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Abstract
Background/Objective: To examine the lipoprotein profiles of men and women with paraplegia and
tetraplegia. Impairment of the sympathetic nervous system (dependent on the level of injury) and the extent
of physical capacity and activity were correlated with the lipid profile in men with spinal cord injury (SCI).
Sex-related differences of the lipoprotein profiles could be found in nondisabled and premenopausal women
with SCI mainly because of the different effects of sexual hormones.

Methods: Lipoprotein profiles of 112 participants with SCI (32 premenopausal women, 80 men) were
analyzed and correlated to sex, lesion level, and physical performance capacity.

Results: Women with tetraplegia or paraplegia showed significantly higher levels of high-density
lipoprotein and lower ratios of total cholesterol to high-density lipoprotein-cholesterol compared with
men with corresponding lesion levels, without a difference in peak oxygen consumption. Concentrations of
very-low-density lipoproteins were lower in women with paraplegia than in men with paraplegia; no
differences were found in total cholesterol, low-density lipoprotein-cholesterol, and triglycerides. Sex-
independent elevations in total cholesterol and low-density lipoprotein-cholesterol were associated with
paraplegia, and sex-independent elevations in triglyceride levels were associated with tetraplegia.

Conclusions: Persons with SCI showed sex-related differences in their lipoprotein profiles. Independent of
physical fitness, the lipoprotein profile of premenopausal women with SCI did not exhibit the adverse
lipoprotein characteristics observed in men with SCI, probably because of the influence of sexual hormones
independent of lesion level.
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INTRODUCTION
Lipoprotein metabolism is influenced by a wide range of
factors including anthropometric data, peripheral insulin
resistance, catecholamines, physical activity, perfor-
mance capacity, and sex. These factors have been
investigated thoroughly in nondisabled individuals. The
majority of the recent studies in men with spinal cord
injury (SCI) have shown an unfavorable lipid profile
caused by lower high-density lipoprotein-cholesterol

(HDLC) or higher low-density lipoprotein-cholesterol

(LDLC), independent of the injury level (1–6). This could

be one reason for increased atherogenesis in persons

with SCI (7–9). SCI causes a loss of muscular function

and sensory perception, as well as impairment in the

regulation of the autonomic nervous system. A spinal

cord lesion causes an interruption of pathways from

activating centers in the brain to the peripheral

sympathetic nervous system. Results range from an

extremely reduced sympathetic activity in persons with

tetraplegia to chronic overactivity in patients with low

paraplegia. Different catecholamine concentrations at

rest and during exercise can be seen by level of injury

(10). Catecholamines are known to influence lipid

metabolism, eg, positive correlations have been found
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between catecholamines and total cholesterol (TC),
LDLC, and HDLC (11–13). Furthermore, the impairment
of sympathetic activity leads to pronounced cardiovas-
cular and metabolic alterations resulting in higher
physical inactivity and lower physical performance with
negative effects on the lipid profile (2,14–18). In
previous studies, differences were found between the
lipoprotein profiles of men with SCI compared with
those of male controls. Among men with SCI, tetraplegia
was associated with higher very-low-density lipoprotein-
cholesterol (VLDLC) and triglycerides (TG) and lower
HDLC, and paraplegia was associated with higher TC
and LDLC (19).

Various studies that showed sex-specific differences
in the lipoprotein profile of nondisabled men compared
with nondisabled premenopausal women, with the latter
having higher HDLC because of the effects of estrogen
(20,21). No differences in HDLC levels were found
among women with paraplegia and tetraplegia and in
nondisabled women, whereas significantly higher TG
levels were shown in women with tetraplegia. Similarly,
LDLC levels were significantly higher in women with
paraplegia compared with nondisabled women (22). Few
comparative data are available regarding the lipid profiles
of women and men with SCI of different injury levels
(1,23). Therefore, the aim of this study was to examine
and to compare the lipoprotein profiles of men and
women with paraplegia and tetraplegia.

METHODS
Subjects
This study involved 112 participants with long-term
complete SCI, 32 of them being premenopausal women
23 to 40 years of age and 80 men 23 to 44 years of age.
Participants were recruited from the community, and all
were white. Individuals taking medication that influenced
lipid metabolism or who had pulmonary or cardiovascu-
lar disease were excluded from the study. After giving
written informed consent, they were examined according
to the ASIA standards of 1996. The participants were
divided into 8 women and 30 men with spinal lesions
between C4 and C8 (tetraplegia) and 24 women and 50
men with spinal lesions at T1 and lower (paraplegia).

Causes for disability were car or motorcycle accidents
in 62%, sports-related accidents in 8%, and accidents at
work in 6% of the cases, the rest having less frequent
causes, ie, inflammatory spinal diseases, residual lesions
after operation for neoplasm, or abscess. All participants
consumed a typical western diet. Persons on special diets
were excluded from the study. The participants were not
engaged in regular sports activities.

Body Characteristics and Exercise Test
Weight and length in supine position were measured
after blood was drawn. All participants underwent a
graded exercise test to the point of subjective
exhaustion on a wheelchair ergometer (WCE; Ergo-

tronic 9000; Sopor Sunrise Medical Company, Malsch,
Germany) (17). Exercise was timed for 3 minutes at
each level, starting with 20 W for participants with
paraplegia and 10 W for participants with tetraplegia
and rising by 10 W for participants with paraplegia and
5 W for those with tetraplegia, respectively. Oxygen
uptake (VO

2
) was continuously measured with an open-

circuit spirometry (Oxycon; Jäger Company, Hoech-
berg, Germany).

Chemical Analysis
Venous blood was obtained between 8:00 AM and 10:00
AM after 12-hour fasting. The participants rested quietly in
an upright seated position for 10 minutes before the
blood sample was drawn. Possible stimuli for autonomic
dysreflexia were ruled out by catheterization and bowel
care. Lipid parameters such as serum cholesterol (TC) and
TGs were determined by means of enzymatic tests on
fresh serum (Boehringer Mannheim, Mannheim, Ger-
many). HDLC, LDLC, and VLDLC lipoproteins were
separated by quantitative electrophoresis (REP Analytik;
Greiner Bio-One, Frickenhausen, Germany). Lipopro-
tein(a) [Lp(a)] concentrations were determined quantita-
tively by nephelometry [N Latex Lp(a) Reagent; Behring
Diagnostics, Marburg, Germany].

Statistics
Average values and SDs were calculated. The groups
were compared by means of the nonparametric Mann-
Whitney U test. Multiple testing was considered by
adjusting P values according to the Holm procedure (24).

RESULTS
Women with SCI were significantly shorter and had lower
body weight than men. Both women and men with
tetraplegia showed a significantly lower VO

2peak
than

subjects with paraplegia (Table 1). In comparison
with people with tetraplegia, individuals with paraplegia
had higher TC levels caused by higher LDLC. Subjects
with tetraplegia showed increased concentrations of TGs
compared with individuals with paraplegia. Regarding
Lp(a), no significant differences were observed between
the groups (Table 2). Lipoprotein profiles are compared
in Table 3. Levels of HDLC were significantly higher in
women in both the paraplegic and the tetraplegic
groups. Women with paraplegia and tetraplegia showed
a significantly lower ratio of TC to HDLC than did their
male counterparts. VLDLC levels were lower in women,
which was statistically significant in subjects with
paraplegia. Levels of LDLC did not differ by sex but were
higher in subjects with paraplegia compared with
persons with tetraplegia. TG levels did not differ
significantly between men and women but were
significantly higher in persons with tetraplegia than in
subjects with paraplegia. Persons with paraplegia showed
sex-independent higher TC levels than subjects with
tetraplegia. Lp(a) levels were higher in men of both
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groups, but the difference in Lp(a) levels in women was
not statistically significant.

DISCUSSION
Persons with SCI are particularly prone to an adverse risk
profile for atherogenesis. Among other risk factors, this
might be attributed to an unfavorable lipid profile
(1,4,5,7,25–28). In former studies of male subjects with
SCI, we were able to show a correlation between the
lipoprotein profile and the level of injury. Lipoprotein
concentrations in male subjects with tetraplegia com-
pared with nondisabled persons were characterized by
elevated concentrations of VLDLC and TGs and reduced
concentrations of HDLC. Despite normal LDLC and TC
levels, men with tetraplegia might be at increased risk for
developing cardiovascular complications. The risk profile
of men with paraplegia was characterized by elevations
of TC and LDLC compared with nondisabled control
subjects (18). These findings are in accordance with the
literature (1,5,29–31). The adverse lipid profile in men
with SCI compared with control subjects results from
physical inactivity with low VO

2max
levels depending on

the injury level (15,16,28). Inactivity is associated with
higher insulin resistance, increased occurrence of glucose
intolerance and diabetes mellitus, and reduced activity of
the lipoprotein lipase. The lipid profile of men with SCI
seems to be similar to that of patients with metabolic
syndrome (7,32) and can be positively influenced by
dieting and physical activity (8,22,33–35). Men with SCI

should have their cardiovascular risk evaluated by the
lipoprotein profile. Interpretation of the lipoprotein
profile should particularly consider HDLC, VLDLC, and
TGs in men with tetraplegia and LDLC in men with
paraplegia. Therapies should be guided by current
guidelines, ie, increasing physical activity, dietary and
pharmaceutical interventions, and avoiding additional
risk factors (3,22,34–41). Lp(a) levels did not differ
significantly between men with paraplegia and tetraple-
gia despite different daily physical activity and VO

2max

levels. Therefore, Lp(a) levels depend more on genetic
determination than on physical performance capacity or
activity (29,42–44).

Table 1. Anthropometric Data and Peak Oxygen Consumption by Sex and Level of Lesion

n Age (years) Weight (kg) Height (cm)
Duration of
Disability (y)

VO2peak

(mL 3 kg�1 3 min�1)

Tetraplegia

Women 8 32.7 6 7.3 55.0 6 7.8* 172.0 6 5.7* 11.4 6 6.9 19.8 6 9.2*
Men 30 34.0 6 6.8 72.9 6 12.3* 180.6 6 6.2* 13.3 6 7.9 15.1 6 3.8*

Paraplegia

Women 24 29.0 6 5.9 57.3 6 9.7* 165.5 6 10.8* 10.3 6 7.1 27.0 6 10.6*
Men 50 34.4 6 9.6 72.2 6 0.5* 178.0 6 7.6* 11.2 6 7.8 27.7 6 10.4*

*P , 0.05.
VO

2peak
, peak oxygen consumption.

Table 2. Lipoprotein Levels by Level of Lesion

Lipoprotein Tetraplegia Paraplegia

TG (mg 3 dL�1) 160 6 90* 122 6 62*

TC (mg 3 dL�1) 181 6 37* 204 6 48*
HDL-C (mg 3 dL�1) 46 6 10 51 6 12
LDL-C (mg 3 dL�1) 109 6 27* 130 6 47*
VLDL-C (mg 3 dL�1) 28 6 14 21 6 12
TC/HDLC 4.2 6 1.2 4.3 6 1.8
Lp(a) (mg 3 dL �1) 11 6 20 11 6 16

*P , 0.05.

Table 3. Lipoprotein Levels by Sex and Level of Lesion

Lipoprotein Tetraplegia Paraplegia

TG (mg 3 dL�1)

Women 131 6 70* 96 6 38*
Men 168 6 95* 135 6 73*

TC (mg 3 dL�1)

Women 181 6 24 208 6 51
Men 182 6 40* 202 6 42*

HDLC (mg 3 dL�1)

Women 59 6 12* 60 6 12*
Men 42 6 9* 47 6 11.8*

LDLC (mg 3 dL�1)

Women 101 6 14* 133 6 44*
Men 111 6 31* 129 6 48*

VLDLC (mg 3 dL�1)

Women 20 6 14 16 6 7*
Men 30 6 14 24 6 14*

TC/HDLC

Women 3.1 6 0.5* 3.5 6 1.0*
Men 4.5 6 1.4* 4.7 6 2.2*

Lp(a) (mg 3 dL�1)

Women 3 6 3 6 6 9
Men 13 6 25 13 6 20

*P , 0.05.
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Women with SCI, however, showed different results.
Although they exhibit reduced physical performance
capacity and a decreased level of physical activity—each
depending on the level of injury—their HDLC levels did
not differ significantly from those of female controls (21).
These findings are supported by Bauman et al (1).
Nevertheless, moderate elevation of TGs in women with
tetraplegia was shown (45).

Comparing men and women with SCI, we found sex-
dependent differences in the lipoprotein profiles. Accord-
ing to Bauman et al (1) and Szlachcic et al (23), female
subjects showed significantly higher levels of HDLC. It has
been shown earlier that estrogens increase the levels of
HDLC (46). Because the SCI does not influence the
ovulatory menstrual cycle, it can be assumed that the
levels of sexual hormones are not affected either (47).
Therefore, it could be speculated that differences in
HDLC levels between men and women with SCI are
influenced by estrogen. In addition, previous studies have
shown a significant correlation of body mass index (BMI)
and several lipid parameters, although BMI is of limited
use in the SCI population (1,5). Furthermore, we found
significantly lower levels of VLDLC in women with
paraplegia. The lower VLDLC and the tendentiously
lower TGs may be an indication of a higher insulin
sensitivity of women with SCI. However, physical
performance capacity (VO

2peak
) was not significantly

different between women and men with SCI.
Levels of TC, LDLC, and TGs did not show any sex-

specific differences. Nevertheless, LDLC concentrations
were significantly higher in men and women with
paraplegia. This seems to be a consequence of differences
in impairment of the sympathetic nervous system
between subjects with high and low levels of injury.
Catecholamines are known to influence lipid metabolism,
eg, a positive correlation with LDLC and epinephrine has
been found (11,12). As described earlier, individuals with
paraplegia showed an augmented sympathetic activity
resulting in higher catecholamine concentrations in
comparison with tetraplegic and control persons (10).
The limitations of this study include small sample sizes,
absence of several anthropometric data, and additional
risk factors of coronary heart disease.

The elevation of the mean Lp(a) concentrations of
men with SCI compared with women with SCI did not
reach statistical significance. Further studies are necessary
to examine whether these findings were because of the
small number of participants (48–50).

CONCLUSION
Sex-related differences were noted in the lipoprotein
profiles of persons with SCI. Premenopausal women with
SCI, independent of physical fitness, exhibited a lipopro-
tein profile that was without the adverse lipoprotein
characteristics observed in men with SCI. Longitudinal
studies may be considered with additional participants to
determine whether the lipid profile in women with SCI

confers less risk than that of men with SCI on the
development and progression of vascular disease.
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