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Background: Testosterone deficiency has been re-
ported in patients with Parkinson disease (PD), Alzhei-
mer disease, and Huntington disease. It is not known
whether testosterone therapy (TT) in men with border-
line hypogonadism and neurodegenerative diseases will
be of substantial benefit. Previously, we reported that tes-
tosterone deficiency is more common in patients with PD
compared with age-matched control subjects, and we also
reported in 2 small open-label studies that some non-
motor symptoms responded favorably to TT.

Objective: To define the effects of TT on nonmotor and
motor symptoms in men with PD and probable testos-
terone deficiency.

Design: Double-masked, placebo-controlled, parallel-
group, single-center trial.

Patients: Two experimental groups: patients with PD
who were receiving either TT or placebo.

Interventions: Participants received either the study
drug by intramuscular injection (200 mg/mL of testos-
terone enanthate every 2 weeks for 8 weeks) or placebo
(isotonic sodium chloride solution injections). In pa-
tients in each group, the testosterone serum concentra-
tion was obtained at each study visit. During 2 study vis-
its, testosterone levels were blindly evaluated and the
intramuscular testosterone dose was increased by 200
mg/mL if the free testosterone value failed to double from
the baseline value.

Main Outcome Measures: The primary outcome vari-
able was the St Louis Testosterone Deficiency Question-
naire, and secondary outcome measures included mea-
sures of mood, cognition, fatigue, motor function, and
frequency of adverse events. At the end of the double-
blind phase, all patients were offered open-label TT and
were followed up after 3 and 6 months.

Resuvlts: Fifteen patients in the placebo group (mean age,

69.9 years), receiving a mean total levodopa equivalent
dose of 924 mg/d, had a baseline free testosterone level
of 47.91 pg/mL, compared with 15 patients in the TT
group (mean age, 66.7 years), receiving an average total
levodopa equivalent dose of 734 mg/d, who had a base-
line free testosterone level of 63.49 pg/mL. Testosterone
was generally well tolerated. More subjects in the TT group
experienced lower extremity edema (40% vs 20%). In 2
patients, 1 in each group, prostate-specific antigen lev-
els were elevated from baseline. The improvement in the
TT group compared with the placebo group (1.7 vs 1.1)
on the St Louis Testosterone Deficiency Scale was not sta-
tistically significant. In addition, there were no signifi-
cant differences in motor and nonmotor features of PD
between the 2 groups, although a few subscales showed
improvements (Hopkins Verbal Learning Test, P<<.04;
and Backward Visual Span subtrial, P<<.03). However,
long-term open-label TT resulted in delayed but sus-
tained improvement in subjects in the TT group who con-
tinued to receive treatment (n=6) compared with sub-
jects in the placebo group who elected not to receive TT
(n=3).

Conclusions: Testosterone therapy was generally well
tolerated in elderly men with PD and probable testoster-
one deficiency. While there was no significant differ-
ence in the motor and nonmotor scales between the TT
and placebo groups at the end of 8 weeks compared with
baseline, this may be due to several study limitations, in-
cluding small sample size, a strong placebo effect with
intramuscular therapy, and short follow-up that did not
allow measurement of delayed effects of TT in some sub-
jects. Until more definitive studies are reported, practi-
tioners should be particularly cautious in treatment of
low testosterone concentrations in men with PD and bor-
derline testosterone deficiency, and careful consider-
ation should be given to the risks vs the benefits of TT.
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kinson disease is commonly associated with
motor symptoms (eg, bradykinesia, rigid-
ity, tremor, and gait or balance difficulties)
and nonmotor symptoms (eg, fatigue, de-
pressive symptoms, anxiety, reduced libido,
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disease.>> Itis not known, however, whether
replacement of testosterone in men with
borderline hypogonadism and neurodegen-
erative diseases is of substantial benefit. Par-

sexual dysfunction, and cognitive difficulty).
The motor dysfunction in PD can typically
be treated with a variety of pharmacologic
strategies.® The nonmotor manifestations
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Figure 1. Flowchart shows study visits.
Table 1. Characteristics of Study Participants*
Variable Placebo Group TT Group P Valuet
Age, y 69.9 + 9.41 66.7 + 10.26 .38
Hoehn and Yahr Parkinson stage 2.5 2.5 .99
Levodopa equivalent dose, mg/d 924.41 + 524.36 734.43 + 382.55 27
Free testosterone level, pg/mL
Pretreatment 47.91 +20.48 63.49 + 17.44 .03
Posttreatment 53.06 + 26.69 333.72 + 389.08 .009
Total testosterone level, ng/dL
Pretreatment 273.14 + 133.00 375.50 + 104.55 .03
Posttreatment 333.04 + 161.11 1029.92 + 413.49 .000
St Louis Testosterone Deficiency Questionnaire score 7.00 £1.51 7.73 +1.44 19
Geriatric Depression Scale score 9.47 +7.70 11.0 £ 6.03 .55
UPDRS off scoret 26.71 £ 9.94 26.87 + 9.43 97

Abbreviations: TT, testosterone therapy; UPDRS, Unified Parkinson Disease Rating Scale.
Sl conversion factor: To convert total testosterone to nanomoles per liter, multiply by 0.0347.

*Data are given as mean + SD unless otherwise indicated.
tBased on 2-sample ttests between the 2 groups.

FUPDRS off indicates at least 12 hours without any Parkinson disease medications.

have been more therapeutically challenging.” Previously,
we reported that testosterone deficiency was more com-
mon in patients with PD compared with age-matched con-
trol subjects.’* We also reported in 2 small open-label stud-
ies that some nonmotor symptoms respond favorably to
testosterone therapy (TT).® We endeavored in this study
(the Testosterone Therapy in PD Trial [TEST-PD]) to con-
ductadouble-masked, placebo-controlled, parallel-group,
single-center trial to define the effects of TT on nonmo-
tor and motor symptoms in men with PD and probable
testosterone deficiency.

- EEETTEES

Patients for the study were recruited from the University of
Florida Movement Disorders Center, Gainesville. All patients
signed an institutional review board—approved informed con-
sent form before participation. Inclusion criteria were age older
than 45 years, male sex, diagnosis of idiopathic PD by a move-
ment disorders specialist using published criteria, and free tes-
tosterone level less than 100 pg/mL (borderline testosterone
deficiency range). Criteria for exclusion included prostate-
specific antigen level greater than 4.0 ng/mL; history of pros-
tate cancer; abnormal findings at digital rectal examination; he-
matocrit higher than 49% (elevated); liver enzyme (alanine
aminotransferase and aspartate aminotransferase) levels more
than 2 times the upper limit of normal; abnormal thyrotropin,
prolactin, or morning cortisol levels; Mini-Mental State Ex-

amination score less than 26; poorly controlled diabetes melli-
tus (glycosylated hemoglobin level >7.5 or taking insulin); sleep
apnea; congestive heart failure; and any neurologic or neuro-
muscular disorder other than PD.

Subjects were divided into 2 experimental groups: patients with
PD who were receiving TT (n=15) and patients with PD who were
receiving placebo (n=15). Subjects received either the study drug
by intramuscular injection (200 mg/mL of testosterone enan-
thate every 2 weeks for 8 weeks) or placebo (saline injections),
administered by a nurse who was not involved in data collection
for the study. A summary of the study visits for both the TT group
and the placebo group is shown in Figure 1. Serum testoster-
one concentrations were obtained in patients in each group at each
study visit (before 10 AM). During 2 study visits, testosterone lev-
els were blindly evaluated and the intramuscular testosterone dose
was increased by 200 mg/mL if the free testosterone level, mea-
sured at the baseline visit, failed to double (doubling of the level
was chosen to ensure that clinically relevant changes in testos-
terone occurred in the treatment group). Testosterone levels at
each study visit were measured twice, 30 minutes apart, and the
average of the 2 values was used to make study-related decisions
about dosage increases.

Each subject participated in the study for 8 weeks. At the base-
line visit, all blood samples were drawn, including blood for de-
termination of testosterone level. Screening questionnaires were
completed. The remainder of the double-blind portion of the study
was divided into 5 study visits at 2-week intervals. Testosterone
was administered at the end of each study visit (visits 1-4). To
assess the general testosterone deficiency features and func-
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tional well-being, the following questionnaires were adminis-
tered serially at various times: the St Louis Testosterone Defi-
ciency Questionnaire’ (primary outcome measure), the
Massachusetts Male Aging Study Questionnaire,'® the Multidi-
mensional Fatigue Inventory,"" the Sickness Impact Profile,"? and
the Parkinson’s Disease Questionnaire (PDQ-39)." To assess be-
havioral features, the Geriatric Depression Scale (GDS),'*!” the
State-Trait Anxiety Inventory," and the Visual Analog Mood Scale'®
were administered. To assess motor function, all subjects under-
went a videotaped Unified Parkinson’s Disease Rating Scale
(UPDRS)' evaluation (UPDRS off, ie, at least 12 hours without
any PD medications, and UPDRS on, ie, 1 hour after taking usual
PD medications) with blind ratings by a neurologist trained in
movement disorders. To track cognitive status, a comprehen-
sive neuropsychologic battery of tests'® was administered, includ-
ing the Mini-Mental State Examination'; controlled oral word
association task'®*’; block design subtest of the Wechsler Adult
Intelligence Scale; Mental Rotations Test; digit span subtest of the
Wechsler Memory Scale; visual span subtest of the Wechsler
Memory Scale (3rd ed)*'**; and the Subject Ordered Pointing
Task,”? Trail Making Test,'®?® Stroop task test,”” and Hopkins
Verbal Learning Test.*® Each test administered was analyzed us-
ing means (SDs) for each group. Simple repeated analysis of vari-
ance measures were calculated, with the testing time (before and
after study drug) used as the within-subjects variable and the treat-
ment group (testosterone vs placebo) as the between-subjects vari-
able. Following the blinded portion of the study, all patients were
offered open-label TT and were followed up clinically at 3-month
intervals.

o EEETTES

DEMOGRAPHICS

A summary of patient characteristics is given in Table 1.
There were no significant differences between the TT and
control groups except that, although both groups were
testosterone deficient, the placebo group had lower base-
line levels.

SAFETY

A summary of adverse events comparing the TT vs the
control group is given in Table 2. The most frequent
adverse event was a change or worsening of motor symp-
toms of PD, but there was no statistically significant dif-
ference between the TT and placebo groups (23.3% vs
26.7%). Testosterone was generally well tolerated. More
subjects in the TT group compared with the placebo group
had lower extremity edema (40% vs 20%). Other no-
table adverse effects between groups included epistaxis
(13% vs 0%), falling (20% vs 7%), increased libido (20%
vs 7%), and increased dyskinesia (13% vs 0%). In 2 pa-
tients, 1 in each group, prostate-specific antigen levels
were elevated from baseline beyond the 4.0 ng/mL re-
quired for study enrollment; elevated absolute levels were
4.6 ng/mL in the patient in the TT group and 5.5 ng/mL
in the patient in the placebo group.

PRETREATMENT VS POSTTREATMENT DATA
IN THE STUDY AND PLACEBO GROUPS

A summary of pretreatment data vs posttreatment data
in both the TT and placebo groups is given in Table 3.

Table 2. Adverse Events in the Testosterone Therapy (TT)
Group Compared With the Placebo Group

TT Group, Placebo Group,
No. (%) No. (%)

Worsening of dyskinesias* 2(6.7) 0
Increase in PSAt 1(3.3) 1(3.3)
Change or worsening of PD 8 (26.7)
Edema 3(10)
Worsening of gait 5
Fatigue

Increased libido

Sleep disturbance

Bleeding

Change in behavior

Coryza

Increased perspiration

Numbness

Pain

Cramps

Flulike symptoms

Constipation

Visual changes

Hypertension

Increased salivation

Restless leg syndrome

Nausea

Angular cheilitis (recurrence)
Asthenia

Chipped tooth

Dizziness

Hallucination

Increased sensitivity to temperature
“Medicine” taste in mouth

Vivid dreaming

Arthralgia

Headache

Rash

Gl tract disturbance

Worsening of cognition

Dry mouth

Arrhythmia

Diarrhea

Dysphagia

Difficulty with speech

Drowsiness

Dry eyes

Cough

Shortness of breath

Hirsutism

Adverse Event
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Abbreviations: G, gastrointestinal; PD, Parkinson disease;
PSA, prostate-specific antigen.

*Dyskinesias were rated moderate to severe and required change in
PD medication regimen.

tAsymptomatic elevation in PSA level resulted in referral to a urologist for
full evaluation.

TESTOSTERONE SERUM CONCENTRATIONS

Study subjects enrolled in the TT arm had a significant in-
crease in testosterone levels from baseline to final visit
(P<<.02). A dosage increase was required in 15 patients in
the TT group at visit 3 and in 4 patients at visit 4. The dos-
age was adjusted to ensure a minimum doubling of the free
testosterone level in all subjects assigned to the TT group.
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Table 3. Results of Baseline Measurements Compared With Posttreatment Measurements*t

Control Group TT Group P
I ] [ ]

Examination/Test Pretreatment Postireatment Pretreatment Postireatment Value}
St Louis Testosterone Deficiency Scale, total score 7.00 +1.51 5.87 +2.95 7.62 £1.50 592 +229 .56
PDQ-36, mobility score 36.33 + 30.06 27.50 + 28.32 32.68 + 25.52 33.93 £27.17 .02
SIP, sleep score 29.12 £ 21.31 20.07 £17.42 23.86 + 25.68 33.77 £ 21.77 .006
SIP, home score 22.16 £ 22.22 14.16 + 13.90 25.07 £+ 21.58 32.80 + 29.95 .08
HVLT score -0.998 + 1.10 -1.22 + 0.66 -0.51 £1.11 -0.05+0.85 .04
Backward Visual Span subtest score 54.53 + 28.98 38.93 + 27.92 50.00 + 28.53 57.07 + 20.51 .03

Abbreviations: HVLT, Hopkins Verbal Learning Test; PDQ-36, Parkinson’s Disease Questionnaire; SIP, Sickness Impact Profile; TT, testosterone therapy.
*Table gives the results of the primary outcome variable, the St Louis Testosterone Deficiency Scale score, and the results of any subscale that showed a
significant change. These included the scores for the following: PDQ-39 subscale for mobility, the SIP subscales for sleep and home functioning, the HVLT, and
the Backward Visual Span subtest. Simple repeated analysis of variance measurements were calculated with the testing time (before study drug and after study

drug) used as the within-subjects variable and TT group (TT group vs placebo group) as the between-subjects variable.

tData are given as mean + SD.

fBased on 2-sample ttests (based on the difference between the TT and placebo groups for improvements that were defined as the arithmetic difference of

pretreatment and posttreatment data).

TESTOSTERONE DEFICIENCY SCALES

The study was powered to determine a 25% difference
between the scores on the St Louis Testosterone Defi-
ciency Scale before and after treatment between the TT
and placebo groups. No significant change was detected
between the groups. There was a significant improve-
ment in question 5 (P<<.007) (Have you noticed de-
creased enjoyment in your life?) and question 9 (P<<.04)
(Have you noted a recent deterioration in your ability to
play sports?) in the TT group compared with the pla-
cebo group. There were no significant changes before or
after treatment in the Massachusetts Male Aging Study
Questionnaire.

QUALITY OF LIFE AND FATIGUE SCALES

No significant changes on the PDQ-39 were noted in
the TT group. The placebo group demonstrated
improvement in the mobility subscale of the PDQ-39
(P<.02). The TT group exhibited worsening in both
the Sickness Impact Profile sleep and home functioning
subsections, whereas the placebo group showed
improvements in the same 2 subscales (P<<.006 and
P<.02, respectively). No significant changes were seen
in the subscales of the Multidimensional Fatigue
Inventory.

MOOD AND COGNITIVE TESTING

No significant changes were noted in any mood scales
(Geriatric Depression Scale, State-Trait Anxiety Inven-
tory, and Visual Analog Mood Scale). Scores on the Hop-
kins Verbal Learning Test initial encoding trial 1 were
significantly improved in the TT group compared with
the placebo group (P<<.03), as was the backward visual
span (Corsi blocks) (P<<.03). No significant changes were
found in any of the remaining cognitive scales (Con-
trolled Oral Word Association task; block design sub-
test of the Wechsler Adult Intelligence Scale; Mental Ro-
tations Test; digit span subtest of the Wechsler Memory
Scale; visual span subtest of the Wechsler Memory Scale

[3rd ed]; and Subject Ordered Pointing Task, Trail Mak-
ing Test, and Stroop test).

MOTOR TESTING

No significant changes were seen in the UPDRS testing
(blinded video review of on-off evaluations before and
after treatment).

OTHER ANALYSES

Repeated-measures analyses of variances and linear re-
gression analyses were performed on all scales adminis-
tered at each of the 5 study visits, and no significant
changes were identified. A subanalysis (repeat analysis
of the entire study data set) was also performed in pa-
tients in both groups with the lowest baseline testoster-
one levels (<330 ng/dL [<11.4 nmol/L]), and no sig-
nificant changes were found (this subanalysis was
underpowered because of small sample size).

OPEN-LABEL FOLLOW-UP

Subjects in the TT group in the open-label phase of the
study who elected to continue TT (n=6) showed a de-
layed, but sustained, improvement in the St Louis Tes-
tosterone Deficiency Scale at the end of 3 and 6 months
compared with subjects in the placebo group who chose
not to receive TT (n=3) (Figure 2). In addition, analy-
sis of the subjects who were originally randomized to the
placebo group who later chose to receive TT in the open-
label phase (n=3) showed further improvement in the
St Louis Testosterone Deficiency Scale at 3- and 6-month
follow-up visits (Figure 3).

- TS

Testosterone therapy was administered safely and was
generally well tolerated by the elderly male subjects with
PD in this study. There was no sustained elevation of
prostate-specific antigen levels, prostate cancer, or seri-
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Figure 2. Open-label follow-up phase of patients after the 8-week study
(completed at visit 5) shows that patients who continued to receive
testosterone therapy (TT) (n=6) continued to demonstrate a downward trend
at the 3- and 6-month data points. The graph displays the change from
baseline in the St Louis Testosterone Deficiency Questionnaire.

ous adverse events in either the TT or the placebo
group.

The results of this study reveal an improvement in the
TT group compared with the placebo group (1.7 vs 1.1) on
the St Louis Testosterone Deficiency Scale; however, it was
not statistically significant. There were no significant dif-
ferences in motor and nonmotor features of PD in men with
possible testosterone deficiency who received TT. Because
large numbers of statistical tests were conducted in a small
sample, the few significant differences that were found be-
tween groups were likely chance findings, especially since
there was no clear direction of effects. There is a possibil-
ity that, given a larger number of study subjects, quality-
of-life measures such as those for sleep and home function-
ing may worsen with TT, and this will require a better-
powered study. These results raise an important question
as to why testosterone levels in patients with PD who are
possibly testosterone deficient fail to improve with TT,
whereas similar groups of elderly patients seem to demon-
strate improvement.*'** Potential explanations include small
sample size; strong placebo effect, especially with intramus-
cular delivery of TT; heterogeneous speed of response to
TT in patients with PD; and short duration of follow-up.
The continued improvement in the St Louis Testosterone
Deficiency Scale scores in subjects in the TT group during
the long-term, open-label phase suggests a delay in response
in at least some patients with PD. The self-selected group
in the open-label phase may have exhibited a strong pla-
cebo effect because of their awareness that they were receiv-
ing active treatment. Thus, future testosterone studies in
this population might benefit from alonger duration of ob-
servation. On the other hand, analysis of the subjects who
were originally randomized to receive placebo who later chose
to receive TT in the open-label phase showed immediate
and sustained improvement in the St Louis Testosterone
Deficiency Scale, which suggests heterogeneity in the ra-
pidity of response to TT in this population.

Another potential explanation for these findings is the
recent and significant pathologic changes seen in post-
mortem hypothalamic analysis of brains from patients with
PD.**3° These pathologic changes may affect both dis-

Figure 3. After visit 5 (8-week study completion point), both the testosterone
therapy (TT) group (n=6) and the group who switched to testosterone
therapy during an open-label phase (n=3) showed improvement in St Louis
Testosterone Deficiency Questionnaire scores.

ease symptoms and potential treatments such as TT; how-
ever, the relationship between pathologic findings, symp-
toms, and response to therapy remains to be investigated.
The diagnosis of hypogonadism in older men is con-
troversial and could have affected the results of this study.
The American Association of Clinical Endocrinologists
defines definite testosterone deficiency as an early morn-
ing serum total testosterone level less than 200 ng/mL
(<6.9 mmol/L) with symptoms typical of hypogonad-
ism (eg, loss of libido, erectile dysfunction, and loss of
energy).” The standard accepted by the US Food and Drug
Administration for the administration of TT is a serum
total testosterone concentration less than 300 ng/dL (10.4
mmol/L)." The patients in the TT arm of our study had
a baseline mean serum total testosterone concentration
of 375 ng/dL (13.0 mmol/L). Thus, patients in our TT
group had borderline hypogonadism. Bioavailable tes-
tosterone is the most accurate measurement,* and fu-
ture studies of testosterone in PD should consider using
a bioavailable marker and selecting subjects with testos-
terone levels clearly in the deficient range.
Testosterone levels decline with normal aging, even
in healthy men.* Cross-sectional and longitudinal stud-
ies have confirmed this decline, although the rate of de-
cline can differ among individuals.*”° Twenty percent
or more of elderly men will experience a decline in tes-
tosterone level to the extent that symptoms of testoster-
one deficiency develop that may include frontal lobe dys-
function, memory impairment, depressed mood, and
fatigue or apathy.** The Rancho-Bernardo Study”' was
performed using a cross-sectional design and examined
age-associated variations in total and bioavailable testos-
terone. Samples from 810 men aged 24 to 90 years were
examined for testosterone deficiency. Bioavailable tes-
tosterone decreased significantly with age, independent
of covariates.”® In a longitudinal analysis, Harman et al*
examined testosterone levels in 890 men in the Balti-
more Longitudinal Study on Aging. Independent, age-
invariant, longitudinal effects of age on testosterone level
were found. Several studies have shown improvements
in elderly men with TT; however, when examining only
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placebo-controlled studies in patients older than 65 years,
TT failed to show significant improvements in mood, cog-
nition, or sexual function.” Age may also have affected
the results of our study.

Other limitations of this study include the following:
other scales were underpowered to detect changes on
scales other than the St Louis Testosterone Deficiency
Scale; the stage of disease was not considered carefully
in the inclusion criteria; testosterone interaction with do-
paminergic medications was not considered; and 2 av-
eraged free testosterone levels were used rather than a
bioavailable level.

Future directions for the study of testosterone defi-
ciency in PD will need to include investigations of epi-
demiology, the role of hormones in neurodegeneration,
and the effects of pathologic findings and hypothalamic
function in PD on testosterone. The results of this study
can be used in construction of a larger placebo-
controlled study of TT in PD. This potential study should
have a longer follow-up period to avoid placebo effects
and should use bioavailable testosterone levels, which are
a more reliable blood marker for testosterone defi-
ciency. Testosterone therapy should not be routinely ad-
ministered in patients with PD with symptoms of prob-
able testosterone deficiency. Suspicion of testosterone
deficiency in this population should be followed up by
obtaining a bioavailable testosterone level and referring
the patient to a medical expert for an examination and
discussion of the substantial risks of TT.
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