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Objective: To describe the relationship of advancing age in persons with chronic spinal cord injury (SCI) on the
prevalence of low testosterone in men with SCI compared to historical normative data from able-bodied men in
the general population.
Design: Retrospective, cross-sectional study. Two hundred forty-three healthy, non-ambulatory outpatient men
with chronic SCI from age of 21 to 78 years were included in this retrospective analysis.
Results: Forty-six percent of men with SCI were identified as having low serum total testosterone concentrations
(total testosterone <11.3 nmol/l). The age-related decline in SCI for total serum testosterone concentration was
0.6%/year compared to 0.4%/year in the Massachusetts Male Aging Study. Between the third and eighth
decade of life, men with SCI had a 15, 39, 50, 53, 58, and 57% prevalence rate of low serum total
testosterone, which is higher than values reported for each decade of life for able-bodied men in the
Baltimore Longitudinal Study on Aging.
Conclusion: Compared with the general population, low serum total testosterone concentration occurs earlier in
life in men with SCI, at a higher prevalence by decade of life, and their age-related decline in circulating total
testosterone concentration is greater. Studies of T replacement therapy in men with SCI should assist in
determining the possible functional and clinical benefits from reversing low serum total testosterone
concentration.
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Introduction
Cross-sectional1–3 and longitudinal studies4–6 have
demonstrated that the concentration levels of total and
free serum testosterone (T) decline with increasing age
in able-bodied men. The etiology of this progressive
fall in serum T is multi-factorial and, in part, attribu-
table to various combinations of lifestyle choices,
illness, medications, and activity of the hypothalamic–
pituitary–gonadal axis.1,7 Decreased serum T levels
in the general population are associated with lowered
libido, fatigue, insomnia, hot flashes, anxiety,
depression, poor memory, irritability, impotence, and
diminished bone and muscle mass,7–10 as well as an

increased risk of non-vertebral fractures and cardiovas-
cular disease.6,11

Spinal cord injury (SCI) has been referred to as a
model of accelerated aging, with reported morbidities
of cardiovascular disease, osteoporosis, and reduced
lean tissue mass occurring earlier in life, and with a
greater prevalence of these morbidities than that occur-
ring in age-matched, able-bodied individuals.12–17

Previous reports in men with SCI have demonstrated
abnormalities of hormones and function of the hypotha-
lamic–pituitary–gonadal axis.18–27 Similar to the causes
of hypogonadism in able-bodied persons, individuals
with SCI have reduced serum concentrations of T
from a number of etiologies. A recent report in veterans
with SCI found that 43.3% of the cohort had serum T
levels <325 ng/dl (11.3 nmol/l), with significant
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associations to injury severity and opioid use.28 To date,
no reports in the SCI population have evaluated whether
there is a greater prevalence of low values for T across
the lifespan compared to those in the general male
population. The purpose of this study is to describe
the relationship of advancing age in persons with SCI,
as well as other anthropometric and demographic
data, on the prevalence of low serum T in men with
SCI compared to normative data that has been pub-
lished in men from the general population.

Subjects and methods
Subjects
Two hundred forty-three otherwise healthy, medically
stable, non-ambulatory outpatient men between the
ages of 21 and 78 years who had participated in prior
studies with our center were identified. To be considered
eligible for this retrospective analysis, subjects were
required to be at least 1 year after acute SCI, use awheel-
chair as the primary means of mobility, be free of any
acute or chronic medical conditions (e.g. chronic
obstructive pulmonary disease, chronic renal failure,
congestive heart failure, inflammatory bowel disease,
and peripheral vascular disease), or be taking medi-
cations known to affect pituitary or testicular secretory
function, including major or minor tranquilizers,
calcium channel antagonists, alpha-adrenergic agonists,
beta-adrenergic blockers, and cholinergic agonists;
however, opioid prescription was not an exclusion cri-
terion. The parent study was approved by the
Institutional Review Board and written informed
consent was obtained from each subject prior to study
participation. The rate of decline in serum total T, free
T, and sex hormone binding globulin (SHBG) in
healthy men in the Massachusetts Male Aging Study
was compared to the respective rates of decline in the
measures of T in our SCI cohort.1 The normative data
on men with low serum total T concentration and free
T index from the Baltimore Longitudinal Study on
Aging was compared to our SCI subjects, both
cohorts categorized by decade of life.4

Procedures
All participants had blood drawn between 8:00 and
10:00 a.m. from the antecubital vein for determination
of serum T, albumin, and SHBG concentrations.
Blood samples were placed on ice prior to being spun
down in a refrigerated centrifuge, separated, and
frozen at −28°C until batch processing at the com-
pletion of study sample collection (e.g. T, SHBG) or
sent to the hospital laboratory for immediate determi-
nation (albumin). Subjects provided demographic data

(e.g. age, height, weight, and ethnicity) and injury-
specific data (i.e. level of neurological injury, duration
of injury (DOI), and the extent of motor deficit below
the level of injury).

Laboratory analysis
The total serum T concentration was determined in
duplicate by radioimmunoassay, in accordance with
the manufacturer’s guidelines (ICN Biomedicals, Inc.,
Costa Mesa, CA, USA). Similarly, the serum SHBG
level was determined in duplicate by immunoradiometric
assay (Siemens Medical Solutions Diagnostics, Los
Angeles, CA, USA). The sensitivity for T assay was
0.08 ng/ml; the intra-assay coefficient of variation
(CV) were 9.6, 8.1, and 7.8% for T concentrations of
0.9, 7.0, and 20 ng/ml, respectively; the inter-assay CV
were 8.6, 9.1, and 8.4% for T concentrations of 0.7,
6.0, and 16 ng/ml, respectively. The sensitivity of the
SHBG assay was 0.75 nmol/l; the intra-assay CV were
4.2, 6.9, and 2.5% for SHBG concentrations of 29, 68,
and 178 nmol/l, respectively; the inter-assay CV were
7.0, 4.9, and 5.1% for SHBG concentrations of 26, 88,
and 308 nmol/l, respectively. The serum albumin con-
centration was determined by an automatic analyser in
the general chemistry laboratory of the James J Peters
Veterans Affairs Medical Center.
Free T and bioavailable Twere calculated using serum

albumin and SHBG concentrations, employing pre-
viously described equations.29 The free T index was
determined by dividing total T concentration by
SHBG value.4 Low T was defined as a serum total T
concentration <11.3 nmol/l (325 ng/dl), and low T by
free T index, as <0.153 nmol/l, which are the identical
laboratory value cut-off points for these measures that
were used by the investigators of the Baltimore
Longitudinal Study of Aging, thereby permitting com-
parison of their findings with ours. The normal range
employed for bioavailable T was corrected for decade
of life.

Statistical analysis
Values are expressed as group mean± standard devi-
ation, unless otherwise specified; the range of values
was reported for continuous demographic data.
Categorical demographic and injury-specific data are
presented for the measurements as a percentage.
Chi-square analyses were used to examine the distri-
bution of low T across the total sample and within the
following categories: level of injury (paraplegia vs. tetra-
plegia), ethnicity (Caucasian, Black, Hispanic, and
Asian), and the extent of motor injury (complete vs.
incomplete). The prevalence of abnormal laboratory
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values for albumin, SHBG, total T, bioavailable T, and
free T was determined. A simple regression analysis was
performed with the respective measure plotted against
age to estimate yearly change; the intercept was
divided by the slope of the regression equation and mul-
tiplied by 100, with the resultant value representing a
yearly percent change. Logistic regression analyses
were used to identify independent factors (demographic
and injury-specific data) in men with SCI that predict
the increased likelihood of low T, as determined by the
total serum T concentration. For this analysis, serum
total T concentration was categorized by age (<39 and
≥40 years), DOI (<24 and ≥25 years), and body mass
index (BMI: <29.9 and ≥30 kg/m2). Because of the
demographics of our original cohort, no subjects
under the age of 39 years had injury durations ≥25
years; thus, only six concatenated groups were formed.
Statistical analyses were performed using Stat-View 5.0
(SAS Institute, Inc., NC, USA).

Results
The mean values and range for age, height, weight,
BMI, and DOI for the men with SCI are provided
(Table 1). The percentage of total subjects is reported
across the following categories: T status, level of
injury, completeness of motor injury, and ethnicity. In
addition, the percentage of low T is reported for each
descriptive sub-category. Chi-square analysis revealed
that only the category of ethnicity had a significant dis-
tribution difference among sub-groups (Caucasian,

Black, Hispanic, and Asian) for the incidence of low T
(χ2= 8.491, P= 0.03).

The median (95% confidence interval) laboratory
values and percent of abnormal observations for the
respective measures of serum T (total, free, and bioavail-
able), SHBG, albumin, and the free T index in the SCI
cohort are provided (Table 2). The concentration of
SHBG was elevated in 51% of the subjects, and the
serum albumin level was normal in 70% of the subjects.
Bioavailable T concentration is the non-protein bound
T, which is the serum T fraction not precipitated by
50% ammonium sulfate concentration; the free T con-
centration employs both albumin and SHBG concen-
trations in the calculation to approximate the “true”
free T concentration obtained by the equilibrium dialy-
sis method; 80% of the subjects had a normal bioavail-
able T concentration, whereas 79% had a low free T
concentration (Table 2). Forty-six percent of the total
sample was identified as having a low serum total T con-
centration (total T <11.3 nmol/l), and 27% of the total
sample, a serum total T concentration <10 nmol/l
(288 ng/dL).

For descriptive and comparative purposes, the age-
related changes in the serum T and SHBG from
our cohort are provided with values from the
Massachusetts Male Aging Study (Table 3).1 The
decline in serum total T in the SCI group was 50%
greater than that of the normative data in the able-
bodied population. There was a 13.1% annual increase
of SHBG in men with SCI compared to 1.2% in the

Table 1 Demographic and spinal cord injury-specific information

Continuous variables Mean SD Minimum Maximum

Age (years) 48 15 21 78
Height (cm) 178.5 7.7 152.4 205.7
Weight (kg) 80.3 16.1 43.1 140.6
BMI (kg/m2) 25.2 4.8 15.8 51.7
Duration of injury (years) 17 13 1 56
Classification variables Percentage of total subjects Percentage of group who have low T
T status

Low T* 46 (113)
Normal 54 (130)

Level of injury**
Paraplegia 57 (138) 48 (67)
Tetraplegia 43 (105) 44 (46)

Completeness of motor injury***
Incomplete 53 (125) 41 (52)
Complete 47 (113) 51 (58)

Ethnicity†

Causasian 59 (138) 51 (70)
Black 26 (62) 36 (22)
Hispanic 14 (32) 41 (13)
Asian 1 (3) 100 (3)

Number in parenthesis reflects the observed n for each cell.
*Hypogonadal= T< 11.3 nmol/l; **P= 0.5; ***P= 0.1; †χ2= 8.491, P= 0.03.
T, testosterone; BMI, body mass index.
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healthy general population (Table 3).1 The prevalence of
low Tacross the decades in men with SCI and in the nor-
mative data in the general population from the
Baltimore Longitudinal Study on Aging are provided
(Fig. 1).4 Between the third and eighth decade of life,
men with SCI have a 15, 39, 50, 53, 58, and 57% inci-
dence rate of low serum total T concentration if deter-
mined for values of the serum total T concentration;
the incidence of hypogonadism is 4, 15, 28, 33, 56,
and 76% by the free T index. Thus, for each decade of
life, there is a substantial increase in the prevalence of
low T in men with SCI compared to the historical
general population sample.4

To further evaluate significant interactions, a risk
profile for the development of low T by the serum
total T concentration was determined by logistic
regression analysis to enable identification of the demo-
graphic categories associated with the highest risk
(Table 4). Men with SCI who were <39 years old did
not have an increased risk of low serum total T concen-
tration, regardless of BMI and/or categorization for
DOI. Men with SCI who were >40 years old had con-
siderable increased likelihood of having a low serum
total T concentration, dependent upon the categoriz-
ation of BMI and/or DOI. Those who had higher
BMIs (≥30 kg/m2) and longer DOI (≥25 years) had
an odds ratio of having a low serum total T concen-
tration of 8.9 times higher than those with the lower

BMIs (<29.9 kg/m2) and shorter DOI (<24 years)
(Table 4).

Discussion
Almost half of our total population of men with SCI
had low serum total T concentration using the same
threshold criteria as that employed by Harman et al.4

in their general population-based study. Men with SCI
had a higher percentage of low values for each decade
of life for the serum total T concentration and for the
serum free T index than those that were reported in
the Baltimore Longitudinal Study on Aging.4 Of note,
the prevalence of low serum total T concentration in
those with SCI rose strikingly in the third decade of
life and thereafter, a finding that may be associated
with deleterious physical and psychological effects of
androgen deficiency throughout the latter decades of
life. Compared to the findings of able-bodied men
reported by Gray et al.1 the decline in serum total T con-
centration for the group with SCI was 50% greater than
that in healthy able-bodied persons. The annual increase
in SHBG in the group with SCI was markedly greater
than in healthy able-bodied persons, raising the preva-
lence rates for low free T index for those with SCI in
the earlier decades of life (i.e. from the 20 to 50s).
Clark et al.19 found the prevalence of low serum total

T concentration (<241 ng/dl or <8.4 nmol/l) to be
about 60% in 102 men with SCI with a mean age of
46 years who were participating in inpatient or outpati-
ent rehabilitation. Of note, 61% of the subjects had sub-
acute SCI (<4 months) and only 35% had injury for
>12 months. Those subjects who were of shorter DOI
(i.e. sub-acutely injured) tended to have lower serum
total T values. The lower serum total T concentrations
were associated with higher prolactin levels, suggesting
dysfunction of the hypothalamic–pituitary–gonadal
axis.19 Safarinejad25 studied 76 men with chronic SCI
(mean DOI of 16 years; range 13–20 years) compared

Table 3 Percent change with age in testosterone and SHBG
values in the group with spinal cord injury and those of the
Massachusetts Male Aging Study

Variables SCI Control*

Total T (nmol/l) −0.6 −0.4
Free T (nmol/l) −1.1 −1.2
SHBG (nmol/l) 13.1 1.2

*Control values from reference1

T, testosterone; SHBG, sex-binding globulin hormone.

Table 2 Serum laboratory values of the subjects with spinal cord injury

Continuous variables Normal range Median (95% RI) Minimum Maximum Low* Normal Elevated*

Albumin (g/l) 35–50 40.0 (21.0–53.9) 9.00 58.0 24 (58) 70 (172) 6 (13)
SHBG (nmol/l) 10–60 61.6 (3.4–172.6) 1.4 224.8 5 (12) 44 (106) 51 (125)
Total T (nmol/l) 10–35 12.0 (2.4–27.4) 0.6 30.4 39 (94) 61 (149) —

Bioavailable T (nmol/l) 1.4–8.9*** 3.4 (0.5–16.4) 0.07 22.4 15 (36) 85 (207) —

Free T (nmol/l) 0.3–1.05 0.16 (0.03–0.67) 0.003 1.05 79 (191) 21 (52) —

Free T index 0.20 (0.04–3.4) 0.003 12.99 —

Number in parenthesis reflects the observed n for each cell.
*Low and elevated values are relative to the normal range.
**Age-dependent ranges: 20–29 years: 2.9–8.9 nmol/l; 30–39 years: 2.5–8.2 nmol/l; 40–49 years: 2.1–7.4 nmol/l; 50–59 years:
1.7–6.6 nmol/l; 60–69 years: 1.4–5.8 nmol/l.
SHBG, sex hormone binding globulin; T, testosterone; RI, reference interval.
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to able-bodied controls and demonstrated that those
with SCI had lower serum total T concentrations
(12.0± 6.4 vs. 16.1± 4.7 nmol/l) and lower luteinizing

hormone (LH) levels (3.3± 2.4 vs. 5.7 mIU/ml), again
suggesting a dysfunction of central regulation. Huang
et al.22 found significantly elevated LH responses to
LH releasing hormone (LHRH) in subjects with SCI
compared to controls. Of those studied with LHRH
stimulation, 16 of 30 subjects with SCI had exaggerated
LH responses and 6/30 had elevated FSH responses.22

Previously, our group reported that persons with SCI
tend to have increased gonadotropin release to standard
provocative stimulation to LHRH compared with able-
bodied controls.30 In a preliminary report that addressed
the end-organ responsiveness, testicular stimulation
with hCG was similar in subjects with SCI and able-
bodied controls.30

Figure 1 The prevalence of low testosterone in menwith SCI (gray bars) and a control (black bars) population.4 Bar height indicates
the percent of observations, with low testosterone defined as total T (A) (<11.3 nmol/l) or free T index (B) (<0.153 nmol T/nmol
SHBG). For Fig. 1A, there were 27, 54, 60, 36, 45, and 21 men with SCI in the third through eighth decades, respectively, for our
analysis. Men with SCI, irrespective of indicator, have a greater percentage of low testosterone than those of the control group in the
corresponding decade.

Table 4 Logistic regression coefficients for low testosterone
by the concatenated age/BMI/DOI and completeness of injury
variables in men with SCI

Age BMI DOI Exponential coefficient

≥40 <29.9 <24 1.7*
≥40 <29.9 ≥25 4.5**
≥40 ≥30 <24 6.2***
≥40 ≥30 ≥25 8.9†
Motor complete injury 1.8††

*P= 0.12; **P< 0.0001; ***P< 0.01; †P= 0.059; ††P< 0.05.
BMI, body mass index; DOI, duration of injury.
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The authors have referred to participants as having
“low T” rather than “hypogonadism” because symp-
toms of hypogonadism were not determined in this ret-
rospective report. There has been little consistency in
prior reports that had determined serum T or gonado-
tropin levels in persons with SCI, probably, in large
measure, because of illness, medications, nutritional
factors, and the lack of controlling for DOI (i.e.
cohorts comprised of those with acute/sub-acute
injury and chronic injury). Impotence and infertility
have been commonly noted in the SCI population.18,31

Of the many possible explanations of poor semen
quality,32 one possible etiology is dysfunction of the
hypothalamic–pituitary–testicular axis,20,24 as pre-
viously discussed. Early reports have been inconclusive
with regard to testicular function,18,21,24,31 discrepancies
that could be attributed to varying factors in population
selection, including chronic disease, level of injury, com-
pleteness of lesion, duration of SCI, or, in part, differ-
ences in study methodology.
In our study, SHBG levels were elevated in about half

of our subjects. The elevation in SHBG values contrib-
uted to 79% of our subjects having below normal serum
free T values. Generally, the SHBG concentration is
inversely related to the serum T concentration;33 as
such, because a high prevalence of T deficiency was
noted, the elevation in values for SHBG was to be
expected. There exists difficulty assessing androgen
status because there is no validated, independent
marker of androgen action in vivo, and, as such, the
clinical relevance of a specific laboratory value is open
to question. Thus, it is important to appreciate that
any one method of T measurement (i.e. total, free, or
bioavailable) had not been shown to be superior to
than any other in the determination of gonadal status.
Because Harman et al.4 used total T and the free T
index to categorize their population, we also felt that
such an approach has value, and it served to provide a
general able-bodied population sample for the purpose
of comparison to our SCI cohort.
The BMI and DOI were predictive of low serum

total T concentration in older men with SCI (≥40
years old), but these factors do not appear to influence
risk of low serum total T concentration in younger
men. It is well appreciated that obesity is associated
with lower serum total T concentrations in the
general population.34 However, the odds of low
serum total T concentration in the sub-group of older
men with SCI who had a BMI >30 kg/m2 was quite
remarkable, 6.2 times greater than that of the sub-
group with a lower BMI, a finding that may be par-
tially explained by a greater degree of adiposity per

unit BMI in those with SCI.14,15 Potential confounders
to the ability to reliably assess the effect of advancing
age on gonadal status include general health, nutrition,
medication usage, alcohol consumption, and, in those
with SCI, level, completeness of neurological lesion,
and DOI. In the analysis herein, subjects with SCI
were excluded from participation if they had a known
chronic illness or were prescribed one of several medi-
cations known to affect pituitary or testicular secretory
function. The possibility of alcohol abuse was not
determined in our research record, and this could
potentially confound interpretation of our results.35

Of note, the prevalence of alcoholism in veterans
with SCI has been reported to be far less than in the
general population.36 Another possible confounder to
interpretation of our results may have been opioid
use for pain relief. It is appreciated that opioids
depress the pituitary–gonadal axis and lower the circu-
lating T concentration.9 The SCI population has neuro-
pathic and muscle-skeletal pains that are often not
responsive to other medications than narcotics. Thus,
narcotic use may have played a role in our findings,
albeit the magnitude of the effect will have to be
defined in future studies.
Cross-sectional studies have shown a decrease in

serum total T with age.4 From a population-based
cross-sectional survey of men 39–70 years old from the
Massachusetts Male Aging Study, Gray et al.1 evaluated
the effects of aging independent of specific chronic
disease states or medications for total T, bioavailable
T, and free T. To more accurately define the effects of
normal aging from those of disease or drug adminis-
tration on endpoints, the population was divided by
health status. Group 1 consisted of 415 subjects who
were healthy not obese, non-alcoholic, not diagnosed
with a chronic illness (cancer, coronary heart disease,
hypertension, diabetes, and ulcer), and not being
treated with prescription drugs; Group 2 consisted of
1294 men who had one or more of the disqualifiers for
membership in Group 1. Concentrations of measures
of T (serum total T (0.4 %/year), bioavailable T
(1.0 %/year), and free T (1.2 %/year) had declined
with age in Group 1 and Group 2, but values were con-
sistently lower by 10–15% for serum total and free T
determinations across age in Group 2 (i.e. the group
with health issues).1 The SHBG increased each year
by 1.2%/year, serving to increase the decline in serum
total T concentration.1

Harman et al. 4 studied the effect of aging on total
and the free T index in 890 men who participated in
the Baltimore Longitudinal Study on Aging. These
investigators observed an effect of aging on both total
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T (−0.124 nmol/l/year) and the free T index (−-
0.0049 nmol T/nmol SHBG/year). Hypogonadism for
serum total T or free T index was defined as below the
2.5th percentile for young men, albeit the authors dis-
cussed the limitations of such a laboratory approach,
which neglected the clinical realities of varying individ-
ual thresholds for hormone deficiency states and the dif-
ficulty in attempting to extrapolate clinical relevance
from a laboratory finding. These limitations being
appreciated, the prevalence of low serum total T
increased steadily above age 60 (approximately 20%
60–69 years, 30% 70–79 years, and 50% >80 years).4

The percentages by decade for low serum total T con-
centrations in an able-bodied cohort were lower than
those observed in our subjects with SCI.

In an identical twin study, one twin discordant for
SCI, increasing age resulted in a global loss of lean
body tissue, suggesting a systemic, possibly hormonal,
etiology.15 Thus, the possibility should be considered
that an androgenic-deficiency state may contribute to
accelerated muscle loss in those with SCI, both above
and below the level of lesion. In a relatively young
able-bodied population, producing a hypogonadal
state by hormonal manipulation resulted in a loss of
lean body tissue.37 Reversal of hypogonadism in
younger adults has been shown to improve muscle
mass and strength.38 A recent study has demonstrated
that T replacement therapy for 12 months significantly
improved lean body tissue in persons with SCI.39 A
decrement in muscle mass and strength as a conse-
quence of hypogonadism in persons aging with SCI
may, eventually, contribute to lack of function and
independence.

This was a retrospective report that focused on
describing the effects of increasing age on concen-
trations of T in men with SCI. Because there are numer-
ous factors that may have had the potential to influence
T concentrations, it is important to appreciate that,
regardless of the etiology, low T has consistently been
observed at higher prevalence rates in SCI than non-
SCI men. Efforts were made at the outset to identify
confounders in the subject’s research records with
known influence on T concentration and to exclude
these potential subjects from the analysis. However,
patients who were taking opioids were not excluded
from our population sample, and this is a potential
reason for a sub-group of those with SCI to have
lower T values. A limitation to our design was the use
of historical able-bodied men from large, general popu-
lation samples, with the possibility for differences
between cohorts as a result of geography, socioeconomic
status, and being a veteran or non-veteran status.

Conclusion
Persons with SCI appear to have a higher prevalence of
low T concentration for each decade of life than those in
the general population. Of note, and of potential clinical
relevance, the low T values tend to occur earlier in life in
persons with SCI. The decline in serum total T concen-
tration over time in the group with SCI was 50% greater
than that for the able-bodied controls. The percent of
low T in older men with SCI is predicted to be greater
in those with higher BMIs and longer DOI. The func-
tional and clinical significance of our laboratory
finding of low T concentrations in the SCI population
has yet to be determined. Additional studies of
hormone replacement therapy should assist in determin-
ing a possible benefit from reversing a hypogonadal
state in the individuals with SCI. Clinicians who care
for men with SCI should consider routine annual screen-
ing for depressed measures of serum T because physical
findings and psychological symptoms that are often
observed in the SCI population may also be speculated
to be the result of, or contributed to, low T
concentrations.
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