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ABSTRACT

Background: Long-term gender-affirming hormone therapy (GHT) in older transgender individuals could have
beneficial effects on cognitive functioning. Cardiovascular risk factors and psychological factors are known deter-
minants of cognition. Despite the rising number of older transgender individuals, only few studies have examined
cognitive functioning in this population.

Aim: We aimed to assess differences in cognitive functioning between transgender women, and non-transgender
(cisgender) women and men, and investigated the contribution of cardiovascular risk factors and psychological
factors on these differences.

Methods: In this study, 37 transgender women (age range 55 to 69) receiving GHT for at least ten years (range
10.2 to 41.6) were examined, and their cognitive functioning was compared to an age and education level
matched cohort consisting of 222 cisgender women and men from the Longitudinal Aging Study Amsterdam.
Linear regression analyses were performed.

Outcomes: Cognitive functioning was assessed by neuropsychological tests including Mini-Mental State Exami-
nation (MMSE), Category Fluency animals, Letter Fluency D, 15-Word test (15WT) immediate and delayed
recall. Additionally, cardiovascular risk factors and psychological factors such as cardiovascular disease, hyperten-
sion, antihypertensive use, statin use, diabetes mellitus, overweight, smoking, alcohol consumption, psychophar-
maceutical use, anxiety and depression symptoms were collected.

Results: Transgender women had higher MMSE scores compared with cisgender women (+0.9, 95% CI 0.4 to
1.5), and cisgender men (+1.1, 95% CI 0.4 to 1.8). On all other tests transgender women performed similar to
cisgender men. Transgender women performed at a lower level than cisgender women on 15WT immediate
recall, -5.5, 95% CI -7.6 to -3.4, and 15WT delayed recall, -2.7, 95% CI -3.7 to -1.7, and equal to cisgender
women on Fluency animals and Fluency D. Cardiovascular and psychological factors (i.e., cardiovascular disease
and depression symptoms) partly explained differences on MMSE score between transgender women and cisgen-
der-control groups.

Clinical Implications: The results of this study do not indicate a need for tailored hormone treatment strategies
for older transgender women, based on cognitive aspects after long-term GHT.

Strengths & Limitations: As one of the first studies, this study compared older transgender women to a large
cohort of cisgender men and women regarding cognitive functioning and took into account numerous potential
influencing factors. Limitations include difference in test procedures and the cross-sectional design of the study.

Conclusion: Cognitive differences between transgender women and cisgender women and men were small,
albeit significant. This may suggest that long-term GHT effects on cognitive functioning in older transgender
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INTRODUCTION

Transgender women are individuals assigned male at birth identi-
fying as female which may be accompanied with feelings of gender
dysphoria. In cisgender (non-transgender) individuals, sex assigned
at birth and gender identity align. Transgender women and trans-
gender men (assigned female at birth, identifying as male) have the
medical option to alleviate gender dysphoria by means of gender-
affirming hormone therapy (GHT) and/or surgery. For transgender
women, GHT consists of estrogen and, prior to potential orchiec-
tomy, antiandrogen supplementation. For transgender men GHT
consists of testosterone supplementation.’ The health impact of
(long-term) GHT on the growing population of older transgender
individuals remains unclear.” Particularly, scientific literature
addressing the influence of long-term GHT on cognitive function-
ing in older transgender women and transgender men is currently
limited. Hormones affect cognitive functioning and can exert a
potentially neuroprotective influence via androgen and estrogen
receptors located in brain areas involved in cognitive functioning
such as the hippocampus and the prefrontal cortex.” The neuro-
protective effect of estrogens has been observed in cisgender women

9
and men.”

Evidence regarding the possible result of these fundamental
hormonal effects on cognition in the clinical setting largely stems
from studies in cisgender women and men undergoing hormonal
therapy or suppression. First, studies investigating cognition in
patients that underwent hormonal therapy for prostate cancer
found an overall, subtle negative effect of androgen deprivation
on cognition (for review see IO). Second, anti-estrogenic treat-
ment in breast cancer patients resulted, overall, in impaired cog-
nitive functioning, particularly on verbal fluency tasks.''™"” Last,
similar results were found in postmenopausal women: (post-)
menopausal women performed less accurate on verbal fluency
tasks than women in earlier reproductive stages,'® which corre-
lated with sex-hormone concentrations.'” These findings provide
information about effects of same-sex-hormone supplementation
or deprivation on cognition and question what effect GHT has
in transgender individuals.

In addition to effects of sex hormones, other parameters may
affect cognitive functioning such as aging, social factors, preg-
nancy, lifestyle,” and particularly cardiovascular and psychologi-
cal factors; for example, hypertension and major depressive
disorder are associated with cognitive impairment.'®"” Also,
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associations were found between symptoms of depression and
memory-function decline.”’ In addition, research suggests that
transgender individuals have higher psychological vulnerability
(e.g., higher rates of suicidal ideation, depression),”" particularly
older transgender individuals (> 50 years) are at higher risk of
experiencing stress and depression symptoms in comparison to
cisgender individuals.”” The latter was associated with identity
stigmzl.23 Also, higher CVR (e.g., higher rates of venous throm-
boembolism, stroke and myocardial infarction) are found among
the transgender population”**’
als. For these reasons, it is important to also examine potential
differences in CVR and psychological factors when comparing
cognitive functioning between these groups.

compared to cisgender individu-

Aim of this Study

Given the evidence above and the limited amount of information
about the effect of GHT on older transgender individuals in the
long-term, further investigation of cognitive functioning in this pop-
ulation is warranted.” In this study we only included transgender
women because we did not have data available of transgender men.
Therefore, we aimed to assess differences in cognitive functioning
between older long-term GHT receiving transgender women
recruited from the Center of Expertise on Gender Dysphoria and
older cisgender men and women from the Longitudinal Aging
Study Amsterdam (LASA) database.””*® Furthermore, we investi-
gated the contribution of cardiovascular risk factors and psychologi-
cal factors on these differences. Based on previous research we
hypothesized GHT to be associated with better cognitive perfor-
mance (i.e., cognitive performance transgender women > cisgender
women and men),”"”

functioning would be partly explained by differences in CVR and

18-21, 24-25

and expected that differences in cognitive

psychological factors.

MATERIAL AND METHODS

Participants

Forty-six older transgender women were recruited between
2008 and 2012 at the Center of Expertise on Gender Dysphoria
at the Amsterdam University Medical Centers, location VU
medical center. All were over 55 years of age, from different
regions in the Netherlands, and had been receiving GHT for at
least ten years. Clinical information from these subjects was
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retrieved from the Amsterdam Cohort of Gender Dysphoria
(ACOG) database.” Data from healthy Dutch cisgender men
(N = 111) and cisgender women (N = 111) born between 1948
and 1957 (age range: 55-65) were obtained from the 2012-2013
wave of LASA — a nationally representative prospective cohort
study in the Dutch older population (for details see Hoogendijk
et al’’; Huisman et al*®). Five cisgender women (but no men)
used hormone-replacement therapy (HRT). LASA participants
were matched to the transgender women on age and education
level. All participants gave written informed consent and
approval was granted by the medical ethics review board of
Amsterdam UMC, location VUmc.

Procedure

During their hospital visit the transgender women were neuro-
psychologically tested, filled out (mental health) questionnaires,
and were medically screened for CVR. For the current study the
following tests were used: (1) Mini-Mental State Examination
(MMSE), (2) Category Fluency Test (“Fluency animals’), (3) Letter
Fluency Test (“Fluency D7), and (4) Short form of the 15-Word Test
(I5WT). The MMSE is a screening tool for memory problems and
dementia (range 0-30).”" The Dutch validated translation was
used.”’ For Fluency animals (part of the Groninger Intelligentie
Test”) and Fluency D (part of the Dutch equivalent of the F-A4-S
test””) participants are asked to name as many animals, or words
starting with a “d”, respectively, as possible in one minute. Both flu-
ency tasks test memory and executive functioning. The 15W7T is a
measure of verbal memory which consists of 15 words that have to
be memorized and recalled immediately in three trials (direct recall)
and after approximately 20 minutes in a single trial (delayed recall).
The Dutch validated version was used.”* For a full description of
this study’s entire test battery, see Schilder et al.”.

Mental health status was assessed using the Hopkins Symprom
Checklist-25 (HSCL-25) for current symptoms, which contains
15 depression and 10 anxiety items (higher scores indicate more
symptoms; cut-off > 1.75), and by information regarding psy-
chopharmaceutical use for previous/continuing symptoms.

CVR screening included assessment of: hypertension (systolic >
140 mmHg and/or diastolic > 95 mmHg), antihypertensive medi-
cation use, statin use, body mass index (> 25 kg/mz), alcohol con-
sumption ((i) no alcohol, (ii) < 7 glasses and/or week, (iii) >7
glassed and/or week), smoking (yes/no), diabetes mellitus, and
history of cardiovascular disease (CVD, i.e., acute myocardial
infarction, cerebrovascular accident, and vascular disease).

Similar information, mostly using identical tests, was gathered
in the LASA study (for an overview of the complete study proto-
col, see Hoogendijk et al’’; Huisman et al*®), but this was col-
lected in an ambulatory set-up. However, anxiety and depression
symptoms were assessed using questionnaires different from
those in transgender women: anxiety subscale of the Hospiral
Anxiety Depression Scale (HADS, range 0-21, cut-off >7) and the
Center for Epidemiologic Studies Depression Scale (CES-D, range
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0-60, cut-off >16), respectively. On both tests, higher scores
indicate more symptoms. To increase the comparability of these
measures with the sample of transgender women, we dichoto-
mized the variables (clinically relevant and/or not clinically rele-
vant symptoms), and compared sensitivity and specificity for the
cut-off points used in this study.

Matching Variables

To every transgender woman (N = 37) three cisgender
women and three cisgender men from the LASA database were
matched based on age (matching range < 5 years) and education
level (matching range <1). Education level was divided in nine
categories, which were recoded to the nominal number of years
needed to complete the level of education (range 5-18 years).
Matching (1:3) was determined based on sample size calculations
with G*Power 3.0.10: effect size = 0.15 (medium), o = .05,
power = .95, number of predictors = 14 (i.e., 2 groups (transgen-
der women vs. cisgender women; transgender women vs. cisgen-
der men), 9 CVR factors, and 3 psychological factors), result:
N = 194 participants.

Data Analysis

Three transgender women were excluded from the analyses
due to missing cognitive data and six transgender women because
they were older than 70 years and could therefore not be
matched to cisgender controls. Descriptive statistics including
GHT duration and percentage of individuals per group meeting
the criteria for cardiovascular and/or psychological factors, were
calculated separately per factor. Linear regression analyses were
performed using SPSS 26.0 with Group (1. transgender women
vs. cisgender women; 2. transgender women vs. cisgender men)
as independent variable and cognitive performance (separately
for all cognitive outcome measures; i.e., MMSE, Fluency ani-
mals, Fluency D, 15WT immediate and delayed recall) as depen-
dent variable. After correction for multiple comparisons (ten
main analyses), differences were considered to be significant at
o =.005 (.05/10). To examine to what extent group differences
in cognitive performance were due to effects of cardiovascular
and psychological factors, one factor per model was entered in
hierarchical fashion to each main model as an independent pre-
dictor (i.e., CVD, hypertension, antihypertensive use, statin use,
diabetes mellitus, overweight, smoking, light/heavy alcohol con-
sumption, psychopharmaceutical use, anxiety and depression
symptoms). The order of variables entered to the models was
identical for all analyses. Results were considered significant if
addition of a factor led to > 10% difference in the beta coeffi-
cient of the group dummy”® and made a clinically significant dif-
ference. In case of multiple significant covariates, we added them
simultaneously to a final model. Additionally, to control for sex-
hormone exposure we conducted similar analyses with a sub-
group of transgender women who were known to have ade-
quately and consistently used GHT (N = 21) and cisgender
women who did not use HRT (N = 96). Lastly, we examined
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Table 1. Descriptive statistics of the included participants separately per group
Cis women Trans women Cis men

N m 37 m

Age 61.3(2.9) 62.3 (3.4) 61.5(2.7)

Age range 56-65 55-69 56-65

Education 12.6 (3.5) 12.4(3.9) 12.6 (3.5)

Education range 6-18 6-18 6-18

GHT duration - 24.3(7.8) -

GHT duration range - N.2-41.6 -

% HRT* 45 - 0

% Underwent gonadectomy - 100 -

% Smoking n.7 40.5 20.7

% No alcohol consumption 4.4 29.7 9.9

% Light alcohol consumption 53.2 48.6 34.2

% Heavy alcohol consumption 32.4 21.6 55.9

9% Overweight (BMI>25kg/m?) 51.8 62.2 68.5

% Hypertension 414 50.0 54.1

% Diabetes mellitus 1.8 13.5 4.5

% CVD 3.6 18.9 3.0

% Antihypertensives 15.3 27.0 31.5

% Statins 126 19.4 216

% Psychopharmaceutical use 17.1 38.9 7.2

% Anxiety symptoms 153 1.8 7.2

% Depression symptoms Nn.7 14.7 7.2

*Hormone-replacement therapy among cisgender women and men.Cis = cisgender; Trans = transgender; GHT = gender-affirming hormone therapy; CVD =
history of cardiovascular disease.Data are presented as mean (SD), GHT duration and Education are displayed in years, % light alcohol consumption (1-7

glasses/week), % heavy alcohol consumption (>7 glasses/week).

the correlation between duration of GHT and cognitive perfor-
mance within the group of transgender women.

RESULTS

Population Characteristics

The characteristics of the study population are shown in
Table 1. On average, the transgender women had been receiving
GHT for 24.3 years. Nine transgender women did not consis-
tently and/or adequately use GHT for the following reasons: (i)
GHT was stopped at least once before but was used at the time
of testing (N = 4), (ii) estradiol dose was not adequate in multiple
evaluations by a physician (N = 1), and/or (iii) GHT was already
stopped for a while at the time of testing (N = 5). For seven
transgender women information on consistency and/or adequacy
of GHT use was missing. All had undergone gonadectomy.
More transgender women (13.5%, 18.9%) had diabetes mellitus
and/or cardiovascular disease, respectively, compared to cisgen-
der women (1.8%, 3.6%) and cisgender men (4.5%, 9.0%).
With regard to anxiety and depression symptoms, the percentage
of transgender women (11.8%, 14.7%, respectively) was more
similar to that of cisgender women (15.3%, 11.7% resp.) than to
7.2%  resp.).

that of cisgender men (7.2%, However,
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considerably more transgender women (38.9%) (had) used psy-
chopharmaceuticals compared to cisgender women (17.1%) and
cisgender men (7.2%).

Differences in Cognitive Performance

Transgender women were more similar to cisgender men than
to cisgender women regarding cognitive performance (Table 2,
Figure 1). Transgender women differed significantly from cisgen-
der women on MMSE and 15WT immediate and delayed recall.
Scores were lower for transgender women on 15WT immediate
and delayed recall, but they scored (slightly) higher on MMSE
(difference +0.9, SE = 0.3, 95% CI 0.4 to 1.5, P = .001
(Table 2A, Figure 1). Transgender women differed significantly,
albeit minimally, from cisgender men on MMSE score: scores
were higher for transgender women than for cisgender men, dif-
ference +1.1, SE = 0.4, 95% CI 0.4 to 1.8, P = .003 (Table 2B,
Figure 1). Transgender women did not perform differently from
cisgender men on the other cognitive measures.

Cognitive performance was not associated with the duration
of GHT in the group of transgender women for MMSE, r = .12,
Fluency animals, = .16, Fluency D, r = -.04, 15WT immediate
recall, 7 = -.16, or for 15WT delayed recall, » = -.05.
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Figure 1. Cognitive performance in cisgender women, transgender women and cisgender men. Mean scores with standard deviations are
shown on Mini-Mental State Examination (MMSE), Fluency animals, Fluency D, 15-Word test (ISWT) immediate and delayed recall com-
pared between transgender women and cisgender women, and between transgender women and cisgender men. *Significant based on
a =.005. Note that test scores are not presented as z-scores, therefore all tests have separate score ranges and cannot be compared to

each other.

Effects of Cardiovascular and Psychological Factors
All tests for multicollinearity were negative: VIF well below
10 and tolerance well above 0.2.>” Addition of CVD to the
model that compared transgender women to cisgender women
on MMSE score led to a 12.7% increase of the beta coefficient,
making the difference between the groups larger (Table 2A). No
other cardiovascular or psychological factors explained the differ-
ences on MMSE, nor did any factor explain differences on Flu-
ency animals, Fluency D, 15WT immediate or delayed recall.

The difference between transgender women and cisgender
men on MMSE score increased with 11.1% when depression
symptoms were added (Table 2B). This difference increased with
26.2% when alcohol consumption was (separately) added
(Table 2B). Light and heavy alcohol consumption similarly con-
tributed to this effect, parr = .18 and .21 respectively. Combined
addition of alcohol consumption and depression symptoms to
this model increased the beta coefficient with 29.6%. No (other)
factors explained differences between the groups on the cognitive
outcome measures.

Subgroup Analyses

Since nine transgender women did not consistently and/or
adequately use GHT, information about this was missing for
seven transgender women, and five cisgender women received
HRT we conducted additional regression analyses with data of
the transgender women who adequately and consistently used
GHT (N = 21) and cisgender women that did not use HRT
(N = 96). For the comparison between transgender women and
cisgender women, results were similar to that of the main analy-
ses. Addition of depression symptoms to the model comparing
transgender women to cisgender men on MMSE score did not
result in a 10% difference in beta coefficient. All other results
were similar to the main analyses.

DISCUSSION

The aim of this study was to assess differences in cognitive
functioning between transgender women using GHT, cisgender

J Sex Med 2021;18:1434—1443
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Table 2. Summary of main linear regression analyses between Group (A, B) and cognitive outcome measures (1-5), and secondary mod-
els with significantly contributing cardiovascular and psychological factors

B(SE) 95% CI p R/ AR? Part AB (%)
A. Transgender women vs. cisgender women
1A. Main model — MMSE .07
Group 0.9(0.3) 0.4-15 .007*
1B. Contributing factor .02 2.7
Group 1.0(0.3) 05-16 <.001
Cardiovascular disease -0.8(0.5) -1.7-0.2 108 -13
2A. Main model — Fluency Animals .03
Group -2.3(1.0) -43--0.3 .025
3A. Main model — Fluency D .03
Group -2.3(1.0) -43—--0.3 .027
4A. Main model — 15WTimm .16
Group -5.5(0.1 -7.6 —-3.4 <.00T1*
5A. Main model — 15WTdel 15
Group -2.7(0.5) -3.7 —-1.7 <.00T1*
B. Transgender women vs. cisgender men
1A. Main model — MMSE .06
Group 1.1(0.4) 0.4-18 .003*
1B. Contributing factors .05 26.2
Group 1.3(0.4) 0.6-21 <.001
Alcohol — light 11(0.5) 01-20 .024 .18
Alcohol — heavy 1.3(0.5) 03-22 .008 21
1B. Contributing factors .06 .1
Group 1.2(0.4) 05-20 .001
Depression symptoms -1.6 (0.5) -2.7—-0.6 .003 =24
1C. Factors combined .09 29.6
Group 1.4 (0.4) 0.7-22 <.001
Alcohol — light 0.9(0.5) -0.0-19 .061 15
Alcohol — heavy 1.1(0.5) 0.2-21 .022 .18
Depression symptoms -1.5(0.5) -25--04 .006 =22
2A. Main model — Fluency Animals .01
Group -0.9(1.1) -31-1.2 384
3A. Main model — Fluency D .02
Group -1.4(0.9) -3.2-04 127
4A. Main model — 1I5WTimm .01
Group -1.6(0.1) -3.8-0.6 152
5A. Main model — 15WTdel .01
Group -0.6(0.6) -1.7-0.5 .290

*Significant based on a = .005.MMSE = mini-mental state examination; 1SWTimm = 15-word test immediate recall; 15SWTdel = 15-word test delayed recall.
One cardiovascular or psychological factor per model was entered in hierarchical fashion to each main model (models 1a-5a). Only results from models in
which factors led to substantial change in the coefficient of Group (AB > 10%) are shown (referred to as models b), and combined in one model if this was
true for >1 factor (referred to as models ¢).R2 is presented for a, AR2 is presented for b and ¢, AB = % difference between beta coefficients of the Group
dummy in a and b/c, Alcohol — light = 1-7 glasses/week, Alcohol — heavy = >7 glasses/week.

women, and cisgender men. Transgender women were found to
be more similar to cisgender men than to cisgender women in
cognitive functioning profile. Contrary to our expectations and
previous research showing that sex-hormone exposure was associ-
ated with a more favorable cognitive profile,”"” transgender
women did not consistently perform better than cisgender
women and men on the neuropsychological tests, except slightly
better on MMSE. Additionally, adjusting for sex-hormone

J Sex Med 2021;18:1434—1443

exposure in the subgroup analyses by only including transgender
women with confirmed consistent and adequate use of GHT
and cisgender women not using HRT, did not change results.
Moreover, we found no significant correlations between duration
of GHT and cognitive functioning. Importantly, no indications
of adverse cognitive effects of long-term GHT were found in the
group of transgender women included in this study when cisgen-
der men are taken as the reference group.
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Furthermore, in this study we aimed to investigate the contri-
bution of CVR and psychological factors on the differences
found in cognitive functioning. We found that the addition of
CVD led to an increase of the difference between transgender
women and cisgender women on MMSE score in favor of trans-
gender women. Since more transgender women had CVD, this
is in line with our expectations and previous research showing
CVD to be a risk factor for cognitive impairment.18 In other
words, if CVD would have been equal in transgender and cisgen-
der women, the transgender women would have performed even
better on MMSE, i.e., CVD seemed to have a suppressive effect
on MMSE score. The difference between transgender women
and cisgender men on MMSE score increased in favor of trans-
gender women when adjusted for depression symptoms which
were more common among transgender women than cisgender
men. This is in line with previous research suggesting depression
to be a risk factor for cognitive decline.'”*’ However, this effect
was not present anymore in the subgroup analysis which suggests
that GHT might influence the association between depression
and cognitive functioning. It is argued that estradiol is negatively
associated with depression in older cisgender women.® What this
means for GHT in (older) transgender women is not yet known.
Lastly, adjusting for alcohol consumption in the comparison
between transgender women and cisgender men on MMSE score
resulted in a bigger difference between the groups in favor of
transgender women. Since fewer transgender women consumed
alcohol compared to cisgender men, this result is against expecta-
tions and not in line with previous research showing a negative
association between alcohol consumption and cognitive domains
such as memory and executive functioning.”®” Because we can-
not explain this paradoxical finding (possibly due to reporting
bias or underlying medical issues and/or medication use as a rea-
son for not consuming alcohol) future research should further
explore alcohol consumption and its contribution to cognitive
functioning,

In summary, minimal cognitive differences were found
between transgender women and cisgender men which were
partly associated with depression symptoms and alcohol con-
sumption. Transgender and cisgender women differed on
MMSE, which was associated with CVD, and both 15WT tasks.
Whether these CVR and psychological factors are mediating or
confounding factors of the relationship between group and cog-
nitive functioning remains unclear since no inferences about
direction of effects can be made based on the cross-sectional
study-design.

The greater cognitive similarity between transgender women
and cisgender men is consistent with studies showing no differ-
ence in cognitive performance between transgender women

40-41
However, a

receiving GHT and control cisgender men.
study by van Goozen and colleagues showed improved verbal flu-
ency (a supposedly female-favoring cognitive domain) and
decreased performance on a visuospatial task (supposedly male-

favoring) in transgender women after receiving GHT for three

van Heesewijk et al

months.*” In contrast, in the current study transgender women
scored equal to or lower than cisgender women on the female-
favoring domains (assessed with Fluency and 15WT tasks), and
(slightly) higher on MMSE which also includes male-favoring
tasks. Though, it must be mentioned that the transgender
women included in the study by van Goozen were significantly
younger (mean age = 32.4 years) than the transgender women in
the current study (mean age = 62.3 years). A possible explanation
for this contradictory finding and, in general, the lack of superior
cognitive performance in the transgender women compared with
the cisgender women and men could be the inconsistent hor-
mone use among several transgender women in this study: 21
transgender women consistently used GHT, whereas nine did
not consistently use GHT and this information was missing for
seven. However, analyses in transgender women with adequate
GHT use (and exclusion of cisgender women using HRT)
showed no difference in results compared to the main analyses
and no significant correlations were found between duration of
GHT and cognitive functioning. However, all transgender
women had switched route of estradiol administration at least
once during their treatment period. This could have influenced
cognitive performance, since previous research has suggested that
distinct routes of estradiol administration differentially affect
cognitive functioning.”” Another explanation for the lack of
superior cognitive performance in the transgender women com-
pared with the cisgender women and men could be that estradiol
might only prevent cognitive impairment but that administration
of estradiol does not actively improve cognitive functioning. This
is supported by previous research showing that estrogen therapy
did not improve cognitive functioning in individuals with Alz-
heimer’s disease but did decrease risk of developing dementia in
postmenopausal women."*** However, it is theorized that this is
dependent on the timing of hormone-therapy initiation. Lastly,
due to the relatively young sample differences in the speed of
cognitive decline may not (yet) be visible.

Strengths and Limitations

As one of the first studies, this study compared older transgen-
der women to a large cohort of cisgender men and women
regarding cognitive functioning and took into account numerous
potential influencing factors. Furthermore, despite of limited
availability of identical data in the trans- and cisgender groups,
we were able to collect test scores on multiple cognitive domains.
However, the results of this study should be seen in light of sev-
eral limitations. First, due to the cross-sectional study design, our
results are merely descriptive. Second, testing procedures of the
transgender women and cisgender women and men were not
entirely identical. LASA data was gathered in the home environ-
ment and used for research purposes only, whereas transgender
women were tested in a clinical setting, partly during their rou-
tine clinical check-up. This raises the possibility of reporting bias
on lifestyle factors such as smoking and alcohol consumption:
research shows clinically desirable reporting of lifestyle factors (e.
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g., underreporting of alcohol consumption) in treatment settings
due to a perceived pressure to answer in a (clinically) desirable
way.”® Additionally, not all factors, such as anxiety and depres-
sion, were assessed using identical questionnaires. Therefore, all
potential mediators and/or confounders were dichotomized and
their cut-off points were compared regarding validity based on
previous studies: the HSCL-25 had a sensitivity and a specificity
of 94%,"” the HADS anxiety subscale a sensitivity of 73% and a
specificity of 65%,"® and the CES-D had a sensitivity of 87%
and a specificity of 70%."’ Because validity of these instruments
is not identical, results regarding psychological symptoms should
be interpreted with caution. Lastly, multiple factors not available
in this study’s datasets such as lifestyle and social factors may
impact cognitive functioning as well.” Therefore, further study
of other factors that may impact cognitive functioning is war-
ranted.

Recommendations for Future Research

For future research, it is recommended to test older transgen-
der women, transgender men, cisgender women, and cisgender
men using a more comprehensive and identical cognitive-test
battery and psychological screening. Of great importance is the
inclusion of a homogenous group of transgender participants
with regard to GHT (i.e., similar formulations and doses), or a
sufficient sample size to control for this. A longitudinal-study
design with multiple measurements in time would greatly con-
tribute to answers regarding the direction of effects. In addition,
it would be of great value to include older transgender women
not receiving and/or about to start GHT to serve as an extra con-
trol group, thereby controlling for the difference between trans-
gender and cisgender individuals in the experience of gender
dysphoria and other potential differences between these groups.
A greater sample size and more extensive matching could also
make the groups more comparable.

We want to further stress the importance of future research on
this topic since older transgender individuals are an especially
vulnerable group: They are at higher risk of experiencing stress
and depression symptoms compared to cisgender individuals,””
report higher rates of subjective cognitive decline (particularly
those also reporting depression symptoms),”” have more risk fac-
tors linked to cognitive impairment such as social isolation and
chronic illness, and experience more barriers to access health
care.”' Therefore, it is crucial to further assess cognitive function-
ing in older transgender individuals while addressing the numer-
ous social, psychological and medical challenges this group faces.

CONCLUSIONS

The number of (older) transgender individuals receiving
GHT is rising, although the long-term impact on an individual’s
health has remained largely unclear.” The data collection at the
Center of Expertise on Gender Dysphoria and LASA has given
us a unique opportunity to address this underattended topic. To
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the best of our knowledge, this is one of the first studies investi-
gating (cognition in) older transgender women. Numerous
important factors interacting with cognition were taken into
account. Cognitive differences between transgender women and
cisgender women and men were small, albeit significant, there-
fore these results might indicate that long-term GHT effects on
cognitive functioning in older transgender women are minimal.
This may suggest that transgender women are protected against
cognitive decline, because they did show greater cardiovascular
and psychological challenges.

ACKNOWLEDGMENT

The authors would like to thank all participants as well as
Peggy Cohen-Kettenis, Louis Gooren and Mick van Trotsenburg
for their contribution to the conception of the study, as well as
Jos Megens for his help with participant recruitment.

Corresponding Author: Jason O. van Heesewijk, Bsc, Depart-
ment of Endocrinology, Amsterdam University Medical Centers,
location VUmc, De Boelelaan 1117, 1081 HV Amsterdam, the
Netherlands. Tel: +31 20 444 2583; fax: +31 20 444 3077;

E-mail: j.vanheesewijk@amsterdamumc.nl
Confflict of Interest: The authors report no conflicts of interest.

Funding: None

STATEMENT OF AUTHORSHIP

Conceptualization, J.O.H., KM.A.D., and B.K; Formal
Analysis, J.O.H., CM.W., A ALK, N.M.S, and B.K.; Meth-
odology, J.O.H., KM.AD., CM.W., AALK,, N.M.S., and
B.K.; Visualization, J.O.H., KM.A.D., B.K.; Writing — Origi-
nal Draft, J.O.H., KM.A.D., CM.W., A ALK, N.M.S.,, M.
H., M.D.H,, B.K.; Writing — Review & Editing, ].O.H., K.M.
AD., CM.W.,AALK,NM.S., M.H, M.D.H., B.K,; Super-
vision, KM.A.D., B.K,; Resources, M.H., M.D.H., B.K,; Inves-
tigation, M.H., B.K.; Project Administration, B.K.

REFERENCES
1. Hembree WC, Cohen-Kettenis P, Delemarre-van de Waal HA,
et al. Endocrine treatment of transsexual persons: an endo-

crine society clinical practice guideline. J Clin Endocr Metab
2009;94:3132-3154. doi: 10.1210/jc.2009-0345.

2. Feldman F, Brown GR, Deutsch MB, et al. Priorities for trans-
gender medical and health care research. current opinion in
endocrinology. Diabetes Obesity 2016;23:180-187. doi:
10.1097/MED.0000000000000231.

3. Ali SA, Begum T, Reza F. Hormonal influences on cognitive
function. Malays J Med Sci 2018;25:31-41. doi: 10.21315/
mjms2018.25.4.3.

20z Jequisidag g0 UO Josn e1BojooIsNW 1P OJNHIS! Aq 9809G69/VE 1/8/8 L /AIoIME/WS|W0d dno-olWapese)/:SdRy WO} POPEOJUMOQ


mailto:j.vanheesewijk@amsterdamumc.nl
https://doi.org/10.1210/jc.2009-0345
https://doi.org/10.1097/MED.0000000000000231
https://doi.org/10.21315/mjms2018.25.4.3
https://doi.org/10.21315/mjms2018.25.4.3

1442

4.

10.

1.

12.

13.

14.

15.

16.

18.

Azcoitia |, Arevalo MA, De Nicola AF, et al. Neuroprotective
actions of estradiol revisited. Trends Endocrinol Metab
20M;22:467-473. doi: 10.1016/j.tem.2011.08.002.

. Siddiqui AN, Siddiqui N, Khan RA, et al. Neuroprotective role

of steroidal sex hormones: An overview. CNS Neurosci Ther
2016;22:342-350. doi: 10.1111/cns.12538.

. Navarro-Pardo E, Holland CA, Cano A. Sex hormones and

healthy psychological aging in women. Front Aging Neurosci
2017;9:1-10. doi: 10.3389/fnagi.2017.00439.

. Arevalo MA, Azcoitia |, Garcia-Segura LM. The neuroprotec-

tive actions of oestradiol and oestrogen receptors. Nat Rev
Neurosci 2015;16:17-29. doi: 10.1038/nrn3856.

. Janicki SC, Schupf N. Hormonal Influences on Cognition and

Risk for Alzheimer's Disease. Curr Neurol Neurosci Rep
2010;10:359-366. doi: 10.1007/511910-010-0122-6.

. Beltz AM, Moser JS. Ovarian hormones: A long overlooked

but critical contributor to cognitive brain structures and func-
tion. Ann Ny Acad Sci 2020;1464:156-180. doi: 10.1111/
nyas.14255.

Yeap BB. Hormonal changes and their impact on cognition
and mental health of ageing men. Maturitas 2014;79:227-
235. doi: 10.1016/j.maturitas.2014.05.015.

Collins B, Mackenzie J, Stewart A, et al. Cognitive effects of
hormonal therapy in early stage breast cancer patients: a pro-
spective study. Psycho-Oncology 2009;18:811-821. doi:
10.1002/pon.1453.

Jenkins V, Shilling V, Fallowfield L, et al. Does hormone ther-
apy for the treatment of breast cancer have a detrimental
effect on memory and cognition? A pilot study. Psycho-
oncology 2004;13:61-66. doi: 10.1002/pon.709.

Lee PE, Tierney MC, Wu W, et al. Endocrine treatment-associ-
ated cognitive impairment in breast cancer survivors: Evidence
from published studies. Breast Cancer Res Treat
2016;158:407-420. doi: 10.1007/510549-016-3906-9.

Shilling V, Jenkins V, Fallowfield L, et al. The effects of hor-
mone therapy on cognition in breast cancer. J Steroid Bio-
chem Mol Biol 2003;86:405-412. doi: 10.1016/j.
jsbmb.2003.07.001.

Zwart W, Terra H, Linn SC, et al. Cognitive effects of endo-
crine therapy for breast cancer: Keep calm and carry on? Nat
Rev Clin Oncol 2015;12:597-606. doi: 10.1038/nrcli-
nonc.2015.124.

Fuh JL, Wang SJ, Lee SJ, et al. A longitudinal study of cogni-
tion change during early menopausal transition in a rural com-
munity. Maturitas 2006;53:447-453. doi: 10.1016/j.
maturitas.2005.07.009.

. Berent-Spillson A, Persad CC, Love T, et al. Hormonal envi-

ronment affects cognition independent of age during the men-
opause transition. J Clin Endocrinol Metab 2012;97:E1686-
E1694. doi: 10.1210/jc.2012-1365.

Gorelick PB. Prevention of cognitive impairment: scientific

guidance and windows of opportunity. J Neurochem
2018;144:609-616. doi: 10.1111/jnc.14113.

20

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33,

van Heesewijk et al

. Knight MJ, Baune BT. Cognitive dysfunction in major depres-
sive disorder. Curr Opin Psychiatr 2018;31:26-31. doi:
10.1097/Yc0.0000000000000378.

. Brailean A, Aartsen MJ, Muniz-Terrera G, et al. Longitudinal
associations between late-life depression dimensions and cog-
nitive functioning: A cross-domain latent growth curve analy-

sis. Psychol Med 2017;47:690-702. doi: 10.1017/
S003329171600297x.
McCann E, Brown M. Vulnerability and psychosocial risk fac-

tors regarding people who identify as transgender. A system-
atic review of the research evidence. Issues Ment Health
Nurs 2018;39:3-15. doi: 10.1080/01612840.2017.1382623.

Fredriksen-Goldsen Kl, Cook-Daniels L, Kim HJ, et al. Physical
and mental health of transgender older adults: an at-risk and
underserved population. Gerontologist 2014;54:488-500.
doi: 10.1093/geront/gnt021.

Hoy-Ellis CP, Shiu C, Sullivan KM, et al. Prior military service,
identity stigma, and mental health among transgender older
adults. Gerontologist 2017;57:563-S71. doi: 10.1093/ger-
ont/gnwl73.

Nota NM, Wiepjes CM, de Blok CJM, et al. Occurrence of acute
cardiovascular events in transgender individuals receiving hor-
mone therapy. Circulation 2019;139:1461-1462. doi: 10.1161/
CIRCULATIONAHA.118.038584.

Getahun D, Nash R, Flanders WD, et al. Cross-sex hormones
and acute cardiovascular events in transgender persons: A
cohort study. Ann Intern Med 2018;169:205-213. doi:
10.7326/M17-2785.

den Heijer M, Bakker A, Gooren L. Long term hormonal treat-
ment for transgender people. British Medical Journal
2017;359:1-6. doi: 10.1136/bm;j.j5027.

Hoogendijk EO, Deeg DJ, Poppelaars J, et al. The longitudinal
aging study amsterdam: Cohort update 2016 and major find-
ings. Eur J Epidemiol 2016;31:927-945. doi: 10.1007/
s10654-016-0192-0.

Huisman M, Poppelaars J, van der Horst M, et al. Cohort pro-
file: the longitudinal aging study amsterdam. Int J Epidemiol
2011;40:868-876. doi: 10.1093/ije/dyg219.

Wiepjes CM, Nota NM, de Blok CJM, et al. The amsterdam
cohort of gender dysphoria study (1972-2015): Trends in prev-
alence, treatment, and regrets. J Sex Med 2018;15:582-590.
doi: 10.1016/}.jsxm.2018.01.016.

Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A
practical method for grading the cognitive state of patients for
the clinician. J Psychiatr Res 1975;12:189-198. doi: 10.1016/
0022-3956(75)90026-6.

Kok R, Verhey F. Dutch translation of the Mini Mental State
Examination (Folstein et al.,. 1975) 2002.

Luteijn F, van der Ploeg FAE. GIT; Groninger Intelligentie Test.
Swets & Zeitliger: Lisse 1973.

Spreen O, Benton AL. Neurosensory center comprehensive

examination for aphasia. Victoria BC: University of Victoria,
Neuropsychology Laboratory; 1977.

J Sex Med 2021;18:1434—1443

20z Jequisidag g0 UO Josn e1BojooIsNW 1P OJNHIS! Aq 9809G69/VE 1/8/8 L /AIoIME/WS|W0d dno-olWapese)/:SdRy WO} POPEOJUMOQ


https://doi.org/10.1016/j.tem.2011.08.002
https://doi.org/10.1111/cns.12538
https://doi.org/10.3389/fnagi.2017.00439
https://doi.org/10.1038/nrn3856
https://doi.org/10.1007/s11910-010-0122-6
https://doi.org/10.1111/nyas.14255
https://doi.org/10.1111/nyas.14255
https://doi.org/10.1016/j.maturitas.2014.05.015
https://doi.org/10.1002/pon.1453
https://doi.org/10.1002/pon.709
https://doi.org/10.1007/s10549-016-3906-9
https://doi.org/10.1016/j.jsbmb.2003.07.001
https://doi.org/10.1016/j.jsbmb.2003.07.001
https://doi.org/10.1038/nrclinonc.2015.124
https://doi.org/10.1038/nrclinonc.2015.124
https://doi.org/10.1016/j.maturitas.2005.07.009
https://doi.org/10.1016/j.maturitas.2005.07.009
https://doi.org/10.1210/jc.2012-1365
https://doi.org/10.1111/jnc.14113
https://doi.org/10.1097/Yco.0000000000000378
https://doi.org/10.1017/S003329171600297x
https://doi.org/10.1017/S003329171600297x
https://doi.org/10.1080/01612840.2017.1382623
https://doi.org/10.1093/geront/gnt021
https://doi.org/10.1093/geront/gnw173
https://doi.org/10.1093/geront/gnw173
https://doi.org/10.1161/CIRCULATIONAHA.118.038584
https://doi.org/10.1161/CIRCULATIONAHA.118.038584
https://doi.org/10.7326/M17-2785
https://doi.org/10.1136/bmj.j5027
https://doi.org/10.1007/s10654-016-0192-0
https://doi.org/10.1007/s10654-016-0192-0
https://doi.org/10.1093/ije/dyq219
https://doi.org/10.1016/j.jsxm.2018.01.016
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0022-3956(75)90026-6
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0031
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0031
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0032
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0032
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0033
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0033
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0033

Hormone Therapy and Cognitive Functioning in Older Transgender Women

34.

35.

36.

37.

38.

39,

40.

41,

42.

43,

van den Burg W, Saan RJ, Deelman BG. 15-woordentest. Pro-
visional Manual. Groningen: University Hospital, Department
of Neuropsychology; 1985.

Schilder CM, Seynaeve C, Linn SC, et al. Cognitive functioning
of postmenopausal breast cancer patients before adjuvant
systemic therapy, and its association with medical and psy-
chological factors. Crit Rev Oncol Hematol 2010;76:133-141.
doi: 10.1016/j.critrevonc.2009.11.001.

Hernan MA, Hernandez-Diaz S, Werler MM, et al. Causal
knowledge as a prerequisite for confounding evaluation: An
application to birth defects epidemiology. Am J Epidemiol
2002;155:176-184. doi: 10.1093/aje/155.2.176.

Field AP. Discovering statistics using IBM SPSS statistics. 4th
ed. Los Angeles: SAGE; 2013.

Deary |J, Corley J, Gow AJ, et al. Age-associated cognitive
decline. Br Med Bull 2009;92:135-152. doi: 10.1093/bmb/
Idp033.

Foresight Mental Capital and Wellbeing Project. Final project
report. London: The Government Office for Science:; 2008.

Haraldsen IR, Egeland T, Haug E, et al. Cross-sex hormone
treatment does not change sex-sensitive cognitive perfor-
mance in gender identity disorder patients. Psychiat Res
2005;137:161-174. doi: 10.1016/j.psychres.2005.05.014.

Wisniewski AB, Prendeville MT, Dobs AS. Handedness, func-
tional cerebral hemispheric lateralization, and cognition in
male-to-female transsexuals receiving cross-sex hormone
treatment. Arch Sex Behav 2005;34:167-172. doi: 10.1007/
s10508-005-1794-x.

Van Goozen SH, Cohen-Kettenis PT, Gooren LJ, et al. Gender
differences in behaviour: Activating effects of cross-sex hor-
mones. Psychoneuroendocrino 1995;20:343-363
doi:10.1016/0306-4530(94)00076-X.

Fischer B, Gleason C, Asthana S. Effects of hormone therapy
on cognition and mood. Fertil Steril 2014;101:898-904. doi:
10.1016/j.fertnstert.2014.02.025.

J Sex Med 2021;18:1434—1443

44,

45,

46.

47.

48.

49,

50.

51

1443

Henderson VW. Alzheimer's disease: Review of hormone ther-
apy trials and implications for treatment and prevention after
menopause. J Steroid Biochem Mol Biology 2014;142:99-
106. doi: 10.1016/j.jsbmb.2013.05.010.

Luine VN. Estradiol and cognitive function: Past, present and
future. Horm Behav 2014;66:602-618. doi: 10.1016/j.
yhbeh.2014.08.011.

Strecher VJ, Becker MH, Clark NM, et al. Using patients'
descriptions of alcohol consumption, diet, medication compli-
ance, and cigarette smoking: The validity of self-reports in
research and practice. J Gen Intern Med 1985;4:160-166.
doi: 10.1007/BF02602359.

Frojdh K, Hakansson A, Karlsson I. The Hopkins Symptom
Checklist-25 is a sensitive case-finder of clinically impor-
tant depressive states in elderly people in primary care. Int
J Geriatr Psychiatry 2004;19:386-390. doi: 10.1002/
gps.1102.

Vodermaier A, Millman RD. Accuracy of the Hospital Anxiety
and Depression Scale as a screening tool in cancer patients: A
systematic review and meta-analysis. Support Care Cancer
2011;19:1899-1908. doi: 10.1007/s00520-011-1251-4.

Vilagut G, Forero CG, Barbaglia G, et al. Screening for depres-
sion in the general population with the Center for Epidemio-
logic Studies Depression (CES-D): A systematic review with
meta-analysis. PLoS One 2016;11:e0155431. doi: 10.1371/
journal.pone.0155431.

Flatt JD, Johnson JK, Karpiak SE, et al. Correlates of subjec-
tive cognitive decline in lesbian, gay, bisexual, and transgender
older adults. J Alzheimers Dis 2018;64:91-102. doi:
10.3233/JAD-171061.

Fredriksen-Goldsen Kl, Jen S, Bryan AEB, et al. Cognitive
Impairment, Alzheimer's Disease, and Other Dementias in the
Lives of Lesbian, Cay, Bisexual and Transgender (LGBT)
Older Adults and Their Caregivers: Needs and Competencies.
J  Appl Gerontol 2018;37:545-569. doi: 10.1177/
0733464816672047.

20z Jequisidag g0 UO Josn e1BojooIsNW 1P OJNHIS! Aq 9809G69/VE 1/8/8 L /AIoIME/WS|W0d dno-olWapese)/:SdRy WO} POPEOJUMOQ


http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0034
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0034
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0034
https://doi.org/10.1016/j.critrevonc.2009.11.001
https://doi.org/10.1093/aje/155.2.176
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0037
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0037
https://doi.org/10.1093/bmb/ldp033
https://doi.org/10.1093/bmb/ldp033
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0039
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0039
https://doi.org/10.1016/j.psychres.2005.05.014
https://doi.org/10.1007/s10508-005-1794-x
https://doi.org/10.1007/s10508-005-1794-x
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0042
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0042
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0042
http://refhub.elsevier.com/S1743-6095(21)00519-1/sbref0042
https://doi.org/10.1016/j.fertnstert.2014.02.025
https://doi.org/10.1016/j.jsbmb.2013.<!?A3B2 re3j?>05.010
https://doi.org/10.1016/j.yhbeh.2014.08.011
https://doi.org/10.1016/j.yhbeh.2014.08.011
https://doi.org/10.1007/BF02602359
https://doi.org/10.1002/gps.1102
https://doi.org/10.1002/gps.1102
https://doi.org/10.1007/s00520-011-1251-4
https://doi.org/10.1371/journal.pone.0155431
https://doi.org/10.1371/journal.pone.0155431
https://doi.org/10.3233/JAD-171061
https://doi.org/10.1177/0733464816672047
https://doi.org/10.1177/0733464816672047

	Long-Term Gender-Affirming Hormone Therapy and Cognitive Functioning in Older Transgender Women Compared With Cisgender Women and Men
	INTRODUCTION
	Aim of this Study

	MATERIAL AND METHODS
	Participants
	Procedure
	Matching Variables
	Data Analysis

	RESULTS
	Population Characteristics
	Differences in Cognitive Performance
	Effects of Cardiovascular and Psychological Factors
	Subgroup Analyses

	DISCUSSION
	Strengths and Limitations
	Recommendations for Future Research

	CONCLUSIONS
	ACKNOWLEDGMENT
	Statement of Authorship
	REFERENCES


