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Introduction: This study investigated the effects of testosterone (T) treatment on cognition, mood, and quality of life in men
with mild cognitive impairment (MCI) and low serum T levels. Methods: A total of 351 community-dwelling men were screened,
and 37 men evidenced both MCI and low T of whom 27 agreed for further screening. Twenty-two met all the study inclusion/
exclusion criteria and enrolled in a 6-month randomized, double-blind, placebo-controlled study. Results: Total T levels
significantly increased in the T treatment group. No significant changes were observed in measures of cognition, mood, or quality
of life other than improvement in | objective measure of verbal memory (P <.05) and decreased depression symptoms (P <.02) in
the treatment group. Conclusions: Testosterone treatment may modestly improve verbal memory and depression symptoms in

men with both MCl and low T.
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Introduction

Age-related decline in serum testosterone (T) is associated with
decrements in cognitive abilities independent of health status.'
Additionally, low bioavailable T levels have been correlated
with a higher risk of cognitive decrements including mild cog-
nitive impairment (MCI) and Alzheimer’s disease (AD).>
These findings suggest that men with low T levels are most
at risk of age-related cognitive decline and AD and might ben-
efit from T treatment to prevent the development of AD or age-
associated cognitive decline. Studies in our laboratory support
the fact that older men who are eugonadal or with low T levels
demonstrate cognitive and mood improvements within short
periods (6-12 weeks) of injectable T treatment when assessed
at peak or at supraphysiological T levels.® Other studies have
found improvements in visuospatial function with 20 weeks
of T oral treatment.” However, not all studies have found an
improvement in cognition from T supplementation.®’
Although epidemiological studies suggest that future studies
of T supplementation should target men with hypogonadism,
few clinical studies to date have directly examined cognitive
response in men with hypogonadism having MCI who are at
risk of further cognitive decline. Mild cognitive impairment
is often considered a prodromal state to developing AD, and
recent findings on the pathophysiology of AD suggest that the
process begins many years before clinical manifestation, and
therefore therapeutic trials should attempt to enroll patients

in the earliest phases of the disease process when treatment
may have maximal impact.

This study examined cognitive response from T treatment in a
sample of older men with low T levels at risk of further decline
due to MCI. The intervention was over a longer period of time
(6 months) compared to previous studies and studied the effect
of adjusting serum T levels to the normal physiologic range using
a transdermal T gel formulation that provided a relatively steady
physiologic replacement levels, rather than peak or supraphysio-
logical levels achieved in previous studies using T injections.

Methods

This study was approved by the Veterans Affairs Puget Sound
Health Care System Institutional Review Board. Written
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Table I. Procedures Performed Throughout 6-Month Study.?

Screening Baseline Day 7 Day 14 Month | Month 3 Month 6

Cognitive testing X X X X
Questionnaires X X X X
PSA X X X X X X
Hematocrit X X X X X X
Total T X X X X X b
Physical with DRE X X X
ECG X X

Abbreviations: PSA, prostate-specific antigen; Total T, total testosterone; DRE, digital rectal examination of the prostate; ECG, electrocardiogram.
?Physicals with DRE, PSA, testosterone and hematocrit tests, and ECGs were reviewed by a physician to ensure the safety of participants.

informed consent was obtained for the screening visit, and if
eligible and interested in participating, informed consent was
obtained for the 6-month study.

Screening Assessment

Community-dwelling men were recruited through flyers or
print advertisements and were self- or physician-referred
based on self-reported memory difficulties and/or symptoms
of low T. Participants were screened at the Veterans Affairs
Puget Sound Health Care System (VAPSHCS) in Seattle,
Washington. Screening included a cognitive evaluation, phys-
ical examination, and laboratory evaluation to determine elig-
ibility for study inclusion. Inclusion criteria included (1) age
range from 60 to 90 years; (2) diagnosis of MCI (amnestic
or multiple domain type) according to Peterson criteria.'”
(3) low or low-normal total T level below 300 ng/dL; (4)
American Urological Association symptom score <19; and
(5) body mass index <35 and stable weight in the previous
year. Cognitive-enhancing medications (eg, cholinesterase
inhibitors) were allowed if patients were on a stable dose for
longer than 2 months and remained on the medications for the
duration of the trial. Exclusion criteria included (1) hematocrit
>50%, (2) known severe symptoms of benign prostatic hypertro-
phy (BPH) (including prostate-specific antigen [PSA] > 4.0), (3)
significant liver disease (serum glutamic-oxaloacetic transami-
nase >3 times normal), or significant renal disease, limiting heart
(unstable angina, heart failure) or peripheral vascular disease or
severe cardio pulmonary disease or chronic obstructive pulmon-
ary disease, (4) acute or significant major illness including
unstable angina, recent myocardial infarction, recent history of
congestive heart failure, or history of stroke, (5) significant his-
tory of alcohol abuse or current alcohol abuse (>3 drinks/day) or
other substance abuse, (6) insulin-dependent diabetes mellitus,
(7) obstructive sleep apnea that is clinically significant and not
treated with continuous positive airway pressure (CPAP; use
of CPAP was acceptable), (8) history of prostate or breast can-
cer; (9) uncontrolled hypertension (blood pressure >160/90),
(10) history of, or current symptoms of, psychiatric disorder,
neurological condition, or depression, and (11) limited sight or
mobility that precluded obtaining informed consent or complet-
ing objective testing and assessment.

Study Design

Following screening visits and informed consent, eligible par-
ticipants were enrolled and randomized to receive either pla-
cebo or T gel. Participants were assigned to T gel or placebo
gel by the study pharmacist from a predetermined randomiza-
tion list created by the study statistician at the beginning of the
study. Participants and study staff were blind to treatment con-
dition with the exception of 1 study staff member who did not
have direct contact with study participants and was unblinded
for dosage adjustments and to complete safety checks of clin-
ical blood draws. All other study personnel responsible for
administering the cognitive tests and questionnaires, partici-
pants, and investigators were blind to the treatment condition.
Testosterone or placebo gel was dosed at 50 to 100 mg/d, with a
target total T level of 500 to 900 ng/dL in the treatment group.
Clinical blood samples were taken at day 7, day 14, months 1,
and 3 to test for serum T levels, PSA, and hematocrit in the
clinical laboratory of the VAPSHCS, and, if necessary, T dose
adjustments were made by the single study staff member. Cog-
nitive testing and questionnaires were given at screening, base-
line, months 3, and 6. Additional procedures such as prostate
examination (digital rectal examination of the prostate [DRE])
were performed at screening, months 3, and 6. Blood for serum
T levels that were measured in the research laboratory (see sub-
sequently) were also taken at the study visits (baseline, months
3, and 6) and then aliquoted and frozen for serum assay at the
study conclusion. Electrocardiogram measures were taken at
screening and month 3. Blood at baseline visit was assessed for
apolipoprotein E (APOE) genotype using a buffy coat separa-
tion'! (see Table 1 for an overview of study procedures).

Cognitive Assessment Measures

The cognitive battery consisted of tests of spatial, verbal, visual
and working memory, language fluency, and selective attention
validated on numerous previous studies of aging and AD and
sensitive to changes in cognition from metabolic function or
hormone manipulation. Use of a sensitive neuropsychological
battery was necessary as the Alzheimer’s Disease Assessment
Scale-Cognitive Subscale (ADAS-Cog) was designed for
patients with dementia and therefore not sufficiently sensitive
for MCL'? Equal alternate versions of tests were used on
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subsequent visits where available to help reduce practice
effects. In addition, the cognitive tests were given at the screen-
ing visit in addition to the baseline visit, with only the baseline
visit used in the analysis. This procedure was followed in order
to help reduce practice effects, as the majority of practice
effects occur between the first and the second session.'?

Verbal memory measures included a prose or story recall
task modeled on the Wechsler story recall task '* and a list
learning task that was an adapted version of the Rey Auditory
Verbal Learning Test (RAVLT) with only 3 learning trials.'
The Story Recall task involved listening to a short story and
recalling the story immediately after hearing it and again after
a 20-minute delay. For the list learning task (RAVLT), partici-
pants listened to a word list of 15 unrelated nouns and were
asked to recall as many words as possible from the same list
in 3 trials followed by a delay.

Visual and spatial memory measures included the Route
Test ' and a modified version of the Visual Spatial Learning
Test Revised (VSLT).'” For the Route Test, participants were
asked to navigate a designated route on a 6 x 24 mat with a grid
pattern. Participants had to reproduce the route after each learn-
ing trial and after a delay. For VSLT, tokens with different
symbols were placed on a board with a grid. After a short study
period, participants were asked to recreate the same pattern and
then asked to recall it again after a 30-minute delay.

Visual reasoning ability was measured using a task similar
to block design.'® Participants were asked to construct designs
from their component parts using 3-dimensional blocks. Time
to complete the designs was recorded. Letter/Number Sequen-
cing (LNS) from the Wechsler Adult Intelligence Scale I1I was
used to assess working memory.'® The participants were given
a list of numbers and letters and asked to recall the list ordering
the numbers first from lowest to highest and then ordering the
letters in alphabetical order. Verbal ability was measured with a
2 trial verbal fluency task similar to Controlled Oral Word
Association Letter and Category Fluency.? Participants were
asked to verbally generate as many words as possible beginning
with a specific letter in 1 minute. Two trials were completed
with 2 different letters. For Category Fluency, participants
were asked to generate as many words as possible that fit into
a certain category (eg, Boys Names) in 1 minute.

Mood and Quality-of-life Measures

Participants completed questionnaires at screening, baseline,
months 3, and 6 to assess mood and quality of life. In the Pro-
file of Mood States (POMS), participants were asked how they
had been feeling in the past 2 weeks by rating several adjectives
from “not at all” to “extremely.” Scoring included compari-
son to a normative group with T-scores for 5 mood subscales.?!
For the Activities of Daily Living Questionnaire (ADLQ),
common tasks were presented, and participants were asked
to rate their performance on each task as a lot of difficulty, a
little more difficulty, or without changes from usual perfor-
mance. For ADLQ, a lower score indicates a higher level of
functioning.?? Multi Function Memory Questionnaire (MMQ)

examined feelings, mistakes, and strategies used with regard
to memory, and a higher score indicates a higher level of
functioning.>® The Geriatric Depression Scale (GDS) asked
30 questions regarding common symptoms of depression and
higher scores indicate more depressed mood.?* The Short Form
Health Survey (SF-36) inquired about general, physical, and
emotional health, limitation of activities, energy, and social
activities. A higher score indicates a higher level of functioning
in each subscale.”’

Hormone Assays

Blood was drawn at baseline, months 3, and 6, and serum was
frozen at —70°C until the conclusion of the study when all sam-
ples were assayed in an endocrine research laboratory. Serum
sex hormone-binding globulin (SHBG) was measured by
time-resolved fluoroimmunoassay from PerkinElmer (Norton,
Ohio). Testosterone was measured by liquid chromatography
tandem mass spectrometry®® and free T calculated using for-
mula of Vermeulen.?” Mean intra-assay and interassay coeffi-
cients of variation are 4.9% and 7.1% for total T and 5.7%
and 6.3% for SHBG, respectively.

Data analysis

Differences in baseline demographics between treatment
groups were assessed using the 2-sample 7 test. Summary statis-
tics for serum hormone measures (total T, free T, and SHBG)
were computed for each study visit and treatment group, and
for each treatment group, paired ¢ tests were performed to
determine whether change from baseline visit was significantly
different from 0O for the months 3 and 6 visits.

Data from the cognitive tests, standard scores for question-
naires, and hormone assay results were analyzed using a linear
mixed effects regression model with treatment group, study
visit and treatment group by study visit interaction as fixed
effects, and study participant as a random effect. Study visit
was modeled as categorical (with 2 dummy variables, for
3-month visit and 6-month visit) with baseline visit as the ref-
erence category. This model tested whether the overall pattern
of change from baseline at months 3 and 6 in repeated serum
hormone, cognitive, and mood measures differed between the
T- and placebo-treated groups. The significance of the interac-
tion term would suggest that the pattern of change in the out-
come variable over the course of study differed by treatment
group. Hypothesis testing was carried out using the likelihood
ratio test. Significance was set at P <.05. All analyses were car-
ried out using R version 3.0.2 (R Core Team, 2013) and the
Imer package version 1.1-6.

Results

Of 351 men who met criteria for an initial screening visit, 37
(17.7%) men met both MCI and low T and were eligible to
progress to the second part of the screening visit (physical
examination) of which 22 (59%) met all study criteria and
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elected to participate in the study. Ten men who were eligible
for the second part of the screening examination dropped
for the following reasons: ability to obtain T gel from their
physician without participating in a study that included possi-
bility of placebo, concern about the time commitment, and
1 participant who had a recurrence of substance use follow-
ing screening visit and prior to start of study medication (see
Figure 1).

The 22 enrolled participants had a mean age of 70.5 + 8.2
years (range 60-88), mean years of education of 16.1 + 2.4
(range 12-20), and mean Modified Mini-Mental Status Exam-
ination (3MSE) score of 92.5 + 6.7 (range 72-100). Of the
22 men who were randomized, 12 were randomized to placebo
and 10 to T and 19 completed the 6-month study. There were
no significant differences between the treatment and the pla-
cebo groups in demographics.

Serum Total T

Table 2 shows summary statistics for serum hormone levels by
study visit and treatment group. Based on simple paired ¢ tests,
for the T-treated group, total T levels increased from baseline
in the T-treated group by a mean of 339 ng/dL at month 3 and
294 ng/dL at month 6, and free T in the T-treated group
increased by a mean of 7.9 ng/dL at month 3 and 6.5 ng/dL
at month 6. Change values for hormone data are shown in
Table 3. Total and free T levels in the placebo-treated group did
not significantly change at month 3 or 6. The fitted values for
the serum hormone levels at baseline as well as the fitted
change from baseline at months 3 and 6 for each treatment
group based on the linear mixed effects models are presented
at the bottom of Table 3. No significant differences were found
between the groups for baseline measures of serum hormone
levels. For total T and free T, likelihood ratio test revealed a
significant interaction between visit and treatment group (P <
.0001) and a post hoc pairwise comparison demonstrated sig-
nificant differences in both months 3 and 6 changes by the
treatment group (P <. 0001 for both) compared to the placebo
group. The SHBG level did not differ significantly in either
group throughout the 6-month study (Table 3).

Mood and Quality-of-Life Measures

Table 3 shows the fitted values for the mood and quality-of-life
measures at baseline as well as the fitted change from baseline
at months 3 and 6 for each treatment group based on the linear
mixed effects model. The T-treated group endorsed signifi-
cantly fewer depression symptoms at month 6 as measured
by GDS at month 6 compared to baseline, while the placebo
group rated their depression increasingly higher throughout
the study (study visit by treatment group interaction P < .02,
month 6 by treatment group interaction P < .005). The addi-
tional mood measures that were collected during the study
including MMQ, ADLQ, and POMS are not reported here due
to large percentage of missing observations. Participants with
time constraints were allowed to complete questionnaires at

home to help reduce burden of study visit duration, and the
return rate was not as favorable compared to those that were
administered by a study assistant during the study visit.

Cognitive Measures

No significant changes were observed in the computerized
tasks of attention or spatial abilities, the Route spatial memory
test, the visual memory test (VSLT), verbal fluency, or working
memory task (LNS; see Table 3). For the RAVLT verbal mem-
ory (long delay recall), the pattern of change from baseline dif-
fered by treatment group (study visit by treatment group
interaction P < .05). However, this change was mostly driven
by improvements at 3 months for the T group compared to pla-
cebo that were not sustained at 6 months. Although not signif-
icant, there was a trend toward improvement in the T-treated
group versus placebo-treated group on the other verbal memory
task of Story Recall at 3 months (P = .10).

Adverse Events and Dropouts

While taking study medication, 1 participant went to the emer-
gency department (ED) for chest pains, upper arm pain, and
dizziness. This participant was cleared from the ED within
hours and continued on study medication which after unblind-
ing was revealed to be active medication—T gel. Another par-
ticipant went to the ED for confusion and disorientation. The
participant was also cleared from the ED within hours and con-
tinued on study medication which after unblinding was found
to be placebo. One participant in the T-treated group had a rise
in PSA above 4.0 ng/mL and discontinued study medication
per study protocol.

Additional Measures

Genotyping for APOE on the sample revealed 3 participants
with APOE 4 allele (all 3 were 3/4), 2 of whom were randomly
assigned to the T-treated group and 1 to the placebo-treated
group. Inclusion of APOE status as binary factor (yes for 3/4
and no for other allele combinations) in the model did not mod-
ify the effect of treatment on the outcome.

At the completion of the study, participants responded to
questions about their impression of overall change (a clini-
cal global impression of change, CGIC) on a Likert-type
scale, with 6 representing markedly improved, 3 represent-
ing no change, and 0 representing markedly worse. Average
CGIC in the placebo-treated group was 2.5 and T-treated
group was 2.7, a nonsignificant difference. Participants also
indicated their belief regarding study assignment (ie, active
study medication or placebo). Most participants were not
able to discern whether they had received T gel versus pla-
cebo, as 50% of the placebo-treated group indicated they
had received active T gel and 44% of the T-treated group
indicated they had received T gel.
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*Categories are not mutually
exclusive

**8 screens had normal T
levels, and did not receive
cagnitive testing

Phone screening
n=533

Cognitive testing &
blood screening
n= 351

Met study criteria of
MCl&low T
n=37

Physical exam

screening
n=27

Met all study criteria
and randomized
n=22

Testosterone
n=10

Completed
n=9

Placebo
n=12

Completed
n=10

Figure 1. CONSORT flow diagram indicating number of study participants and reasons for drop outs at each stage of screening, enrollment,

and study completion.
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Table 2. Mean (Standard Deviation) Serum Hormone Levels by Treatment Group and Study Visit.?

Testosterone-Treated Group

Placebo-Treated Group

Baseline Month 3 Month 6 Baseline Month 3 Month 6
Total testosterone, ng/dL 308.2 (92.1) 649.6 (133.4) 600.7 (228.3) 284.2 (76.5) 294.3 (77.5) 278.2 (104.9)
SHBG, nmol/L 48.0 (18.1) 44.8 (19.8) 46.8 (17.5) 39.8 (16.0) 36.5 (15.3) 37.5 (13.6)
Free testosterone, ng/dL 4.8 (1.2) 12.8 (4.9) 11.1 (5.2) 5.0 (1.4) 5.6 (1.4) 5.1 (1.7)

Abbreviations: SD, standard deviation; SHBG, sex hormone-binding globulin.

?Bold values indicate a significant change from baseline, based on the paired t test (P < .0l for all significant changes).

Table 3. Fitted Baseline Mean (SE) and Change Values (SE) for Neurocognitive, Mood, and Hormone Measures by Treatment Group and Study

Visit.

Testosterone-Treated Group

Placebo-Treated Group

Month 3 Month 6 Month 3 Month 6
Change Change Change Change
From From From From P
Baseline Baseline Baseline Baseline Baseline Baseline  Value®
Number of participants 10 10 9 12 10 10
Cognitive measures
RAVLT
Immediate (total score, 4 trials) 44.7 (2.7) 06(22) —0.1 (22 37425 06(2.1) 2.0 (2.1) 71
Short delay (total score) 7.5 (1.1) 1.2 (1.0) 0.7 (1.0) 6.0(1.0) —0.7 (0.9) 1.4 (1.0) .15
Long delay (total score) 6.2 (1.1) 23(0.9) 09(.9 49(l.00 o0.0(0.8) 1.5(0.8) .05
Story Recall
Immediate (total words) 22.1 (2.3) 42 (24) 0.8 (24) 220(.1) —2.1@23) —1.7.3) .15
Delay (total words) 16.4 (2.8) 5.8 (2.9) 27 (29) 165(2.5) —27(28) —0.6(2.8) .10
Visual Spatial Learning Test
Immediate (correct design and position, 5 trials) 4.5 (2.0) —3.6 (1.6) 09 (1.6) 107 (1.9) 0.1 (1.7) 5.0(1.7) .14
Delay (correct design and position) 38(0.7) —1.2(0.7) 04 (0.7) 35(0.6) —0.6(0.7) 0.7 (0.7) 79
Letter-Number Sequencing
Span 53(04) -0.1(.3) -05(03) 5.1(0.3) -0.1@3) —0.1(03) .55
Total score 10.5 (0.9) 03(0.6) —14(06) 93(0.8) 0.8(0.6) 0.3 (0.6) 11
Computerized Simple Reaction Time
2-second intertrial interval, milliseconds 335 (66) 34 (94) 30(97) 375(63) —59(92) 118 (92) 37
5-second Intertrial Interval (milliseconds) 316 (23) 23 (24) 21 (25) 360(22) —29(24) 31 (24) .20
Computerized Choice Reaction Time
2-second intertrial interval, milliseconds 494 (19) 14 (26) 17 (27) 533 (18) 5 (26) 7 (26) .95
5-second intertrial interval, milliseconds 523 (27) 73 (34) 3(35) 549 (26) 22 (34) Il (34) .39
Route Test
Immediate (total score, 3 trials) 307 2.6) —45(228) 0.1 (29) 267 (23) —-29(27) —-06(27) .84
Delay (total score) 11.2(1.0) —0.1(1.2) —07(1.3) 103 (.00 —23(l.2) —0.5(1.2) .28
Complex Design Construction, seconds 642 (10.2) —-73 (5.5 —5.0(55) 52.1(93) —87(53) 0.5 (5.3) .62
Verbal Fluency (total score, 2 trials) 25.6 (2.5) 1.0 (1.9) 08 (1.9) 24.6(2.2) 1.0 (1.8) —2.3(1.8) .37
Mental Rotation (total score) 10.5 (1.1) 2.3 (0.9) 2.1 (0.9 [11.7(1.00 28(0.9) 2.1 (0.9) 91
Mood and other measures
Activities of Daily Living Questionnaire 43(1.2) —-05(l.1) —1.6(l.2) 35(Ll) 1.2 (1.0) 0.5 (1.0) 31
Geriatric Depression Scale 7.2 (1.3) 07 (1.5) —2.8(1.5) 4.1(1.2) 23(l.3) 2.7 (1.3) .02
Profile of Mood States
Tension-Anxiety 48.1 (1.7)  —1.7(1.9) —I1.1(1.8) 460 (1.5 —-03(l.7) —-35(1.7) .33
Depression 468 (1.2) —-27(14) —l16(14) 485(l.1) —-28(1.2) -—3.1(1.3) .65
Anger-Hostility 474 (1.9) —2.2(2.6) 0.0 (2.5) 483 (l.7) —1.0(2.3) 0.1 (2.4 92
Vigor-Activity 577 22) —45(2.8) 1.9 (2.7) 555(20) -0.1 (24 —-05(2.5) .19
Fatigue 494 (2.1) —-I1.127) —18(26) 496(20) 0324 —06((24) .90

(continued)
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Table 3. (continued)

Testosterone-Treated Group

Placebo-Treated Group

Month 3 Month 6 Month 3 Month 6
Change Change Change Change
From From From From P
Baseline Baseline Baseline Baseline Baseline Baseline  Value?®

Serum hormone values
Total testosterone, ng/dL 308 (40) 339 (52) 294 (52) 280 (40) 12 (51) —4 (51) <.0l
SHBG, nmol/L 48.0(5.2) -32(27) -3.0(2.7) 39.0(5.0 -33@27) -22(27) 97
Free testosterone, ng/dL 4.8 (1.0) 7.9 (1.2) 6.5 (1.2) 5.0(l.0) 0.5 (1.2) 0.1 (1.2) <.01

Abbreviations: Free testosterone, non-SHBG bound testosterone; RAVLT, Rey Auditory Verbal Learning Test; SE, standard error; SHBG, sex hormone binding

globulin.

2P value for likelihood ratio test of the significance of the study visit by treatment group interaction term in the linear mixed effects regression model; see text for details.
GDS was lower (less depression) in the treatment group at month 6 compared to baseline, including treatment by group interaction p <.02. RAVLT was higher
(improved) compared to baseline in the treatment group p <.05. Rey Auditory Verbal Learning Test, Story Recall, Visual Spatial Learning Test, Letter-Number
Sequencing, Route Test, Verbal Fluency, Mental Rotation—higher score indicates higher level of functioning. Complex Design Construction, Computerized Simple and
Choice Reaction Time—Ilower score indicates faster time and thus higher level of functioning. Activities of Daily Living Questionnaire (ADLQ)—lower score indicates a
higher level of functioning; Geriatric Depression Scale (GDS)—higher score indicates a more depressed mood; Profile of Mood States (POMS)—T-scores (mean of 50
standard deviation of ten) compare participants to published norms and higher score indicates elevated emotion in subscale.

Discussion

This clinical trial examined cognitive and mood changes with
6 months of T versus placebo treatment in older men with low
T levels and MCI. We observed changes in response to treat-
ment on some but not all measures of mood and cognition. A
significant improvement in a single measure of verbal memory
was observed. This modest benefit of T supplementation on
verbal memory was observed at 3 months but not sustained
at 6 months. This is consistent with Fukai et al who found that
in a study of 11 men with MCI, 2 separate global cognitive
measures improved after 6 months of oral T treatment,
although this study was not placebo controlled.?® Other studies
have also demonstrated a beneficial change in verbal memory
or working memory from T supplementation in men with low T
levels but without a diagnosis of MCIL*~® However, prior
studies of T supplementation in patients with MCI® or healthy
older men® have observed no discernable change in cognition.

Findings from our previous studies in men with low to low-
normal T levels and AD found improvements in spatial abilities
and spatial memory>' with similar changes in men without
baseline memory impairments.>> We did not observe a similar
change in spatial memory in this sample.

Animal models provide support for an important role of
gonadal steroids in the central nervous system and in particular
hippocampal plasticity in addition to evidence of a functional
role in cognition and in particular spatial cognition.*

It has been increasingly recognized that the clinic-
pathological process of AD involves a lengthy pathological
process with a long prodromal period prior to the emergence
of clinical symptoms. This has resulted in recommendations
to include patients with MCI or mild memory difficulties in
therapeutic clinical trials with proxy study end points such as
neuroimaging of B-amyloid, a protein involved in the patho-
physiology of AD. It is possible that therapeutic efforts in the

preclinical stages may have a greater impact on the disease pro-
cess compared to interventions targeted at well-characterized
patients with AD having clinical symptoms who may already
have well-developed pathology.

Studies of T supplementation in patients with AD have been
mixed with 2 studies reporting a beneficial effect on cognition®'~**
and 1 study finding no improvement after 24 weeks of T gel.> In 2
different animal models of AD, T has shown a beneficial impact
on disease markers as well as cognitive function.*®

Testosterone may have an impact on particular aspects of
AD pathophysiology such as B-amyloid and t. Plasma levels
of AP, are inversely correlated with endogenous T levels in
men with AD/MCI and significantly increase in response to
complete depletion of T.>’ Animal studies indicate brain
increases of AP4g4, from gonadectomy are reversed with
androgens.>® Thus, T supplementation may also have an impact
on pathophysiological processes in addition to cognition and
quality of life (see review, Pike et al).*°

In addition to a change in verbal memory, we observed a
reduction in depression symptoms as measured by the GDS.
The baseline scores on the GDS were not in the range that could
be considered depression. Rather the range of scores would be
considered within the normal to mildly depressed range at
baseline. Both cognitive impairments and depression symp-
toms are common in older men with low T levels,>**° with
some indication of specific depression or dysthymic (mild
depression) symptoms that are evident in tandem with T levels.
Depression symptoms and quality-of-life factors are both pre-
dictive of future cognitive decline in older adults suggesting
that when left untreated, depression can put patients at risk of
continued decline and impairment.*'**?

Several studies have examined T supplementation in men
with depression or dysthymia (subclinical depression symp-
toms). In general, studies indicate that in older men with low
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T and dysthymia (a persistent form of mild depression), depres-
sion symptoms improve with T supplementation.*> However, T
treatment of more significant depression symptoms reaching
clinical depression range may not be beneficial (see review,
Siedman et al).**

Occurrences of adverse effects in all participants (T and pla-
cebo) included incidents of chest pain, confusion, dizziness as
well as a rise in PSA for 1 participant. Beyond the rise in PSA
for 1 participant who received T gel, we did not observe other
known side effects of T replacement such as acne, gynecomas-
tia (breast tenderness, breast enlargement), hair loss and/or hair
growth, or worsening of sleep apnea. Two participants reported
preexisting mild sleep apnea for which they regularly used a
CPAP machine, and they reported no change during treatment.

A common side effect of concern for T supplementation can
include adverse effects on prostate such as BPH. Although the
relationship between BPH and prostate cancer and T is com-
plex, support for increasing risk of cancer or worsening BPH
with T is lacking.?® Testosterone supplementation is contrain-
dicated in men with existing prostate cancer. This study fol-
lowed guidelines of including a baseline PSA evaluation
along with DRE of prostate health. A recent study of T supple-
mentation in men with mobility impairment with high baseline
risk of cardiovascular disease (Testosterone in Older Men
[TOM] trial) found a higher than expected incidence of self-
reported cardiovascular adverse events in the T-treated group
compared to placebo.*’ Thus, men with underlying cardiovas-
cular disease considered for T treatment will need to be care-
fully evaluated before initiation of treatment.

Strengths and Limitations

Although the incidence of both low T levels and MCI increases
with age, the final sample size of the current study was smaller
than anticipated, and results may be underpowered. To be
included in this study, participants were required to have both
MCI and low T and they had to meet additional health require-
ments such as low PSA (<4.0) and lack of (severe) lower urin-
ary tract symptoms. Thus, the study sample represents men
with low T, MCI, and additional health criteria. Among men
who qualified for the study, some drop outs were related to
their choice of seeking treatment of their low T with a primary
care provider rather than participate in a study with randomiza-
tion to placebo.

A limitation of the findings relates to the variability in base-
line T levels in the sample as well as some variability in T lev-
els after 3 months of treatment (Supplemental data—Figure 4).
The T levels were obtained at the time of screening and pro-
cessed by the clinical laboratory and T measurements were per-
formed by platform-based immunoassay. Only men with a
serum T level below 300 ng/dL at the time of screening were
enrolled. Following the screening visit, blood samples were
obtained, processed, and frozen for batch analysis using a more
accurate mass spectrometry-based T assay at each study visit,
and these data are presented in Tables 2 and 3, which indicate
that not all men had total T levels lower than 300 ng/dL at

baseline study visit as measured by sensitive batch analysis
methods. Both biological and assay variation contribute to
variability in T levels in men and this is reflected in the varia-
tion of T levels in the placebo group (Table 3). This has led to
some recommendations of obtaining 2 or more serum hormone
levels to be confident of hypogonadal status%; however, a deci-
sion to obtain 1 clinical sample at time of screening was chosen
to reduce participant burden.*”*®

Variability in T levels in the T-treated group was observed
over the course of the 6-month study, with some drop in T lev-
els after month 3 (see supplemental information Figure 4). Var-
iation in medication absorption and adherence may have
influenced T levels and may also be related to our findings
of improved verbal memory at month 3 when T levels were
raised in all participants, and this improvement was not main-
tained at month 6 when T levels dropped for some participants.
A recent review of a large market survey database of hypogo-
nadal men using topical gel indicated high discontinuation rates
over time as well as dose escalation in some men.*’ The present
study did not directly obtain adherence information, which may
have been useful in association with measured T levels over
time.

Despite the small sample size, the study design has several
strengths including randomization of study group assignment,
dose adjustment to help achieve consistent hormone level,
repeat administration of cognitive tests at baseline to help
reduce practice effects as well as use of equal alternate test ver-
sions and inclusion of both cognition and mood end points.

Summary

This study investigated effects of T treatment on cognition,
mood, and quality of life in men with MCI and low serum T
levels. Findings indicate T treatment may modestly improve
verbal memory and depression symptoms in men with both
MCI and low T. As the condition of MCI can progress to more
severe levels of cognitive impairment and/or development of
AD, the maintenance of cognition may be considered a benefi-
cial outcome. However, the potential beneficial effects need to
be balanced against the potential risks and monitoring efforts
on the part of the clinician and patient. It is also possible that
T may impact the pathophysiology of AD; however, this would
need to be addressed in future studies in humans.
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