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Abstract
Objective—To assess clinical determinants of systemic inflammation in persons with chronic spinal
cord injury (SCI).

Design—Cross-sectional survey.

Setting—Veterans Affairs medical center.

Participants—As part of an epidemiologic study assessing SCI-related health conditions, 63 men
with chronic SCI provided a blood sample and information regarding locomotive mode and personal
habits.

Interventions—Not applicable.

Main Outcome Measure—Plasma high-sensitivity C-reactive protein (CRP).

Results—The mean ± standard deviation age was 56±14y, and participants were assessed 21±13y
after injury. Adjusting for heart disease, hypertension, and body mass index (BMI), the mean CRP
in 12 motorized wheelchair users (5.11mg/L) was not significantly greater than 23 participants who
used a manual wheelchair (2.19mg/L) (P=.085) but was significantly greater than the 17 who walked
with an assistive device (1.41mg/L) (P=.005) and the 12 who walked independently (1.63mg/L)
(P=.027). CRP was significantly greater in participants with obesity but was not related to age,
smoking, or SCI level and severity. CRP was elevated in participants reporting a urinary tract
infection (UTI) or pressure ulcer within a year, but adjustment for this did not account for the elevated
CRP in motorized wheelchair users.

Conclusions—These results suggest that CRP in chronic SCI is independently related to
locomotive mode, BMI, and a history of pressure ulcers and UTI. It is suggested that future studies
in SCI investigate whether modifying these factors influence systemic inflammation and
cardiovascular health.
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SYSTEMIC INFLAMMATION IS implicated in the development of atherosclerosis and
coronary heart disease and recently has been related to greater mortality from cancer and
chronic respiratory disease. C-reactive protein (CRP) is a blood marker of systemic
inflammation that is produced by the liver in response to the proinflammatory cytokine
interleukin 6. Elevated CRP levels predict future coronary events and other manifestations of
cardiovascular disease in the able-bodied1-3 through mechanisms that are poorly understood.
It is known that as an acute-phase reactant CRP facilitates the elimination of foreign pathogens
and damaged cells by binding to phosphocholine and can also activate the complement system.
4 CRP may also increase levels of plasminogen activator inhibitor 1, a marker of impaired
fibrinolysis and atherothrombosis.5 CRP levels add predictive value to established
cardiovascular risk factors. Relative risk categories have been established for tertile CRP values
(low risk [<1mg/L], average risk [1−3mg/L], high risk [>3mg/L]).6

A recent study7 reported cardiovascular disease to be a leading cause of mortality in persons
with chronic spinal cord injury (SCI). It is possible that elevated CRP levels may contribute
to the development of cardiovascular disease in this population. SCI results in increased fat
mass, increased frequency of urinary tract infections (UTIs) and pressure ulcers, and in some
instances loss of function of major muscle groups resulting in decreased levels of physical
activity. All of these conditions may result in elevated CRP levels. In this study, we conducted
a preliminary investigation of clinical predictors of CRP in persons with SCI and with varying
levels of mobility. We hypothesize that insofar as mobility mode reflects the general activity
level in persons with chronic SCI that it may be predictive of CRP levels independent of a
history of infections and obesity.

METHODS
Participants

Participants were selected from a larger epidemiologic study assessing health in persons with
chronic SCI conducted at the VA Boston Healthcare System.7 Participants were recruited from
veterans with SCI who had previously been treated at VA Boston and from participants in the
community. Every 2 to 3 years, participants underwent pulmonary function testing, completed
a health questionnaire, and, starting in October 2003, were asked to provide a blood sample.
Testing was conducted when participants are in their usual state of health and not clinically ill.
Each person completed a health questionnaire and answered the question, “How do you usually
get around (usually means more than half the time)?” Responses were recorded as motorized
wheelchair, hand-propelled wheelchair, walk with aid (crutch, cane, or similar aid), or walk
without assistance. Blood samples were collected from 82 white men between October 2003
and June 2005 who were 2 or more years post-SCI and who were not using statins. Because
of financial constraints, for this preliminary investigation, we selected 64 participants based
on the mobility mode. All participants using a motorized wheelchair (n = 12), walking with an
assistive device (n = 17), and walking independently were included (n = 12), and a random
sample of the remaining participants who usually used a manual wheelchair (n = 23) was
selected. After subject selection, 1 person was found to be 1.6 years post-SCI and 1 was black.
All subjects gave informed consent, and the study was approved by our institutional review
boards.
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SCI Classification
Motor level and completeness of injury were assessed by physical examination. The level of
injury was classified according to strength preservation in key muscle groups in the upper and
lower extremities and reported regionally as tetraplegia or paraplegia. Injury completeness was
reported according to guidelines suggested by the American Spinal Injury Association (ASIA).
8 Participants were assigned as motor complete (equivalent to ASIA motor score of A or B,
ie, no motor function below the neurologic level of injury), C (motor incomplete, motor
function preserved below the neurologic level, and more than half the key muscles below the
neurologic level are not strong enough to overcome gravity), or D (motor incomplete,
preservation of motor function below the neurologic level, and more than half the key muscles
below the neurologic level are strong enough to overcome gravity). The SCI level and the
severity of injury were considered in 3 groups that included motor complete and ASIA grade
C tetraplegia, motor complete and ASIA grade C paraplegia, and ASIA grade D tetraplegia or
paraplegia. By using participants in each of these 3 impairment groups, we were able to examine
the effect of SCI in participants ranging from profound neurologic impairment to minimal or
no neurologic impairment.

Biochemical Analyses
Blood was drawn into an ethylenediaminetetracetic acid tube, stored with a cooler pack in an
insulated container, and shipped overnight to the core blood laboratory. The samples were
centrifuged for 15 minutes at 2600rpm (1459×g) at 4°C, and plasma was stored at − 80°C until
batch analysis. High-sensitivity CRP was determined by using a high-sensitivity
immunoturbidimetric assay with a sensitivity of .03mg/L. The day-to-day variability of the
assay at concentrations of .91, 3.07, and 13.38mg/L is 2.81%, 1.61%, and 1.1%, respectively
(Clinical & Epidemiologic Research Laboratory, Children's Hospital Boston, MA). A quality-
control specimen was analyzed every tenth sample. The 6 CRP results were within .04mg/L
and had a standard deviation of .016mg/L.

Clinical Data
Participants completed a health questionnaire based on the American Thoracic Society adult
respiratory disease questionnaire.9 Smokers were defined as smoking 20 or more packs of
cigarettes or using 336g (12oz) of tobacco or more in a lifetime or smoking 1 or more cigarettes
a day for at least 1 year.

Current smokers reported cigarette use within 1 month of testing. Hypertension and diabetes
were defined if previously diagnosed by a doctor; heart disease was defined as receiving
treatment for heart trouble in the 10 years prior to blood draw. These definitions of disease
were validated in an earlier study.7 Participants were asked about a history of urinary infections
or a pressure ulcer in the past year and if they had a cold in the week before testing (available
in 60 participants). As part of the study protocol, subject length was measured in 60 participants,
was available by self-report in 2, and from SCI clinic notes in 2. In 57 participants, weight was
measured, was available by self-report in 3, and was obtained from SCI clinic notes in 4
participants. Length and weight were used to calculate body mass index (BMI). For 3
participants whose health questionnaires were completed at a time other than the blood-draw
date, SCI clinic progress notes were reviewed to confirm previously reported questionnaire
responses.

Statistical Analysis
Because the distribution of CRP was skewed, natural log-transformation was used to normalize
the distribution and stabilize variance. General linear modelsa were used to assess determinants
of CRP. Variables in table 1 were assessed in univariate models and, if significant at the .1

Morse et al. Page 3

Arch Phys Med Rehabil. Author manuscript; available in PMC 2008 May 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



level or less, were included in a multivariate model in participants with complete data available.
The Tukey-Kramer test was used to adjust for multiple comparisons.

RESULTS
Participant Characteristics

One participant who walked with an assistive device had a CRP value of 217mg/L and was
considered an outlier and excluded from analysis. Of the remaining 63 participants (see table
1), the average age at the time of blood draw was 56±14y with an average of 21±13y since
injury. Twenty-five percent of participants had CRP values of 4.03mg/L or above, and 6
participants (16%) had values greater than 10mg/L (maximum, 33.6). Of note, one third of the
participants were in the low cardiovascular risk category based on CRP levels, one third in the
average category, and one third in the high-risk category in tertiles similar to that described in
the general population. The distribution of natural log CRP was continuous and normally
distributed (Shapiro-Wilks test W = .98, P=.379) (fig 1). Specifically, there was no evidence
that higher or lower values represented outliers, and all values were included in subsequent
analyses. Other participant characteristics are presented based on mobility level (motorized
wheelchair, hand-propelled wheelchair, walks with aid, walks without aid). Boxplots of natural
log CRP based on mobility level are presented in figure 2 and show no obvious outliers. The
median CRP level was 1.63mg/L and was greatest in motorized wheelchair users (5.22mg/L).

Predictors of CRP
In univariate regression models, age, duration of injury, SCI level and completeness of injury,
history of smoking, diabetes, UTI history, or a cold in the preceding week were not associated
with CRP. Univariate predictors of CRP included locomotive mode (P=.013), BMI (P=.049),
heart disease (P=.084), hypertension (P=.029), and pressure ulcer in the past year (P=.021)
(table 2). In a multivariate model (table 3), locomotive mode, BMI (normal, overweight, obese),
heart disease, and hypertension were significant predictors of CRP. CRP in motorized
wheelchair users (5.11mg/L) was not significantly greater than in participants who used a
manual wheelchair (2.19mg/L, P=.085); however, it was significantly greater than those who
walked with an assistive device (1.41mg/L, P=.005) or walked independently (1.63mg/L, P=.
027). Differences among the other mobility groups were not significant (P>.492). Compared
with participants with a normal BMI, those who were obese had significantly greater CRP
values (3.7mg/L, P=.009). However, CRP values in obese participants were not significantly
greater than those who were overweight (2.08mg/L, P=.173), and there was no significant
difference in CRP levels between normal and over-weight participants (P=.501) (see table 3).
Subjects with a history of hypertension had lower levels of CRP than those without (P=.004).
SCI level and completeness added to the multivariate model in table 3 was not a significant
predictor of CRP (P=.39), and locomotive mode remained a significant predictor (P=.004).

The Effect of a Pressure Ulcer or UTI
A history of a pressure ulcer or UTI in the prior year was available in 60 participants, and,
when included separately in the multivariate model, each was associated with higher levels of
CRP (P=.026, P=.05, respectively) (table 4); the effects of locomotive mode remained
significant in each model (P=.007). When a history of a pressure ulcer or UTI in the prior year
were both included in the model, the effect of a UTI was no longer significant (P=.112).
Locomotive mode remained significant (P=.006) and compared with motorized wheelchair
users (CRP=5.7mg/L); users of manual wheel-chairs and participants who walked with an

aSupplier
PROC GLM, SAS version 9.2; SAS Institute, 100 SAS Campus Dr, Cary, NC 27513−2414.
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assistive device had significantly lower CRP values (CRP=2.05mg/L, P=.023; CRP=1.61mg/
L, P=.005, respectively). In participants who walked independently, the CRP level was lower
but not significantly (CRP=2.29mg/L, P=.118).

DISCUSSION
In this cross-sectional study in persons with chronic SCI, our results suggest that locomotive
mode is independently related to circulating levels of CRP adjusting for BMI, a history of heart
disease, and hypertension. Among wheelchair users, those using motorized wheelchairs had
the highest CRP levels. Compared with motorized wheelchair users, those who walked with
an assistive device or walked independently had significantly lower CRP levels. Pressure ulcers
and UTIs have both been shown to elevate CRP and other inflammatory markers in persons
with SCI.10,11 Although we did not assess each participant for small pressure ulcers or exclude
a UTI by culture, we used self-report of these conditions in the previous year in a subset of 60
participants in whom this information was available as an indicator of participants at risk for
these conditions. These conditions were each associated with a greater CRP, and when included
in the multivariate model, locomotive mode was still a significant predictor of CRP. Although
comparisons between motorized wheelchair users and each mobility group did not achieve
conventional levels of statistical significance in every regression model, taken together, the
pattern observed is highly suggestive of a greater CRP in motorized wheelchair users. As in
the able-bodied, a history of heart disease and a greater BMI were associated with greater CRP
levels. Unexpectedly, a history of hypertension was associated with a lower CRP. In large
epidemiologic studies in the able-bodied, positive relationships between measured blood
pressure and CRP have been observed,12 and it is hypothesized that hypertension may promote
vascular inflammation.13 In our study, we did not measure blood pressure, and it is possible
that this effect is caused either by changes in vascular tone after SCI or the result of
antihypertensive treatment that may cause blood pressure to be normalized or lower than
preinjury values. Of the 17 participants reporting hypertension, 12 were using antihypertensive
medications. An additional 9 participants were using medication that could also be used to treat
hypertension.

Although there have been improvements in survival after SCI, the average life expectancy is
still reduced.14 Respiratory diseases were previously reported to be the most common cause
of death, but more recent data support the emergence of cardiovascular diseases as an important
cause of death. In SCI, physical adaptations occur that appear to promote systemic
inflammation and promote the development of cardiovascular disease. There is a decrease in
lean tissue mass and an even greater increase in fat mass. There is an increase in central (truncal)
fat and an increase in fat in the limbs below the level of injury, and some studies15-17 have
even shown an increase in fat in nonparalyzed limbs above the level of injury. The ability to
ambulate independently is reduced, and many use either manual or motorized wheelchairs.
Studies in able-bodied populations have shown that greater adiposity and a lesser degree of
physical activity and fitness (ie, a sedentary lifestyle) are independently associated with
elevated basal levels of CRP.

Many studies in the able-bodied18-21 have found higher levels of CRP to be associated with
lower levels of physical activity. However, in studies in which the effects of specific training
programs were assessed,22,23 CRP levels were not consistently reduced by exercise training.
In the current study, we consider that locomotive mode may be reflective of usual physical
activity, and those who are ambulatory or use a manual wheelchair may be less sedentary than
those who are motorized wheelchair users. It is generally agreed that SCI is a risk factor for
decreased physical activity and therefore reduced cardiovascular fitness24-26 because of the
loss of muscle function. Although we assume that physical activity accounts for the difference
in CRP based on mobility level, this finding needs to be confirmed. The effect of exercise
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training on elevated CRP levels in chronic SCI patients also needs to be determined with
additional studies.

Alternatively, the higher levels of CRP in motorized wheel-chair users could be more related
to chronic and/or subacute infections than to exercise capacity in this population. Individuals
with SCI also develop a neurogenic bladder that predis-poses them to UTIs and related illnesses
(renal and bladder stones) that promote additional infections. Also, pressure ulcers may occur
because of a lack of sensation in dependent areas. In studies that included relatively few
participants, therefore limiting the assessment of multiple risk factors, elevated CRP levels
were related to slowly healing pressure ulcers10 and indwelling bladder catheters.11 Although
it was previously considered that infections result in falsely elevated CRP levels, there is recent
evidence suggesting that chronic or recurrent infection may increase cardiovascular disease
risk. Evidence that chronic or recurrent infection affects cardiovascular disease in the able-
bodied comes from positive associations with gingivitis and poor dental health27 and a
relationship between periodontal disease and carotid intima-media thickness.28 More recently,
an increased incidence of myocardial infarction and stroke was also reported after a systemic
respiratory tract infection or UTI.29,30 Previous guidelines31 have suggested that people with
elevated levels of CRP (>10mg/L) be evaluated for a noncardiac cause (eg, infection).
However, recent evidence32 suggests that people with persistently elevated levels are at a
particularly increased risk for future cardiovascular events. In the current study, the distribution
of CRP levels in tertiles similar to the general population argues against a bias in CRP levels
because of unrecognized acute infection, and there was no evidence that these elevated CRP
values represented outliers other than 1 extreme value of CRP equal to 217mg/L.

Study Limitations
Our study was originally designed to be a preliminary investigation of the relationships between
locomotive mode and other personal risk factors with systemic inflammation in chronic SCI.
Although weaknesses of the current study include the small sample size and the inclusion of
relatively few motorized wheelchair users, the results are remarkably robust and consistent
with the known impact of infection, obesity, and physical activity on chronic systemic
inflammation in the able-bodied. In both able-bodied men and women, elevated CRP levels
independently predict the risk of cardiovascular events and add to the predictive value of lipid
profiles.31,33-36

CONCLUSIONS
The concept of chronic SCI as an extreme model of chronic systemic inflammation secondary
to immobility, greater adiposity, and recurrent or chronic infection with systemic consequences
is novel and may have important implications for understanding disease pathways that
contribute to cardiovascular disease in the years after SCI and possibly in others with chronic
disability. It is suggested that future studies in a larger SCI cohort investigate the relationship
between modification of these risk factors, longitudinal changes in CRP, and various health
outcomes. Associations with CRP in persons with chronic SCI may not only be pertinent for
cardiovascular risk assessment but also for other diseases because in the able-bodied elevations
in CRP have also been related to mortality from chronic lung disease and cancer.37-41
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Fig 1.
Distribution of the natural log CRP (lnCRP).
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Fig 2.
Boxplot of the natural log CRP by mobility group. The bars indicate the range of the data, the
large box indicates the median and interquartile range, and the small square indicates the mean.
Abbreviation: lnCRP, natural log CRP. Legend: mobility groups (x axis): 1, motorized
wheelchair; 2, manual wheelchair; 3, walks with an aid; 4, walks without an aid.
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Table 2
Univariate Predictors of Natural Log CRP

Predictors Coefficient (β) e(β) Model P

Age (mg/L per y) 0.016 1.02 .113
Years since injury (mg/L per y) 0.017 1.02 .147
BMI (mg/L per kg/m2) 0.057 1.06 .049

Mean Natural Log
CRP

e(In CRP) mg/L Model P

Motor injury level and completeness .631
    Cervical complete and ASIA grade C 0.971 2.64
    Other complete and ASIA grade C 0.662 1.94
    All grade D 0.586 1.80
Locomotive mode .013
    Motorized wheelchair 1.573 4.82
    Manual wheelchair 0.603 1.83
    Walk with aid 0.238 1.27
    Walk without aid 0.509 1.66
BMI (kg/m2)* .133
    Normal (<25) 0.447 1.56
    Overweight (25 to <30) 0.562 1.75
    Obese (≥30) 1.125 3.08
Cigarette smoking .547
    Current smoker 0.657 1.93
    Past smoker 0.839 2.31
    Never smoker 0.491 1.63
Heart disease (past 10y) 1.246 3.48 .084
No heart disease 0.570 1.77
Diabetes 0.584 1.79 .793
No diabetes 0.693 2.00
High blood pressure 0.167 1.18 .029
No high blood pressure 0.866 2.37
UTI in the past year* 0.925 2.52 .205
No UTI* 0.539 1.71
Pressure ulcer* 1.181 3.26 .021
No pressure ulcer* 0.458 1.58
Cold (within 1wk blood draw)* 0.351 1.42 .452
No cold* 0.724 2.06

NOTE. Sample size is 63 unless indicated by an asterisk (n=60).
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Table 3
Multivariate Predictors of Natural Log CRP

Characteristics Mean Natural Log CRP e(In CRP) (mg/L) Model P

Mobility .007
    Motorized wheelchair* 1.631 5.11
    Manual wheelchair 0.785 2.19
    Walk with aid 0.345 1.41
    Walk without aid 0.489 1.63
BMI (kg/m2) .013
    Normal (<25) 0.397 1.49
    Overweight (25−<30) 0.731 2.08
    Obese (≥30)† 1.308 3.70
Heart disease (past 10y) 1.182 3.26 .037
No heart disease 0.443 1.56
High blood pressure 0.377 1.46 .004
No high blood pressure 1.247 3.48

*
P<.05 for motorized wheelchair compared with walk with an aid or walk without an aid; P=.085 for motorized wheelchair compared with manual

wheelchair.

†
P<.05 for obese compared with normal BMI.
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Table 4
CRP in Participants With and Without a History of UTI or Pressure Ulcer in the Previous Year or a Cold in the
Week Before the Blood Draw, Adjusting for Locomotive Mode, BMI, Heart Disease, and Hypertension (n=60)

Characteristics Mean Natural Log CRP e(In CRP) (mg/L) P

UTI 0.588 1.80 .050
No UTI 1.138 3.12
Pressure ulcer 1.226 3.41 .026
No pressure ulcer 0.586 1.80
Cold 0.612 1.84 .644
No cold 0.813 2.25
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