creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Doctoral Dissertation

Testosterone supplementation effect

on cognition in men

- A systematic meta-analysis -

Department of Medicine

Graduate School of Keimyung University

Hong, Seung Wan

Supervised by Kim, Dae Hyun

February 2022



Testosterone supplementation effect

on cognition in men

- A systematic meta-analysis -

Supervised by Kim, Dae Hyun

A dissertation submitted to the department of Medicine
in partial fulfillment of
the requirement for the degree of

Doctor of Philosophy

February 2022

Department of Medicine

Graduate School of Keimyung University

Hong, Seung Wan



This doctoral dissertation of Hong, Seung Wan
has been examined and approved by the

dissertation committee.

Committee Chair Park, Won Kyun
Committee Member Kim, Dae Hyun
Committee Member Park, Choal Hee
Committee Member Suh., Young Sung
Committee Member Cho, Yoon Jeong

Graduate School of Keimyung University

February 2022



Table of Contents

1. TOEOAUCHION -+ v v v e e s e w e e eme e e et e et et e ettt et ettt 1
2. Materials and MeEthods -« -« -« rrerrrremrmrmrmenaeaetntetataaeeaataeaenanas 2
3. RESUILS «#+ v+ v+ v v e e emeeee e e sttt et et e 5
A, DISCUSSION *+#+#+#+# e errrrerenesee et et ettt e et et ettt et et e e 18
. SUITUNIALY “«## v+t s+ s e e et e e sttt 20
REFEIEIICES -+ +vveve e e ememeses s ettt et et ettt e et et et ettt et e es 21
AADSEEACE: +# +# +# ### e e e e e e n et e e e 27
I 29
Life HSTOTY v rrrressssss sttt 31
Papers & BOOKS «««+++++++++rrmrrerrttttaa s 31



List of Tables

Table 1. Characteristics of Observational Studies Reviewed «-----==eeeeereeees

Table 2. Quality of Literature Included in The Meta-analysis (Jadad score) -~



List of Figures

Figure 1. Flow chart summarizing identification of studies included for analysis - 10

Figure 2. Forest plot for testosterone supplementation effect on cognitive speed(A),
verbal memory function (immediate)(B), visual memory function

(1mmed1ate)(C) .................................................................... 14

Figure 3. Forest plot for testosterone supplementation effect on working memory

function(A), memory function (delayed)(B), executive function(C) -+ 15

Figure 4. Forest plot for testosterone supplementation effect on perception(A), cognitive

inhibition(B), visual attention(C), cognitive status scores(D) - «---=-+=xx=e-- 16

Figure 5. Funnel plot of publication bias analysis in executive function «--«+--=-=---+ 17



1. Introduction

In resource-rich countries, the health of aging people has become a clinical issue in
recent decades. Aging is an important risk factor for cognitive impairment which can
lead to dementia (1), whose incidence during old age is associated with poor quality of
life and mortality (2). As quality of life is important for continuing health during old
age, preventing or improving cognitive impairment in this age group is vital.

Several studies have been conducted on the relationship between cognition and
androgens. Old age is characterized by an increase in cognitive decline (3) and a gradual
decrease in testosterone levels (4). Androgens are established promoters of neuron
viability during neural development (5), and testosterone can modulate neuronal
damage caused by oxidative stress (6) and reverse myelin damage in chronic
demyelinated brain lesions (7). Moreover, there is evidence that the loss of testosterone
in older men is associated with cognitive decline (8,9).

However, the results of randomized control trials and reviews on this issue are
inconsistent (10-13). To clarify whether the loss of testosterone in older men is
associated with cognitive decline, we conducted a systematic review of randomized

control trials.



2. Materials and Methods

2.1. Data sources and keywords

A systematic literature survey was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines (14). The
PubMed, the Cochrane Library, and Embase databases were used to search for
studies between December 2019 and March 2021. The search terms used were
testosterone, androgen, hormone replacement therapy, cognitive function, and their

synonyms.

2.2. Inclusion and exclusion criteria

The trials selected for this study met the following inclusion criteria: (1) study
design: randomized controlled trials, including published or unpublished studies; (2)
language: English; (3) in vivo studies; (4) participants: adult males ( > 18 years)
including healthy individuals and those comprising a clinical sample; (5)
interventions: testosterone or testosterone analogs, regardless of the method of
administration; (6) control: placebo; and (7) outcomes: global cognitive ability and
any specific domains of cognition, including memory, attention, language, verbal
fluency, visuospatial ability, and executive ability, which were measured using
neuropsychological tests or other objective measurements. Patients without available

data were excluded.



2.3. Study identification and data extraction

The literature search, study identification, and data extraction were performed
between December 2019 and March 2021. In the cases of discrepancies, the
disagreements were resolved through discussion with a third reviewer. Data were
extracted by one reviewer using the prepared form and checked for accuracy by
another reviewer. The extracted information from the eligible studies included the
participants’ characteristics, sample sizes, study designs, methodological
information with regard the study quality, experimental and control interventions,
durations, frequencies, and outcomes. Since, there are various types of outcomes for
measuring cognitive function, we restricted these outcomes to 11 categories:
cognitive speed, verbal memory functions (immediate), visual memory function
(immediate), working memory, memory function (delayed), executive function,
perception, cognitive inhibition, visual attention, auditory attention, and cognitive
score. In addition, better execution time is demonstrated by a lower score. Therefore,
we converted the data to a negative score to pool with other scores. All the selected
trials were analyzed and classified using the Jadad score, when possible. Studies with

a Jadad score > 3 were graded as being of high quality.

2.4. Data analysis

The Review Manager software V.5.3, provided by the Cochrane Collaboration, was
used for the statistical analysis, and statistical significance was defined as a two-
sided p value of < 0.05. The pooled effect was calculated using the fixed-effect

model if the data were available and no significant heterogeneity was detected.
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Otherwise, a random-effects model was applied. We used the standardized mean
difference (SMD) and its 95% confidence interval (CI) to measure the effect size of
testosterone supplementation on cognitive function. Statistical heterogeneity among
the included studies was assessed using a y2 test and a Higgins 12 value, with 12 >
75% suggesting high statistical heterogeneity (15). Publication bias was assessed

using funnel plots.



3. Results

3.1. Identification of studies included for analysis

After the removal of duplicates, we identified 4536 records and after screening the
abstracts, there were 64 studies left in the review. Sixteen studies had no original
data, and 11, seven, nine and five studies were excluded because they were
observational studies, not randomized studies, using other treatment and studies
among women, respectively. A total of 16 studies were included in the final meta-

analysis (16-31). The study selection process is illustrated in Figure 1.

3.2. Characteristics of observational studies reviewed

The sample sizes of the selected studies varied from 11 to 493. Two studies had a
sample size of > 100 (20,28). One study presented separate results for healthy men
and men with Alzheimer’s disease (26) and another study included separate results
for older and younger males. The mean age of most of the studies was over 61 years,
with only two studies including young participants (27,31). The characteristics of the
included studies are listed in Table 1. Eleven of the 16 studies had a Jadad score >3

and were graded as high quality (Table 2).

3.3. Cognitive speed, verbal memory function (immediate), visual

memory function (immediate)



Cognitive speed refers to the ability to process information quickly. Six studies
provided results on cognitive speed. Computerized Simple Reaction Time, Trail
Making Test Part A, and Digit Symbol Substitution outcomes were included as
indicators of cognitive speed. There were no statistically significant differences after
the pooled analysis (n = 392, SMD = -0.04, 95% CI -0.24 to 0.15, p > 0.05).
Immediate verbal memory function refers to the memory of words and other
abstractions involving language in short term. Ten studies were included for
immediate verbal memory function. The verbal memory test, Buschke Selective
Remining Test, Paragraph Recall test, Rey Auditory Verbal Learning Test, and Story
Recall test were included as indicators of immediate verbal memory function. There
were no statistically significant differences after the pooled analysis (n = 1044, SMD
=0.05, 95% CI -0.07 to 0.18, p > 0.05). Immediate visual memory function refers to
our ability to preserve some characteristics of our senses that are related to visual
experience in the short term. Eight studies were included for immediate visual
memory function. Benton visual retention, visual spatial learning test, route test,
visual reproduction test, Rey-Osterrieth Complex Figure Test, and Complex Figure
Test were included as indicators of immediate visual memory function. There were
no statistically significant differences after the pooled analysis (n =7 87, SMD =-

0.01, 95% CI -0.15 t0 0.13, p > 0.05; Figure 2).

3.4. Working memory function, memory function (delayed), executive

function

Working memory refers to the ability to hold information temporarily in memory

while performing other mental tasks on the information. Four studies were included
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for working memory function. The digit span backward test, letter-number
sequencing test, self-ordered pointing test, and subject-ordered pointing test were
included as indicators of working memory function. There were no statistically
significant differences after the pooled analysis (n = 125, SMD = -0.02, 95% CI -
0.38 t0 0.34, p > 0.05). Ten studies were included for delayed memory function. The
Rey Auditory Verbal Learning Test - delayed recall trial, delayed Paragraph Recall,
California Verbal Learning Test-long delay score, delayed visual spatial learning test,
and delayed story recall test were included as indicators of delayed memory function.
There were no statistically significant differences after the pooled analysis (n = 1081,
SMD =-0.02, 95% CI -0.14 to 0.10, p > 0.05). Executive function refers to a set of
cognitive processes and mental skills that help an individual plan, monitor, and
successfully execute goals. There were 14 studies on executive function. Trail
Making Test Part B, Complex Design Construction, Grooved Pegboard, Block
Design Subtest, Visual-Motor Integration, Verbal fluency, and Controlled Oral
Word Association Test were included as indicators of for executive function. There
was a statistically significant difference after the pooled analysis (n = 1170, SMD =

0.01, 95% CI -0.10 to 0.13, p > 0.05; Figure 3).

3.5. Perception, cognitive inhibition, visual attention, cognitive status

SCOres

Perception means organizing, identifying, and interpreting sensory information to
represent and understand the presented information or environment. Three studies
were included for perception. The Mental Rotation and Shepard Mental Rotation

tests and the Figure Discrimination test were included as indicators of perception.
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There were no statistically significant differences after the pooled analysis (n = 288,
SMD = -0.11, 95% CI -0.34 to 0.12, p > 0.05). Cognitive inhibition refers to the
blocking or modulation of information not relevant to the task or focus at hand. Two
studies were included in the analysis of cognitive inhibition. The Stroop Test and
Stroop Interference Test were used as indicators of cognitive inhibition. There were
no statistically significant differences after the pooled analysis (n = 117, SMD = -
0.13, 95% CI -0.49 to 0.23, p > 0.05). Visual attention refers to a set of cognitive
tasks that select relevant information and filter out irrelevant information in a
complex visual scene. Five studies focused on visual attention. Benton judgment of
line orientation, judgment of line orientation test, and card rotation test were included
as indicators of visual attention. There were no statistically significant differences
after the pooled analysis (n = 840, SMD = -0.02, 95% CI -0.16 to 0.11, p > 0.05).
There were four studies on cognitive scores. The Dementia Rating Scale, Folstein
Mini Mental Status Examination, Mini Mental Status Examination, Global cognitive
function, and Alzheimer’s Disease Assessment Scale-Cognitive Subscale were used
to assess the cognitive scores. There were no statistically significant differences after
the pooled analysis (n = 595, SMD = -0.02, 95% CI -0.18 to 0.14, p > 0.05; Figure
4).

3.6. Sensitivity analysis

In two studies, the participants were young, while those in other studies were older.
A sensitivity analysis was conducted to elucidate the effects of age. However, no
significant differences were observed in the sensitivity analysis. Ten studies
researched low testosterone or cognitively abnormal individuals. However, in the

separated analysis, there were no significant differences between normal and
-8-



abnormal persons. Supplementation was administered using various methods in the
studies. Seven studies used intramuscular injection, eight studies used topical agents,
while only one study used oral supplementation. However, there was no significant
differences in the outcomes achieved between the different methods through with

the supplements were administered.

3.7. Heterogeneity

Heterogeneity was assessed visually using forest plots. There was moderate
heterogeneity in working memory function (I12 = 59%) and in the cognitive scores

(I2 = 37%). The other analysis showed no heterogeneity in this study.

3.8. Publication bias

A funnel plot was used to qualitatively assess publication bias. The funnel plot
shown in Figure 5 represents executive function. The plot is symmetrical, without

obvious evidence of asymmetry; therefore, there is no evidence of publication bias.



9,103 of records identified

through database searching 15 of reference from 5 review

4,536 of unique records screened after duplicates removal

4,472 record excluded during
abstract screening

64 abstracts selected for review

16 no original data

11 observational studies
7 not randomized studies
9 using other treatment
5 subjects are women

16 of studies included in final
analysis

Figure 1. Flow chart summarizing identification of studies included for analysis.
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Table 1A. Characteristics of Observational Studies Reviewed

Duration
. SFudy . Country Intervention Subjects Salpple Mean of follow Outcomes
identification size age up
Borst Testosterone enanthate 125 60 year or more, hypogonadal men 70 Trail making test, Benton Judgment of Line Orientation, Rey-
y USA mg/week, intramuscular 30 12 months Osterrieth Complex Figure Test, Draw from memory test
2014(16) Lo years
injections
. Testosterone enanthate 100 Aged 50 to 80 Block Design, Story Recall, Route Test
Cherrier, . 68
USA mg/week, intramuscular 25 6 weeks
2001(17) Lo years
injections
. Testosterone enanthate 100 Aged 50 to 90 Route Test, Story Recall, Verbal fluency, Stroop Test, Self-Ordered
Cherrier, . 65 .
USA mg/week, intramuscular 41 6 weeks Pointing Test
2005(18) L years
injections
Testosterone gel 50 to 100 Aged 60 to 90, mild cognitive Rey Auditory Verbal Learning Test, Story Recall, Visual Spatial
Cherrier, USA mg/day, topical impairment 19 70 6 months Learning Test, Letter-Number Sequencing, Computerized Simple
2015(19) years Reaction Time, Route Test, Complex Design Construction, Verbal
Fluency, Mental Rotation
Emmelot- Testosterone undecenoate, 160 Aged 60 to 80, testosterone level 67 Benton Judgment of Line Orientation, Digit symbol substitution,
Vonk, Netherlands mg/day, oral lower than 13.7 nmol/L 223 6 months Shepard Mental Rotation, Rey auditory verbal learning test, Trail
2008(20) years Making Test
Huan 7.5 g/day of 1% testosterone gel, Aged 60 or older, low-to-normal 67 Complex Figure Test, Paragraph recall test, Buschke Selective
2016 (2gl’) USA topical testosterone level 76 cars 36 months Reminding Test, Verbal fluency test, Visual Spatial Learning Test,
Y Stroop Interference Test, Trail Making Test
J X testosterone scrotal patch (Place Aged 60 to 75 67 Delayed Recall test, Visual Reproduction II test, Grooved
anowsxy, USA & Nichols, 1991; Alza, Palo Alto, 56 3 months Pegboard test, Trail Making Test, Block Design Test
1994(22) years
CA) 15 mg/day
Janowsky, Testosterope enanthate 150 Aged 61to 75 19 67 Stimuli and procedures for the working memory task
USA mg/week, intramuscular 1 month
2000(23) Lo years
injections
Kenny, USA Nonscrotal testosterone patch 5 Aged 61 to 75, bioavailable 14 75 12 months Digit Span, Digit Symbol, Trail Making Test
2002(24) mg/day testosterone levels below 128 ng/dl years
Kenn Testosterone enanthate 200 mg Early cognitive decline and 80 Dementia Rating Scale score, Folstein MMSE score, Digit Span,
% USA for every 3week, intramuscular bioavailable testosterone level 11 years 12 weeks Verbal Fluency, Clock Face Drawing, Clock Face Perception, Trail
2004(25) . ‘
injections below 128 ng/dl Making Test
Testosterone gel (Laboratoires Male patients with mild Alzheimer Alzheimer’s Disease Assessment Scale- Cognitive Subscale,
Lu, USA Besins-Iscovesco, Paris, France) disease 18 69 24 wecks California Verbal Learning Test, Block Design Subtest, Judgment
2006a(26)" 75 mg/day, topical years of Line Orientation, Developmental Test of Visual Motor
Integration
Testosterone gel (Laboratoires Healthy male volunteers Alzheimer’s Disease Assessment Scale- Cognitive Subscale,
Lu, USA Besins-Iscovesco, Paris, France) 29 62 24 K California Verbal Learning Test, Block Design Subtest, Judgment
2006b(26)" 75 mg/day, topical years weeks of Line Orientation, Developmental Test of Visual Motor

Integration
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Table 1B. Characteristics of Observational Studies Reviewed (continued)

Duration
. SFudy . Country Intervention Subjects Salpple Mean of follow Outcomes
identification size age wp
O'Connor, UK Testosterone enanthate 200 Healthy male volunteers 30 28 8 weeks Block design test, Grooved Pegboard Test, Trail making test,
2001(27) mg/week, intramuscular years Controlled Oral Word Association Test, Rey Auditory Verbal
injections Learning Test
Resnick, USA Testosterone gel in a pump bottle 65 years or older with low 493 72 12 months Delayed paragraph recall, Benton Visual Retention Test, Card
2017(28) (AndroGel, AbbVie), dose was testosterone levels years Rotation Test, Trail Making Test, Global cognitive function,
adjusted. Immediate paragraph recall
Vaughan, USA Testosterone enanthate 200 Aged 60 or older, baseline 47 70 36 months Benton Visual Retention test, Judgment of Line Orientation test,
2007(29) mg/week, intramuscular testosterone below 350 ng/dL and years Digit Span, Trail Making Test, Selective Reminding test, Selective
injections no evidence of cognitive Reminding test
impairment
Wahjoepram Indonesia Testosterone cream 50 mg Aged 50 or older, presenting with 44 61 24 weeks Mini Mental State Examination, Rey Auditory Verbal Learning
ono, (AndroForte 5%) daily, topical subjective memory complaints years (without Test
2016(30) Crossover)
Young, USA Testosterone gel (Auxilium Aged 60 to 80, healthy male 30 68 6 weeks Trail Making Test, Subject-ordered Pointing, Verbal Fluency,
2010a(31)™ Pharmaceutical, Inc., Malvern, years Paragraph Recall, Mental Rotation, Figure Discrimination
PA) 75 mg/day, GnRH agonist
was added
Young, USA Testosterone gel (Auxilium Aged 25 to 35, healthy male 16 29 6 weeks Trail Making Test, Subject-ordered Pointing, Verbal Fluency,
2010b(31)™ Pharmaceutical, Inc., Malvern, years Paragraph Recall, Mental Rotation, Figure Discrimination
PA) 100 mg/day, GnRH agonist
was added

MMSE: Mini-Mental State Examination; UK: United Kingdom; USA: United States of America

*Lu et al.(26) presented a separate group of patients with mild AD and healthy controls, and the reference is thus represented with two different
studies in the table.

**Young et al.(31) presented separated group on older and younger male and the reference is thus represented with two different studies in the
table.
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Table 2. Quality of Literature Included in The Meta-analysis (Jadad score)

Study identification

Randomization
(2 points)

Double
blinding
(2 points)

Withdraw and
dropout
(1 point)

Total score
(5 points)

Borst, 2014(16)

0

0

Cherrier, 2001(17)

Cherrier, 2005(18)

Cherrier, 2015(19)

[UN N N QY

1
1
1

Emmelot-Vonk,
2008(20)

[\

N N =

[u—

Huang, 2016(21)

Janowsky, 1994(22)

Janowsky, 2000(23)

Kenny, 2002(24)

Kenny, 2004(25)

Lu, 2006(26)

O'Connor, 2001(27)

Resnick, 2017(28)

Vaughan, 2007(29)

DN | DN | o [ b [ ot | ot | e | e |

Ol ||| =[O =] —
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[u—

[u—

[u—

Young, 2010(31)

[u—
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-13 -



Std. Mean Difference Std. Mean Difference

A _ Study or Subgroup  Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Borst 2014 7.5% 0.40[-0.32, 1.13]
Cherrier 2015 4.8% 0.29 [-0.62, 1.20]
Emmelot 2008 57.2% -0.08 [-0.35, 0.18] ——
Kenny 2002 11.2% -0.12[-0.71, 0.47] .
O'Connor 2001 7.7% -0.00 [-0.72, 0.71]
Young 2010a 7.5% -0.37 [-1.09, 0.35]
Young 2010b 4.1% 0.02 [-0.96, 1.00]
0, 10,
Total (95% Cl) 100.0% -0.04 [-0.24, 0.15] : I ?‘ l l
Heterogeneity: Chi? = 2.94, df =6 -1 -0.5 0 0.5 1
Test for overall effect: Z = 0.44 Favours [control] Favours [experimental]
Std. Mean Difference Std. Mean Difference
B Study or Subgroup Weight 1V, Fixed, 95% CI IV, Fixed, 95% Cl
Cherrier 2001 2.3% 0.54 [-0.26, 1.34]
Cherrier 2005 3.9% 0.41[-0.21, 1.03] ]
Cherrier 2015 1.8% 0.33[-0.58, 1.24]
Emmelot 2008 21.4% 0.13[-0.13, 0.39] =
Huang 2016 7.3% 0.20 [-0.25, 0.65] =—
O'Connar 2001 2.8% -0.37 [-1.09, 0.35] — = I
Resnick 2017 47 5% -0.03[-0.21, 0.15] i
Vaughan 2007 4.5% 0.19[-0.38, 0.76] —
Wahjoepramono 2016 4.2% 0.34 [-0.25, 0.94] ]
Young 2010a 2.8% -0.50 [-1.23, 0.23] - 1
Young 2010b 15% -0.48 [-1.47, 0.52]
Total (95% CI) 100.0% 0.05 [-0.07, 0.18] ?
Heterogeneity: Chi = 10.31, df = 10 4 05 0 05 1
Test for overall effect: Z =0.87 Favours [control] Favours [experimental]
Std. Mean Difference Std. Mean Difference
C _Study or Subgroup _ Weight 1V, Fixed. 95% ClI IV, Fixed. 95% ClI
Borst 2014 3.8% 0.10[-0.61, 0.82] -]
Cherrier 2001 3.1% 0.54 [-0.27, 1.34]
Cherrier 2005 5.2% 0.16 [-0.45, 0.77] - | =
Cherrier 2015 2.4% 0.06 [-0.85, 0.96]
Huang 2016 9.7% 0.02 [-0.43, 0.47] R -
Janowsky 1994 7.1% -0.04 [-0.56, 0.48] -
Resnick 2017 62.8% -0.09 [-0.27, 0.08]
Vaughan 2007 5.9% 0.42[-0.16, 1.00] =1 =
Total (95% CI) 100.0% -0.01 [-0.15, 0.13]
Heterogeneity: Chi? = 5.21, df = 7 4 05 0 05 1
Test for overall effect: Z =0.08 Favours [control] Favours [experimental]

Figure 2. Forest plot for testosterone supplementation effect on cognitive speed(A),

verbal memory function (immediate)(B), visual memory function (immediate)(C).
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A _Study or Subgroup Weight

Std. Mean Difference
IV, Fixed, 95% CI

Std. Mean Difference
1V, Fixed. 95% Cl

Cherrier 2005 34.5% 0.04 [-0.57, 0.65] B T

Cherrier 2015 14.2% -0.88 [-1.83, 0.08] = = |

Janowsky 2000 12.9% 1.23[0.23, 2.23]

Young 2010a 24.9% -0.32[-1.04, 0.41] —

Young 20106 13.5% 0.07 [-0.91, 1.05] —

Total (95% Cl) 100.0%  -0.02 [-0.38, 0.34] ?

Heterogeneity: Chi? = 9.78, df = 4 -2 -1 o] 1 2

Test for overall effect: Z=0.12

Favours [control] Favours [experimental]

Std. Mean Difference Std. Mean Difference
B _Study or Subgroup ____ Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI

Borst 2014 2.8% 0.05[-0.67, 0.76] e
Cherrier 2015 17% -0.22[-1.12, 0.68]
Emmelot 2008 207% 0.11[-0.15, 0.38] [
Huang 2016 7.1% 0.05 [-0.40, 0.50] —
Janowsky 1994 5.2% -0.14 [-0.67, 0.38] —
Lu 2006a 17% 0.05[-0.88, 0.97]
Lu 2006b 2.5% -0.72[-1.48,0.03] [
Resnick 2017 45.8% -0.04[-0.22, 0.14] %
Vaughan 2007 43% -0.17 [-0.74, 0.40] —
Wahjoepramono 2016 4.0% 0.30[-0.30, 0.89] ]
Young 2010a 27% -0.32[-1.04, 0.40] —
Young 2010b 1.5% 0.14[-0.84, 1.12]
Total (95% Cl) 100.0% -0.02 [-0.14, 0.10] ?

Heterogeneity: Chi? = 7.05, df = 11
Test for overall effect: Z = 0.34

\
0.5 1
Favours [experimental]

4 05 o0
Favours [control]

Std. Mean Difference Std. Mean Difference

C _Study or Subgroup Weight IV, Fixed. 95% CI 1V, Fixed, 95% ClI

Cherrier 2001 2.0% 0.69[-0.12, 1.50] n

Cherrier 2005 36% 0.01[-0.60, 0.62]

Cherrier 2015 1.6% 0.52 [-0.40, 1.44]

Emmelot 2008 19.3% 0.21[-0.05, 0.48] N

Huang 2016 6.5% 0.29 [-0.17, 0.74] ]

Janowsky 1994 48% 0.29[-0.24, 0.82] =

Kenny 2002 3.8% 0.09[-0.51, 0.68] ]

Kenny 2004 0.9% 0.28 [-0.91, 1.48]

Lu 2006a 1.6% 0.12 [-0.80, 1.05]

Lu 2006b 2.4% -0.60[-1.35, 0.15] —

Q'Connor 2001 2.5% 0.51[-0.22, 1.24] —

Resnick 2017 42.9% 0.04[-0.14, 0.22] -

Vaughan 2007 41% -0.01 [-0.58, 0.56] —

Young 2010a 26% -0.02[-0.73, 0.70]

Young 2010b 1.4% -0.43[-1.42, 0.57]

Total (95% Cl) 100.0% 0.11 [-0.00, 0.23] . g

Heterogeneity: Chi*=11.18, df = 14 -1 -0.5 0 05 1

Test for overall effect: Z = 1.92 Favours [control] Favours [experimental]

Figure 3. Forest plot for testosterone supplementation effect on working memory

function(A), memory function (delayed)(B), executive function(C).
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Std. Mean Difference Std. Mean Difference
Study or Subgroup _ Weight IV, Fixed. 95% Cl V. Fixed. 95% Cl
Cherrier 2015 6.6% 0.00 [-0.90, 0.90]
Emmelot 2008 77.5% -0.19 [-0.45, 0.08] —
Young 2010a 10.4% 0.17 [-0.55, 0.89] —
Young 2010b 55% 0.27 [-0.72, 1.25]
Total (95% CI) 100.0%  -0.11 [-0.34, 0.12] ﬂ'

Heterogeneity: Chi? = 1.53, df =3
Test for overall effect: Z = 0.94

Std.
Study or Subgroup Weight
Cherrier 2005 35.2%
Huang 2016 64.8%
Total (95% CI) 100.0%

Heterogeneity: Chiz=0.29, df =1
Test for overall effect: Z=0.70

Favours [experimental]

Mean Difference
1V, Fixed. 95% CI

4 05 0

05 1
Favours [control]

Std. Mean Difference
1V, Fixed. 95% CI

0.01[-0.61, 0.62]
-0.20 [-0.65, 0.25]

-0.13 [-0.49, 0.23]

4 05 0
Favours [control]

05 1
Favours [experimental]

Std. Mean Difference Std. Mean Difference
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Figure 4. Forest plot for testosterone supplementation effect on perception(A),

cognitive inhibition(B), visual attention(C), cognitive status scores(D).
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Figure 5. Funnel plot of publication bias analysis in executive function.
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4. Discussion

This study aimed at determining whether testosterone was effective in improving
cognitive function. Some studies have indicated that testosterone benefits cognitive
function by modulating the neuronal damage caused by oxidative stress, stimulating
the formation of new myelin, and reversing the myelin damage in chronic
demyelinated brain lesions (6,7). However, other review studies have suggested that
there may be little effect on cognition (10,13,32,33). Nevertheless, the evidence in
these reviews is insufficient and it is also possible that no neuroprotective function
was observed because the testosterone levels did not reach working concentrations
in vivo.

While there were many outcomes related to cognitive functions in the selected
studies, there were no common outcomes. Therefore, we classified the results into
the following categories: cognitive speed, immediate verbal memory function,
immediate visual memory function, working memory function, delayed memory
function, executive function, perception, cognitive inhibition, visual attention, and
cognitive status score. There was moderate heterogeneity in working memory
function (I2 = 59%) and little heterogeneity in the cognitive status score (12 = 37%),
while the other categories of cognition showed no heterogeneity.

There were some limitations to our study. Only two studies had a sample sizes of >
100. Therefore, the effect size was not firm, and the deviations of each study were
large. We included all the studies with male participants without any limitations; this
may have led to a bias in the outcome. However, in the sensitivity analysis, we did
not observe any effect of age or condition on each participant. In addition, there were

few studies on long-term administration. There were only two small sized studies
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with 36 months of follow-up. Therefore, it is possible that there was not enough time
to evaluate the neuroprotective function of testosterone.

The strength of our study was that the numerous outcomes were subdivided and
each outcome was calculated separately to minimize the bias. However, this may
have resulted in a smaller sample size for each category. Moreover, the inclusion of
more studies in the future may be unlikely to produce meaningful results. Compared
to previous systematic reviews, the results of our study were different. According to
Tan et al. the use of testosterone supplements improved executive function unlike
the findings of our study(13). In addition, there were differences in the method of
classification of the cognitive function domains. We classified the domains
according to Lezak et al. (34) and there were also differences in the number of polled
studies. Moreover, we found some handling errors in using the “lower is better” score
in other reviews. However, this did not change the small effect size.

In conclusion, the findings of this study provided no evidence that androgens
improved the cognitive function. Furthermore, we found limitations in other reviews
that suggested that androgens could improve cognitive function. Summarizing the
studies to date, the use of androgens for the purpose of preventing cognitive decline

1s not recommended.
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5. Summary

Using a systematic meta-analysis, we determined whether androgen
supplementation improves cognitive function. A systematic literature survey was
conducted according to the PRISMA guidelines. The PubMed, the Cochrane Library,
and Embase databases were searched. The literature search, study identification, and
data extraction were performed between December 2019 and March 2021. There
were no statistically significant differences in cognitive speed, immediate verbal
memory function, immediate visual memory function, working memory function,
delayed memory function, executive function, perception, cognitive inhibition, and
cognitive status scores. The findings of this study indicated that supplementation
with testosterone did not improve cognitive function in adult men. Therefore, using
testosterone to improve cognitive function is not recommended. Further studies are

needed to confirm the long-term effects of testosterone administration.

- 20 -



References

1. Vos SJ, Verhey F, Frolich L, Kornhuber J, Wiltfang J, Maier W, et al.: Prevalence
and prognosis of Alzheimer’s disease at the mild cognitive impairment stage.

Brain. 2015;138(5):1327-38.

. Prince MJ, Wimo A, Guerchet MM, Ali GC, Wu Y-T, Prina M: World Alzheimer
Report 2015-The Global Impact of Dementia: An analysis of prevalence, incidence,

cost and trends. 2015.

. Gillis C, Mirzaei F, Potashman M, Tkram MA, Maserejian N: The incidence of mild
cognitive impairment: A systematic review and data synthesis. Alzheimer's &

Dementia: Diagnosis, Assessment & Disease Monitoring. 2019;11:248-56.

. Harman SM, Metter EJ, Tobin JD, Pearson J, Blackman MR: Longitudinal effects
of aging on serum total and free testosterone levels in healthy men. The Journal of

Clinical Endocrinology & Metabolism. 2001;86(2):724-31.

. Pike CJ, Carroll JC, Rosario ER, Barron AM: Protective actions of sex steroid
hormones in Alzheimer’s disease. Frontiers in neuroendocrinology.

2009;30(2):239-58.

. Ahlbom E, Prins GS, Ceccatelli S: Testosterone protects cerebellar granule cells
from oxidative stress-induced cell death through a receptor mediated mechanism.

Brain research. 2001;892(2):255-62.

=21 -



. Hussain R, Ghoumari AM, Bielecki B, Steibel J, Bochm N, Liere P, et al.: The

neural androgen receptor: a therapeutic target for myelin repair in chronic

demyelination. Brain. 2013;136(1):132-46.

. Hogervorst E, Bandelow S, Combrinck M, Smith A: Low free testosterone is an

independent risk factor for Alzheimer's disease. Experimental gerontology.

2004;39(11-12):1633-9.

. Moffat SD, Zonderman AB, Metter EJ, Blackman MR, Harman SM, Resnick SM:

Longitudinal assessment of serum free testosterone concentration predicts memory
performance and cognitive status in elderly men. The Journal of Clinical

Endocrinology & Metabolism. 2002;87(11):5001-7.

10. Buskbjerg CR, Gravholt CH, Dalby HR, Amidi A, Zachariae R: Testosterone

11.

supplementation and cognitive functioning in men—A systematic review and

meta-analysis. Journal of the Endocrine Society. 2019;3(8):1465-84.

Hua JT, Hildreth KL, Pelak VS: Effects of testosterone therapy on cognitive
function in aging: a systematic review. Cognitive and behavioral neurology:
official journal of the Society for Behavioral and Cognitive Neurology.

2016;29(3):122.

12. Huo S, Scialli AR, McGarvey S, Hill E, Tiigertimur B, Hogenmiller A, et al.:

Treatment of men for “low testosterone”: a systematic review. PloS one.

2016;11(9):e0162480.

=22 -



13.

14.

15.

16.

17.

18.

19.

Tan S, Sohrabi HR, Weinborn M, Tegg M, Bucks RS, Taddei K, et al.: Effects of
Testosterone Supplementation on Separate Cognitive Domains in Cognitively
Healthy Older Men: A Meta-analysis of Current Randomized Clinical Trials.

American Journal of Geriatric Psychiatry. 2019.

Moher D, Liberati A, Tetzlaff J, Altman DG, Group P: Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement. PLoS medicine.

2009;6(7):e1000097.

Higgins JP, Thompson SG, Deeks JJ, Altman DG: Measuring inconsistency in

meta-analyses. Bmj. 2003;327(7414):557-60.

Borst SE, Yarrow JF, Fernandez C, Conover CF, Ye F, Meuleman JR, et al.:
Cognitive effects of testosterone and finasteride administration in older

Hypogonadal men. Clinical Interventions in Aging. 2014;9:1327-33.

Cherrier MM, Asthana S, Plymate S, Baker L, Matsumoto A, Peskind E, et al.:
Testosterone supplementation improves spatial and verbal memory in healthy

older men. Neurology. 2001;57(1):80-8.

Cherrier M, Matsumoto A, Amory J, Ahmed S, Bremner W, Peskind E, et al.: The
role of aromatization in testosterone supplementation: effects on cognition in older

men. Neurology. 2005;64(2):290-6.

Cherrier M, Anderson K, Shofer J, Millard S, Matsumoto A: Testosterone

- 23 -



20.

21.

22.

23.

24.

treatment of men with mild cognitive impairment and low testosterone levels.
American Journal of Alzheimer's Disease & Other Dementias®. 2015;30(4):421-

30.

Emmelot-Vonk MH, Verhaar HJJ, Nakhai Pour HR, Aleman A, Lock TMTW,
Bosch JLHR, et al.: Effect of testosterone supplementation on functional mobility,
cognition, and other parameters in older men: A randomized controlled trial.

JAMA - Journal of the American Medical Association. 2008;299(1):39-52.

Huang G, Wharton W, Bhasin S, Harman SM, Pencina KM, Tsitouras P, et al.:
Effects of long-term testosterone administration on cognition in older men with
low or low-to-normal testosterone concentrations: a prespecified secondary
analysis of data from the randomised, double-blind, placebo-controlled TEAAM

trial. The Lancet Diabetes & Endocrinology. 2016;4(8):657-65.

Janowsky JS, Oviatt SK, Orwoll ES: Testosterone influences spatial cognition in

older men. Behavioral Neuroscience. 1994;108(2):325-32.

Janowsky JS, Chavez B, Orwoll E: Sex steroids modify working memory. Journal

of cognitive neuroscience. 2000;12(3):407-14.

Kenny AM, Bellantonio S, Gruman CA, Acosta RD, Prestwood KM: Effects of
Transdermal Testosterone on Cognitive Function and Health Perception in Older
Men With Low Bioavailable Testosterone Levels. The Journals of Gerontology:

Series A. 2002;57(5):M321-M5.

- 24 -



25.

26.

27.

28.

29.

30.

Kenny AM, Fabregas G, Song C, Biskup B, Bellantonio S: Effects of testosterone
on behavior, depression, and cognitive function in older men with mild cognitive
loss. The Journals of Gerontology Series A: Biological Sciences and Medical

Sciences. 2004;59(1):M75-M8.

Lu PH, Masterman DA, Mulnard R, Cotman C, Miller B, Yaffe K, et al.: Effects
of Testosterone on Cognition and Mood in Male Patients With Mild Alzheimer

Disease and Healthy Elderly Men. JAM A Neurology. 2006;63(2):177-85.

O'Connor DB, Archer J, Hair WM, Wu FC: Activational effects of testosterone

on cognitive function in men. Neuropsychologia. 2001;39(13):1385-94.

Resnick SM, Matsumoto AM, Stephens-Shields AJ, Ellenberg SS, Gill TM,
Shumaker SA, et al.: Testosterone Treatment and Cognitive Function in Older
Men  With  Low  Testosterone and  Age-Associated  Memory
ImpairmentTestosterone Treatment and Cognitive Function in Men With Memory
ImpairmentTestosterone Treatment and Cognitive Function in Men With Memory

Impairment. JAMA. 2017;317(7):717-27.

Vaughan C, Goldstein FC, Tenover JL: Exogenous testosterone alone or with
finasteride does not improve measurements of cognition in healthy older men with

low serum testosterone. Journal of andrology. 2007;28(6):875-82.

Wahjoepramono EJ, Asih PR, Aniwiyanti V, Taddei K, Dhaliwal SS, Fuller SJ, et
al.: The effects of testosterone supplementation on cognitive functioning in older

men. CNS and Neurological Disorders - Drug Targets. 2016;15(3):337-43.

- 25 -



31.

32.

33.

34.

Young LA, Neiss MB, Samuels MH, Roselli CE, Janowsky JS: Cognition Is Not
Modified by Large but Temporary Changes in Sex Hormones in Men. The Journal
of Clinical Endocrinology & Metabolism. 2010;95(1):280-8.

Beauchet O: Testosterone and cognitive function: current clinical evidence of a

relationship. European journal of endocrinology. 2006;155(6):773-81.

Zhang Z, Kang D, Li H: Testosterone and Cognitive Impairment or Dementia in
Middle-Aged or Aging Males: Causation and Intervention, a Systematic Review
and Meta-Analysis. Journal of Geriatric Psychiatry and Neurology.

2020:0891988720933351.

Lezak MD, Howieson DB, Loring DW, Fischer JS: Neuropsychological

assessment: Oxford University Press, USA; 2004.

- 26 -
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(Abstract)

Cognitive function in older individuals is an important issue in aging societies. There

is evidence that testosterone and cognitive function are correlated; however, the clinical

conclusions remain controversial. Therefore, using a systematic meta-analysis, we

aimed to investigate whether androgen supplementation improves cognitive function.

A systematic literature survey was conducted according to the Preferred Reporting

Items for Systematic Reviews and Meta-analysis guidelines. The PubMed, the Cochrane

Library, and Embase databases were searched. The literature search, study identification,

and data extraction were performed between December 2019 and March 2021.

A total of 16 studies were included in the meta-analysis. The sample sizes of the

selected studies varied from 11 to 493. There were no statistically significant differences

in cognitive speed, immediate verbal memory function, immediate visual memory
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function, working memory function, delayed memory function, executive function,

perception, cognitive inhibition, and cognitive status scores.

The findings of this study indicated that supplementation with testosterone did not

improve cognitive function in adult men. Therefore, using testosterone to improve

cognitive function is not recommended.
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