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Low-dose baclofen therapy raised plasma
insulin-like growth factor-1 concentrations, but
not into the normal range in a predictable and
sustained manner in men with chronic spinal
cord injury
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Objective: To evaluate, whether once-daily oral baclofen administration increases and/or sustains plasma
insulin-like growth factor-1 (IGF-1) concentration in 11 men with chronic spinal cord injury (SCI) and IGF-1
deficiency (i.e. <250 ng/ml).

Design: Prospective, open-label, dose titration study. Baclofen was administered at 20 mg/day for 8 weeks; then
increased to 40 mg/day for another 8 weeks. Plasma IGF-1 and self-reported side effects were measured at
baseline and every other week for the duration of the study.

Results: The subjects were 43 + 12 years old, had duration of injury of 20 + 12 years; eight subjects had a
complete motor injury, and eight had paraplegia. Nine of 11 subjects completed the 20 mg/day treatment
and 5 subjects completed the 40 mg/day treatment. Plasma IGF-1 levels improved with each baclofen dose;
however, only one subject increased from baseline and remained above the targeted physiological range of
250 ng/ml throughout treatment. A significant increase in |IGF-1concentration was observed between
baseline and week 2 (154 + 63 vs. 217 = 69 ng/ml; P < 0.05), weeks 8 and 10 (188 + 95 vs. 228 + 93 ng/ml;
P <0.05), and weeks 8 and 16 (188 +£95 vs. 259 +92 ng/ml; P<0.05). No serious side effects were
observed at 20 mg/day; the 40 mg/day dose was less well tolerated.

Conclusion: Baclofen was not effective at sustaining plasma IGF-1 concentrations in the physiological range in
men with chronic SCI.
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Introduction

Baclofen is a p p-chlorophenyl derivative of gamma-
aminobutyric acid (GABA) that is routinely prescribed
to reduce muscle spasticity in individuals with upper
motor neuron disease, including spinal cord injury
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(SCI). Baclofen crosses the blood-brain barrier and
binds to presynaptic GABAg receptors on the laminae
I-1V of the spinal cord where primary sensory fibers ter-
minate."? After titration from low doses, standard and
routine treatment may include a daily oral adminis-
tration of 40-80 mg in single or multiple administrations
with the higher doses, depending on the severity of
muscle spasticity, individual tolerance, and presentation
and/or tolerance of symptoms related to the central
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nervous system depression. Baclofen’s actions on
GABAj receptors also have the potential to mediate
acute increases in the basal concentration of growth
hormone (GH).? > Binding to GABAp receptors in the
hypothalamus by baclofen induces the release of GH
releasing factor by inhibiting central somatostatin
release, which then permits pituitary release of
GH.%'" Because of a relatively short serum half-life
and the pulsatile secretory pattern of GH, a single
blood sample may not reflect daily release or integrity
of hypothalamic-pituitary axis. To evaluate GH
secretion, plasma insulin-like growth-factor (IGF)-1,
often referred to as the “second messenger” of GH,
has been used as a practical, albeit not totally represen-
tative, surrogate marker of integrated GH secretion.'""!?
IGF-1 levels do not fluctuate widely during the day,'® as
may GH concentration due to its pulsatile release.

In persons with SCI, GH responses to provocative
stimulation have previously been shown to be blunted
in individuals who have depressed plasma IGF-1
levels.'* !¢ These deficiencies may reflect a global dysre-
gulation of the hypothalamic-pituitary axis in men with
SCI, which is also characterized by an increased preva-
lence of hypogonadism and elevated levels of gonado-
tropins and prolactin, possibly suggestive of reduced
central dopaminergic tone.'” ' Reduced integrity of
pituitary GH secretion would be anticipated to worsen
the losses of lean tissue mass (LTM) and bone mineral
density (BMD) below the level of lesion, imparting a
further risk of fragility fractures in persons with
SCI.**??> Muscle wasting reduces energy expenditure
and may be associated with increased relative adiposity
and, potentially, associated deleterious metabolic conse-
quences.”>** These accelerated adverse body compo-
sitional changes in persons with SCI could hamper
functional independence and social integration,?
which may adversely affect quality of life’*?” and be
associated with increased cost of care.’*?’” Our study
evaluated the safety and tolerability of a once-daily
oral baclofen administration at two relatively low daily
doses (e.g. 20 or 40 mg/day) on the efficacy of increas-
ing and sustaining plasma IGF-1 concentration
(>250 ng/ml) in men with chronic SCI who have been
identified to have a relative deficiency of IGF-1.

Materials and methods

Study population

Subjects were recruited from the SCI Services of two
metropolitan area hospitals. From a consecutive
cohort of 60 men who otherwise met the entrance cri-
teria of the study, 16 men with chronic SCI were
screened and found to have low IGF-1 concentrations

(i.e. <250 ng/ml); however, upon repeat testing at base-
line, 5 of the 16 men were found to have IGF-1 levels
that were in the normal range (=250 ng/ml) and, as
such, were removed from further analysis. Thus, 11 sub-
jects of the 60 initially screened were enrolled in the
study. Exclusion criteria included any or all of the fol-
lowing conditions: acute illness of any etiology; patients
with chronic renal, liver, lung or cardiac disease; patients
taking pain medications (narcotics), major tranquilizers
or .-DOPA; and frequent alcohol consumption (>1
drink/day). The research study was approved by the
respective Institutional Review Boards for each study
site. Written informed consent was obtained from each
subject prior to study participation.

Procedures

Baclofen was self-administered orally in the evening
prior to sleep at 20 mg/day for an 8-week period and
then, without interruption, at 40 mg/day for an
additional 8-week period. At the end of this 16-week
treatment period, the dose of drug was reduced to
20 mg/day for two additional weeks in an effort to mini-
mize the potential occurrence of symptoms of drug
withdrawal. These dose concentrations represent the
low end of standard clinical use for treatment of spasti-
city in persons with SCI. At the end of week 18, partici-
pants were discontinued from drug treatment and were
followed for the remaining 2 weeks of the study.
Subjects reported at baseline and then every 2 weeks
over the 20-week study period (i.e. bi-weekly intervals
for follow-up a total of 11 wisits) for the collection of
venous blood samples. Plasma IGF-1, total testosterone
(T), sex hormone-binding globulin (SHBG), and
albumin (the latter two proteins were determined to
permit the calculation of free testosterone concen-
tration) were measured at baseline, and throughout the
drug treatment, taper, and withdrawal periods. During
each of the drug treatment periods (i.e. four sample col-
lections during 8 weeks for each dose at 20 or 40 mg/
day) were pooled to provide mean values of plasma
IGF-1. Subjects completed a questionnaire to document
self-reported side effects related to baclofen treatment at
baseline and after each study visit. As an additional
measure to monitor potential adverse side effects, a
study physician completed a review of medical symp-
toms and history at baseline and at weeks 8, 16, and 20.

Analysis of blood samples

The plasma IGF-1 levels were performed during the
screening phase by a commercial laboratory (Quest
Diagnostics, Inc., Teterboro, NJ, USA) to facilitate the
identification of potential subjects for participation in

The Journal of Spinal Cord Medicine 2013 voL. 36 NO. 5

Effect of low-dose baclofen therapy on plasma IGF-1 concentrations in men with chronic SCI

477



Bauman et al.

478

the study. All subsequent plasma IGF-1 values were
determined in our core research laboratory facility in
batch assay at the completion of the study. Blood work
was performed at approximately 9:00 AM under
fasting conditions at the completion of each treatment
week. Samples were immediately centrifuged to separate
the formed blood cell elements from sera/plasma and
stored at —70°C until assays were batch processed in
duplicate at the completion of the study. Plasma IGF-
1, total T, albumin, and SHBG concentrations were
drawn at baseline and bi-weekly during the study.
Plasma IGF-1 values were determined by a commercial
kit assay using a non-extraction immunoradiometric
assay (IRMA; Diagnostic Systems Laboratories, Inc.,
Webster, TX, USA) with an intra-assay coefficient of
variation (CV) of 7.0, 3.9, and 3.9% at 34, 143, and
374 ng/ml. The normal range for the IGF-1 assay kit
for adult males older than 24 years is
100-600(+104) ng/ml. The median distribution for
serum IGF-1 for the IGF-1 assay is 188-304 ng/ml;
thus, IGF-1 values less than approximately 200 ng/ml
may be considered below the median limit for an early
adulthood. The authors’ selection of 250 ng/ml as the
threshold value for IGF-1, below which individuals
would have been qualified to receive baclofen treatment,
was derived from the lower limit of the median distribution
of “youthful” values for IGF-1 (i.e. 200 ng/ml) plus 1/2 of
1 standard deviation. For the purpose of this report, an
IGF-1 concentrations <250 ng/ml is defined by the
authors as an IGF-1 deficiency because of its reduced ana-
bolic potential than that of more youthful levels. Serum
total testosterone was determined by a radioimmunoassay
(RIA; ICN Biomedical Institute, Costa Mesa, CA, USA)
kit with an intra-assay CVof 10.0, 9.6, and 13% at 1.4, 4.6,
and 8.0 nmol/l. SHBG was determined by IRMA
(Diagnostic Systems Laboratories, Inc.) with an intra-
assay CVof 3.7, 1.1, and 3.4% at 27, 92, and 119 nmol/
1. Serum albumin was determined by autoanalyzer meth-
odology (Beckman Ly 20 Synchron, Brea, CA, USA) in
the James J. Peters VA Medical Center Clinical
Laboratory. Serum free T concentrations were calculated
using previously described methods from weekly
measurements of total T, SHBG, and albumin.?®

Statistical analyses

The primary outcome variable was the group mean
change from baseline in plasma IGF-1 to baclofen treat-
ment at each dose level. Secondary outcome variables
included change in total and free T. The incidence of
symptoms that were related to baclofen treatment is
reported as a description of occurrence. Patient charac-
teristics and hormonal data are expressed as mean =+
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standard deviation. Separate repeated measures analysis
of variance (ANOVA) were performed to identify the
possible change in concentration of plasma IGF-1 in
treatment weeks from baseline. Particular emphasis
was placed on the respective changes: Baseline (BL) —
week 2; BL — week 8; BL — week 16; weeks 8-10; and
weeks 8-16. Separate repeated measures ANOVA were
performed to evaluate change in plasma IGF-1 concen-
trations between baseline and the pooled mean of all
available samples during the respective treatment
periods. Similarly, separate repeated measures ANOVA
were performed to monitor changes in total and free
T. Single degree of freedom univariate correlations
were performed to determine if relationships were
present among baseline plasma IGF-1 concentration
and demographics (age, body mass index (BMI), and
duration of injury (DOI)). An a priori level of signifi-
cance was set at P < 0.05. Statistical analyses were com-
pleted using Statview 5.0 (SAS Institute, Inc.).

Results
The demographic data for subjects are provided (Table 1).
Eleven subjects were found at baseline to have levels of
plasma IGF-1 that were below the lower limit of normal
(range of levels: 51-246 ng/ml). These subjects had an
average age of 43 = 12 years and DOI of 20 + 12 years.
Of the 11 subjects who initiated 20 mg/day baclofen, 9
completed the 8 weeks of treatment, with 2 subjects dis-
continuing drug after having completed 2 weeks of admin-
istration. Upon titration to baclofen 40 mg/day, nine
subjects initiated treatment and only five completed the
8-week treatment period. In total four subjects failed to
tolerate the higher dose: two subjects were discontinued
within 1 week, one subject completed 2 weeks, and the
remaining subject completed 4 weeks of treatment.
Plasma IGF-1 levels were monitored on bi-weekly
intervals for the entire study (Fig. 1). The mean baseline
concentration of IGF-1 was 154 + 63 and 188 + 95 ng/
ml at treatment week 8 (Fig. 1). A significant increase in
IGF-1concentration was observed between baseline and

Table 1 Characteristics of the study subjects

n 11
Age (years) 43 +12
Height (meters) 1.79 = 0.09
Weight (kg) 79.3+12.6
BMI (kg/m?) 247+ 3.3
DOl (years) 20+ 12
Paraplegia/tetraplegia (n) 8/3

Motor complete (n) 8

Data are presented as group mean = SD.
SD, standard deviation; BMI, body mass index; DOI, duration of
injury.
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Figure 1

Plasma IGF-1 concentration across bi-weekly treatment observations. Time point data are reported as group mean (+SD).

The mean change in plasma IGF-1 concentration from baseline to week 2 (*P < 0.05), weeks 8 to 10 (*P < 0.05), and weeks 8 to 16

(*P < 0.05) was significant.

week 2 (154 £ 63 vs. 217 £ 69; F(1) =9.165, P <0.05),
from weeks 8 to 10 (188 =95 vs. 228 +93; F(1)=
13.390, P < 0.05), and from weeks 8 to 16 (188 =95
vs. 259 +92; F(1) = 15.480, P < 0.05). Not until, week
16 of treatment, did mean IGF-1concentration exceed
our targeted threshold of 250 ng/ml. Of note, only one
subject had IGF-1 concentrations that increased and
were maintained above 250 ng/ml at all time points
for baclofen administration 20 and 40 mg/day. The
group mean elevation in IGF-1 levels across visits
were largely achieved by the changes observed in this
one subject (Table 2).

In all combined observations on baclofen 20 mg/day,
the change in pooled mean plasma IGF-1 concentration
from baseline was significant (F(1) = 5.090, P < 0.05).
Although the mean concentration for plasma IGF-1
was higher than 20 mg/day (206 =+ 76), on 40 mg/day
(220 = 83), the concentration was not significantly com-
pared to the baseline value (154 + 63) (Fig. 2); of note,
all five subjects had IGF-1 levels >200 ng/ml at 16
weeks, whereas only one had a level above this level at
baseline. Univariate analyses revealed that plasma
IGF-1 concentrations were not related to age, BMI, or

Table 2 Plasma IGF-1 concentrations (ng/ml) by subject

DOI (Table 3). There were no significant changes in
total or free T concentrations at either level of drug
dose (data not shown).

Over the course of the study, adverse events occurred
that ranged from mild to moderate and were categorized
as possibly or probably related to baclofen adminis-
tration. The most commonly reported adverse side
effects from subjects that completed baclofen 20 mg/
day included symptoms of dry mouth, fatigue, and
general weakness. Symptoms generally resolved within
the initial 3 weeks of drug treatment. Two weeks after
initiating baclofen 20 mg/day, one subject was with-
drawn due to severe headaches that resolved shortly
after discontinuing baclofen, and one subject sustained
a bone fracture that was unrelated to administration of
baclofen but necessitating termination of his partici-
pation in the study. At baclofen 40 mg/day, most sub-
jects had a recurrence of dry mouth, fatigue, and
general weakness, symptoms that usually resolved by
week 10. Study termination at the higher dose level of
baclofen appeared to be the result of intolerance to the
cumulative effect of the occurrence of several relatively
mild symptoms rather than any single, more severe

Subject Baseline Week 8 Week 16
1 193 122 201

2 189 183 229

3 79 130 229

4 246 180 214

5 189 401 423

6 51 - -

7 71 - -

8 145 281 -

9 157 108 -

10 157 137 -

11 214 151 -

Group mean + SD 154 + 63 188 + 95 259 + 92

Data are presented as individual concentration for the observation period. Group mean + SD for each observation period are also

provided.
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Figure 2 Plasma IGF-1 across treatment periods for all groups combined. Data for each period represent the pooled mean (+SD) of
available observations for the respective treatment baclofen treatment period. The mean change in plasma IGF-1 concentration
from baseline to 20 mg/day was significant (*P < 0.05). The change from baseline to 40 mg/day and between 20 and 40 mg/day was

not significant.

symptom, with the exception of one subject who experi-
enced a dramatic loss in muscle spasticity that reduced
his ability to transfer, necessitating his study withdrawal
to maintain independence of care. Of interest, five of the
six subjects who discontinued treatment had the lowest
observed IFG-1 values in our study cohort (i.e.
<158 ng/ml) at baseline.

Discussion

Individuals with SCI are reported to have a blunted
response of GH to provocative stimulation, and
younger persons with SCI had lower plasma IGF-1
levels compared to able-bodied controls.'*'® Because
of the likelihood that deficient GH production in
those with SCI could worsen soft tissue body compo-
sition and possibly reduce bone integrity, our group
has postulated a novel and, perhaps, practical manner
to increase circulating GH-IGF-1 levels by treatment
with a GABAj receptor agonist.”’ In a previous report
by our group, 10 healthy outpatient males with
chronic SCI received escalating doses of baclofen from
5-10 to 20 mg/day for 4 weeks at each dosage.”” An

Table 3 Correlations with plasma IGF-1

R P value
Age -0.36 0.29
BMI 0.01 0.97
DOI —0.48 0.14

BMI, body mass index; DOI, duration of injury.
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increase in peak plasma IGF-I was noted with increas-
ing doses of baclofen, with significant increases in
plasma IGF-I at 2 weeks after administration of drug
at doses of 10 and 20 mg/day. Only the dose of baclofen
at 20 mg/day had an effect on circulating IGF-1 that
appeared to be sustained for the entire 4-week treatment
period.?’ No subject was withdrawn due to adverse side
effects in this prior work. Thus, a question may be raised
from this earlier report as to whether the baclofen effect
to raise plasma IGF-1 levels could be sustained over a
longer length of time, and also whether a slightly
higher dose of this agent could further raise plasma
levels of IGF-1, as well as be tolerated. Doses of baclo-
fen used in the SCI population to control muscle spasti-
city often begin at levels of 40-60 mg/day and may be
escalated to as high as 80 mg/day, or higher, adminis-
tered chronically, if required to control symptoms.

In our study herein, plasma IGF-1 concentrations
increased significantly within 2 weeks of initiating
20 mg/day of baclofen, a finding that confirms our
prior work;?> of note, continued administration of
baclofen 20 mg/day appeared to result in the inability
to sustain elevated levels at 8§ weeks. When increasing
the dose to 40 mg/day, a statistically significant increase
was observed from weeks 8 to 10 in this same cohort. In
the pooled plasma samples, a significant increase in
plasma IGF-1 was observed in subjects while on baclo-
fen 20 mg/day but not in those on baclofen 40 mg/day,
possibly in part because of the diminished sample size
due to the high drop-out rate. Baclofen treatment did
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not increase mean plasma IGF-1 concentrations into the
normal range until week 16, and then because one
subject had a value at 16 weeks well above the lower
limit of normal; this subject was also the only one to
have had sustained levels of plasma IGF-1 within the
normal physiological range (i.e. >250 ng/ml) after initi-
ating treatment with baclofen. Although it has been
reported in an animal model that baclofen reduced
T concentrations,”® there was not a statistically
significant decrease observed in serum total or free T
levels by baclofen administration in our study. To the
contrary, the mean observations for each group for
testosterone appeared to increase from baseline across
visits, with the exception of week 8. However, due to
the relatively small sample size and subject attrition
rate, conjecture to the validity and possible implications
of this observation with regard to the effect of baclofen
on serum T levels appears not to be warranted.

At baseline, five of the six subjects who discontinued
treatment had depressed plasma IGF-1 concentrations
(<158 ng/ml) that corresponded to five of the six
lowest observed IGF-1 values in our study cohort.
Whether or not this was coincidence or suggestive of
causality could not be determined by our study design.
However, raising severely depressed hormone levels
may have a disproportionate effect on body tissues/cellu-
lar biochemical processes compared to that of raising less
extreme values.®! Of note, three of these subjects had the
longest durations of injury of those in our study popu-
lation, and they were 28, 30, and 40 years since injury,
providing anecdotal evidence for a negative association
between DOI and plasma IGF-1 concentrations.

The observation period of this study was too short to
provide insight on the ability of baclofen to modulate
the adverse secondary outcomes of SCI on muscle
mass and sublesional bone. Although observations to
support associations between “youthful” IGF-1 concen-
trations and BMD and LTM do not exist in the SCI lit-
erature, reports in able-bodied individuals support this
concept.’* GH/IGF-1 levels progressively decline with
advancing age, but appear to decline prematurely in
those with SCL.!*"'® In persons with SCI, there is an
accelerated decline in BMD and LTM compared to
that of age- and gender-matched contemporaries;>*>*
chronic physical inactivity due to lower-extremity
muscle paralysis and resulting degrees of immobiliz-
ation, is largely responsible for this observed decline.
However, it can be reasonably speculated in the SCI
population that a combination of extreme physical inac-
tivity, aging, and dysregulation of the GH/IGF-1 axis,
as well as that of the pituitary-gonadal axis, resulting
in depressed serum testosterone levels, may in

combination contribute to the accelerated decline in
the musculoskeletal tissue compartment.'>16:3%35-37
Longitudinal investigations in the future may conceiva-
bly be performed by collaborating with clinicians who
regularly prescribe baclofen for its properties as an
anti-spastic agent in the SCI population. Such an
approach of clinical investigation of “tagging onto” pre-
scribed therapy may well provide insight into this agent’s
ability to improve GH secretion and circulating IGF-1
concentrations at higher doses over far longer periods
of time, which may perhaps be shown to reduce
adverse changes in body composition over time since
injury compared to those not on such therapy.

The study cohort was relatively small, and because of
the fairly high drop-out rate on the higher dose of baclo-
fen, the cohort was reduced to only five subjects, which
severely limited our ability to draw firm conclusions
from the higher dose of baclofen administered. Owing
to a small sampling pool of eligible women, women
were excluded from study participation. Thus, an
effort to replicate this study in women with SCI may
be of interest. Baclofen is primarily used for its anti-
spasmodic properties. However, because our objective
in this study was to determine its effect of two relatively
low doses of baclofen on plasma IGF-1 concentrations
in men with SCI, we are neither reporting, nor was an
evaluation performed, on the expected dose-efficacy of
this medication on muscle spasticity in our subjects.
However, one subject withdrew from the study due to a
complete loss of lower-extremity spasticity/muscle tone
that prevented him from transferring independently.

Conclusion

Low-dose baclofen administrated to men with chronic
SCI deficient in circulating IGF-1 appeared not to be
effective at sustaining normal physiological plasma levels
of IGF-1 (>250ng/ml). However, mean levels of
plasma IGF-1 were increased after initiating baclofen at
doses of 20 or 40 mg/day, albeit only transiently. In our
relatively small cohort, possibly because of the high
drop-out rate, there was not sufficient data to determine
any additional benefit of a somewhat higher dose baclofen
(i.e. 40 mg/day) to raise plasma IGF-1 levels, but mean
plasma IGF-1 levels were higher than baseline on baclofen
40 mg/day and four of five subjects had higher levels at
study termination on the higher dose than those at base-
line. However, even at this higher dose of baclofen, the
increase above baseline in IGF-1 levels was not into or sus-
tained at the normal physiological range. As anticipated,
baclofen 40 mg/day dosage was associated with a
greater proportion of subjects who terminated the study
due to their inability to tolerate therapy. Serum total
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and free levels of T were not changed by the adminis-
tration of baclofen. No serious side effects were noted at
either baclofen dosage, albeit several mild symptoms see-
mingly reduced study participation to a greater extent on
the higher than that on the lower dose of drug.
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