberty-blocking agents. A
recent study from Turkey reported significantly worse performance
on tests of response inhibition and verbal fluency in 22 adolescents
with gender dysphoria compared to controls, with no group differ-
ences in set shifting. None of the patients in the gender dysphoria
group had taken gender-affirming treatment at the time of the as-
sessment, but levels of comorbid psychiatric disturbance were high
with 72.7% having at least one psychiatric diagnosis.58 This is con-
sistent with earlier findings from the same group indicating more
disturbed behaviour related to executive function and social impair-
ment in children with gender dysphoria compared to controls.>? The
impact of blocking puberty in a brain that may already be developing
in an atypical trajectory is unknown.

Subsequent follow-up should monitor development not just
during and at the end of treatment, but to at least age 25, when
neurodevelopment begins to complete.®® Scores from single tests,
in single domains tell us very little when they are presented and ex-
amined in isolation from the wider neuropsychological profile of the
patient. Given that the impact of pubertal suppression on cognitive
function is very likely to be governed to some extent by the puber-
tal stage at which it is commenced, broader indices of abnormality
across a neuropsychological profile may be more illuminating than
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multiple individual comparisons between tests in specific cognitive
domains. This will require administering a comprehensive test bat-
tery and indices such as the number of test scores outside the ex-
pected range, and indices of consistency across domains and other
patterns indicative of wider abnormalities may be illuminating. As
recommended by Ludvigsson et al. (2023), analyses which include
measures of intra-individual change may be more useful than group
level analyses, particularly given the selection bias and high dropout
rates of participants in these studies. While randomised control tri-
als may be difficult to conduct, controls should nevertheless be an
integral part of a research protocol, with some thought given to the
significant mental health comorbidities often reported by patients
seeking these treatments and the independent impacts these exert
on cognitive function (see above).

Despite the evidence base that indicates cognition is an im-
portant area to consider in the study of outcomes following puber-
tal suppression, it is an area that clinical neuropsychologists have
largely neglected to date. The reasons for this are likely to be multi-
factorial and reflect to some degree the historical factors related to
the introduction of this ‘off label’ treatment for TDG adolescents.
The current, highly polarised socio-political atmosphere that sur-
rounds much of the research published in this area may also make
some academics wary about conducting and publishing research
in this field. Whatever the reasons, the evidence base has not kept
pace with the growth of the treatment® and TGD people have been
poorly served by the absence of research in this area, which is ur-
gently needed given the increasing numbers of young people seek-
ing these treatments.

From a clinical perspective, a multidisciplinary approach is rec-
ognised as the gold standard in the assessment and monitoring phar-
macological treatments for TGD young people. The results from this
scoping review indicate that clinical neuropsychologists should be
an integral members of this clinical team, providing a comprehensive
neuropsychological baseline against which change can be measured
in the future, monitoring change over time and providing clinical
input to address any neuropsychological concerns, if and when they

arise.
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