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Abstract

Purpose The purpose of this study was to assess the impact of testosterone therapy on mood and cognitive symptoms in
perimenopausal and postmenopausal women.

Methods A retrospective cohort study undertaken in a UK specialist menopause clinic. 510 women using hormone replace-
ment therapy (HRT) with persistent low libido, cognitive and negative mood symptoms were treated with testosterone cream
or gel for 4 months. A modified version of the Greene Climacteric Scale was used to measure self-reported symptom fre-
quency and severity at baseline and 4 months after initiating treatment.

Results All nine cognitive and mood symptoms significantly improved across the study period. Mood improved more than
cognition (47% of women reported an improvement in mood vs. 39% reported an improvement in cognition; 34% vs. 22%
decrease in mean symptom scores, respectively). Regarding libido, 52% of women reported an improvement; mean symp-
tom score decreased by 33%.

Conclusion Transdermal testosterone therapy for 4 months was associated with significant improvements in mood and
cognition. Further research including randomised clinical trials are needed to establish the long-term efficacy and safety of
testosterone for the treatment of menopausal cognitive and psychological symptoms.

Highlights

e The findings of this pilot study suggest that transdermal testosterone therapy has a beneficial effect on cognitive and
mood-related symptoms in peri- and postmenopausal women. Mood improved more than cognition, suggesting that
testosterone may have differential effects on neuropsychiatric symptoms and highlighting the need for further research to
determine which women are most likely to benefit from testosterone therapy.

e Mood and libido improved to a similar degree, suggesting that testosterone may have benefits beyond the treatment of
Hypoactive Sexual Desire Disorder in postmenopausal women, the only indication for which testosterone is currently
licensed.
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Introduction

Perimenopause and menopause are associated with neuro-
logical symptoms resulting from fluctuating and declining
sex steroid hormone levels in the brain (Brinton et al. 2015).
Approximately two thirds of women report subjective cogni-
tive impairment - ‘brain fog’ - with wide-ranging symptoms
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(Leonhardt 2019; Maki et al. 2019; Riecher-Rossler 2020;
O’Reilly et al. 2023). The risk of a major depressive episode
is increased 2- to 4-fold (Bromberger et al. 2011). Suicidal
thoughts are up to eight times more prevalent in perimeno-
pausal women (Usall et al. 2009), which may contribute to a
higher suicide rate in women aged 45 to 64 years in the UK
compared with younger and older women (Statistics 2022;
Branch 2023).

Hormone replacement therapy (HRT) — oestrogen with
or without a progestogen — is the most effective treatment
for menopausal symptoms including cognitive impairment
and negative mood symptoms (Riecher-Rossler and Geyter
2007; Kulkarni 2018; Behrman and Crockett 2023) Some
women require additional psychiatric support and/or anti-
depressant medication, especially those with a past history
of depression, but there is no clear evidence of benefit for
selective serotonin reuptake inhibitors (SSRIs) when used
to treat low mood in perimenopausal women without a for-
mal diagnosis of clinical depression (NICE 2019).

Menopausal women with cognitive impairment and
negative mood symptoms may also benefit from testoster-
one replacement therapy. Testosterone improves libido and
vulvovaginal health, and has anti-inflammatory, cardiopro-
tective, bone-protective, and neuroprotective effects (Davis
2021). In men, testosterone deficiency is associated with
fatigue, depressed mood, and cognitive impairment (Hack-
ett et al. 2023). In women, circulating testosterone levels
decline with age and are up to 50% lower in menopausal
women compared with younger adult women (Davis 2023),
which is likely to contribute to symptoms including brain
fog and depressed mood in mid-life.

A recent meta-analysis concluded that there is insuffi-
cient randomised clinical trial (RCT) evidence to support
the use of testosterone to treat any menopausal symptom
other than low libido (Islam et al. 2019). Consequently, cur-
rent guidelines only recommend testosterone to treat low
sexual desire in menopausal women, if HRT alone is not
effective (Davis et al. 2019; NICE 2019). Nevertheless,
women are often prescribed testosterone in clinical practice
because the available data, and physiological rationale, sug-
gest overall benefit.

The aim of this study was to assess the effect of trans-
dermal testosterone on cognitive and negative mood symp-
toms in perimenopausal and postmenopausal women with
persistent symptoms despite standard HRT (oestrogen with
or without progesterone). We focussed on women using
transdermal testosterone because, compared with other
testosterone formulations (oral, intramuscular, and subcu-
taneous pellets), transdermal testosterone is body-identical
(biochemically identical to ‘natural’ testosterone) and bet-
ter tolerated. Side effects such as acne and localised hair
growth at the site of application are usually mild, easily
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treated and reversible; and transdermal testosterone is not
associated with an increased risk of serious adverse events
when used in physiologic doses (i.e., doses that approximate
physiological testosterone concentrations in premenopausal
women) (Davis et al. 2019; Parish et al. 2021). Oral and
injectable formulations containing synthetic testosterones
alien to the female body are rarely prescribed due to their
inferior safety profile.

Materials and methods
Study design and population

This was a single-centre, UK-based, retrospective cohort
study performed as part of a service evaluation. Women
attending the Newson Health Menopause and Wellbeing
Centre in Stratford-upon-Avon between 1st August 2021
and 31st July 2022 were eligible for inclusion if (1) they had
been using transdermal oestrogen with or without a proges-
togen (oral micronised progesterone or the levonorgestrel-
releasing intrauterine system) for at least three months, (2)
they had persistent low libido and at least one mood or cog-
nitive symptom, (3) they had initiated transdermal testoster-
one without a concurrent oestradiol dose change, (4) they
had completed a menopause symptom questionnaire (MSQ)
at baseline (prior to initiation of testosterone), and (5) they
had been reviewed and had completed an MSQ four months
after initiating testosterone therapy. MSQ forms were col-
lected as part of routine clinical care. Informed consent
was obtained from all patients for their data to be used for
research and audit purposes.

Outcomes

Characteristics of the study population (demographics,
testosterone formulation, and MSQ scores) were extracted
from the medical records.

Symptom scores

Prior to each clinical encounter, all patients completed the
MSQ, a modified version of the Greene Climacteric Scale
(GCS) (Greene 1976) (Supplementary File 1). The Greene
Climacteric Scale is a 21-item questionnaire that measures
the number and severity of menopausal symptoms and has
been validated for use in different populations (Greene
1998). Patients rate the severity of each symptom using a
4-point Likert scale, from 0 (‘not at all’) to 3 (‘extremely’).

The MSQ includes 18 of the 21 symptoms listed in the
original GCS. Three items have been removed (‘excitable’,
‘parts of body feel numb’, and ‘loss of feeling in hands or
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feet’) and replaced with 5 new items (‘memory problems’,
‘tinnitus’, ‘pins and needles in any part of the body’, ‘uri-
nary symptoms’, and ‘symptoms due to vaginal dryness’).

The focus of this study was to assess the impact of tes-
tosterone on neuropsychological symptoms. Consequently,
only data pertaining to cognition (‘feeling tired or lacking
in energy’, ‘memory problems’, and ‘difficulty in concen-
trating’), and mood (‘feeling tense of nervous’, ‘irritability’,
‘attacks of anxiety or panic’, ‘feeling unhappy or depressed’,
‘loss of interest in most things’, ‘crying spells’, and ‘loss of
interest in sex’) was extracted from the medical records (10
items; overall score range 0-30).

Testosterone treatment

Patients were treated with one of three transdermal tes-
tosterone formulations according to patient preference;
AndroFeme® 1% (10 mg/ml), 0.5 ml daily (Lawley Pharma-
ceuticals Ltd, Perth, Western Australia), Testim 50 mg/5 g,
one tube over 10 days(Endo Ventures Ltd, Dublin, Ireland),
or Testogel 40.5 mg/2.5 g, one sachet over 8 days (Besins
Healthcare, Paris, France).

Data analysis

Statistical analysis was performed using R software v4.3.

All patients were included in the baseline analysis for
symptom prevalence. Per symptom, only patients who
scored a 1, 2 or 3 before starting testosterone were included
when analysing the percentage of women who reported
symptom improvement and the change in symptom sever-
ity score at 4 months. Patients who assigned a score of 0
to a symptom at baseline were excluded from the 4-month
analysis for that individual symptom. For example, a patient
who scored ‘fatigue’ a 1, 2, or 3 at baseline was included in
the 4-month analysis for change in ‘fatigue’ symptom score;
but if the same patient scored ‘tearfulness’ a 0 at baseline,
she was not included in the 4-month analysis for change in
‘tearfulness’ symptom score.

Counts and percentages were used to summarise categor-
ical and ordinal variables. The mean (SD) and the median
(IQR) were used to summarise continuous normal and non-
normal variables, respectively. McNemar’s test was used to
compare symptom prevalence before and after treatment.
A paired t-test was used to compare the mean symptom
scores before and after treatment. Hypothesis testing was
performed at a 5% level of significance.

Results
Baseline characteristics

510 women with persistent menopausal symptoms despite
>3 months of HRT (oestrogen with or without a progesto-
gen) initiated transdermal testosterone therapy during the
study period, without a concurrent oestradiol dose increase
(Supplementary file 2). The mean age was 54 years (IQR
50-58 years). 339 women (66%) were postmenopausal, 171
women (34%) were perimenopausal. 462 (91%) were using
oestrogen combined with a progestogen — either micronised
progesterone (n=428) or the Mirena coil (n=34); 48 (9%)
were using oestrogen alone. 88 women (17%) were co-pre-
scribed antidepressants during the study interval.

Most women were treated with AndroFeme (n=443,
87%); 41 women (8%) received Testim and 26 (5%)
received Testogel. The mean time from testosterone initia-
tion to first review appointment was 121 +36.4 days.

Symptom prevalence

Symptom prevalence at baseline, and the number (%) of
patients whose symptom scores improved after initiating
testosterone therapy are presented in Tables 1 and 2, and
Fig. 1.

Cognitive symptoms were more frequently reported than
mood symptoms at baseline (mean prevalence 89%,range
84-92%, vs. 64.5%,range 42—81%, respectively; Table 1).
‘Feeling tired or lacking in energy’ and ‘memory problems’
were the most prevalent cognitive symptoms (92% and
91%, respectively); ‘feeling tense or nervous’ and ‘irritabil-
ity’ were the two most frequently reported mood symptoms
(81% and 77% of women, respectively). ‘Crying spells’
were the least prevalent symptom (42% of women). 100%
of women reported reduced libido, as this was an inclusion
criterion.

When stratified by symptom severity (Table 2), loss
of libido was the most bothersome symptom at baseline
(68.83% of women scored ‘loss of interest in sex’ a ‘2’ -
‘quite a bit’, or ‘3’ - ‘extremely’). Cognitive symptoms were
more bothersome than mood symptoms; 39.87% (range
30.98-51.18%) of women rated their cognitive symptoms
moderate or severe (a score of 2’ or ‘3”), compared with
18.40% (range 8.43-25.30%) of women with mood symp-
toms. Fatigue and memory problems were most likely to
be assigned a score of 2’ or ‘3’ (51.18% and 37.45% of
women, respectively). ‘Tense/nervous’ and ‘irritability’
were the most bothersome mood symptoms (assigned a
score of ‘2’ or ‘3’ by 25.30% and 23.14% of women, respec-
tively). ‘Crying spells’ were the least bothersome symptom
(8.43% of women).
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Table 1 The number (%) of patients who reported symptoms at baseline,

and the number (%) of patients who reported an improvement (a reduction

in symptom score from ‘3’ to ‘2°,°1” or ‘0’; ‘2’ to ‘1’ or ‘0’; or ‘1’ to ‘0’) after 4 months of testosterone therapy

Symptom Symptom prevalence at baseline % of patients who reported symptom improvement at ~ p
(n=510) 4 months
n % n %
Cognitive symptoms
Feeling tired or lacking in energy 470 92% 201 43% <0.001
Memory problems 462 91% 157 34% <0.001
Difficulty in concentrating 427 84% 174 41% <0.001
Mood symptoms
Feeling tense or nervous 415 81% 156 38% <0.001
Irritability 392 77% 147 38% <0.001
Feeling unhappy or depressed 327 64% 142 43% <0.001
Loss of interest in most things 325 64% 183 56% <0.001
Attacks of anxiety of panic 290 59% 144 50% <0.001
Crying spells 212 42% 117 55% <0.001
Loss of interest in sex 510 100% 265 52% <0.001

Table 2 The distribution of symptom scores (‘0’ - ‘not at all’, ‘1’ - ‘a little’, <2’ - ‘quite a bit’, and ‘3’ - ‘extremely’) at baseline and 4 months after
initiating testosterone therapy, and the change in prevalence of moderate-severe symptoms (score ‘2 + ‘3”) across the study period (the absolute
decrease and the % reduction in number of women reporting moderate or severe symptoms)

Score Pre testosterone

Post testosterone % % improve-

decrease ment

0 1 2 3 0 1 2 3 243 243

Cognitive symptoms

Feeling tired or 40 209 186 75 67 259 140 44 15.1% 29.5%

lacking in energy  (7.84%) (40.98%) (36.47%) (14.71%) (13.14%) (50.78%) (27.45%  (8.63%)

Memory problems 48 271 161 30 96 271 124 19 9.4% 25.1%
(9.41%) (53.14%) (31.57%) (5.88%)  (18.82%) (53.14%) (24.31%) (3.73%)

Difficulty in 83 269 131 27 132 280 86 12 11.8% 38.0%

concentrating (16.27%)  (52.75%) (25.69%) (5.29%) (25.88%) (54.90%) (16.86%) (2.35%)

Mood symptoms

Feeling tense or 95 286 113 16 138 280 83 9 7.3% 28.7%

nervous (18.63%)  (56.08%) (22.16%) (3.14%) (27.06%) (54.90%) (16.27%) (1.76%)

Irritability 118 274 103 15 147 287 70 6 8.2% 35.6%
(23.14%)  (53.73%) (20.20%) (2.94%) (28.82%) (56.27%) (13.73%) (1.18%)

Feeling unhappy or 183 247 68 12 239 215 52 4 4.7% 30.0%

depressed (35.88%)  (48.43%) (13.33%) (2.35%) (46.86%) (42.16%) (10.20%) (0.78%)

Loss of interestin 185 216 98 11 270 182 52 6 10.0% 46.8%

most things (36.27%)  (42.35%) (19.22%) (2.16%)  (52.94%) (35.69%) (10.20%) (1.18%)

Attacks of anxiety 220 206 71 13 263 197 45 5 6.7% 40.5%

or panic (43.14%)  (40.39%) (13.92%) (2.55%) (51.57%) (38.63%) (8.82%) (0.98%)

Crying spells 298 169 39 4 355 124 26 5 2.4% 27.9%
(58.43%)  (33.14%) (7.65%) (0.78%)  (69.61%) (24.31%) (5.10%) (0.98%)

Loss of interest 0 159 187 164 81 224 148 57 28.6% 41.6%

in sex (0%) (31.18%) (36.67%) (32.16%) (15.58%) (43.92%) (29.02%) (11.18%)

All 10 symptoms significantly improved four months
after initiating testosterone therapy (Table 1). 39% (range
34-43%) of women with cognitive symptoms reported an
improvement vs. 47% (range 38—-56%) of women with mood
symptoms. The three symptoms most likely to improve
were ‘loss of interest in most things’ (56% of women
reported an improvement, p <0.001), ‘crying spells’ (55%
of women, p<0.001), and ‘loss of interest in sex’ (52%
of women, p<0.001). ‘Memory problems’ were the least
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likely to improve (34% of women reported an improvement,
p<0.001).

When stratified by symptom severity (Table 2; Fig. 1),
the number of women with moderate or severe symptoms
(rated ‘2° or ‘3’) decreased by approximately one third
(35%) across the study period. The prevalence of moder-
ate-to-severe cognitive symptoms decreased by 31% vs.
moderate-to-severe mood symptoms decreased by 37% vs.
moderate-to-severe ‘loss of interest in sex’ decreased by
42%. The greatest improvements were observed in women
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Pre Post
Memory problems (n=462) 59% 35% I 6% 14% 55% 27% I 4%
Loss of interest in sex (n=510) 31% 37% - 16% 44% 29% .
Loss of Interest in Most Things (n=325) 66% 30% I 3% | 39% aa% 15% I 2%

Irritability (n=392) 70% 26% 4% 19% 62% 17% | 2%

Feeling Unhappy or Depressed (n=327) 76% 21% Ia% 31% 53% 15% | 1%

Feeling Tired or Lacking in Energy (n=470) 44% 1% 51% 29% . 9%
Feeling Tense or Nervous (n=415) 69% 27% Io% 19% 60% 19% I 2%
Difficulty in Concentrating (n=427) 63% 31% 6% | 19% 59% 19% I 3%
Crying spells (n=212) 80% 18% |2% 45% 44% sxl 1%
Attacks of Anxiety or Panic (n=290) 71% 24% Ia% 31% 54% B%l 1%
100% 50% 0% 50% 100% ‘ 100% -50% 0% 50% 100%
Owlm2 m3

Fig. 1 The shift in the distribution of symptom severity scores across
the 4-month study period. Scores of ‘3’ (‘extremely’) are shaded dark
pink, scores of 2’ (‘quite a bit’) are shaded mid-pink, scores of ‘1’ (‘a
little”) are shaded light pink, and scores of ‘0’ (‘not at all’) are shaded

blue. A ‘left shift’ (pink to blue) indicates symptom improvement. For
each symptom, only patients reporting symptoms at baseline (score 1,
2 or 3) are included

Table 3 The mean symptom
score at baseline and four months
after initiating transdermal testos-
terone therapy, and the change in

mean symptom score.

Symptom n Mean symp- Mean symptom  Changein  p

tom score at score at 4 months symptom

baseline Mean (SD) score

Mean (SD)
Cognitive symptoms
Feeling tired or lacking in energy 470 1.71 (0.72) 1.36 (0.80) —0.36 <0.001
Memory problems 462 1.48 (0.62) 1.21 (0.73) -0.28 <0.001
Difficulty in concentrating 427 1.43 (0.61) 1.06 (0.69) -0.37 <0.001
Mood symptoms
Feeling tense of nervous 415 1.35(0.55) 1.04 (0.68) -0.31 <0.001
Irritability 392 1.34 (0.55) 1.01 (0.65) -0.33 <0.001
Feeling unhappy or depressed 327 1.28 (0.53) 0.86 (0.70) —-0.42 <0.001
Loss of interest in most things 325 1.37 (0.55) 0.79 (0.75) -0.58 <0.001
Attacks of anxiety of panic 290 1.33 (0.56) 0.85 (0.69) -0.49 <0.001
Crying spells 212 1.22 (0.46) 0.67 (0.70) —0.55 <0.001
Loss of interest in sex 510 2.01 (0.80) 1.35 (0.88) —0.66 <0.001

with ‘loss of interest in most things’ (the number of women
with moderate to severe symptoms decreased by 47%), ‘loss
of interest in sex’ (42% reduction), ‘attacks of anxiety and
panic’ (41% reduction), and ‘crying spells’ (41% reduction).
Between 41.8% and 66.7% of women reported no change
in individual symptom scores during the study period,
mainly because the majority of women without a particular
symptom at baseline didn’t develop that symptom during
the study interval (Supplementary files 3 and 4). For exam-
ple, 298 women did not experience ‘crying spells’ at base-
line, and 260 women did not report ‘crying spells’ at follow
up (only 38 women developed new-onset ‘crying spells’).

Individual symptom scores increased in 6.3 to 18.0% of
women (a new symptom or increase in symptom severity)
over the 4-month study interval (Supplementary file 3).

Symptom severity scores

Mean symptom scores at baseline and four months after
initiating testosterone therapy, and the change in the mean
symptom scores, are presented in Table 3; Fig. 2.

At baseline, ‘loss of interest in sex’, ‘feeling tired or
lacking in energy’, and ‘memory problems’ achieved the
highest symptom scores, and ‘crying spells’ achieved the
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Fig.2 The percentage change (improvement) in mean symptom score from baseline (prior to testosterone treatment) to four months after initiating
testosterone therapy. Cognitive symptoms are highlighted in blue, mood symptoms in green, and libido in purple

lowest score (Table 3). All 10 symptom scores significantly
improved across the four-month study period (Fig. 2). The
mean cognitive symptom score decreased by 22% (range
18 to 26%) vs. the mean mood-related symptom score
decreased by by 34% (range 23-45%). Libido decreased by
33%.

Discussion
Summary of findings

Cognitive and negative mood symptoms were highly preva-
lent in this real-world cohort of 510 perimenopausal and
postmenopausal women, despite use of oestrogen with or
without a progestogen for at least three months. Transder-
mal testosterone therapy for four months was associated
with significant improvements in all mood and cognitive
symptoms (reductions in both symptom frequency and
severity).

Overall, mood improved more than cognition: 47% of
women reported an improvement in mood vs. 39% of women
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reported an improvement in cognition; 37% of women with
moderate-to-severe mood symptoms reported an improve-
ment vs. 31% of women with moderate-to-severe cognitive
symptoms; mean symptom scores decreased by 34% vs.
22% respectively. The improvement in mood was compa-
rable to the improvement in libido: 47% of women reported
an improvement in mood vs. 52% reported an improvement
in libido; the mean mood symptom score decreased by 34%
vs. the libido symptom score decreased by 33%. The find-
ing that mood and libido improved to a similar degree is not
surprising given that libido is a mood — an affective state, or
a ‘pervasive and sustained feeling tone that is experienced
internally’ (Sekhon and Gupta 2024). Further, libido and
mood are closely interlinked; women are more likely to feel
‘in the mood’ for sex if they are energised and their mood
is positive, whereas fatigue and negative mood symptoms
(stress, irritability, low mood, anxiety) have a deleterious
effect on sexual desire (Arcos-Romero and Calvillo 2023).
Testosterone is currently only recommended for meno-
pausal women with low sexual desire, if HRT alone is not
effective (off-license use) (NICE 2015; Davis et al. 2019).
Our results suggest that testosterone therapy also benefits



Effect of transdermal testosterone therapy on mood and cognitive symptoms in peri- and postmenopausal... 547

mood and cognition and may be a useful adjunct to oestro-
gen and progestogen therapy for peri- and postmenopausal
women with neuro-psychiatric symptoms. Further, testos-
terone therapy may obviate the need for higher oestrogen
doses in women with persistent menopausal symptoms after
initiating HRT - an ‘oestrogen-sparing effect’ — reducing
the risk of oestrogenic side effects such as bleeding and
mastalgia, and facilitating customisation of HRT dose and
regimen. Accordingly, patients using standard HRT with
ongoing mood and cognitive symptoms can consider a
trial of testosterone therapy (off-license use) provided they
understand that the available evidence is limited, and have
been supported to make an informed treatment choice.

Research in context

Our results align with those of previous studies that have
demonstrated improvements in mood and cognition in
women treated with testosterone therapy (Sherwin and Gel-
fand 1985; Sherwin 1988a, b; Dias et al. 2006; Shah et al.
2006; Davison et al. 2011; Glaser et al. 2011; Davis et al.
2014).

RCT data regarding the impact of testosterone on nega-
tive mood symptoms is limited. In 1985, a double-blind
RCT (n=43) found that surgically menopausal women
randomised to testosterone alone, or testosterone combined
with oestrogen, had more energy, improved wellbeing, and
greater improvements in somatic and psychological symp-
tom scores compared with women treated with oestrogen
alone or a placebo (Sherwin and Gelfand 1985). In 2006,
a 24-week, double-blind RCT assessed the effect of adding
methyltestosterone with or without HRT to venlafaxine in
72 women with postmenopausal depression. A trend towards
increased remission rates was observed in each treatment
group relative to venlafaxine plus placebo, but only women
in the venlafaxine plus methyltestosterone group were sig-
nificantly more likely to remit. Unfortunately, the study
lacked power because the dropout rate was high (a third of
the women dropped out, mainly due to venlafaxine-related
side effects), and the authors were unable to draw definitive
conclusions (Dias et al. 2006).

Similarly, there is a paucity of RCT data regarding the
impact of testosterone on menopausal cognitive symptoms.
In 1988, a small RCT demonstrated a decrease in cognitive
symptom scores following bilateral oophorectomy that was
prevented in women treated with oestrogen, testosterone,
or a combination of both hormones (Sherwin 1988b). The
improvement in symptom scores was similar across all three
treatment groups and concurrent with changes in circulat-
ing hormone levels. However, the sample size was small
(n=50), women were treated with synthetic hormones
administered by monthly depot injection, and testosterone

levels exceeded the upper limit of the normal reference
range during the treatment phase. Thus, the improvement
in cognitive function in women treated with intramuscular
testosterone benzoate may have been due to a pharmaco-
logic effect, rather than a physiologic effect of testosterone.
More recent RCTs (combined »=177) have demonstrated
a beneficial effect of transdermal testosterone on learning
and memory both in women using and not using concurrent
oestrogen (Shah et al. 2006; Davison et al. 2011; Davis et
al. 2014).

Because RCT data is limited, systematic reviews and
meta-analyses have mainly pooled data from trials in which
the primary outcome was the effect of testosterone on sexual
function, and concluded that testosterone does not improve
cognition or mood in menopausal women (Islam et al. 2019;
Stuursma et al. 2022). However, the studies included have
generally been small (cognitive symptoms: 3 RCTs, n=213
women including 102 women treated with testosterone;
depressive symptoms: 4 RCTs, n=636 women including
313 women treated with testosterone) and vary consider-
ably in design (Islam et al. 2019). Women have received
different doses and formulations of testosterone (creams,
patches, oral, or intramuscular), over periods ranging from
12 to 26 weeks, in studies that have used different measure-
ment scales to assess similar endpoints, with mixed results.
‘Absence of evidence is not evidence of absence’ (Feres
and Feres 2023), and well-designed, adequately powered,
RCTs are urgently needed to assess the effect of testoster-
one therapy on menopausal cognitive and negative mood
symptoms.

Strengths and limitation

The present study has several strengths. The impact of testos-
terone on mood and cognition was assessed in 510 women,
which is more than the number of women treated with tes-
tosterone in all the RCTs combined (n=415) (Islam et al.
2019). All women receiving combined HRT prior to and
concurrent with testosterone therapy used either micronised
progesterone (n=428) or the Mirena coil (n=34). None
received systemic, synthetic progestins, which can exert
androgenic effects that might have confounded the results.
Testosterone was initiated three or more months after start-
ing HRT or an HRT dose adjustment. Clinical response
to HRT is variable but most women respond within three
months at which time the dose and/or regimen are adjusted
if there are ongoing symptoms (BMS 2020). Consequently,
it is likely that the benefit observed during the study period
resulted from the addition of testosterone to the HRT regi-
men, rather than a delayed or latent effect of oestradiol.
The use of a validated symptom questionnaire that mea-
sured changes in both depressive and anxiety-related mood
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symptoms enabled us to collect more comprehensive data
than previous studies that have mainly focused on a limited
number of depressive symptoms. Questionnaires were com-
pleted in real-time, at baseline and at the time of the review
consultation, reducing the risk of recall bias.

This study is also subject to several limitations. First,
this was a retrospective cohort study with no control arm.
The clinical improvement may therefore represent a placebo
effect or result from confounding factors not adjusted for in
our analysis. For example, we did not include data regarding
the effect of testosterone on other menopausal symptoms
such as night sweats and insomnia, that can also negatively
impact mood and cognition. Additionally, antidepressant
use was recorded at baseline but not at 4 months, and it is
possible that some women initiated antidepressant therapy
or received other treatment for psychological symptoms
during the study interval. Second, we did not assess adher-
ence to treatment. No studies have measured adherence to
transdermal testosterone therapy (cream and gel) in women.
Transdermal testosterone is usually well tolerated (Davis et
al. 2019; Parish et al. 2021) and, in our clinical experience,
few women discontinue treatment due to side effects. How-
ever, other factors such as inconvenience, forgetfulness,
and lack of perceived benefit (possibly due to poor trans-
dermal absorption - discussed further below), may result in
suboptimal adherence and limit the potential benefits asso-
ciated with testosterone therapy. Third, there is significant
interindividual variation in transdermal drug absorption
(Farahmand and Maibach 2009; Singh and Morris 2011),
and some women need higher doses to achieve physiologi-
cal levels. For the purpose of this study we did not collect
data regarding serum testosterone levels before and during
treatment, and therefore we were unable to confirm whether
physiological levels were achieved in all women. Given
that all women received a standard testosterone dose, it is
unlikely that therapeutic levels were achieved across the
whole cohort and further research is needed to assess clini-
cal response following dose optimisation. Fourth, the study
duration was short. Mood and cognitive symptoms fluctuate
in perimenopause and early menopause, and longer stud-
ies are needed to assess efficacy in women treated with
testosterone for more than four months. Moreover, it can
take up to 6 months to see a clinical response to testosterone
therapy (Panay 2022), assuming levels are in the physiolog-
ical range. Benefit is therefore likely to have been under-
estimated because outcomes were assessed after only four
months. Finally, women attending a specialist menopause
clinic may be more likely to experience difficult symptoms
and/or have issues with absorption compared with women
managed in primary care. As such, symptom frequency at
baseline and the prevalence of ‘poor absorbers’ (women with
subtherapeutic testosterone levels and persistent symptoms)

@ Springer

may be higher than that of women in the general population,
which decreases the generalisability of our results.

Conclusion

In this pilot study, use of transdermal body-identical tes-
tosterone for four months was associated with significant
improvements in cognition and mood in a real-world cohort
of perimenopausal and postmenopausal women attend-
ing a UK-based specialist menopause clinic. This sup-
ports the notion that testosterone has neuropsychological
benefits beyond libido, and signals the need for further
research including well-designed, sufficiently powered
clinical trials, to establish the long-term efficacy and safety
of testosterone for the treatment of menopausal mood and
cognitive symptoms Assessment of clinical outcomes in
surgically menopausal women and women with premature
ovarian insufficiency is also needed, to establish the effi-
cacy and safety of testosterone therapy in different patient
populations.
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