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Abstract

Background: Pulmonary complications are a major cause of morbidity and mortality among individuals with cer-
vical spinal cord lesions. Strengthening of the respiratory musculature may reduce these complications. Anabolic
steroids have been used to increase muscle mass and improve muscle performance. Oxandrolone, an anabolic steroid,
may have beneficial effects on breathing in persons with tetraplegia.

Methods: The effect of one-month treatment with oxandrolone on weight gain and pulmonary function was stud-
ied in ten subjects with complete motor tetraplegia. Spirometry, maximal inspiratory and expiratory pressures, and rest-
ing self-rating of dyspnea (Borg Scale) were measured at baseline and repeated again at the end of one month of oxan-
drolone therapy (20 mg/day). Serum lipid profiles and liver function tests were performed before and after treatment. A
paired t-test was used to determine pre- and post-treatment differences on the dependent variables. Percent change from
baseline was calculated for each variable and tested using a one-sample t-test.

Results: On average, the subjects gained 1.4+1.5 kg, a 2+2% increase in weight (p=0.01). A significant, 9+2%
improvement was found in the combined measures of spirometry (p<0.005). Maximal inspiratory pressure improved an
average of 10£7% (p<0.001). Maximal expiratory pressure improved 9+13% (non-significant). Subjective self-rating
of dyspnea decreased an average of 37+28% (p<0.01).

Conclusions: In healthy subjects with tetraplegia, the use of oxandrolone was associated with significant improve-
ments in weight and pulmonary function, and a subjective reduction in breathlessness. Therefore, oxandrolone may be
indicated to strengthen respiratory musculature in individuals who have tetraplegia and ventilatory insufficiency aggra-
vated by superimposition of pneumonia or other such conditions. However, long-term use of oxandrolone may not be
indicated, due to the adverse complications associated with this class of &ggn®ords: Anabolic agent, oxan-
drolone, breathing, pulmonary function, tetraplegia, spinal cord injury.

Background today, with 7—10,000 new cases of traumatic SCI

occurring each year (1). Slightly more than half

There are approximately 200,000 individuals withof these injuries occur at the cervical level of the
spinal cord injury (SCI) in the United Statesspine (2). Cervical paralysis and immobilization
can have catastrophic impact on the respiratory
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like pattern of spirometry in individuals with Study Design and Statistical Analyses

tetraplegia (7—11). Individuals with tetraplegia

have been found to report a high prevalence of A one-way within-subjects-design was used

breathlessness (12). to perform the study. Two separate baseline mea-
Anabolic steroids have been used to increaseurements were performed one week apart and

muscle mass and thereby improve performancaveraged prior to oxandrolone administration (20

and function. Clinical trials have demonstratedng/day). Repeat measurements were performed

that oxandrolone, an anabolic steroid, is a safafter one month of treatment. Pre- and post-treat-

and effective oral adjunct to promote weightment values were compared by a matched sample

gain, predominantly lean tissue, in a variety oft-test. The percent change from baseline was cal-

pathophysiological conditions, and that it hasculated and compared to the null hypothesis using

low potential for androgenic effects (13, 14).a one-sample t-test. A probability of less than

Unlike many other anabolic steroids, oxan-0.05 was considered to be significant. The results

drolone undergoes little overall metabolic trans-are reported as meanzSD.

formation in the liver, and it is well tolerated in

men and women (13). Oxandrolone offersPulmonary Function (Spirometry and

potent anabolic activity, which is estimated asMaximal Pressures)

6.3 times greater than that of methyltestosterone

(14). Because oxandrolone may have an ana- Pulmonary function measurements were

bolic effect on the muscles of respiration, ourobtained from subjects while seated in their wheel-

group investigated the potential of this agent tahairs, using a computerized pulmonary function

improve measures of breathing in individualslab (System 2200, SensorMedics Inc., Yorba

with tetraplegia. Linda, CA). A minimum of three flow-volume
loop trials that included the full inspiratory portion
Methods of the loop were performed according to the rec-
ommendations of the American Thoracic Society
Subjects (15-17). Spirometry results were expressed as

absolute values and the percent was predicted

Subjects were recruited for the study based obhased upon the standards of Morris et al. (18).
the inclusion and exclusion criteria. The inclu-Forced vital capacity (FVC), forced expired vol-
sion criteria consisted of: (1) cervical spinal cordume in one second (FE) the ratio of FE/FVC,
injury more than one year and (2) ability to fol- peak expiratory flow rate (PEF), forced inspiratory
low instructions to participate in the study. Thevital capacity (FIVC) and forced inspiratory vital
exclusion criteria consisted of: (1) pre-injury his-capacity in one second (FI\{Cwere chosen to be
tory of pulmonary disease or respiratory symp-analyzed and reported. Respiratory muscle
toms; (2) active pulmonary infection; (3) receiv- strength was obtained by measurement of maximal
ing medications known to alter airway tone; (4)inspiratory (Plmax) and expiratory (PEmax) pres-
current smokers who smoke more thHm sures, using an electronic portable mouth pressure
pack/day; (5) diabetes mellitus; (6) abnormal livemmeter (Vacu-Med, Ventura, CA). Three maximum
function tests (LFTs); and (7) serum albumin <3.5nspiratory efforts at functional residual capacity
g/dL. Ten male subjects with complete motorand three maximum expiratory efforts at total lung
tetraplegia were enrolled in this study. Four subeapacity were performed. The best effort for each
jects had complete sensory and 6 had incompletef the three maximal inspiratory and expiratory
sensory SCI. Three subjects had lesions begimpressures were recorded.
ning at C4; seven subjects had lesions beginning
at C5. One subject was a current smoker of lesSymptoms of Dyspnea
than /2 pack/day; the other 9 subjects were non-
smokers. All subjects were currently healthy with  Resting breathlessness was determined by use
no pulmonary complications. However, theof the modified Borg dyspnea scale and was self-
restrictive-like pulmonary defect commonly seenreported by the subjects before each testing session.
in those with cervical spinal cord lesion (6—11)
was demonstrated in our subjects. InstitutionaNutritional Intake
Review Board approval was obtained from the
Veterans Affairs Medical Center, Bronx, NY, and The subjects were instructed by a registered
informed consent was given by all subjects priodietitian to eat a minimum of 1 g/kg/day of pro-
to enroliment in the study. tein during the course of the treatment month.



Vol. 66 No. 3 USING OXANDROLONE IN TETRAPLEGIA—SPUNGEN 203

Serum Lipid Profile and Liver Function Tests of 9.3+2.4 % for the spirometry values combined
(Fig. 1).

Blood samples were drawn and analyzed for Baseline values for PImax and PEmax were
the serum lipid profile and liver function tests bysignificantly reduced from those predicted (62+19
personnel of the clinical laboratory, Veterans Affairsand 15+13% predicted) (Table 2). PImax and
Medical Center, Bronx, NY. Determinations werePEmax significantly increased by an average of
performed for total cholesterol, triglycerides, and7.3+5.5 cm HO and 5.1+7.1 cm 5D, respec-
high density lipoprotein cholesterol (HDL-c), andtively (Table 2). The percent increase from base-
calculated for low-density lipoprotein cholesterolline for PImax was significant (10.2+6.8%,
(LDL-c) [LDL-c = total cholesterol - HDL-c - p<0.005), although for PEmax the increase did
(triglycerides/5)]. Liver function tests (LFTs) were not reach significance (9.2+13.2%) (Fig. 2).
determined for serum aspartate aminotransferastubjective symptoms of resting dyspnea were
(AST), alanine aminotransferase (ALT), gamma+educed by 37+28 percent, a half point reduction
glutamyl transpeptidase (GGT), and lactic dehydroen the Borg scale (2.0+£2.0 vs. 1.5%£2.0, p<0.05).
genase (LDH).

Results s

The mean age of the group was 41+9 yeal
(range: 26—-51). The subjects had a mean dur
tion of injury of 16+8 years (range: 7—31). The
mean height was 1.81+0.07 m (range: 1.73—1.93
Mean weight increased by 2+2% after one mont
of oxandrolone treatment (76.9+18.3 vs. 0
78.3+18.9 kg p<o'05). FVi FE% FEF, .  FIVQ I'El

As expected in persons with cervical corc_. . . .

. . . Fig. 1. Percent change in pulmonary function from baseline
|QSIC_)T_15, baseline pulmonary fU_nC“On values wer after one month of oxandrolone treatment. _
significantly reduced from predicted, but measure FVC=f0rce(§i \Igté\écap?CIty.dFEl\#forced ﬁxplrgd VolumSSm g

H H N+ H one second, _75-1orce expiratory flow between an
of spirometry showed significant improvement afte‘75 percent of the FVC, FIVC=forced inspiratory vital capac-
one month of oxandrolon_e tr(_aatment (Table 1)ity, and PEF=peak expiratory flow rate. _
Percent change from baseline increased an averep values represent significant change from baseline.

Fercenl Change

Table 1
Results of Pulmonary Values Before and After One Month of Oxandrolone Therapy
Post- Paired
Baseline Treatment Differences
L (Yopred) L (%opred) L
FvC 2.79+0.95 2.99+1.01 * 0.196+0.167
(53+18) (57+19) *
FEV; 2.23+0.73 2.36+0.71 * 0.122+0.970
(56+19) (59+18) *
FEV,/FVC (83+12) (83+10) (<145)
FEF>5.75 2.39+0.96 2.56+0.94 0.170+0.260
(56+23) (59+23)
FIvC 2.53+0.90 2.71+0.93 § 0.178+0.187
(47£17) (49+19)
PEF L/sec 4.42+1.53 4.72+1.42 0.307+0.603
(45+16) (48+14)

Results are reported as mean+SD.

Paired differences=mean values for the post-treatment minus the baseline for each subject.
*p<0.005 and 8p<0.05 for baseline versus post-treatment.

%pred=percent of predicted.

FVC=forced vital capacity; FEMforced expired volume in one second;

FIVC=forced inspired vital capacity; PEF=peak expiratory flow rate
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Table 2
Results of Maximal Pressures Before and After One Month of Oxandrolone Therapy
Post- Paired
Baseline Treatment Differences
cm H,O (%pred) cm HO (%pred) cm HO
Plmax 74422 81+24 * 745
62+19 68+20 *
PEmax 34429 39+31 § 547
15+13 18+14 §

Results are reported as mean+SD.

Paired differences=mean values for the post-treatment minus the baseline for each subject.
*p<0.005 and §p<0.05 for baseline versus post-treatment.

% pred=percent of predicted.

PImax and PEmax=maximal inspiratory and expiratory pressures.

14 FEV,, FERs5_+50, and PEF) portions of the spiro-
2 - metric maneuver. The diaphragm is innervated at
C; to G5 and is predominantly used for resting

:2 _ breathing. The intercostals (innervatedtd@ T,,)
& 144 and abdominal wall muscle group (innervated T
B to L,) provide respiratory muscle strength for
= 12 maximal inspiratory and expiratory efforts. With
e L denervation of the intercostal and abdominal wall
= H muscles of respiration, the diaphragm can be
-‘E fi- recruited for maximal inspiratory and expiratory
- 4 efforts. Although diaphragmatic size was not

2 measured, the positive changes in pulmonary

function are probably explained by an increase in
Plmax PEmax diaphragmatic mass.
Improvements in the maximal inspiratory
Fig. 2. Percent change in maximal pressures from baseline pressures are consistent with the findings of
after one month of oxandrolone treatment. ] - .
n.s.=non-significant, PImax=maximal inspiratory pressure, Annemie et al. (13), in which the effect of an ana-
PEmax=maximal expiratory pressure. bolic agent (nandrolone decanoate) combined
p value represents significant change from baseline. with nutritional supplementation, and nutritional
supplementation alone, and placebo were com-
pared. After 4 weeks of treatment, the nandrolone
After one month of oxandrolone treatment,decanoate combined with nutritional supplemen-
liver function enzymes increased slightly fromtation group and the nutritional supplementation
baseline, but remained in the normal range excepione group demonstrated significant improve-
for ALT, which increased by 2-fold above the ment in PImax compared with the placebo group.
upper limit of normal (p<0.05). Total cholesterol, However, after 8 weeks of treatment, only the
triglycerides and LDL-c increased slightly from nandrolone decanoate combined with nutritional
baseline, but remained within the normal clinicalsupplementation group was significantly different
range (150+17 vs. 156+28, 97+47 vs. 81431, androm the placebo group. The nandrolone
89+14 vs. 117+29 mg/dL, respectively). Serumdecanoate combined with nutritional supplemen-
HDL-c decreased significantly by an average otation group also demonstrated concurrent
47% (4319 vs. 23+5 mg/dL, p<0.0001). improvement in weight gain and fat-free mass
The normal values for liver function tests are:(measured by bioelectrical impedance plethys-
ALT < 45 U/L, AST < 41 U/L, total cholesterol < 200 mography). Subjects in our study gained an aver-
mg/dL, LDL < 130 mg/dL, and HDL > 35 mg/dL. age of 1.4 kg of weight, albeit body composition
was not determined. Oxandrolone has some
Discussion advantages over nandrolone decanoate.
Nandrolone decanoate is administered by intra-
Improvements were noted in both the inspiramuscular injection; oxandrolone is an oral prepa-
tory (FIVC and FI\{) and expiratory (FVC, ration. Additionally, nandrolone decanoate has an
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androgenic-to-anabolic activity ratio of 4
1:2.5-1:4, whereas oxandrolone has much higher
anabolic potency (1:3-1:13) (19).

Use of the anabolic agent oxandrolone was
associated with significant improvement in pul-
monary function and subjective rating of dyspnea ats.
rest in subjects with tetraplegia. This improvement
is likely the result of increased respiratory muscle
mass due to the anabolic function of oxandrolone.”:
Further studies are planned using a doutbiled
placebo trial to determine the efficacy of therapy.
Follow-up after discontinuing treatment, to deter- s.
mine the length of time of a potential beneficial
residual effect in pulmonary function, should be
considered, as well as the rapidity of return to S
baseline values of HDL-c levels and LFTs.,,
Chronic use of oxandrolone may not be indicatedl, '
due to the adverse changes in serum HDL-c lew,
els. However, the significance of the serum
HDL-c change is not clear, given the known sup-
pressant effects of anabolic steroids on lipoprol?
tein a [Lp(a)] levels (20, 21). If HDL-c levels are
reduced concurrently with Lp(a) levels, then the 5
net effect for cardiovascular risk may be negligi-
ble. If an anabolic agent without the adverse
HDL-c complications becomes available in the
future, its chronic use in reducing pulmonary*
complications in persons with tetraplegia may be
determined. 15

In conclusion, oxandrolone may be indicated
for individuals with tetraplegia who are nutrition- 1e.
ally depleted and have compromised pulmonary
function due to pneumonia, atelectasis, bronchial
spasms or other such conditions, and who are i
need of respiratory muscle strengthening to assisf
with breathing.
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