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Background: Growth hormone-releasing hormone
(GHRH), growth hormone, and insulinlike growth fac-
tor 1 have potent effects on brain function, their levels
decrease with advancing age, and they likely play a role
in the pathogenesis of Alzheimer disease. Previously, we
reported favorable cognitive effects of short-term GHRH
administration in healthy older adults and provided pre-
liminary evidence to suggest a similar benefit in adults
with mild cognitive impairment (MCI).

Objective: To examine the effects of GHRH on cogni-
tive function in healthy older adults and in adults with MCIL.

Design: Randomized, double-blind, placebo-controlled trial.

Setting: Clinical Research Center, University of Wash-
ington School of Medicine in Seattle.

Participants: A total of 152 adults (66 with MCI) rang-
ing in age from 55 to 87 years (mean age, 68 years); 137
adults (76 healthy participants and 61 participants with
MCI) successfully completed the study.

Intervention: Participants self-administered daily sub-
cutaneous injections of tesamorelin (Theratechnologies Inc),
a stabilized analog of human GHRH (1 mg/d), or placebo
30 minutes before bedtime for 20 weeks. At baseline, at
weeks 10 and 20 of treatment, and after a 10-week wash-
out (week 30), blood samples were collected, and parallel
versions of a cognitive battery were administered. Before
and after the 20-week intervention, participants com-
pleted an oral glucose tolerance test and a dual-energy x-ray
absorptiometry scan to measure body composition.

Main Outcome Measures: Primary cognitive outcomes
were analyzed using analysis of variance and included 3 com-

posites reflecting executive function, verbal memory, and
visual memory. Executive function was assessed with Stroop
Color-Word Interference, Task Switching, the Self-Ordered
Pointing Test, and Word Fluency, verbal memory was as-
sessed with Story Recall and the Hopkins Verbal Learning
Test, and visual memory was assessed with the Visual-Spatial
Learning Test and Delayed Match-to-Sample.

Results: The intent-to-treat analysis indicated a favorable
effect of GHRH on cognition (P=.03), which was compa-
rable in adults with MCl and healthy older adults. The com-
pleter analysis showed a similar pattern, with a more ro-
bust GHRH effect (P=.002). Subsequent analyses indicated
apositive GHRH effect on executive function (P=.005) and
a trend showing a similar treatment-related benefit in ver-
bal memory (P=.08). Treatment with GHRH increased in-
sulinlike growth factor 1 levels by 117% (P <<.001), which
remained within the physiological range, and reduced per-
centbody fatby 7.4% (P <<.001). Treatment with GHRH in-
creased fasting insulin levels within the normal range by 35%
inadults with MCI (P <.001) but not in healthy adults. Ad-
verse events were mild and were reported by 68% of GHRH-
treated adults and 36% of those who received placebo.

Conclusions: Twenty weeks of GHRH administration had
favorable effects on cognition in both adults with MCI and
healthy older adults. Longer-duration treatment trials are
needed to further examine the therapeutic potential of
GHRH administration on brain health during normal ag-
ing and “pathological aging.”

Trial Registration: clinicaltrials.gov Identifier:
NCT00257712
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OMATOTROPHIC HORMONES
such as growth hormone-
releasing hormone (GHRH),
growth hormone (GH), and
insulinlike growth factor 1
(IGF-1) play an important role in brain
function.! In a healthy system, GHRH, also

Author Affiliations are listed at
the end of this article.

known as growth hormone-releasing fac-
tor, increases circulating levels of IGF-1 by
way of direct effects on GH pulsatile re-
lease from the pituitary, which then stimu-
lates an increase in production and release
of IGF-1 from the liver. An increase in cir-
culating levels of IGF-1 provides impor-
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tant negative feedback to control and limit pituitary GH
release. In 2 clinical trials,* the direct manipulation of IGF-1
and GH levels to restore age- or disease-related deficits was
associated with inconsistent treatment effects on cogni-
tion, mood, and body composition. The indirect manipu-
lation of IGF-1 and GH levels via GHRH administration is
gaining popularity and has been approved by the US Food
and Drug Administration to treat hypothalamic GH defi-
ciency and human immunodeficiency virus-related lipo-
dystrophy.* Treatment with GHRH stimulates a cascade
of somatotrophic endocrine activities that results in a natu-
ral pulsatile GH release instead of the prolonged increase
in GH levels that occurs with GH supplementation. Treat-
ment with GHRH also preserves the normal negative feed-
back regulation of GH by IGF-1, minimizing risk of drug
overdose and adverse events.

Somatotrophic hormone levels decrease with advanc-
ing age,”® and such decreases have adverse effects on cog-
nition in animals®”; in humans, these decreases in somato-
trophic hormone levels are often are associated with poorer
executive function and short-term memory®'° and in-
creased Alzheimer disease (AD) pathology in the brain.'**?
The GHRH-induced GH secretory response has been rela-
tively well studied in aging and early AD, with reports of
delayed response but normal peak GH concentration and
area under the curve,'* and postmortem studies com-
paring patients with AD with age-matched controls sug-
gest that IGF-1 binding is preserved in the hippocampus
and frontal cortex.'® Together, these studies suggest that,
if GH and IGF-1 levels can be sufficiently elevated in older
at-risk adults, the mechanisms for normal function re-
lated to GH and IGF-1 will likely be intact.

Insulinlike growth factor 1 deficiency is hypothesized
to play a role in the pathogenesis of many neurodegen-
erative disorders, including AD. Insulinlike growth fac-
tor 1 readily crosses the blood-brain barrier'” and binds
to receptors throughout the brain, with the highest recep-
tor densities in the superficial and deep cortical layers, ol-
factory bulb, amygdala, thalamic nuclei, and hippocam-
pus.’ Insulinlike growth factor 1 has numerous favorable
effects on neurobiological processes compromised by ag-
ing and AD,>'®*° with potent neurotrophic and neuropro-
tective actions including the stimulation of neurite out-
growth, the promotion of neuronal survival in the
hippocampus and the entorhinal cortex (a key site of pa-
thology in mild cognitive impairment [MCI] and AD),*
the promotion of vascular growth and blood flow, the regu-
lation of tau phosphorylation,* and protection from the
neurotoxic effects of AB.** In transgenic AD mouse mod-
els, circulating levels of IGF-1 are low, and when IGF-1
levels are restored in these animals, the AR burden is re-
duced.*® In patients with moderate to severe AD, IGF-1
levels are reduced relative to age-matched cognitively nor-
mal adults.”® In AD brains, increasing pathology is asso-
ciated with greater deficits in IGF-1 and insulin signaling
in the temporal cortex indicating possible brain IGF-1/
insulin resistance,’*?” an association that has been well char-
acterized by others.”®

In humans, most of the work linking age-related IGF-1
reductions to cognitive decline is provided by cross-
sectional studies.”*® Previously, we reported favorable
cognitive effects of GHRH in a controlled trial of healthy

older adults,’ particularly on tasks of executive func-
tion including selective attention, problem solving, work-
ing memory, and planning/organization (episodic memory
was not assessed). In exploratory analyses, the GHRH ef-
fects were equally robust in participants who obtained
lower baseline scores (=27) on the Mini-Mental State Ex-
amination (MMSE), suggesting a potential therapeutic
benefit for adults with MCI.

Herein, we present the results of our 5-month ran-
domized controlled trial of GHRH administration, build-
ing on our previous work and on the reports by others
linking lower IGF-1 levels with poorer cognitive perfor-
mance.'13323* We expanded the sample to include adults
with amnestic MCI presumably in the early stage of AD
pathogenesis with characteristic mild executive dysfunc-
tion and episodic memory deficits,” refined the cogni-
tive battery to include domain-specific tests targeting epi-
sodic memory and executive function, and administered
a degradation-protected human GHRH analog (tesamo-
relin, acetate salt of N-[trans-3-hexenoyl]-human GHRH
(1-44) amide; Theratechnologies Inc) that results in a
natural pulsatile GH response and effectively increases
serum IGF-1 to young adult normal levels.”® In light of
our previous findings, we hypothesized that GHRH ad-
ministration would improve cognitive performance in
healthy adults, particularly executive function. In MCI,
we hypothesized that treatment with GHRH would at-
tenuate or stabilize the cognitive decline expected to oc-
cur within a 6-month period for adults with the amnes-
tic subtype.”” We also examined the effects of GHRH on
IGF-1, adiposity, and measures of glucoregulation to ex-
plore putative mechanisms linking GHRH with im-
proved cognitive function.

BN METHODS B

PARTICIPANTS

Our study was registered on clinicaltrials.gov (NCT00257712)
and approved by the institutional review boards of the Univer-
sity of Washington and the Veterans Affairs Puget Sound Health
Care System and by the Veterans Affairs Research and Devel-
opment Committee. Written informed consent was obtained
for all participants, and medical procedures were conducted
through the University of Washington Clinical Research Cen-
ter (supported by the National Institutes of Health/National Cen-
ter for Research Resources). A total of 152 older adults were
enrolled, including 86 participants (37 men and 49 women)
with normal cognitive status and 66 participants (26 men and
40 women) who met the published diagnostic guidelines for
amnestic MCI (single or multiple domain).*® During screen-
ing, a standardized battery of cognitive tests was adminis-
tered, and scores were compared with an age- and education-
adjusted estimate of premorbid ability (Shipley Vocabulary test).
When candidates obtained delayed memory scores at least 1.5
SDs below this estimate, a diagnosis of amnestic MCI was con-
sidered by expert consensus, also taking into consideration medi-
cal and social history, and the results of the physical examina-
tion and clinical laboratory screening. Exclusion criteria included
diabetes and other significant medical conditions, neurologic
disease that might affect cognition other than MCI, and a base-
line serum IGF-1 concentration greater than the midrange for
healthy young adults (300 ng/mL [to convert to nanomoles per
liter, multiply by 0.131]; 1 participant was excluded because
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Table 1. Baseline Characteristics of Participants Who Completed the Study

Mean (SD)
Participants Who Received GHRH Participants Who Received Placebo
(n = 67) (n=70)
Normal Controls Adults With MCI Normal Controls Adults With MCI

Characteristic (n = 36) (n=31) (n = 40) (n =30)
Sex, No.

Female 20 19 21 18

Male 16 12 19 12
Age, 2y 67.2 (7.9) 70.2 (8.3) 65.9 (6.9) 69.2 (8.2)
Education, y 16.1 (2.1) 16.5 (2.6) 16.4 (2.6) 16.6 (2.3)
MMSE score? 28.9 (1.3) 28.2 (1.9) 29.1 (1.0) 28.6 (1.2)
Story Recall score? 55.6 (12.2) 42.8 (15.7) 52.7 (14.2) 441 (16.4)
Body fat,® % 35.1(10.1) 38.2 (8.6) 34.3 (9.7) 34.3(9.3)
Lean muscle,d kg 47.9 (11.2) 43.5(10.0) 48.1 (10.3) 46.3 (12.4)
Fasting serum IGF-1 level, ng/mL 153 (71) 164 (89) 178 (80) 164 (77)
Fasting plasma insulin level, plU/mL 7.0 (4.2) 6.7 (4.1) 6.6 (5.6) 8.0 (8.1)
Fasting plasma glucose level, mg/dL 102 (9.1) 102 (11.4) 100 (10.3) 99 (10.0)

Abbreviations: GHRH, growth hormone-releasing hormone; IGF-1, insulinlike growth factor 1; MCI, mild cognitive impairment; MMSE, Mini-Mental Status

Examination (maximum score, 30).

S| conversion factors: To convert IGF-1 to nanomoles per liter, multiply by 0.131; to convert insulin to picomoles per liter, multiply by 6.945; and to convert

glucose to millimoles per liter, multiply by 0.0555.
3P < .05 (baseline difference by diagnosis).

bImmediate + delayed memory score on Story Recall, a test of verbal memory for thematic information (maximum score, 80).
CDual-energy x-ray absorptiometry measurement of total body fat, expressed as percentage of total body mass.

dDual-energy x-ray absorptiometry measurement of lean muscle mass.

of this criterion). Use of estrogen therapy, antihypertensives,
or antidepressants was permitted, whereas use of diabetic medi-
cations or androgens (testosterone or dehydroepiandros-
terone) was not.

The baseline characteristics for those who completed our study
were comparable across treatment groups for diagnosis, cogni-
tive status, age, education, body composition, and circulating lev-
els of IGF-1, insulin, and glucose (Table 1). Estrogen use was
balanced across treatment groups (9 participants from the pla-
cebo group and 8 participants from the GHRH group). As ex-
pected, participants with MCI were older (P=.02) and obtained
lower scores at baseline on the MMSE (P=.01) and total Story
Recall (P=.001). Consequently, age and baseline MMSE score
were included as covariates in analyses. A Consolidated Stan-
dards of Reporting Trials flow diagram is provided in Figure 1.

PROCEDURE

Participants were randomly assigned to either group usinga 1:1
ratio in blocks of 4 to receive 1.0 mg/d of tesamorelin (hereafter
referred to as GHRH) or placebo as a subcutaneous injection 30
minutes before bedtime for 20 weeks. Treatment allocation was
stratified by diagnosis, sex, and estrogen use. Outcomes were as-
sessed between 8 and 10 AM at baseline, at weeks 10 and 20, and
again 10 weeks after treatment was discontinued (week 30). Be-
fore and after treatment, participants received an oral glucose
tolerance test (OGTT) and a dual-energy x-ray absorptiometry
scan. Participants and study personnel involved in data collec-
tion were blinded to treatment assignment.

COGNITION

Four parallel versions of the cognitive protocol were adminis-
tered at baseline and at weeks 10, 20, and 30 (washout) in coun-
terbalanced order, and they included tests of executive func-
tion and verbal and visual episodic memory with documented
sensitivity to aging and early AD,** or to changes in meta-
bolic function affecting glucose and insulin activity.**

Executive Function

Tests of executive function included a computer-administered
version of Stroop Color-Word Interference,**® Task Switch-
ing,”' the Self-Ordered Pointing Test,’? and Word Fluency. For
the Stroop Color-Word Interference, a test of selective atten-
tion and response inhibition, color names were presented on a
computer screen in concordant or discordant font colors (eg, the
word “red” presented in red or green font). For each of 4 alter-
nating trial blocks, participants either read the word or named
the color as quickly as possible, and response latency (voice on-
set) and content were recorded. Each trial was preceded by a dis-
played reminder of task instruction to minimize memory load.
For Task Switching, a test of cognitive flexibility, pairs of stimuli
that included a letter and a number were presented clockwise
around a 2 X 2 matrix displayed on a computer screen. Every 2
trials, the participant made an odd-even decision or a consonant-
vowel decision. Each trial was triggered by the previous re-
sponse, and reaction time and accuracy were recorded. For the
Self-Ordered Pointing Test, a test of visual working memory, par-
ticipants were instructed to touch each design of a 10-design ar-
ray. After each touch, the designs were rearranged within the ar-
ray. This procedure was repeated a total of 3 times using the same
10-design array, and the number of errors (ie, the participant
touched the same design more than once) was recorded. For Word
Fluency, the total number of words generated across four 60-
second trials was recorded, including 2 trials of “letter” fluency
(eg, words beginning with the letter “s”) and 2 trials of “cat-
egory” fluency (eg, animals).

Episodic Memory

Story Recall and the Hopkins Verbal Learning Test were ad-
ministered to assess verbal memory, and the Visual-Spatial Learn-
ing Test’>’* and Delayed Match-to-Sample” were adminis-
tered to assess visual memory. For Story Recall, participants
heard a narrative containing 40 informational bits and then re-
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399 Assessed for eligibility

Enrollment

152 Randomized

247 Excluded
89 Declined participation
156 Did not meet inclusion criteria
2 Enrolled in another study

Allocation 78 (36 With MCI) assigned to receive GHRH

11 (5 With MCI) discontinued treatment
8 (3 With MCI) prior to week 10
6 AE-related symptoms
1 Schedule conflict
1 Baseline IGF-1 levels too high
3 (2 With MCI) after week 10 but prior to week 20
2 AE-related symptoms
1 Unrelated medical condition

Follow-up

77 (35 With MCI) included in intent-to-treat
analysis (weeks 0 and 20)
70 (34 With MCI) all cognitive data available
67 (31 With MCI) included in complete case
analysis (weeks 0, 10, and 20)
64 (30 With MCI) all cognitive data available

Analysis

‘ 74 (30 With MCI) assigned to receive placebo

4 (0 With MCI) discontinued treatment
2 Prior to week 10

1 AE-related symptoms

1 Schedule conflict
2 After week 10 but prior to week 20

1 Schedule conflict

1 Unrelated medical condition

74 (30 With MCI) included in intent-to-treat
analysis (weeks 0 and 20)
72 (30 With MCI) all cognitive data available
70 (30 With MCI) included in complete case
analysis (weeks 0, 10, and 20)
69 (30 With MCI) all cognitive data available

Figure 1. Consolidated Standards of Reporting Trials flow diagram of healthy older adults and adults with mild cognitive impairment (MCI). AE indicates adverse
event; GHRH, growth hormone-releasing hormone; and IGF-1, insulinlike growth factor 1.

called as much as possible immediately and after a 25-minute
delay. Credit was awarded for verbatim recall and accurate para-
phrases. For the Hopkins Verbal Learning Test, participants
heard 16 words and recalled as many items as possible across
3 learning trials and then again after a 25-minute delay. For
both verbal memory tests, total recall (immediate + delayed)
was analyzed. For the Visual-Spatial Learning Test, a visual ana-
log of the Hopkins Verbal Learning Test, participants viewed
8 designs that were placed ona 5 X 6 array for 10 seconds. The
designs were then removed and mixed with 8 distractors, and
participants selected the 8 studied designs and placed them in
their correct positions on the array; this procedure was re-
peated 2 additional times. After a 25-minute delay, partici-
pants again selected the 8 designs from the distractors and placed
them in their remembered locations on the array, and total re-
call of correct design paired with correct location was re-
corded. For Delayed Match-to-Sample, 20 abstract geometric
designs were presented in series for 10 seconds on a touch-
screen monitor. Following a 25-minute delay, 20 design trip-
lets were displayed in series, and participants touched the single
design per set that was previously studied.

MOOD AND SLEEP

At baseline and at weeks 10 and 20, GHRH effects on mood
and sleep were assessed using the Geriatric Depression Scale®
and the Pittsburgh Sleep Quality Index.’”

INSULIN SENSITIVITY, GLUCOSE TOLERANCE,
AND BODY COMPOSITION

Insulin sensitivity, glucose tolerance, and adiposity were mea-
sured in light of well-established GH effects on energy metabo-
lism. Participants completed an OGTT during screening and
at week 20. Following a 12-hour fast, blood samples were col-
lected for glucose and insulin measurements; participants then
consumed a 75-g dextrose solution, and blood samples were

obtained 60 and 120 minutes later. At screening, participants
meeting the American Diabetes Association standard glyce-
mic criterion for diabetes, which is indicated by a fasting plasma
glucose level greater than 125 mg/dL (to convert to millimoles
per liter, multiply by 0.0555) or a 2-hour OGTT glucose level
exceeding 199 pg/mL, were excluded from enrollment. At base-
line and week 20, dual-energy x-ray absorptiometry scans were
performed to quantify body fat and lean muscle mass.

INSULINLIKE GROWTH FACTOR 1

Serum levels of IGF-1 were initially measured using a 2-site im-
munoradiometric assay, which included an extraction step to
remove IGF-1 binding proteins (Diagnostic Systems Labora-
tories/Beckman Coulter; intra-assay coefficient of variation, 2.6%;
interassay coefficient of variation, 4.5%). Following Beck-
man’s acquisition of Diagnostic Systems Laboratories, this as-
say was discontinued, and for the remaining 18% of partici-
pants, IGF-1 was measured using a radioimmunoassay with
coated tubes (Mediagnost/IBL-America; intra-assay coeffi-
cient of variation, 3.5%; interassay coefficient of variation, 5.2%).
The 2 assays correlated linearly (r = 0.91), and all radioimmu-
noassay values were normalized to the immunoradiometric as-
say standard using a linear correction algorithm.

SAFETY AND COMPLIANCE

Circulating levels of IGF-1 were measured before study entry
atscreening and baseline. At weeks 2, 4, 8, 10, 16, and 20, IGF-1
was measured to ensure levels were within the physiologic range,
adverse events were assessed, a brief physical examination was
performed, and changes in medications, exercise regime, or
health status were recorded. When an adverse event became
problematic for a participant, the dose was reduced by 0.25 mg/d
by a physician investigator blinded to treatment group assign-
ment. A separate, unblinded physician investigator (G.R.M.)
with no direct contact with participants or psychometrists ad-
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Figure 2. Cognitive response to growth hormone-releasing hormone
(GHRH). Mean z scores representing change from baseline in composites of
executive function (A) and verbal memory (B), expressed as residualized
change scores. Treatment with GHRH had favorable effects on executive
function (P =.005) as measured by Task Switching accuracy, Stroop
Color-Word Interference reaction time (voice onset latency) on “interference”
trials, Self-Ordered Pointing Test accuracy, and Word Fluency. A similar
trend was observed for verbal memory (P =.08) as measured by total recall
(immediate + delayed) on the Hopkins Verbal Learning Test and total Story
Recall. Pairwise comparisons between subgroups defined by diagnosis are
not presented because the main finding indicates a treatment effect for the
groups combined and no treatment x diagnosis interaction. Visual memory
did not benefit from GHRH administration. Error bars indicate standard error
of the mean. MCI indicates mild cognitive impairment.

justed the dose either when achieved IGF-1 exceeded physi-
ologic levels or when IGF-1 failed to increase by at least 15%
over baseline for participants in the active group. Each of these
GHRH dose adjustments was yoked with a similar adjustment
for a placebo-treated participant to maintain the blind for par-
ticipants, staff, and other investigators. Compliance was moni-
tored during study visits via the number of returned vials and
the number of entries in a self-reported log.

STATISTICAL ANALYSES

The principal analysis was based on intent to treat. Partici-
pants who discontinued treatment were asked to return to the
clinic for cognitive testing at week 20. Completer analyses were
performed on cognitive outcomes obtained at weeks 10 and 20.
Exploratory analyses of week-30 data were also performed to
examine effects of treatment discontinuation. Multiple regres-
sion and correlation procedures were used to create residual-
ized change scores for data collected at weeks 10, 20, and 30
relative to baseline, which are inherently more stable than arith-
metic difference scores. The primary cognitive outcomes in-

cluded 3 composites reflecting executive function, verbal
memory, and visual memory. The composites were derived from
summed z scores per cognitive domain, adjusted for number
of tests administered. For the intent-to-treat analysis, an om-
nibus multivariate analysis of variance was performed on the
3 composite scores, with treatment group and diagnosis (for
participants with MCI and normal controls) as independent vari-
ables. For the completer analysis, week (ie, weeks 10 and 20)
was also included as an independent variable in the model. When
the omnibus multivariate analysis of variance proved signifi-
cant, univariate analyses of variance were performed on the con-
stituent-dependent measures. When appropriate, pairwise com-
parisons were performed using t tests. Similarly structured
analyses of variance were performed on serum IGF-1, body fat
and lean muscle mass, fasting plasma insulin and glucose, and
insulin response to the OGTT. Age and MMSE score were in-
cluded as covariates in all analyses. Sex and education were sta-
tistically considered as covariates, but they were dropped if non-
contributory. Exploratory analyses examined associations
between treatment-related changes in cognition, mood, sleep,
IGF-1 level, and body composition. For completer analyses, the
a priori plan was to use standard multiple imputation proce-
dures to handle missing data when missing data exceeded 5%
and casewise deletion otherwise. All analyses were performed
using STATA.®

o T

COGNITION

For the intent-to-treat analysis, the omnibus multivari-
ate analysis of variance on the 3 composite scores indi-
cated favorable effects on cognitive function at week 20
over baseline for adults allocated to receive GHRH vs
placebo (F5135; = 3.11, P = .03). Although overall cogni-
tive performance differed by diagnosis, as expected
(F3133 = 5.97, P < .001), GHRH had comparable benefi-
cial effects both in healthy older adults and in adults with
MCI (no treatment X diagnosis interaction; P = .22), con-
sistent with predictions based on our earlier work (ie,
comparable GHRH effects observed for participants with
higher and lower MMSE scores).*! For the completer analy-
sis, missing data did not exceed 5%, and the omnibus mul-
tivariate analysis of variance produced a similar but more
robust pattern of results. Treatment with GHRH had a
favorable effect on cognition (F; 1,5 = 5.26, P = .002), and
even though the healthy adults outperformed those with
MCl overall (F5,,5 = 11.15, P < .001), the cognitive ben-
efit relative to placebo was comparable for both groups
(no treatment X diagnosis interaction; P = .57). The re-
sults of the completer analysis indicated similar GHRH
benefits at weeks 10 and 20 (no interaction involving week
on treatment). Education was included as a covariate in
the intent-to-treat and completer analyses (together with
age and baseline MMSE score), whereas sex was not. Sepa-
rate univariate analyses on the constituent composites
scores indicated a GHRH-related improvement in nor-
mal controls and attenuation of decline in adults with
MCI for executive function (effect size: f= 0.37,
Fi 1,7 =8.34, P = .005; Figure 2A) and a trend showing
the same pattern of results for verbal memory (effect size:
f=0.24,F, 15 = 3.09, P = .08; Figure 2B). For both analy-
ses, favorable effects were comparable in adults with MCI
and in normal controls (no treatment X diagnosis inter-
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Table 2. Performance on Constituent Tests of the Executive
Function and Verbal Memory Composites
by Treatment Group?
Mean z Score (SE)
Test GHRH Group Placebo Group
Executive function
Task Switching accuracy 0.29 (0.13) -0.13 (0.12)
Stroop Color-Word 0.27 (0.13) -0.14 (0.13)
Interference RT
SOPT accuracy 0.32 (0.13) 0.06 (0.12)
Word Fluency 0.16 (0.13) 0.15 (0.13)
Verbal memory
Total Story Recall 0.32 (0.13) 0.10 (0.12)
HVLT total recall 0.28 (0.14) 0.16 (0.13)

Abbreviations: GHRH, growth hormone-releasing hormone; HVLT,
Hopkins Verbal Learning Test; RT, reaction time measured using voice onset
latency; SOPT, Self-Ordered Pointing Test.

2Values represent mean change in performance due to treatment
(averaged across weeks 10 and 20) relative to baseline, adjusted for age,
baseline MMSE score, and educational level.

action; P > .27). Visual memory was not reliably af-
fected by treatment with GHRH in our study (P > .15),
likely in part owing to the high variability in scores and
the near-chance performances on the Delayed Match-to-
Sample. For the executive function and verbal memory
composites, further inspection of the mean change zscores
for the constituent tests indicated a positive influence of
GHRH on all but Word Fluency (Table 2). Exploratory
analyses of week-30 washout data (change scores rela-
tive to baseline) using analysis of variance suggested a
lingering GHRH-related benefit for executive function
(P = .08) but not verbal memory (P = .32).

MOOD AND SLEEP

Treatment with GHRH did not affect mood (P = .31) or
sleep quality (P = .98) in adults with MCI or in healthy
older adults (no treatment X diagnosis interaction).

IGF-1, INSULIN SENSITIVITY, GLUCOSE
TOLERANCE, AND BODY COMPOSITION

Serum levels of IGF-1 increased by 117% with GHRH ad-
ministration (Fy 3, = 109.73, P < .001), with no inter-
action involving week on treatment or diagnosis
(Figure 3) indicating comparable effects at weeks 10
and 20 in adults with MCI and normal controls. The IGF-1
response to GHRH did not differ by sex (P =.69). Ten
weeks after termination of treatment (week 30), IGF-1
concentration returned to basal levels. For the entire
sample, treatment-related increases in serum IGF-1 were
associated with higher executive function composite
change scores (r = 0.2, P = .03), but there were no other
associations involving cognition and IGF-1.

Treatment with GHRH increased fasting plasma in-
sulin levels in adults with MCI but not in normal con-
trols (treatment X diagnosis interaction, F 1,3 = 6.94,
P =.005; the mean [SD] values were -0.20 [1.2] ng/mL
for normal controls who received placebo and -0.02 [0.9]
ng/ml for normal controls who received GHRH [P = .95],
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Figure 3. Mean serum insulinlike growth factor 1 (IGF-1) levels at baseline
(week 0) and at weeks 10 and 20 (to convert to nanomoles per liter, multiply by
0.131). The IGF-1 levels increased with the administration of growth
hormone-releasing hormone (GHRH) (P < .001), with no differences observed
as a function of time (week 10 vs week 20) or diagnosis (healthy vs mild
cognitive impairment [MCI]). Error bars indicate standard error of the mean.

and the mean [SD] values were -1.91 [10.5] ng/mL for
adults with MCI who received placebo and 2.32 [12.5]
ng/mL for adults with MCI who received GHRH
[P < .001]). Fasting plasma glucose, glycosylated he-
moglobin A, and 2-hour OGTT glucose and insulin re-
sponses were not affected by treatment. Treatment with
GHRH reduced body fat by 7.4% (F; 129 = 41.30,P < .001)
and increased lean muscle mass by 3.7% (F, 150 = 27.60,
P < .001), and these effects were similar in adults with
MCI and normal controls, and in both men and women.
The GHRH-related changes in fasting plasma insulin level
and body composition were not correlated with the treat-
ment-related change in cognition for the entire group or
within subgroups defined by diagnosis. To examine po-
tential moderators of cognitive response, analyses of com-
posites were rerun, including treatment-related changes
in fasting insulin level, body composition, and IGF-1 level
as covariates. When the omnibus models were adjusted
for IGF-1 concentration, the GHRH effect on cognition
was no longer apparent; treatment effects on fasting in-
sulin level or body composition were not contributory.
In the executive function analysis of variance, a similar
pattern of results was observed, whereas, for verbal
memory, the treatment effect was equally attenuated when
the analysis of variance was adjusted for IGF-1 level or
for insulin level.

SAFETY AND COMPLIANCE

The compliance rate for self-administered injections was
98.7%. Adverse events primarily consisted of local skin
reactions (redness, itching, or stinging) and increased ar-
thralgias. Other adverse events reported, although less
frequently, included gastrointestinal upset, numbness or
tingling in the hands, weight gain, and fluid retention.
Although increased fluid retention can potentially pre-
cipitate or exacerbate symptoms of congestive heart fail-
ure and hypertension, coronary adverse events were not
observed in our study. Objective measures of body weight
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indicated no difference across treatment groups (P = .95).
Adverse events were reported by 68% of the partici-
pants in the GHRH group and by 36% of the partici-
pants in the placebo group, and more frequently by
women than by men (eTable, http://www.archneurol
.com). Adverse event-related dose adjustments oc-
curred for 13 of 78 GHRH-treated participants (17%) (11
women [6 with MCI] and 2 men [1 with MCI] and for 2
of 74 participants in the placebo group (3%) (2 women
[1 with MCI]). Dose adjustments at week 4 were made
for 1 healthy male control with MCI in the GHRH group
when the serum IGF-1 concentration exceeded the physi-
ologic range for age (dose reduced to 0.50 mg/d) and for
1 male adult with MCI in the GHRH group when the se-
rum IGF-I concentration failed to increase by at least 15%
over baseline (dose increased to 1.5 mg/d). Dose adjust-
ments not related to adverse events were always yoked
with a similar dose change in the placebo group.

DR COMMENT

We examined the effects of treatment with GHRH on cog-
nition and serum IGF-1 level in healthy older adults and
adults with amnestic MCI in light of our previous find-
ings showing treatment benefits for those with lower base-
line MMSE scores and reports by others linking lower
IGF-1 levels with poorer cognitive performance.''3323*
Five months of daily subcutaneous injections of GHRH
increased circulating IGF-1 to young adult normal lev-
els and had a favorable effect on executive function in
adults with MCI and healthy older adults. A trend indi-
cated a positive GHRH effect on verbal memory. Al-
though treatment with GHRH reduced body fat and in-
creased lean muscle mass, these effects did not modulate
cognitive response.

To our knowledge, there are only 2 other random-
ized controlled studies examining the cognitive effects
of an intervention that promotes natural stimulation of
GH secretion in older adults: our first 5-month trial of
GHRH administration in cognitively normal adults® and
a large, multisite 12-month trial of a ghrelin mimetic in
patients with mild to moderate AD.” In the present study,
we used a different GHRH analog than that adminis-
tered in our previous trial*' in light of its preferred safety
profile and robust IGF-1-elevating effect, we refined the
cognitive battery to better assess executive function and
episodic memory, and we expanded the sample to in-
clude older adults with MCI. Although we cannot make
head-to-head comparisons of GHRH effects on specific
cognitive tests across our 2 trials, the therapeutic prom-
ise of GHRH is strengthened by the consistency of over-
all findings.

In the AD trial,”® the hormone administered was an
orally active GH secretagogue (MK-677) and biologi-
cally similar to ghrelin, which is produced by the stom-
ach. MK-677 increased serum IGF-1 concentrations by
73% at 12 months, but the results of the primary analy-
ses indicated no treatment effects on disease progres-
sion as measured by standard outcomes in AD clinical
trials. The results of the clinician-based assessment at 12
months, however, indicated a trend for improvement

(P =.06) in the MK-677 group, particularly for noncar-
riers of the apolipoprotein E (APOE) €4 allele (ie, €4-
negative adults). Although APOE genotyping was not per-
formed in our studys, it is possible that a high proportion
of our participants were noncarriers of the €4 allele, given
the inclusion of a sizeable group of well-characterized cog-
nitively normal participants who are less likely to be €4
carriers.® Other differences between our study and the
MK-677 study relate to the specific hormone adminis-
tered (GHRH vs ghrelin mimetic), with different physi-
ological effects (MK-677 increased blood glucose levels
and hemoglobin A, levels, and GHRH did not), treat-
ment efficacy on serum IGF-1 level (117% with GHRH
vs 73% with MK-677), and sensitivity of cognitive out-
comes to treatment effects on executive function and epi-
sodic memory. Despite methodological dissimilarities in
the 2 trials, it may be that the key difference is the tim-
ing of the intervention relative to stage of disease, such
that stimulation and restoration of GH and IGF-1 activi-
ties result in beneficial effects but only when pathologic
processes that cause decline in cognitive function can still
be prevented, delayed, or reversed.

In our study, treatment with GHRH increased fasting
plasma insulin levels in adults with MCI but not in nor-
mal controls. Insulinlike growth factor 1 and insulin have
similar metabolic effects,”* and IGF-1 is a potent insulin
sensitizer.® Early AD pathology is linked to subclinical
changes in insulin activity in the periphery and in the
central nervous system®%* such that adults with amnes-
tic MCI may be particularly sensitive to metabolic changes
affecting insulin availability.”® Our data suggest that
IGF-1 plays a role in treatment response on executive
function, whereas, for verbal memory, both IGF-1 and
insulin are likely to contribute. Although speculative,
GHRH-stimulated increases in circulating insulin may
help to override the early negative effects of AD pathol-
ogy to boost performance on abilities (such as declara-
tive memory) that are particularly sensitive to insulin-
related dysfunction.?’

Although somatotrophic hormone levels decrease with
advancing age,”® with a potential adverse effect on cog-
nition,>*!'"""* lower GH and IGF-1 levels are not always
associated with negative consequences. In animal mod-
els of GH and IGF-1 deficiency and in studies of caloric
restriction, reduced GH and IGF-1 levels and activity are
associated with a longer life span.®®®” Moreover, trans-
genic mice that produce abnormally high levels of GH
and IGF-1 have a shorter life span and early age-related
cognitive changes.® The relationship between lower lev-
els of IGF-1 and “delayed aging,” attributed to im-
proved insulin signaling and glucose metabolism,* con-
trasts with reports in human studies indicating no effect
of caloric restriction on GH and IGF-1% and no effect of
reduced GH and IGF-1 levels on life span in GH-
deficient adults™ who paradoxically present with glu-
cose intolerance and insulin resistance.” In addition, in-
creasing GH and IGF-1 levels in GH-deficient adults does
not affect glucose and insulin response to a glucose chal-
lenge.” Nonetheless, the favorable effects of increased
GH and IGF-1 levels on cardiovascular health,” adipos-
ity, lean muscle mass, and potentially cognition may tip
the scales in favor of restoration of somatotrophic hor-
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mone activity in older adults, particularly in those at in-
creased risk of decline in cognitive function.

The generalizability of our findings is limited by the
small sample size, particularly for subgroup analyses by
diagnosis, and by sample demographics, including edu-
cational level (mean level, 16.4 years) and minority rep-
resentation (90% of participants were white), that do not
accurately represent the larger US population. The MCI
group was older than the normal control group; how-
ever, age was included as a covariate in all analyses, and
significant differences were observed between treat-
ment groups that were comparable with regard to age.
Although more women than men reported adverse events
(eTable) with potential effects on unblinding and treat-
ment efficacy (adverse event-related dose adjustments
were made for 11 women and 2 men), the achieved se-
rum IGF-1 concentration and cognitive response to GHRH
administration did not differ by sex. Growth hormone—
releasing hormone was administered for only 5 months,
which limits our ability to assess longer-term cognitive
efficacy and safety of the hormone for older adults, par-
ticularly in the absence of important mechanistic stud-
ies to account for cognition-enhancing effects of GHRH
analogs in the brain. Although we achieved statistical sig-
nificance in our omnibus completer analysis showing me-
dium to large effect sizes for executive function and ver-
bal memory, improvement on the individual tests was
small (~0.25 SDs), and without information about func-
tional status (data not collected), the clinical signifi-
cance of our findings remains unclear. Finally, our find-
ings describe GHRH effects for a group of older adults
that includes those with and without MCI. It can be ar-
gued that the inclusion of healthy adults in our study
weakens the therapeutic relevance of GHRH for cogni-
tively impaired populations. However, we observed com-
parable benefits of GHRH on cognition in adults with MCI
and in normal controls. Alternatively, the added value
of including healthy adults may relate to notable GHRH-
related improvements in cognitive abilities characteris-
tically compromised with advancing age that can pre-
cede or mask early neurodegenerative disease, a finding
with potential implications for the role of GHRH in sec-
ondary and primary prevention.

The potential to preserve, or even enhance, cognitive
function in normal aging and in populations where cog-
nitive functions are failing rapidly owing to neurodegen-
erative disease clearly has important implications not only
for the affected individual but also for the support sys-
tem that bears the social and financial burdens of long-
term caregiving. Studies attempting to prevent or arrest
cognitive decline in MCI using a variety of different ap-
proaches such as cholinesterase inhibitors, vitamins B
and E, anti-inflammatories, antihypertensives, and stat-
ins have been largely negative.”"® In normal aging, simi-
lar drug intervention trials have also been unsuccessful.
The common goal of promising nonpharmacological
approaches, such as those that target diet or exercise,”*
is to augment or restore health to optimum levels. Resto-
ration of age-related changes in somatotrophic axis ac-
tivity, with consequences for GH and IGF-1 availability,
may represent an analogous strategy that optimizes the
health of the neuroendocrine environment with mul-

tiple protective and restorative effects on brain func-
tion, including cognition. Our results replicate and ex-
pand our earlier positive findings,>* demonstrating that
GHRH administration has favorable effects on cognitive
function not only in healthy older adults but also in adults
atincreased risk of cognitive decline and dementia. Larger
and longer-duration treatment trials are needed to firmly
establish the therapeutic potential of GHRH administra-
tion to promote brain health in normal aging and “patho-
logical aging.”
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